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U N I V E R S I T Y OF S O U T H A M P T O N 

A B S T R A C T 

F A C U L T Y OF S C I E N C E 

O C E A N O G R A P H Y 

D o c t o r of P h i l o s o p h y 

T H E E C O L O G Y OF D E E P - S E A H O L O T H U R I A N S . 

by D a v i d S t e w a r t M a r t i n B i l l e t t 

T h e b i o l o g y of 45 h o l o t h u r i a n s p e c i e s , c o l l e c t e d b e t w e e n 
150 and 4 8 3 0 m in t h e P o r c u p i n e S e a b i g h t a n d t h e P o r c u p i n e 
A b y s s a l P l a i n in t h e n o r t h e a s t A t l a n t i c , is d e s c r i b e d . 
E p i b e n t h i c s l e d g e and o t t e r t r a w l h a u l s h a v e b e e n u s e d to 
c a l c u l a t e t h e a b u n d a n c e and b i o m a s s of e a c h s p e c i e s , and 
s p a t i a l d i s t r i b u t i o n s h a v e b e e n e x a m i n e d u s i n g t r a n s e c t 
p h o t o g r a p h y . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s and egg 
s i z e s of m a n y s p e c i e s a r e r e l a t e d t o t h e i r r e p r o d u c t i v e 
b i o l o g y and l i f e - h i s t o r y s t r a t e g i e s . 

No r e l a t i o n s h i p w a s f o u n d b e t w e e n h o l o t h u r i a n b i o m a s s 
and d e p t h . H o l o t h u r i a n s m a y a c c o u n t f o r up to 9 0 % of t h e 
t o t a l i n v e r t e b r a t e m e g a f a u n a l a s h - f r e e d r y w e i g h t b i o m a s s , 
and t h e g r e a t e s t b i o m a s s w a s r e c o r d e d at a d e p t h of 2 0 0 0 m . 

B a t h y m e t r i c z o n a t i o n is c o n s i d e r e d in d e t a i l u s i n g d a t a 
on t h e a b u n d a n c e of e a c h s p e c i e s in 100m d e p t h b a n d s . S o m e 
s p e c i e s on t h e u p p e r s l o p e o c c u r in a b u n d a n c e o n l y w i t h i n 
a n a r r o w d e p t h r a n g e of 100 to 2 0 0 m . N a r r o w z o n a t i o n on 
t h e slope a p p e a r s t o be r e l a t e d to h y d r o g r a p h i c f e a t u r e s . 
M a n y s p e c i e s h a v e an u p p e r b a t h y m e t r i c l i m i t of 1 4 0 0 to 
1 5 0 0 m w h i c h c o i n c i d e s w i t h t h e b o t t o m o f t h e p e r m ^ n ^ n t 
t h e r m o c l i n e and a c h a n g e in w a t e r m a s s . T h i s m a y act as a 
p h y s i o l o g i c a l b a r r i e r o r a l i m i t f o r l a r v a l d i s p e r s a l . 
A b y s s a l s p e c i e s are m o r e c o m m o n on t h e a b y s s a l p l a i n t h a n 
c l o s e t o t h e c o n t i n e n t a l s l o p e . 

S t u d i e s u s i n g c h l o r o p h y l l p i g m e n t s as m a r k e r s of d e t r -
ital f o o d s h o w t h a t h o l o t h u r i a n s f e e d i n d i s c r i m i n a t e l y on 
f r e s h l y d e p o s i t e d d e t r i t u s , but t h a t s e l e c t i v i t y o c c u r s 
o n c e t h e d e t r i t u s is i n c o r p o r a t e d i n t o t h e s e d i m e n t . 

O n e s p e c i e s , K o l g a h y a l i n a , f o r m s d e n s e a g g r e g a t i o n s 
t h a t m o v e as a herd a c r o s s t h e s e a b e d . T h e s p a t i a l p a t t e r n 
c h a n g e s t e m p o r a l l y and a p p e a r s t o be r e l a t e d t o t h e s e a s -
onal d e p o s i t i o n of d e t r i t u s . 

T h e t a x o n o m i c f e a t u r e s of s e v e r a l s p e c i e s a r e d i s c u s s e d . 
O n t o g e n e t i c c h a n g e s in c h a r a c t e r i s t i c s of y p s i l o t h u r i i d 
h o l o t h u r i a n s a r e e x a m i n e d in d e t a i l and a n e w s p e c i e s of 
a p o d i d h o l o t h u r i a n is d e s c r i b e d . 
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P r e f a c e 

T h e a p p r o a c h of t h i s t h e s i s d i f f e r s f r o m t h a t of m a n y 

o t h e r d i s s e r t a t i o n s s i n c e it w a s not i n i t i a t e d w i t h a 

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

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

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

u n c e r t a i n t y w a s u n a v o i d a b l e s i n c e t h e w o r k w a s c a r r i e d out 

as p a r t of an o n - g o i n g d e e p - s e a b e n t h i c b i o l o g y p r o g r a m m e 

w h i c h c h a n g e d its s a m p l i n g p r i o r i t i e s w i t h t i m e , and w h i c h 

w a s s u b j e c t to t h e v a g a r i e s of t h e w e a t h e r , c r u i s e 

p l a n n i n g and g e a r r e l i a b i l i t y . It is n e c e s s a r y , t h e r e f o r e , 

to d e s c r i b e t h e a i m s of t h e d e e p - s e a b e n t h i c b i o l o g y 

p r o g r a m m e at t h e I n s t i t u t e of O c e a n o g r a p h i c S c i e n c e s 

( l O S ) , and to r e c o u n t how t h a t p r o g r a m m e h a s p r o g r e s s e d so 

t h a t t h i s t h e s i s m a y b e set in c o n t e x t . 

T h e d a t a p r e s e n t e d h a v e b e e n a m a s s e d b e t w e e n N o v e m b e r 

1977 and D e c e m b e r 1 9 8 6 f r o m s a m p l e s t a k e n by lOS in t h e 

P o r c u p i n e S e a b i g h t ( P S B ) and P o r c u p i n e A b y s s a l P l a i n ( P A P ) 

off t h e s o u t h w e s t c o a s t of I r e l a n d ( F i g . 1 ) . M o r e t h a n 2 0 0 

s a m p l e s h a v e b e e n t a k e n o v e r a w i d e b a t h y m e t r i c r a n g e (400 

to 4 8 0 0 m ) and f r o m 11 m o n t h s of t h e c a l e n d a r y e a r . T h i s 

has p r o v i d e d a u n i q u e c o l l e c t i o n of d e e p - s e a f a u n a f r o m 

w h i c h s e a s o n a l and b a t h y m e t r i c c h a n g e s in d e e p - s e a 

p o p u l a t i o n s can be e x a m i n e d . 

T h e PSB w a s c h o s e n as a s t u d y a r e a b e c a u s e 1) t h e s i t e 

was c l o s e to t h e B r i t i s h I s l e s , 2) t h e a r e a p r o v i d e d s o f t -

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

s m a l l g e o g r a p h i c a r e a , 3) t h e a r e a had a c o n g e n i a l t e r r a i n 

w i t h g e n t l e s l o p e s s u i t a b l e f o r s a m p l i n g w i t h t o w e d g e a r . 
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4 ) t h e a r e a w a s s i t u a t e d in t e m p e r a t e l a t i t u d e s w h e r e any 

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

be m a n i f e s t e d at a b y s s a l d e p t h s , and 5 ) t h e s o f t - b o t t o m 

c o m m u n i t i e s c o u l d be c o m p a r e d w i t h t h o s e s a m p l e d 

p r e v i o u s l y by lOS o f f n o r t h w e s t A f r i c a . 

A p r i n c i p a l aim of t h e lOS b e n t h i c b i o l o g y p r o g r a m m e has 

b e e n to q u a n t i f y t h e a b u n d a n c e and b i o m a s s of b e n t h i c 

i n v e r t e b r a t e m e g a f a u n a u s i n g t r a n s e c t p h o t o g r a p h y and an 

a c o u s t i c a l l y m o n i t o r e d e p i b e n t h i c s l e d g e . G o o d b i o m a s s 

d a t a a r e e s s e n t i a l if t h e e n e r g e t i c s o f t h e d e e p - s e a 

e c o s y s t e m a r e to be u n d e r s t o o d but f e w r e l e v a n t d a t a a r e 

a v a i l a b l e . L i t t l e is a l s o k n o w n a b o u t t h e s t r u c t u r e of 

d e e p - s e a c o m m u n i t i e s or of t h e l i f e - h i s t o r i e s and b e h a v -

iour of d e e p - s e a o r g a n i s m s . T h e s e s u b j e c t s h a v e n o w b e e n 

i n v e s t i g a t e d by l O S u s i n g a c o m b i n a t i o n of t e c h n i q u e s 

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

t r a w l s , b e n t h i c t r a w l s , e p i b e n t h i c s l e d g e s , b o x c o r e r s , 

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

s u b m e r s i b l e s . T h e o t h e r a i m s of t h e b e n t h i c b i o l o g y p r o g r -

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

z o n a t i o n , s p a t i a l d i s t r i b u t i o n , b e h a v i o u r , p o p u l a t i o n 

s t r u c t u r e , r e p r o d u c t i o n and f e e d i n g o f m a n y o r g a n i s m s 

r a n g i n g f r o m m e i o f a u n a l p r o t o z o a n s , to m a c r o f a u n a l c r u s t -

a c e a n s , to m e g a f a u n a l e c h i n o d e r m s and f i s h . U l t i m a t e l y an 

u n d e r s t a n d i n g of t h e s t r u c t u r e of d e e p - s e a c o m m u n i t i e s , 

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

T h e m a n y f a c e t s of t h e w o r k c a r r i e d o u t by lOS has 

p r o v i d e d a s t i m u l a t i n g and v a r i e d a p p r o a c h to d e e p - s e a 

b i o l o g y . H o w e v e r , it h a s a l s o had t h e d i s a d v a n t a g e of 

p r o v i d i n g m a n y c o m p e t i n g d e m a n d s on s a m p l i n g t i m e , w h i c h 

t o g e t h e r w i t h p o o r w e a t h e r and g e a r f a i l u r e s , h a v e 

c o n s p i r e d to m a k e s o m e d a t a s e t s l e s s t h a n p e r f e c t . 

D e s p i t e t h e s e p r o b l e m s t h e s a m p l i n g i n t e n s i t y in t h e 

P o r c u p i n e S e a b i g h t has a l l o w e d o n e of t h e d o m i n a n t d e e p -

v i n 



sea g r o u p s , t h e h o l o t h u r i a n s , to be s t u d i e d in c o n s i d -

e r a b l e d e t a i l . T h i s t h e s i s , t h e r e f o r e , s e t s out to f u l f i l l 

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

t h i s t a x o n . 

T h e f i r s t s e c t i o n is in p a r t t a x o n o m i c . W o r k on any 

d e e p - s e a g r o u p of a n i m a l s n e c e s s i t a t e s t h e d e v e l o p m e n t of 

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

t a x o n o m i c w o r k s f o r e a s y r e f e r e n c e . T a x o n o m i c p r o b l e m s 

t h a t h a v e a r i s e n d u r i n g t h e c o u r s e of t h i s s t u d y a r e 

i d e n t i f i e d a n d , w h e r e p o s s i b l e , d e a l t w i t h . In s o m e c a s e s 

t h e r e is not e n o u g h m a t e r i a l f o r a d e t a i l e d s t u d y . I am 

p a r t i c u l a r l y i n d e b t e d to D r . B e n t H a n s e n o f t h e Z o o l o g i c a l 

M u s e u m , C o p e n h a g e n u n d e r w h o s e g u i d a n c e m y a p p r e c i a t i o n of 

t h e f i n e r p o i n t s of h o l o t h u r i a n t a x o n o m y has b e e n 

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

E l a s i p o d i d a ( H a n s e n , 1 9 7 5 ) , has b e e n a c o r n e r s t o n e of t h i s 

t h e s i s , and he has k i n d l y a d v i s e d m e o n t h e t a x o n o m y of 

t h e o t h e r o r d e r s . In t h e i n s t a n c e s w h e r e I h a v e d r a w n u p o n 

his w e a l t h of k n o w l e d g e t h a t is to d a t e u n p u b l i s h e d , I 

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

h i m . 

T h e t a x o n o m i c e x p e r t i s e d e v e l o p e d b y w o r k i n g on t h e 

m a t e r i a l f r o m t h e P o r c u p i n e S e a b i g h t h a s b e e n t u r n e d to 

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

t h e R o c k a l l T r o u g h and a d j a c e n t a r e a s by D r . J o h n G a g e of 

t h e S c o t t i s h M a r i n e B i o l o g i c a l A s s o c i a t i o n . S o m e of t h e s e 

d a t a are i n c l u d e d in t h i s t h e s i s f o r s p e c i e s not s a m p l e d 

by lOS in o r d e r t o p r o v i d e a c o m p l e t e p i c t u r e of t h e 

h o l o t h u r i a n f a u n a f r o m a r o u n d t h e c o a s t s of t h e B r i t i s h 

I s l e s . I am t h e r e f o r e p a r t i c u l a r l y i n d e b t e d t o D r . G a g e 

f o r t h e o p p o r t u n i t y to s t u d y t h i s m a t e r i a l and f o r t h e 

e n c o u r a g e m e n t he h a s g i v e n m e d u r i n g t h i s w o r k . 
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In t h e s e c o n d p a r t of t h i s t h e s i s , d e a l i n g w i t h t h e 

e c o l o g y of d e e p - s e a h o l o t h u r i a n s , I o w e p a r t i c u l a r 

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

p r o v i d e d e s s e n t i a l i n f o r m a t i o n and a s s i s t a n c e , in 

p a r t i c u l a r , D r . Paul T y l e r of t h e D e p a r t m e n t 

B i o l o g i c a l S c i e n c e s , U n i v e r s i t y C o l l e g e , S w a n s e a . T h e 

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

and t h e i r r e l a t i o n to r e p r o d u c t i v e s t r a t e g i e s c o n t a i n e d in 

t h i s t h e s i s has b e e n m a d e in t h e l i g h t o f his w o r k on 

t h e i r g a m e t o g e n i c b i o l o g y . 

T h e d e t e r m i n a t i o n of t h e b i o m a s s o f m a n y d e e p - s e a 

o r g a n i s m s is a l a b o r i o u s and t i m e - c o n s u m i n g t a s k and c o u l d 

not be a c h i e v e d w i t h o u t a c t i n g in c o n c e r t w i t h o t h e r 

r e s e a r c h e r s . I am g r a t e f u l , t h e r e f o r e , t o m y c o l l e a g u e s at 

lOS, p a r t i c u l a r l y t o D r . R i c h a r d L a m p i t t . M a n y s a m p l e s 

w e r e t a k e n on c r u i s e s on w h i c h I w a s n o t p r e s e n t and w e r e 

k i n d l y p r e s e r v e d by c o l l e a g u e s at lOS a n d S M B A . In t h i s 

r e s p e c t I am e s p e c i a l l y i n d e b t e d to D r . M i c h a e l T h u r s t o n . 

D r . J o h n G o r d o n ( S M B A ) and M r . N i g e l M e r r e t t ( l O S ) and 

t h e i r c o - w o r k e r s a r e e s p e c i a l l y w o r t h y of p r a i s e f o r 

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

t i m e w a s m o r e t h a n t a k e n up w i t h p r o c e s s i n g t h e f i s h 

c a t c h e s . My g r a t i t u d e is e x t e n d e d a l s o t o t h e u n s u n g 

h e r o e s of d e e p - s e a r e s e a r c h w h o m a i n t a i n t h e s a m p l i n g g e a r 

and w h o iron o u t t h e e v e r - p r e s e n t p r o b l e m s w h i c h o c c u r 

w h i l e s a m p l i n g at s e a , as w e l l as to t h e o f f i c e r s and c r e w 

of " R R S D i s c o v e r y " and " R R S C h a l l e n g e r " . 

S o m e of t h e w o r k c o n t a i n e d in t h i s t h e s i s has been 

p u b l i s h e d a l r e a d y in c o l l a b o r a t i o n w i t h o t h e r r e s e a r c h e r s 

(see A p p e n d i x 2 ) . W h e r e p o s s i b l e t h e s e p a p e r s a r e c i t e d in 

t h e t h e s i s w h e r e it is n e c e s s a r y t o r e f e r t o t h e 

c o n t r i b u t i o n s by my c o - w o r k e r s . In t h i s r e s p e c t I w o u l d 

l i k e t o t h a n k M s . C a r o l e L l e w e l l y n ( I n s t i t u t e f o r M a r i n e 

E n v i r o n m e n t a l R e s e a r c h ) p a r t i c u l a r l y f o r all h e r h a r d w o r k 



in s e p a r a t i n g , i d e n t i f y i n g and q u a n t i f y i n g t h e c h l o r o p h y l l 

p i g m e n t s in s e d i m e n t s and h o l o t h u r i a n g u t c o n t e n t s . 

T h a n k s a r e a l s o d u e to M r s . P e n n y J a c k s o n and M r s . Pam 

T a l b o t f o r t h e i r i n v a l u a b l e a s s i s t a n c e in t i m e s of g r e a t 

n e e d , to M r . N e i l K e n y o n and M r . P e t e r H u n t e r f o r 

p r o v i d i n g a n e w b a t h y m e t r i c c h a r t o f t h e P o r c u p i n e 

S e a b i g h t , and t o M r . A r n o l d M a d g w i c k a n d M r . M i c h a e l 

C o n q u e r f o r t h e i r p h o t o g r a p h i c e x p e r t i s e . 

N o n e of t h i s w o u l d h a v e b e e n p o s s i b l e w i t h o u t t h e 

e n c o u r a g e m e n t of D r . T o n y R i c e and D r . M a r t i n S h e a d e r . 

T h e i r a d v i c e d u r i n g t h e p r o g r e s s of t h i s t h e s i s h a s b e e n 

i n v a l u a b l e , and I am p a r t i c u l a r l y g r a t e f u l f o r t h e i r 

c o m m e n t s on t h e t h e s i s and t h e s p e e d w i t h w h i c h t h e y 

r e v i e w e d t h e m a n u s c r i p t . 

F i n a l l y , S u e , J e n n i f e r and E m i l y d e s e r v e s p e c i a l p r a i s e 

for t h e i r s u p p o r t , and f o r b e a r i n g t h e f a t e of b e i n g a 

" P h . D . w i d o w " and " P h . D . o r p h a n s " w i t h s u c h g o o d h u m o u r 

d u r i n g t h e l a s t few m o n t h s . 
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1. I n t r o d u c t i o n 

T h e d e e p sea is o f t e n r e g a r d e d as t h e k i n g d o m of 

t h e h o l o t h u r i a n . T h e s e c r e a t u r e s f e a t u r e p r o m i n e n t l y in 

p h o t o g r a p h i c c o l l e c t i o n s of a b y s s a l b i o t a ( H e e z e n and 

Hoi l i s t e r , 1 9 7 1 ; L e m c h e , H a n s e n , M a d s e n , T e n d a l and W o l f f , 

1 9 7 6 ; R i c e , A l d r e d , B i l l e t t and T h u r s t o n , 1 9 7 9 ; R i c e , 

A l d r e d , D a r l i n g t o n and W i l d , 1 9 8 2 ; O h t a , 1 9 8 3 ) and in 

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

n u m e r i c a l l y ( R i c e et a l . , 1 9 8 2 ; S i b u e t , M o n n i o t , 

D e s b r u y e r e s , D i n e t , K h r i p o u n o f f , R o w e a n d S e g o n z a c , 1 9 8 4 ; 

S i b u e t , 1 9 8 5 ) and in t e r m s of b i o m a s s ( Z e n k e v i t c h and 

B i r s t e i n , 1 9 6 0 ; O h t a , 1 9 8 3 ; S i b u e t et a l . , 1 9 8 4 ; R u t g e r s 

van d e r L o e f f and L a v a l e y e , 1 9 8 6 ) . M o s t h o l o t h u r i a n s are 

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

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

m e t r e s of t h e s e d i m e n t . M a n y p h o t o g r a p h s of t h e s e a b e d 

s h o w t h e i r c h a r a c t e r i s t i c t r a c k s and f a e c a l r e m a i n s 

( H e e z e n and Hoi l i s t e r , 1 9 7 1 ; Y o u n g , J a h n , R i c h a r d s o n and 

L o h a n i c k , 1 9 8 5 ; M a u v i e l and S i b u e t , 1 9 8 5 ) t e s t i f y i n g to 

t h e i m p o r t a n t r o l e t h a t h o l o t h u r i a n s p l a y in m o d i f y i n g 

t h e s e d i m e n t and in s t r u c t u r i n g t h e c o m m u n i t i e s t h a t live 

w i t h i n it. F e w d e e p - s e a s o f t - b o t t o m h a b i t a t s a r e f r e e f r o m 

t h e a t t e n t i o n s of t h e s e r o v e r s . 

N o t all h o l o t h u r i a n s l i v e on t h e s e d i m e n t s u r f a c e . S o m e 

a r e i n f a u n a l and a r e i m p o r t a n t b i o t u r b a t o r s of t h e t o p 10 

cm o r so o f s e d i m e n t , in s o m e c a s e s c r e a t i n g l a r g e c o n e -

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

s w i m and l i v e in t h e w a t e r c o l u m n j u s t a b o v e t h e s e a b e d . 



T h e y d e s c e n d to t h e s e a b e d t o f e e d and m a y be i m p o r t a n t in 

t h e r e s u s p e n s i o n of s e d i m e n t and in t h e t r a n s p o r t of 

o r g a n i c m a t t e r t h r o u g h t h e w a t e r c o l u m n . M o s t d e e p - s e a 

h o l o t h u r i a n s p r o d u c e a p e l a g i c l e c i t h o t r o p h i c l a r v a l s t a g e 

but in s o m e c a s e s d e v e l o p m e n t o c c u r s d i r e c t l y i n t o a 

j u v e n i l e in t h e p e l a g i c e n v i r o n m e n t w i t h o u t a l a r v a l 

s t a g e . P e l a g i c d e v e l o p m e n t h a s a l l o w e d m a n y s p e c i e s to 

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

It is c l e a r t h a t h o l o t h u r i a n s a r e an i m p o r t a n t 

f a u n a l g r o u p in t h e d e e p s e a , y e t l i t t l e is k n o w n of t h e i r 

e t h o l o g y and e c o l o g y . T h e f o l l o w i n g s e c t i o n s r e v i e w o u r 

c u r r e n t k n o w l e d g e of d e e p - s e a h o l o t h u r i a n s e n d i n g w i t h a 

s u m m a r y t h a t s e e k s to e x p l a i n t h e s u c c e s s o f t h i s t a x o n in 

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

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

k n o w l e d g e and h i g h l i g h t s a s p e c t s of h o l o t h u r i a n e c o l o g y 

t h a t r e q u i r e f u r t h e r w o r k . 

1.1 F e e d i n g . 

A l t h o u g h t h e v a s t m a j o r i t y of d e e p - s e a h o l o t h u r i a n s are 

d e p o s i t f e e d e r s , a f e w s p e c i e s , by v i r t u e of t h e i r 

t e n t a c l e s t r u c t u r e , a r e t h o u g h t to f e e d on s u s p e n d e d 

p a r t i c l e s . S u s p e n s i o n - f e e d i n g h o l o t h u r i a n s h a v e d e n d r i t i c 

( a r b o r e s c e n t ) or p e l t o - d e n d r i t i c ( a r b o r e s c e n t e n d s on 

s h o r t b r a n c h e s a r i s i n g f r o m a s h o r t c e n t r a l s t a l k ) 

t e n t a c l e s ( H y m a n , 1 9 5 5 ; M a s s i n , 1 9 8 2 ) w i t h w h i c h t h e y 

c a p t u r e p a r t i c l e s t h a t a r e i m m o b i l e o r at l e a s t o n l y 

p a r t l y m o b i l e ( M a s s i n , 1 9 8 2 ) . In s h a l l o w w a t e r , b e n t h i c 

s u s p e n s i o n - f e e d i n g h o l o t h u r i a n s c a p t u r e p h y t o p l a n k t o n , 

z o o p l a n k t o n ( i n c l u d i n g P r o t o z o a ) , and s u s p e n d e d o r g a n i c 

m a t t e r ( s e e M a s s i n , 1 9 8 2 f o r r e f e r e n c e s ) , but in d e e p 



w a t e r t h e s e h o l o t h u r i a n s a r e l i k e l y t o r e l y m a i n l y on 

s u s p e n d e d d e t r i t a l m a t e r i a l . S u s p e n s i o n - f e e d i n g h o l o -

t h u r i a n s h a v e b e e n f o u n d in a r e a s c h a r a c t e r i z e d by s t r o n g 

c u r r e n t s , s u c h as t h e w e s t e r n f l a n k of t h e R o c k a l l T r o u g h 

( G a g e , B i l l e t t , J e n s e n and T y l e r , 1 9 8 5 a ) . 

P e l a g i c h o l o t h u r i a n s m a y a l s o f e e d on s u s p e n d e d 

p a r t i c l e s . T h e p e l t o - d e n d r i t i c t e n t a c l e s o f a s p i d o c h i r o t i d 

s p e c i e s i n d i c a t e t h a t t h e y m a y be a b l e to c a p t u r e 

p a r t i c l e s in m i d w a t e r ( H a n s e n and M a d s e n , 1 9 5 6 ; H a n s e n , 

1 9 7 8 ) . H o w e v e r , a n a l y s e s of p e l a g i c a s p i d o c h i r o t i d and 

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

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

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

s u r f a c e ( B i l l e t t , H a n s e n and H u g g e t t , 1 9 8 5 ) . In a d d i t i o n , 

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

i n d i c a t e t h a t t h e s e h o l o t h u r i a n s f e e d p r e f e r e n t i a l l y at 

t h e s e d i m e n t s u r f a c e ( P a w s o n , 1 9 8 2 a ; O h t a , 1 9 8 5 ; P a w s o n 

and F o e l l , 1 9 8 6 ; B i l l e t t , 1 9 8 6 ) . M a s s i n ( 1 9 8 2 ) c o n s i d e r e d 

t h a t t h e j u v e n i l e s of b e n t h i c s p e c i e s w h i c h o c c u r 

p e l a g i c a l l y ( G r i e g , 1 9 2 1 ; B e l y a e v and V i n o g r a d o v , 1 9 6 9 ; 

H a n s e n , 1 9 7 5 ; B i l l e t t et a l . , 1 9 8 5 ) c o u l d be s u s p e n s i o n 

f e e d e r s , but t h e r e is no e v i d e n c e t h a t t h e s e j u v e n i l e s 

f e e d w h i l e t h e y a r e in t h e p l a n k t o n . 

D e e p - s e a h o l o t h u r i a n s a r e p r e d o m i n a n t l y d e p o s i t f e e d e r s . 

M o s t a r e e p i f a u n a l r a k e - f e e d e r s w h i c h s w e e p t h e s e d i m e n t 

s u r f a c e , b u t s o m e s p e c i e s a r e i n f a u n a l a n d f e e d e i t h e r on 

s u p e r f i c i a l s e d i m e n t by f u n n e l - f e e d i n g o r on d e e p e r 

s e d i m e n t by c o n v e y o r - b e l t f e e d i n g ( M a s s i n , 1 9 8 2 ) . In 

s h a l l o w w a t e r , m o l p a d i i d s l i k e M o l p a d i a o o l i t i c a a r e 

c o n s i d e r e d to be c o n v e y o r - b e l t f e e d e r s ( M a s s i n , 1 9 8 2 ) and 

a r e o r i e n t a t e d v e r t i c a l l y or o b l i q u e l y w i t h t h e i r m o u t h 

b u r i e d in t h e s e d i m e n t ( R h o a d s and Y o u n g , 1 9 7 1 ) . M. 

o o l i t i c a f o r m s c o n e - s h a p e d m o u n d s m a d e f r o m its f a e c e s and 

s i m i l a r m o u n d s f o u n d in t h e d e e p sea a r e b e l i e v e d to be 



f o r m e d by M o l p a d i a b l a k e i ( Y o u n g et a l . , 1 9 8 5 ) , a s p e c i e s 

c o m m o n at a b y s s a l d e p t h s in t h e N o r t h A t l a n t i c . T h i s 

s u g g e s t s t h a t s h a l l o w w a t e r and d e e p - s e a m o l p a d i i d s f e e d 

in a s i m i l a r w a y . K h r i p o u n o f f and S i b u e t ( 1 9 8 0 ) a n a l y s e d 

t h e s t o m a c h c o n t e n t s of M . b l a k e i a n d f o u n d t h a t t h e 

g r a n u l o m e t r y of t h e gut s a m p l e s w a s s i m i l a r to t h a t of t h e 

s u r r o u n d i n g s e d i m e n t i n d i c a t i n g t h a t d e e p - s e a m o l p a d i i d s 

do f e e d w i t h i n t h e s e d i m e n t . M o r e o v e r , t h e g r a n u l o m e t r y of 

t h e gut c o n t e n t s of M . b l a k e i d i f f e r e d f r o m t h a t of 

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

L i k e t h e i n f a u n a l s p e c i e s , e p i f a u n a l h o l o t h u r i a n s a r e 

a b l e to s w a l l o w l a r g e a m o u n t s of s e d i m e n t . K h r i p o u n o f f and 

S i b u e t ( 1 9 8 0 ) s h o w e d t h a t o r g a n o - m i n e r a l a g g r e g a t e s 

( u s u a l l y 20 to 65 ^ m in d i a m e t e r ) and f a e c a l m a t t e r are 

t h e p r i n c i p a l n u t r i t i v e p a r t i c l e s i n g e s t e d by e p i b e n t h i c 

h o l o t h u r i a n s . L i k e B o r d o v s k i y , S o k o l o v a , S m i r n o v , 

A k h m e t ' y e v a and Z e z i n a ( 1 9 7 3 ) , t h e y f o u n d e l e v a t e d l e v e l s 

of o r g a n i c m a t t e r in t h e s e d i m e n t c o n t a i n e d w i t h i n t h e 

h o l o t h u r i a n ' s o e s o p h a g u s in c o m p a r i s o n t o t h e s e d i m e n t on 

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

h o l o t h u r i a n s a r e a b l e to s e l e c t f o r p a r t i c l e s in t h e 

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

t h e i r s e d i m e n t s a m p l e s w e r e t a k e n w i t h a b o x c o r e r , t h e 

b e s t m e t h o d o l o g y a v a i l a b l e at t h a t t i m e , and t h e o r g a n i c 

a n a l y s e s w e r e a v e r a g e d o v e r t h e t o p 2 cm of t h e s e d i m e n t 

and t h e r e f o r e a r e n o t s t r i c t l y c o m p a r a b l e w i t h m a t e r i a l 

t h a t a h o l o t h u r i a n i n g e s t s . P h o t o g r a p h i c e v i d e n c e s u g g e s t s 

t h a t e p i b e n t h i c h o l o t h u r i a n s do n o t f e e d d e e p l y in t h e 

s e d i m e n t ( H e e z e n and Hoi l i s t e r , 1 9 7 1 ) . 

To o v e r c o m e t h i s p r o b l e m S i b u e t , K h r i p o u n o f f , D e m i n g , 

C o l w e l l and D i n e t ( 1 9 8 2 ) , in a n o t h e r i m p o r t a n t p a p e r , 

c o m p a r e d t h e s u p e r f i c i a l s e d i m e n t (top 2 m m ) w i t h a m e a n 

v a l u e f o r t h e t o p 2 c m of t h e s e d i m e n t f r o m t h e s a m e box 



c o r e s a m p l e s and f o u n d t h e s a m e l e v e l s of o r g a n i c 

c o n s t i t u e n t s in t h e t w o f r a c t i o n s , e x c e p t in t h e c a s e of 

s o l u b l e p r o t e i n s ( s o l u b l e in IN N a O H ) . H o w e v e r , t h e 

o r g a n i c c o n s t i t u e n t s w e r e e n r i c h e d in t h e o e s o p h a g e a l 

c o n t e n t s of h o l o t h u r i a n s t a k e n in t h e s a m e a r e a . In 

a d d i t i o n , b a c t e r i a l a b u n d a n c e w a s g r e a t e r in t h e 

h o l o t h u r i a n o e s o p h a g e a l c o n t e n t s t h a n in t h e s u r r o u n d i n g 

s e d i m e n t . C o m p a r i s o n of t h e o r g a n i c c o n s t i t u e n t s in t h e 

d i f f e r e n t p a r t s of t h e g u t s h o w e d t h a t l i p i d s w e r e 

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

low l e v e l s of l i p i d p r e s e n t p r o t e i n w a s t h e m a i n o r g a n i c 

c o m p o n e n t d i g e s t e d . S u r p r i s i n g l y , b a c t e r i a l p r o t e i n 

c o n t r i b u t e d o n l y 2 % of t h e t o t a l p r o t e i n a b s o r b e d . T h e 

s i g n i f i c a n c e of b a c t e r i a l e x t r a c e l l u l a r p o l y m e r , k n o w n to 

be i n g e s t e d by s h a l l o w - w a t e r h o l o t h u r i a n s ( B a i r d and 

T h i s t l e , 1 9 8 6 ) , has s t i l l to be e v a l u a t e d f o r d e e p - s e a 

s p e c i e s . 

A l t h o u g h t h e r e s u l t s of K h r i p o u n o f f a n d S l b u e t ( 1 9 8 0 ) 

and S i b u e t et a l . , ( 1 9 8 2 ) i n d i c a t e t h a t d e e p - s e a e p i -

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

d o u b t a b o u t t h i s c o n c l u s i o n . It is n o t k n o w n , f o r 

i n s t a n c e , h o w m u c h of t h e o r g a n i c m a t t e r in t h e o e s o p h a g u s 

is p r o v i d e d by t h e h o l o t h u r i a n i t s e l f , and t h e r e a r e 

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

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

w h e r e S C U B A d i v e r s h a v e b e e n a b l e to s a m p l e t h e s u p e r -

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

and h a v e c o m p a r e d it w i t h t h e h o l o t h u r i a n ' s gut c o n t e n t s , 

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

f e e d i n g ( M a s s i n , 1 9 8 0 ) w h i l e o t h e r s h a v e not ( Y i n g s t , 

1 9 7 4 ) . 

K h r i p o u n o f f and S i b u e t ( 1 9 8 0 ) a l s o f o u n d a n e g a t i v e 

s e l e c t i o n f o r p e l a g i c f o r a m i n i f e r a n s a n d m e t a z o a n m e i o -

f a u n a . A n a l y s i s of t h e g u t c o n t e n t s o f o n e s p e c i e s 



i n d i c a t e d t h a t it w a s a b l e to a v o i d t h e i n g e s t i o n of l i v e 

a n i m a l s w i t h t h e e x c e p t i o n of b e n t h i c f o r a m i n i f e r a n s . T h e 

i m p o r t a n c e of b e n t h i c f o r a m i n i f e r a n s , p a r t i c u l a r l y t h o s e 

w i t h a s o f t s h e l l , in t h e n u t r i t i o n o f d e e p - s e a h o l o -

t h u r i a n s h a s s t i l l to be a s s e s s e d . 

S i b u e t et a l . , ( 1 9 8 2 ) p r o p o s e d t h a t h o l o t h u r i a n s s e l e c t 

f o o d by a s o r t i n g m e c h a n i s m w h i c h s u s p e n d s s m a l l e r , less 

d e n s e p a r t i c l e s in t h e s e d i m e n t . B r i g g s ( 1 9 8 5 ) , h o w e v e r , 

f o u n d t h a t t w o e p i b e n t h i c h o l o t h u r i a n s f r o m an area b e l o w 

t h e l y s o c l i n e in t h e V e n e z u e l a B a s i n i n g e s t e d s l i g h t l y 

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

r e s u l t e d f r o m t h e p r e s e n c e of p e l a g i c f o r a m i n i f e r a n t e s t s 

in t h e i r g u t s c o m p a r e d w i t h t h e s e d i m e n t w h e r e o n l y a f e w 

w e r e f o u n d o w i n g to t h e d i s s o l u t i o n o f t h e c a l c i u m 

c a r b o n a t e . B r i g g s ( 1 9 8 5 ) p r o p o s e d t h a t f o r a m i n i f e r a n s are 

t r a n s p o r t e d to t h e s e a b e d in f a e c a l p e l l e t s and t h a t 

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

w h e r e t h e s e f r e s h l y d e p o s i t e d f a e c a l p e l l e t s c o l l e c t , 

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

p e r s e . 

O n e a s s u m p t i o n t h a t h a s b e e n m a d e w h e n r e s e a r c h e r s h a v e 

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

o r g a n i c m a t t e r in t h e d e e p sea is d i s t r i b u t e d h o m o -

g e n e o u s l y . T h i s is i n d i c a t e d by t h e s m a l l v a r i a t i o n in 

o r g a n i c m a t t e r in t h e g u t s of d i f f e r e n t s p e c i m e n s f r o m t h e 

s a m e a r e a . H o w e v e r , it is a p p a r e n t f r o m d e e p - s e a p h o t o -

g r a p h y t h a t d e t r i t a l m a t e r i a l a r r i v i n g at t h e s e a b e d is 

r e s u s p e n d e d and m o v e d a b o u t by n e a r b e d c u r r e n t s , so t h a t 

it c o l l e c t s a r o u n d s e d i m e n t a r y s t r u c t u r e s and w i t h i n 

h o l l o w s ( S e c t i o n 5 . 4 ) . T h e c o m b i n a t i o n o f n e a r b e d c u r r e n t s 

and s e d i m e n t t o p o g r a p h y , t h e r e f o r e , l e a d s t o a h e t e r o -

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

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

s e l e c t i v i t y is c o n s i d e r e d . 



In a s t u d y of t h e m a n y r a d i o n u c l i d e s t h a t are p r e s e n t in 

n o r t h e a s t A t l a n t i c o c e a n i c p l a n k t o n , n e k t o n , b e n t h i c 

a n i m a l s and s e d i m e n t s , F e l d t , K a n i s c h , K a n i s c h and V o b a c h 

( 1 9 8 5 ) f o u n d t h a t t h e h o l o t h u r i a n s w e r e h i g h in t h o s e 

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

c o l u m n by p a r t i c u l a t e m a t e r i a l and t h e n d e p o s i t e d on t h e 

s e a f l o o r . S o m e of t h e r a d i o n u c l i d e s had s h o r t h a l f - l i v e s . 

L i k e w i s e , O s t e r b e r g , C a r e y and C u r l ( 1 9 6 3 ) f o u n d t h e s a m e 

s h o r t h a l f - l i f e r a d i o n u c l i d e s in a s h a l l o w - w a t e r and a 

d e e p - s e a h o l o t h u r i a n . T h e s e d a t a i n d i c a t e not o n l y t h a t 

p a r t i c l e s a r e t r a n s p o r t e d r a p i d l y t o g r e a t d e p t h s , but 

a l s o t h a t h o l o t h u r i a n s a r e p a r t i c u l a r l y a d e p t at f e e d i n g 

on t h e s e p a r t i c l e s . 

K n o w l e d g e g a i n e d f r o m t h e s t u d y of s h a l l o w - w a t e r h o l o -

t h u r i a n s s u g g e s t s t h a t d e e p - s e a s p e c i e s p i c k up p a r t i c l e s 

f r o m t h e s e a b e d e i t h e r by a d h e r e n c e t o t h e t e n t a c l e 

s u r f a c e ( M a s s i n , 1 9 7 8 ; H a m m o n d , 1 9 8 2 ; R o b e r t s and B r y c e , 

1 9 8 2 ; C a m e r o n and F a n k b o n e r , 1 9 8 4 ) or by d i r e c t e n t r a p m e n t 

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

t h e t e n t a c l e s ( R o b e r t s , 1 9 7 9 ; B o u l a n d , M a s s i n and J a n g o u x , 

1 9 8 2 ) . C a m e r o n and F a n k b o n e r ( 1 9 8 4 ) b e l i e v e d t h a t t h e 

f o r m e r m e t h o d w a s t h e m o s t i m p o r t a n t f o r P a r a s t i c h o p u s 

c a l i f o r n i c u s s i n c e its t e n t a c l e s d i d n o t e x p a n d or r e l a x 

i n s i d e t h e p h a r y n g e a l c a v i t y , a n e c e s s a r y s t e p if 

p a r t i c l e s c o l l e c t e d by t e n t a c u l a r e n t r a p m e n t a r e to be 

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

d e t a i l e d s t u d y on t h e u l t r a s t r u c t u r e o f s h a l l o w - w a t e r 

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

p r e s e n c e of c e l l s t h a t m a y p r o d u c e a p r o t e i n a c e o u s 

a d h e s i v e ( M c K e n z i e , 1 9 8 7 ) . T h e w e a k n e s s of t h e a d h e s i v e 

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

p a r t i c l e s w h i c h S i b u e t e ^ , ( 1 9 8 2 ) s u g g e s t e d t h a t d e e p -

sea e p i b e n t h i c h o l o t h u r i a n s f e e d o n . 



D i g e s t i o n in d e e p - s e a h o l o t h u r i a n s is a i d e d by t h e 

p r e s e n c e of an e n t e r i c b a r o p h i l i c m i c r o b i a l p o p u l a t i o n in 

t h e p o s t e r i o r i n t e s t i n e . T h e b a c t e r i a a r e d i r e c t l y 

a s s o c i a t e d w i t h t h e i n t e s t i n a l l i n i n g in t h e h i n d g u t and 

a r e t h o u g h t t o act as a c o m m e n s a l g u t f l o r a t h a t t r a n s -

f o r m s i n g e s t e d d e t r i t a l m a t e r i a l ( D e m i n g and C o l w e l l , 

1 9 8 2 ; S i b u e t et a l . , 1 9 8 2 ; T a b o r , D e m i n g , O h w a d a and 

C o l w e l l , 1 9 8 2 ; A l b e r i c , F e r a l and S i b u e t , 1 9 8 7 ) . M i c r o -

bial a c t i v i t y in t h e g u t s c a n be m o r e r a p i d t h a n in t h e 

s u r r o u n d i n g s e d i m e n t . U s i n g t h e r a t e s of m i c r o b i a l 

a c t i v i t y D e m i n g and C o l w e l l ( 1 9 8 2 ) c a l c u l a t e d t h a t t h e 

t u r n o v e r t i m e of s e d i m e n t in t h e gut o f t h e a b y s s a l h o l o -

t h u r i a n P s y c h r o p o t e s l o n g i c a u d a w a s 16 h o u r s . H o w e v e r , t h e 

w a y in w h i c h P. l o n g i c a u d a v o i d s its p o s t e r i o r i n t e s t i n e 

e p i s o d i c a l l y , f o r m i n g l a r g e f a e c a l s t r i n g s ( H e e z e n and 

Hoi l i s t e r , 1 9 7 1 ) , m u s t b r i n g i n t o q u e s t i o n t h e a s s u m p t i o n 

t h a t m a t e r i a l p a s s e s t h r o u g h t h e h o l o t h u r i a n ' s gut at a 

c o n s t a n t r a t e . D e s p i t e t h i s r e s e r v a t i o n , t h e w o r k of 

D e m i n g and C o l w e l l ( 1 9 8 2 ) g i v e s t h e b e s t e s t i m a t e of t h e 

r a t e at w h i c h s e d i m e n t is p r o c e s s e d by a d e e p - s e a 

h o l o t h u r i a n , 105g w e t w e i g h t s e d i m e n t p e r d a y ( h o l o t h u r i a n 

s i z e u n k n o w n ) . A s i m i l a r r a t e w a s e s t i m a t e d by R o w e ( 1 9 7 4 ) 

f r o m p h o t o g r a p h i c o b s e r v a t i o n s f o r a d i f f e r e n t s p e c i e s . 

1 . 2 L o c o m o t i o n and b i o t u r b a t i o n . 

T h e t r a c k s and t r a i l s m a d e by e p i b e n t h i c h o l o t h u r i a n s as 

t h e y r o a m o v e r t h e s e a b e d a r e v e r y d i s t i n c t i v e . S o m e 

h o l o t h u r i a n s , l i k e P s e u d o s t i c h o p u s , f o r m f u r r o w s a b o u t 1 

cm d e e p as t h e y p l o u g h t h r o u g h t h e s u p e r f i c i a l s e d i m e n t 

( H e e z e n and Hoi l i s t e r , 1 9 7 1 ; L e m c h e et a l . , 1 9 7 6 ; Y o u n g et^ 

a l . , 1 9 8 5 ) . T h e s e s p e c i e s u s u a l l y h a v e p o o r l y d e v e l o p e d 

t u b e f e e t and r e l y on t h e a l t e r n a t e e x t e n s i o n and 



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

T h i s f o r m of l o c o m o t i o n is a l s o u s e d b y i n f a u n a l s p e c i e s 

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

p u r c h a s e on t h e s u r r o u n d i n g s e d i m e n t is a s s i s t e d by t h e 

b o d y w a l l o s s i c l e s w h i c h m a y be s h a p e d l i k e a n c h o r s o r 

w h e e l s . M o s t of t h e d e e p - s e a s p e c i e s of t h e o r d e r 

A s p i d o c h i r o t i d a and all of t h e M o l p a d i i d a and A p o d i d a a r e 

t h o u g h t to m o v e by b o d y c o n t r a c t i o n s . 

S o m e A s p i d o c h i r o t i d a , h o w e v e r , l i k e all t h e b e n t h i c 

E l a s i p o d i d a , h a v e w e l l d e v e l o p e d t u b e f e e t and u s e t h e s e 

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

r e m a r k a b l y u n d i s t u r b e d , s a v e f o r a s e r i e s of p i n - p o i n t 

m a r k s m a d e w h e r e t h e t u b e f e e t h a v e a l i g h t e d on t h e s e a b e d . 

T h i s l e a d s to a c h a r a c t e r i s t i c s e r i e s o f p a r a l l e l l i n e s 

m a r k i n g t h e p a s s a g e of t h e h o l o t h u r i a n ( H e e z e n and 

Hoi l i s t e r , 1 9 7 1 ; M a u v i e l and S i b u e t , 1 9 8 5 ) , a l t h o u g h s o m e 

s p e c i e s t h a t a r e a l m o s t n e u t r a l l y b u o y a n t l e a v e no 

a p p a r e n t i m p r e s s i o n on t h e s e a f l o o r . T h e t u b e f e e t of m a n y 

E l a s i p o d i d a a r e c o n n e c t e d t o i n t r a d e r m a l a m b u l a c r a l 

c a v i t i e s w h i c h H a n s e n ( 1 9 7 5 ) b e l i e v e d a i d e d l o c o m o t i o n by 

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

and to m a i n t a i n t h e i r t u r g i d i t y by f o r c i n g f l u i d i n t o t h e 

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

e l a s i p o d i d s in s i t u on t h e s e a b e d s h o w t h a t p e r i s t a l t i c 

w a v e s a r e p a s s e d d o w n t h e b o d y w a l l m u s c l e s ( B a r h a m , A y e r 

and B o y c e , 1 9 6 7 ; H a n s e n , 1 9 7 2 ; L e m c h e et a l . , 1 9 7 6 ) . 

R e c e n t t i m e - l a p s e p h o t o g r a p h y has p r o v i d e d d a t a on t h e 

r a t e s of h o l o t h u r i a n m o v e m e n t in t h e d e e p sea ( L a m p i t t , 

1 9 8 4 , 1 9 8 5 ; L a m p i t t and B i l l e t t , 1 9 8 5 ) . M a x i m u m r a t e s of 

89 cm p e r h o u r h a v e b e e n c a l c u l a t e d f o r B e n t h o g o n e r o s e a 

at a d e p t h of 2 0 0 0 m w h i c h is c o m p a r a b l e w i t h t h e 

l o c o m o t i o n r a t e s of s h a l l o w - w a t e r s p e c i e s . 



It is c l e a r t h a t s e d i m e n t m i x i n g by h o l o t h u r i a n s in a n y 

o n e a r e a d e p e n d s on t h e s p e c i e s t h a t a r e p r e s e n t . A r e a s 

d o m i n a t e d by e l a s i p o d i d s w i l l u n d e r g o l i t t l e m i x i n g as a 

r e s u l t of t h e i r l o c o m o t i o n , but in a r e a s w h e r e 

a s p i d o c h i r o t i d s l i k e P s e u d o s t i c h o p u s a n d M e s o t h u r l a a r e 

p r e s e n t , t h e t o p l a y e r of s e d i m e n t w i l l b e m i x e d . S m o o t h 

p l o u g h m a r k s m a d e by P s e u d o s t i c h o p u s a t l a n t i c u s are o n e o f 

t h e m o s t c o m m o n L e b e n s s p u r e n ( f e a t u r e s cm t h e s e d i m e n t 

s u r f a c e ) in t h e V e n e z u e l a B a s i n ( Y o u n g e t a l . , 1 9 8 5 ) and 

s i m i l a r f e a t u r e s ( s i m p l e f u r r o w s ) a r e p a r t i c u l a r l y c o m m o n 

in an a r e a of t h e B a y of B i s c a y , B I O G A S S t . 2 ( M a u v i e l a n d 

S i b u e t , 1 9 8 5 ) , w h e r e s p e c i e s of P s e u d o s t i c h o p u s and 

M e s o t h u r i a a r e f o u n d ( S i b u e t , 1 9 7 7 ) . S m o o t h p l o u g h m a r k s 

a r e a c o m m o n f e a t u r e of t h e M a d e i r a A b y s s a l P l a i n 

( H u g g e t t , 1 9 8 7 ) . 

I n f a u n a l h o l o t h u r i a n s a l s o p l a y a r o l e in s e d i m e n t 

m i x i n g . A p o d i d h o l o t h u r i a n s w i l l m o v e s e d i m e n t as t h e y 

b u r r o w t h r o u g h it, but a l t h o u g h t h e i r a b u n d a n c e in t h e 

d e e p sea is p r o b a b l y g r e a t e r t h a n p r e v i o u s l y t h o u g h t ( G a g e 

and B i l l e t t , 1 9 8 6 ) , t h e i r e f f e c t on s e d i m e n t m i x i n g is 

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

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

K h r i p o u n o f f , D e s b r u y e r e s and C h a r d y , 1 9 8 0 ; S i b u e t et a l . , 

1 9 8 4 ; R i c h a r d s o n , B r i g g s and Y o u n g , 1 9 8 5 ) . M o l p a d i i d 

h o l o t h u r i a n s by c o m p a r i s o n m a y be f a r m o r e i m p o r t a n t as 

b i o t u r b a t o r s in s o m e a r e a s . T h e s e h o l o t h u r i a n s m i x t h e 

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

o v e r a d e p t h of s e v e r a l c e n t i m e t r e s . C o n e - s h a p e d m o u n d s 

t h a t a r e a c o m m o n f e a t u r e at a b y s s a l d e p t h s in t h e 

V e n e z u e l a B a s i n ( a v e r a g e a b u n d a n c e of 1 c o n e in e v e r y 2 m ^ ) 

a r e c o n s i d e r e d to be m a d e by M o l p a d i a ( Y o u n g et a l . , 

1 9 8 5 ) . H o w e v e r , it is not c l e a r h o w m a n y of t h e s e c o n e s 

a r e a c t i v e . G r e a t e r s u b s u r f a c e r e w o r k i n g r a t e s t h a n t h o s e 

m e a s u r e d at t h e s e d i m e n t s u r f a c e , e s t i m a t e d f r o m 
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r a d i o n u c l i d e s t u d i e s , in t h e V e n e z u e l a B a s i n w e r e 

a t t r i b u t e d to t h e a c t i v i t i e s of t h e s e h o l o t h u r i a n s as w e l l 

as o t h e r b e n t h i c i n f a u n a ( s e e L i , G u i n a s s o , C o l e , 

R i c h a r d s o n , J o h n s o n and S c h i n k , 1 9 8 5 ) . 

1.3 S w i m m i n g . 

S e v e r a l h o l o t h u r i a n s p e c i e s a r e k n o w n to h a v e t h e 

a b i l i t y to s w i m ( M a r g o l i n , 1 9 7 6 ; P a w s o n , 1 9 7 6 , 1 9 8 2 a ) . 

M o s t a r e b e n t h i c a n i m a l s and r i s e up i n t o t h e w a t e r e i t h e r 

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

h a v e a b r i m of f u s e d l a t e r a l t u b e f e e t , by p a s s i n g w a v e s 

a l o n g t h e s i d e s of t h e b o d y . T h e b e n t h i c h o l o t h u r i a n s a r e 

n o t c a p a b l e o f s w i m m i n g f o r long p e r i o d s and o n l y m a k e 

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

to t h e s e a b e d . A f e w s p e c i e s , h o w e v e r , s p e n d m o s t of t h e i r 

t i m e in t h e w a t e r c o l u m n and can be c o n s i d e r e d to be t r u l y 

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

to f e e d . T h e s e h o l o t h u r i a n s a r e t h e r e f o r e m o r e a p p r o -

p r i a t e l y c l a s s e d as b e n t h o p e l a g i c o r g a n i s m s . T h e y a r e 

r e s t r i c t e d to t h e o p e n o c e a n and a r e m o s t c o m m o n c l o s e t o 

t h e s e a b e d at b a t h y a l and a b y s s a l d e p t h s . 

T h e f i r s t k n o w n s p e c i m e n s of a t r u l y p e l a g i c 

h o l o t h u r i a n , P e l a g o t h u r i a n a t a t r i x ( E l a s i p o d i d a ) , w e r e 

s a m p l e d by t h e " A l b a t r o s s " in t h e G u l f o f P a n a m a u s i n g a 

b e n t h i c t r a w l ( L u d w i g , 1 8 9 4 ) . S e v e r a l s p e c i m e n s w e r e 

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

on t h e e x p e d i t i o n did not p o s s e s s an o p e n i n g and c l o s i n g 

d e v i c e so it w a s n o t p o s s i b l e to a s s e s s t h e d e p t h at w h i c h 

t h e p e l a g i c h o l o t h u r i a n s in t h e t r a w l s h a d b e e n t a k e n . 

F u r t h e r s p e c i m e n s w e r e t a k e n by T h e G e r m a n D e e p - S e a 

E x p e d i t i o n d o w n t o a d e p t h of 1 0 0 0 m in t h e I n d i a n O c e a n 
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u s i n g a c l o s i n g p e l a g i c n e t ( C h u n , 1 9 0 0 ) . T h i s s p e c i e s is 

r e p o r t e d to h a v e b e e n p h o t o g r a p h e d at a d e p t h of 6 7 7 6 m in 

t h e P a c i f i c ( L e m c h e et a l . , 1 9 7 6 ) b u t t h e s e r e c o r d s n e e d 

to be s u b s t a n t i a t e d . A n o t h e r e l a s i p o d i d , P e n i a g o n e 

d i a p h a n a , w a s a l s o c o l l e c t e d in p e l a g i c t r a w l s in t h e 

n o r t h e a s t A t l a n t i c ( H e r o u a r d , 1 9 2 3 ) . I n i t i a l l y o n l y p o s t -

l a r v a l s t a g e s w e r e d e s c r i b e d , b u t w h e n t h e m a t e r i a l was 

r e - e x a m i n e d t h e p r e s e n c e of a l a r g e r s p e c i m e n led H a n s e n 

( 1 9 7 5 ) to b e l i e v e t h a t a p e l a g i c l i f e s t y l e w a s not m e r e l y 

c o n f i n e d to t h e p o s t - l a r v a l s t a g e . H o w e v e r , t h e 

b e n t h o p e l a g i c l i f e s t y l e of t h i s s p e c i e s w a s not f u l l y 

a p p r e c i a t e d u n t i l B a r n e s , Q u e t i n , C h i l d r e s s and P a w s o n 

( 1 9 7 6 ) w i t n e s s e d , f r o m a s u b m e r s i b l e , d e n s e a g g r e g a t i o n s 

of P. d i a p h a n a l i v i n g j u s t a b o v e t h e s e a b e d . M o r e r e c e n t l y 

a n o t h e r r e m a r k a b l e b e n t h o p e l a g i c e l p i d i i d , P . l e a n d e r , has 

b e e n p h o t o g r a p h e d l i v i n g j u s t a b o v e t h e s e a b e d in t h e m i d -

P a c i f i c ( P a w s o n and F o e l l , 1 9 8 6 ) . P h o t o g r a p h y has a l s o 

b e e n u s e d t o s t u d y t h e f e e d i n g and s w i m m i n g of a n o t h e r 

e l a s i p o d i d E n y p n i a s t e s ( P a w s o n , 1 9 7 6 , 1 9 8 2 ; O h t a , 1 9 8 5 ) and 

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

d i r e c t l y f r o m s u b m e r s i b l e s (Drs J . E . M i l l e r and D . L . 

P a w s o n , p e r s o n a l c o m m u n i c a t i o n ) . 

S w i m m i n g h o l o t h u r i a n s a r e a l s o k n o w n f r o m t h e o r d e r 

A s p i d o c h i r o t i d a . H a n s e n and M a d s e n ( 1 9 5 6 ) d e s c r i b e d t h e 

n e w g e n u s and s p e c i e s G a l a t h e a t h u r i a f r o m a s p e c i m e n 2 2 . 5 

cm long s a m p l e d at a d e p t h of 4 5 0 0 m ( 1 0 0 0 m a b o v e t h e 

s e a b e d ) in t h e P a c i f i c O c e a n , t o g e t h e r w i t h s o m e s p e c i m e n s 

c a p t u r e d in a b e n t h i c t r a w l in t h e B a y of B e n g a l . A 

f u r t h e r g e n u s and s p e c i e s , S c o t o t h u r i a h e r r i n g i , w a s 

s a m p l e d by p e l a g i c n e t s in t h e m i d - A t l a n t i c ( H a n s e n , 1 9 7 8 ) 

s e v e r a l t h o u s a n d s of m e t r e s a b o v e t h e s e a b e d . B o t h t h e s e 

s p e c i e s h a v e a l a t e r a l b r i m of f u s e d t u b e f e e t and s w i m by 

u n d u l a t i n g t h e b r i m , as s u g g e s t e d by H a n s e n and M a d s e n 

( 1 9 5 6 ) , in a m a n n e r s i m i l a r to t h e s w i m m i n g m o t i o n of t h e 

c u t t l e f i s h S e p i a ( B i l l e t t et a l . , 1 9 8 5 ) . T h e i n t e s t i n a l 
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c o n t e n t s of b o t h s p e c i e s i n c l u d e m a t e r i a l d e r i v e d f r o m t h e 

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

f o u n d to h a v e g u t s f u l l of s e d i m e n t , b u t t h e i n t e s t i n e s of 

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

c o m p l e t e l y e m p t y ( B i l l e t t et a l . , 1 9 8 5 ) . It a p p e a r s , 

t h e r e f o r e , t h a t t h e s e h o l o t h u r i a n s f e e d p r e f e r e n t i a l l y on 

t h e s e a b e d and t h a t t h e y a r e c a p a b l e of e x t e n s i v e 

m i g r a t i o n s up t h e w a t e r c o l u m n . T h e r e a s o n s f o r t h e 

m i g r a t i o n s a r e u n k n o w n . 

1.4 R e p r o d u c t i o n . 

U n t i l r e c e n t l y t h e r e p r o d u c t i o n of d e e p - s e a h o l o t h u r i a n s 

has not r e c e i v e d m u c h a t t e n t i o n . E a r l y t a x o n o m i c w o r k s 

c o n c e n t r a t e d on t h e g r o s s m o r p h o l o g y of t h e g o n a d ( T h e e l , 

1 8 8 2 ) w h i l e s o m e l a t e r p u b l i c a t i o n s m e n t i o n e d b r i e f l y t h e 

egg s i z e f o u n d in s o m e s p e c i e s ( M o r t e n s e n , 1 9 2 7 ; H e d i n g , 

1 9 3 5 , 1 9 4 2 ) . M o r e r e c e n t w o r k has b e n e f i t e d f r o m t h e 

g e n e r a l r e l a t i o n s h i p t h a t has b e e n f o u n d b e t w e e n egg s i z e , 

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

( T h o r s o n , 1 9 5 0 ) . A c c o r d i n g l y , f o r e c h i n o d e r m s , e g g s w i t h a 

d i a m e t e r of a b o u t 100 ^ m a r e u s u a l l y a b u n d a n t and a r e 

c o n s i d e r e d t o lead to p l a n k t o t r o p h i c d e v e l o p m e n t (the 

f o r m a t i o n of a p l a n k t o n i c f e e d i n g l a r v a ) , w h i l e e g g s 

g r e a t e r t h a n a b o u t 1 0 0 0 ^ m a r e n o r m a l l y s c a r c e and lead to 

t h e d i r e c t d e v e l o p m e n t of a j u v e n i l e w i t h o u t an 

i n t e r m e d i a r y l a r v a l s t a g e ( T y l e r , G r a n t , P a i n and G a g e , 

1 9 8 2 ) . D i r e c t d e v e l o p m e n t m a y o c c u r by v i v i p a r i t y . E g g s of 

an i n t e r m e d i a t e s i z e a r e u s u a l l y m o d e r a t e l y a b u n d a n t and 

a r e c o n s i d e r e d to u n d e r g o l e c i t h o t r o p h i c d e v e l o p m e n t (the 

f o r m a t i o n of a p e l a g i c n o n - f e e d i n g l a r v a ) . P l a n k t o t r o p h i c 

and l e c i t h o t r o p h i c d e v e l o p m e n t m a y a l s o t a k e p l a c e on t h e 

s e a b e d or in t h e b o t t o m w a t e r l a y e r ( d e m e r s a l d e v e l o p m e n t 

- P e a r s e , 1 9 6 9 ; M i l e i k o v s k y , 1 9 7 1 ) . 
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U s i n g m a x i m u m e g g s i z e and f e c u n d i t y a s i n d i c a t o r s it 

has b e e n p o s s i b l e to i n f e r t h e t y p e of d e v e l o p m e n t in m a n y 

d e e p - s e a s p e c i e s a l t h o u g h s o m e c a u t i o n is n e c e s s a r y s i n c e 

t h e o r g a n i c c o n t e n t of e g g s is not n e c e s s a r i l y r e l a t e d to 

t h e i r s i z e ( S t r a t h m a n n and V e d d e r , 1 9 7 7 ; T u r n e r and 

L a w r e n c e , 1 9 7 9 ; E m l e t , M c E d w a r d and S t r a t h m a n n , 1 9 8 7 ) . 

T h o r s o n ( 1 9 5 0 ) s u g g e s t e d t h a t m o s t d e e p - l i v i n g s p e c i e s 

w o u l d h a v e d i r e c t d e v e l o p m e n t and h e n c e n o p e l a g i c l a r v a l 

s t a g e , b u t w o r k on d e e p - s e a b i v a l v e s h a s s h o w n t h a t 

l e c i t h o t r o p h i c d e v e l o p m e n t w i t h a s h o r t p e l a g i c p h a s e is 

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

( O c k e l m a n n , 1 9 6 5 ; K n u d s e n , 1 9 6 7 , 1 9 7 0 ) . In c o n t r a s t , m o s t 

of t h e e c h i n o d e r m s s t u d i e d by T y l e r et a l . , ( 1 9 8 2 ) 

p r o d u c e d l a r g e e g g s i n d i c a t i n g d i r e c t d e v e l o p m e n t , but 5 

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

of a p e l a g i c f e e d i n g l a r v a . M o r e o v e r , t h o s e s p e c i e s 

p r o d u c i n g s m a l l e g g s had an a n n u a l r e p r o d u c t i v e c y c l e . 

U n t i l r e c e n t l y , t h e d e e p - s e a has b e e n r e g a r d e d by m a n y 

to be a p a r t i c u l a r l y s t a b l e e n v i r o n m e n t f r e e f r o m s e a s o n a l 

p e r t u r b a t i o n s ( M e n z i e s , G e o r g e and R o w e , 1 9 7 3 ; R o k o p , 

1 9 7 7 ) . T h e o c c u r r e n c e of s e a s o n a l r e p r o d u c t i o n , t h e r e f o r e , 

in any d e e p - s e a s p e c i e s w a s not e x p e c t e d , e v e n in 

t e m p e r a t e a r e a s w h e r e s u r f a c e - w a t e r p r o d u c t i o n v a r i e s 

s e a s o n a l l y , s i n c e l a r v a e w o u l d be u n l i k e l y to s u r v i v e t h e 

long j o u r n e y t o t h e s e a s u r f a c e and b a c k a g a i n to a b y s s a l 

d e p t h s ( T h o r s o n , 1 9 5 0 ) . S c h o e n e r ( 1 9 6 8 ) and R o k o p ( 1 9 7 4 ) 

w e r e a m o n g s t t h e f i r s t to n o t e t h e p r e s e n c e of p e r i o d i c 

r e p r o d u c t i v e c y c l e s in s o m e c o n t i n e n t a l s l o p e s p e c i e s , and 

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

H o w e v e r , R o k o p ( 1 9 7 4 ) t h o u g h t t h a t it w a s u n l i k e l y t h a t 

any t r u l y d e e p - s e a s p e c i e s w o u l d e x h i b i t s e a s o n a l 

r e p r o d u c t i o n . T h e t i m e - s e r i e s s a m p l i n g in t h e R o c k a l l 

T r o u g h ( G a g e , L i g h t f o o t , P e a r s o n and T y l e r , 1 9 8 0 ) has 

s h o w n t h i s t o be i n c o r r e c t ( T y l e r et a l . , 1 9 8 2 ) . 
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It is i m p r o b a b l e t h a t t h e l a r v a e o f s l o p e d w e l l i n g 

s p e c i e s m i g r a t e to s u r f a c e w a t e r s s i n c e a d u l t p o p u l a t i o n s 

o c c u r in r e s t r i c t e d b a t h y m e t r i c r a n g e s a n d t h e r e f o r e it is 

u n l i k e l y t h a t t h e i r l a r v a e , if d i s p e r s e d by s u r f a c e 

c u r r e n t s , w o u l d b e a b l e t o r e - l o c a t e t h e a d u l t h a b i t a t . 

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

i n d i c a t i v e of p l a n k t o t r o p h i c d e v e l o p m e n t a r e k n o w n t o h a v e 

a w i d e r b a t h y m e t r i c r a n g e t h a n t h e a d u l t s ( G a g e , P e a r s o n , 

C l a r k , P a t e r s o n and T y l e r , 1 9 8 3 ; G a g e et a l . , 1 9 8 5 a ) w h i c h 

i n d i c a t e s t h a t l a r v a e a r e d i s p e r s e d w i d e l y , p o s s i b l y in 

s u r f a c e w a t e r s . A l t e r n a t i v e l y , s i n c e n e a r - b e d c u r r e n t s 

g e n e r a l l y f l o w p a r a l l e l to t h e c o n t o u r s o f t h e c o n t i n e n t a l 

s l o p e ( S e c t i o n 2 . 1 ) p l a n k t o t r o p h i c l a r v a e m a y u n d e r g o s o m e 

f o r m of d e m e r s a l d e v e l o p m e n t , u t i l i z i n g t h e a n n u a l 

d e p o s i t i o n o f p h y t o d e t r i t u s as a f o o d s o u r c e ( B i l l e t t , 

L a m p i t t , R i c e and M a n t o u r a , 1 9 8 3 ; L a m p i t t , 1 9 8 5 ; R i c e , 

B i l l e t t , F r y , J o h n , L a m p i t t , M a n t o u r a a n d M o r r i s , 1 9 8 6 ) . 

S o m e m o l l u s c a n l a r v a e a r e k n o w n t o m i g r a t e to s u r f a c e 

w a t e r s f r o m a b y s s a l d e p t h s ( B o u c h e t , 1 9 7 6 ) and it is 

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

s i m i l a r i n t r e p i d m i g r a t i o n s ( S e c t i o n 5 . 5 ) . 

D e s p i t e t h e p r e s e n c e of p l a n k t o t r o p h i c d e v e l o p m e n t in 

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

u n k n o w n f o r a b y s s a l h o l o t h u r i a n s . H a n s e n ( 1 9 7 5 ) , h a v i n g 

e x a m i n e d t h e e g g s i z e s p r o d u c e d by e l a s i p o d i d s p e c i e s , 

c o n c l u d e d t h a t a l t h o u g h t h e e g g s i z e v a r i e d g r e a t l y w i t h i n 

t h e o r d e r , e v e n t h e s m a l l e s t e g g p r o d u c e d ( 1 5 0 ^ m 

d i a m e t e r ) w o u l d lead to l e c i t h o t r o p h i c d e v e l o p m e n t . Of 

p a r t i c u l a r n o t e in t h e e l a s i p o d i d s is t h e d e v e l o p m e n t of 

e x t r e m e l y l a r g e e g g s , up t o 4 . 4 m m d i a m e t e r , in t h e f a m i l y 

P s y c h r o p o t i d a e . H a n s e n ( 1 9 7 5 ) s u g g e s t e d t h a t t h e s e e g g s 

m i g h t h e l p t h e j u v e n i l e s to s p e n d a l o n g p e l a g i c life 

w i t h o u t n e e d i n g to f e e d in t h e p l a n k t o n . A p a r t f r o m 

p r o v i d i n g t h e l a r g e s t e g g s k n o w n in h o l o t h u r i a n s , t h e 
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e l a s i p o d i d s a l s o I n c l u d e t h e o n l y d e e p - s e a s p e c i e s t h a t is 

k n o w n to u s e b r o o d p r o t e c t i o n d u r i n g t h e d e v e l o p m e n t of 

its j u v e n i l e s ( H a n s e n , 1 9 6 8 , 1 9 7 5 ) . 

M o r e r e c e n t l y , t h e h i s t o l o g y and g a m e t o g e n i c b i o l o g y of 

e l a s i p o d i d s h a s b e e n u n d e r t a k e n f r o m t i m e - s e r i e s and 

d e p t h - s e r i e s s a m p l e s in t h e n o r t h e a s t A t l a n t i c ( T y l e r , 

M u i r h e a d , B i l l e t t and G a g e , 1 9 8 5 ; T y l e r , G a g e and B i l l e t t , 

1 9 8 5 ; T y l e r , M u i r h e a d , G a g e and B i l l e t t , 1 9 8 5 ; T y l e r and 

B i l l e t t , in p r e s s ) . T h e r e s u l t s s u b s t a n t i a t e t h e 

c o n c l u s i o n s r e a c h e d by H a n s e n ( 1 9 7 5 ) a n d s h o w no e v i d e n c e 

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

b e e n u s e d to s t u d y t h e r e p r o d u c t i v e b i o l o g y of o t h e r 

h o l o t h u r i a n o r d e r s in t h e d e e p s e a , n o t a b l y t h e A p o d i d a 

( G a g e et a l . , 1 9 8 5 a ) , t h e A s p i d o c h i r o t i d a ( T y l e r and 

M u i r h e a d , 1 9 8 6 ) , t h e D a c t y l o c h i r o t i d a ( T y l e r and G a g e , 

1 9 8 3 ) and t h e M o l p a d i i d a ( T y l e r , B i l l e t t a n d G a g e , 1 9 8 7 ) . 

M c E u e n and C h i a ( 1 9 8 5 ) d e s c r i b e d t h e l e c i t h o t r o p h i c 

d e v e l o p m e n t of o n e m o l p a d i i d s p e c i e s , M o l p a d i a i n t e r m e d i a , 

and c o n c l u d e d t h a t s i n c e m a n y m o l p a d i i d s p r o d u c e e g g s of a 

s i m i l a r s i z e to M . i n t e r m e d i a t h e y w o u l d a 11 d e v e l o p in a 

s i m i l a r w a y . 

1.5 P o p u l a t i o n s t r u c t u r e . 

S e a s o n a l i t y in t h e r e p r o d u c t i v e c y c l e o f s o m e d e e p - s e a 

b r i t t l e s t a r s and o n e s p e c i e s of s e a u r c h i n has led to 

p o p u l a t i o n s i z e d i s t r i b u t i o n s in w h i c h c o h o r t s m a y be 

r e c o g n i z e d ( T y l e r and G a g e , 1 9 8 0 ; G a g e a n d T y l e r , 1 9 8 2 ) . 

No s u c h p o p u l a t i o n s i z e d i s t r i b u t i o n s h a v e b e e n r e p o r t e d 

f o r h o l o t h u r i a n s . W h e r e p o p u l a t i o n s i z e d i s t r i b u t i o n s h a v e 

b e e n d e s c r i b e d t h e y a r e u s u a l l y u n i m o d a l , w h e t h e r e x -

p r e s s e d in s p e c i m e n s ' l e n g t h s ( B i s o l , C o s t a and S i b u e t , 
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1 9 8 4 ; T y l e r 1 9 8 5 b ; T y l e r et a l . , 1 9 8 7 ) or w e i g h t s 

( S m i t h , 1 9 8 3 ) . H o w e v e r , w h e r e s a m p l i n g has o c c u r r e d 

r e p e a t e d l y in t h e s a m e a r e a ( e . g . t h e R o c k a l l T r o u g h ) , and 

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

is not c o n s i s t e n t b e t w e e n s a m p l e s . It is n o t c l e a r w h e t h e r 

t h i s is t h e r e s u l t of t e m p o r a l or s p a t i a l v a r i a b i l i t y 

( T y l e r et a l . , 1 9 8 7 ) o r t h e r e s u l t o f a s a m p l i n g or 

p r e s e r v a t i o n a r t e f a c t ( T y l e r et a l . , 1 9 8 5 b ) . R e x , U m m e r s e n 

and T u r n e r ( 1 9 7 9 ) s u g g e s t e d t h a t v a r i a b l e and i n f r e q u e n t 

l a r v a l r e c r u i t m e n t c a u s e d s i m i l a r p o p u l a t i o n s i z e 

d i s t r i b u t i o n s in t h e d e e p - s e a g a s t r o p o d B e n t h o n e l l a 

t e n e l l a . 

F o r P e n i a g o n e d i a p h a n a in t h e R o c k a l l T r o u g h no 

r e l a t i o n s h i p w a s e v i d e n t b e t w e e n t h e m e a n s i z e of e a c h 

s a m p l e and b a t h y m e t r y , s a m p l i n g s i t e , o r t h e t i m e of t h e 

y e a r w h e n t h e s a m p l e w a s t a k e n ( T y l e r e t a l . , 1 9 8 5 b ) . 

T h r e e p a i r s of s t a t i o n s , e a c h p a i r s a m p l e d on t h e s a m e 

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

s a m p l e t h e r e w e r e a n u m b e r of s m a l l , i m m a t u r e s p e c i m e n s 

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

t h e s a m e d a y j u s t 9 m i l e s a w a y . 

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

c a t c h e s w a s n o t e d by H a n s e n ( 1 9 7 5 ) w h o s u g g e s t e d t h a t t h i s 

m i g h t r e s u l t , in p a r t , f r o m t h e l a r g e m e s h s i z e of m o s t 

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

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

by l a r g e a d u l t a n i m a l s . In s o m e p a r t i c u l a r i n s t a n c e s , 

l a r g e p o p u l a t i o n s of s m a l l , s i m i l a r l y s i z e d s p e c i m e n s m a y 

o c c u r , e . g . P e n i a g o n e ? w i l l e m o e s i ( R o w e , 1 9 7 1 ) and 

P e n i a g o n e j a p o n i c a ( O h t a , 1 9 8 3 ) . In b o t h c a s e s t h e s e 

p o p u l a t i o n s w e r e f o u n d in or n e a r to c a n y o n s y s t e m s . 
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1.6 G r o w t h and l o n g e v i t y . 

In t h e a b s e n c e of r e c o g n i z a b l e c o h o r t s in t h e p o p u l a t i o n 

s i z e - d i s t r i b u t i o n s of d e e p - s e a h o l o t h u r i a n s it has b e e n 

i m p o s s i b l e t o a s s e s s t h e g r o w t h r a t e s and h e n c e t h e 

l o n g e v i t y of t h e s e c r e a t u r e s . O b s e r v a t i o n s on b e n t h i c 

c o m m u n i t y m e t a b o l i s m , m i c r o b i a l d e g r a d a t i o n and re-

c o l o n i z a t i o n ( s e e S m i t h , 1 9 7 8 ; J a n n a s c h a n d W i r s e n , 1 9 7 7 ; 

G r a s s l e , 1 9 7 7 ) h a v e i n d i c a t e d t h a t l i f e p r o c e s s e s a r e m u c h 

s l o w e r in t h e d e e p sea t h a n in s h a l l o w w a t e r . In a d d i t i o n , 

s l o w g r o w t h r a t e s h a v e b e e n m e a s u r e d in a d e e p - s e a c l a m by 

r a d i o m e t r i c c h r o n o l o g y ( T u r e k i a n , C o c h r a n , K h a r k a r , 

C e r r a t o , V a i s n y s , S a n d e r s , G r a s s l e a n d A l l e n , 1 9 7 5 ) , 

a l t h o u g h t h e r a t e s c a l c u l a t e d w e r e s u b j e c t to w i d e 

c o n f i d e n c e l i m i t s . T h e s e f e a t u r e s and t h e d o m i n a n c e of 

l a r g e a d u l t s in d e e p - s e a h o l o t h u r i a n p o p u l a t i o n s h a v e led 

t o t h e b e l i e f t h a t a b y s s a l s p e c i e s l i v e f o r a long t i m e . 

M o r e r e c e n t d a t a h a v e s u g g e s t e d t h a t d e e p - s e a p r o c e s s e s 

a r e n o t n e c e s s a r i l y s l o w ( Y a y a n o s , D i e t z a n d B o x t e l , 1 9 7 9 ; 

D e s b r u y e r e s , B e r v a s and K h r i p o u n o f f , 1 9 8 0 ) . G r o w t h r a t e s 

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

i n d i c a t e d s i m i l a r g r o w t h r a t e s to s h a l l o w - w a t e r s p e c i e s 

( T y l e r a n d G a g e , 1 9 8 0 ; G a g e and T y l e r , 1 9 8 2 ) . M o r e 

r e c e n t l y , a n n u a l g r o w t h b a n d s in t h e s k e l e t a l p l a t e s of 

t h e s e a u r c h i n E c h i n u s a f f i n i s h a v e s h o w n t h a t t h i s 

s p e c i e s d o e s g r o w s l o w e r and l i v e l o n g e r t h a n its s h a l l o w -

w a t e r r e l a t i v e s , b u t t h e g r o w t h r a t e s m e a s u r e d w e r e not 

e x c e p t i o n a l ( G a g e and T y l e r , 1 9 8 5 ) . O t h e r s t u d i e s on 

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

( G a g e , 1 9 8 6 ) . T h e r e f o r e , h o l o t h u r i a n s m i g h t be e x p e c t e d to 

h a v e s i m i l a r o r s l i g h t l y s l o w e r g r o w t h r a t e s t h a n s h a l l o w -

w a t e r s p e c i e s . T h e s e a p p e a r to g r o w to m a x i m u m s i z e in 

a b o u t 4 to 5 y e a r s ( P a w s o n , 1 9 6 6 ) . It r e m a i n s t o b e s e e n 

w h e t h e r g r o w t h b a n d s can be f o u n d on t h e p l a t e s of t h e 
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c a l c a r e o u s r i n g t o g i v e a c l e a r i n d i c a t i o n of d e e p - s e a 

h o l o t h u r i a n g r o w t h . 

1.7 M e t a b o l i s m . 

B e c a u s e of t h e l o g i s t i c d i f f i c u l t i e s i n v o l v e d , t h e b a s a l 

m e t a b o l i c r a t e of o n l y o n e h o l o t h u r i a n s p e c i e s , 

S c o t o p l a n e s g l o b o s a , has b e e n m e a s u r e d ( S m i t h , 1 9 8 3 ) . It 

w a s f o u n d t h a t S. g l o b o s a f r o m a d e p t h o f 1 3 0 0 m in t h e 

S a n t a C a t a l i n a B a s i n , o f f s o u t h e r n C a l i f o r n i a , had a 

s i m i l a r w e i g h t - s p e c i f i c o x y g e n c o n s u m p t i o n r a t e to t h a t of 

s h a l l o w - w a t e r h o l o t h u r i a n s . A m m o n i u m e x c r e t i o n r a t e s w e r e 

a l s o m e a s u r e d and a l t h o u g h t h e y w e r e o f a s i m i l a r 

m a g n i t u d e to o n e s h a l l o w - w a t e r s p e c i e s , H o l o t h u r i a 

d i f f i c i l i s , t h e y w e r e an o r d e r of m a g n i t u d e less t h a n 

a n o t h e r i n s h o r e s p e c i e s , E u p e n t a c t a q u i n q u e s e m i t a , of a 

s i m i l a r s i z e . W e i g h t - s p e c i f i c o x y g e n c o n s u m p t i o n r a t e s of 

S. g l o b o s a d e c r e a s e d w i t h i n c r e a s i n g w e i g h t . S i m i l a r 

s t u d i e s on d e e p - s e a o p h i u r o l d s r e s u l t e d in t h e s a m e 

g e n e r a l c o n c l u s i o n s ( S m i t h , 1 9 8 3 ) . 

1.8 C h e m i c a l c o m p o s i t i o n . 

O n e of t h e m o s t r e m a r k a b l e f e a t u r e s o f h o l o t h u r i a n s is 

t h e i r h i g h w a t e r c o n t e n t . M o s t of t h e w e i g h t of an i n t a c t 

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

( G i e s e , 1 9 6 6 ) , but e v e n in t h e t i s s u e s t h e m s e l v e s w a t e r 

a c c o u n t s f o r 6 0 to 9 5 % of t h e w e t w e i g h t ( P r i m , L a w r e n c e 

and T u r n e r , 1 9 7 6 ) . O n l y a f e w d a t a a r e a v a i l a b l e on t h e 

b i o c h e m i c a l c o m p o s i t i o n of s h a l l o w - w a t e r h o l o t h u r i a n s (see 
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G i e s e , 1 9 6 6 ; F e r a l , 1 9 8 5 ) and u n t i l r e c e n t l y l i t t l e w a s 

k n o w n of t h e c o m p o s i t i o n of d e e p - s e a s p e c i e s . 

B a r n e s et a l . ( 1 9 7 6 ) f o u n d low l e v e l s o f p r o t e i n , l i p i d , 

and c a r b o h y d r a t e in t h e b e n t h o p e l a g i c s p e c i e s P e n i a g o n e 

d i a p h a n a w i t h v a l u e s f o r e a c h c o m p o n e n t l e s s t h a n 0 . 1 % of 

t h e w e t w e i g h t . T h e t o t a l w e t w e i g h t a p p e a r s to i n c l u d e 

t h e p e r i v i s c e r a l f l u i d , so t h e a c t u a l l e v e l s of t h e 

o r g a n i c c o n s t i t u e n t s in t h e b o d y t i s s u e s w i l l be h i g h e r . 

S i b u e t and L a w r e n c e ( 1 9 8 1 ) s h o w e d t h a t t h i s w a s i n d e e d t h e 

c a s e f o r t h r e e b e n t h i c s p e c i e s . A b o u t h a l f of t h e dry 

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

of t h e c a l c a r e o u s r i n g and f r o m t h e d e r m a l o s s i c l e s , w h i l e 

s o l u b l e p r o t e i n , l i p i d and c a r b o h y d r a t e a c c o u n t e d f o r 15%, 

3% and 1 . 5 % of t h e d r y w e i g h t r e s p e c t i v e l y . T h e l a r g e s t 

o r g a n i c c o m p o n e n t w a s of a r e f r a c t o r y n a t u r e and w a s 

c o n s i d e r e d to be p r i n c i p a l l y i n s o l u b l e p r o t e i n , b a s e d on 

w o r k on a s h a l l o w - w a t e r s p e c i e s ( L a w r e n c e and K a f r i , 

1 9 7 9 ) . P r o t e i n , t h e r e f o r e , is t h e d o m i n a n t o r g a n i c c o n -

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

h o l o t h u r i a n s ( P r i m et a l . , 1 9 7 6 ; L a w r e n c e a n d K a f r i , 1 9 7 9 ; 

F e r a l , 1 9 8 5 ) . F u r t h e r w o r k on a w i d e s p e c t r u m of d e e p - s e a 

s p e c i e s f r o m t h e o r d e r s E l a s i p o d i d a and A s p i d o c h i r o t i d a 

s h o w s i m i l a r r e s u l t s ( W a l k e r , T y l e r and B i l l e t t , 1 9 8 7 a , b ) . 

T h e s e s t u d i e s e x a m i n e d all t h e c o m p o n e n t s of t h e b o d y 

s e p a r a t e l y ( b o d y w a l l , t e s t i s , o v a r y , g u t and r e s p i r a t o r y 

t r e e ( w h e n p r e s e n t ) ) and s h o w e d an i n c r e a s e in lipid 

c o n c e n t r a t i o n in t h e o v a r y . 

In g e n e r a l , t h e b i o c h e m i c a l c o m p o s i t i o n and t h e t o t a l 

c a l o r i f i c c o n t e n t of i n d i v i d u a l d e e p - s e a a n d s h a l l o w - w a t e r 

h o l o t h u r i a n s a r e s i m i l a r ( S i b u e t and L a w r e n c e , 1 9 8 1 ; 

W a l k e r et a l . , 1 9 8 7 a , b ) . 
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1.9 A b u n d a n c e and b i o m a s s . 

K n o w l e d g e of t h e b i o c h e m i c a l c o m p o s i t i o n of h o l o t h u r i a n s 

a l l o w s t h e i r b i o m a s s to be e x p r e s s e d in a t e r m t h a t re-

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

or c a l o r i f i c v a l u e . H o w e v e r , s i n c e t h e d e t e r m i n a t i o n of 

t h e s e v a l u e s is t i m e - c o n s u m i n g t h e y h a v e s e l d o m b e e n u s e d . 

In m o s t c a s e s h o l o t h u r i a n b i o m a s s has b e e n e x p r e s s e d in 

g r a m s w e t w e i g h t ( H a e d r i c h , R o w e and P o l l o n i , 1 9 8 0 ; O h t a , 

1 9 8 3 ; F e l d t et a l . , 1 9 8 5 ; R u t g e r s v a n d e r L o e f f and 

L a v a l e y e , 1 9 8 6 ) w h i c h l e a d s to an o v e r - e s t i m a t i o n of t h e i r 

r e l a t i v e i m p o r t a n c e in t h e b e n t h i c c o m m u n i t y o w i n g to 

t h e i r h i g h w a t e r c o n t e n t . T h e r e l a t i v e i m p o r t a n c e of h o l o -

t h u r i a n s d e c r e a s e s w h e n d r y w e i g h t is u s e d in p r e f e r e n c e 

to w e t w e i g h t ( S i b u e t et a l . , 1 9 8 4 ) , b u t in t h i s c a s e t h e 

p r o p o r t i o n of h o l o t h u r i a n b i o m a s s in t h e b e n t h i c c o m -

m u n i t y is u n d e r - e s t i m a t e d s i n c e t h e i r s k e l e t o n is n o t as 

well d e v e l o p e d as in o t h e r t a x a , s u c h as t h e a s t e r o i d s 

( S e c t i o n 5 . 1 ) . 

S i b u e t and L a w r e n c e ( 1 9 8 1 ) , h a v i n g c a l c u l a t e d t h e 

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

b i o c h e m i c a l c o n s t i t u e n t s , w e r e t h e n a b l e t o c a l c u l a t e t h e 

h o l o t h u r i a n b i o m a s s p e r u n i t a r e a u s i n g d a t a on t h e 

a b u n d a n c e of h o l o t h u r i a n s . T h e y f o u n d t h a t a l t h o u g h d e e p -

sea and s h a l l o w - w a t e r s p e c i e s had s i m i l a r c a l o r i f i c 

v a l u e s , t h e d e e p - s e a h o l o t h u r i a n b i o m a s s e x p r e s s e d p e r 

u n i t a r e a w a s a b o u t 4 o r d e r s of m a g n i t u d e l o w e r t h a n t h e 

h o l o t h u r i a n b i o m a s s in s o m e s h a l l o w - w a t e r h a b i t a t s . T h i s 

w a s t r u e e v e n f o r s a m p l e s f r o m 2 0 0 0 m in t h e B a y of B i s c a y 

w h e r e t h e h o l o t h u r i a n s w e r e r e p o r t e d t o a c c o u n t f o r o n e 

s i x t h of t h e t o t a l b e n t h i c b i o m a s s ( S i b u e t and L a w r e n c e , 

1 9 8 1 ) . 

G o o d b i o m a s s d a t a a r e d e p e n d e n t on r e l i a b l e e s t i m a t e s of 

h o l o t h u r i a n a b u n d a n c e , a t a s k f r a u g h t w i t h p r o b l e m s in t h e 
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d e e p s e a . A b u n d a n c e of m e g a f a u n a m a y b e d e t e r m i n e d f r o m 

t r a w l c a t c h e s ( D a h l , L a u b i e r , S i b u e t and S t r o m b e r g , 19 7 6 ; 

H a e d r i c h , R o w e and P o l l o n i , 1 9 7 5 , 1 9 8 0 ; O h t a , 19 8 3 ; S i b u e t 

et a l . , 1 9 8 4 ; F e l d t et a l . , 1 9 8 5 ; M o n n i o t and S e g o n z a c , 

198 5 ; S i b u e t and S e g o n z a c , 1 9 8 5 ; S i b u e t , 1 9 8 5 ; R u t g e r s van 

d e r L o e f f and L a v a l e y e , 1 9 8 6 ) , e p i b e n t h i c s l e d g e s a m p l e s 

(Dahl et a l . , 1 9 7 6 ; R i c e et a l . , 1 9 7 9 , 1 9 8 2 ; B i l l e t t and 

H a n s e n , 1 9 8 2 ; L a m p i t t , B i l l e t t and R i c e , 1 9 8 6 ) , p h o t o -

g r a p h y ( R o w e , 1 9 7 1 ; R i c e et a l . , 1 9 7 9 , 1 9 8 2 ; B i l l e t t and 

H a n s e n , 1 9 8 2 ; O h t a , 1 9 8 3 ; S i b u e t , 1 9 8 5 ) , and s u b m e r s i b l e 

t r a n s e c t s ( B a r h a m et a l . , 1 9 6 7 ; G r a s s l e , S a n d e r s , 

H e s s l e r , R o w e and M c L e l l a n , 1 9 7 5 ; P a w s o n , 1 9 8 2 a ; S m i t h and 

H a m i l t o n , 1 9 8 3 ) . 

T r a w l s a r e u s e f u l in t h a t t h e y s a m p l e a w i d e a r e a and 

m a y o v e r c o m e s m a l l - s c a l e v a r i a b i l i t y in t h e a b u n d a n c e of 

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

w h i l e t h e y a r e on t h e s e a b e d and it is o f t e n d i f f i c u l t to 

a s s e s s t h e a r r i v a l and d e p a r t u r e p o i n t s o f t h e t r a w l on 

t h e s e a f l o o r . T h e t r u e a b u n d a n c e of m e g a f a u n a is t h e r e f o r e 

u n d e r - e s t i m a t e d by t r a w l s . W h e r e c o m p a r i s o n s h a v e b e e n 

m a d e w i t h a b u n d a n c e s c a l c u l a t e d by p h o t o g r a p h y it is c l e a r 

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

t h e i r p a t h s ( S i b u e t and L a w r e n c e , 1 9 8 1 ; S i b u e t et a l . , 

1 9 8 4 ; S i b u e t , 1 9 8 5 ) . 

In c o n t r a s t , t h e a b u n d a n c e s of m e g a f a u n a c a l c u l a t e d 

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

d e t e r m i n e d f r o m p h o t o g r a p h s ( R i c e et a l . , 1 9 7 9 , 1 9 8 2 ; 

B i l l e t t a n d H a n s e n , 1 9 8 2 ) . E p i b e n t h i c s l e d g e s h a v e t h e 

a d v a n t a g e o v e r t r a w l s in t h a t t h e y t a k e a n e a r c o n t i n u o u s 

s a m p l e w h i l e on t h e s e a b e d . In a d d i t i o n , if t h e y a r e 

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

t h e s e a b e d can be a c c o u n t e d f o r . T h e a r e a s w e p t by a 

s l e d g e is n o t as g r e a t as t h a t c o v e r e d by a t r a w l and if a 

net w i t h a f i n e m e s h is u s e d t h e n e t m a y not f i s h 
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e f f i c i e n t l y f o r t h e d u r a t i o n of t h e t r a w l o w i n g to 

c l o g g i n g of t h e m e s h . 

P h o t o g r a p h y o f f e r s t h e b e s t m e t h o d of d e t e r m i n i n g 

a b u n d a n c e f o r l a r g e s p e c i e s t h a t are r e a d i l y r e c o g n i z e d . 

P h o t o g r a p h i c s u r v e y s can c o v e r a w i d e a r e a , an i m p o r t a n t 

f a c t o r s i n c e t h e a b u n d a n c e of m a n y s p e c i e s is low. P h o t o -

g r a p h y a l s o p r o v i d e s i n f o r m a t i o n on t h e s p a t i a l d i s t -

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

g r a p h y is t h a t v e r y o f t e n it is not p o s s i b l e to i d e n t i f y 

an o r g a n i s m w i t h c e r t a i n t y . A l s o , it is d i f f i c u l t t o 

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

e s t i m a t e of b i o m a s s s i n c e t h e d i m e n s i o n s of a n i m a l s 

p h o t o g r a p h e d in s i t u w i l l n o t be t h e s a m e as t h o s e t a k e n 

f r o m t r a w l and s l e d g e s a m p l e s o w i n g to t h e c o n t r a c t i o n of 

t h e s p e c i m e n s . 

S u b m e r s i b l e o b s e r v a t i o n s h a v e s i m i l a r a d v a n t a g e s to 

p h o t o g r a p h y but a l l o w m o r e s p e c i e s to be i d e n t i f i e d ( S m i t h 

and H a m i l t o n , 1 9 8 3 ) . H o w e v e r , t h i s m e t h o d is e x p e n s i v e and 

has b e e n u s e d in o n l y a f e w c a s e s ( s e e a b o v e ) . 

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

v a r i a b l e . S o m e s t u d i e s u s i n g an A g a s s i z t r a w l in t h e 

n o r t h e a s t A t l a n t i c i n d i c a t e t h a t f e w e r t h a n t e n h o l o -

t h u r i a n s a r e f o u n d in e a c h h e c t a r e at a b y s s a l d e p t h s 

( F e l d t et a l . , 1 9 8 5 ; R u t g e r s van d e r L o e f f and L a v a l e y e , 

1 9 8 6 ) , b u t o t h e r s t u d i e s s h o w a b u n d a n c e s in t h e r a n g e of 

10 t o 1 0 0 i n d i v i d u a l s p e r h e c t a r e at d e p t h s g r e a t e r t h a n 

3 0 0 0 m ( S i b u e t , 1 9 8 5 ; S i b u e t and S e g o n z a c , 1 9 8 5 ) . At m i d -

s l o p e d e p t h s ( 1 0 0 0 t o 3 0 0 0 m ) h o l o t h u r i a n a b u n d a n c e s are 

o f t e n s o m e w h a t h i g h e r , b e t w e e n 100 and 1 0 0 0 i n d i v i d u a l s 

p e r h e c t a r e ( G r a s s l e et a l . , 1 9 7 5 ; P a w s o n , 1 9 8 2 a ; O h t a , 

1 9 8 3 ; S i b u e t , 1 9 8 5 ; S i b u e t and S e g o n z a c , 1 9 8 5 ) . S i m i l a r 

a b u n d a n c e s m a y o c c u r in s o m e a r e a s at a b y s s a l d e p t h s c l o s e 

to t h e b a s e of t h e c o n t i n e n t a l s l o p e ( e . g . S t . P 2 , S i b u e t , 
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1 9 8 5 ) . At u p p e r s l o p e d e p t h s (200 t o 1 0 0 0 m ) in t h e 

n o r t h e a s t A t l a n t i c h o l o t h u r i a n a b u n d a n c e a p p e a r s to be 

l o w . T h i s is in k e e p i n g w i t h t h e g e n e r a l d o m i n a n c e of 

c r u s t a c e a n s and s u s p e n s i o n - f e e d e r s on t h e u p p e r s l o p e 

( L a m p i t t et a l . , 1 9 8 6 ) . In s o m e a r e a s h o l o t h u r i a n s a p p e a r 

to be m i s s i n g o v e r a w i d e b a t h y m e t r i c r a n g e , e . g . b e t w e e n 

2 0 0 and 2 3 6 0 m o f f t h e G r a n d B a n k s o f N e w f o u n d l a n d , 

n o r t h w e s t A t l a n t i c ( H a e d r i c h and M a u n d e r , 1 9 8 5 ) . 

O c c a s i o n a l l y , e x c e p t i o n a l l y l a r g e p o p u l a t i o n s of 

h o l o t h u r i a n s m a y be e n c o u n t e r e d at a b y s s a l and b a t h y a l 

d e p t h s . D a h l et a l . , ( 1 9 7 6 ) e n c o u n t e r e d p o p u l a t i o n s of 

E l p i d i a g l a c i a l is at 3 6 0 0 m in t h e N o r w e g i a n Sea w i t h an 

a b u n d a n c e up to 5 5 , 8 0 0 i n d i v i d u a l s p e r h e c t a r e ( d e t e r m i n e d 

f r o m e p i b e n t h i c s l e d g e and t r a w l s a m p l e s ) . S i m i l a r l y , O h t a 

( 1 9 8 3 ) n o t e d p o p u l a t i o n s of P e n i a g o n e j a p o n i c a at 9 5 0 m off 

J a p a n w i t h a b u n d a n c e s up to 7 9 , 0 0 0 i n d i v i d u a l s p e r h e c t a r e 

( d e t e r m i n e d f r o m p h o t o g r a p h s ) . A b u n d a n c e s an o r d e r of 

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

n o t a b l y ? P e n i a g o n e w i l l e m o e s i at 2 0 6 0 m in t h e w e s t e r n 

A t l a n t i c w i t h 3 4 0 , 0 0 0 i n d i v i d u a l s p e r h e c t a r e ( R o w e , 19 7 1 ; 

d e t e r m i n e d f r o m p h o t o g r a p h s ) , and K o l g a h y a l i n a at d e p t h s 

of a b o u t 4 0 0 0 m in t h e n o r t h e a s t A t l a n t i c w i t h 5 0 0 , 0 0 0 

i n d i v i d u a l s p e r h e c t a r e ( B i l l e t t and H a n s e n , 1 9 8 2 ) . In 

g e n e r a l t h e s e h i g h h o l o t h u r i a n a b u n d a n c e s o c c u r in, or 

n e a r t o , c a n y o n s y s t e m s . T h e i r s i g n i f i c a n c e is d i s c u s s e d 

in t h i s t h e s i s . H i g h a b u n d a n c e s a r e a l s o i n d i c a t e d to 

o c c u r at h a d a l d e p t h s in d e e p - s e a t r e n c h e s ( H a n s e n , 1 9 5 6 ; 

1 9 7 5 ) , a l t h o u g h h i g h a b u n d a n c e is not a g e n e r a l f e a t u r e of 

h a d a l h o l o t h u r i a n s ( H a n s e n , 1 9 7 5 ) . 
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1 . 1 0 S p a t i a l d i s t r i b u t i o n s . 

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

w i d e l y b e t w e e n t r a w l s a m p l e s t a k e n in t h e s a m e g e n e r a l 

a r e a i n d i c a t i n g t h a t s o m e s p e c i e s h a v e p a t c h y d i s t -

r i b u t i o n s ( H a n s e n , 1 9 5 6 ; S i b u e t , 1 9 7 7 ; B i s o l et a l . , 

1 9 8 4 ) . A g g r e g a t i o n s h a v e b e e n n o t i c e d in p h o t o g r a p h i c 

t r a n s e c t s ( R o s s , 1 9 7 0 ; H e e z e n and Hoi l i s t e r , 1 9 7 1 ; R o w e , 

1 9 7 1 , 1 9 7 2 ; B i l l e t t and H a n s e n , 1 9 8 2 ) , b u t it is c l e a r 

f r o m t h e t r a w l s a m p l e s t h a t s o m e s p e c i e s a r e a g g r e g a t e d on 

a l a r g e r s c a l e t h a t can be d e t e r m i n e d f r o m d i s c o n t i n u o u s 

p h o t o g r a p h i c t r a n s e c t s . T h e s e l a r g e s c a l e p a t c h e s of 

h o l o t h u r i a n s and o t h e r e c h i n o d e r m s , h a v e b e e n s t u d i e d m o s t 

e f f e c t i v e l y by s u b m e r s i b l e t r a n s e c t s ( G r a s s l e et a l . , 

1 9 7 5 ; P a w s o n , 1 9 8 2 a ; S m i t h and H a m i l t o n , 1 9 8 3 ) . 

G r a s s l e et a l . ( 1 9 7 5 ) n o t e d a g g r e g a t i o n s o f t w o e c h i n o i d 

s p e c i e s in t h e n o r t h w e s t e r n A t l a n t i c . O n e , E c h i n u s 

a f f i n i s , a p p e a r e d t o a g g r e g a t e on f o o d i t e m s , s u c h as 

p l a n t d e b r i s or p o s s i b l y d e t r i t a l p a t c h e s ( G r a s s l e and 

M o r s e - P o r t e o u s , 1 9 8 7 ) , but p a t c h i n e s s w a s n o t a f e a t u r e of 

t h e p o p u l a t i o n as a w h o l e . T h e e c h i n o i d s d i s p e r s e d o n c e 

t h e f o o d i t e m had b e e n c o n s u m e d . T h e o t h e r , P h o r m o s o m a 

p l a c e n t a , f o r m e d p a t c h e s a b o u t 50m in d i a m e t e r t h a t m o v e d 

as a h e r d a c r o s s t h e s e a b e d f e e d i n g , t h e y p r e s u m e d , on an 

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

t h e s e h e r d s w a s c o n s i d e r e d t o b e p o s s i b l y t h e r e s u l t of an 

o p t i m a l f e e d i n g s t r a t e g y by J u m a r s and G a l l a g h e r ( 1 9 8 2 ) , 

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

p u r p o s e s o r in r e s p o n s e t o p r e d a t i o n p r e s s u r e . P a w s o n 

( 1 9 8 2 a ) did not s e e any i n d i c a t i o n of t h e s e h e r d s in a 

p o p u l a t i o n of P . p l a c e n t a o b s e r v e d f r o m a s u b m e r s i b l e off 

t h e B a h a m a I s l a n d s . T h e p o p u l a t i o n d e n s i t y h e r e w a s an 

o r d e r of m a g n i t u d e l o w e r t h a n t h a t o b s e r v e d by G r a s s l e 

et a l . , ( 1 9 7 5 ) , so it is p o s s i b l e t h a t t h e f o r m a t i o n of 

P h o r m o s o m a h e r d s is d e n s i t y d e p e n d e n t . S i m i l a r h e r d s of 
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t h e h o l o t h u r i a n K o l g a h y a l i n a w e r e d e s c r i b e d by B i l l e t t 

and H a n s e n ( 1 9 8 2 ) and a r e d i s c u s s e d in t h i s t h e s i s . 

P a w s o n ( 1 9 8 2 a ) c o m p a r e d 10 t r a n s e c t s u n d e r t a k e n d u r i n g a 

s u b m e r s i b l e d i v e at a b o u t 2 0 0 0 m d e p t h in t h e n o r t h w e s t 

A t l a n t i c and n o t e d t h e a b u n d a n c e of m a n y e c h i n o d e r m 

s p e c i e s . S e v e r a l s h o w e d p a t c h y d i s t r i b u t i o n s and in t h e 

c a s e of o n e h o l o t h u r i a n , E l l i p i n i o n d e l a g e i , its a b u n d a n c e 

v a r i e d f r o m 0 to 8 5 0 i n d i v i d u a l s p e r h e c t a r e on d i f f e r e n t 

t r a n s e c t s . S e v e r a l h o l o t h u r i a n s p e c i e s r e a c h e d t h e i r 

h i g h e s t p o p u l a t i o n d e n s i t y in t h e s a m e t r a n s e c t , but in 

g e n e r a l t h e i r d i s t r i b u t i o n s did n o t s e e m to c o - v a r y . 

S i m i l a r l y , t h e r e w a s no b e t w e e n s p e c i e s c o r r e l a t i o n in t h e 

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

S c o t o p l a n e s g l o b o s a and t h e g a s t r o p o d B a t h y b e m i x b a i r d i i , 

s a m p l e d at a d e p t h of 1 3 0 0 m in t h e S a n t a C a t a l i n a B a s i n in 

t h e n o r t h e a s t P a c i f i c , e v e n t h o u g h t h e y w e r e a g g r e g a t e d in 

p a t c h e s of a s i m i l a r s i z e , 25 to 96m in d i a m e t e r ( S m i t h 

and H a m i l t o n , 1 9 8 3 ) . T h e s e a u t h o r s s u g g e s t e d t h a t t h e 

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

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

if t h e a g g r e g a t i o n s w e r e f o r m e d f o r n o n - t r o p h i c r e a s o n s 

( e . g . f o r r e p r o d u c t i o n ) t h e n h e r d f o r m a t i o n w o u l d o c c u r as 

a n e c e s s i t y t o f i n d a r e a s of f r e s h f o o d . 

1.11 B a t h y m e t r i c z o n a t i o n . 

It h a s b e e n k n o w n s i n c e t h e e a r l i e s t d a y s of d e e p - s e a 

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

s p e c i e s c o m p o s i t i o n w i t h i n c r e a s i n g d e p t h and t h a t m o s t 

s p e c i e s h a v e a r e s t r i c t e d and p r e d i c t a b l e b a t h y m e t r i c 

r a n g e ( M u r r a y , 1 8 9 5 ) . W h e r e a s t h e h o r i z o n t a l d i s t r i b u t i o n 

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

m e t r e s . T h e c a u s e s f o r t h e c h a n g e in s p e c i e s c o m p o s i t i o n 

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

w i l l act t o g e t h e r to p r o d u c e t h e o b s e r v e d p a t t e r n . M a n y of 

t h e f a c t o r s h a v e g r a d i e n t s , e a c h o p e r a t i n g on its own 

s c a l e . C a r n e y , H a e d r i c h and R o w e ( 1 9 8 3 ) c o n s i d e r e d t h a t 

"if d e e p - s e a f a u n a l z o n a t i o n is t o be u n d e r s t o o d , it will 

be n e c e s s a r y to d e v e l o p a t h e o r y of d i s t r i b u t i o n a l o n g 

g r a d i e n t s t h a t r e c o g n i z e s t h e p o s s i b l e e f f e c t s of 

d i f f e r e n t t y p e s of g r a d i e n t . " 

M a n y of t h e s e g r a d i e n t s a r e r e l a t e d t o d e p t h . S o m e are 

p h y s i o l o g i c a l l y i m p o r t a n t , s u c h as t e m p e r a t u r e and p r e s -

s u r e ( S o m e r o , S i e b e n a l l e r and H o c h a c h k a , 1 9 8 3 ) , w h i l e 

o t h e r s a r e r e l a t e d to r e s o u r c e s , f o r i n s t a n c e food 

a v a i l a b i l i t y and s p a c e . S u p e r i m p o s e d on t h e s e a r e f a c t o r s 

t h a t a r e not n e c e s s a r i l y d e p t h r e l a t e d , s u c h as t o p o g r a p h y 

and h y d r o g r a p h y w h i c h in t u r n a f f e c t t h e s e d i m e n t 

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

by b i o l o g i c a l i n t e r a c t i o n s , b o t h b e t w e e n t h e b i o t a and t h e 

e n v i r o n m e n t ( e . g . in r e g u l a t i n g t h e s t r u c t u r e of t h e 

s e d i m e n t ) and b e t w e e n t h e a n i m a l s t h e m s e l v e s ( e . g . p r e -

d a t i o n ) . A l l t h e s e f a c t o r s m u s t t h e n b e c o n s i d e r e d on 

e v o l u t i o n a r y and e c o l o g i c a l t i m e - s c a l e s . 

In v i e w of t h e m a n y v a r i a b l e s it is n o t s u r p r i s i n g t h a t 

t h e r e is l i t t l e c o n s e n s u s on t h e r e l a t i v e i m p o r t a n c e of 

t h e f a c t o r s c o n t r o l l i n g z o n a t i o n . C l u e s m a y be f o u n d by 

c o m p a r i n g t h e z o n a t i o n of f a u n a f r o m d i f f e r e n t g e o g r a p h i c 

a r e a s , by c o m p a r i n g t h e z o n a t i o n of d i f f e r e n t t a x a w i t h i n 

t h e s a m e a r e a , or by a d e t a i l e d a n a l y s i s o f t h e z o n a t i o n 

of e a c h s p e c i e s w i t h i n a t a x o n , p r e f e r a b l y o v e r a w i d e 

g e o g r a p h i c a r e a . T h e r e a r e d i f f i c u l t i e s w i t h t h e f i r s t t w o 

a p p r o a c h e s o w i n g to t h e g r e a t v a r i e t y of s a m p l i n g e q u i p -

m e n t u s e d in b e n t h i c s t u d i e s f r o m d i f f e r e n t a r e a s and f o r 

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

m e t h o d s u s e d to a n a l y z e t h e z o n a t i o n p a t t e r n h a v e d i f -

f e r e d . M o r e o v e r , C a r n e y et a l . , ( 1 9 8 3 ) a n d O h t a ( 1 9 8 3 ) 

w e r e p e r s p i c a c i o u s in r e c o g n i z i n g t h e " s o c i o l o g i c " a s p e c t 

of d e e p - s e a b i o l o g i c a l s t u d i e s . To q u o t e O h t a ( 1 9 8 3 ) , 

" J u s t how a s s e m b l a g e s a r e v i e w e d in o r d i n a t i o n s or in a 

c o n t i n u u m d e p e n d s on t h e a p p r o a c h and a t t i t u d e of t h e 

e c o l o g i s t . " 

S e v e r a l a u t h o r s h a v e n o t e d a f e w b r o a d z o n e s in t h e d e e p 

sea but t h e r e is s o m e d i s a g r e e m e n t o v e r t h e t e r m i n o l o g y of 

t h e z o n e s and t h e b a t h y m e t r i c l i m i t s to w h i c h t h e y s h o u l d 

be a s s i g n e d . S o m e a u t h o r s h a v e f o l l o w e d t h e t e r m i n o l o g y of 

B r u u n ( 1 9 5 7 ) and H e d g e p e t h ( 1 9 5 7 ) d i v i d i n g t h e d e e p sea 

f r o m t h e s h e l f b r e a k into b a t h y a l , a b y s s a l and h a d a l z o n e s 

( H a n s e n , 1 9 7 5 ; H o r i k o s h i , 1 9 7 6 ) . H a n s e n ( 1 9 7 5 ) f r o m his 

w o r k on e l a s i p o d i d h o l o t h u r i a n s r e c o g n i z e d a h a d a l z o n e 

d e e p e r t h a n 6 0 0 0 m , an a b y s s a l z o n e e x t e n d i n g f r o m b e t w e e n 

1800 and 2 6 0 0 m to 6 0 0 0 m , and a b a t h y a l z o n e f r o m t h e s h e l f 

b r e a k ( 2 0 0 t o 4 0 0 m ) d o w n to 1 8 0 0 / 2 6 0 0 m . T h e b o u n d a r y 

b e t w e e n t h e a b y s s a l and b a t h y a l z o n e s w a s n o t d i s t i n c t and 

a p p e a r e d t o a c t m o r e as an u p p e r b o u n d a r y f o r t h e a b y s s a l 

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

s p e c i e s . 

M e n z i e s et a l . ( 1 9 7 3 ) , in c o n t r a s t , r e c o g n i z e d an 

a b y s s a l z o n e s t a r t i n g b e t w e e n 4 2 5 and 3 3 0 0 m d e p e n d i n g on 

g e o g r a p h i c a r e a . B e t w e e n t h e a b y s s a l z o n e and t h e s h e l f 

p r o v i n c e t h e r e is an A r c h i b e n t h a l Z o n e of T r a n s i t i o n w h i c h 

f o r t h e p u r p o s e s of c o m p a r i s o n c a n be c o n s i d e r e d to be 

e q u i v a l e n t to t h e b a t h y a l z o n e ( C a r n e y et a l . , 1 9 8 3 ) . T h e 

a b y s s a l and b a t h y a l z o n e s m a y be s u b d i v i d e d ( e . g . M e n z i e s 

et a l . , 1 9 7 3 ; H a e d r i c h et a l . , 1 9 8 0 ; R o w e , P o l l o n i and 

H a e d r i c h , 1 9 8 2 ) d e p e n d i n g p r i m a r i l y on t h e g e o g r a p h i c 

a r e a . 
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O n e p r o b l e m in d e f i n i n g t h e c a u s e s of z o n a t i o n has b e e n 

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

d i s t a n c e f r o m land and h e n c e to s o u r c e s o f o r g a n i c i n p u t . 

C a r n e y and C a r e y ( 1 9 7 6 , 1 9 8 2 ) , w o r k i n g o n t h e h o l o t h u r i a n 

f a u n a o f f t h e w e s t e r n s e a b o a r d of N o r t h A m e r i c a , f o u n d 

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

f u n c t i o n of d e p t h and t h a t t h e r e w a s l i t t l e f a u n a l c h a n g e 

a c r o s s an a b y s s a l p l a i n of n e a r - c o n s t a n t d e p t h d e s p i t e 

i n c r e a s i n g d i s t a n c e f r o m l a n d m a s s . 

In t h e R o c k a l l T r o u g h G a g e , P e a r s o n , B i l l e t t , C l a r k , 

P a t e r s o n a n d T y l e r ( 1 9 8 5 ) a n d G a g e ( 1 9 8 6 ) f o u n d t w o d e p t h s 

w h e r e f a u n a l c h a n g e in e c h i n o d e r m s p e c i e s w a s g r e a t e r t h a n 

at o t h e r d e p t h s . B o t h a r e a s c o i n c i d e d w i t h a r e a s of 

i n c r e a s e d s a m p l i n g but G a g e ( 1 9 8 6 ) c o n s i d e r e d t h a t 

s u f f i c i e n t s a m p l e s had b e e n t a k e n at all d e p t h s to 

o v e r c o m e any s a m p l i n g b i a s . T h e t w o z o n e s of c h a n g e w e r e 

c o r r e l a t e d w i t h f e a t u r e s of t h e w a t e r m a s s s t r u c t u r e , in 

p a r t i c u l a r w i t h t h e 10°C and 4 ° C i s o t h e r m s . T h e l a t t e r has 

b e e n c o n s i d e r e d t o m a r k t h e s t a r t of t h e a b y s s a l z o n e (Le 

D a n o i s , 1 9 4 8 ; B r u u n , 1 9 5 7 ; M a d s e n , 1 9 6 1 ; M e n z i e s et a l . , 

1 9 7 3 ) . A p a r t f r o m t h e t e m p e r a t u r e e f f e c t s on t h e 

p h y s i o l o g y o f d e e p - s e a b i o t a , p r e s s u r e w i l l a l s o p l a y a 

r o l e by r e g u l a t i n g c e l l m e m b r a n e f u n c t i o n and e n z y m a t i c 

a c t i v i t y ( S o m e r o et a l . , 1 9 8 3 ) . In t h e A n t a r c t i c a n i m a l s 

a r e w e l l a d a p t e d to t h e i r c o l d e n v i r o n m e n t but at t h e 

e x p e n s e of b e i n g s e n s i t i v e t o s m a l l i n c r e a s e s in 

t e m p e r a t u r e ( C l a r k e , 1 9 8 3 ) . T h e r e f o r e , t e m p e r a t u r e 

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

r e g u l a t i n g t h e d i s t r i b u t i o n s of d e e p - s e a b i o t a . 

In t h i s s t u d y t h e t e r m i n o l o g y a d v o c a t e d by B r u u n ( 1 9 5 7 ) 

is f o l l o w e d . B a t h y a l is u s e d to r e f e r t o s p e c i e s d o w n to 

a b o u t 3 0 0 0 m a n d a b y s s a l to t h o s e s p e c i e s t h a t can r i s e to 

a d e p t h of a b o u t 2 5 0 0 m . It w i l l b e c o m e a p p a r e n t t h a t t h e r e 

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

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

s p e c i e s s a m p l e d at any o n e s t a t i o n at a b y s s a l d e p t h s is 

g e n e r a l l y g r e a t e r t h a n t h a t at b a t h y a l d e p t h s ( H a n s e n , 

1 9 7 5 ) . T h i s a p p a r e n t i n c r e a s e in d i v e r s i t y w i t h d e p t h d o e s 

not e x t e n d i n t o t h e h a d a l z o n e w h e r e o n l y a few s p e c i e s 

a r e k n o w n and d i v e r s i t y is low ( H a n s e n , 1 9 7 5 ) . T h e g r e a t 

a b u n d a n c e of h o l o t h u r i a n s at s o m e h a d a l s t a t i o n s r e s u l t s 

f r o m t h e p r o f u s i o n of a s i n g l e s p e c i e s . 

1.12 G e o g r a p h i c d i s t r i b u t i o n s . 

B a t h y a l and a b y s s a l h o l o t h u r i a n s s h o w d i f f e r e n t 

c h a r a c t e r i s t i c s in t h e i r g e o g r a p h i c d i s t r i b u t i o n s . M a n y 

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

s p e c i e s h a v e t r u l y c o s m o p o l i t a n d i s t r i b u t i o n s . In c o n -

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

r i b u t i o n s and n o n e a r e k n o w n to o c c u r t h r o u g h o u t t h e 

w o r l d ' s o c e a n s . H a n s e n ( 1 9 7 5 ) c o n c l u d e d t h a t in g e n e r a l 

t h e g e o g r a p h i c r a n g e s of h o l o t h u r i a n s w e r e g r e a t e r w i t h 

i n c r e a s i n g d e p t h t h r o u g h o u t t h e b a t h y a l a n d a b y s s a l z o n e s . 

S e v e r a l b a t h y a l s p e c i e s h a v e d i s t r i b u t i o n s w h i c h a p p e a r 

to be a l l i e d to d e e p o c e a n i c c u r r e n t s y s t e m s . In t h e s e 

c a s e s H a n s e n ( 1 9 7 5 ) b e l i e v e d t h e s p e c i e s w o u l d h a v e a 

p e l a g i c d e v e l o p m e n t a l s t a g e and as a r e s u l t t h e i r 

g e o g r a h i c d i s t r i b u t i o n s w o u l d be c o n t r o l l e d by t h e 

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

s p e c i e s a r e a l s o p o s s i b l y r e l a t e d t o h y d r o g r a p h i c 

f e a t u r e s , b u t in g e n e r a l t h e r e a p p e a r s t o be l i t t l e 

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

( H a n s e n , 1 9 7 5 ) . T o p o g r a p h i c a l b a r r i e r s , h o w e v e r , do l i m i t 
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t h e d i s t r i b u t i o n s of s o m e a b y s s a l s p e c i e s , as d e m o n s t r a t e d 

by t h e a b s e n c e in t h e A r c t i c O c e a n of m o s t of t h e a b y s s a l 

N o r t h A t l a n t i c s p e c i e s . A s i m i l a r t o p o g r a p h i c a l b o u n d a r y 

m a y o c c u r at t h e m o u t h of t h e M e d i t e r r a n e a n S e a , but t h e 

h i g h e r t e m p e r a t u r e s at a b y s s a l d e p t h s in t h e M e d i t e r r a n e a n 

m a y a l s o h e l p to e x c l u d e N o r t h A t l a n t i c s p e c i e s ( H a n s e n , 

1 9 7 5 ) . 

G e o g r a p h i c d i s t r i b u t i o n s a r e not c o r r e l a t e d w i t h 

s e d i m e n t t y p e . O n l y t h r e e e l a s i p o d i d s p e c i e s , k n o w n f r o m 

m o r e t h a n o n e s t a t i o n , h a v e b e e n f o u n d o n j u s t o n e t y p e of 

s e d i m e n t , and in t h e s e c a s e s t h e s p e c i e s a r e r e c o r d e d o n l y 

f r o m a h a n d f u l of s t a t i o n s ( H a n s e n , 1 9 7 5 ) . In c o n t r a s t , 

" v a r i a t i o n s in t h e f o o d s u p p l y to t h e b o t t o m seem to e x e r t 

a g r e a t i n f l u e n c e on t h e g e o g r a p h i c d i s t r i b u t i o n of d e e p -

sea s p e c i e s " b a s e d on t h e s i m i l a r i t y o f t h e f a u n a f r o m 

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

( H a n s e n , 1 9 7 5 ) . It is p o s s i b l e t h a t h o l o t h u r i a n g e o -

g r a p h i c a l d i s t r i b u t i o n s a r e r e g u l a t e d t o s o m e d e g r e e by 

t h e t o t a l o r g a n i c i n p u t to an a r e a a n d t h e t e m p o r a l 

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

G e o g r a p h i c v a r i a b i l i t y in t a x o n o m i c c h a r a c t e r s is e v i -

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

H o w e v e r , not e n o u g h s a m p l i n g has b e e n c a r r i e d out in t h e 

d e e p sea t o d e t e r m i n e w h e t h e r t a x o n o m i c c h a r a c t e r s c h a n g e 

g r a d u a l l y o v e r l a r g e d i s t a n c e s or a b r u p t l y at f a u n a l 

b o u n d a r i e s . H a n s e n ( 1 9 7 5 ) c o n s i d e r e d t h a t t h e f o r m e r w a s 

m o r e l i k e l y s i n c e t h e d e e p - s e a e n v i r o n m e n t c h a n g e s o n l y 

g r a d u a l l y o v e r l a r g e h o r i z o n t a l d i s t a n c e s . H o w e v e r , it is 

e v i d e n t f r o m w o r k in d e e p - s e a t r e n c h e s t h a t s e p a r a t i o n of 

p o p u l a t i o n s by i r r e g u l a r t o p o g r a p h y c a n l e a d to m a r k e d 

local v a r i a t i o n . 

C o m p l e t e r e p r o d u c t i v e i s o l a t i o n of p o p u l a t i o n s , c o n -

s i d e r e d n e c e s s a r y f o r s p e c i a t i o n to o c c u r , is r a r e in t h e 
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d e e p s e a . E v i d e n c e f o r r e c e n t s p e c i a t i o n in d e e p - s e a h o l o -

t h u r i a n s is f o u n d o n l y in t h e P a c i f i c O c e a n off C e n t r a l 

A m e r i c a ( H a n s e n , 1 9 7 5 ) . D e s p i t e t h e f e w o p p o r t u n i t i e s f o r 

i s o l a t i o n and s p e c i a t i o n in t h e d e e p s e a t o d a y , H a n s e n 

( 1 9 7 5 ) s t i l l c o n s i d e r e d t h a t d e e p - s e a s p e c i e s h a v e a r i s e n 

m a i n l y t h r o u g h s p e c i a t i o n in t h e d e e p s e a r a t h e r t h a n 

t h r o u g h i m m i g r a t i o n f r o m t h e s u b l i t t o r a l z o n e . 

1 . 1 3 S u m m a r y . 

T h e s u c c e s s of t h e h o l o t h u r i a n s in t h e d e e p sea has b e e n 

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

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

( H a n s e n , 1 9 7 5 ; S i b u e t , 1 9 8 0 ) . M o r e o v e r , t h e low o r g a n i c 

c o n t e n t of h o l o t h u r i a n s a l l o w s t h e m to m a i n t a i n t h e m s e l v e s 

in an e n v i r o n m e n t w h e r e f o o d is s c a r c e . In t h e d e e p sea 

t h e r e is in g e n e r a l a c h a n g e in f e e d i n g s t r a t e g y f r o m 

s u s p e n s i o n - f e e d i n g and c a r n i v o r y to d e p o s i t f e e d i n g w i t h 

i n c r e a s i n g d e p t h s ( e . g . a s t e r o i d s , C a r e y ( 1 9 7 2 ) ) . It is 

not s u r p r i s i n g , t h e r e f o r e , t h a t h o l o t h u r i a n s , f i r s t and 

f o r e m o s t d e p o s i t f e e d e r s , i n c r e a s e as a p r o p o r t i o n of t h e 

t o t a l i n v e r t e b r a t e m e g a b e n t h o s b i o m a s s . T h a t is not to say 

t h a t h o l o t h u r i a n s a r e m o r e c o m m o n in t h e d e e p sea t h a n in 

s h a l l o w w a t e r , t h e y a r e in f a c t s e v e r a l o r d e r s of 

m a g n i t u d e l e s s a b u n d a n t ( S i b u e t and L a w r e n c e , 1 9 8 1 ) , but 

t h a t h o l o t h u r i a n s by v i r t u e of t h e i r s t r u c t u r e and 

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

f a u n a l g r o u p s f o r t h e a v a i l a b l e f o o d . 

O r g a n i c c a r b o n f l u x d e c r e a s e s e x p o n e n t i a l l y w i t h 

i n c r e a s i n g d e p t h ( S u e s s , 1 9 8 0 ) . T h e o r g a n i c m a t t e r t h a t 

r e a c h e s g r e a t d e p t h , h o w e v e r , has c o m p o n e n t s t h a t are 

r e a d i l y a s s i m i l a b l e , s u c h as l i p i d s ( T a n o u e and H a n d a , 
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1 9 8 0 ; R i c e et a l . , 1 9 8 6 ) . T h i s m a t e r i a l d o e s not n e c e s s -

a r i l y h a v e to be p r o c e s s e d by m i c r o o r g a n i s m s b e f o r e it is 

of u s e to h i g h e r t a x a . T h e s e d i m e n t s u r f a c e h o l d s t h e 

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

an i d e a l f o o d s o u r c e f o r a n y a n i m a l t h a t c a n skim o f f t h e 

s u p e r f i c i a l l a y e r o v e r a w i d e a r e a . H o l o t h u r i a n s are w e l l 

s u i t e d to t h i s t a s k . It h a s b e e n s h o w n b y r a d i o n u c l i d e 

a n a l y s e s t h a t h o l o t h u r i a n s r e a d i l y f e e d on f r e s h l y 

d e p o s i t e d p a r t i c u l a t e m a t e r i a l ( O s t e r b e r g et a l . , 1 9 6 3 ; 

F e l d t et a l . , 1 9 8 5 ) , and t h a t o n l y a s m a l l p r o p o r t i o n of 

t h e p r o t e i n a s s i m i l a t e d by a h o l o t h u r i a n is of b a c t e r i a l 

o r i g i n ( S i b u e t et a l . , 1 9 8 2 ) . 

C o m p a r i s o n s of s e d i m e n t s a m p l e s w i t h gut c o n t e n t s 

i n d i c a t e t h a t h o l o t h u r i a n s a r e p a r t i c u l a r l y a d e p t at 

s e l e c t i n g n u t r i t i o u s p a r t i c l e s ( K h r i p o u n o f f and S i b u e t , 

1 9 8 0 ; S i b u e t et a l . , 1 9 8 2 ) and g e n e r a l l y s e l e c t s t h e 

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

m e c h a n i s m d i s c u s s e d by M c K e n z i e ( 1 9 8 7 ) f o r s h a l l o w w a t e r 

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

m e c h a n i s m . F u r t h e r w o r k i n t o t h e u l t r a s t r u c t u r e of d e e p -

sea h o l o t h u r i a n t e n t a c l e s is n e c e s s a r y as w e l l as f u r t h e r 

i n f o r m a t i o n on p a r t i c l e s i n g e s t e d . 

T h e r e a r e f e w d a t a on f e e d i n g r a t e s in t h e d e e p s e a . 

D a t a is n e e d e d on t h e l o n g e v i t y of h o l o t h u r i a n f a e c e s on 

t h e s e a f l o o r . D a t a a r e n e e d e d on w h e t h e r h o l o t h u r i a n s f e e d 

c o n t i n u o u s l y r e g a r d l e s s of w h e r e t h e y a r e , or w h e t h e r t h e y 

f e e d i n t e n s i v e l y in c e r t a i n a r e a s . I n f o r m a t i o n is 

p r e s e n t e d in t h i s t h e s i s on t h e s p a t i a l d i s t r i b u t i o n of 

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

i n t e n s i v e l y in s o m e a r e a s . T h e a f f e c t of h o l o t h u r i a n 

f e e d i n g and l o c o m o t i o n on t h e s e d i m e n t is a l s o a d d r e s s e d . 
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T h e r e a r e f e w r e l i a b l e d a t a on t h e a b u n d a n c e and b i o m a s s 

of d e e p - s e a h o l o t h u r i a n s . S u c h d a t a a r e e s s e n t i a l if t h e 

i m p a c t of h o l o t h u r i a n s in t h e d e e p sea is t o q u a n t i f i e d . 

D a t a on h o l o t h u r i a n a b u n d a n c e and b i o m a s s , as d e t e r m i n e d 

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

A b u n d a n c e of h o l o t h u r i a n s v a r i e s s p a t i a l l y , and in a few 

c a s e s t e m p o r a l l y . D a t a on t h e s e a s p e c t s a r e a l s o i n c l u d e d . 

T h e g r e a t e s t c h a n g e s in a b u n d a n c e a r e r e l a t e d to d e p t h . 

T h e z o n a t i o n of t h e h o l o t h u r i a n s in t h e P o r c u p i n e S e a b i g h t 

has b e e n e x a m i n e d w i t h r e f e r e n c e t o b o t h t h e t o t a l 

b a t h y m e t r i c r a n g e of e a c h s p e c i e s and t h e i r a b u n d a n c e 

w i t h i n t h a t r a n g e . T h e f a c t o r s t h a t a r e t h o u g h t to 

r e g u l a t e z o n a t i o n a r e d i s c u s s e d . 

T h e i n t e n s i t y of s a m p l i n g in t h i s s t u d y has a l l o w e d t h e 

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

p o p u l a t i o n s t r u c t u r e of e a c h s p e c i e s is c o m p a r e d b e t w e e n 

s t a t i o n s and is d i s c u s s e d in r e l a t i o n t o r e p r o d u c t i o n , 

b a t h y m e t r y and t e m p o r a l v a r i a b i l i t y . 
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2. M a t e r i a l s and M e t h o d s 

2.1 S t u d y a r e a . 

T h e P o r c u p i n e S e a b i g h t r e p r e s e n t s t h e t r o u g h of an old 

r i f t s y s t e m r e s u l t i n g f r o m s t r e s s d u r i n g a p e r i o d of s e a -

f l o o r s p r e a d i n g b e t w e e n E u r o p e and G r e e n l a n d ( N a y l o r and 

M o u n t e n e y , 1 9 7 5 ; R o b e r t s , H u n t e r and L a u g h t o n , 1 9 7 9 ; 

N a y l o r and S h a n n o n , 1 9 8 2 ) . S e d i m e n t a t i o n , p r i n c i p a l l y 

d u r i n g t h e M e s o z o i c and T e r t i a r y , has p r o d u c e d g e n t l e 

s l o p e s w i t h i n t h e t r o u g h d o w n t o a d e p t h o f 3 0 0 0 m , but 

b e l o w t h a t d e p t h , at t h e m o u t h of t h e S e a b i g h t , t h e s e a b e d 

s l o p e s a w a y q u i t e s t e e p l y b e f o r e o p e n i n g o u t o n t o t h e 

P o r c u p i n e A b y s s a l P l a i n . T h e S e a b i g h t n a r r o w s t o w a r d s its 

n o r t h e r n m o s t end and is b o u n d e d to t h e w e s t by t h e 

P o r c u p i n e B a n k , to t h e e a s t by t h e C e l t i c S h e l f , and to 

t h e s o u t h e a s t by t h e G o b a n S p u r ( F i g . 1 ) . T h e e a s t s l o p e , 

h o w e v e r , d i f f e r s m a r k e d l y f r o m t h a t of t h e w e s t , o w i n g to 

t h e p r e s e n c e of m a n y s m a l l c h a n n e l s t h a t c o a l e s c e to f o r m 

a l a r g e r c h a n n e l or c a n y o n w h i c h t r a v e r s e s t h e m o u t h of 

t h e S e a b i g h t and o p e n s o u t o n t o t h e P o r c u p i n e A b y s s a l 

P l a i n . 

T h e c h a n n e l s , k n o w n as t h e G o l l u m C h a n n e l S y s t e m ( G C S ) , 

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

c a n y o n s o f t h e c o n t i n e n t a l s l o p e f u r t h e r s o u t h by t h e 

a b s e n c e of l a t e r a l g u l l i e s ( K e n y o n , B e l d e r s o n and S t r i d e , 

1 9 7 8 ) . H a n d l e y ( 1 9 7 1 ) u s i n g s e i s m i c r e f l e c t i o n d a t a 

c o n c l u d e d t h a t s e d i m e n t s d i p p e d i n t o t h e G C S c h a n n e l s f r o m 

b o t h s i d e s b u t no a p p r e c i a b l e s e d i m e n t a t i o n w a s e v i d e n t in 
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F i g u r e 1. B a t h y m e t r i c c h a r t of t h e P o r c u p i n e S e a b i g h t 

w i t h 100m i s o b a t h s . 
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t h e c e n t r e of t h e c h a n n e l s . H o w e v e r , s u b m e r s i b l e 

o b s e r v a t i o n s h a v e s h o w n t h a t l a r g e a m o u n t s of d e t r i t a l 

m a t e r i a l c o l l e c t in t h e c h a n n e l s ( D r . R. S . L a m p i t t , p e r s -

onal c o m m u n i c a t i o n ) , and t h e r e f o r e it w o u l d s e e m t h a t 

s e d i m e n t s a r e b e i n g e r o d e d c o n t i n u o u s l y f r o m t h e G C S . 

C u r i o u s l y , f o r an a p p a r e n t l y a c t i v e c h a n n e l s y s t e m no 

s e d i m e n t f a n is e v i d e n t at t h e p o i n t w h e r e it m e e t s t h e 

a b y s s a l p l a i n ( H a n d l e y , 1 9 7 1 ) . T h i s m a y i n d i c a t e t h a t t h e 

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

P o r c u p i n e A b y s s a l P l a i n . T h e a b s e n c e of c a n y o n s f r o m t h e 

w e s t e r n s l o p e of t h e S e a b i g h t is t h o u g h t t o r e f l e c t t h e 

l i m i t e d s e d i m e n t s u p p l y to t h e P o r c u p i n e B a n k ( R o b e r t s 

et a l . , 1 9 7 9 ) . C a n y o n s a r e a l s o a b s e n t f r o m t h e s t e e p 

s l o p e s to t h e w e s t of t h e P o r c u p i n e B a n k . 

T h e m a i n t r a n s e c t of s t a t i o n s in t h e S e a b i g h t ( F i g . 6) 

e x t e n d s in an arc f r o m t h e t o p of t h e P o r c u p i n e B a n k , d o w n 

its e a s t e r n f l a n k , t h r o u g h t h e m o u t h o f t h e S e a b i g h t and 

o u t o n t o t h e P o r c u p i n e A b y s s a l P l a i n . S e d i m e n t s h a v e been 

a n a l y s e d at 5 0 0 m d e p t h i n t e r v a l s a l o n g t h i s t r a n s e c t . T h e 

s e d i m e n t s a r e a c o c c o l i t h - f o r a m i n i f e r a n m a r l w i t h a 

c a r b o n a t e c o n t e n t of 45 to 6 7 % s e d i m e n t dry w e i g h t 

( L a m p i t t et al,, 1 9 8 6 ) . T h e c o a r s e s t s e d i m e n t s a r e f o u n d at 

t h e t o p of t h e s l o p e ( m e d i a n phi = 4 . 4 at 5 1 0 m d e p t h ) , but 

b e c o m i n g f i n e r w i t h i n c r e a s i n g d e p t h ( m e d i a n phi = 7 . 4 at 

9 6 0 m d e p t h ) . F r o m 1 5 0 0 m to 4 1 0 0 m t h e m e d i a n phi v a l u e is 

in t h e r a n g e of 8 . 0 to 8 . 6 . T h e d i s t r i b u t i o n of h a r d -

s h e l l e d m u l t i l o c u l a r F o r a m i n i f e r a can b e u s e d as an 

i n d i c a t i o n of s e d i m e n t t r a n s p o r t . N e g l i g i b l e t r a n s p o r t is 

e v i d e n t d o w n to a d e p t h of 3 0 0 0 m but s a m p l e s t a k e n at t h e 

m o u t h of t h e S e a b i g h t ( 3 6 0 0 m ) and on t h e P o r c u p i n e A b y s s a l 

P l a i n ( 4 1 0 0 m ) h a v e s p e c i e s t y p i c a l of u p p e r and m i d d l e 

s l o p e d e p t h s i n d i c a t i n g t h a t t h e r e is d o w n s l o p e t r a n s p o r t 

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

of t h e G o b a n S p u r ( W e s t o n , 1 9 8 5 ; L a m p i t t et a l . , 1 9 8 6 ) . 
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S e d i m e n t a t i o n r a t e s a r e r e p o r t e d to a p p r o a c h 10cm p e r 

1 0 0 0 y e a r s in t h e PSB ( K i d d and H u g g e t t , 1 9 8 1 ) . S e d i m e n t s 

in t h e S e a b i g h t a r e o x i d i s e d o v e r t h e t o p 9 cm or s o , as 

i n d i c a t e d by t h e c o l o u r of t h e s e d i m e n t . A s h a r p c o l o u r 

c h a n g e f r o m a l i g h t b r o w n to a g r e e n i s h b r o w n o c c u r s at a 

d e p t h of 10 to 1 5 c m at m i d s l o p e d e p t h s , b u t c h a n g e s in 

c o l o u r a r e m o r e g r a d u a l at t h e t o p of t h e P o r c u p i n e B a n k 

and on t h e a b y s s a l p l a i n . T h e r e a r e d i f f i c u l t i e s in ass-

e s s i n g t h e o r g a n i c c o n t e n t of m a n y m a r i n e s e d i m e n t s o w i n g 

to t h e i r h i g h c a r b o n a t e c o n t e n t (Wei i k y , S u e s s , U n g e r e r , 

M u l l e r and F i s c h e r , 1 9 8 3 ; H e d g e s and S t e a r n , 1 9 8 4 ) . 

H o w e v e r , CHN a n a l y s i s of PSB s e d i m e n t s a f t e r acid d i g -

e s t i o n , s h o w t h a t o r g a n i c c a r b o n d i f f e r s l i t t l e f r o m 0 . 5 % 

of t h e s e d i m e n t d r y w e i g h t , and no r e l a t i o n s h i p is e v i d e n t 

b e t w e e n % o r g a n i c c a r b o n and b a t h y m e t r i c d e p t h ( L a m p i t t 

et a l . , 1 9 8 6 ) . 

A n a l y s i s of r o c k d e b r i s f r o m t r a w l c a t c h e s in t h e a r e a 

s h o w s t h e p r e d o m i n a n c e of c l i n k e r ( i n c l u d i n g coal and coal 

s h a l e ) in s a m p l e s f r o m t h e P S B , p a r t i c u l a r l y at t h e m o u t h 

of t h e S e a b i g h t ( K i d d and H u g g e t t , 1 9 8 1 ) . M o s t of t h e 

d e b r i s is of p e b b l e a n d g r a v e l s i z e and r a r e l y e x c e e d s 6cm 

in m a x i m u m d i m e n s i o n a l t h o u g h s o m e l a r g e b o u l d e r s h a v e 

b e e n t a k e n o c c a s i o n a l l y . T h e i g n e o u s , m e t a m o r p h i c and 

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

to h a v e b e e n d r o p p e d in t h e p a s t f r o m f l o a t i n g ice (Kidd 

and H u g g e t t , 1 9 8 1 ) . 

T h e t e m p e r a t u r e - s a l i n i t y p l o t f o r t h e w a t e r c o l u m n at 

t h e m o u t h of t h e S e a b i g h t ( d e p t h 4 0 0 0 m ) h a s b e e n p r e s e n t e d 

by H a r g r e a v e s ( 1 9 8 4 ) ( F i g . 2 ) and r e f l e c t s t h e s a m e g e n e r a l 

w a t e r m a s s s t r u c t u r e d e s c r i b e d by p r e v i o u s a u t h o r s (Lee 

and E l l e t t , 1 9 6 5 ; H a r v e y , 1 9 8 2 ; V a n g r i e s h a m , 1 9 8 5 ; E l l e t t , 

E d w a r d s and B o w e r s , 1 9 8 6 ) . E a s t e r n N o r t h A t l a n t i c W a t e r is 

f o u n d d o w n to a d e p t h of a b o u t 7 5 0 m and o v e r l i e s 

M e d i t e r r a n e a n W a t e r , a w a t e r m a s s c h a r a c t e r i z e d by a s a l -
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F i g u r e 2 . T e m p e r a t u r e / S a l i n i t y p l o t f o r t h e a r e a at t h e 

m o u t h of t h e P o r c u p i n e S e a b i g h t ( S t . 1 0 1 1 5 - 1 ) . ( A f t e r 

H a r g r e a v e s , 1 9 8 4 ) . 

E N A W , E a s t e r n N o r t h A t l a n t i c W a t e r ; 

M W , M e d i t e r r a n e a n W a t e r ; 

L S W , L a b r a d o r S e a W a t e r ; 

N E A D , N o r t h e a s t A t l a n t i c D e e p W a t e r 
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i n i t y m a x i m u m and o x y g e n m i n i m u m at a d e p t h of a b o u t 9 5 0 m 

in t h e P S B . B e l o w 1 0 0 0 m t h e M e d i t e r r a n e a n W a t e r b e c o m e s 

m i x e d w i t h t h e u n d e r l y i n g L a b r a d o r S e a W a t e r w h i c h is 

m a r k e d by a s a l i n i t y m i n i m u m and o x y g e n m a x i m u m at a d e p t h 

of a b o u t 1 7 0 0 m . B e l o w 1 7 0 0 m t h e r e a r e o n l y small c h a n g e s 

in t e m p e r a t u r e and s a l i n i t y . A s m a l l i n c r e a s e in s a l i n i t y 

at a b o u t 2 0 0 0 m i n d i c a t e s t h e i n f l u e n c e o f N o r w e g i a n Sea 

W a t e r ( I c e l a n d - S c o t l a n d O v e r f l o w W a t e r ) ( L e e and E l l e t t , 

1 9 6 5 ; H a r v e y , 1 9 8 2 ) . B e l o w 4 0 0 0 m t h e w a t e r h a s a s o u t h e r n 

o r i g i n , to s o m e d e g r e e d e r i v e d f r o m A n t a r c t i c w a t e r 

( V a n g r i e s h a m , 1 9 8 5 ) . 

T h e f e a t u r e s d e s c r i b e d a b o v e can b e s e e n in t e m p e r a t u r e 

and s a l i n i t y p r o f i l e s p l o t t e d a g a i n s t d e p t h ( F i g s 3 to 5 ) . 

T h r e e p r o f i l e s a r e p r e s e n t e d f o r t h e P S B , o n e f r o m t h e 

m o u t h at a d e p t h of 4 0 0 0 m t a k e n in M a y 1 9 8 4 ( F i g . 3 ) , o n e 

in t h e c e n t r e at a d e p t h of 2 0 0 0 m t a k e n in A p r i l 1 9 8 3 

( F i g . 4 ) , and o n e on t h e e a s t f l a n k of t h e P o r c u p i n e B a n k 

at a d e p t h of 9 5 0 m t a k e n in M a y 1 9 8 6 ( F i g . 5 ) . A t t e n u a n c e 

has a l s o b e e n p l o t t e d f o r e a c h d e p t h . L i g h t a t t e n u a n c e , as 

m e a s u r e d o v e r a l e n g t h of 1m by a t r a n s m i s s o m e t e r , g i v e s 

an i n d i c a t i o n of t h e n u m b e r of s m a l l p a r t i c l e s in t h e 

w a t e r c o l u m n . An o x y g e n p r o f i l e is a l s o i n c l u d e d f o r t h e 

s h a l l o w e s t s t a t i o n . I am g r a t e f u l to D r . M i c h a e l F a s h a m 

( l O S ) and D r . B i l l S i m p s o n ( l O S ) f o r t h e s e p r o f i l e s . 

T h e t h r e e s a l i n i t y p r o f i l e s a r e s i m i l a r f o r t h e d e p t h s 

and s h o w t h e s a l i n i t y m a x i m u m of t h e M e d i t e r r a n e a n W a t e r 

at d e p t h s b e t w e e n 8 0 0 and 1 0 0 0 m . T h e s a l i n i t y m i n i m u m of 

t h e L a b r a d o r S e a W a t e r is e v i d e n t in t h e d e e p e r p r o f i l e s 

and a s l i g h t r i s e in s a l i n i t y b e l o w 2 0 0 0 m can be s e e n in 

F i g . 3 . A s e a s o n a l t h e r m o c l i n e f o r m s at a b o u t 5 0 m in s u m m e r 

m o n t h s ( F i g . 5 s h o w s it f o r m i n g in M a y 1 9 8 6 ) and a 

p e r m e n a n t t h e r m o c l i n e o c c u r s b e l o w 6 0 0 m , t h e d e p t h of 

w i n t e r m i x i n g ( E l l e t t and M a r t i n , 1 9 7 3 ) , d r o p p i n g f r o m 

a b o u t 10 ° C t o a b o u t 4 ° C o v e r a d e p t h r a n g e of 8 0 0 m (600 

4 2 



F i g u r e 3. T e m p e r a t u r e , S a l i n i t y and A t t e n u a t i o n p r o f i l e s 

f o r t h e w a t e r c o l u m n f r o m t h e m o u t h of t h e PSB t a k e n in 

M a y 1 9 8 4 ( " D i s c o v e r y " S t . 1 1 1 0 6 - 1 , 4 0 0 0 m ) . 

43 



Temperature / Salinity 
1.0 

34.0 

E 

a 

Q 

8.6 
3 4 . 8 

C (m-') 

V 
0.7 0.9 1.1 

Attenuation 



F i g u r e 4 . T e m p e r a t u r e , S a l i n i t y and A t t e n u a t i o n p r o f i l e s 

f o r t h e w a t e r c o l u m n f r o m t h e c e n t r e of t h e PSB t a k e n in 

A p r i l 1 9 8 3 ( " C h a l l e n g e r " S t . 5 1 7 1 9 - 4 , 2 0 0 0 m ) . 
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F i g u r e 5. T e m p e r a t u r e , S a l i n i t y , O x y g e n and A t t e n u a t i o n 

p r o f i l e s f o r t h e w a t e r c o l u m n f r o m t h e e a s t e r n s l o p e of 

t h e P o r c u p i n e B a n k t a k e n in M a y 1986 ( " D i s c o v e r y " S t . 

1 1 2 9 6 - 1 , 9 5 0 m ) . 
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to 1 4 0 0 m ) . B e l o w 1 4 0 0 m t h e t e m p e r a t u r e d e c r e a s e s s l o w l y 

( F i g . 3 ) . T h e o x y g e n m i n i m u m of t h e M e d i t e r r a n e a n W a t e r is 

e v i d e n t in F i g . 5 . 

B o t t o m N e p h e l o i d L a y e r s ( B N L s ) a n d I n t e r m e d i a t e 

N e p h e l o i d L a y e r s ( I N L s ) a r e a p p a r e n t in a l l t h r e e p r o f i l e s . 

I N L s h a v e b e e n f o u n d at d e p t h s of a b o u t 7 0 0 m . T h e I N L s in 

t h e c e n t r e of t h e P S B ( F i g . 4 ) h a v e b e e n t r a c e d b a c k to 

B N L s s i t t i n g on t h e P o r c u p i n e B a n k at s h a l l o w e r d e p t h s 

(Dr. M i c h a e l F a s h a m , p e r s o n a l c o m m u n i c a t i o n ) . T h e p r e s e n c e 

of B N L s on t h e P o r c u p i n e B a n k w e r e f i r s t r e p o r t e d by 

D i c k s o n and M c C a v e ( 1 9 8 6 ) w h o b e l i e v e d t h e l a y e r s w e r e 

f o r m e d by e r o s i o n of t h e s e a b e d by i n t e r n a l w a v e s and 

t i d e s p o s s i b l y r e l a t e d to u p w e l l i n g e v e n t s i n d u c e d d u r i n g 

p e r i o d s of n o r t h e r l y l o n g - s l o p e w i n d s . D i c k s o n and M c C a v e 

( 1 9 8 6 ) f o u n d t h a t to t h e w e s t of t h e P o r c u p i n e B a n k t h e 

B N L s b e c o m e d e t a c h e d f r o m t h e s e a b e d a n d s p r e a d o f f - s l o p e 

a l o n g i s o p y c n a l s u r f a c e s to f o r m I N L s . It is c l e a r t h a t 

s i m i l a r I N L s o c c u r t o t h e e a s t of t h e P o r c u p i n e B a n k as 

w e l l . T h e n e p h e l o i d l a y e r s a r e c o m p r i s e d m a i n l y of s m a l l 

p a r t i c l e s (8 t o 4 0 ^ m ) , p r i n c i p a l l y c o c c o l i t h s d e r i v e d 

f r o m t h e P o r c u p i n e B a n k s e d i m e n t s . 

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

b r e a k and o v e r t h e P o r c u p i n e B a n k d u r i n g s u m m e r m o n t h s 

( H o l l i g a n , V i o l l i e r , H a r b o u r , C a m u s a n d C h a m p a g n e -

P h i l i p p e , 1 9 8 3 ; H o l l i g a n and G r o o m , 1 9 8 6 ) . T h e s e b l o o m s 

a r e t h o u g h t t o be m a i n t a i n e d by e n h a n c e d v e r t i c a l n u t r i e n t 

f l u x e s c a u s e d by t i d a l m i x i n g a s s o c i a t e d w i t h i n t e r n a l 

w a v e a c t i v i t y at t h e s h e l f b r e a k ( H o l l i g a n , P i n g r e e and 

M a r d e l l , 1 9 8 5 ) . A l t h o u g h t h e s e b l o o m s o c c u r p r i m a r i l y 

a r o u n d t h e b o r d e r s of t h e P S B , " s t r e a m e r s " f r o m t h e b l o o m s 

a r e c a r r i e d o u t a c r o s s t h e P S B p r o b a b l y by m e s o s c a l e 

a c t i v i t y on t h e c o n t i n e n t a l s l o p e ( H o l l i g a n and G r o o m , 

1 9 8 6 ) . T h e c o c c o l i t h o p h o r i d b l o o m s w i l l b e an i m p o r t a n t 

s o u r c e of d e t r i t a l m a t e r i a l d e p o s i t e d on t h e s e a b e d . 
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A l t h o u g h t h e d e e p sea has b e e n r e g a r d e d in t h e p a s t as 

an e n v i r o n m e n t f r e e f r o m s e a s o n a l p e r t u r b a t i o n s , it is 

c l e a r t h a t in t h e S e a b i g h t and on t h e P o r c u p i n e A b y s s a l 

P l a i n t h e r e is a m a r k e d s e a s o n a l v a r i a t i o n in t h e d e p o s -

i t i o n of d e t r i t u s t o t h e s e a b e d ( B i l l e t t et a l . , 1 9 8 3 ; 

L a m p i t t , 1 9 8 5 ; R i c e et a l . , 1 9 8 6 ) . L a r g e a m o u n t s of 

d e t r i t u s h a v e b e e n s e e n t o a c c u m u l a t e on t h e s e a b e d at 

m a n y d e p t h s d u r i n g M a y to J u l y . It is e v i d e n t f r o m t h e 

p h y t o p l a n k t o n s p e c i e s c o m p o s i t i o n in t h e d e t r i t u s t h a t 

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

p h o r i d s and d i n o f l a g e l l a t e s a r e m o r e i m p o r t a n t c o m p o n e n t s 

of t h e f l u x in s u m m e r m o n t h s ( B i l l e t t e t a l . , 1 9 8 3 ) . A 

s i m i l a r t e m p o r a l c h a n g e in t h e t o t a l o r g a n i c f l u x t o t h e 

s e a b e d and a c h a n g e in t h e c o m p o s i t i o n o f t h a t f l u x has 

a l s o b e e n n o t e d in s e d i m e n t t r a p s t u d i e s in t h e P a n a m a 

B a s i n ( H o n j o , 1 9 8 2 ) . C h e m i c a l a n a l y s e s o f t h e d e t r i t u s 

f r o m t h e P S B h a v e s h o w n t h a t l a b i l e o r g a n i c m a t e r i a l is 

p r e s e n t in t h e d e t r i t u s and t h e r e f o r e t h i s m a t e r i a l w i l l 

be an i m p o r t a n t f o o d s o u r c e f o r t h e b e n t h i c b i o t a . T h e 

d e t r i t u s m a y c o v e r t h e s e a b e d c o m p l e t e l y or o c c u r in 

l o c a l i s e d p a t c h e s a r o u n d m o u n d s and w i t h i n h o l l o w s 

( B i l l e t t a n d H a n s e n , 1 9 8 2 ) . C u r r e n t s in e x c e s s of 7 cm 

s e c " ^ , m e a s u r e d 1m a b o v e t h e s e a b e d , r e a d i l y r e s u s p e n d t h e 

d e t r i t u s and m o v e it a b o u t t h e s e a b e d ( L a m p i t t , 1 9 8 5 ) . 

N e a r - b e d c u r r e n t s in t h e PSB a r e t i d a l a n d r a r e l y e x c e e d 

15 cm s e c - 1 at a h e i g h t of 1m a b o v e t h e s e a b e d ( L a m p i t t , 

1 9 8 5 ; L a m p i t t et a l . , 1 9 8 6 ) . T h e r e s i d u a l c u r r e n t r u n s 

p a r a l l e l to t h e c o n t o u r s at all d e p t h s , and is p a r t of a 

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

e u r o p e a n c o n t i n e n t a l m a r g i n ( D i c k s o n , G o u l d , G r i f f i t h s , 

M e d l e r a n d G m i t r o w i c z , 1 9 8 6 ; H u t h n a n c e , 1 9 8 6 ) . T h e 

b o u n d a r y c u r r e n t o c c u r s t h r o u g h o u t t h e y e a r ( H u t h n a n c e , 

1 9 8 6 ) b u t is t h o u g h t to v a r y s e a s o n a l l y in m e a n s p e e d , 

r e a c h i n g m a x i m u m s t r e n g t h a r o u n d N o v e m b e r ( D i c k s o n et a l . , 

1 9 8 6 ) . T h e c u r r e n t a l s o b r o a d e n s in its b a t h y m e t r i c r a n g e 
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s e a s o n a l l y . M e a n r e s i d u a l c u r r e n t s of 6, 2 . 2 , and 9 cm sec 

h a v e b e e n r e c o r d e d on t h e s l o p e in t h e B a y of B i s c a y , 

G o b a n S p u r , and t o t h e w e s t of t h e P o r c u p i n e B a n k 

r e s p e c t i v e l y ( D i c k s o n , G o u l d , M u l l e r a n d M a i l l a r d , 1 9 8 5 ; 

H u t h n a n c e , 1 9 8 6 ) . T h e c u r r e n t s a p p r o a c h i n g t h e P S B f r o m 

t h e s o u t h o v e r t h e G o b a n S p u r , t h e r e f o r e , w i l l be a m a j o r 

f a c t o r in d e t e r m i n i n g t h e d e e p c i r c u l a t i o n of t h e P S B . 

In a d d i t i o n to t h e s l o p e c u r r e n t , t h e u p p e r s l o p e w i l l 

be a f f e c t e d by w a t e r c a s c a d i n g o f f t h e C e l t i c S h e l f and 

P o r c u p i n e B a n k in w i n t e r in s o m e y e a r s ( C o o p e r and V a u x , 

1 9 4 9 ) and by i n t e r n a l w a v e s and t i d e s i n d u c i n g n e a r - b o t t o m 

m o t i o n ( H u t h n a n c e , 1 9 8 6 ) . T h e l a t t e r w i l l i n c r e a s e t h e 

s e d i m e n t l o a d of t h e w a t e r . O t h e r s l o p e p r o c e s s e s w i l l 

i n c l u d e t u r b i d i t y c u r r e n t s , p a r t i c u l a r l y on t h e l o w e r 

s l o p e s and w i t h i n t h e c h a n n e l s . 

On t h e P o r c u p i n e A b y s s a l P l a i n c u r r e n t s a r e g e n e r a l l y 

s l o w , f l o w i n g n o r t h w a r d at 1 t o 2 cm s e c - 1 up t h e c e n t r a l 

p a r t of t h e a b y s s a l p l a i n , t u r n i n g w e s t w a r d and s o u t h w e s t -

w a r d as t h e a b y s s a l p l a i n s h o a l s to t h e n o r t h , and t h e n c e 

s o u t h w a r d and w e s t w a r d a l o n g t h e e a s t e r n s i d e of t h e 

M i d - A t l a n t i c R i d g e ( D i c k s o n et a l . , 1 9 8 5 ) . 

W h e n t h e f i r s t s a m p l e s f r o m t h e P o r c u p i n e S e a b i g h t w e r e 

t a k e n in 1 8 6 9 by " H . M . S . P o r c u p i n e " ( T h o m s o n , 1 8 7 3 ) , t h e 

b a t h y m e t r y of t h e a r e a had y e t to be d e t e r m i n e d , a l t h o u g h 

t h e P o r c u p i n e B a n k had b e e n d i s c o v e r e d d u r i n g an e a r l i e r 

" H . M . S . P o r c u p i n e " c r u i s e . F u r t h e r s a m p l i n g w a s c a r r i e d 

out by t h e " F l y i n g F a l c o n " ( 1 8 8 8 ) , " F l y i n g F o x " ( 1 8 8 9 ) , 

" H . M . S . R e s e a r c h e r " ( 1 8 9 0 ) , and t h e " M i c h a e l S a r s " ( 1 9 1 0 ) , 

but it w a s p r i n c i p a l l y t h e s a m p l e s t a k e n by t h e " H e l g a " 

and " H e l g a II" (1901 to 1 9 1 4 ) f o r t h e I r i s h F i s h e r i e s 

I n v e s t i g a t i o n s t h a t p r o v i d e d t h e f i r s t d e t a i l e d i n f o r m -

a t i o n on t h e P o r c u p i n e S e a b i g h t f a u n a ( R i c e , 1 9 8 6 ) . T h e 

r e s u l t s f r o m t h e s e e x p e d i t i o n s , a m o n g s t o t h e r s , w e r e l a t e r 
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c o l l a t e d and p r e s e n t e d as p a r t of a c o m p r e h e n s i v e a c c o u n t 

of t h e n o r t h e a s t A t l a n t i c d e e p - s e a f a u n a by Le D a n o i s 

( 1 9 4 8 ) . T h e v a s t m a j o r i t y of t h e s a m p l e s f r o m t h e 

P o r c u p i n e S e a b i g h t , h o w e v e r , w e r e t a k e n at d e p t h s s h a l -

l o w e r t h a n 1 5 0 0 m , and t h e d e e p e s t s t a t i o n ( 2 1 6 0 m ) w a s 

s a m p l e d by t h e " H . M . S . P o r c u p i n e " d r e d g i n g e x p e d i t i o n in 

1869 ( S t . 4 3 ) . T h e r e f o r e , a l t h o u g h t h e u p p e r s l o p e f a u n a 

has b e e n w e l l d o c u m e n t e d , i n c l u d i n g t h e f a u n a f r o m t h e 

l a r g e c o r a l a r e a s b e t w e e n 7 0 0 and 1 3 0 0 m on t h e e a s t e r n 

s l o p e s of t h e S e a b i g h t , t h e f a u n a b e l o w 1 5 0 0 m has y e t to 

be f u l l y d e s c r i b e d . 

2 . 2 S a m p l i n g d e t a i l s . 

D u r i n g t h e p e r i o d N o v e m b e r 1 9 7 7 to D e c e m b e r 1 9 8 6 o v e r 

2 5 0 s a m p l e s of h o l o t h u r i a n s h a v e b e e n t a k e n in t h e 

P o r c u p i n e S e a b i g h t and on t h e P o r c u p i n e A b y s s a l P l a i n 

b e t w e e n 2 0 0 and 4 8 0 0 m . D e t a i l s of s t a t i o n n u m b e r , t y p e of 

s a m p l i n g e q u i p m e n t , d a t e of s a m p l i n g , d e p t h l i m i t s , loc-

a t i o n of h a u l , and a r e a s a m p l e d a r e l i s t e d in A p p e n d i x 1. 

T h e m a j o r i t y of b e n t h i c s a m p l e s c o m e f r o m a t r a n s e c t t h a t 

e x t e n d s in an arc f r o m t h e m i d d l e of t h e P o r c u p i n e B a n k to 

t h e c e n t r e of t h e S e a b i g h t , and t h e n c e t h r o u g h t h e m o u t h 

of t h e S e a b i g h t out o n t o t h e P o r c u p i n e A b y s s a l P l a i n ( F i g . 

6 ) . A n o t h e r t r a n s e c t w a s s a m p l e d at d e p t h s s h a l l o w e r t h a n 

2 6 0 0 m on t h e G o b a n S p u r . In a d d i t i o n , a f e w s a m p l e s w e r e 

t a k e n on t h e P o r c u p i n e B a n k to t h e s o u t h of t h e m a i n 

t r a n s e c t and in t h e n o r t h e a s t of t h e S e a b i g h t . O n e i m p -

o r t a n t a r e a , t h e c h a n n e l - r i d d e n e a s t e r n s l o p e of t h e P S B , 

r e m a i n s u n s a m p l e d f o r l o g i s t i c r e a s o n s . 
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F i g u r e 6. S t a t i o n s s a m p l e d in t h e P o r c u p i n e S e a b i g h t w i t h 

h o l o t h u r i a n s . C o n t o u r s a r e 5 0 0 m i s o b a t h s . 
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B e n t h i c s a m p l i n g i n t e n s i t y has not b e e n c o n s t a n t at all 

d e p t h s a l o n g t h e t r a n s e c t . T a k i n g t h e m e d i a n d e p t h s a m p l e d 

f o r e a c h of t h e s l e d g e ( B N ) and t r a w l ( O T + G T ) h a u l s , t h e 

f r e q u e n c i e s of t h e m e d i a n d e p t h s f o r e a c h t y p e of g e a r and 

f o r all s a m p l e s c o m b i n e d , g r o u p e d in 2 0 0 m d e p t h b a n d s , a r e 

p l o t t e d in F i g s 7 to 9. T h r e e s a m p l i n g p e a k s are e v i d e n t 

at a b o u t 1 0 0 0 m , 2 8 0 0 m , and 4 0 0 0 m , in F i g . 7. T h e u p p e r 

s l o p e p e a k r e s u l t s f r o m t h e c o n c e n t r a t i o n of t r a w l s at 

a b o u t 1 0 0 0 m ( F i g . 9 ) a n d f r o m a p l e t h o r a of BN s a m p l e s 

t a k e n at a b o u t 1 3 0 0 m as p a r t of a s t u d y i n t o t h e s a m p l i n g 

r e p e a t a b i l i t y of t h e s l e d g e w i t h i n a s m a l l a r e a (2km 

d i a m e t e r ) ( F i g . 8 ) . A s i m i l a r r e p e a t s a m p l i n g a r e a f o r t h e 

s l e d g e w a s set up at a b o u t 4 0 0 0 m and led t o t h e s a m p l i n g 

p e a k at t h i s d e p t h ( F i g . 8 ) . S a m p l i n g at a b o u t 2 8 0 0 m w a s 

g r e a t e r o w i n g to t h e r e p e a t e d BN s a m p l i n g f o r a s m a l l 

e n i g m a t i c h o l o t h u r i a n , K o l g a h y a l i n a , w h i c h w a s f o u n d in 

a b u n d a n c e at t h i s d e p t h ( F i g . 8 ) . T w o t r o u g h s o c c u r in t h e 

s a m p l i n g p r o f i l e ( F i g . 7 ) and a r e c o m m o n to b o t h t h e 

s l e d g e and t h e t r a w l h a u l s ( F i g s 8 and 9 ) . T h e t r o u g h at 

a b o u t 3 2 0 0 m c o r r e s p o n d s t o t h e a r e a of r o u g h t e r r a i n at 

t h e m o u t h of t h e PSB ( F i g . 1). 

B e n t h i c h o l o t h u r i a n s h a v e b e e n s a m p l e d in t h e P o r c u p i n e 

S e a b i g h t ( P S B ) u s i n g e i t h e r an lOS e p i b e n t h i c s l e d g e ( B N ) 

( A l d r e d , T h u r s t o n , R i c e and M o r l e y , 1 9 7 6 ; R i c e et a l . , 

1 9 8 2 ) or a s e m i - b a l l o o n o t t e r t r a w l ( O T ) ( M e r r e t t and 

M a r s h a l l , 1 9 8 1 ) . In a d d i t i o n , s o m e s a m p l e s h a v e b e e n 

k i n d l y t a k e n in t h e PSB by t h e S M B A u s i n g a s i n g l e w a r p 

t r a w l ( S W T ) , a G r a n t o n t r a w l ( G T ) , or an A g a s s i z t r a w l ( A T ) 

( G o r d o n and D u n c a n , 1 9 8 5 ) . S a m p l e s f r o m t h e s e t h r e e t r a w l s 

w e r e n o t u s e d to q u a n t i f y h o l o t h u r i a n a b u n d a n c e . A p a r t 

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

by D r . J . D . G a g e ( S M B A ) on t h e P o r c u p i n e A b y s s a l P l a i n 

( G a g e et a l . , 1 9 8 5 a ) and is i n c l u d e d in t h i s t h e s i s . 

P h o t o g r a p h i c o b s e r v a t i o n s of b e n t h i c h o l o t h u r i a n s w e r e 

m a d e u s i n g a c a m e r a m o u n t e d on t h e lOS e p i b e n t h i c s l e d g e . 
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F i g u r e 7 . T o t a l n u m b e r of s a m p l e s t a k e n g r o u p e d in 2 0 0 m 

d e p t h b a n d s . M e d i a n d e p t h f o r e a c h haul is u s e d . S t a t i o n s 

a r e b a n d e d 100 t o 3 0 0 m , 3 0 0 to 5 0 0 m , 5 0 0 t o 7 0 0 m , e t c . 
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F i g u r e 8 . T o t a l n u m b e r of E p i b e n t h i c S l e d g e h a u l s g r o u p e d 

in 2 0 0 m d e p t h b a n d s . 
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F i g u r e 9 . T o t a l n u m b e r of O t t e r t r a w l a n d G r a n t o n T r a w l 

h a u l s g r o u p e d in 2 0 0 m d e p t h b a n d s . 
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Number of samples 



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

h o l o t h u r i a n s and p e l a g i c j u v e n i l e s of b e n t h i c s p e c i e s w e r e 

s a m p l e d in t h e S e a b i g h t , on t h e P o r c u p i n e A b y s s a l P l a i n 

and e l s e w h e r e in t h e n o r t h e a s t A t l a n t i c by a r e c t a n g u l a r 

m i d w a t e r t r a w l ( R M T 1 + 8 , B a k e r , C l a r k e a n d H a r r i s , 1 9 7 3 ) . 

T h e lOS e p i b e n t h i c s l e d g e has a f r a m e f o r m e d f r o m 

s c a f f o l d i n g t u b e s c o n n e c t i n g t w o l a t e r a l s k i d s . A l o n g t h e 

b a c k , b e t w e e n t h e t w o s k i d s , a s i n g l e l a r g e net or a 

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

2 . 2 9 m and a h e i g h t of 0 . 6 1 m ( A l d r e d et a l . , 1 9 7 6 ) . T h e 

s l e d g e is m o n i t o r e d a c o u s t i c a l l y and is f i t t e d w i t h an 

o p e n i n g / c l o s i n g d e v i c e w h i c h o c c l u d e s t h e m o u t h of t h e net 

w h e n it is not on t h e s e a b e d . M o d e l s o f t h e s l e d g e u s e d 

s i n c e 1 9 7 9 h a v e b e e n f i t t e d w i t h a s u p r a b e n t h i c p l a n k t o n 

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

T h e p l a n k t o n n e t is a l s o e n d o w e d w i t h an o p e n i n g / c l o s i n g 

d e v i c e and has a m e s h of 0 . 3 3 m m ( R i c e et a l . , 1 9 8 2 ) . T h e 

s l e d g e is a c o u s t i c a l l y t e l e m e t e r e d , r e l a y i n g b a c k to t h e 

ship t h e t e m p e r a t u r e , t h e d e p t h , t h e a n g l e of t h e s l e d g e , 

t h e p o s i t i o n of t h e o p e n i n g / c l o s i n g d e v i c e and t h e 

d i s t a n c e r u n as r e c o r d e d by an o d o m e t e r m o u n t e d t o o n e 

s i d e of t h e s l e d g e ( R i c e et a l . , 1 9 8 2 ) . 

T h e s i n g l e l a r g e net u s e d on t h e s l e d g e has a m o u t h 

w i d t h of 2 . 2 9 m , a m o u t h a r e a of I . A m ^ and a m e s h of 4 . 5 m m . 

T h i s net w a s r e p l a c e d in m a n y c a s e s by a " c o m b i n a t i o n " or 

" m u l t i - n e t " c o n s i s t i n g of t h r e e n e t s s t r a p p e d t o g e t h e r 

a c r o s s t h e w i d t h of t h e s l e d g e . O n e n e t , in t h e c e n t r e , 

has a m o u t h w i d t h of 0 . 6 8 m , a m o u t h a r e a of 0 . 4 2 m * and a 

m e s h of 1 . 0 m m . T h i s net is p l a c e d b e t w e e n t w o o t h e r n e t s 

e a c h w i t h a m o u t h w i d t h of 0 . 8 m , a m o u t h a r e a of 0 . 4 9 m * 

and a m e s h of 4 . 5 m m . F o r t h e q u a n t i f i c a t i o n of l a r g e 

h o l o t h u r i a n s t h e c a t c h f r o m t h e s i n g l e l a r g e n e t or t h e 

c o m b i n e d c a t c h f r o m t h e t h r e e " m u l t i - n e t s " h a s b e e n used 

in t h i s s t u d y , but f o r s m a l l h o l o t h u r i a n s t h a t a r e not 
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r e t a i n e d a d e q u a t e l y by a 4 . 5 m m m e s h , o n l y t h e c a t c h e s f r o m 

t h e f i n e m e s h net of t h e c o m b i n a t i o n s y s t e m h a v e b e e n 

c o n s i d e r e d . An e s t i m a t e of t h e a r e a s a m p l e d by e a c h net 

w a s o b t a i n e d u s i n g t h e d i s t a n c e r u n . T h i s w a s c a l c u l a t e d 

e i t h e r f r o m t h e o d o m e t e r r e c o r d s or f r o m t h e p o s i t i o n s 

w h e r e t h e s l e d g e a l i g h t e d on and left t h e s e a b e d at t h e 

s t a r t and end of e a c h h a u l . 

F o r a f e w s p e c i e s a b u n d a n c e e s t i m a t e s b a s e d on t h e s e 

d a t a a r e c o m p a r e d w i t h r e s u l t s d e r i v e d f r o m p h o t o g r a p h i c 

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

s l e d g e c a m e r a . T h e c a m e r a is a c t i v a t e d w h e n t h e s l e d g e 

r e a c h e s t h e s e a b e d and s t a r t s to s a m p l e . A p h o t o g r a p h is 

t a k e n e v e r y 15 s e c o n d s . T h e s l e d g e is t o w e d at a b o u t 1.5 

k n o t s r e s u l t i n g in a d i s t a n c e of a b o u t 12m b e t w e e n 

p h o t o g r a p h s . A c h a n g e in t h e d e s i g n of t h e e p i b e n t h i c 

s l e d g e in 1 9 7 9 led to t h e c a m e r a b e i n g m o u n t e d at a 

g r e a t e r h e i g h t on t h e e p i b e n t h i c s l e d g e s u p e r s t r u c t u r e . 

T h i s a l l o w e d t h e c a m e r a a n g l e t o be s t e e p e n e d , r e d u c i n g 

t h e v a r i a b i l i t y in t h e a r e a c o v e r e d by e a c h p h o t o g r a p h but 

a l s o r e d u c i n g t h e t o t a l a r e a p h o t o g r a p h e d . 

A b u n d a n c e d a t a a r e q u o t e d u s i n g b o t h m e t h o d s d e s c r i b e d 

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

o d o m e t e r r e c o r d s o n l y . W e t w e i g h t ( W W ) of t h e h o l o t h u r i a n s 

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

and t h e b o d y had b e e n w i p e d f r e e of s u r f a c e w a t e r . Dry 

w e i g h t ( D W ) w a s d e t e r m i n e d a f t e r d r y i n g t h e s p e c i m e n s in a 

f r e e z e - d r y e r or u n d e r v a c u u m at 6 0 ° C f o r up to 14 h o u r s . 

S u b s a m p l e s w e r e t h e n a n a l y s e d f o r a s h - f r e e dry w e i g h t 

( A F D W ) by h e a t i n g in a m u f f l e f u r n a c e at 5 0 0 ° C f o r 4 

h o u r s . 

T h e s e m i - b a l l o o n o t t e r t r a w l has a w i n g - e n d s p r e a d of 

8 . 6 m . W h i l e it is f i s h i n g it is m o n i t o r e d by an a c o u s t i c 

b e a c o n m o u n t e d on o n e of t h e t w o t r a w l d o o r s . T h e n e t is 
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c o n s t r u c t e d of 4 . 4 c m m e s h in t h e m a i n p a r t of t h e n e t , 

3 . 7 c m m e s h in t h e m i d d l e p a r t of t h e n e t , and 3 . 7 c m m e s h 

o u t s i d e a 1 . 3 c m m e s h l i n e r in t h e c o d e n d . T h e h e a d l i n e of 

t h e net is p r o v i d e d w i t h b u o y a n c y s p h e r e s and t h e h e i g h t 

of t h e net f r o m t h e f o o t r o p e t o t h e h e a d l i n e is a b o u t 1.5m 

( M e r r e t t and M a r s h a l l , 1 9 8 1 ) . T h e a r e a s a m p l e d by e a c h 

t r a w l w a s e s t i m a t e d u s i n g t h e d i s t a n c e r u n by t h e t r a w l 

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

s e a b e d t o w h e r e it l i f t e d o f f t h e s e a b e d at t h e end of t h e 

h a u l . In s o m e c a s e s o n l y r e p r e s e n t a t i v e s a m p l e s of t h e 

i n v e r t e b r a t e s w e r e t a k e n f r o m t h e t r a w l s . T h e s e s a m p l e s 

h a v e b e e n u s e d to d e t e r m i n e t h e b a t h y m e t r y of t h e s p e c i e s 

but h a v e n o t b e e n u s e d f o r a b u n d a n c e e s t i m a t i o n . 

A f e w b e n t h o p e l a g i c h o l o t h u r i a n s and t h e j u v e n i l e s of 

b e n t h i c s p e c i e s h a v e b e e n s a m p l e d w i t h m i d w a t e r n e t s (see 

A p p e n d i x 1 f o r s t a t i o n d e t a i l s ) . T h e r e c t a n g u l a r m i d w a t e r 

t r a w l ( R M T 1 + 8 ) u s e s t w o n e t s of d i f f e r i n g m e s h s i z e 

( 0 . 3 2 m m and 4 . 5 m m m e s h ) c o n c u r r e n t l y . T h e n e t s a r e o p e n e d 

and c l o s e d by a m e c h a n i c a l r e l e a s e g e a r w h i c h is a c t i v a t e d 

a c o u s t i c a l l y , and t h e d e p t h , t e m p e r a t u r e a n d t h e s p e e d of 

t h e n e t t h r o u g h t h e w a t e r ( f r o m w h i c h t h e v o l u m e f i l t e r e d , 

and h e n c e t h e a b u n d a n c e of h o l o t h u r i a n s p e r u n i t v o l u m e , 

can be c a l c u l a t e d ) a r e c o n t i n u o u s l y t e l e m e t e r e d . T h e net 

w a s m o d i f i e d in o r d e r to be a b l e to s a m p l e w i t h i n 5m of 

t h e s e a b e d at a b y s s a l d e p t h s , at f i r s t u s i n g a s y s t e m of 

m e r c u r y s w i t c h e s ( B o x s h a l l and R o e , 1 9 8 0 ) and m o r e 

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

S o m e s a m p l e s w e r e o b t a i n e d u s i n g a m u l t i p l e m i d w a t e r t r a w l 

( R M T 1 + 8 M , R o e and S h a l e , 1 9 7 9 ) . 

A w i d e - a r e a s u r v e y c a m e r a s y s t e m has b e e n u s e d to e s t -

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

t h e s e a b e d . T h e c a m e r a t a k e s p h o t o g r a p h s c o v e r i n g an a r e a 

of 8 0 s q u a r e m e t r e s f r o m a h e i g h t of 10m a b o v e t h e s e a -

f l o o r ( H u g g e t t , 1 9 8 7 ) . T h e c a m e r a t a k e s a p h o t o g r a p h e v e r y 
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15 s e c o n d s and is t o w e d at a p p r o x i m a t e l y 0.5 k n o t s 

r e s u l t i n g in an o v e r l a p of a b o u t 4 0 % b e t w e e n a d j a c e n t 

f r a m e s . T h e h e i g h t of t h e c a m e r a a b o v e t h e s e a f l o o r is 

m o n i t o r e d by a n e a r - b o t t o m e c h o - s o u n d e r . 

S e c t i o n 5 . 3 d e s c r i b e s h o w t h e a p p a r e n t a b i l i t y of h o l o -

t h u r i a n s to s e l e c t f o r p a r t i c l e s on t h e s e d i m e n t s u r f a c e 

has b e e n i n v e s t i g a t e d u s i n g c h l o r o p i g m e n t s , t h a t is t h e 

c h l o r o p h y l l s and t h e i r b r e a k d o w n p r o d u c t s , as m a r k e r s f o r 

o r g a n i c m a t t e r in b o t h s e d i m e n t and s t o m a c h c o n t e n t 

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

by h o m o g e n i s a t i o n w i t h a c e t o n e and a r e t h e n s e p a r a t e d by 

i n j e c t i o n o n t o a H i g h P e r f o r m a n c e L i q u i d C h r o m a t o g r a p h y 

S y s t e m u s i n g t h e m e t h o d of M a n t o u r a and L l e w e l l y n ( 1 9 8 3 ) 

w i t h s l i g h t m o d i f i c a t i o n s . T h e c h l o r o p i g m e n t s are s e q u e n t -

i a l l y e l u t e d d e p e n d i n g on t h e i r p o l a r i t y . E a c h c h l o r o -

p i g m e n t is d e t e c t e d by its f l u o r e s c e n c e a n d a c h a r a c t -

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

s a m p l e . F r o m t h e c h r o m a t o g r a m e a c h p i g m e n t can be r e c o g -

n i s e d and its c o n c e n t r a t i o n c a l c u l a t e d . T h e p i g m e n t s w e r e 

f i r s t e x t r a c t e d in a c e t o n e and t h e s a m p l e s w e r e t h e n d r i e d 

at 4 0 ° C f o r 24 h o u r s t o o b t a i n a s a m p l e d r y w e i g h t . All 

t h e a n a l y s e s and c a l c u l a t i o n s w e r e u n d e r t a k e n by M s . 

C a r o l e L l e w e l l y n ( T h e I n s t i t u t e f o r M a r i n e E n v i r o n m e n t a l 

R e s e a r c h ) as p a r t of a c o l l a b o r a t i v e s t u d y . 

T h e o r g a n i c c a r b o n in s e d i m e n t s a m p l e s w a s d e t e r m i n e d by 

t h e w e t o x i d a t i o n of s e d i m e n t in p o t a s s i u m d i c h r o m a t e 

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

p h o s p h o r i c a c i d . P r i o r to t h e o x i d a t i o n of t h e s e d i m e n t 

l a r g e m e t a z o a n and p r o t o z o a n m e i o f a u n a w e r e r e m o v e d f r o m 

t h e s a m p l e s . T h e s a l t c o n t e n t of e a c h s a m p l e w a s 

d e t e r m i n e d to a l l o w v a l u e s to be e x p r e s s e d as a p e r c e n t a g e 

of s a l t - f r e e s e d i m e n t dry w e i g h t . 
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In t h e s p e c i e s s y n o p s i s of t h e h o l o t h u r i a n s of t h e PSB 

( S e c t i o n 4 ) t h e b a t h y m e t r i c r a n g e f o r e a c h s p e c i e s is 

g i v e n u s i n g t h e s h a l l o w e s t and d e e p e s t r e c o r d s . A r e d u c e d 

b a t h y m e t r i c r a n g e is g i v e n f o r t h e d e p t h s at w h i c h e a c h 

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

t a b l e s w h e r e a d e p t h is r e c o r d e d f o r a p a r t i c u l a r s t a t i o n 

t h e m e d i a n d e p t h is u s e d w h i c h m a y lead t o s o m e a p p a r e n t 

d i s c r e p a n c y b e t w e e n t h e d a t a . 
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T a x o n o m i c d e t a i l s 

T h e h i g h e r c l a s s i f i c a t i o n of t h e h o l o t h u r i a n s u s e d in 

t h i s t h e s i s f o l l o w s P a w s o n ( 1 9 8 2 b ) . T h e c l a s s i f i c a t i o n 

a d o p t e d by t h e f o l l o w i n g a u t h o r s f o r t h e s i x o r d e r s of 

h o l o t h u r i a n s is u s e d : P a w s o n and Fell ( 1 9 6 5 ) f o r t h e 

D e n d r o c h i r o t i d a and D a c t y l o c h i r o t i d a , H a n s e n ( 1 9 7 5 ) for 

t h e E l a s i p o d i d a , D e i c h m a n n ( 1 9 3 0 ) f o r t h e A s p i d o c h i r o t i d a 

( e x c e p t t h a t Z y g o t h u r i a is t r e a t e d as a s y n o n y m of 

M e s o t h u r i a ) , D e i c h m a n n ( 1 9 4 0 ) f o r t h e M o l p a d i i d a , and 

C l a r k ( 1 9 0 7 ) f o r t h e A p o d i d a . T h e c l a s s i f i c a t i o n s f o r t h e 

A s p i d o c h i r o t i d a and M o l p a d i i d a p r o p o s e d b y H e d i n g ( 1 9 3 1 , 

1 9 3 5 , 1 9 4 0 , 1 9 4 2 ) h a v e b e e n r e j e c t e d in m o s t c a s e s and are 

not u s e d h e r e . 

T h e P o r c u p i n e S e a b i g h t m a t e r i a l a l l o w s a f e w t a x o n o m i c 

p o i n t s to be m a d e . S o m e a r e s h o r t and a r e d e a l t w i t h in 

S e c t i o n 4 . 2 , e . g . n o t e s on t h e g e n e r a T h y o n e , 

P s e u d o s t i c h o p u s , B e n t h o d y t e s and E l p i d i a , b u t t h r e e t o p i c s 

r e q u i r e g r e a t e r d e t a i l and a r e t r e a t e d s e p a r a t e l y in t h i s 

s e c t i o n . 
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3.1 T h e f a m i l y Y p s i l o t h u r i i d a e H e d i n g , 1 9 4 2 : t a x o n o m y and 

o n t o g e n e t i c c h a n g e s in t h e b o d y w a l l o s s i c l e s . 

T h e t a x o n o m y of t h e f a m i l y Y p s i l o t h u r i i d a e H e d i n g , 1 9 4 2 

has b e e n a p r o b l e m e v e r s i n c e t h e d e s c r i p t i o n of t h e t y p e 

s p e c i e s , Y p s i l o t h u r i a t a l i s m a n i E. P e r r i e r 1 8 8 6 , f r o m 

s p e c i m e n s c o l l e c t e d in t h e n o r t h e a s t A t l a n t i c . T h e d i a g -

n o s i s f o r t h e g e n u s w a s i n c o m p l e t e and led to s o m e c o n -

f u s i o n w i t h a n o t h e r g e n u s , S p h a e r o t h u r i a L u d w i g 1 8 9 4 , 

c r e a t e d f o r s o m e s p e c i m e n s c o l l e c t e d in t h e P a c i f i c . A 

m o r e d e t a i l e d d i a g n o s i s f o r Y p s i l o t h u r i a w a s p r o v i d e d by 

R. P e r r i e r ( 1 9 0 2 ) but c o n f u s i o n r e i g n e d o v e r t h e p r e -

c e d e n c e of Y p s i l o t h u r i a or S p h a e r o t h u r i a u n t i l H e d i n g 

( 1 9 4 2 ) , in his w o r k on t h e " I n g o l f " m a t e r i a l , f o r m e d t h e 

f a m i l y Y p s i l o t h u r i i d a e . S i n c e t h e n , a p a r t f r o m a m i n o r 

d i v e r s i o n w h e n P a n n i n g ( 1 9 4 9 ) d e m o t e d t h e f a m i l y to t h e 

l e v e l of a s u b - f a m i l y , t h e Y p s i l o t h u r i i d a e h a s b e e n 

r e c o g n i s e d as a d i s t i n c t g r o u p i n c o r p o r a t i n g t h e g e n e r a 

Y p s i l o t h u r i a , E c h i n o c u c u m i s S a r s , 1 8 5 9 a n d Y p s i l o c u c u m i s 

P a n n i n g , 1 9 4 9 ( P a w s o n , 1 9 6 5 ) . T h e s e g e n e r a p o s s e s s 

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

a r e at v a r i a n c e w i t h t h e c h a r a c t e r s n o r m a l l y a s s o c i a t e d 

w i t h t h e o r d e r D e n d r o c h i r o t i d a , t h e o r d e r in w h i c h t h e 

Y p s i l o t h u r i i d a e w e r e o r i g i n a l l y p l a c e d . T h e r e f o r e , P a w s o n 

and Fell ( 1 9 6 5 ) r e v i s e d t h e c l a s s i f i c a t i o n of t h e 

d e n d r o c h i r o t i d h o l o t h u r i a n s and f o r m e d a n e w o r d e r , t h e 

D a c t y l o c h i r o t i d a , to i n c l u d e t h e f a m i l i e s Y p s i l o t h u r i i d a e , 

R h o p a l o d i n i d a e R. P e r r i e r , 1 9 0 2 and V a n e y e l l i d a e P a w s o n 

and F e l l , 1 9 6 5 . 

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

g e n e r a and s p e c i e s w i t h i n t h e Y p s i l o t h u r i i d a e . O n t o g e n e t i c 

c h a n g e s in t h e s h a p e of t h e s p e c i m e n s a n d in t h e f o r m and 

s i z e of t h e b o d y w a l l o s s i c l e s h a v e n e v e r b e e n d e s c r i b e d 

a d e q u a t e l y . F e a t u r e s u s e d to c h a r a c t e r i z e o n e s p e c i e s m a y 
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be a p p a r e n t in a n o t h e r s p e c i e s but in i n d i v i d u a l s of a 

d i f f e r e n t s i z e . It is n e c e s s a r y , t h e r e f o r e , to r e l a t e t h e 

t a x o n o m i c c h a r a c t e r s of e a c h s p e c i e s t o t h e s i z e of t h e 

i n d i v i d u a l . 

E p i b e n t h i c s l e d g e h a u l s in t h e PSB a n d t h e R o c k a l l 

T r o u g h u s i n g a 1 . 0 m m m e s h s i z e h a v e t a k e n l a r g e s a m p l e s of 

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

Y p s i l o t h u r i a t a l i s m a n i and Y. b i t e n t a c u l a t a a t t e n u a t a . 

M o r e o v e r , t h e s a m p l e s c o n t a i n s p e c i m e n s of a v a r i e t y of 

s i z e s g r e a t e r t h a n 1 . 0 m m p r o v i d i n g , f o r t h e f i r s t t i m e , 

ideal m a t e r i a l f o r e x a m i n i n g o n t o g e n e t i c c h a n g e s in t a x -

o n o m i c c h a r a c t e r s . U s i n g t h i s d e t a i l e d i n f o r m a t i o n it will 

be p o s s i b l e to i n v e s t i g a t e t h e r e l a t i o n s h i p s of t h e n o r t h -

e a s t A t l a n t i c y p s i l o t h u r i i d s w i t h t h o s e f r o m t h e C a r i b b e a n 

and t h e P a c i f i c . I am i n d e b t e d to D r . J . D . G a g e (The 

S c o t t i s h M a r i n e B i o l o g i c a l A s s o c i a t i o n ) f o r a c c e s s to 

m a t e r i a l of Y. b i t e n t a c u l a t a a t t e n u a t a f r o m t h e R o c k a l l 

T r o u g h . 

E c h i n o c u c u m i s h i s p i d a ( B a r r e t t , 1 8 5 7 ) 

(i) o n t o g e n e t i c c h a n g e s in b o d y s h a p e . 

S m a l l s p e c i m e n s a r e g l o b u l a r and s l i g h t l y U - s h a p e d o w i n g 

to t h e p a r t i a l e x t e n s i o n of t h e a n t e r i o r and p o s t e r i o r 

e n d s w h i c h a r e b o t h d i r e c t e d d o r s a l l y ( F i g . 1 0 A , B ) . T h i s 

s h a p e is s i m i l a r to a d u l t Y p s i l o t h u r i a ( e . g . F i g . 1 0 R ) . As 

E. h i s p i d a i n c r e a s e s in s i z e , t h e a n t e r i o r and p o s t e r i o r 

e n d s b e c o m e d r a w n out r e l a t i v e to t h e r e s t of t h e b o d y , 

m a k i n g t h e b o d y m o r e e l o n g a t e and l e s s g l o b u l a r ( F i g . 10C-

I). T h e h e i g h t of t h e b o d y in l a r g e s p e c i m e n s is t y p i c a l l y 

30 to 4 0 % of t h e t o t a l h o r i z o n t a l l e n g t h . B e y o n d a l e n g t h 
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F i g u r e 10. O n t o g e n e t i c c h a n g e s in t h e b o d y s h a p e of 

E c h i n o c u c u m i s h i s p i d a (A - I), 

Y p s i l o t h u r i a t a l i s m a n i (J - M ) , 

Y. b i t e n t a c u l a t a a t t e n u a t e (N - R ) . 

1 = l e n g t h of s p e c i m e n 

h = h e i g h t of s p e c i m e n 
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of a b o u t 1 2 m m ( F i g . 1 0 1 ) t h e b o d y s h a p e d o e s not c h a n g e 

a p p r e c i a b l y a l t h o u g h a v a r i e t y of p o s t u r e s may be a d o p t e d 

o w i n g to t h e c o n t r a c t i o n of t h e s p e c i m e n s d u r i n g c a p t u r e 

and p r e s e r v a t i o n . U s u a l l y , t h e b o d y has a s h a l l o w U - s h a p e . 

In t h i s c o n f i g u r a t i o n t h e l a r g e s t s p e c i m e n f r o m t h e PSB 

m e a s u r e s 1 4 m m long but t h e s p e c i e s is l i k e l y to be c o n s i d -

e r a b l y l a r g e r in an u n c o n t r a c t e d s t a t e . 

T h e s p e c i m e n s f r o m t h e PSB a r e s i m i l a r in size to o t h e r 

E. h i s p i d a s a m p l e d in t h e n o r t h e a s t A t l a n t i c ( S a r s , 1 8 6 1 ; 

H e d i n g , 1 9 4 2 ) . S a r s ( 1 8 6 1 ) e x a m i n e d s p e c i m e n s up to 2 0 m m 

long but it is e v i d e n t f r o m t h e f i g u r e s d r a w n t h a t t h e 

g r e a t e s t l e n g t h s m a y h a v e a p p l i e d to s p e c i m e n s w i t h a 

f l a t t e n e d r a t h e r t h a n a U - s h a p e d p o s t u r e . P a w s o n ( 1 9 6 5 ) 

d e s c r i b e d t w o l a r g e r s p e c i m e n s , a b o u t 18 and 2 1 m m l o n g , 

f r o m t h e s o u t h w e s t P a c i f i c , w h i c h m e a s u r e d s o m e 4 0 and 

5 0 m m r e s p e c t i v e l y a l o n g t h e g r e a t e s t c u r v a t u r e of t h e b o d y 

( t h e v e n t r a l s u r f a c e ) . In c o m p a r i s o n , t h e g r e a t e s t l e n g t h 

of t h e PSB s p e c i m e n s m e a s u r e d in a s i m i l a r f a s h i o n was 

2 5 m m . In g e n e r a l , t h e c u r v a t u r e l e n g t h is a b o u t d o u b l e t h e 

h o r i z o n t a l l e n g t h f o r s p e c i m e n s in a U - s h a p e d a t t i t u d e . 

( i i ) c a l c a r e o u s r i n g p l a t e s . 

T h e r e a r e t e n p l a t e s w h i c h a r e u n e q u a l in s i z e . T h e 

v e n t r a l p l a t e s m a y be a l m o s t t w i c e t h e s i z e of t h e d o r s a l 

p l a t e s . F o r e x a m p l e , in a s p e c i m e n 1 1 m m long t h e m i d -

v e n t r a l r a d i a l p l a t e ( F i g . 11 A ) is 4 0 0 ^ m w i d e and 4 6 0 ^ m 

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

i n t e r r a d i a l p l a t e ( F i g . 1 1 F ) is a b o u t 2 0 0 ^ m w i d e and 2 8 0 ^ m 

h i g h . To a c c o m m o d a t e t h i s c h a n g e in p l a t e s i z e t h e two 

h a l v e s of t h e b a s e of s o m e p l a t e s m a y be d e v e l o p e d 

d i s p r o p o r t i o n a t e l y ( F i g . 1 1 B , D , E , G ) . T h i s f e a t u r e l e a d s to 

a c u r v e in t h e c a l c a r e o u s r i n g so t h a t t h e d o r s a l p l a t e s 

a r e c l o s e r t o t h e a n t e r i o r end t h a n t h e v e n t r a l p l a t e s , as 
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in Y p s i l o t h u r i a . T h e m i d - v e n t r a l and v e n t r o - l a t e r a l r a d -

ials are o f t e n s l i g h t l y l a r g e r t h a n t h e v e n t r a l i n t e r -

r a d i a l p l a t e s , as f i g u r e d by S a r s ( 1 8 6 1 , F i g . X I , 1 3 ) . 

T h e a n t e r i o r p r o c e s s of t h e p l a t e s is w i d e and is 

u s u a l l y s l i g h t l y b i f i d at its e n d ( F i g . 1 1 A , C , E ) . H o w e v e r , 

t h e l a t e r a l i n t e r r a d i a l p l a t e d i f f e r s f r o m all t h e o t h e r 

p l a t e s in h a v i n g a n a r r o w t o o t h - l i k e p r o c e s s ( F i g . 1 1 D , G ) . 

In t h i s r e s p e c t t h e PSB m a t e r i a l d i f f e r s f r o m t h a t 

d e s c r i b e d by b o t h S a r s ( 1 8 6 1 ) , w h o i n d i c a t e d t h a t t h e 

l a t e r a l i n t e r r a d i a l p l a t e s h a v e a b i f i d a n t e r i o r p r o c e s s 

( o p . c i t . F i g . X I , 13), and H e d i n g ( 1 9 4 2 ) w h o n o t e d t h a t 

w h i l e m o s t of t h e a n t e r i o r p r o c e s s e s w e r e b i f i d , a few 

e n d e d in a s i m p l e p o i n t but o n l y in s m a l l s p e c i m e n s . No 

such r e l a t i o n s h i p b e t w e e n s p e c i m e n s i z e and f o r m of 

a n t e r i o r p r o c e s s is e v i d e n t in t h e PSB m a t e r i a l . H o w e v e r , 

e x a m i n a t i o n of m a n y PSB s p e c i m e n s s h o w s t h a t t h e s t r u c t u r e 

of t h e v e n t r a l i n t e r r a d i a l p l a t e s , at l e a s t , is v e r y 

v a r i a b l e ( F i g . 1 3 A ) ; in s o m e c a s e s t h e a n t e r i o r p r o c e s s 

m a y be r a t h e r low and b i f i d ( F i g . 1 1 H ) w h i l e in o t h e r s it 

is w e l l d e v e l o p e d and b l u n t ( F i g . 1 1 B ) . It is not 

p o s s i b l e , t h e r e f o r e , to s t a t e c a t e g o r i c a l l y t h a t all t h e 

a n t e r i o r p r o c e s s e s a r e b i f i d . 

( i i i ) o n t o g e n e t i c c h a n g e s in b o d y w a l l o s s i c l e s . 

T h e c a l c a r e o u s d e p o s i t s of s m a l l s p e c i m e n s (1 to 2 m m 

l o n g ) c o m p r i s e e x c l u s i v e l y of p r i m a r y c r o s s e s w i t h a s p i r e 

p l a c e d e x c e n t r i c a l l y on t h e p r i m a r y rod ( F i g . 1 1 1 ) . S o m e 

of t h e d e p o s i t s a r e t r i p a r t i t e ( F i g . 11 J ) w h i l e o t h e r s may 

h a v e t w o c o l u m n s at t h e b a s e of t h e s p i r e w h i c h f u s e 

d i s t a l l y ( F i g . 1 1 K ) . T h e e n d s of t h e a r m s of t h e p r i m a r y 

c r o s s a r e u s u a l l y p e r f o r a t e d by o n e or m o r e h o l e s ( F i g . 

1 1 1 ) . In s m a l l s p e c i m e n s t h e p r i m a r y c r o s s e s a r e a b o u t 

ISO^m l o n g , but in l a r g e r s p e c i m e n s t h e y m a y r e a c h a 
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F i g u r e 11. E c h i n o c u c u m i s h i s p i d a . 

C a l c a r e o u s r i n g p l a t e s f r o m 11mm l o n g s p e c i m e n : 

A ) M i d - v e n t r a l r a d i a l , 

B ) V e n t r o - l a t e r a l i n t e r r a d i a l , 

C ) L a t e r a l r a d i a l , 

D ) L a t e r a l i n t e r r a d i a l , 

E) D o r s o - l a t e r a l r a d i a l , 

F) M i d - d o r s a l i n t e r r a d i a l . 

C a l c a r e o u s r i n g p l a t e s f r o m 1 0 m m l o n g s p e c i m e n : 

G) L a t e r a l i n t e r r a d i a l , 

H ) V e n t r o - l a t e r a l I n t e r r a d i a l . 

I) B o d y w a l l o s s i c l e s f r o m a s p e c i m e n 1mm l o n g , 

J to M ) B o d y w a l l o s s i c l e s f r o m a s p e c i m e n 4 m m l o n g , 

N and 0 ) B o d y w a l l o s s i c l e s f r o m a s p e c i m e n 1 0 m m l o n g . 

S c a l e b a r s : A t o D, and N ) 2 0 0 ^ m ; E t o M , and 0 ) l O O ^ m , 
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l e n g t h of 3 0 0 ^ m b e f o r e d e v e l o p i n g i n t o a r e t i c u l a t e d 

p l a t e . A d j a c e n t a r m s of t h e p r i m a r y c r o s s a r e j o i n e d up 

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

c o n t i n u e s by t h e f o r m a t i o n of s p u r s a r o u n d t h e p e r i p h e r y 

of t h e p l a t e w h i c h c o m b i n e to m a k e f u r t h e r p e r f o r a t i o n s 

( F i g . 1 1 L ) . H o w e v e r , t h e p l a t e d o e s not g r o w at t h e s a m e 

r a t e a r o u n d its w h o l e p e r i m e t e r s i n c e t h e s p i r e is a l w a y s 

p l a c e d c l o s e t o , or o n , o n e e d g e ( F i g . 1 1 N , 0 ) . T h e h o l e s 

a r e g e n e r a l l y p l a c e d in r o w s and a r e 6 0 to 9 0 ^ m in 

d i a m e t e r , d e c r e a s i n g in s i z e t o w a r d s t h e e d g e . All p l a t e s 

a r e c o m p o s e d of a s i n g l e c a l c a r e o u s l a y e r . 

T h e s p i r e is c o n i c a l and s p i n y . It is f o r m e d f r o m 

s e v e r a l c o l u m n s c o n n e c t e d t o g e t h e r by s e v e r a l c r o s s p i e c e s 

( H a n s e n , in p r e s s ) and u s u a l l y has a n a r r o w b a s e o v e r l y i n g 

j u s t o n e h o l e on t h e p l a t e . T h e s p i r e r e a c h e s a h e i g h t of 

at l e a s t 4 5 0 ^ m on t h e l a r g e s t p l a t e s f o u n d in t h e p r e s e n t 

m a t e r i a l ( < 6 4 0 ^ m l o n g ) . In e x c e p t i o n a l c a s e s t w o 

s e p a r a t e s p i r e s m a y be f o r m e d ( F i g . 1 1 M ) . 

T h e p l a t e s a r e r o u g h l y o v a l in s h a p e a n d in a f e w c a s e s 

o n e e d g e of t h e p l a t e is i n d e n t e d to a l l o w t h e p a s s a g e of 

a t u b e f o o t t h r o u g h t h e s k e l e t o n . In t h e m i d p a r t of t h e 

b o d y t h e p l a t e s o v e r l a p o n l y s l i g h t l y but at t h e p o s t e r i o r 

and a n t e r i o r e n d s t h e y o c c u r in s e v e r a l l a y e r s o w i n g to 

t h e c o n t r a c t i o n of t h e h o l o t h u r i a n . T h e p l a t e s at e i t h e r 

end of t h e b o d y a r e g e n e r a l l y s m a l l e r t h a n t h o s e in t h e 

m i d d l e and o f t e n l a c k a s p i r e . 

P l a t e s a r e f i r s t d e v e l o p e d f r o m p r i m a r y c r o s s e s in 

s p e c i m e n s s o m e 2 m m l o n g . P l a t e s w i t h s e v e r a l h o l e s a c c o u n t 

f o r a b o u t 2 5 % and 7 0 % of t h e t o t a l n u m b e r of b o d y w a l l 

o s s i c l e s in s p e c i m e n s 3 and 4 m m long r e s p e c t i v e l y , inc-

r e a s i n g to m o r e t h a n 9 5 % in s p e c i m e n s l o n g e r t h a n 6 m m . 

B o t h t h e m a x i m u m p l a t e l e n g t h and t h e m e a n p l a t e l e n g t h of 

o s s i c l e s a r e c o r r e l a t e d w i t h t h e l e n g t h o f t h e s p e c i m e n s 
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F i g u r e 12. E c h i n o c u c u m i s h i s p i d a . B o d y w a l l o s s i c l e s : t h e 

r e l a t i o n s h i p b e t w e e n m a x i m u m and m e a n o s s i c l e l e n g t h w i t h 

b o d y l e n g t h p l o t t e d on a log s c a l e . 
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but t h e r e l a t i o n s h i p s a r e n o n - l i n e a r ( F i g . 12). P l a t e 

g r o w t h is g r e a t e s t in s m a l l s p e c i m e n s . T h e l a r g e s t 

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

w a s 640^im. U s i n g t h e r e g r e s s i o n c a l c u l a t e d f r o m t h e d a t a 

( F i g . 12) s p e c i m e n s s o m e 2 0 m m long w o u l d n o t be e x p e c t e d 

to h a v e p l a t e s m o r e t h a n a b o u t 7 5 0 ^ m l o n g . T h i s is in 

c o n t r a s t to t h e p l a t e s o b s e r v e d by D e i c h m a n n ( 1 9 3 0 ) and 

P a w s o n ( 1 9 6 5 ) w h i c h had an a v e r a g e l e n g t h o f 1 m m . 

( i v ) o t h e r t a x o n o m i c f e a t u r e s . 

T h e r e a r e 10 d i g i t a t e t e n t a c l e s . T h e t w o l a t e r a l t e n t -

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

r e s t . T h e t e n t a c l e o s s i c l e s a r e s l e n d e r c u r v e d r o d s , 100 

to I S O ^ m l o n g , p e r f o r a t e d at e i t h e r end ( F i g . 1 3 B ) . T h e 

c e n t r e of t h e rod o f t e n b e a r s a s m a l l r o u n d e d k n o b p i e r c e d 

by a s i n g l e h o l e . T h e o s s i c l e s d i f f e r f r o m t h o s e in t h e 

i n t r o v e r t w h i c h a r e s m a l l , e l o n g a t e p l a t e s ( F i g . 1 3 C ) , 

s o m e t i m e s i r r e g u l a r in s h a p e , e a c h w i t h a f e w h o l e s . T h e 

t u b e f e e t a r e s m a l l , i n d i s t i n c t , and a r e r e s t r i c t e d to t h e 

r a d i i . T h e y a p p e a r to be m i s s i n g in t h e m i d p a r t of t h e 

t w o d o r s a l a m b u l a c r a but a r e p r e s e n t t h r o u g h o u t t h e t h r e e 

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

In s o m e c a s e s an i n d i s t i n c t d o u b l e r o w m a y o c c u r . At t h e 

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

be f o u n d . T h e s e a r e p a r t i c u l a r l y w e l l d e v e l o p e d in s m a l l 

s p e c i m e n s and are 1mm long ( c o n t r a c t e d ) in s p e c i m e n s 

m e a s u r i n g o n l y 1 . 5 m m in l e n g t h . T h e y a r e l i k e l y to act as 

an a n c h o r f o r t h e h o l o t h u r i a n d u r i n g its e a r l y s t a g e s of 

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

c u r v e d r o d s ( F i g . 1 3 D , E ) w h i c h a r e p a r t i c u l a r l y p r e v a l e n t 

in s m a l l s p e c i m e n s . T h e y r e s e m b l e t h e o s s i c l e s of t h e 

t e n t a c l e s in b e i n g p e r f o r a t e d at e i t h e r e n d and in h a v i n g 

a c e n t r a l p e r f o r a t e d , r o u n d e d k n o b . S o m e o s s i c l e s h a v e 

s h o r t , i r r e g u l a r s i d e b r a n c h e s . 
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F i g u r e 13. E c h i n o c u c u m i s h i s p i d a . 

A ) V e n t r o - l a t e r a l i n t e r r a d i a l c a l c a r e o u s r i n g p l a t e s , all 

a b o u t I S O ^ m w i d e , f r o m 6 d i f f e r e n t s p e c i m e n s all 8 to 9 m m 

l o n g , s h o w i n g v a r i a t i o n in t h e s h a p e o f t h e a n t e r i o r 

p r o c e s s . 

B ) T e n t a c l e o s s i c l e s f r o m a s p e c i m e n 1 0 m m l o n g . 

C ) I n t r o v e r t o s s i c l e s f r o m a s p e c i m e n 1 0 m m l o n g . 

D) O s s i c l e s f r o m t h e m i d - v e n t r a l t u b e f e e t of a s p e c i m e n 

1 . 5 m m l o n g . 

E ) T u b e f e e t o s s i c l e s f r o m a s p e c i m e n 1 0 m m l o n g . 

S c a l e b a r s : B , D , E ) l O O ^ m , C ) 3 0 0 ^ m . 
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Y p s i l o t h u r i a t a l i s m a n ! E. P e r r i e r , 1886 

(i) o n t o g e n e t i c c h a n g e s in b o d y s h a p e . 

S m a l l s p e c i m e n s (1 to 2 m m l o n g ) a r e t r i a n g u l a r in s h a p e 

( F i g . 1 0 J ) . W h e n t h e y a r e v i e w e d d o r s a l l y t h e y a p p e a r t h i n 

and s u b - g l o b u l a r b u t as t h e h o l o t h u r i a n i n c r e a s e s in size 

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

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

p r o j e c t i o n s ( F i g . 1 0 K - N ) . B e y o n d 4 m m l e n g t h t h e body 

c h a n g e s o n l y a l i t t l e in s h a p e and is i d e n t i c a l to 

Y . b i t e n t a c u l a t a a t t e n u a t a ( F i g . 1 0 N - R ) . In m o s t c a s e s 

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

t h e a n t e r i o r p a r t s of t h e v e n t r a l s u r f a c e a r e m o r e or less 

p a r a l l e l to e a c h o t h e r and p e r p e n d i c u l a r to t h e d o r s a l 

s u r f a c e f o r m i n g a t i g h t U - s h a p e . T h i s is t h e p o s t u r e f o u n d 

in m o s t p r e s e r v e d s p e c i m e n s a l t h o u g h t h e r e is s o m e 

v a r i a t i o n in s h a p e . T h e h e i g h t of t h e b o d y in l a r g e 

s p e c i m e n s is t y p i c a l l y 70 to 8 0 % of t h e h o r i z o n t a l l e n g t h . 

T h e l a r g e s t s p e c i m e n s m e a s u r e d 7 m m in h o r i z o n t a l l e n g t h 

and 18mm a l o n g t h e c u r v a t u r e of t h e v e n t r a l s u r f a c e . T h e 

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

g r e a t e r t h a n t h e h o r i z o n t a l l e n g t h . 

T h e P S B s p e c i m e n s a r e s i m i l a r in l e n g t h to o t h e r 

Y. t a l i s m a n i r e p o r t e d f r o m t h e n o r t h A t l a n t i c , i n c l u d i n g 

t h e t y p e m a t e r i a l ( P e r r i e r , 1 8 8 6 ) . D e i c h m a n n ( 1 9 4 0 ) 

e x a m i n e d s p e c i m e n s up to 1 0 m m in l e n g t h w h i l e H e d i n g 

( 1 9 4 2 ) r e f e r r e d to s p e c i m e n s up to 15mm l o n g a l t h o u g h s o m e 

of t h e s e w o u l d n o t h a v e b e e n in a t i g h t U - s h a p e d p o s t u r e . 
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( i i ) c a l c a r e o u s r i n g p l a t e s . 

T h e r e a r e e s s e n t i a l l y 8 c a l c a r e o u s r i n g p l a t e s ( F i g . 

1 4 A - H ) . T h e t w o v e n t r a l i n t e r r a d i a l p i e c e s a r e g e n e r a l l y 

c o n s i d e r e d t o b e m i s s i n g . H o w e v e r , a l t h o u g h o n l y 8 p l a t e s 

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

p l a c e d in an a l k a l i n e s o l u t i o n t h e t w o v e n t r o - l a t e r a l 

r a d i a l p l a t e s s e p a r a t e i n t o t w o h a l v e s ( F i g . 1 4 D ) . It 

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

of t h e t r u e v e n t r o - l a t e r a l r a d i a l a n d t h e v e n t r a l 

i n t e r r a d i a l p i e c e s . T h e s t r u c t u r e of t h i s c o m p o s i t e p l a t e 

is s i m i l a r in s m a l l ( F i g . 1 4 B ) and l a r g e ( F i g . 14D) 

s p e c i m e n s . It is w i d e r t h a n any of t h e o t h e r p l a t e s and 

h a s a s h o r t , b r o a d a n t e r i o r p r o c e s s . In c o n t r a s t , t h e b a s e 

of t h e m i d - v e n t r a l r a d i a l p l a t e is n a r r o w and t h e h e i g h t 

of t h e a n t e r i o r p r o c e s s u s u a l l y e x c e e d s t h e w i d t h of t h e 

p l a t e ( F i g . 1 4 F ) . T h e a n t e r i o r p r o c e s s is o f t e n s l i g h t l y 

b i f i d in l a r g e s p e c i m e n s , and is d i s t i n c t l y so in s m a l l 

s p e c i m e n s . 

T h e m i d - d o r s a l i n t e r r a d i a l ( F i g . 1 4 H ) and t h e d o r s o -

l a t e r a l r a d i a l p l a t e s ( F i g . 1 4 E ) are w e l l d e v e l o p e d and 

a r e s i m i l a r in s i z e to t h e v e n t r a l p l a t e s . E a c h of t h e s e 

p l a t e s has a l a r g e b i f i d a n t e r i o r p r o c e s s . E a c h h a l f of 

t h e b a s e of t h e l a t e r a l i n t e r r a d i a l ( F i g . 1 4 A , C , G ) and t h e 

d o r s o - l a t e r a l r a d i a l p l a t e s ( F i g . 1 4 E ) m a y be d e v e l o p e d 

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

so t h a t t h e d o r s a l p l a t e s lie c l o s e r to t h e m o u t h t h a n t h e 

v e n t r a l p l a t e s , as in E. h i s p i d a and Y . b i t e n t a c u l a t a 

a t t e n u a t a . 

T h e m o s t s i g n i f i c a n t f e a t u r e of t h e c a l c a r e o u s r i n g is 

t h a t t h e a n t e r i o r p r o c e s s of t h e l a t e r a l i n t e r r a d i a l p l a t e 

e n d s in a s i m p l e p o i n t ( F i g . 1 4 A , C , G ) w h i c h m a y be s k e w e d 

to o n e s i d e . H e d i n g ( 1 9 4 2 ) u s e d t h i s f e a t u r e to 

d i s t i n g u i s h Y . t a l i s m a n i f r o m Y . b i t e n t a c u l a t a a t t e n u a t a . 
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F i g u r e 14. Y p s i l o t h u r i a t a l i s m a n i . 

C a l c a r e o u s r i n g p l a t e s f r o m a s p e c i m e n 2 m m long : 

A ) L a t e r a l i n t e r r a d i a l , 

B ) V e n t r o - l a t e r a l r a d i a l . 

C a l c a r e o u s r i n g p l a t e f r o m a s p e c i m e n 3 m m long : 

C ) L a t e r a l i n t e r r a d i a l . 

C a l c a r e o u s r i n g p l a t e f r o m a s p e c i m e n 6 m m long : 

D) V e n t r o - l a t e r a l r a d i a l . 

C a l c a r e o u s r i n g p l a t e s f r o m a s p e c i m e n 7 m m long : 

E) D o r s o - l a t e r a l r a d i a l , 

F ) M i d - v e n t r a l r a d i a l , 

G ) L a t e r a l i n t e r r a d i a l , 

H ) M i d - d o r s a l i n t e r r a d i a l . 

B o d y w a l l o s s i c l e s : 

I , J ) 1mm long s p e c i m e n , 

K ) 2 m m l o n g s p e c i m e n , 

L , M ) 3 m m long s p e c i m e n , 

N ) 4 m m long s p e c i m e n , 

0 ) 6 m m l o n g s p e c i m e n . 

S c a l e b a r s : D , N , 0 ) 2 0 0 ^ m ; A to C , G t o M ) lOO^m, 
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( i i i ) o n t o g e n e t i c c h a n g e s in b o d y w a l l o s s i c l e s . 

T h e b o d y w a l l o s s i c l e s of s p e c i m e n s a b o u t 1mm long are 

c o m p o s e d of s m a l l , c i r c u l a r to o v a l p l a t e s w i t h an 

I r r e g u l a r o u t l i n e and l a c k i n g a s p i r e ( F i g . 1 4 1 ) . S o m e of 

t h e p r i m a r y p l a t e s m a y be m i s s h a p e n and t h o s e s u r r o u n d i n g 

t h e e x t r e m i t i e s of t h e b o d y a r e o f t e n t r i a n g u l a r , 

s o m e t i m e s w i t h o n e c o r n e r e x t e n d e d in t h e f o r m of a s p i n e , 

g i v i n g t h e b o d y a t h o r n y a p p e a r a n c e . S o m e p r i m a r y r o d s 

o c c u r in t h e s e s m a l l s p e c i m e n s ( F i g . 1 4 J ) but t h e y are 

r a r e . T h e p l a t e s a r e u s u a l l y 2 0 0 to 3 0 0 ^ m long but may 

e x t e n d up to a b o u t 4 8 0 ^ m in t h e i r l a r g e s t d i m e n s i o n . T h e y 

a r e m a d e of o n e c a l c a r e o u s l a y e r o n l y . 

T h e s p i r e s t a r t s to f o r m in s p e c i m e n s a b o u t 2 m m long 

( F i g . 1 4 K ) . T h e s p i r e is f o r m e d at its b a s e by 4 or 5 r o d s 

w h i c h u s u a l l y a r i s e a r o u n d o n e of t h e p e r f o r a t i o n s ( F i g . 

1 6 A ) and w h i c h f u s e t o g e t h e r a b o v e t h e h o l e . T h e s p i r e 

i n c r e a s e s in l e n g t h ( F i g . 1 4 M ) as t h e p l a t e i n c r e a s e s in 

s i z e . N o r m a l l y it f o r m s e x c e n t r i c a l l y on t h e p l a t e but in 

s o m e c a s e s it o c c u r s c l o s e to t h e e d g e ( F i g . 1 4 L ) 

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

E. h i s p i d a of a s i m i l a r s i z e . T h e s p i r e is c o m p o s e d of 

s e v e r a l r o d s f u s e d t o g e t h e r by s e v e r a l c r o s s p i e c e s and 

c a r r i e s s e v e r a l o u t w a r d l y p o i n t i n g s p i n e s ( F i g . 1 4 N ) . In 

t h e l a r g e s t s p e c i m e n s e x a m i n e d (6 to 7 m m l o n g ) i t r e a c h e s a 

l e n g t h of at l e a s t 5 5 0 ^ m . 

In s m a l l s p e c i m e n s (1 t o 3 m m l o n g ) t h e p e r f o r a t i o n s of 

t h e p l a t e s h a v e a d i a m e t e r of 30 to 7 0 ^ m ( s o m e 9 0 ^ m ) , but 

as t h e i n d i v i d u a l i n c r e a s e s in s i z e and t h e p l a t e s b e c o m e 

l a r g e r , s m a l l e r h o l e s (20 to 3 0 ^ m ) a r e f o r m e d a r o u n d t h e 

p e r i p h e r y of t h e p l a t e . T h i s p r o c e s s s t a r t s in s p e c i m e n s 

a b o u t 3 m m long ( F i g . 1 4 L ) . At t h e s a m e t i m e t h e c a l c a r e o u s 

n e t w o r k of t h e p l a t e s t a r t s t o t h i c k e n a n d s m a l l p r o -

j e c t i o n s , w h i c h w i l l e v e n t u a l l y f o r m t h e e x t r a c a l c a r e o u s 
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l a y e r s on t h e p l a t e , can b e s e e n ( F i g . 1 4 M ) . T h e e x t r a 

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

m u l t i l a y e r e d p l a t e s a r e p r e s e n t in s p e c i m e n s 4 m m l o n g . T h e 

p e r f o r a t i o n s in t h e p l a t e a r e now all q u i t e s m a l l (15 to 

4 0 ^ m ) e x c e p t t h o s e u n d e r n e a t h t h e s p i r e . 

In s p e c i m e n s 5mm long a f e w p l a t e s m a y b e f o u n d w h i c h 

a r e o n l y j u s t s t a r t i n g to f o r m e x t r a c a l c a r e o u s l a y e r s but 

m o s t h a v e a w e l l d e v e l o p e d c a l c a r e o u s n e t w o r k , p a r t -

i c u l a r l y a r o u n d t h e b a s e of t h e s p i r e . T h e p e r i p h e r y of 

t h e p l a t e , h o w e v e r , is a l w a y s a s i n g l e l a y e r and t h i s 

f e a t u r e is f o u n d in p l a t e s of l a r g e r s p e c i m e n s (6 to 7mm 

l o n g ) ( F i g . 1 4 , 0 ) . T h e p l a t e s of l a r g e s p e c i m e n s are oval 

to c i r c u l a r in s h a p e . 

T h e d i m e n s i o n s of t h e b o d y w a l l o s s i c l e s a r e r e l a t e d to 

t h e s i z e of t h e s p e c i m e n ( F i g . 15). B o t h t h e m a x i m u m and 

m e a n p l a t e s i z e v a r y l i n e a r l y w i t h t h e l e n g t h of t h e 

s p e c i m e n . T h e g r e a t e s t d i m e n s i o n of a p l a t e f r o m t h e 

l a r g e s t s p e c i m e n s ( 7 m m l o n g ) d o e s not e x c e e d 9 0 0 ^ m . 

( i v ) o t h e r t a x o n o m i c f e a t u r e s . 

T h e r e a r e 8 d i g i t a t e t e n t a c l e s . T h e f u s i o n of t h e v e n t -

ral i n t e r r a d i a l and t h e v e n t r o - l a t e r a l r a d i a l p l a t e s of 

t h e c a l c a r e o u s r i n g has led to t h e loss o f t w o v e n t r a l 

t e n t a c l e s . As w i t h E. h i s p i d a , t h e t w o l a t e r a l t e n t a c l e s 

a r e m u c h l o n g e r t h a n t h e o t h e r s . T h e b a s e of t h e t e n t a c l e 

is p i g m e n t e d b r o w n in m a n y c a s e s . T h e t e n t a c l e o s s i c l e s 

are s l e n d e r , c u r v e d r o d s , 150 to 3 0 0 w m l o n g , p e r f o r a t e d at 

e a c h e n d by o n e or m o r e h o l e s ( F i g . 1 6 B ) . T h e r o d s are 

s p i n o u s and in a few c a s e s m a y h a v e o n e o r m o r e r o u n d e d 

k n o b s p e r f o r a t e d by a s i n g l e h o l e ( F i g . 1 6 8 ) . T h e t e n t a c l e 

o s s i c l e s of t h e PSB s p e c i m e n s are u s u a l l y d i s t i n c t l y 

c u r v e d , u n l i k e t h o s e f i g u r e d by H e d i n g ( 1 9 4 2 ) f o r t h e 
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F i g u r e 15. Y p s i l o t h u r i a t a l i s m a n ! . B o d y w a l l o s s i c l e s : 

t h e r e l a t i o n s h i p b e t w e e n m a x i m u m and m e a n o s s i c l e l e n g t h 

w i t h b o d y l e n g t h . 
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F i g u r e 1 6 . Y p s i l o t h u r i a t a l i s m a n i . 

A ) B o d y w a l l o s s i c l e s f r o m a s p e c i m e n 2 m m long s h o w i n g 

a r e a s w h e r e t h e s p i r e s t a r t s to f o r m . 

B ) T e n t a c l e o s s i c l e s f r o m a s p e c i m e n 7 m m l o n g . 

C ) O s s i c l e s f r o m t h e m i d - v e n t r a l t u b e f e e t of a s p e c i m e n 

2 m m long (4 o s s i c l e s L H S ) and f r o m t h e t u b e f e e t of a 

s p e c i m e n 6 m m long (4 o s s i c l e s R H S ) . 

D) I n t r o v e r t o s s i c l e s f r o m a s p e c i m e n 7 m m long s h o w i n g 

s m a l l k n o b s on t h e s u r f a c e . 

S c a l e b a r s : A ) 200^im; B , C , D ) 
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" I n g o l f " m a t e r i a l . H e d i n g ( 1 9 4 2 ) a l s o u s e d t h e t e n t a c l e 

o s s i c l e s to c h a r a c t e r i z e a s u b s p e c i e s o f Y p s i l o t h u r i a 

t a l i s m a n i f o u n d in t h e W e s t I n d i e s , Y . t a l i s m a n i e l e g a n s , 

but t h e o s s i c l e s of t h i s s u b s p e c i e s fall w i t h i n t h e r a n g e 

n o t e d f o r t h e P S B m a t e r i a l . 

T h e o s s i c l e s of t h e i n t r o v e r t a r e e l o n g a t e p l a t e s a b o u t 

2 0 0 ^ m long w i t h a f e w h o l e s and an i r r e g u l a r o u t l i n e . T h e 

h o l e s a r e u s u a l l y s m a l l e r at t h e e n d s of t h e p l a t e s ( F i g . 

1 6 D ) . T h e p l a t e s a p p e a r to h a v e s o m e f i n e k n o b s on t h e i r 

s u r f a c e . 

As in E. h i s p i d a t h e t u b e f e e t of Y. t a l i s m a n i are s m a l l , 

and a r e r e s t r i c t e d to t h e r a d i i . T h e y are m i s s i n g f r o m t h e 

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

t h r o u g h o u t t h e l e n g t h of t h e o t h e r t h r e e a m b u l a c r a , a l b e i t 

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

e x c e p t at t h e m i d - p o i n t of t h e m i d - v e n t r a l a m b u l a c r u m 

w h e r e a p a i r of t u b e f e e t a r e f o u n d . T h e s e t w o t u b e f e e t are 

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

o s s i c l e s a r e c u r v e d r o d s ( F i g . 1 6 C ) , a b o u t 1 0 0 / m l o n g . T h e 

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

p e r f o r a t e d at e a c h e n d . S o m e h a v e a p e r f o r a t e d k n o b at t h e 

c e n t r e of t h e r o d . 
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Y p s i l o t h u r i a b i t e n t a c u l a t a a t t e n u a t a ( R . P e r r i e r , 1 9 0 2 ) 

(i) o n t o g e n e t i c c h a n g e s in b o d y s h a p e . 

T h e d e v e l o p m e n t of t h e b o d y s h a p e of Y . b i t e n t a c u l a t a 

a t t e n u a t a is i d e n t i c a l to Y. t a l i s m a n i ( F i g . 1 0 J - R ) 

c h a n g i n g f r o m a t r i a n g u l a r p o s t u r e ( F i g . 1 0 J ) to a U - s h a p e 

( F i g . 1 0 N - R ) . T h e r e is s o m e v a r i a t i o n in t h e s h a p e of 

l a r g e s p e c i m e n s but in m o s t c a s e s t h e p o s t e r i o r and 

a n t e r i o r e n d s of t h e v e n t r a l s u r f a c e a r e p e r p e n d i c u l a r t o 

t h e d o r s a l s u r f a c e f o r m i n g a t i g h t U - s h a p e , as in 

Y. t a l i s m a n i . As a r e s u l t , t h e r e l a t i v e p r o p o r t i o n s of t h e 

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

t h e t w o s p e c i e s . H o w e v e r , Y. b i t e n t a c u l a t a a t t e n u a t a 

a p p e a r s to g r o w to a g r e a t e r s i z e t h a n Y . t a l i s m a n i . T h e 

l a r g e s t s p e c i m e n s of Y . b i t e n t a c u l a t a a t t e n u a t a f r o m t h e 

R o c k a l l T r o u g h h a v e a h o r i z o n t a l l e n g t h of 11mm and a 

c u r v a t u r e l e n g t h of 2 7 m m , f o r s p e c i m e n s in a t i g h t U-

s h a p e . L a r g e r s p e c i m e n s , up to 2 0 m m l o n g , w e r e d e s c r i b e d 

by H e d i n g ( 1 9 4 2 ) f r o m t h e " I n g o l f " a n d " G o d t h a a b " 

E x p e d i t i o n s but t h e r e w a s g r e a t v a r i a t i o n in t h e s h a p e of 

t h e s e s p e c i m e n s . T h e R o c k a l l m a t e r i a l is a l s o s m a l l e r t h a n 

s e v e r a l of t h e s p e c i m e n s of Y. b i t e n t a c u l a t a a t t e n u a t a 

d e s c r i b e d by L u d w i g ( 1 8 9 4 ) f r o m t h e e a s t e r n P a c i f i c 

( a v e r a g e l e n g t h 1 2 . 6 m m ) . 

( i i ) c a l c a r e o u s r i n g p l a t e s . 

T h e r e a r e 8 c a l c a r e o u s r i n g p l a t e s ( F i g . 1 7 A - H ) . T h e 

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

end so t h a t t h e d o r s a l p a r t s l o p e s a n t e r i o r l y r e l a t i v e to 

t h e v e n t r a l p a r t . To a c c o m m o d a t e t h i s s k e w in t h e c a l c a r -

e o u s r i n g t h e t w o h a l v e s of t h e b a s e o f s o m e p l a t e s are 

d e v e l o p e d to d i f f e r e n t d e g r e e s ( F i g s 1 7 A - C , H ; 1 8 A - E ) . M o s t 
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F i g u r e 17. Y p s i l o t h u r i a b i t e n t a c u l a t a a t t e n u a t a 

C a l c a r e o u s r i n g p l a t e s f r o m t h e s a m e 6 m m long s p e c i m e n 

M i d - d o r s a l i n t e r r a d i a l 

D o r s o - l a t e r a l r a d i a l . 

L a t e r a l i n t e r r a d i a l , 

v e n t r o - l a t e r a l r a d i a l . 

M i d - v e n t r a l r a d i a l , 

V e n t r o - l a t e r a l r a d i a l . 

L a t e r a l i n t e r r a d i a l , 

D o r s o - l a t e r a l r a d i a l . 

S c a l e b a r s : A , B , C , E , G , H ) l O O ^ m ; D , F ) 2 0 0 ^ m , 
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p l a t e s h a v e a c o n c a v e p o s t e r i o r e d g e ( F i g s 1 7 A , C , E , G ; 

1 8 A - E ) but o n l y a s m a l l n o t c h m a y be e v i d e n t on t h e d o r s o -

l a t e r a l r a d i a l p l a t e s in l a r g e r s p e c i m e n s ( F i g . 

T h e c o m p o s i t e v e n t r o - l a t e r a l r a d i a l p l a t e s , m a d e of t h e 

t r u e v e n t r o - l a t e r a l r a d i a l and v e n t r a l i n t e r r a d i a l p l a t e s 

( F i g . 1 7 D , F ) , as in Y. t a l i s m a n i , h a v e t w o s m a l l c o n c a v e 

a r e a s on t h e p o s t e r i o r e d g e . 

All t h e p l a t e s a r e i d e n t i c a l in s t r u c t u r e to t h o s e 

d e s c r i b e d in d e t a i l by L u d w i g ( 1 8 9 4 ) f o r Y . b i t e n t a c u l a t a 

f r o m t h e P a c i f i c . T h e m i d - d o r s a l i n t e r r a d i a l p l a t e ( F i g . 

1 7 A ) has a s l i g h t l y b i f i d a n t e r i o r p r o c e s s but its f o r m 

can v a r y in s m a l l s p e c i m e n s f r o m a s i n g l e b l u n t p o i n t to a 

b i f i d e n d w i t h a d e e p c l e f t . T h e h e i g h t o f t h e a n t e r i o r 

p r o c e s s is a b o u t h a l f t h e w i d t h of t h e p l a t e . T h e d o r s o -

l a t e r a l ( F i g . 1 7 B , H ) and m i d - v e n t r a l r a d i a l ( F i g . 1 7 E ) 

p l a t e s a r e s i m i l a r in s i z e and s h a p e and h a v e a d i s t i n c t l y 

b i f i d a n t e r i o r p r o c e s s . T h e v e n t r o - l a t e r a l r a d i a l p l a t e s 

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

t w o f u s e d p l a t e s ( F i g . 1 7 D , F ) b u t , as L u d w i g ( 1 8 9 4 ) n o t e d , 

a s m a l l t o o t h can d e v e l o p on e a c h s i d e of t h e a n t e r i o r 

p r o c e s s g i v i n g it a b i f i d a p p e a r a n c e . In s o m e c a s e s a 

s m a l l s e c o n d a r y t o o t h m a y be f o r m e d in t h e m i d d l e . T h e 

a n t e r i o r p r o c e s s of t h e l a t e r a l i n t e r r a d i a l p l a t e is a l s o 

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

l e n g t h s ( F i g . 1 7 C , G ; 1 8 A ) . T h e b i f i d n a t u r e of t h e 

a n t e r i o r p r o c e s s m a y not a l w a y s be a p p a r e n t , p a r t i c u l a r l y 

in s m a l l s p e c i m e n s ( F i g . 1 8 B - E ) . 

( i i i ) o n t o g e n e t i c c h a n g e s in b o d y w a l l o s s i c l e s . 

S m a l l , c i r c u l a r to o v a l p l a t e s a r e t h e p r i n c i p a l o s s -

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

R o c k a l l T r o u g h ( 1 . 5 m m l o n g ) . M o s t of t h e p l a t e s l a c k a 

s p i r e ( F i g . 1 8 F ) . T h e end of s o m e p l a t e s , g e n e r a l l y t h o s e 
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F i g u r e 18. Y p s i l o t h u r i a b i t e n t a c u l a t a a t t e n u a t a . 

A to E) L a t e r a l i n t e r r a d i a l p l a t e s f r o m t h e c a l c a r e o u s 

r i n g s of s p e c i m e n s 3 m m l o n g . 

B o d y w a l l o s s i c l e s : 

F , G ) 1mm long s p e c i m e n , 

H ) 3 m m long s p e c i m e n , 

I , J , K ) 2 m m long s p e c i m e n , 

L , M ) 5 m m long s p e c i m e n , 

N ) 8 m m long s p e c i m e n , 

0 ) 1 0 m m long s p e c i m e n . 

S c a l e b a r s : A t o K ) 1 0 0 ^ m ; L t o 0 ) 2 0 0 ^ m . 
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at t h e e x t r e m i t i e s of t h e b o d y , m a y b e d r a w n out ( F i g . 

1 8 G ) in s o m e c a s e s f o r m i n g a s p i n e . T h e s e a r e a l s o f o u n d 

in l a r g e r s p e c i m e n s ( F i g . 1 8 H ) . A f e w p r i m a r y r o d s o c c u r 

( F i g . 1 8 1 ) but t h e y are not c o m m o n . T h e p l a t e s in t h e s e 

s m a l l s p e c i m e n s a r e g e n e r a l l y 3 0 0 ^ m long b u t m a y e x t e n d up 

to 4 7 0 ^ m . T h e y a r e m a d e of a s i n g l e c a l c a r e o u s l a y e r . 

A f e w s p i r e s a r e p r e s e n t on t h e p l a t e s of t h e s m a l l e s t 

s p e c i m e n s but d e v e l o p m e n t of a s p i r e in m o s t c a s e s s t a r t s 

w h e n t h e s p e c i m e n s a r e a b o u t 2 m m long ( F i g . 1 8 J ) . T h e 

s p i r e is f o r m e d i n i t i a l l y by 1 to 3 r o d s w h i c h f o r m c l o s e 

to e a c h o t h e r n e a r t h e c e n t r e of t h e p l a t e ( F i g . 2 0 A ) . If 

m o r e t h a n o n e rod is p r e s e n t t h e y f u s e t o g e t h e r m a k i n g o n e 

t h i c k s p i r e ( F i g . 1 8 J , K ) . T h i s t y p e o f d e v e l o p m e n t is 

q u i t e d i s t i n c t f r o m Y. t a l i s m a n i . T h e s p i r e t h i c k e n s as 

t h e e x t r a c a l c a r e o u s l a y e r s s t a r t to f o r m on t h e p l a t e 

a r o u n d t h e b a s e of t h e s p i r e ( F i g . 1 8 L , M ) . N o n e of t h e 

s p i r e s on t h e p l a t e s of t h e R o c k a l l s p e c i m e n s a r e i n t a c t , 

but b r o k e n s p i r e s w e r e f o u n d l y i n g on t h e s u r f a c e of s o m e 

s p e c i m e n s and i n d i c a t e d t h a t s p i r e s r e a c h a l e n g t h of at 

l e a s t 6 5 0 ^ m . 

In s m a l l s p e c i m e n s (1 to 3 m m l o n g ) t h e p e r f o r a t i o n s of 

t h e p l a t e h a v e a d i a m e t e r b e t w e e n 40 and 7 0 ^ m , a l t h o u g h 

s o m e a r e l a r g e r . As t h e p l a t e g r o w s f u r t h e r h o l e s , o n l y 30 

to 4 0 ^ m w i d e , a r e f o r m e d a r o u n d t h e p e r i p h e r y ( F i g . 

1 8 L ) . G r a d u a l l y a r e t i c u l a t e d c a l c a r e o u s n e t w o r k s p r e a d s 

o v e r t h e p l a t e f r o m t h e s p i r e t o w a r d s t h e e d g e s ( F i g . 1 8 N ) 

c o v e r i n g t h e l a r g e r h o l e s . In s p e c i m e n s 5 m m long o n l y a 

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

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

a l w a y s a s i n g l e l a y e r . H o w e v e r , in s p e c i m e n s s o m e 10 to 

1 1 m m long t h e c a l c a r e o u s b a s a l l a y e r t h i c k e n s so t h a t t h e 

p e r f o r a t i o n s a r e o n l y 20 to 3 0 ^ m w i d e ( F i g . 1 8 , 0 ) . T h e 

p l a t e s in t h e a d u l t s a r e o v a l t o c i r c u l a r in o u t l i n e w i t h 

a s m o o t h e d g e . 
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F i g u r e 19. Y p s i l o t h u r i a b i t e n t a c u l a t a a t t e n u a t a . B o d y wall 

o s s i c l e s : t h e r e l a t i o n s h i p b e t w e e n m a x i m u m and m e a n p l a t e 

l e n g t h w i t h b o d y l e n g t h . 
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As f o r Y. t a l i s m a n i , t h e m a x i m u m s i z e o f a p l a t e and t h e 

m e a n p l a t e s i z e a r e c o r r e l a t e d to t h e s i z e of t h e 

i n d i v i d u a l ( F i g . 19) b u t t h e r e l a t i o n s h i p b e t w e e n p l a t e 

and b o d y s i z e is d i f f e r e n t f o r t h e t w o s p e c i e s . T h e 

l a r g e s t s p e c i m e n s , 1 1 m m l o n g , h a v e p l a t e s w i t h a m a x i m u m 

l e n g t h of 1 . 8 m m . 

( i v ) o t h e r t a x o n o m i c f e a t u r e s . 

T h e r e a r e 8 t e n t a c l e s . T h e t w o l a t e r a l t e n t a c l e s are 

m u c h l a r g e r t h a n t h e o t h e r s . T h e r e is no o b v i o u s 

p i g m e n t a t i o n at t h e b a s e of t h e t e n t a c l e s . T h e t e n t a c l e 

o s s i c l e s a r e s l e n d e r , c u r v e d r o d s ( 1 5 0 to 3 5 0 ^ m ) 

p e r f o r a t e d at e i t h e r end by o n e or m o r e h o l e s ( F i g . 2 0 B ) . 

T h e r o d s a r e s p i n o u s . In s o m e c a s e s t h e s p i n e s arch 

t o w a r d s e a c h o t h e r and f u s e f o r m i n g a p e r f o r a t e d k n o b ( F i g . 

2 0 B ) . 

T h e i n t r o v e r t o s s i c l e s a r e e l o n g a t e p l a t e s , m o s t 2 0 0 to 

3 0 0 ^ m l o n g , w i t h a f e w h o l e s and an i r r e g u l a r o u t l i n e 

( F i g . 2 0 D ) . T h e y a p p e a r t o h a v e s o m e f i n e k n o b s on t h e i r 

s u r f a c e . T h e d i m e n s i o n s of t h e p l a t e s in l a r g e s p e c i m e n s 

a r e n o t r e l a t e d to t h e s i z e of t h e i n d i v i d u a l . 

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

t h e t h r e e v e n t r a l a m b u l a c r a . T h e y a p p e a r to be m i s s i n g 

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

t u b e f o o t o c c u r s at e a c h p o i n t e x c e p t at t h e m i d - p o i n t of 

t h e m i d - v e n t r a l a m b u l a c r u m w h e r e a p a i r of t u b e f e e t a r e 

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

in s m a l l s p e c i m e n s . In l a r g e s p e c i m e n s s o m e of t h e 

t u b e f e e t a r e f o u n d c l o s e to t h e s p i r e in t h e m i d d l e of t h e 

p l a t e and as r e s u l t p a s s t h r o u g h t h e p l a t e r a t h e r t h a n 

a r o u n d t h e e d g e . T h e o s s i c l e s a r e p r i m a r i l y c u r v e d r o d s 

w i t h m a n y i r r e g u l a r s i d e b r a n c h e s ( F i g . 2 0 C ) w h i c h a r e 
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F i g u r e 2 0 . Y p s i l o t h u r i a b i t e n t a c u l a t a a t t e n u a t a . 

B o d y wall o s s i c l e s f r o m a s p e c i m e n 2 m m l o n g s h o w i n g t h e 

a r e a s w h e r e t h e s p i r e s t a r t s to f o r m . 

B ) T e n t a c l e o s s i c l e s f r o m a s p e c i m e n 7 m m l o n g ; t h e t w o 

f i g u r e s in t h e c e n t r e a r e f r a g m e n t s f r o m t h e e n d s of a 

r o d . 

C ) O s s i c l e s f r o m t h e m i d - v e n t r a l t u b e f e e t of a s p e c i m e n 

2 m m l o n g . 

D ) I n t r o v e r t o s s i c l e s f r o m a s p e c i m e n 7 m m long s h o w i n g 

s m a l l k n o b s on t h e s u r f a c e . 

S c a l e b a r s : A ) 2 0 0 ^ m , B , C , D ) l O Q ^ m , 
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t a l i s m a n ! . T h e 

and a 

d e v e l o p e d to a g r e a t e r d e g r e e t h a n in Y_. 

e n d s of t h e r o d s a r e not o b v i o u s l y p e r f o r a t e d 

c e n t r a l , p e r f o r a t e d k n o b is not u s u a l l y f o u n d . T h e r o d s 

are a b o u t l O O ^ m long and a r e a b u n d a n t in s m a l l s p e c i m e n s 

but r a t h e r s c a r c e in l a r g e s p e c i m e n s . 

C o m p a r i s o n of t h e s p e c i e s 

Of all t h e f e a t u r e s t h a t can be u s e d to d i s t i n g u i s h 

E c h i n o c u c u m i s and Y p s i l o t h u r i a t h e m o s t a p p a r e n t 

c h a r a c t e r , and t h e m o s t f r e q u e n t l y u s e d , is t h e s t r u c t u r e 

of t h e b o d y w a l l o s s i c l e s . O t h e r f e a t u r e s , such as t h e 

n u m b e r of t e n t a c l e s or t h e s t r u c t u r e of t h e c a l c a r e o u s 

r i n g a r e d i f f i c u l t to u s e and o f t e n lead t o t h e m u t i l a t i o n 

of t h e s p e c i m e n . 

T h e p l a t e o s s i c l e s of l a r g e E c h i n o c u c u m i s h a v e a s i n g l e 

c a l c a r e o u s l a y e r w i t h l a r g e h o l e s and a s p i r e p l a c e d c l o s e 

to t h e e d g e . In l a r g e Y p s i l o t h u r i a a c a l c a r e o u s 

r e t i c u l a t e d n e t w o r k is b u i l t up on t h e p l a t e , t h e h o l e s 

a r e s m a l l and t h e s p i r e is p l a c e d e x c e n t r i c a l l y . T h e s e 

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

s p e c i m e n s . S p e c i m e n s of Y p s i l o t h u r i a a b o u t 4 m m long h a v e 

p l a t e o s s i c l e s ( F i g . 1 4 L ) t h a t a r e s i m i l a r to t h o s e of 

E c h i n o c u c u m i s ( F i g . 1 1 L ) . O t h e r c h a r a c t e r s m u s t be u s e d 

t h e r e f o r e to d i f f e r e n t i a t e t h e t w o g e n e r a . F i r s t , t h e 

s p e c i e s e x a m i n e d d i f f e r in s h a p e , a l t h o u g h t h i s is not 

a l w a y s a p p a r e n t , and s e c o n d , t h e n u m b e r of p r i m a r y r o d s 

and s i m p l e p r i m a r y p l a t e s w i t h a f e w h o l e s , is f a r h i g h e r 

in E c h i n o c u c u m i s h i s p i d a t h a n e i t h e r of t h e t w o 

Y p s i l o t h u r i a s p e c i e s . P r i m a r y r o d s a c c o u n t f o r a b o u t 75 

and 3 0 % of t h e o s s i c l e s p r e s e n t in E c h i n o c u c u m i s s p e c i m e n s 

3 and 4 m m long r e s p e c t i v e l y . In Y p s i l o t h u r i a p r i m a r y r o d s 

a r e f o u n d o n l y r a r e l y . 
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B o d y s h a p e and t h e g e n e r a l p l a t e s t r u c t u r e are u n s u i t -

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

T h e i r s h a p e is s i m i l a r , a l t h o u g h in m a n y c a s e s in t h e 

p r e s e n t m a t e r i a l t h e p o s t e r i o r end of Y . t a l i s m a n i is 

l o n g e r and m o r e p o i n t e d t h a n in Y . b i t e n t a c u l a t a 

a t t e n u a t e . In a d d i t i o n , t h e l a t t e r s p e c i e s a t t a i n s a 

g r e a t e r s i z e . B o t h s p e c i e s h a v e b o d y w a l l o s s i c l e s of a 

s i m i l a r s h a p e and t h e c a l c a r e o u s r e t i c u l a t e d n e t w o r k is 

d e v e l o p e d to a s i m i l a r e x t e n t in s p e c i m e n s of t h e s a m e 

s i z e . H o w e v e r , f o r s p e c i m e n s l o n g e r t h a n 5 m m t h e l a r g e s t 

p l a t e s i z e in t h e b o d y w a l l is s i g n i f i c a n t l y g r e a t e r for 

Y. b i t e n t a c u l a t a a t t e n u a t e t h a n f o r Y. t a l i s m a n i ( F i g s 

1 5 , 1 9 ) ( t - t e s t , p > 0 . 0 5 f o r s p e c i m e n s 5 m m l o n g ; p > 0 . 0 1 f o r 

s p e c i m e n s 6 m m l o n g ) . T h e l a r g e s t p l a t e s a r e f o u n d in t h e 

m i d - v e n t r a l and m i d - l a t e r a l p a r t s of t h e b o d y . A s i m i l a r 

d i f f e r e n c e is f o u n d b e t w e e n t h e t w o s p e c i e s if t h e m e a n 

p l a t e s i z e of i n d i v i d u a l s is c o m p a r e d ( F i g s 1 5 , 1 9 ) . 

F o r s p e c i m e n s s m a l l e r t h a n 5 m m a l t e r n a t i v e f e a t u r e s m u s t 

be s o u g h t to c h a r a c t e r i z e t h e t w o s p e c i e s . F i r s t , 

s p e c i m e n s l e s s t h a n 3 m m long c a n be d i f f e r e n t i a t e d by t h e 

m a n n e r in w h i c h t h e s p i r e is f o r m e d on t h e b o d y w a l l 

p l a t e s . In Y. t a l i s m a n i s e v e r a l p r o j e c t i o n s a r i s e on t h e 

p l a t e , u s u a l l y 4 o r m o r e ( F i g . 1 6 A ) w h i c h t h e n f u s e 

t o g e t h e r in m a n y c a s e s o v e r a p e r f o r a t i o n in t h e p l a t e . In 

c o n t r a s t , t h e s p i r e of Y. b i t e n t a c u l a t a a t t e n u a t e f o r m s 

f r o m 1 to 3 r o d s w h i c h a r i s e c l o s e t o g e t h e r ( F i g . 2 0 A ) . 

S e c o n d , f o r s p e c i m e n s 4 to 5 m m long t h e p e r f o r a t i o n s i z e 

in " m a t u r e " p l a t e s m a y g i v e an i n d i c a t i o n of t h e s p e c i e s ; 

a b o u t 3 0 ^ m w i d e in Y. t a l i s m a n i and a b o u t 40jjm w i d e in 

Y. b i t e n t a c u l a t a a t t e n u a t a . A " m a t u r e " p l a t e in t h i s s e n s e 

is o n e w i t h a s p i r e and a d e v e l o p i n g r e t i c u l a t e d l a y e r . 

In s p e c i m e n s of i n t e r m e d i a t e s i z e (4 t o 5 m m l o n g ) it is 

n e c e s s a r y to d i s s e c t t h e h o l o t h u r i a n a n d e x a m i n e t h e 

s t r u c t u r e of t h e c a l c a r e o u s r i n g , in p a r t i c u l a r t h a t of 
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t h e l a t e r a l i n t e r r a d i a l p l a t e . In Y . t a l i s m a n ! t h e 

a n t e r i o r p r o c e s s of t h e p l a t e e n d s in a s i m p l e p o i n t ( F i g . 

1 4 A , C , G ) w h i l e in Y . b i t e n t a c u l a t a a t t e n u a t a t h e a n t e r i o r 

p r o c e s s is b i f i d , o f t e n w i t h o n e of t h e t e e t h l o n g e r t h a n 

t h e o t h e r ( F i g s 1 7 C , G ; 1 8 A ) . T h i s f e a t u r e m a y a l s o be u s e d 

to d i s t i n g u i s h t h e t w o s p e c i e s in l a r g e s p e c i m e n s but t h e 

b i f i d n a t u r e of t h e a n t e r i o r p r o c e s s in Y . b i t e n t a c u l a t a 

a t t e n u a t a is not a l w a y s a p p a r e n t in s m a l l s p e c i m e n s ( F i g . 

1 8 B - E ) . 

F i n a l l y , a l t h o u g h t h e t u b e f o o t o s s i c l e s of b o t h s p e c i e s 

a r e v a r i a b l e in s h a p e , t h e s i d e b r a n c h e s on t h e c u r v e d 

r o d s in Y . b i t e n t a c u l a t a a t t e n u a t a a p p e a r t o be m o r e n u m -

e r o u s and c o m p l e x t h a n in Y. t a l i s m a n i ( F i g s 1 6 C , 2 0 C ) . 

S y n o n y m y : L u d w i g and H e d i n g ( 1 9 3 5 ) b e l i e v e d t h a t an 

I n d i a n O c e a n s p e c i m e n , d e s c r i b e d as E. p a r a t y p i c a , c o u l d 

be d i s t i n g u i s h e d f r o m E. h i s p i d a by h a v i n g l a r g e r h o l e s in 

t h e p l a t e o s s i c l e s of t h e b o d y w a l l . It is c l e a r f r o m t h e 

PSB m a t e r i a l t h a t t h e s i z e of t h e h o l e s in t h e p l a t e s of 

E. h i s p i d a v a r y c o n s i d e r a b l y , d e c r e a s i n g in s i z e t o w a r d s 

t h e e d g e of t h e p l a t e . M o s t h o l e s a r e 6 0 to 9 0 ^ m in d i a -

m e t e r , a s i m i l a r s i z e to t h o s e r e p o r t e d f o r E. p a r a t y p i c a . 

It w a s s u g g e s t e d t h a t a b r o a d b a s e t o t h e s p i r e in 

E. h i s p i d a m i g h t be u s e d to d i s t i n g u i s h t h e t w o s p e c i e s , 

but t h i s f e a t u r e m a y h a v e b e e n a t t r i b u t e d to E. h i s p i d a 

o w i n g to s o m e c o n f u s i o n w i t h Y p s i l o t h u r i a . T h e f o r m a t i o n 

of t h e s p i r e is s i m i l a r in E. h i s p i d a a n d E . p a r a t y p i c a . 

T h e s y n o n y m y of t h e t w o s p e c i e s is p r o p o s e d . 

T h e d a t a p r e s e n t e d h e r e i n d i c a t e t h a t t h e n o r t h e a s t 

A t l a n t i c f o r m of Y . b i t e n t a c u l a t a is i d e n t i c a l t o t h e t y p e 

m a t e r i a l f r o m t h e P a c i f i c . T h e s u p p r e s s i o n of t h e 

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

c o m p a r i s o n w i t h m a t e r i a l f r o m t h e P a c i f i c . 
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3 . 2 O s s i c l e s of j u v e n i l e B a t h y p l o t e s n a t a n s 

In t h e PSB B a t h y p l o t e s n a t a n s has a s i m i l a r d e p t h 

d i s t r i b u t i o n to E c h i n o c u c u m i s h i s p i d a a n d Y p s i l o t h u r i a 

t a l i s m a n i . J u v e n i l e s p e c i m e n s of B. n a t a n s o n l y a f e w m m 

long c o u l d be c o n f u s e d w i t h j u v e n i l e E. h i s p i d a s i n c e both 

h a v e p r i m a r y c r o s s o s s i c l e s w i t h a s p i r e . H o w e v e r , a 

d e t a i l e d e x a m i n a t i o n of t h e t w o s p e c i e s s h o w s t h a t t h e y 

are d i s t i n g u i s h e d e a s i l y by t h e f o l l o w i n g f e a t u r e s . 

F i r s t , j u v e n i l e B. n a t a n s h a v e a c y l i n d e r i c a l b o d y s h a p e 

in c o m p a r i s o n to t h e U - s h a p e of E. h i s p i d a ( F i g . 1 0 A ) . 

S e c o n d , j u v e n i l e B . n a t a n s h a v e a n u m b e r of w i d e , s h o r t 

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

T h e r e a r e a b o u t 6 t u b e f e e t in a s p e c i m e n 1 m m l o n g . T h e s e 

t u b e f e e t h a v e c u r v e d rod o s s i c l e s , as in E . h i s p i d a , but 

t h e y a l s o h a v e a t e r m i n a l p l a t e ( F i g . 21 A ) . In E. h i s p i d a 

a p a i r of l o n g , t h i n t u b e f e e t a r e f o u n d at t h e m i d - p o i n t 

of t h e m i d - v e n t r a l a m b u l a c r u m . T h i r d , t h e s p i r e of t h e 

p r i m a r y c r o s s o s s i c l e s in t h e b o d y w a l l of B. n a t a n s is 

l o n g , u s u a l l y g r e a t e r t h a n l O O ^ m ( F i g . 2 1 C ) , and is p l a c e d 

in t h e c e n t r e of t h e p r i m a r y rod ( F i g . 2 1 B ) . In E. h i s p i d a 

t h e s p i r e of t h e b o d y w a l l o s s i c l e s is s h o r t and is p l a c e d 

e x c e n t r i c a l l y on t h e p r i m a r y rod ( F i g . 1 1 1 ) . F o u r t h , t h e 

e n d s of t h e a r m s of t h e p r i m a r y c r o s s o s s i c l e s in 

B. n a t a n s a r e u s u a l l y p e r f o r a t e d by 3 t o 4 h o l e s ( F i g . 

2 1 B , C ) w h e r e a s in E. h i s p i d a t h e r e a r e o n l y o n e or two 

h o l e s ( F i g . 1 1 I , K ) . 
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F i g u r e 2 1 . B a t h y p l o t e s n a t a n s . 

O s s i c l e s f r o m a s p e c i m e n 1 . 7 m m long : 

A ) c u r v e d rod and t e r m i n a l p l a t e f r o m a t u b e f o o t , 

B X H B o d y w a l l o s s i c l e s v i e w e d d o r s a l l y a n d o b l i q u e l y 

S c a l e b a r , l O O ^ m . 
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3 . 3 A n e w s p e c i e s of a p o d i d h o l o t h u r i a n 

In a few e p i b e n t h i c s l e d g e h a u l s f r o m a b y s s a l d e p t h s in 

t h e PSB a n e w s p e c i e s of t h e a p o d i d g e n u s S l n i o t r o c h u s 

w a s t a k e n . A d e s c r i p t i o n of t h i s s p e c i e s p u b l i s h e d in G a g e 

and B i l l e t t ( 1 9 8 6 ) , a l o n g w i t h d e s c r i p t i o n s of o t h e r new 

a p o d i d s p e c i e s f r o m t h e R o c k a l l T r o u g h , is r e p r o d u c e d 

h e r e . 

T h e f e a t u r e s u s e d to c h a r a c t e r i s e t h e s p e c i e s a r e t h e 

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

s t r u c t u r e of t h e c a l c a r e o u s p l a t e s o f t h e c i r c u m -

o e s o p h a g e a l r i n g ( t h e c a l c a r e o u s r i n g p l a t e s ) and t h e 

o s s i c l e s of t h e b o d y w a l l . T h e w h e e l - s h a p e d o s s i c l e s , 

c o m m o n l y k n o w n as w h e e l s , a r e t h e m o s t i m p o r t a n t f e a t u r e 

in d e t e r m i n i n g t h e m y r i o t r o c h i d g e n e r a a n d s p e c i e s . T h e 

p a r a m e t e r s of t h e w h e e l s t h a t can be c o u n t e d and m e a s u r e d 

to c h a r a c t e r i z e t h e w h e e l s h a v e b e e n s u m m a r i z e d by B e l y a e v 

( 1 9 7 0 ) and G a g e and B i l l e t t ( 1 9 8 6 ) . W h e e l s a r e d e s c r i b e d 

in t e r m s of t h e w h e e l d i a m e t e r , t h e w i d t h o f t h e h u b , t h e 

n u m b e r of h o l e s in t h e h u b , t h e n u m b e r of s p o k e s , t h e 

n u m b e r of p r i m a r y and s e c o n d a r y o u t w a r d - p o i n t i n g t e e t h on 

t h e r i m of t h e w h e e l , and t h e n u m b e r o f i n w a r d - p o i n t i n g 

t e e t h on t h e r i m . In a d d i t i o n , t h e n u m e r i c a l p r o p o r t i o n of 

t h e s p o k e s and t e e t h , e x p r e s s e d as a p e r c e n t a g e , m a y be 

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

t h e s e p a r a m e t e r s , B e l y a e v ( 1 9 7 0 ) c o n s i d e r e d t h a t a v e r a g e 

v a l u e s b a s e d on a l a r g e n u m b e r of m e a s u r e m e n t s w o u l d be 

s u f f i c i e n t l y s t a b l e to c h a r a c t e r i z e a s p e c i e s . T h e 

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

and t e r m i n o l o g y of t h e f e a t u r e s f i r s t p r o p o s e d by B e l y a e v 

and M i r o n o v ( 1 9 8 2 ) . 
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S i n i o t r o c h u s m y r i o d o n t u s G a g e and B i l l e t t , 1986 

M a t e r i a l e x a m i n e d : H o l o t y p e f r o m S t . 5 0 6 0 4 - 1 (1 a n t e r i o r 

e n d ) , P a r a t y p e s f r o m S t a s 9 7 5 6 - 1 4 (3 p o s t e r i o r e n d s , 1 

a n t e r i o r e n d ) , 5 0 6 0 3 - 1 (1 p o s t e r i o r e n d , 1 a n t e r i o r e n d ) , 

5 0 6 0 4 - 1 (1 p o s t e r i o r e n d ) , 5 1 4 1 5 - 1 (1 a n t e r i o r e n d ) . D e p t h 

r a n g e , 3 4 7 0 to 4 0 0 0 m . 

D e s c r i p t i o n : T h e h o l o t y p e a n t e r i o r end is 1 1 m m long w i t h 

a w i d t h of 4 . 8 m m at t h e c a l c a r e o u s r i n g , w i d e n i n g to 

5 . 5 m m . T h e p o s t e r i o r end f r o m t h e s a m e s a m p l e ( S t . 5 0 6 0 4 -

1) is 2 1 m m l o n g and 6 m m w i d e . B o t h p i e c e s a r e c o n t r a c t e d 

and it is p o s s i b l e t h a t t h e y a r e f r a g m e n t s of t h e s a m e 

s p e c i m e n . S i m i l a r l y , t h e a n t e r i o r end f r o m S t . 5 0 6 0 3 - 1 is 

4 m m long and has a u n i f o r m w i d t h of 5 m m , w h i l e t h e p o s t -

e r i o r end f r o m t h e s a m e s a m p l e is 12mm l o n g and 6 m m w i d e . 

T h e t h r e e p o s t e r i o r e n d s f r o m S t . 9 7 5 6 - 1 4 r a n g e b e t w e e n 11 

and 1 5 m m long and b e t w e e n 4 . 5 and 5 . 5 m m w i d e . 

T h e b o d y w a l l h a s a s i n g l e l a y e r of e x c l u s i v e l y w h e e l -

s h a p e d o s s i c l e s w h i c h a r e m o r e n u m e r o u s a n t e r i o r l y and 

p o s t e r i o r l y on b o t h t h e d o r s a l and v e n t r a l s u r f a c e s . T h e y 

are m o r e d i s p e r s e d t o w a r d s t h e m i d d l e of t h e b o d y on t h e 

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

p a r t of t h e v e n t r a l s u r f a c e . 

T h e r e a r e 12 t e n t a c l e s , e a c h w i t h a l a r g e c e n t r a l p a r t 

w h i c h is b i l o b e d at its e n d . L a t e r a l l y t h e r e a r e 4 p a i r s 

of d i g i t s ( F i g . 2 2 A ) . T h e t e n t a c l e o s s i c l e s are 

e x c l u s i v e l y s i m p l e r o d s , 70 to 2 3 0 ^ m l o n g . T h e y r e s e m b l e 

t h o s e f i g u r e d by P a w s o n ( 1 9 7 1 ) f o r S i n i o t r o c h u s p h o x u s 

and by B e l y a e v and M i r i n o v ( 1 9 8 1 ) f o r S . s p i c u l i f e r . 
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T h e 12 t e n t a c l e s a r e a c c o m m o d a t e d in t h e c a l c a r e o u s 

r i n g , w h i c h c o n s i s t s of 10 c a l c a r e o u s p l a t e s , by t h e 

d e v e l o p m e n t of t w o a n t e r i o r p r o c e s s e s on e a c h of t h e t w o 

d o r s o - l a t e r a l r a d i a l p l a t e s ( F i g . 2 2 B ) , as in t h e g e n u s 

M y r i o t r o c h u s . T h e c a l c a r e o u s p l a t e s a r e o f u n e q u a l s i z e 

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

t h e d o r s o - l a t e r a l r a d i a l s . T h e m i d - d o r s a l i n t e r r a d i a l is 

s i m i l a r in s i z e to t h e v e n t r a l i n t e r r a d i a l s . T h e s e t h r e e 

p l a t e s , t o g e t h e r w i t h t h e m i d - v e n t r a l r a d i a l , all h a v e a 

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

p l a t e s o f t e n b e a r a p o s t e r i o r p r o j e c t i o n . T h e a n t e r i o r 

p r o c e s s of t h e p l a t e s is u s u a l l y as h i g h a s , or g r e a t e r 

t h a n , t h e h e i g h t of t h e p l a t e at its a r t i c u l a t i n g f a c e 

( F i g . 2 2 B ) , and t h e p r o c e s s is of a s i m i l a r s i z e on b o t h 

r a d i a l and i n t e r r a d i a l p l a t e s ( F i g . 2 2 B ) . T h e a n t e r i o r 

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

of t h e r a d i a l p l a t e s ( F i g . 2 2 B , C ) and a l s o f o r m s a s p u r 

o v e r t h e r a d i a l c a n a l p o r e on t h e i n n e r f a c e . W h e n v i e w e d 

a n t e r i o r l y t h e c e n t r a l c r e s t of t h e a n t e r i o r p r o c e s s can 

be s e e n to f o r m r i d g e s in b e t w e e n t h e t e n t a c l e s ( F i g . 

2 2 D ) . T h e l a t e r a l ( a r t i c u l a t i n g ) f a c e is r e c t a n g u l a r in 

s h a p e on t h e o u t e r e d g e but w i d e n s t o w a r d s t h e i n n e r e d g e 

( F i g . 2 2 C ) . 

T h e s t o n e c a n a l is w e l l d e v e l o p e d and w i t h t h e g o n o d u c t 

p a s s e s a l o n g t h e l o n g i t u d i n a l a x i s o f t h e m i d - d o r s a l 

i n t e r r a d i a l p l a t e . It a p p e a r s to c o n n e c t t o t h e o u t s i d e 

w i t h t h e g o n o d u c t at a p o r e s i t u a t e d i m m e d i a t e l y b e h i n d 

t h e t e n t a c l e s . 

T h e o s s i c l e s of t h e b o d y w a l l a r e e x c l u s i v e l y w h e e l s of 

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

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

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

and h a v e a w i d e h u b , w h i c h h a s a v a r i a b l e n u m b e r of 

a n g u l a r p e r f o r a t i o n s in its c e n t r e ( F i g . 2 2 E ) . T h e rim has 
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F i g u r e 2 2 . S i n i o t r o c h u s m y r i o d o n t u s . 

A ) a n t e r i o r v i e w of r e t r a c t e d t e n t a c l e s h o w i n g t h e b i -

l o b e d e n d . 

B ) O u t e r s u r f a c e of d o u b l e - t o o t h e d d o s r s o - l a t e r a l r a d i a l 

and a d j a c e n t i n t e r r a d i a l p l a t e s of t h e c a l c a r e o u s r i n g . 

C ) v i e w of l a t e r a l ( a r t i c u l a t i n g ) s u r f a c e of a d o r s o -

l a t e r a l r a d i a l p l a t e ( i n t e r r u p t e d l i n e s h o w s t h e s h a p e of 

t h e a n t e r i o r p r o c e s s ) . 

D) a n t e r i o r v i e w of t h e s a m e r a d i a l p l a t e . 

E ) o u t e r v i e w of a w h e e l o s s i c l e f r o m t h e b o d y w a l l 

s h o w i n g o u t w a r d - p o i n t i n g t e e t h of t h e p r i m a r y ( p s ) and 

s e c o n d a r y ( s s ) s e r i e s . 

a p , a n t e r i o r p r o c e s s ; 

rc , r a d i a l c a n a l a p p e r t u r e ; 

f e x , f r o n t a l e x c a v a t i o n f o r t h e t e n t a c l e ; 

o f , o u t e r f a c e ; 

o e , o u t e r e d g e ; 

la, l a t e r a l ( a r t i c u l a t i n g ) f a c e . 

S c a l e b a r s : A to D) 1 m m , E ) 3 0 0 ^ m 
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a s e r i e s of o u t w a r d - p o i n t i n g , and a m o r e n u m e r o u s s e r i e s 

of i n w a r d - p o i n t i n g , b l u n t t e e t h . T h e o u t w a r d - p o i n t i n g 

t e e t h c o n s i s t of o n e s e r i e s of p r i m a r y t e e t h c o r r e s p o n d i n g 

to t h e s p a c e s in b e t w e e n t h e s p o k e s of t h e w h e e l , and a 

s e c o n d a r y s e r i e s of s m a l l e r t e e t h , c o r r e s p o n d i n g to t h e 

p o s i t i o n s of t h e s p o k e s t h e m s e l v e s . T h e f o r m e r are o f t e n 

e q u a l in n u m b e r to t h e s p o k e s but t h e t e e t h of t h e l a t t e r 

s e r i e s are g e n e r a l l y l e s s c o m m o n and m o r e v a r i a b l e in 

n u m b e r t h a n t h e p r i m a r y t e e t h . T h e s e c o n d a r y t e e t h a l s o 

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

T a b l e 1. T h e p a r a m e t e r s of t h e w h e e l o s s i c l e s f r o m t h r e e 
p o s t e r i o r end f r a g m e n t s of S i n i o t r o c h u s m y r i o d o n t u s , e a c h 
f r o m a d i f f e r e n t s t a t i o n in t h e P S B . M e a n v a l u e s a r e g i v e n 
w i t h t h e r a n g e in p a r e n t h e s e s . 

D d i a m e t e r of w h e e l in m i c r o n s 
d h % t h e d i a m e t e r of t h e h u b e x p r e s s e d as a 

p e r c e n t a g e of t h e t o t a l w h e e l d i a m e t e r 
ns t h e n u m b e r of s p o k e s 
n - i t t h e n u m b e r of i n w a r d - p o i n t i n g t e e t h 
s / t % t h e r a t i o of s p o k e s t o i n w a r d - p o i n t i n g t e e t h 

e x p r e s s e d as a p e r c e n t a g e ; 
n - o p t t h e n u m b e r of p r i m a r y o u t w a r d - p o i n t i n g t e e t h ; 
n - o s t t h e n u m b e r of s e c o n d a r y o u t w a r d - p o i n t i n g t e e t h 
n - o t t h e t o t a l n u m b e r of o u t w a r d - p o i n t i n g t e e t h 
np t h e n u m b e r of h o l e s in t h e h u b . 

P a r a m e t e r 
S t . 9 7 5 6 - 1 4 

n = 56 
S t . 5 0 6 0 3 - 1 

n = 76 
S t . 5 0 6 0 4 - 1 

n = 92 

D, ^ m 3 7 8 ( 3 1 0 - 4 7 5 ) 4 7 0 ( 4 1 0 - 5 6 0 ) 3 7 3 ( 2 8 5 - 4 7 5 ) 
d h % 4 9 . 4 (44 - 5 8 ) 5 1 . 6 (43 - 5 8 ) 5 0 . 0 (45 - 5 7 ) 
n s 1 7 . 2 (14 - 2 5 ) 2 0 . 7 (16 - 2 5 ) 1 5 . 7 (12 - 2 0 ) 
n - i t 3 7 . 1 (30 - 4 7 ) 5 1 . 6 ( 4 1 - 5 9 ) 3 1 . 9 (22 - 4 3 ) 
s / t % 4 6 . 3 (36 - 6 0 ) 4 0 . 3 (30 - 4 8 ) 4 9 . 7 (41 - 6 8 ) 
n - o p t 1 7 . 8 (14 - 2 8 ) 2 0 . 6 (16 - 2 4 ) 1 2 . 8 ( 7 - 2 0 ) 
n - o s t 8 . 5 ( 0 - 1 7 ) 1 4 . 0 ( 3 - 2 7 ) 7 . 2 ( 0 - 1 5 ) 
n - o t 2 6 . 2 (15 - 3 8 ) 3 4 . 6 (26 - 4 8 ) 2 0 . 0 (10 - 3 2 ) 
np 3 to 17 9 to 26 3 to 14 
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T h e m e a s u r e m e n t s of w h e e l p a r a m e t e r s a r e s u m m a r i s e d in 

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

s t a t i o n s . A n a l y s i s of v a r i a n c e s h o w s h i g h l y s i g n i f i c a n t 

v a r i a t i o n in t h e w h e e l d i a m e t e r and t h e r a t i o of s p o k e s to 

t e e t h b e t w e e n i n d i v i d u a l s ( D r . J . D . G a g e p e r s o n a l 

c o m m u n i c a t i o n ) . T h e s p e c i m e n f r o m S t . 5 0 6 0 3 - 1 p o s s e s s e d 

m a r k e d l y l a r g e r w h e e l s t h a n t h e o t h e r s p e c i m e n s . It w a s 

not p o s s i b l e to a s c e r t a i n w h e t h e r t h i s w a s r e l a t e d to t h e 

s i z e of t h e s p e c i m e n s . T h e n u m b e r of s p o k e s and i n w a r d -

p o i n t i n g t e e t h b o t h i n c r e a s e w i t h an i n c r e a s e in t h e s i z e 

of t h e w h e e l ( F i g . 2 3 ) . A l t h o u g h a s i m i l a r r e l a t i o n s h i p is 

f o u n d b e t w e e n t h e n u m b e r of s p o k e s and t h e w h e e l d i a m e t e r 

in t h e s p e c i m e n s f r o m S t a s 5 0 6 0 3 - 1 a n d 5 0 6 0 4 - 1 , t h e 

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

t e e t h r e s u l t i n g in a l o w e r r a t i o of s p o k e s t o t e e t h 

(s/t % ) ( F i g . 2 3 ) . 

R e m a r k s : P a w s o n ( 1 9 7 1 ) e r e c t e d t h e g e n u s S i n i o t r o c h u s on 

t h r e e i n c o m p l e t e s p e c i m e n s t a k e n in t h e n o r t h w e s t 

A t l a n t i c , r e f e r r i n g all t h e s p e c i m e n s t o t h e s i n g l e 

s p e c i e s S. p h o x u s . B e l y a e v and M i r o n o v ( 1 9 8 1 ) d e s c r i b e d 

a n o t h e r s p e c i e s , S . s p i c u l i f e r , f r o m t h e n o r t h w e s t P a c i f i c 

w h i c h d i f f e r e d f r o m S. p h o x u s in t w o m a j o r d e t a i l s : t h e 

p r e s e n c e of rod o s s i c l e s in a d d i t i o n to w h e e l o s s i c l e s in 

t h e b o d y w a l l , and t h e a b s e n c e of o u t w a r d - p o i n t i n g t e e t h 

a r o u n d t h e rim of t h e w h e e l o s s i c l e s . S . s p i c u l i f e r d i f -

f e r s f r o m S. m y r i o d o n t u s in t h e s e s a m e d e t a i l s . 

S i n i o t r o c h u s m y r i o d o n t u s is s i m i l a r t o S. p h o x u s in 

s e v e r a l r e s p e c t s : b o d y s i z e , t h e p r e s e n c e of s m a l l rod 

o s s i c l e s in t h e t e n t a c l e s , and in t h e d i s t r i b u t i o n of t h e 

w h e e l o s s i c l e s in t h e b o d y w a l l . P r e v i o u s a u t h o r s h a v e 

b e e n u n a b l e to d e s c r i b e t h e s t r u c t u r e o f t h e c a l c a r e o u s 

r i n g p l a t e s f o r S i n i o t r o c h u s and t h e r e f o r e a c o m p a r i s o n of 

t h i s f e a t u r e is n o t p o s s i b l e . S . m y r i o d o n t u s is a l s o 
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F i g u r e 2 3 . S i n i o t r o c h u s m y r i o d o n t u s . S i z e - f r e q u e n c y 

d i s t r i b u t i o n of w h e e l d i a m e t e r s ( b o t t o m ) and r e l a t i o n s h i p 

of w h e e l p a r a m e t e r s to w h e e l d i a m e t e r . F i l l e d - i n f r e q u e n c y 

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

s p e c i m e n f r o m S t . 5 0 6 0 3 - 1 , o t h e r s y m b o l s f r o m t h e s p e c i m e n 

f r o m S t . 5 0 6 0 4 - 1 . 

D ^ m , d i a m e t e r of w h e e l , 

ns , n u m b e r of s p o k e s , 

n i t , n u m b e r of i n w a r d - p o i n t i n g t e e t h , 

s / t % , t h e r a t i o of s p o k e s t o t e e t h 

e x p r e s s e d as a p e r c e n t a g e . 
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s i m i l a r to S. p h o x u s in s e v e r a l f e a t u r e s of t h e w h e e l 

o s s i c l e s , but d i f f e r s in h a v i n g a g r e a t e r n u m b e r of 

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

s e r i e s of o u t w a r d - p o i n t i n g t e e t h o c c u p y i n g a p o s i t i o n 

c o r r e s p o n d i n g to t h e s p o k e s of t h e o s s i c l e s . T h e s e o c c u r 

in a d d i t i o n to a p r i m a r y s e r i e s p l a c e d at p o s i t i o n s 

c o r r e s p o n d i n g t o t h e s p a c e s b e t w e e n s p o k e s ( F i g . 2 2 E ) . T h e 

l a t t e r s e r i e s o c c u r on o s s i c l e s f r o m S . p h o x u s but a 

d i s t i n c t s e c o n d a r y s e r i e s w a s not n o t e d b y P a w s o n ( 1 9 7 1 ) . 

T h e a v e r a g e n u m b e r of o u t w a r d - p o i n t i n g t e e t h e x c e e d s 

s l i g h t l y t h e m e a n n u m b e r of s p o k e s on S. p h o x u s . T h i s may 

i n d i c a t e t h a t e x t r a s e c o n d a r y t e e t h a r e i n d e e d p r e s e n t . 

H o w e v e r , t h i s s e e m s u n l i k e l y s i n c e d a t a f o r S . m y r i o d o n t u s 

( T a b l e 1) s h o w t h a t in s o m e s p e c i m e n s t h e n u m b e r of 

p r i m a r y t e e t h m a y e x c e e d t h e n u m b e r of s p o k e s (St. 9 7 5 6 -

1 4 ) . In a d d i t i o n , in S. m y r i o d o n t u s t h e m e a n t o t a l n u m b e r 

of o u t w a r d - p o i n t i n g t e e t h is a l w a y s v e r y m u c h g r e a t e r t h a n 

t h e a v e r a g e n u m b e r of s p o k e s ( T a b l e 1). 

T h e n u m b e r of s e c o n d a r y t e e t h on t h e w h e e l o s s i c l e s is 

v a r i a b l e but t h e m a j o r i t y of t h e w h e e l s h a v e a s i g n i f i c a n t 

n u m b e r . O n l y 6 of t h e 170 w h e e l s e x a m i n e d w e r e c o m p l e t e l y 

d e v o i d of s e c o n d a r y t e e t h and t h e n u m b e r o f w h e e l s at S t a s 

9 7 5 6 - 1 4 , 5 0 6 0 3 - 1 and 5 0 6 0 4 - 1 w i t h 6 o r m o r e s e c o n d a r y 

t e e t h w a s 8 0 % , 9 5 % and 6 5 % r e s p e c t i v e l y . T h i s f e a t u r e , 

t h e r e f o r e , a l t h o u g h v a r i a b l e , is t y p i c a l of m a n y w h e e l 

o s s i c l e s and m a y be u s e d to d i s t i n g u i s h S . m y r i o d o n t u s 

f r o m S . p h o x u s . 
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4 . S p e c i e s s y n o p s i s 

4.1 S p e c i e s l i s t . 

C l a s s H O L O T H U R I O I D E A 

O r d e r D e n d r o c h i r o t i d a 

F a m i l y P s o l i d a e 
P s o l u s s q u a m a t u s ( K o r e n , 1 8 4 4 ) 

F a m i l y C u c u m a r i i d a e 
S t a u r o c u c u m i s a b y s s o r u m ( T h e e l , 1 8 8 6 ) 
T h y o n e g a d e a n a R. P e r r i e r , 1 9 0 2 

O r d e r D a c t y l o c h i r o t i d a 

F a m i l y Y p s i l o t h u r i i d a e 
E c h i n o c u c u m i s h i s p i d a ( B a r r e t t , 1 8 5 7 ) 
Y p s i l o t h u r i a t a l i s m a n ! E. P e r r i e r , 1 8 8 6 

O r d e r A s p i d o c h i r o t i d a 

F a m i l y S t i c h o p o d i d a e 
S t i c h o p u s t r e m u l u s ( G u n n e r u s , 1 7 6 7 ) 

F a m i l y S y n a l l a c t i d a e 
B a t h y p l o t e s n a t a n s (M. S a r s , 1 8 6 8 ) 
B e n t h o t h u r i a f u n e b r i s R. P e r r i e r , 1 9 0 2 
P a e l o p a t i d e s g r i s e a R. P e r r i e r , 1 9 0 2 
M e s o t h u r i a c a n d e l a b r i H e r o u a r d , 1 9 2 3 
M e s o t h u r i a l a c t e a [ T h e e l , 1 8 8 6 ) 
M e s o t h u r i a b i f u r c a t a H e r o u a r d , 1 9 0 6 
M e s o t h u r i a c a t h e d r a l is H e d i n g , 1 9 4 0 
M e s o t h u r i a m a r o c c a n a P e r r i e r , 1 9 0 2 
M e s o t h u r i a i n t e s t i n a l is ( A s c a n i u s a n d R a t h k e , 1 7 6 7 ) 
M e s o t h u r T a v e r r i l l i [ T h e e l , 1 8 8 6 ) 
P a r o r i z a p a l l e t s I K o e h l e r , 1 8 9 6 ) 
P a r o r i z a p r o u h o i H e r o u a r d , 1 9 0 2 
P s e u d o s t i c h o p u s " v i l l o s u s T h e e l , 1 8 8 6 
P s e u d o s t i c h o p u s s p . 
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O r d e r E l a s i p o d i d a 

F a m i l y D e i m a t i d a e 
D e i m a v a l i d u m v a l i d u m T h e e l , 1879 
O n e i r o p h a n t a m u t a b i l i s m u t a b i l i s T h e e l , 1879 

F a m i l y L a e t m o g o n i d a e 
L a e t m o g o n e v i o l a c e a T h e e l , 1879 
B e n t h o g o n e r o s e a K o e h l e r , 1896 

F a m i l y P s y c h r o p o t i d a e 
B e n t h o d y t e s t y p i c a T h e e l , 1 8 8 2 
B e n t h o d y t e s s o r d i d a T h e e l , 1 8 8 2 
P s y c h r o p o t e s d e p r e ^ s a ( T h e e l , 1 8 8 2 ) 
P s y c h r o p o t e s l o n g i c a u d a T h e e l , 1 8 8 2 
P s y c h r o p o t e s s e m p e r i a n a T h e e l , 1 8 8 2 

F a m i l y P e l a g o t h u r i i d a e 
E n y p n i a s t e s d i a p h a n a ( G i l c h r i s t , 1 9 2 0 ) 

F a m i l y E l p i d i i d a e 
P e n i a g o n e d i a p h a n a ( T h e e l , 1 8 8 2 ) 
P e n i a g o n e a z o r i c a v o n M a r e n z e l l e r , 1 8 9 3 
A m p e r i m a r o s e a [R- P e r r i e r , 1 8 9 6 ) 
K o l g a h y a l i n a ' D a n i e l s s e n and K o r e n , 1 8 7 9 
E l p i d i a s p . 

O r d e r M o l p a d i i d a 

F a m i l y M o l p a d i i d a e 
M o l p a d i a b l a k e i ( T h e e l , 1 8 8 6 ) 
C h e r b o n n i e r a u t r i c u l u s S i b u e t , 1 9 7 4 

F a m i l y C a u d i n i d a e 
H e d i n g i a a l b i c a n s ( T h e e l , 1 8 8 6 ) 

O r d e r A p o d i d a 

F a m i l y S y n a p t i d a e 
L a b i d o p l a x s o u t h w a r d o r u m G a g e , 1 9 8 4 
P r o t a n k y r a b r y c h i a ( V e r f i l l , 1 8 8 5 ) 

F a m i l y M y r i o t r o c h i d a e 
M y r i o t r o c h u s b a t h y b i u s H . L . C l a r k , 1 9 2 0 
M y r i o t r o c h u s g i g a n t e u s H . L . C l a r k , 1 9 2 0 
S l n i o t r o c h u s m y r i o d o n T u s G a g e and B i l l e t t , 1 9 8 6 
P r o t o t r o c h u s z e n k e v i t c h i r o c k a l l e n s i s 

G a g e and B i l l e t t , 1 9 8 6 
P a r v o t r o c h u s b e l y a e v i G a g e and B i l l e t t , 1 9 8 6 
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4 . 2 D e s c r i p t i o n of s p e c i e s 

O r d e r D E N D R O C H I R O T I D A 

F a m i l y P s o l i d a e 

P s o l u s s q u a m a t u s ( K o r e n , 1 8 4 4 ) 

OT 9 7 5 2 - 1 ( 2 ) , OT 5 0 5 2 4 - 1 ( 1 9 2 ) , OT 5 0 6 0 1 - 1 ( 1 3 2 ) , 
OT 5 0 7 0 2 - 1 ( 8 9 ) , OT 5 0 7 0 7 - 1 ( 3 ) , O T 5 1 8 1 1 - 1 ( 7 ) . 

B a t h y m e t r i c r a n g e in P S B : 6 8 5 t o 1 0 4 2 m . 9 8 % of t h e 

s p e c i m e n s w e r e c o l l e c t e d b e t w e e n 736 and 9 2 7 m . 

D i s t r i b u t i o n : P. s q u a m a t u s is k n o w n f r o m 4 w i d e l y sep-

a r a t e d l o c a l i t i e s ; t h e n o r t h e a s t A t l a n t i c , a r o u n d t h e 

s o u t h e r n p a r t of S o u t h A m e r i c a , o f f J a p a n and a l o n g t h e 

e a s t e r n b o r d e r of t h e P a c i f i c ( G a g e et a l . , 1 9 8 5 ) . It a p p -

e a r s to be m o r e c o m m o n at h i g h e r l a t i t u d e s . T h e t o t a l 

b a t h y m e t r i c r a n g e of P. s q u a m a t u s is 7 t o 1 0 8 7 m ( P a w s o n , 

1 9 6 9 ) . T h e a p p a r e n t n a r r o w d e p t h r a n g e of t h e PSB s p e c -

i m e n s ( 6 8 5 to 1 0 4 2 m ) m a y r e s u l t , in p a r t , f r o m a s a m p l i n g 

a r t e f a c t s i n c e f e w s a m p l e s h a v e b e e n t a k e n at d e p t h s 

s h a l l o w e r t h a n 7 0 0 m on t h e e a s t e r n f l a n k of t h e P S B . 

S p e c i m e n s c o l l e c t e d in t h e R o c k a l l T r o u g h c o m e f r o m a 

s i m i l a r d e p t h ( G a g e et a l . , 1 9 8 5 ) . 

S i x s a m p l e s of P. s q u a m a t u s w e r e t a k e n f r o m t w o loc-

a l i t i e s in t h e P S B ; o n e in t h e n o r t h e a s t P S B and t h e o t h e r 

on t h e n o r t h e r n s i d e of t h e G o b a n S p u r . P . s q u a m a t u s is 

l i k e l y to o c c u r e x t e n s i v e l y a l o n g t h e e a s t e r n s l o p e s of 

t h e P S B , an a r e a t h a t h a r b o u r s a l a r g e s u s p e n s i o n f e e d i n g 

a s s e m b l a g e d o m i n a t e d by t h e c o l d - w a t e r c o r a l s M a d r e p o r a 
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o c u l a t a and L o p h e l i a p e r t u s a (Le D a n o i s , 1 9 4 8 ) . P. 

s q u a m a t u s has b e e n s a m p l e d a l s o on t h e s t e e p s l o p e s of t h e 

H e b r i d e a n T e r r a c e ( G a g e et a l . , 1 9 8 5 ) . T h e s t e e p s l o p e s on 

t h e e a s t e r n s i d e of t h e PSB a r e n o t a b l e f o r t h e a b u n d a n c e 

of r o c k s and b o u l d e r s , t h e p r e f e r r e d h a b i t a t f o r p s o l i d 

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

t r a w l s s t i l l a t t a c h e d to r o c k f r a g m e n t s . P . s q u a m a t u s was 

a b s e n t f r o m s o f t - b o t t o m a r e a s of t h e P S B at c o m p a r a b l e 

d e p t h s . 

E c o l o g i c a l r e m a r k s : T h e m o r p h o l o g y of P . s q u a m a t u s is 

i d e a l l y s u i t e d to l i f e on h a r d s u b s t r a t e s . Its b o d y s h a p e 

in m a n y r e s p e c t s r e s e m b l e s a l i m p e t in h a v i n g an a r c h e d , 

a r m o u r e d d o r s a l s u r f a c e and a f l a t v e n t r a l s u r f a c e . T h e 

c a l c a r e o u s p l a t e s of t h e d o r s a l s u r f a c e a r e p e n e t r a t e d by 

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

a c l e s a r e s i m i l a r to t h o s e of t h e c l o s e l y r e l a t e d s p e c i e s , 

P. c h i t i n o i d e s C l a r k , a s u s p e n s i o n - f e e d e r t h a t c a p t u r e s 

p a r t i c l e s e i t h e r by d i r e c t t e n t a c u l a r e n t r a p m e n t or by 

u s i n g a d h e s i v e p a p i l l a e on t h e t e n t a c l e b u d s ( F a n k b o n e r , 

1 9 7 8 ) . 

A n a l y s i s of t h e s t o m a c h c o n t e n t s of t h e P S B s p e c i m e n s 

s h o w s t h a t P. s q u a m a t u s t o o f e e d s on s u s p e n d e d m a t e r i a l . 

T h e g u t s of s p e c i m e n s s a m p l e d in J u n e 1 9 7 9 a r e p a c k e d w i t h 

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

d i e t to t h a t f o u n d in P. t u b e r c u l o s u s T h e e l 1 8 8 6 ( M i l l e r 

and P a w s o n , 1 9 8 4 ) and P. p a w s o n i M i l l e r and T u r n e r 1986 

(op. c i t . ) . T h e g u t c o n t e n t s of P. s q u a m a t u s a r e i d e n t i c a l 

to t h e p h y t o d e t r i t a l m a t e r i a l d e p o s i t e d in t h e P S B d u r i n g 

t h e s u m m e r m o n t h s ( B i l l e t t et a l . , 1 9 8 3 ; R i c e et a l . , 

1 9 8 6 ) . T h i s m a t e r i a l is r e a d i l y r e s u s p e n d e d by n e a r b e d 

c u r r e n t s ( L a m p i t t , 1 9 8 5 ) and h e n c e w o u l d be u t i l i s e d by 

P. s q u a m a t u s . S i m i l a r m a t e r i a l is p r e s e n t in t h e int-

e s t i n e s of s p e c i m e n s s a m p l e d in J u l y 1 9 7 9 , a l t h o u g h in 

r e d u c e d q u a n t i t i e s . In c o n t r a s t , t h e i n t e s t i n e s of s p e c -
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i m e n s s a m p l e d in S e p t e m b e r 1 9 8 3 , O c t o b e r 1979 and A p r i l 

1 9 7 8 are a l m o s t e m p t y . T h e m a t e r i a l p r e s e n t is l a r g e l y 

u n i d e n t i f i a b l e but i n c l u d e s a f e w d i a t o m s , c o c c o l i t h s , 

f o r a m i n i f e r a n s , t i n t i n n i d s , c r u s t a c e a n f r a g m e n t s and sand 

g r a i n s . T h e i n t e r p r e t a t i o n of d i f f e r e n c e s b e t w e e n t h e gut 

c o n t e n t s of s p e c i m e n s f r o m d i f f e r e n t s a m p l e s is d i f f i c u l t 

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

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

H o w e v e r , c u r r e n t k n o w l e d g e of t h e p e r i o d i c i t y in d e t r i t u s 

d e p o s i t i o n w o u l d s u g g e s t t h a t t h e f o o d s u p p l y f o r 

P. s q u a m a t u s v a r i e s s e a s o n a l l y . 

D e s p i t e s e a s o n a l v a r i a b i l i t y in its f o o d s u p p l y , 

P. s q u a m a t u s r e p r o d u c e s c o n t i n u o u s l y . E g g s of a 11 s i z e s 

a r e p r e s e n t in t h e o v a r i e s of s p e c i m e n s c o l l e c t e d in b o t h 

O c t o b e r and J u n e . T h e m a x i m u m e g g s i z e f o u n d w a s 4 5 0 ^ m and 

f e c u n d i t y is low i n d i c a t i n g s o m e f o r m of a b b r e v i a t e d 

l e c i t h o t r o p h i c d e v e l o p m e n t , as s u g g e s t e d by T y l e r and G a g e 

( 1 9 8 3 ) f o r Y p s i l o t h u r i a t a l i s m a n i , a s p e c i e s w h i c h has a 

s i m i l a r m a x i m u m egg s i z e and f e c u n d i t y . It is s u r p r i s i n g 

t h a t w i t h t h i s t y p e of d e v e l o p m e n t P. s q u a m a t u s s h o u l d 

h a v e s u c h a w i d e and a p p a r e n t l y d i s c o n t i n u o u s g e o g r a p h i c 

d i s t r i b u t i o n . 

F a m i l y C u c u m a r i i d a e 

S t a u r o c u c u m i s a b y s s o r u m ( T h e e l , 1 8 8 6 ) 

S W T 15 ( 1 ) . 

B a t h y m e t r i c r a n g e on P A P : 4 8 1 0 m 

D i s t r i b u t i o n : C o s m o p o l i t a n ; t o t a l b a t h y m e t r i c r a n g e , 1121 

to 4 8 1 0 m ; a d u l t b a t h y m e t r i c r a n g e , 1 6 5 5 t o 4 8 1 0 m , t h e PAP 
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s p e c i m e n b e i n g t h e d e e p e s t r e c o r d f o r t h i s s p e c i e s . E k m a n 

( 1 9 2 7 ) r e f e r r e d to a j u v e n i l e s p e c i m e n ( 4 m m l o n g ) f r o m 

3 8 5 m in t h e A n t a r c t i c , but H a n s e n ( 1 9 7 5 ) b e l i e v e d t h a t it 

may h a v e b e e n m i s i d e n t i f i e d . T w o s m a l l s p e c i m e n s ( 1 1 m m 

l o n g ) f r o m o f f J a p a n d e s c r i b e d by O h s h i m a ( 1 9 1 5 ) as 

C u c u m a r i a s l u i t e r i w e r e c o n s i d e r e d to b e S . a b y s s o r u m by 

H e d i n g ( 1 9 4 2 ) (as A b y s s o c u c u m i s a b y s s o r u m ) d e s p i t e t h e 

s h a l l o w d e p t h s at w h i c h t h e s p e c i m e n s w e r e f o u n d (869 and 

1 1 2 1 m ) . T h e i d e n t i t y of t h e s p e c i m e n at t h e s h a l l o w e r 

d e p t h is u n c e r t a i n so t h e u p p e r b a t h y m e t r i c l i m i t of 

S. a b y s s o r u m (C. s l u i t e r i ) s h o u l d b e r e g a r d e d to be 1 1 2 1 m . 

It is c u r i o u s t h a t o n l y a f e w s p e c i m e n s o f S. a b y s s o r u m 

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

s p e c i m e n s h a v e b e e n t a k e n in c l o s e p r o x i m i t y to m i d -

o c e a n i c r i d g e s , f r a c t u r e z o n e s and s t e e p t e r r a i n . T h e 

s p e c i m e n f r o m t h e PAP is an e x c e p t i o n in o c c u r r i n g in t h e 

c e n t r e of an a b y s s a l p l a i n . S. a b y s s o r u m p o s s e s s e s 10 

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

( H y m e n , 1 9 5 5 ; M a s s in, 1 9 8 2 ) , i n d i c a t i n g a p r e f e r e n c e , at 

l e a s t , f o r f e e d i n g on s u s p e n d e d p a r t i c l e s . H y d r o g r a p h i c 

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

f o u n d a r o u n d a r e a s of s t e e p t o p o g r a p h y . It is p o s s i b l e , 

t h e r e f o r e , t h a t S . a b y s s o r u m is m o r e c o m m o n in a r e a s of 

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

by c o n v e n t i o n a l t r a w l s and s l e d g e s . 

T a x o n o m i c r e m a r k s : T h e PAP s p e c i m e n ( 1 0 c m l o n g ) is t h e 

l a r g e s t s p e c i m e n r e c o r d e d in t h e N o r t h A t l a n t i c a l t h o u g h 

s e v e r a l o t h e r i n d i v i d u a l s of a s i m i l a r s i z e w e r e t a k e n by 

t h e " C h a l l e n g e r " E x p e d i t i o n in t h e S o u t h P a c i f i c ( T h e e l , 

1 8 8 6 a ) . T h e p o s t e r i o r end is c a u d i f o r m b u t , u n l i k e T h e e l ' s 

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

o s s i c l e s . T h e s p e c i m e n is y e l l o w i s h - w h i t e in c o l o u r w i t h 

n u m e r o u s s m a l l l i g h t b r o w n p i g m e n t s p o t s d i s t r i b u t e d all 
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o v e r t h e s u r f a c e , as o r i g i n a l l y d e s c r i b e d by M a r e n z e l l e r 

( 1 8 9 3 ) . T h e t u b e f e e t a r e m o r e a b u n d a n t t h a n f i g u r e d f o r 

t h e t y p e s p e c i m e n . T h e P A P s p e c i m e n has a b o u t 36 t u b e f e e t 

in e a c h a m b u l a c r u m a r r a n g e d in an i r r e g u l a r d o u b l e r o w . 

C o m p a r i s o n w i t h t h e s p e c i m e n s t a k e n by t h e " C h a l l e n g e r " 

E x p e d i t i o n h e l d at t h e B r i t i s h M u s e u m ( N a t u r a l H i s t o r y ) 

i n d i c a t e s t h a t s u c h a h i g h n u m b e r is not u n u s u a l . T h e b o d y 

w a l l o s s i c l e s of l a r g e s p e c i m e n s a r e m a i n l y f o u r - a r m e d 

c r o s s e s l a c k i n g a s p i r e b u t w i t h o n e a r m d i s p r o p o r t -

i o n a t e l y d e v e l o p e d ( H e d i n g , 1 9 4 2 ; H a n s e n , in p r e s s ) . T h i s 

a r m , w h i c h p r o t r u d e s o b l i q u e l y f r o m u n d e r t h e s k i n , is 

v e r y s p i n o u s at its end and has s e v e r a l s m a l l t o o t h - l i k e 

s p i n e s on t h e s t e m . 

C h e r b o n n i e r ( 1 9 4 1 ) c o n s i d e r e d t h a t s p e c i m e n s of 

S t a u r o c u c u m i s f r o m t h e P a n a m a B a s i n (as A b y s s o c u c u m i s 

a l b a t r o s s i ) w e r e d i s t i n c t f r o m t y p i c a l S . a b y s s o r u m . 

H o w e v e r , H a n s e n (in p r e s s ) i n d i c a t e s t h e s y n o n y m y of t h e 

t w o s p e c i e s . T h i s s y n o n y m y is b a s e d on an e x a m i n a t i o n of 

m a t e r i a l f r o m t h e e a s t e r n P a c i f i c , K e r m a d e c T r e n c h , 

A n t a r c t i c O c e a n and t h e N o r t h A t l a n t i c ( H a n s e n , p e r s o n a l 

c o m m u n i c a t i o n ) . S. a b y s s o r u m u n t i l r e c e n t l y has b e e n 

r e f e r r e d to t h e g e n u s A b y s s o c u c u m i s . H o w e v e r , H a n s e n (in 

p r e s s ) has s h o w n t h a t t h e r e a r e s i m i l a r i t i e s in t h e 

d e v e l o p m e n t of t h e o s s i c l e s in A b y s s o c u c u m i s and 

S t a u r o c u c u m i s , i n d i c a t i n g t h e s y n o n y m y of t h e s e g e n e r a . 
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T h y o n e g a d e a n a R. P e r r i e r , 1 9 0 2 

( s y n . T. w a h r b e r g i M a d s e n , 1 9 4 1 ) 

BN 5 0 6 0 7 - 2 ( 4 ) , BN 5 0 6 0 9 - 1 ( 1 ) . 

B a t h y m e t r i c r a n g e in t h e P S B : 4 0 0 to 7 0 0 m . 

D i s t r i b u t i o n : N o r t h e a s t A t l a n t i c f r o m t h e c o a s t s of 

N o r w a y , f r o m t h e T r o n d h e i m F j o r d to t h e O s l o F j o r d (20 to 

2 0 0 m ) ( M a d s e n , 1 9 4 1 ; B . H a n s e n , p e r s o n a l c o m m u n i c a t i o n ) . 

Bay of B i s c a y ( 3 3 5 to 1 0 4 5 m ) ( C h e r b o n n i e r , 1 9 6 9 , 1 9 7 0 ) , to 

s o u t h e r n S p a i n ( P e r r i e r , 1 9 0 2 ) and t h e M e d i t e r r a n e a n (80 

to 2 8 5 m ) (B. H a n s e n , p e r s o n a l c o m m u n i c a t i o n ) . T o t a l 

b a t h y m e t r i c r a n g e , 20 to 1 0 4 5 m . In t h e P S B T. g a d e a n a is 

k n o w n o n l y f r o m t h e m i d - p a r t of t h e P o r c u p i n e B a n k . 

T a x o n o m i c r e m a r k s : T h e s p e c i m e n f r o m S t . 5 0 6 0 9 - 1 ( 3 0 m m 

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

S t . 5 0 6 0 7 - 2 (10 to 1 5 m m l o n g ) . T h e b o d y w a l l o s s i c l e s of 

all t h e s p e c i m e n s a r e s i m i l a r . T h e y h a v e g e n e r a l l y 8 or 

m o r e h o l e s , s e l d o m as f e w as 4. T h e s p i r e on t h e p l a t e 

o s s i c l e s is s h o r t , a b o u t 3 0 ^ m h i g h . T h e t e r m i n a l p l a t e s of 

t h e t u b e f e e t a r e s m a l l , o n l y a b o u t 9 0 ^ m in d i a m e t e r . Rod 

d e p o s i t s a r e c o m m o n in t h e t e n t a c l e s . T h e l a r g e s t r o d s , 

3 4 0 ^ ^ l o n g , o c c u r at t h e b a s e of t h e t e n t a c l e , but r o d s 

t h a t a r e p r e s e n t f u r t h e r d o w n t h e t e n t a c l e a r e not g r e a t e r 

t h a n 2 4 0 ^ m in l e n g t h . S m a l l c u r v e d p l a t e s a r e f o u n d 

d i s t a l l y in t h e t e n t a c l e s . 

T h e l a r g e s t s p e c i m e n is g r e a t l y c o n t r a c t e d and as a 

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

t w o p i e c e s a r e s t i l l h e l d t o g e t h e r b y t h e g u t . T h e 

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

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

by M a d s e n ( 1 9 4 1 ; F i g . 9 ) . T h e p r e s e n t m a t e r i a l e x h i b i t s 

c h a r a c t e r i s t i c s of b o t h T . g a d e a n a a n d T . w a h r b e r g i . 
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s u p p o r t i n g t h e p r o p o s e d s y n o n y m y of t h e t w o s p e c i e s ( R e y s , 

1 9 5 9 ) . 

E c o l o g i c a l r e m a r k s : T . g a d e a n a h a s d e n d r i t i c t e n t a c l e s in 

c o m m o n w i t h o t h e r d e n d r o c h i r o t i d h o l o t h u r i a n s , i n d i c a t i n g 

t h a t it is a s u s p e n s i o n f e e d e r . O b s e r v a t i o n s on t h e 

c l o s e l y r e l a t e d s p e c i e s , T . f u s u s , h a v e s h o w n t h a t p a r t -

i c l e s a r e t r a p p e d by e i g h t , l a r g e , f i n e l y b r a n c h e d t e n t -

a c l e s w h i c h a r e t h e n w i p e d c l e a n in t h e m o u t h w i t h t h e aid 

of t w o s m a l l e r v e n t r a l t e n t a c l e s ( H u n t e r - R o w e , Jeal and 

W e s t , 1 9 7 6 ) . T h e t e n t a c l e s a r e a r r a n g e d in a s i m i l a r 

f a s h i o n in T . g a d e a n a . T h e i n t e s t i n a l c o n t e n t s of T. f u s u s 

c o n s i s t m a i n l y of d e t r i t u s and f e e d i n g a c t i v i t y a p p e a r s to 

be r e l a t e d to t h e s t r e n g t h of t h e p r e v a i l i n g c u r r e n t 

( H u n t e r - R o w e et a l . , 1 9 7 6 ) . T. g a d e a n a is f o u n d on t h e 

P o r c u p i n e B a n k in c o m m u n i t i e s d o m i n a t e d by t h e s u s p e n s i o n -

f e e d i n g s e a - p e n K o p h o b e l e m n o n s t e l l l f e r u m . 

T h e m a x i m u m e g g s i z e f o u n d in t h e p r e s e n t m a t e r i a l is 

4 0 0 ^ m , t h e s a m e s i z e as r e p o r t e d by M a d s e n ( 1 9 4 1 ) f o r 

T . w a h r b e r g i . T h i s m a y lead t o d i r e c t d e v e l o p m e n t ( M a d s e n , 

1 9 4 1 ) o r , as s u g g e s t e d f o r Y p s i l o t h u r i a t a l i s m a n i ( T y l e r 

and G a g e , 1 9 8 3 ) and P s o l u s s q u a m a t u s ( a b o v e ) , to s o m e f o r m 

of a b b r e v i a t e d l e c i t h o t r o p h i c d e v e l o p m e n t . 
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O r d e r D A C T Y L O C H I R O T I D A 

F a m i l y Y p s i l o t h u r i i d a e 

E c h i n o c u c u m i s h i s p i d a ( B a r r e t t , 1 8 5 7 ) 

BN 9 7 7 6 - 2 ( 9 ) , BN 9 7 7 9 - 1 ( 3 ) , BN 1 0 1 0 8 - 1 ( 1 2 ) , 
BN 1 0 1 0 9 - 8 ( 1 ) , 0 1 5 0 5 0 3 - 1 ( 1), BN 5 0 6 0 6 - 1 ( 6 ) , 
BN 5 0 6 0 6 - 5 ( 8 8 ) , BN 5 0 6 0 7 - 2 ( 3 4 ) , BN 5 1 4 0 3 - 1 ( 8 3 5 ) , 
BN 5 1 4 0 3 - 2 ( 6 6 8 ) , BN 5 1 4 0 3 - 3 ( 3 7 2 ) , BN 5 1 4 0 3 - 4 ( 8 9 1 ) , 
BN 5 1 4 0 3 - 5 ( 4 9 2 ) , BN 5 1 4 0 3 - 6 ( 2 6 9 ) , BN 5 1 4 0 6 - 1 ( 1 0 ) , 
BN 5 1 4 2 0 - 1 ( 9 3 2 ) , BN 5 1 4 2 0 - 2 ( 1 0 0 ) , BN 5 1 4 2 0 - 3 ( 5 3 4 ) , 
BN 5 1 4 2 0 - 4 ( 2 2 3 ) , BN 5 1 7 0 7 - 1 ( 1). 

B a t h y m e t r i c r a n g e in PSB : 9 9 2 to 1 3 3 3 m o n t h e t r a n s e c t 

t h r o u g h t h e c e n t r e of t h e P S B . 9 9 % of t h e s p e c i m e n s w e r e 

c o l l e c t e d in a n a r r o w d e p t h r a n g e b e t w e e n 1 2 7 8 and 1 3 3 3 m . 

T h i s c o i n c i d e s w i t h a set of e p i b e n t h i c s l e d g e s a m p l e s 

t a k e n to s t u d y s a m p l i n g r e p e a t a b i l i t y w i t h i n a r e s t r i c t e d 

a r e a (see S e c t i o n 2 . 2 , p a g e 5 5 ; F i g . 8 ) . T h e s a m p l e s w e r e 

s o r t e d t o a f i n e s c a l e ( > 1 m m ) and c o n t a i n e d m a n y s m a l l 

E. h i s p i d a , l e a d i n g to a s a m p l i n g b i a s in t h e d a t a s i n c e 

f e w o t h e r s a m p l e s f r o m t h e P o r c u p i n e B a n k h a v e b e e n s o r t e d 

to s u c h a f i n e d e g r e e . H o w e v e r , d a t a on t h e a b u n d a n c e of 

l a r g e s p e c i m e n s ( > 4 m m l o n g , s e e b e l o w ) w h i c h to s o m e 

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

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

in t h e P S B . 

E. h i s p i d a o c c u r s at s h a l l o w e r d e p t h s on t h e s o u t h e r n 

s l o p e s of t h e P o r c u p i n e B a n k ( 7 0 0 to 1 1 4 0 m ) but t h e l o w e r 

b a t h y m e t r i c l i m i t is a s a m p l i n g a r t e f a c t s i n c e no s a m p l e s 

h a v e b e e n t a k e n d e e p e r t h a n 1 1 4 0 m in t h i s a r e a . A f e w 

s p e c i m e n s h a v e b e e n c o l l e c t e d on t h e G o b a n S p u r ( 7 7 0 to 

1 4 0 4 m ) . 
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D i s t r i b u t i o n : N o r t h e a s t A t l a n t i c ( a b o u t 5 0 t o 1 4 3 0 m ) f r o m 

t h e N o r w e g i a n c o a s t to t h e Bay of B i s c a y ( M o r t e n s e n , 1 9 2 7 ) 

and p e r h a p s as f a r s o u t h as n o r t h w e s t A f r i c a ( H e r o u a r d , 

1 9 2 3 ) . A l s o k n o w n f r o m t h e W e s t I n d i e s ( D e i c h m a n n , 1 9 3 0 ) 

and e a s t of N e w Z e a l a n d ( P a w s o n , 1 9 6 5 , 1 9 7 0 ) . T h e p r o p o s e d 

s y n o n y m y of E. h i s p i d a and E. p a r a t y p i c a L u d w i g and 

H e d i n g , 1 9 3 5 ( s e e s e c t i o n 3 . 1 , p a g e 1 0 7 ) i n d i c a t e s t h a t 

t h i s s p e c i e s o c c u r s in t h e I n d i a n O c e a n a n d has a w i d e , if 

d i s c o n t i n u o u s , g e o g r a p h i c d i s t r i b u t i o n . S o m e r e c o r d s of 

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

has b e e n c o n f u s e d w i t h Y p s i l o t h u r i a ( M o r t e n s e n , 1 9 2 7 ) . T h e 

p r e s e n t d a t a s h o w t h a t E. h i s p i d a and Y . t a l i s m a n i do 

o c c u r s y m p a t r i c a l l y , e v e n at b a t h y a l d e p t h s , and i n d e e d 

t h e t w o s p e c i e s h a v e b e e n s a m p l e d in t h e s a m e box c o r e 

s a m p l e at a d e p t h of a b o u t 1 0 0 0 m in t h e R o c k a l l T r o u g h 

( G a g e et a l . , 1 9 8 5 ) . 

T a x o n o m i c r e m a r k s : s e e s e c t i o n 3 . 1 , p a g e 6 9 . 

E c o l o g i c a l r e m a r k s : T h e b o d y s h a p e of t h e y p s i l o t h u r i i d s 

( F i g . 10) and t h e p o o r d e v e l o p m e n t o f t h e t u b e f e e t 

s u g g e s t s t h a t t h e s e h o l o t h u r i a n s a r e e s s e n t i a l l y 

s e d e n t a r y , i n f a u n a l a n i m a l s , as o r i g i n a l l y p r o p o s e d by 

M o r t e n s e n , 1 9 2 7 . T h i s l i f e s t y l e is s u b s t a n t i a t e d by t h e 

a b s e n c e of any y p s i l o t h u r i i d s in t h e m a n y p h o t o g r a p h s of 

t h e s e a b e d t a k e n f r o m a c a m e r a m o u n t e d on t h e e p i b e n t h i c 

s l e d g e . 

T h e a b s e n c e of v i s i b l e s i g n s of t h e y p s i l o t h u r i i d s is 

not s u r p r i s i n g s i n c e t h e s i z e d i s t r i b u t i o n s of b o t h 

E. h i s p i d a ( F i g . 2 4 A ) and Y. t a l i s m a n i ( F i g . 2 4 B ) a r e 

s k e w e d to t h e s m a l l e r s i z e c l a s s e s a n d m o s t of t h e 

p r e s e r v e d s p e c i m e n s a r e s m a l l e r t h a n 4 m m l o n g . S e v e r a l 

s a m p l e s , all f r o m a s m a l l a r e a of P S B ( S t a s 5 1 4 0 3 - 1 to 6, 

5 1 4 2 0 - 1 t o 4 ) , w e r e s e p a r a t e d i n t o 3 b r o a d s i z e f r a c t i o n s 
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F i g u r e 2 4 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of 

E c h i n o c u c u m i s h i s p i d a (A) a n d Y p s i l o t h u r i a t a l i s m a n i (B) 

f r o m BN 5 1 4 0 3 - 4 . L e n g t h in 1mm s i z e c l a s s e s . 
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P 35 

5 10 

Length ( 1 mm size classes ) 



Table 2. The number of E. hispida and Y. talisman! in the centre fine-
mesh nets (1mm mesh) of the lUS epibenthic sledge from Stas 51403-1 to 5 
and 51420-1,3,4, and their relative proportion in each of three size 
fractions sorted from the sample expressed as a percentage in parentheses 
The mean percentage for all stations and the standard deviation of the 
mean are also given. 

Station 51403 
Species -1 -2 -3 -4 -5 

E. hispida 

>4mm 153 (19) 52 ( 8) 25 ( 7) 123 (14) 77 (22) 
2 to 4mm 141 (17) 95 (15) 94 (27) 234 (27) 103 (29) 
1 to 2mm 529 (64) 473 (77) 227 (66) 496 (59) 176 (49) 

Total 823 620 346 853 356 

Y. talismani 

>4mm 276 (10) 88 ( 6) 49 ( 5) 255 ( 9) 92 (11) 
2 to 4mm 737 (26) 273 (18) 325 (30) 938 (34) 313 (36) 
1 to 2mm 1851 (64) 1184 (76) 693 (65) 1538 (57) 453 (53) 

Total 2864 1545 1067 2731 858 

Station 51420 All stations 
Species -1 - 3 •4 Mean/i S.D. 

E. hispida 

>4mm 157 (19) 95 (21) 56 (33) 18 8.4 
2 to 4mm 233 (28) 89 (20) 55 (33) 25 6.4 
1 to 2mm 442 (53) 260 (59) 56 (33) 57 12.8 

Total 832 444 167 

Y. talismani 

>4mm 182 ( 9) 147 ( 8) 112 (24) 10 5.9 
2 to 4mm 596 (30) 429 (25) 149 (31) 29 5.7 
1 to 2mm 1232 (61) 1167 (67) 213 (45) 61 9.4 

Total 2010 1743 474 
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( > 4 m m , 2 to 4 m m , and 1 to 2 m m ) . T h e r e l a t i v e p r o p o r t i o n 

of t h e n u m b e r of s p e c i m e n s in e a c h s i z e f r a c t i o n ( T a b l e 2) 

is s i m i l a r f o r all t h e s a m p l e s i n d i c a t i n g t h a t t h e 

p o p u l a t i o n s i z e s t r u c t u r e is s t a b l e o v e r t h e r e g i o n 

s a m p l e d (a c i r c u l a r a r e a w i t h 2 k m d i a m e t e r ) . T h e d o m i n a n c e 

of s m a l l s p e c i m e n s m a y i n d i c a t e t h a t p r e d a t i o n of t h e 

y p s i l o t h u r i i d s is h i g h in c o m p a r i s o n t o m o s t o t h e r 

h o l o t h u r i a n s in t h e PSB w h i c h h a v e p o p u l a t i o n s i z e 

d i s t r i b u t i o n s d o m i n a t e d by l a r g e a d u l t s . 

T h e a b u n d a n c e of E. h i s p i d a has b e e n c a l c u l a t e d f r o m t h e 

e p i b e n t h i c s l e d g e s a m p l e s by t h e m e t h o d s d e s c r i b e d in 

S e c t i o n 2 . 2 , p a g e 6 3 . D a t a a r e p r e s e n t e d f o r s p e c i m e n s 

g r e a t e r t h a n 1mm l o n g , b a s e d s o l e l y on t h e c a t c h e s f r o m 

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

t h e s p e c i e s ( T a b l e 3 ) . H o w e v e r , in o r d e r to be a b l e to 

c o m p a r e t h e a b u n d a n c e of E. h i s p i d a f r o m a n u m b e r of 

d e p t h s it is n e c e s s a r y to c o n s i d e r o n l y s p e c i m e n s g r e a t e r 

t h a n 4 m m long s i n c e m a n y s a m p l e s w e r e t a k e n w i t h o u t t h e 

f a c i l i t y of t h e f i n e - m e s h n e t . T h e a b u n d a n c e of t h e l a r g e 

y p s i l o t h u r i i d s h a s b e e n c a l c u l a t e d f r o m 1) all t h r e e n e t s 

of t h e m u l t i p l e n e t s y s t e m , or 2 ) a s i n g l e l a r g e c o a r s e -

m e s h net ( s e e S e c t i o n 2 . 2 , p a g e 6 2 ) . T h e a b u n d a n c e of 

t h e s e l a r g e s p e c i m e n s is l i k e l y to be u n d e r e s t i m a t e d s i n c e 

s o m e s p e c i m e n s , by v i r t u e of t h e i r s h a p e , w i l l slip 

t h r o u g h t h e c o a r s e m e s h n e t . In t h e m u l t i p l e net s y s t e m 

t h i s is b o r n e o u t by t h e g r e a t e r a b u n d a n c e of l a r g e 

s p e c i m e n s in t h e c e n t r e f i n e - m e s h net t h a n in t h e c o a r s e 

m e s h n e t s t o e i t h e r s i d e ( T a b l e 3 ) . D e s p i t e t h i s 

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

l a r g e y p s i l o t h u r i i d s is s t i l l p o s s i b l e . 

A b u n d a n c e s up to 3 i n d i v i d u a l s p e r s q u a r e m e t r e w e r e 

r e c o r d e d in t h e P S B f o r E . h i s p i d a ( T a b l e 3 ) . H o w e v e r , 

t h i s s p e c i e s is o n l y c o m m o n in a r e s t r i c t e d a r e a on t h e 

u p p e r s l o p e t o t h e n o r t h w e s t of t h e P S B ; an a r e a 
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Table 3. Abundance (A) of Echinocucumis hispida and Ypsilothuria 
talismani in epibenthic sledge samples, expressed as number per hectare, 
To^^TR^lnls see text. Samples on main transect unless otherwise stated. 

Station 

Mean Specimens >4mm 
Depth All nets 
m A/Posn A/Odo 

Specimens >4m 
Centre net 

A/Posn A/Odo 

All specimens 
Centre net 
A/Posn A/Odo 

Echinocucumis hispida, 
BN 73 232 

a BN 9776-2 2 5 6 8 17 164 

OT 50503-1 >1 

BN 51406-1 40 68 

BN 50606-1 14 44 
a BN 10109-1 1 

BN 50606-5 211 

BN 51707-1 1 

BN 51420-4 658 1892 1152 2059 3537 6325 

BN 51403-6 2853 5993 5988 

BN 51403-5 870 2007 1266 2917 6444 14864 

BN 51420-3 1495 1934 2714 3506 12970 1 6779 

BN 51403-1 341 874 1141 2925 6226 1 5955 

BN 51420-2 880 1610 

BN 51403-2 424 1086 738 1891 8796 22515 

BN 51403-3 327 486 535 796 7406 11029 

BN 51403-4 485 1682 1237 4301 8582 29791 

BN 51420-1 1498 2758 3060 5629 16216 29843 

a BN 10108-1 23 36 43 
52 a BN 9779-1 3 10 10 35 14 52 

Ypsilothuria talismani. 

BN 51406-1 1U82 152 257 

BN 50606-1 1115 9 29 

BN 50606-5 1130 45 

BN 51208-3 1178 327 989 

BN 51208-1 1185 2 8 
17614 BN 51420-4 1283 1119 2002 2305 4118 9849 17614 

BN 51403-6 1287 4006 7199 
35302 BN 51403-5 1293 1269 2926 1513 3485 15306 35302 

BN 51420-3 1296 2111 2731 4200 5424 50766 65675 

BN 51403-1 1303 633 1623 2058 5277 21581 55299 

BN 51420-2 1307 1012 1852 
56106 BN 51403-2 1321 586 1499 1248 3200 21919 56106 

BN 51403-3 1322 506 753 1049 1561 22839 34010 

BN 
BN 

51403-4 1326 888 3082 2565 8916 27477 95379 BN 
BN 51420-1 1327 1796 3305 3548 6523 39216 72168 

BN 51104-1 1380 118 324 

BN 51708-2 1450 12 28 

b BN 9754-3 1484 217 180 

BN 51407-1 1500 54 195 

BN 51113-2 1535 5 13 

a Goban Spur b northeast PSB + weak link i parted on bottom net bar 
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i n h a b i t e d , f o r t h e m o s t p a r t , by a u n i q u e s u s p e n s i o n -

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

r a n g e . T h i s c o m m u n i t y is d o m i n a t e d by t h e s p o n g e P h e r o n e m a 

g r a y i ( D r . A . L . R i c e , p e r s o n a l c o m m u n i c a t i o n ) w h i c h has a 

v e r y r e s t r i c t e d d i s t r i b u t i o n (see S e c t i o n 5 . 2 ) . T h e 

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

P h e r o n e m a a r e p o o r l y u n d e r s t o o d but t h e y a p p e a r to p l a y a 

r o l e a l s o in l i m i t i n g t h e d i s t r i b u t i o n of E. h i s p i d a , 

a l t h o u g h p r o b a b l y not f o r t h e s a m e r e a s o n s . T h e d i s t -

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

P h e r o n e m a a s s e m b l a g e and t h e g r e a t e s t a b u n d a n c e of 

E. h i s p i d a l i e s b e l o w t h i s b o u n d a r y . 

T h e t e n t a c l e s t r u c t u r e of E. h i s p i d a i n d i c a t e s t h a t it 

is not a s u s p e n s i o n f e e d e r but a s u r f a c e d e p o s i t f e e d e r , 

p r o b a b l y f e e d i n g in a s i m i l a r w a y t o b i v a l v e s but u s i n g 

its t e n t a c l e s r a t h e r t h a n a s i p h o n . T w o of t h e ten 

t e n t a c l e s of E. h i s p i d a c a n be e x t e n d e d g r e a t l y and h a v e a 

long s t a l k w i t h n u m e r o u s b u d s a l o n g t h e s i d e ( D r . D. 

R o b e r t s , p e r s o n a l c o m m u n i c a t i o n ) . T h e t e n t a c l e s p r o b a b l y 

s w e e p t h e s e d i m e n t s u r f a c e p i c k i n g up p a r t i c l e s w h i c h are 

t h e n d e p o s i t e d in t h e m o u t h w i t h t h e a i d of t h e o t h e r , 

s m a l l e r t e n t a c l e s . 

A n a l y s i s of s t o m a c h c o n t e n t s f r o m s p e c i m e n s c o l l e c t e d in 

M a r c h s h o w s t h a t t h e gut is f u l l of s e d i m e n t c o n t a i n i n g 

sand g r a i n s , a m o r p h o u s o r g a n i c m a t e r i a l , f o r a m i n i f e r a n s 

and a f e w d i a t o m t e s t s . L i t t l e of t h e m a t e r i a l is r e a d i l y 

r e c o g n i s a b l e . 

T h e e s s e n t i a l l y s e d e n t a r y l i f e s t y l e of t h e 

y p s i l o t h u r i i d s m e a n s t h a t t h e y r e l y on t h e d e p o s i t i o n of 

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

of s u s p e n s i o n f e e d e r s i n d i c a t e s t h a t t h e c u r r e n t s at a b o u t 

1 3 0 0 m to t h e n o r t h w e s t of t h e PSB c a r r y a high 

c o n c e n t r a t i o n of s u s p e n d e d m a t e r i a l . E. h i s p i d a is l i k e l y 
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to o c c u r in l o c a l i z e d a r e a s w h e r e a d e c r e a s e In t h e 

c u r r e n t s l e a d s to d e p o s i t i o n of t h e s u s p e n d e d p a r t i c l e s . 

A m a x i m u m egg s i z e of 3 2 0 ^ m w a s f o u n d in t h e p r e s e n t 

m a t e r i a l f r o m s p e c i m e n s s a m p l e d in M a r c h . T h e r e is a r a n g e 

of egg s i z e s p r e s e n t and t h e r e f o r e n o r e p r o d u c t i v e 

p e r i o d i c i t y is i n d i c a t e d . E a c h s p e c i m e n h a s a f e c u n d i t y of 

a b o u t 150 e g g s b u t no m o r e t h a n h a l f of t h e s e are c l o s e to 

full d e v e l o p m e n t . T h e m o r p h o l o g y of t h e o v a r y and t h e 

t e s t i s is s i m i l a r t o t h a t d e s c r i b e d f o r Y . b l t e n t a c u l a t a 

a t t e n u a t a u n d e r t h e n a m e of Y. t a l i s m a n i b y T y l e r and G a g e 

( 1 9 8 3 ) . T h e m a x i m u m egg s i z e is a l s o s i m i l a r and s u g g e s t s 

s o m e f o r m of a b b r e v i a t e d l a r v a l d e v e l o p m e n t ( T y l e r and 

G a g e , 1 9 8 3 ) . 

Y p s i l o t h u r l a t a l i s m a n i E. P e r r i e r , 1 8 8 6 

BN 9 7 5 4 - 3 
BN 5 1 1 0 4 - 1 ( 
BN 5 1 2 0 8 - 3 
BN 5 1 4 0 3 - 3 
BN 5 1 4 0 3 - 6 
BN 5 1 4 2 0 - 1 

7 1 9 ) 
4 6 ) 

( 7 9 ) 
( 1 0 9 7 ) 
( 3 7 8 ) 
( 2 1 3 8 ) 

BN 5 0 6 0 6 - 1 
BN 5 1 1 1 3 - 2 
BN 5 1 4 0 3 - 1 
BN 5 1 4 0 3 - 4 
BN 5 1 4 0 6 - 1 
BN 5 1 4 2 0 - 2 

( 4 ) 
( 3 ) 
( 2 9 0 2 ) 
( 2 7 7 1 ) 
( 3 8 ) 

1 1 5 ) 
BN 5 1 4 2 0 - 4 ( 5 4 9 ) , BN 5 1 7 0 8 - 2 ( 6) 

BN 5 0 6 0 6 - 5 ( 19) 
BN 5 1 2 0 8 - 1 ( 1) 
BN 5 1 4 0 3 - 2 ( 1 5 9 5 ) 
BN 5 1 4 0 3 - 5 ( 1 0 9 7 ) 
BN 5 1 4 0 7 - 1 ( 2 8 ) 
BN 5 1 4 2 0 - 3 ( 1 8 7 7 ) 

B a t h y m e t r i c r a n g e In PSB : 1 0 7 2 to 1 5 4 0 m on t h e t r a n s e c t 

t h r o u g h t h e m i d d l e of t h e P S B . 9 8 % of t h e s p e c i m e n s w e r e 

c o l l e c t e d b e t w e e n 1 2 7 8 and 1 3 3 3 m , t h e s a m e r e s t r i c t e d 50m 

d e p t h r a n g e as E. h l s p l d a . As d e s c r i b e d f o r t h e l a t t e r 

t a l i s m a n i is 

a 

s p e c i e s 

r e l a t e d 

t h e n a r r o w d e p t h d i s t r i b u t i o n of Y_ 

to a u n i q u e s u s p e n s i o n f e e d i n g c o m m u n i t y w i t h 

s i m i l a r l y r e s t r i c t e d b a t h y m e t r i c r a n g e ( S e c t i o n 5 . 2 ) . 
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Y. t a l i s m a n i is a l s o f o u n d b e t w e e n 1 1 2 0 a n d 1140m on t h e 

s o u t h e r n s l o p e s of t h e P o r c u p i n e B a n k , i t s n a r r o w d e p t h 

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

s a m p l i n g e f f o r t c o n d u c t e d in t h e a r e a . 

D i s t r i b u t i o n : N o r t h A t l a n t i c , a b o u t 5 5 0 t o 2 0 1 8 m . T h e 

p r e s e n t r e c o r d s and t h o s e f r o m t h e R o c k a l l T r o u g h ( G a g e et 

a l . , 1 9 8 5 ; H a r v e y , G a g e , B i l l e t t , C l a r k a n d P a t e r s o n , in 

p r e s s ) s u p p o r t H e d i n g ' s ( 1 9 4 2 ) p r o p o s a l t h a t Y. t a l i s m a n i 

is an u p p e r s l o p e s p e c i e s r a r e l y o c c u r r i n g d e e p e r t h a n 

1 5 0 0 m . H e d i n g ( 1 9 4 2 ) r e c o g n i s e d a s e p a r a t e s u b - s p e c i e s , 

Y. t a l i s m a n i e l e g a n s f o r a s p e c i m e n f r o m t h e W e s t I n d i e s . 

T a x o n o m i c r e m a r k s : S e e S e c t i o n 3 . 1 , p a g e 8 2 . 

E c o l o g i c a l r e m a r k s : M a n y of t h e p o i n t s c o n c e r n i n g t h e 

e c o l o g y of Y . t a l i s m a n i h a v e b e e n m a d e in a g e n e r a l s e n s e 

w i t h r e g a r d to E. h i s p i d a s i n c e b o t h s p e c i e s h a v e a 

s i m i l a r s t r u c t u r e , l i f e s t y l e and d i s t r i b u t i o n . L i k e 

E. h i s p i d a , s p e c i m e n s s m a l l e r t h a n 4 m m l o n g d o m i n a t e t h e 

p o p u l a t i o n s i z e s t r u c t u r e ( F i g . 2 4 B ) , a n d t h e r e is l i t t l e 

v a r i a t i o n in t h e p o p u l a t i o n s i z e s t r u c t u r e b e t w e e n s a m p l e s 

( T a b l e 2 ) . 

T h e a b u n d a n c e of Y. t a l i s m a n i w a s c a l c u l a t e d in t h e s a m e 

w a y as d e t a i l e d f o r E. h i s p i d a . A m a x i m u m a b u n d a n c e of 10 

i n d i v i d u a l s p e r s q u a r e m e t e r w a s f o u n d f o r Y . t a l i s m a n i in 

t h e PSB ( T a b l e 3 ) , and t h e s a m p l e s in w h i c h Y . t a l i s m a n i 

w a s a b u n d a n t all c a m e f r o m t h e s a m e c o n f i n e d a r e a as 

E. h i s p i d a . T h e d i s t r i b u t i o n of t h e t w o s p e c i e s in t h e 

P S B , t h e r e f o r e , a p p e a r s to be l i m i t e d by t h e s a m e f a c t o r s . 

T h e g u t c o n t e n t s a r e s i m i l a r to t h o s e f o u n d in 

E. h i s p i d a , and i n c l u d e s a n d g r a i n s , f o r a m i n i f e r a n s , 

d i a t o m s , i n t a c t c o c c o l i t h o - p h o r i d s and s i n g l e c o c c o l i t h s , 

and a m o r p h o u s o r g a n i c m a t e r i a l . 
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T h e m a x i m u m e g g s i z e in t h e p r e s e n t m a t e r i a l is 3 4 0 ^ m 

d i a m e t e r , a l m o s t i d e n t i c a l to t h a t d e s c r i b e d f o r 

Y. b i t e n t a c u l a t a a t t e n u a t a ( T y l e r and G a g e , 1 9 8 3 ; as 

Y. t a l i s m a n i ) . T h i s i n d i c a t e s s o m e f o r m of a b b r e v i a t e d 

l e c i t h o t r o p h i c l a r v a l d e v e l o p m e n t . E a c h i n d i v i d u a l has 

s o m e 150 to 2 0 0 e g g s of w h i c h a b o u t h a l f a r e c l o s e to full 

d e v e l o p m e n t . T h e m o r p h o l o g y of t h e o v a r y a n d t e s t i s is as 

t h a t d e s c r i b e d f o r Y . b i t e n t a c u l a t a a t t e n u a t a by T y l e r and 

G a g e ( 1 9 8 3 ) . 

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

c o l l e c t e d by a c o a r s e - m e s h net ( > 4 m m ) w a s B O m g 

( i n c l u d i n g t h e c o e l o m i c f l u i d ) . W a t e r , s k e l e t a l and 

o r g a n i c t i s s u e a c c o u n t f o r 8 2 , 14 and 4 % r e s p e c t i v e l y of 

t h e b o d y w e i g h t . 

O r d e r A S P I D O C H I R O T I D A 

F a m i l y S t i c h o p o d i d a e 

S t i c h o p u s t r e m u l u s ( G u n n e r u s , 1 7 6 7 ) 

0 1 9 7 7 6 - 1 ( 2 ) , BN 9 7 7 6 - 2 ( 1 ) , OT 9 7 7 7 - 2 ( 4 ) 

0 1 9 7 7 8 - 1 ( 1) , BN 1 0 1 0 9 - 8 ( 1 0 ) , BN 1 0 1 1 0 - 1 ( 1) 

BN 1 0 1 2 0 - 1 ( 1 ) , OT 5 0 5 0 3 - 1 ( 6 ) , GT 5 0 5 0 6 - 1 ( 5) 
GT 5 0 5 0 7 - 1 ( 3 ) , OT 5 0 5 2 3 - 1 ( 1 5 ) , O T 5 0 5 2 4 - 1 ( 4 ) 
0 1 5 0 6 0 1 - 1 ( 1 4 7 ) , OT 5 0 6 0 7 - 1 ( 6 1 ) , BN 5 0 6 0 7 - 2 ( 2 7 ) 
BN 5 0 6 0 8 - 2 ( 4 2 ) , BN 5 0 6 0 9 - 1 ( 3 ) , OT 5 0 6 0 9 - 3 ( 4 7 ) 
OT 5 0 7 0 2 - 1 ( 1 4 8 ) , OT 5 0 7 0 5 - 1 ( 1 ) , GT 5 0 7 0 7 - 1 ( 1 9 ) 
GT 5 0 7 1 4 - 1 ( 2 ) , GT 5 0 7 1 6 - 1 ( 4 ) , GT 5 0 7 1 7 - 1 ( 2 6 ) 
OT 5 0 8 0 6 - 1 ( 8 ) , OT 5 0 8 0 7 - 1 ( 6 ) , OT 5 0 8 0 8 - 1 ( 2 ) 

GT 5 0 8 1 7 - 1 ( 1 7 ) , OT 5 0 8 1 9 - 1 ( 2 0 ) , OT 5 0 8 2 0 - 1 ( 1 1 ) 
OT 5 0 8 2 1 - 1 ( 3 ) , OT 5 0 9 0 4 - 1 ( 2 ) , OT 5 0 9 0 5 - 1 ( 2 ) 
OT 5 1 0 0 2 - 1 ( 1), OT 5 1 0 2 5 - 1 ( 1 5 ) , OT 5 1 0 2 6 - 1 ( 4 ) 
BN 5 1 1 0 2 - 1 ( 1 8 ) , BN 5 1 1 1 2 - 1 ( 1 2 ) , BN 5 1 1 1 2 - 4 ( 1 8 ) 
OT 5 1 3 0 2 - 1 ( 4 ) , OT 5 1 3 0 3 - 1 ( 1 4 ) , OT 5 1 3 0 4 - 1 ( 3 ) 

GT 5 1 3 1 2 - 1 ( 4 ) , GT 5 1 3 1 5 - 1 ( 1), OT 5 1 3 1 8 - 1 ( 1) 

OT 5 1 3 1 9 - 1 ( 5 ) , OT 5 1 4 0 1 - 1 ( 7 ) , OT 5 1 4 0 4 - 1 ( 1 1 ) 
BN 5 1 4 0 5 - 1 ( 5 ) , BN 5 1 6 2 2 - 1 ( 1 ) , OT 5 1 8 1 0 - 1 ( 1) 

OT 5 1 8 1 1 - 1 ( 3 ) , O T 5 1 8 1 2 - 1 ( 5 ) . 

140 



B a t h y m e t r i c r a n g e in t h e PSB : T o t a l r a n g e 158 to 1 1 3 0 m ; 

158m on t h e C e l t i c S h e l f ( t h e s h a l l o w e s t d e p t h s a m p l e d in 

t h i s s t u d y ) ; 2 0 5 to 1 1 3 0 m on t h e G o b a n S p u r ; 2 9 7 to 7 8 5 m 

to t h e n o r t h e a s t of t h e P S B ; and 3 1 0 t o 1035m on t h e 

s l o p e s of t h e P o r c u p i n e B a n k . S. t r e m u l u s o c c u r r e d in 

n e a r l y all t h e s a m p l e s t a k e n s h a l l o w e r t h a n 8 0 0 m but in 

o n l y a t h i r d of t h e s a m p l e s t a k e n b e t w e e n 8 0 0 and 1 2 0 0 m . 

D i s t r i b u t i o n : N o r t h e a s t A t l a n t i c - N o r w a y to t h e C a n a r y 

I s l a n d s , g e n e r a l l y b e t w e e n 60 and 1 9 1 8 m . It can be f o u n d 

as s h a l l o w as 2 0 m in S c a n d a n a v i a n w a t e r s ( J e s p e r s e n and 

L u t z e n , 1 9 7 1 ) . T h e d e e p e s t r e c o r d s c o m e f r o m a few 

s p e c i m e n s s a m p l e d o f f P o r t u g a l and n o r t h w e s t A f r i c a 

( P e r r i e r , 1 9 0 2 ; H e r o u a r d , 1 9 2 3 ) . T h e d i s t r i b u t i o n of 

S. t r e m u l u s in t h e R o c k a l l T r o u g h is s i m i l a r to t h a t in 

t h e PSB ( 1 6 8 to 1 0 2 0 m , G a g e et a l . , 1 9 8 5 ; H a r v e y et a l . , 

in p r e s s ) . 

E c o l o g i c a l r e m a r k s : T h e a b u n d a n c e of S t i c h o p u s in t h e PSB 

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

t h a t it is m o s t a b u n d a n t at d e p t h s s h a l l o w e r t h a n 7 0 0 m , 

p a r t i c u l a r l y on t h e P o r c u p i n e B a n k ( T a b l e 4 ) . H o w e v e r , it 

is e v i d e n t f r o m S t . 1 0 1 0 9 - 8 t h a t S. t r e m u l u s m a y be f a i r l y 

c o m m o n in l o c a l i s e d a r e a s e v e n at t h e b o t t o m of its 

b a t h y m e t r i c r a n g e . T h e a b u n d a n c e of S . t r e m u l u s c a l c u l a t e d 

f r o m t h e e p i b e n t h i c s l e d g e s a m p l e s is at l e a s t 5 t i m e s 

g r e a t e r t h a n t h a t e s t i m a t e d f r o m t h e o t t e r t r a w l s , 

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

i n v e r t e b r a t e s q u a n t i t a t i v e l y . D e s p i t e t h i s l i m i t a t i o n t h e 

a b u n d a n c e of S . t r e m u l u s d e c r e a s e s in o t t e r t r a w l s a m p l e s 

d e e p e r t h a n 7 0 0 m . 

S. t r e m u l u s is p a r t i c u l a r l y a b u n d a n t in t w o o t t e r 

t r a w l s a m p l e s f r o m an a r e a in t h e n o r t h e a s t of t h e PSB 

( T a b l e 4 ) w h e r e s u s p e n s i o n - f e e d e r s , s u c h as t h e c o r a l s 

L o p h e l i a p e r t u s a and M a d r e p o r a o c u l a t a a n d t h e h o l o t h u r i a n 
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T a b l e 4 . T h e a b u n d a n c e ( A ) of S t i c h o p u s t r e m u l u s in t h e 
e p i b e n t h i c s l e d g e and o t t e r t r a w l s a m p l e s , e x p r e s s e d as 
n u m b e r p e r h e c t a r e . S a m p l e s f r o m t h e m a i n t r a n s e c t u n l e s s 
o t h e r w i s e s t a t e d , n = n u m b e r of s p e c i m e n s t a k e n . 

S t a t i o n 
M e a n 

D e p t h (m] A / P o s n A / O d o 

E p i b e n t h i c s l e d g e s a m p l e s 

a BN 5 1 6 2 2 - 1 158 1 3 . 8 5 . 9 

BN 5 0 6 0 9 - 1 4 0 0 3 3 5 . 4 43 . 7 
b BN 1 0 1 2 0 - 1 4 0 0 1 3 . 7 9 . 9 

BN 5 1 4 0 5 - 1 4 9 8 5 1 6 . 6 39 . 4 

BN 5 0 6 0 8 - 2 5 1 0 42 4 9 . 5 197 . 0 

BN 5 1 1 1 2 - 1 523 12 3 1 . 6 60 . 1 * 

BN 5 1 1 0 2 - 1 525 18 5 8 . 3 129 . 0 + 

BN 5 1 1 1 2 - 4 555 18 3 5 . 1 127 . 0 * 

BN 5 0 6 0 7 - 2 7 0 0 27 5 7 . 9 184 . 0 
b BN 9 7 7 6 - 2 7 7 8 1 1 .9 5 . 4 + 

b BN 1 0 1 1 0 - 1 925 1 1 .8 
b BN 1 0 1 0 9 - 8 1 1 2 5 10 1 2 . 3 

O t t e r t r a w l s a m p l e s . 

b 0 1 9 7 7 7 - 2 2 4 3 4 0 . 6 
c OT 5 1 4 0 1 - 1 2 9 7 7 1.9 

OT 5 0 6 0 9 - 3 4 0 8 4 7 1 2 . 3 
b OT 5 0 5 2 3 - 1 4 7 3 15 4 . 5 

OT 5 0 8 1 9 - 1 5 0 6 2 0 6 . 3 
b OT 5 0 8 0 6 - 1 513 8 1 .8 

OT 5 0 6 0 7 - 1 7 0 6 51 1 3 . 7 
OT 5 0 8 2 0 - 1 7 2 0 1 1 2 . 0 

b OT 5 0 7 0 5 - 1 7 4 3 1 0 . 3 
OT 5 1 4 0 4 - 1 7 5 0 1 1 2 . 7 

b OT 5 0 5 2 4 - 1 7 6 3 4 0 . 7 
c OT 5 0 7 0 2 - 1 7 8 5 148 5 8 . 0 

OT 5 0 9 0 5 - 1 7 8 8 2 0 . 4 
b OT 5 0 8 0 7 - 1 7 9 3 6 1.5 
b OT 9 7 7 6 - 1 8 0 4 2 0 . 5 
c OT 5 0 6 0 1 - 1 8 4 9 147 2 8 . 8 

OT 5 0 8 2 1 - 1 9 8 6 3 0 . 6 
OT 5 0 5 0 3 - 1 1017 6 1.6 
OT 5 0 9 0 4 - 1 1 0 2 8 2 0 . 4 

b OT 9 7 7 8 - 1 1036 1 0 . 3 

a C e l t i c S h e l f * n o t i c k l e r c h a i n 
b G o b a n S p u r + w e a k l i n k | D a r t e d on 
c n o r t h e a s t PSB b o t t o m n e t b a r 
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F i g u r e 2 5 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of S t i c h o p u s 

t r e m u l u s . L e n g t h in 10mm s i z e c l a s s e s . 

A ) OT 5 0 6 0 7 - 1 , 7: 7 : 7 9 , 7 0 6 m , n = 6 0 . 

B ) OT 5 0 6 0 1 - 1 , 1: 7 : 7 9 , 8 4 7 m , n = 1 4 7 . 
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P s o l u s s q u a m a t u s a r e c o m m o n . H o w e v e r , w h e r e a s m o s t 

S. t r e m u l u s in t h e P S B a r e g r e a t e r t h a n 1 0 0 m m long ( a f t e r 

p r e s e r v a t i o n ) ( F i g . 2 5 A ) e v e n at t h e b o t t o m of t h e 

b a t h y m e t r i c r a n g e , t h e s p e c i m e n s f r o m t h e c o r a l a r e a are 

o n l y 15 to 7 0 m m long ( a f t e r p r e s e r v a t i o n ) ( F i g . 2 5 B ) . T h e 

r e a s o n s f o r t h e p r e v a l e n c e of m a n y s m a l l S . t r e m u l u s in 

c o r a l a r e a s is u n k n o w n b u t it is not c o n f i n e d to s l o p e 

d e p t h s . In s h a l l o w S c a n d a n a v i a n w a t e r s ( 8 0 t o 160m d e e p ) 

J e s p e r s e n and L u t z e n ( 1 9 7 1 ) n o t e d t h a t S . t r e m u l u s w a s 

m o r e a b u n d a n t and s u b s t a n t i a l l y s m a l l e r in a r e a s w i t h 

g r a v e l , b o u l d e r s and d e a d c o r a l ( L o p h e l i a ) t h a n in a r e a s 

w i t h a m u d s u b s t r a t e . 

T h e c o r r e l a t i o n b e t w e e n s p e c i m e n l e n g t h and dry w e i g h t 

is p o o r ( r * = 0 . 4 9 ) o w i n g to t h e v a r i a b l e s t a t e of 

c o n t r a c t i o n of t h e s p e c i m e n s . T h e b i o m a s s o f S. t r e m u l u s 

was m e a s u r e d d i r e c t l y at S t a s 5 1 1 0 2 - 1 a n d 5 1 1 1 2 - 4 . A wet 

w e i g h t , d r y w e i g h t and a s h - f r e e d r y w e i g h t b i o m a s s of 

9 3 7 6 g , 8 1 6 g and 4 2 3 g p e r h e c t a r e r e s p e c t i v e l y was 

c a l c u l a t e d f o r S t . 5 1 1 0 2 - 1 . S i m i l a r l y f o r S t . 5 1 1 1 2 - 4 t h e 

v a l u e s a r e 8 3 7 1 g , 8 6 7 g and 5 2 2 g p e r h e c t a r e r e s p e c t i v e l y . 

W a l k e r et a l . ( 1 9 8 7 ) r e p o r t a c a l o r i f i c c o n t e n t of 2 5 . 6 

J / m g A F D W f o r t h e b o d y w a l l of S . t r e m u l u s p r o d u c i n g a 

c a l o r i f i c b i o m a s s of 4 8 9 0 KJ and 3 6 8 6 KJ p e r h e c t a r e f o r 

t h e t w o s t a t i o n s . 

W a t e r , s k e l e t a l and o r g a n i c t i s s u e c o m p r i s e a b o u t 9 0 % , 

4% and 6% r e s p e c t i v e l y of t h e b o d y w e i g h t . In t e r m s of 

b i o m a s s S. t r e m u l u s is an i m p o r t a n t c o m p o n e n t of t h e 

e p i b e n t h i c i n v e r t e b r a t e c o m m u n i t y . At S t a s 5 1 1 0 2 - 1 and 

5 1 1 1 2 - 4 S . t r e m u l u s c o n t r i b u t e s 2 7 % and 3 9 % r e s p e c t i v e l y 

to t h e t o t a l w e t w e i g h t b i o m a s s . H o w e v e r , t h e h i g h w a t e r 

c o n t e n t of S . t r e m u l u s t e n d s to e x a g g e r a t e its i m p o r t a n c e 

in t h e c o m m u n i t y , f o r in t e r m s of A F D W b i o m a s s it 

c o n t r i b u t e s o n l y 9% and 1 9 % of t h e t o t a l b i o m a s s at t h e 

t w o s t a t i o n s . 
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A l t h o u g h S . t r e m u l u s w a s r e g a r d e d to b e a n o n - s e l e c t i v e 

d e p o s i t f e e d e r by J e s p e r s e n and L u t z e n ( 1 9 7 1 ) , H a u k s s o n 

( 1 9 7 9 ) c o n c l u d e d t h a t t h i s s p e c i e s d i d s e l e c t f o r 

p a r t i c l e s , s u c h as s e d i m e n t a g g r e g a t e s a n d f a e c a l p e l l e t s , 

w i t h a h i g h e r o r g a n i c c o n t e n t t h a n t h e g e n e r a l s u r f a c e 

s e d i m e n t . M i c r o s c o p i c a l a n a l y s i s of t h e g u t c o n t e n t s of 

S. t r e m u l u s f r o m t h e P S B c o u l d n o t r e s o l v e t h i s 

d i f f e r e n c e . S m a l l s p e c i m e n s c o l l e c t e d f r o m t h e c o r a l a r e a s 

had i n t e s t i n e s p a c k e d w i t h c o a r s e m a t e r i a l , p r i n c i p a l l y 

sand g r a i n s and f o r a m i n i f e r a n s w i t h a f e w o r g a n i c 

a g g r e g a t e s i n c l u d i n g f a e c a l p e l l e t s . S p e c i m e n s f r o m t h e 

P o r c u p i n e B a n k , h o w e v e r , had m u c h f i n e r p a r t i c l e s in t h e i r 

i n t e s t i n e s a l t h o u g h s a n d g r a i n s and f o r a m i n i f e r a n s s t i l l 

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

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

and o t h e r a g g r e g a t e s . A c o m p a r i s o n of t h e g r a i n s i z e of 

t h e s u r f i c i a l s e d i m e n t and t h e gut c o n t e n t s is n e c e s s a r y . 

A s s u m i n g t h a t s p e c i m e n s f r o m t h e P o r c u p i n e B a n k a r e as 

a c t i v e as s p e c i m e n s c o l l e c t e d in s h a l l o w S c a n d a n a v i a n 

w a t e r s , t h e f e e d i n g r a t e of S . t r e m u l u s in t h e PSB can be 

e s t i m a t e d . W h e n t h e g u t is f u l l , t h e d r y w e i g h t of t h e 

s e d i m e n t in t h e g u t s of s h a l l o w w a t e r S. t r e m u l u s is a b o u t 

1 3 0 % of t h e d r y w e i g h t of t h e s p e c i m e n ( H a u k s s o n , 1 9 7 9 ) . 

A b o u t h a l f of t h e g u t c o n t e n t s a r e v o i d e d w h e n t h e h o l o -

t h u r i a n d e f a e c a t e s , an e v e n t t h a t o c c u r s a b o u t e v e r y 20 

hrs ( H a u k s s o n , 1 9 7 9 ) . U s i n g t h e s e d a t a t o g e t h e r w i t h 

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

s l e d g e ( T a b l e 4 ) t h e r a t e of s e d i m e n t t u r n o v e r by t h i s 

s p e c i e s c a n be e s t i m a t e d f o r S t a s 5 1 1 0 2 - 1 a n d 5 1 1 1 2 - 4 . T h e 

t o t a l d r y w e i g h t of S . t r e m u l u s f r o m t h e s e s t a t i o n s is 

113g and 123g r e s p e c t i v e l y ( 1 8 s p e c i m e n s in e a c h s a m p l e ) , 

p r o d u c i n g a d e f a l c a t i o n r a t e of 7 3 . 5 g a n d 8 0 . O g s e d i m e n t 

DW p e r 2 0 h r f o r t h e t w o p o p u l a t i o n s . 
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In s h a l l o w w a t e r a b o u t 2% of t h e s e d i m e n t dry w e i g h t is 

a s s i m i l a t e d by t h e h o l o t h u r i a n d u r i n g i t s p a s s a g e t h r o u g h 

t h e g u t ( H a u k s s o n , 1 9 7 9 ) . In d e e p e r w a t e r , h o w e v e r , w h e r e 

t h e o r g a n i c c o n t e n t of t h e s e d i m e n t is l o w ( l e s s t h a n 1% 

s e d i m e n t DW as o p p o s e d to 5% in s h a l l o w w a t e r ) , t h e 

p r o p o r t i o n of t h e s e d i m e n t dry w e i g h t a s s i m i l a t e d w i l l be 

s m a l l e r . H e n c e , t h e a m o u n t of s e d i m e n t d e f a e c a t e d w i l l be 

a l m o s t e q u i v a l e n t to t h e a m o u n t i n g e s t e d a n d no c o r r e c t i o n 

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

E a c h i n d i v i d u a l w i l l p r o c e s s on a v e r a g e 4 . 9 g and 5.3g 

s e d i m e n t DW p e r d a y , or 1 7 8 9 g and 1 9 3 5 g a n n u a l l y , at S t a s 

5 1 1 0 2 - 1 and 5 1 1 1 2 - 4 r e s p e c t i v e l y . U s i n g t h e a b u n d a n c e d a t a 

c a l c u l a t e d f r o m t h e o d o m e t e r r e c o r d s ( T a b l e 4 ) , s o m e 2 3 . 1 g 

/ m * or 2 4 . 6 g / m 2 of s e d i m e n t DW w i l l be c o n s u m e d a n n u a l l y 

by t h e t w o p o p u l a t i o n s . T h i s is a s i m i l a r r a t e to t h a t 

c a l c u l a t e d f o r t h e s h a l l o w w a t e r S c a n d a n a v i a n p o p u l a t i o n s 

of S . t r e m u l u s (20g s e d i m e n t D W / m * - H a u k s s o n , 1 9 7 9 ) . 

T h e s e x e s a r e s e p a r a t e in S . t r e m u l u s . In S c a n d a n a v i a n 

w a t e r s p e l a g i c e g g s a r e s p a w n e d s e a s o n a l l y in J u l y / A u g u s t 

( J e s p e r s e n and L u t z e n , 1 9 7 1 ) . F o r t h e P S B s p e c i m e n s a 

m a x i m u m egg s i z e of 1 2 0 ^ m , t h e u n i f o r m i t y of egg s i z e in 

I n d i v i d u a l s p e c i m e n s , and t h e i r h i g h f e c u n d i t y , all 

i n d i c a t e t h a t d e e p w a t e r p o p u l a t i o n s a l s o r e p r o d u c e 

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

s p a w n i n g o c c u r s in A p r i l / M a y . D e s p i t e t h e e v i d e n c e f o r 

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

in d e e p or s h a l l o w w a t e r p o p u l a t i o n s . S p e c i m e n s s m a l l e r 

t h a n 3 0 m m a r e s e l d o m f o u n d ( R u s t a d , 1 9 3 8 ; J e s p e r s e n and 

L u t z e n , 1 9 7 1 ) and t h e p o p u l a t i o n s in t h e P S B , e x c e p t t h o s e 

f r o m t h e c o r a l a r e a s , f o l l o w t h i s p a t t e r n . 

S. t r e m u l u s is r e p o r t e d to be p r e d a t e d by s o m e s e a s t a r s 

and f i s h ( O s t e r g r e n , 1 9 3 8 ; J e s p e r s e n and L u t z e n , 1 9 7 1 ) but 

t h e n u m b e r of p r e d a t o r s is s m a l l . T h e h o l o t h u r i a n p r o d u c e s 
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c o p i o u s a m o u n t s of s l i m e t h a t c o n t a i n s a t o x i c 

( J e s p e r s e n and L u t z e n , 1 9 7 1 ) . 

s u b s t a n c e 

T h e b i z a r r e e n d o p a r a s i t i c g a s t r o p o d E n t e r o x e n o s , r e p -

o r t e d in s h a l l o w w a t e r S. t r e m u l u s ( J e s p e r s e n and L u t z e n , 

1 9 7 1 ; L u t z e n , 1 9 7 9 ) a l s o o c c u r s in d e e p - w a t e r s p e c i m e n s in 

t h e P S B . 

F a m i l y S y n a l l a c t i d a e 

B a t h y p l o t e s n a t a n s (M. S a r s , 1 8 6 8 ) 

BN 9 7 5 4 - 3 ( 1), OT 9 7 7 4 - 1 ( 1 ) , BN 9 7 7 9 - 1 ( 2 1 ) , 
BN 1 0 1 0 8 - 1 ( 4 ) , BN 1 0 1 0 9 - 8 ( 8 0 ) , OT 5 0 5 0 3 - 1 ( 1 ) , 

6T 5 0 5 0 5 - 1 ( 3 ) , OT 5 0 5 1 9 - 1 ( 1 9 3 ) , GT 5 0 5 2 0 - 1 ( 1 ) , 

OT 5 0 5 2 2 - 1 ( 1 ) , OT 5 0 6 0 1 - 1 ( 1 ) , BN 5 0 6 0 6 - 1 ( 2 ) , 
0 1 5 0 6 0 6 - 2 ( 2 3 ) , BN 5 0 6 0 6 - 5 ( 3) , OT 5 0 6 1 1 - 1 ( 6 3 ) , 
OT 5 0 7 0 4 - 1 ( 1 1 ) , GT 5 0 7 0 9 - 1 ( 1 1 ) , GT 5 0 7 1 3 - 1 ( 1), 
OT 5 0 8 0 1 - 1 ( 5 6 ) , OT 5 0 8 0 8 - 1 ( 1 ) , GT 5 0 8 0 9 - 1 ( 8 ) , 
OT 5 0 9 0 3 - 1 ( 3 0 ) , OT 5 0 9 0 4 - 1 ( 1 4 ) , OT 5 1 0 0 8 - 1 ( 5 ) , 
OT 5 1 0 2 3 - 1 ( 1 8 ) , OT 5 1 0 2 7 - 1 ( 1 ) , OT 5 1 3 0 6 - 1 ( 8 ) , 
OT 5 1 3 1 4 - 1 ( 4 ) , BN 5 1 4 0 3 - 1 ( 2 4 ) , BN 5 1 4 0 3 - 2 ( 1 8 ) , 
BN 5 1 4 0 3 - 3 ( 1 5 ) , BN 5 1 4 0 3 - 4 ( 2 2 ) , BN 5 1 4 0 3 - 5 ( 1 5 ) , 
BN 5 1 4 0 3 - 6 ( 6 ) , OT 5 1 4 0 3 - 7 ( 7 8 ) , BN 5 1 4 0 6 - 1 ( 3 ) , 
BN 5 1 4 0 7 - 1 ( 6 ) , BN 5 1 4 2 0 - 1 ( 18), BN 5 1 4 2 0 - 2 ( 7 ) , 
BN 5 1 4 2 0 - 3 ( 7 ) , BN 5 1 4 2 0 - 4 ( 1 1 ) , BN 5 1 7 0 7 - 1 ( 8 ) , 
BN 5 2 0 0 9 - 1 ( 1 ) , BN 5 2 2 0 4 - 1 ( 10), BN 5 2 2 1 8 - 1 ( 1 2 ) . 
( N u m b e r of s p e c i m e n s i n c l u d e s j u v e n i l e s . ) 

B a t h y m e t r i c r a n g e in PSB : 7 70 to 1 5 7 2 m , b u t o n l y c o m m o n 

b e t w e e n 1 1 0 0 and 1 4 6 5 m ( 9 6 % of t h e s p e c i m e n s c o l l e c t e d ) . 

On t h e m a i n t r a n s e c t B . n a t a n s w a s m o s t c o m m o n in t h e 

p r o x i m i t y of t h e a r e a d o m i n a t e d by t h e s p o n g e P h e r o n e m a . 

D i s t r i b u t i o n : C o s m o p o l i t a n . In t h e n o r t h e a s t A t l a n t i c 

B . n a t a n s u s u a l l y o c c u r s b e t w e e n 6 0 0 and 1 6 0 0 m , r i s i n g to 

a b o u t 2 0 0 m o f f N o r w a y . B. n a t a n s o c c u r s at s i m i l a r d e p t h s 

in t h e R o c k a l l T r o u g h ( 1 0 0 0 to 1 2 6 5 m ) ( G a g e et a l . , 1 9 8 5 ; 

H a r v e y et a l . , in p r e s s ) . 
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T a x o n o m i c r e m a r k s : D e t a i l s of t h e o s s i c l e s f o u n d in 

j u v e n i l e B. n a t a n s a r e g i v e n in S e c t i o n 3 . 2 , p a g e 108. 

M a n y of t h e s p e c i m e n s w e r e o r a n g e in c o l o u r . 

E c o l o g i c a l r e m a r k s : T h e g r e a t e s t a b u n d a n c e of B. n a t a n s 

w a s r e c o r d e d in an a r e a l y i n g a c r o s s t h e l o w e r b o u n d a r y of 

t h e P h e r o n e m a c o m m u n i t y ( s e e S e c t i o n 5 . 2 ) . A m a x i m u m 

a b u n d a n c e of 1 7 8 i n d i v i d u a l s p e r h e c t a r e w a s f o u n d at S t . 

5 1 4 0 3 - 4 ( 2 3 0 i n d i v i d u a l s p e r h e c t a r e i n c l u d i n g s m a l l 

j u v e n i l e s ) ( T a b l e 5 ) . T h e a b u n d a n c e of B . n a t a n s e s t i m a t e d 

f r o m t h e s l e d g e h a u l s is a b o u t 5 t i m e s g r e a t e r t h a n t h a t 

e s t i m a t e d f r o m t h e t r a w l s ( u s i n g s h i p ' s p o s i t i o n to 

c a l c u l a t e t h e d i s t a n c e t r a w l e d ) . F o r t h e e p i b e n t h i c 

s l e d g e , t h e a b u n d a n c e of B. n a t a n s is s o m e 2 to 3 t i m e s 

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

o d o m e t e r r e c o r d r a t h e r t h a n t h e s h i p ' s p o s i t i o n . 

T h e dry w e i g h t b i o m a s s of B . n a t a n s w a s d e t e r m i n e d 

d i r e c t l y at a n u m b e r of s t a t i o n s ( T a b l e 5 ) . W a t e r a c c o u n t s 

f o r a b o u t 9 1 % o f t h e f r e s h b o d y w e i g h t , v a r y i n g b e t w e e n 86 

and 9 4 % . L a r g e s p e c i m e n s t e n d to h a v e a h i g h e r w a t e r 

c o n t e n t t h a n s m a l l s p e c i m e n s . T h e a s h - f r e e d r y w e i g h t 

b i o m a s s of B . n a t a n s c o u l d n o t be d e t e r m i n e d d i r e c t l y , but 

a s s u m i n g t h a t t h e A F D W of B . n a t a n s is o n e t h i r d of its 

dry w e i g h t , as d e t e r m i n e d f o r a s i m i l a r s y n a l l a c t i d 

( M e s o t h u r i a l a c t e a ) , t h e n a m a x i m u m A F D W b i o m a s s of 196g 

p e r h e c t a r e c a n be c a l c u l a t e d ( S t . 5 1 4 2 0 - 1 ) . W a l k e r et 

a l . , ( 1 9 8 7 a ) r e p o r t a c a l o r i f i c c o n t e n t of 2 5 . 5 J / m g A F D W 

f o r t h e b o d y w a l l of B. n a t a n s , p r o d u c i n g a c a l o r i f i c 

b i o m a s s of 5 0 0 0 KJ p e r h e c t a r e f o r t h e s a m e s t a t i o n . 

T h e g r e a t e s t b i o m a s s of B. n a t a n s on t h e m a i n t r a n s e c t 

o c c u r r e d in t h e a r e a s of its g r e a t e s t a b u n d a n c e , b e t w e e n 

1 2 7 8 and 1 3 3 3 m . T h e b i o m a s s of B. n a t a n s w a s d e t e r m i n e d at 

9 s t a t i o n s s a m p l e d b e t w e e n t h e s e d e p t h s , 5 w i t h i n t h e 

P h e r o n e m a c o m m u n i t y ( 1 2 7 8 to 1 3 1 4 m ) and 4 j u s t b e l o w t h e 
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Table 5. The abundance (A) and biomass (B) of Bathyplotes natans in 
epibenthic sledge and otter trawl samples, expressed as number or 
g DW per hectare. Samples from the main transect unless otherwise 
stated. Abundance values are given for 1) all specimens, 

2) excluding juveniles, n = number of specimens including juveniles. 

Station 

Mean 
Depth ( 

All specimens 
A/Posn A/Odo 

A d u l t specimens g DW 
A/Posn A/Odo B/Odo 

Epibenthic sledge samples. 

BN 51406-1 1082 3 12.0 20.3 12.0 20.3 46 

BN 50606-1 1115 2 4.5 14.6 4.5 14.6 

a BN 10109-8 1125 80 98.0 98.0 

BN 50606-5 1130 3 7.2 7.2 

BN 51707-1 1218 8 8.4 8.4 

BN 52009-1 1221 1 3.2 6.4 3.2 6.4 

BN 51420-4 1283 1 1 67.7 121.0 12.3 22.0 122 

BN 51403-6 1287 6 63.6 63.6 167 

BN 51403-5 1293 1 5 73.8 170.1 73.8 170.1 243 

BN 51420-3 1296 7 59.8 77.4 8.6 11.1 43 

BN 52204-1 1303 10 108.6 140.9 108.6 140.9 

BN 51403-1 1303 24 53.5 137.2 42.4 108.6 164 

BN 51420-2 1307 7 43.1 78.8 43.1 78.8 

BN 51403-2 1321 18 76.4 195.5 67.9 173.7 395 

BN 51403-3 1322 15 96.0 143.0 70.4 104.9 229 

BN 51403-4 1326 22 66.2 229.9 51.2 177.6 460 

BN 51420-1 1327 18 104.9 193.1 75.8 139.5 588 

a BN 10108-1 1388 4 8.4 8.4 

a BN 9779-1 1401 21 30.0 109.6 30.0 109.6 

a BN 52218-1 1440 12 27.9 51.7 27.9 51.7 

b BN 9754-3 1484 1 2.1 2.1 
22 BN 51407-1 1500 6 11.5 41.7 11.5 41.7 22 

Otter trawl samples. 

OT 50601-1 849 1 0. 2 

a 01 50522-1 983 1 0. 3 

OT 50503-1 1017 1 0. 3 

OT 50904-1 1028 14 2.8 

OT 50606-2 1100 23 5.6 

OT 51306-1 1218 8 2.6 

OT 50903-1 1258 30 6.5 

a OT 50801-1 1265 56 11.7 

OT 51403-7 1293 78 18.8 

OT 50611-1 1388 63 10.1 

a OT 50519-1 1448 193 39.1 

b OT 9774-1 1533 1 0. 2 

a Goban Spur 
b northeast PSB 

+ Abundance estimated from outer nets only, 

Centre net catch discarded. 
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l o w e r b o u n d a r y of t h e s p o n g e s ( 1 3 1 7 to 1 3 3 3 m ) . T h e b i o m a s s 

of t h e l a t t e r s t a t i o n s is s i g n i f i c a n t l y g r e a t e r t h a n t h e 

f o r m e r s t a t i o n s ( t - t e s t , p > 0 . 0 5 ) . T h e c o n t r i b u t i o n of 

B. n a t a n s t o t h e t o t a l A F D W b i o m a s s w i t h i n t h e P h e r o n e m a 

c o m m u n i t y is less t h a n 3% (in 3 s a m p l e s l e s s t h a n 1 % ) , but 

in t h e a r e a i m m e d i a t e l y b e l o w t h e s p o n g e s B . n a t a n s a c c -

o u n t s f o r 8 to 1 1 % of t h e b i o m a s s . T h e p r o p o r t i o n of 

B. n a t a n s A F D W b i o m a s s at S t a s 5 1 4 0 6 - 1 ( 1 0 8 2 m ) and 5 1 4 0 7 - 1 

( 1 5 0 0 m ) is n e g l i g i b l e ( m u c h l e s s t h a n 1 % ) . 

T h e s o f t b o d y of B. n a t a n s can lead t o c o n s i d e r a b l e 

m u t i l a t i o n of t h e s p e c i m e n s d u r i n g c a p t u r e . C o u p l e d w i t h 

t h e v a r i a b l e s t a t e of c o n t r a c t i o n of t h e s p e c i m e n s t h i s 

r e s u l t s in a p o o r c o r r e l a t i o n of s p e c i m e n l e n g t h w i t h dry 

w e i g h t ( r * = 0 . 5 0 ) . T h e c o m p a r i s o n of t h e p o p u l a t i o n s i z e 

d i s t r i b u t i o n s of p r e s e r v e d s a m p l e s , h o w e v e r , s h o w s s o m e 

d i f f e r e n c e s b e t w e e n B. n a t a n s f r o m d i f f e r e n t d e p t h s ( F i g . 

2 6 ) . T h e l a r g e s t s p e c i m e n s o c c u r in t h e m i d d l e of t h e 

b a t h y m e t r i c r a n g e ( e . g . S t a s 5 1 4 0 3 and 5 1 4 2 0 c o m b i n e d ) 

w h i l e s m a l l s p e c i m e n s d o m i n a t e t h e p o p u l a t i o n s s a m p l e d at 

t h e s h a l l o w e s t and d e e p e s t p a r t of t h e r a n g e ( e . g . S t a s 

5 0 9 0 4 - 1 and 5 0 5 1 9 - 1 ) ( F i g . 2 6 ) . 

T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of B . n a t a n s do not 

s h o w any e v i d e n c e of s e a s o n a l r e c r u i t m e n t e v e n t h o u g h 

T y l e r and M u i r h e a d ( 1 9 8 6 ) i n d i c a t e t h a t t h e r e m a y be 

p e r i o d i c , p o s s i b l y s e a s o n a l , p r o d u c t i o n of o o c y t e s . O n l y a 

f e w f u l l y d e v e l o p e d o o c y t e s a r e e v i d e n t in s p e c i m e n s c o l l -

e c t e d in l a t e A p r i l t o M a y , but l a t e r in t h e y e a r ( S e p t -

e m b e r / O c t o b e r ) m a t u r e e g g s a r e m o r e c o m m o n and in m a n y 

s p e c i m e n s a b i m o d a l d i s t r i b u t i o n of o o c y t e s i z e is f o u n d 

( T y l e r and M u i r h e a d , 1 9 8 6 ) . T h e s e f e a t u r e s s h o w s o m e 

s i m i l a r i t y to t h e o o c y t e p r o d u c t i o n f o u n d in o t h e r d e e p -

sea e c h i n o d e r m s t h a t r e p r o d u c e s e a s o n a l l y ( T y l e r et a l . , 

1 9 8 2 ) . A f e w , s m a l l j u v e n i l e s , o n l y 1 t o 2 m m l o n g , w e r e 

p r e s e n t in s a m p l e s t a k e n in l a t e M a r c h ( S t a s 5 1 4 0 3 , 
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F i g u r e 26, 

B a t h y p l o t e s 

T h e 

n a t a n s 

p o p u l a t i o n s i z e d i s t r i b u t i o n s 

L e n g t h in 1 0 m m s i z e c l a s s e s . 

of 

A) OT 5 0 9 0 4 - 1 , 8 11 :80, 1 0 2 7 m , n = 1 4 . 

B) OT 5 0 6 0 6 - 2 , 6 7 :79, 1 1 0 0 m , n = 2 1 . 

C) BN 1 0 1 0 9 - 8 , 7 9 :79, 1 1 2 5 m , n = 7 6 . 

D) OT 5 0 9 0 3 - 1 , 7 1 1 :80, 1 2 5 7 m , n = 3 0 . 

E) BN 5 1 4 0 3 / 5 1 4 2 0 , 25 3 :82, 1 3 0 0 m , n = 18. 

F) OT 5 0 6 1 1 - 1 , 8 7 :79, 1 3 8 8 m , n = 4 8 . 

G) BN 9 7 7 9 - 1 , 24 4 :78, 1 4 0 1 m , n = 21 . 

H) OT 5 0 5 1 9 - 1 , 8 6 :79, 1 4 4 8 m , n = 1 2 6 . 
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5 1 4 2 0 ) . T h e i r a b u n d a n c e , as d e t e r m i n e d u s i n g t h e o d o m e t e r 

r e c o r d s , r a n g e d b e t w e e n 0 and 100 i n d i v i d u a l s p e r h e c t a r e 

(8 s a m p l e s ) . D a t a a r e n o t a v a i l a b l e f r o m o t h e r t i m e s of 

t h e y e a r f o r c o m p a r i s o n . 

B. n a t a n s p r o d u c e s an egg w i t h a m a x i m u m d i a m e t e r of 

2 8 0 ^ m ( T y l e r and M u i r h e a d , 1 9 8 6 ) . E g g s of t h i s i n t e r -

m e d i a t e s i z e ( s e e S e c t i o n 5 . 5 ) a r e l i k e l y t o u n d e r g o s o m e 

f o r m of l e c i t h o t r o p h i c l a r v a l d e v e l o p m e n t . 

B . n a t a n s is an e p i b e n t h i c d e p o s i t - f e e d i n g h o l o t h u r i a n 

t h a t g l i d e s o v e r t h e s e a b e d on its n u m e r o u s , s m a l l l a t e r o -

v e n t r a l t u b e f e e t . No p e r c e p t i b l e m a r k is l e f t on t h e s e a -

b e d . W h e n d i s t u r b e d B. n a t a n s is a b l e t o s w i m f o r s h o r t 

p e r i o d s by u n d u l a t i n g its b o d y ( S a r s , 1 8 6 8 ) . 

T h e c o m m e n s a l p o l y c h a e t e , H a r m o t h o e b a t h y d o m u s D i t l e v s e n 

1 9 1 7 , d e s c r i b e d by W e s e n b e r g - L u n d ( 1 9 4 1 ) in a s s o c i a t i o n 

w i t h B. n a t a n s in t h e P S B , w a s not f o u n d on any of t h e 

s p e c i m e n s e x a m i n e d . 

B e n t h o t h u r i a f u n e b r i s R. P e r r i e r , 1 9 0 2 

OT 9 6 3 8 - 2 ( 4 ) , OT 9 6 4 0 - 1 ( 4 6 ) , BN 9 7 5 6 - 14 ( 1 ) . 
BN 1 0 1 1 5 - 1 ( 2 ) , OT 5 0 5 1 2 - 1 ( 1 ) , OT 5 0 5 1 4 - 1 ( 3 ) , 
BN 5 0 6 0 3 - 1 ( 1 ) , BN 5 0 6 0 5 - 1 ( 3 ) , OT 5 0 8 1 1 - 1 ( 2 ) , 
OT 5 0 8 1 2 - 2 ( 9 ) , OT 5 0 8 1 3 - 1 ( 2 ) , OT 5 0 9 0 6 - 1 ( 1 ) , 
OT 5 0 9 0 7 - 1 ( 2 ) , OT 5 0 9 1 0 - 1 ( 1 ) , BN 5 0 9 1 3 - 1 ( 1 ) , 
OT 5 1 0 1 2 - 1 ( 1) , BN 5 1 1 0 9 - 1 ( 2 ) , BN 5 1 1 0 9 - 2 ( 1), 
OT 5 1 2 1 4 - 1 ( 2 0 ) , BN 5 1 2 1 6 - 1 ( 3 ) , OT 5 1 2 1 6 - 4 ( 2 0 ) , 
OT 5 1 3 0 9 - 1 ( 1), OT 5 1 4 1 1 - 1 ( 2 ) , BN 5 1 4 1 2 - 1 ( 1), 
OT 5 1 4 1 3 - 1 ( 1 3 0 ) , OT 5 1 4 1 4 - 1 ( 4 ) , BN 5 1 4 1 4 - 2 ( 1 ) , 
BN 5 1 4 1 5 - 1 ( 1 6 ) , BN 5 1 6 0 4 - 1 ( 2 ) , OT 5 1 6 1 0 - 1 ( 1 3 9 ) , 
OT 5 1 6 1 1 - 1 ( 1) , OT 5 1 8 0 3 - 1 ( 2 ) , OT 5 1 8 0 4 - 1 ( 3 ) , 
BN 5 2 2 1 4 - 1 ( 1 ) . 
I n t h e R o c k a l l T r o u g h : OT 5 0 7 0 1 - 1 ( 6 7 ) . 
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B a t h y m e t r i c r a n g e in PSB : 2 4 7 0 t o 4 4 0 0 m , b u t o n l y c o m m o n 

b e t w e e n 2 7 7 0 and 3 8 2 0 m ( 8 3 % of t h e s p e c i m e n s c o l l e c t e d ) in 

an a r e a b o r d e r i n g t h e s t e e p and r u g g e d t e r r a i n at t h e 

m o u t h of t h e PSB ( F i g . 1, p a g e 3 7 ) . B . f u n e b r i s o c c u r r e d 

in 11 of t h e 12 s a m p l e s t a k e n b e t w e e n 3 4 0 0 and 4 0 0 0 m . T h e 

s a m p l e f r o m t h e R o c k a l l T r o u g h c i t e d a b o v e c a m e f r o m an 

a r e a c l o s e to t h e b a s e of t h e c o n t i n e n t a l s l o p e to t h e 

n o r t h of t h e P o r c u p i n e B a n k ( 2 8 7 0 t o 2 8 9 0 m ) . 

D i s t r i b u t i o n : N o r t h e a s t A t l a n t i c f r o m n o r t h w e s t A f r i c a to 

off s o u t h w e s t G r e e n l a n d ; 7 8 2 to 4 4 0 0 m i n c l u d i n g t h e p r e -

s e n t r e c o r d s . T h e P S B s p e c i m e n s and t h o s e r e p o r t e d r e c -

e n t l y f r o m t h e R o c k a l l T r o u g h ( G a g e et a l . , 1 9 8 5 ; H a r v e y 

et a l . , in p r e s s ) , p r o v i d e a g e o g r a p h i c l i n k b e t w e e n t h e 

p r e v i o u s w i d e l y s e p a r a t e d r e c o r d s of t h i s s p e c i e s . If 

B. f u n e b r i s is s y n o n y m o u s w i t h B . v a l d i v i a e H e d i n g , 1940 

(see T a x o n o m i c r e m a r k s ) t h e n t h e l o w e r b a t h y m e t r i c l i m i t 

is 4 6 3 6 m and t h e s p e c i e s a l s o o c c u r s in t h e A n t a r c t i c 

O c e a n . T h e b a t h y m e t r i c d i s t r i b u t i o n o f B . f u n e b r i s is 

r a t h e r c u r i o u s s i n c e it a p p e a r s to o c c u r at g r e a t e r d e p t h s 

in n o r t h e r l y l a t i t u d e s ( 2 7 0 0 to 4 4 0 0 m ) t h a n o f f n o r t h w e s t 

A f r i c a ( 7 8 2 to 1 4 3 0 m , d e p t h l i m i t s i n c l u d i n g t h e r e c o r d s 

c i t e d b e l o w ) . 

T a x o n o m i c r e m a r k s : A l t h o u g h B. f u n e b r i s m a y be s a m p l e d in 

g o o d c o n d i t i o n , t h e w a t e r y d o r s a l s u r f a c e ( s e e b e l o w ) is 

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

in i d e n t i f i c a t i o n . H e d i n g ( 1 9 4 0 ) p r o p o s e d f i v e s p e c i e s f o r 

t h e g e n u s B e n t h o t h u r i a , a l t h o u g h he q u e s t i o n e d t h e v a l i d -

ity of B. c r i s t a t u s and c o n s i d e r e d B. f u n e b r i s t o be syn-

o n y m o u s w i t h B. v a l d i v i a e . T h e l a t t e r t w o n o m i n a l s p e c i e s 

d i f f e r in t w o r e s p e c t s ; t h e n u m b e r of p o l i a n v e s i c l e s and 

t h e p r e s e n c e o r a b s e n c e of l a r g e d o r s a l p a p i l l a e . L i k e t h e 

" I n g o l f " s p e c i m e n ( H e d i n g , 1 9 4 2 ) t h e P S B s p e c i m e n s , and 

t h o s e s a m p l e d in t h e R o c k a l l T r o u g h ( G a g e et a l . , 1 9 8 5 ) , 

p o s s e s s t w o p o l i a n v e s i c l e s , w h i c h is at v a r i a n c e w i t h t h e 
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s i n g l e p o l i a n v e s i c l e r e p o r t e d f r o m t h e t y p e s p e c i m e n of 

B. f u n e b r i s . H o w e v e r , t w o s p e c i m e n s of B . f u n e b r i s s a m p l e d 

off n o r t h w e s t A f r i c a ( " D i s c o v e r y " S t . 1 0 8 7 4 - 1 , 1 4 ° 5 0 . 8 ' N , 

1 7 ° 5 0 . 6 ' W , 1 4 3 0 m ) , in an a r e a n o t f a r f r o m t h e t y p e 

l o c a l i t y , b o t h had t w o p o l i a n v e s i c l e s . It w a s not 

p o s s i b l e to a s c e r t a i n t h e p r e s e n c e of l a r g e d o r s a l p a p -

i l l a e on t h e s e s p e c i m e n s o w i n g to t h e i r p o o r s t a t e of 

p r e s e r v a t i o n . H o w e v e r , l i k e B. v a l d i v i a e , t h e PSB s p e c -

i m e n s do p o s s e s s a f e w l a r g e r p a p i l l a e a l o n g t h e d o r s a l 

a m b u l a c r a ( F i g . 2 7 B ) . B o t h s p e c i e s h a v e in a d d i t i o n s m a l l 

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

p a r t i c u l a r l y in t h e l a t e r a l i n t e r a m b u l a c r a . T h e s e 

o b s e r v a t i o n s s u p p o r t H e d i n g ' s p r o p o s e d s y n o n y m y of t h e two 

s p e c i e s . 

E c o l o g i c a l r e m a r k s : T h e a b u n d a n c e of B . f u n e b r i s is v a r -

i a b l e w i t h t h e g r e a t e s t a b u n d a n c e of B. f u n e b r i s o c c u r r -

ing c l o s e to t h e b a s e of t h e c o n t i n e n t a l s l o p e ( S t . 5 1 4 1 5 -

1, 55 i n d i v i d u a l s p e r h e c t a r e ) . T h e r e a s o n s f o r t h e p r e -

v a l e n c e of B. f u n e b r i s at t h e m o u t h of t h e P S B m a y 1ie in 

t h e h o l o t h u r i a n ' s r a t h e r b i z a r r e f o r m . B . f u n e b r i s has a 

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

( F i g . 2 7 B ) . T h e c o e l o m i c c a v i t y , h o w e v e r , o c c u p i e s at m o s t 

o n l y a b o u t o n e t h i r d of t h e b o d y v o l u m e . M o s t of t h e d o r -

sal r e g i o n is c o m p o s e d of a m a s s p r e s u m e d t o be c o n n e c t i v e 

t i s s u e , s i n c e a l t h o u g h t h e b o d y is q u i t e f i r m w h e n t h e 

h o l o t h u r i a n is f i r s t s a m p l e d it r a p i d l y t u r n s g e l a t i n o u s 

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

w a l l of h o l o t h u r i a n s a r e k n o w n to b e a b l e t o c o n t r o l t h e 

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

p r o p e r t i e s ( M o t o k a w a , 1 9 8 4 ) . 

It is c l e a r f r o m o b s e r v a t i o n s m a d e at s e a t h a t 

B. f u n e b r i s is a l m o s t n e u t r a l l y b u o y a n t d e s p i t e its l a r g e 

s i z e , p o s s i b l y a i d e d by its w a t e r y ( 9 6 . 5 % ) d o r s a l r e g i o n . 

It is n o t k n o w n w h e t h e r B . f u n e b r i s c a n f l o a t a b o v e t h e 
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T a b l e 6 . T h e a b u n d a n c e ( A ) of B e n t h o t h u r i a f u n e b r l s in 
e p i b e n t h i c s l e d g e and o t t e r t r a w l s a m p l e s , e x p r e s s e d as 
n u m b e r p e r h e c t a r e , n = n u m b e r of s p e c i m e n s t a k e n . 

M e a n 
S t a t i o n D e p t h (m) n A / P o s n A / O d o 

E p i b e n t h i c s l e d g e s a m p l e s . 

BN 5 1 4 1 2 - 1 2 7 7 5 1 1.3 2 . 9 
BN 5 0 6 0 5 - 1 2 8 7 5 3 3 . 2 
BN 5 1 6 0 4 - 1 2 9 0 5 2 6 . 9 1 4 . 2 
BN 5 0 9 1 3 - 1 3 0 2 0 1 1 . 6 
BN 5 1 4 1 5 - 1 3 4 9 0 16 3 9 . 3 5 5 . 1 
BN 9 7 5 6 - 1 4 3 6 8 9 1 1.0 6 . 9 
BN 1 0 1 1 5 - 1 3 9 2 5 2 5.1 1 4 . 7 
BN 5 1 1 0 9 - 1 3 9 5 0 2 4 . 4 9.1 
BN 5 1 1 0 9 - 2 3 9 8 5 1 1 . 5 4 . 5 
BN 5 0 6 0 3 - 1 4 0 0 0 1 1.3 
BN 5 2 2 1 4 - 1 4 0 6 3 1 0 . 7 2 . 2 + 
BN 5 1 2 1 6 - 1 4 0 7 0 3 6 . 4 1 0 . 4 
BN 5 1 4 1 4 - 2 4 0 8 0 1 1 .7 3 . 4 

O t t e r t r a w l s a m p l e s . 

OT 5 1 4 1 1 - 1 2 4 8 5 2 0 . 3 
OT 5 0 9 0 6 - 1 2 6 4 5 1 0.1 
OT 5 1 6 1 1 - 1 2 6 7 0 1 0.1 
OT 5 1 4 1 3 - 1 2 8 5 5 130 1 6 . 6 
OT 5 0 9 0 7 - 1 2 9 7 5 2 0 . 2 
OT 5 0 5 1 2 - 1 3 0 6 6 1 0 . 2 
OT 5 1 6 1 0 - 1 3 4 8 5 139 1 4 . 0 
OT 5 0 8 1 3 - 1 3 6 7 8 2 0 . 2 
OT 9 6 4 0 - 1 3 7 5 3 46 4 . 8 
OT 5 1 2 1 4 - 1 3 8 1 0 20 3 . 9 
OT 5 1 2 1 6 - 4 3 9 8 5 20 3 . 2 * 
OT 5 0 5 1 4 - 1 4 0 5 6 3 0 . 4 
OT 9 6 3 8 - 2 4 0 7 4 4 0 . 8 0 
OT 5 0 8 1 2 - 2 4 0 8 8 9 0 . 9 
OT 5 1 4 1 4 - 1 4 1 5 5 4 0 . 4 
OT 5 1 3 0 9 - 1 4 2 2 3 1 0.1 
OT 5 0 9 1 0 - 1 4 3 1 2 1 0.1 
OT 5 0 8 1 1 - 1 4 3 7 5 2 0 . 3 

+ s m a l l c a t c h o w i n g to r e c o v e r y of s l e d g e d u r i n g a g a l e 
* t r a w l d o o r s f o u n d t a n g l e d on r e c o v e r y . A b u n d a n c e 

c o u l d be h i g h e r . 
0 a c o u s t i c m o n i t o r l o s t f r o m t r a w l . P r e c i s e d i s t a n c e 

t r a v e l l e d by t r a w l u n k n o w n . 
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F i g u r e 2 7 . 

A ) P s y c h r o p o t e s s e m p e r i a n a . 

B) B e n t h o t h u r i a f u n e b r i s . 

C ) P a e l o p a t i d e s g r i s e a s h o w i n g u n d u l a t i o n s of t h e l a t e r a l 

b r i m u s e d in s w i m m i n g . 

D) M e s o t h u r i a i n t e s t i n a l is w i t h r o u g h s u r f a c e c a u s e d by 

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

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

t r a m l i n e t r a c k and f a e c a l s t r i n g s . 

F) B e n t h o g o n e r o s e a s h o w i n g p a p i l l a e , t u b e f e e t and f a i n t 

t r a c k . 

G) B e n t h o d y t e s s o r d i d a s h o w i n g t h e v a r i a b l e s i z e of t h e 

d o r s a l p a p i l l a e . 

H ) B e n t h o g o n e r o s e a f e e e d i n g on t h e d e t r i t a l l a y e r . 
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s e a b e d at w i l l , but t h e s e h o l o t h u r i a n s w o u l d be s u s p e n d e d 

e a s i l y by s t r o n g n e a r b e d c u r r e n t s . T h e r e is l i t t l e d o u b t 

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

s p e c i e s to s u r v i v e e p i s o d i c c a t a s t r o p h e s s u c h as t u r b i d i t y 

c u r r e n t s , e v e n t s c h a r a c t e r i s t i c of s t e e p c o n t i n e n t a l s l o p e 

a r e a s ( H e e z e n et a l . , 1 9 5 5 ) . T h i s p r o p o s a l is s u b s t a n t -

iated by o t h e r r e p o r t s of B e n t h o t h u r i a in a r e a s of s t e e p 

t o p o g r a p h y , s u c h as on a m i d - o c e a n i c r i d g e in t h e S o u t h 

P a c i f i c ( p h o t o g r a p h p 8 5 , H e e z e n and H o i l i s t e r , 1 9 7 1 ) and 

in t h e De S o t o C a n y o n in t h e G u l f of M e x i c o ( p h o t o g r a p h s 

pp 9 0 , 9 5 , P e q u e g n a t et a l . , 1 9 7 2 ) . 

T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s f o r t h e s a m p l e s in 

w h i c h B. f u n e b r i s w a s c o m m o n a r e p l o t t e d in F i g . 2 8 . 

S p e c i m e n s v a r y b e t w e e n 45 and 2 5 0 m m l o n g . T h e r e is no 

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

i m e n s at t h e b o t t o m of t h e b a t h y m e t r i c r a n g e a r e g e n e r a l l y 

s m a l l e r ( e . g . S t . 9 6 4 0 - 1 ) . In all t h e s a m p l e s t a k e n , 

s p e c i m e n s l o n g e r t h a n 1 0 0 m m a r e s e l d o m f o u n d d e e p e r t h a n 

4 0 0 0 m . 

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

f o u r e p i b e n t h i c s l e d g e s a m p l e s ( T a b l e 7 ) . T h e g r e a t e s t 

b i o m a s s w a s r e c o r d e d at t h e b a s e of t h e c o n t i n e n t a l s l o p e 

(St. 5 1 4 1 5 - 1 ) , t h e a r e a w h e r e B. f u n e b r i s w a s m o s t 

a b u n d a n t , w i t h an A F D W b i o m a s s of 5 8 9 g p e r h e c t a r e . W a l k e r 

et a l . , ( 1 9 8 7 a ) c a l c u l a t e d a t o t a l c a l o r i f i c v a l u e of 

2 5 . 6 2 J / m g A F D W f o r B. f u n e b r i s , p r o d u c i n g a c a l o r i f i c 

b i o m a s s of 1 5 0 9 0 KJ p e r h e c t a r e f o r t h i s s t a t i o n . In t h i s 

o n e s a m p l e B. f u n e b r i s a c c o u n t e d f o r 7 1 % of t h e t o t a l 

e p i b e n t h i c i n v e r t e b r a t e A F D W b i o m a s s . 

1 6 0 



F i g u r e 2 8 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s 

B e n t h o t h u r i a f u n e b r i s . L e n g t h in 10mm s i z e c l a s s e s . 

of 

A) OT 5 1 4 1 3 - 1 , 30 3 8 2 , 2 8 5 5 m , n = 1 1 8 . 

B) BN 5 1 4 1 5 - 1 , 31 3 8 2 , 3 4 9 0 m , n = 16. 

C) OT 9 6 4 0 - 1 , 13 1 1 7 7 , 3 7 5 3 m , n = 4 0 . 

D) OT 5 1 2 1 4 - 1 , 27 9 81 , 3 8 1 0 m , n - 2 0 . 

E) OT 5 1 2 1 6 - 4 , 29 9 8 1 , 4 0 3 5 m , n = 19. 
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T a b l e 7 . T h e W W , D W , A F D W and c a l o r i f i c b i o m a s s of 
B. f u n e b r i s f r o m e p l b e n t h i c s l e d g e s a m p l e s , e x p r e s s e d as g 
or KJ per h e c t a r e . T h e p r o p o r t i o n of t h e t o t a l e p i b e n t h i c 
i n v e r t e b r a t e b i o m a s s is e x p r e s s e d as a p e r c e n t a g e in 
p a r e n t h e s e s . F o r t h e n u m b e r of s p e c i m e n s in e a c h s a m p l e 
s e e T a b l e 6 . 

M e a n 
S t a t i o n D e p t h (m) WW DW 

C a l o r i f i c 
A F D W b i o m a s s 

5 1 4 1 2 - 1 2 7 7 5 2 3 5 4 ( 8 8 ) 
5 1 4 1 5 - 1 3 4 9 0 3 0 0 5 5 ( 8 6 ) 
5 1 1 0 9 - 1 3 9 5 0 3 5 3 2 ( 5 0 ) 
5 1 2 1 6 - 1 4 0 7 0 1 1 7 5 ( 1 9 ) 

93 ( 5 0 ) 3 7 ( 4 1 ) 9 4 8 
1281 ( 6 7 ) 5 8 9 ( 7 1 ) 1 5 0 9 0 
157 ( 2 3 ) 6 0 ( 2 3 ) 1537 
73 ( 1 2 ) 2 9 ( 1 3 ) 7 4 3 

B o t h W W and DW a r e c l o s e l y c o r r e l a t e d w i t h l e n g t h , 

r * = 0 . 8 9 and 0 . 8 7 r e s p e c t i v e l y . T h e r e l a t i o n s h i p b e t w e e n 

DW and l e n g t h is g i v e n by t h e e q u a t i o n : 

Log ( D W ) = Log ( L e n g t h ) x 1 . 7 2 4 3 - 2 . 4 6 6 3 

w h e r e n = 18 and t h e s t a n d a r d e r r o r = 0 . 0 8 6 8 . S i m i l a r l y , 

DW is a l s o c l o s e l y c o r r e l a t e d w i t h v o l u m e , r^ = 0 . 7 5 . T h e 

r e l a t i o n s h i p b e t w e e n t h e t w o is g i v e n by t h e e q u a t i o n : 

Log ( D W ) = Log ( V o l u m e ) x 0 . 3 9 6 1 + 0 . 1 3 1 3 

w h e r e n = 15 and t h e s t a n d a r d e r r o r = 0 . 0 7 8 3 . T h e g r a d i e n t 

of t h e r e g r e s s i o n of d r y w e i g h t on v o l u m e is s i g n i f i c a n t l y 

d i f f e r e n t f r o m t h e e x p e c t e d g r a d i e n t of o n e . T h e d i s p a r i t y 

in t h e g r a d i e n t s is u n l i k e l y to be t h e r e s u l t of 

d i f f i c u l t i e s in m e t h o d o l o g y . R a t h e r , t h e s i n g u l a r f o r m of 

B e n t h o t h u r i a , w i t h its l a r g e d o r s a l m a s s of w a t e r y 

c o n n e c t i v e ( ? ) t i s s u e , a l l o w s it to i n c r e a s e its s i z e 

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

C o n s e q u e n t l y , t h e p r o p o r t i o n of w a t e r , a s h and o r g a n i c 

m a t t e r in B. f u n e b r i s c h a n g e s f r o m a b o u t 8 9 % , 4 % and 7% 

r e s p e c t i v e l y in s m a l l s p e c i m e n s to a b o u t 9 6 % , 2 . 5 % and 
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1 . 5 % r e s p e c t i v e l y in l a r g e s p e c i m e n s . T h e low o r g a n i c 

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

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

p r e d a t i o n . 

T h e r e l a t i o n s h i p s of DW w i t h b o t h l e n g t h and v o l u m e can 

be u s e d to e s t i m a t e t h e b i o m a s s of B. f u n e b r i s f r o m o t h e r 

s a m p l e s , s u c h as S t . 5 1 4 1 3 - 1 . T h e 130 s p e c i m e n s at t h i s 

s t a t i o n had a t o t a l DW of 2 4 4 5 g as d e t e r m i n e d f r o m t h e i r 

l e n g t h s , or 2 4 1 O g as d e t e r m i n e d f r o m t h e i r v o l u m e s , g i v i n g 

a DW b i o m a s s of 3 1 3 g p e r h e c t a r e . T h e t r u e DW b i o m a s s of 

B. f u n e b r i s at t h i s s t a t i o n , h o w e v e r , c o u l d be m u c h 

g r e a t e r o w i n g to t h e a p p a r e n t i n e f f i c i e n c y of t h e o t t e r 

t r a w l in s a m p l i n g e p i b e n t h i c i n v e r t e b r a t e s . T h e s a m p l e s 

s h o w no e v i d e n c e of s e a s o n a l r e c r u i t m e n t . T y l e r and 

M u i r h e a d ( 1 9 8 6 ) h a v e s u g g e s t e d t h a t t h e r e is p e r i o d i c , but 

not s e a s o n a l , r e l e a s e of o o c y t e s in b a t c h e s , b a s e d on t h e 

a n a l y s i s of o o c y t e s i z e s in t h e v a r i o u s t u b u l e s of t h e 

o v a r y . T h e m a x i m u m o o c y t e d i a m e t e r of 1 . 5 m m i n d i c a t e s 

e i t h e r d i r e c t d e v e l o p m e n t or l e c i t h o t r o p h i c l a r v a l d e v e l -

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

are p l e n t y of y o l k r e s e r v e s . 

B. f u n e b r i s , an e p i f a u n a l d e p o s i t - f e e d i n g h o l o t h u r i a n , 

g l i d e s o v e r t h e s e a b e d l e a v i n g t h e b a r e s t t r a c e of its 

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

e f f e c t e d by a d o u b l e row of s m a l l , m i d - v e n t r a l t u b e f e e t . 

T h e gut of B e n t h o t h u r i a is of i n t e r e s t s i n c e it has a 

c a e c u m a t t a c h e d to t h e s t o m a c h , but its r o l e in t h e 

n u t r i t i o n of t h e h o l o t h u r i a n is u n k n o w n . L i k e s e v e r a l 

a b y s s a l e l a s i p o d i d s p e c i e s , B . f u n e b r i s c a n b e i n f e s t e d by 

s p o r o z o a n p a r a s i t e s . 
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P a e l o p a t i d e s g r i s e a R. P e r r i e r , 1 9 0 2 

BN 9 7 5 3 - 7 ( 3 ) , OT 9 7 5 3 - 8 ( 1 ) , BN 9 7 5 4 - 3 ( 1 ) , 
0 1 9 7 7 4 - 1 ( 1 ) , BN 9 7 7 5 - 3 ( 7 2 ) , BN 1 0 1 0 6 - 1 ( 1 7 ) , 
BN 1 0 1 1 1 - 8 ( 2 ) , OT 5 0 5 1 0 - 1 ( 8 0 ) , OT 5 0 5 1 7 - 1 ( 2 4 ) , 
BN 5 0 6 0 2 - 2 ( 4 ) , OT 5 0 6 0 2 - 3 ( 5 2 ) , OT 5 0 7 0 3 - 1 ( 5 ) , 
OT 5 0 7 1 5 - 1 ( 2 ) , OT 5 0 8 0 2 - 1 ( 1 ) , OT 5 0 8 1 0 - 1 ( 8 ) , 
0 1 5 0 8 2 2 - 1 ( 8 ) , OT 5 0 9 0 2 - 1 ( 8 ) , OT 5 1 0 1 0 - 1 ( 2 ) , 
OT 5 1 0 1 1 - 1 ( 2 ) , OT 5 1 0 2 1 - 1 ( 3 ) , OT 5 1 0 2 2 - 1 ( 1 ) , 
BN 5 1 1 0 5 - 3 ( 1 0 ) , OT 5 1 2 0 1 - 1 ( 7 5 ) , O T 5 1 2 1 3 - 1 ( 7 7 ) , 
OT 5 1 3 0 8 - 1 ( 1), OT 5 1 3 1 1 - 1 ( 7 ) , BN 5 1 4 0 8 - 1 ( 1 9 ) , 
O T 5 1 4 0 9 - 1 ( 3 0 ) , OT 5 1 6 1 3 - 1 ( 1 1 5 ) , BN 5 1 7 1 7 - 2 ( 1 4 ) , 
OT 5 1 8 0 1 - 1 ( 1), BN 5 2 0 1 9 - 1 ( 1), BN 5 2 2 1 1 - 1 ( 5 ) . 

B a t h y m e t r i c r a n g e in PSB : 1 4 8 4 to 2 3 1 5 m ; g e n e r a l l y 1650 

to 2 3 1 5 m on b o t h t h e G o b a n S p u r and t h e m a i n t r a n s e c t . 

P._ g r i s e a o c c u r r e d in 29 of t h e 33 s a m p l e s t a k e n b e t w e e n 

1 6 0 0 and 2 4 0 0 m . T h e p r e c i s e l o w e r b a t h y m e t r i c l i m i t is 

u n c e r t a i n s i n c e f e w s a m p l e s h a v e b e e n t a k e n b e t w e e n 2 1 0 0 

and 2 5 0 0 m ( F i g . 7, p a g e 5 7 ) . 

D i s t r i b u t i o n : N o r t h e a s t A t l a n t i c , 1 4 8 4 to 4 0 6 0 m 

( i n c l u d i n g t h e PSB m a t e r i a l ) . It m a y o c c u r t h r o u g h o u t t h e 

n o r t h A t l a n t i c if t h e s y n o n y m y w i t h P. g i g a n t e a is c o r r e c t 

(see T a x o n o m i c r e m a r k s ) . R e c o r d s f r o m t h e P S B , t h e R o c k a l l 

T r o u g h ( G a g e et a l . , 1 9 8 5 ; H a r v e y et a l . , in p r e s s ) and 

t h e s o u t h e r n B a y of B i s c a y ( S i b u e t , 1 9 7 7 ) , i n d i c a t e t h a t 

P. g r i s e a is u s u a l l y f o u n d a r o u n d t h e 2 0 0 0 m i s o b a t h in t h e 

n o r t h e a s t A t l a n t i c , a l t h o u g h S i b u e t ( 1 9 7 7 ) a l s o r e c o r d e d 

P. g r i s e a (P. g i g a n t e a ) f r o m 3 1 0 0 m in t h e n o r t h e r n B a y of 

B i s c a y . 

T a x o n o m i c r e m a r k s : T h e s p e c i e s of P a e l o p a t i d e s a r e 

s o m e t i m e s d i f f i c u l t to d i s t i n g u i s h o w i n g t o t h e d a m a g e 

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

A l t h o u g h D e i c h m a n n ( 1 9 3 0 ) c o n s i d e r e d P . g r i s e a t o be 

s y n o n y m o u s w i t h t h e n o r t h w e s t A t l a n t i c s p e c i e s P . g i g a n t e a 

( V e r r i l l , 1 8 8 4 ) , H e d i n g ( 1 9 4 0 ) b e l i e v e d t h a t t h e t w o c o u l d 

be s e p a r a t e d by t h e n u m b e r of p o l i a n v e s i c l e s ; t h e f o r m e r 

s p e c i e s is r e p o r t e d to h a v e o n e and t h e l a t t e r s p e c i e s 
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t w o . T h e P S B s p e c i m e n s h a v e 2 p o l i a n v e s i c l e s , o n e of 

w h i c h is l a r g e w h i l e t h e o t h e r is v a r i a b l e in s i z e but 

g e n e r a l l y s m a l l and c o u l d be o v e r l o o k e d . It is l i k e l y t h a t 

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

e x a m i n a t i o n o f m a t e r i a l f r o m t h e n o r t h w e s t A t l a n t i c is 

n e e d e d . 

E c o l o g i c a l r e m a r k s : T h e a b u n d a n c e of P . g r i s e a in a f e w 

s a m p l e s is v e r y h i g h ( T a b l e 8 ) . 7 2 s p e c i m e n s w e r e 

c o l l e c t e d in o n e s l e d g e s a m p l e f r o m t h e c e n t r e of t h e PSB 

( S t . 9 7 7 5 - 3 ) d e s p i t e t h e b r e a k a g e of a w e a k link w h i c h 

h o l d s t h e n e t in c o n t a c t w i t h t h e s e a b e d ( t h e w e a k link 

p a r t s if t h e n e t is s n a g g e d by an o b s t a c l e on t h e s e a b e d ) . 

It is p o s s i b l e , t h e r e f o r e , t h a t a g r e a t e r n u m b e r of 

P. g r i s e a c o u l d h a v e b e e n s a m p l e d . A s e c o n d f a u l t on t h i s 

haul led to t h e l o s s of t h e c e n t r e net c a t c h (for g e a r 

d e t a i l s s e e s e c t i o n 2 . 2 ) . As a r e s u l t , t h e a b u n d a n c e of 

P. g r i s e a w a s e s t i m a t e d f r o m t h e a r e a s a m p l e d by t h e t w o 

o u t e r n e t s o n l y w h i c h are k n o w n to c a t c h h o l o t h u r i a n s m o r e 

e f f e c t i v e l y t h a n t h e f i n e - m e s h c e n t r e n e t . It w o u l d s e e m 

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

i n t o t h e c o a r s e - m e s h n e t s to e i t h e r s i d e . T h e r e f o r e , t h e 

a b u n d a n c e of P. g r i s e a at S t . 9 7 7 5 - 3 ( 1 1 2 5 i n d i v i d u a l s p e r 

h e c t a r e ) is l i k e l y to be o v e r e s t i m a t e d . E v e n a s s u m i n g t h a t 

all t h e s p e c i m e n s b o u n d f o r t h e c e n t r e n e t w e r e d e f l e c t e d 

into t h e o u t e r n e t s , and t h e r e f o r e t h a t t h e a r e a s w e p t 

s h o u l d be c a l c u l a t e d u s i n g t h e e n t i r e w i d t h of t h e s l e d g e , 

an a b u n d a n c e of 7 8 6 i n d i v i d u a l s p e r h e c t a r e is s t i l l 

i n d i c a t e d . 

T h e v a r i a t i o n in t h e a b u n d a n c e of P. g r i s e a i n d i c a t e s 

t h a t its d i s t r i b u t i o n is p a t c h y as s u g g e s t e d by S i b u e t 

( 1 9 7 7 ) f r o m t r a w l s m a d e in t h e B a y of B i s c a y . A s p e c i e s of 

P a e l o p a t i d e s f r o m t h e w e s t e r n A t l a n t i c h a s b e e n o b s e r v e d 

d i r e c t l y f r o m s u b m e r s i b l e s to be a g g r e g a t e d in c e r t a i n 

a r e a s a l t h o u g h t h e r e a s o n s f o r its p a t c h y d i s t r i b u t i o n 
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w e r e not i m m e d i a t e l y o b v i o u s ( P a w s o n , 1 9 8 2 a ) . D e s p i t e t h e 

p a t c h y d i s t r i b u t i o n of P. g r i s e a , it is e v i d e n t f r o m t h e 

a b u n d a n c e d a t a t h a t t h i s s p e c i e s is c o m m o n b e t w e e n 1650 

and 2 3 1 5 m in t h e P S B , w i t h a p e a k in a b u n d a n c e in t h e 

l o w e r p a r t of its b a t h y m e t r i c r a n g e ( c a . 1 9 0 0 to 2 0 0 0 m ) . 

T a b l e 8 . T h e a b u n d a n c e of P a e l o p a t i d e s g r i s e a in 
e p i b e n t h i c s l e d g e and o t t e r t r a w l s a m p l e s , e x p r e s s e d as 
n u m b e r p e r h e c t a r e . S a m p l e s f r o m t h e m a i n t r a n s e c t u n l e s s 
o t h e r w i s e i n d i c a t e d , n = n u m b e r of s p e c i m e n s t a k e n . 

M e a n 
S t a t i o n D e p t h (m) n A / P o s n A/Od, 

E p i b e n t h i c s l e d g e h a u l s . 

a BN 9 7 5 4 - 3 1 4 8 4 1 2.1 
b BN 1 0 1 1 1 - 8 1 6 3 5 2 3 . 1 13.1 

BN 5 2 2 1 1 - 1 1 7 1 6 5 1 5 . 4 3 5 . 4 
BN 5 2 0 1 9 - 1 1731 1 4 . 7 5 . 0 

a BN 9 7 5 3 - 7 1 9 4 2 3 1 2 . 1 
BN 5 0 6 0 2 - 2 1 9 6 8 4 6 . 6 
BN 5 1 7 1 7 - 2 1 9 7 5 14 6 1 . 4 8 7 . 3 
BN 5 1 4 0 8 - 1 1 9 9 8 19 4 1 . 5 1 0 4 . 0 

a BN 9 7 7 5 - 3 2 0 1 6 72 7 1 . 8 1 1 2 5 . 0 
BN 5 1 1 0 5 - 3 2 0 2 5 10 1 9 . 6 7 1 . 4 
BN 1 0 1 0 6 - 1 2 3 0 8 17 1 6 . 7 

O t t e r t r a w l s a m p l e s . 

a OT 9 7 7 4 - 1 1 5 3 3 1 0 . 2 
b OT 5 0 8 1 0 - 1 1 6 5 0 8 1 . 8 

OT 5 0 7 1 5 - 1 1 6 7 8 2 0 . 5 
OT 5 1 4 0 9 - 1 1 6 8 4 30 6 . 7 

b OT 5 0 5 1 7 - 1 1 7 9 0 2 4 5 . 6 
OT 5 0 9 0 2 - 1 1 8 4 5 8 1.6 
OT 5 0 6 0 2 - 3 1 8 7 4 52 6 . 0 

b OT 5 0 8 0 2 - 1 1 8 8 4 1 0 . 3 
a OT 5 1 2 1 3 - 1 1 9 3 8 77 4 2 . 9 
a OT 9 7 5 3 - 8 1 9 4 2 1 0 . 3 

OT 5 0 5 1 0 - 1 1 9 4 3 80 1 4 . 3 
OT 5 1 2 0 1 - 1 1 9 7 5 75 2 3 . 5 
OT 5 0 8 2 2 - 1 2 1 2 3 8 0 . 7 
OT 5 1 6 1 3 - 1 2 2 2 0 115 1 3 . 7 

a n o r t h e a s t P S B 
b G o b a n S p u r 

+ w e a k l i n k on b o t t o m n e t b a r b r o k e n 
c e n t r e n e t c a t c h l o s t ( s e e t e x t ) . 
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T h e b i o m a s s of P. g r i s e a w a s d e t e r m i n e d d i r e c t l y f r o m 

t h e t w o s t a t i o n s s a m p l e d c l o s e to t h e 2 0 0 0 m i s o b a t h ( T a b l e 

9 ) . P. g r i s e a a c c o u n t s f o r o v e r 6 0 % o f t h e t o t a l e p i -

b e n t h i c i n v e r t e b r a t e WW b i o m a s s . H o w e v e r , o w i n g to its 

high w a t e r c o n t e n t ( 9 6 % ) t h e i m p o r t a n c e o f t h i s s p e c i e s is 

r e d u c e d w h e n A F D W is c o n s i d e r e d (26 t o 3 3 % of t h e t o t a l 

b i o m a s s ) . A m e a n A F D W b i o m a s s of 7 2 5 g p e r h e c t a r e is ind-

i c a t e d for P. g r i s e a at a d e p t h of a b o u t 2 0 0 0 m . W a l k e r et 

a l . ( 1 9 8 7 a ) e s t i m a t e d a c a l o r i f i c v a l u e f o r t h e b o d y wall 

of P. g r i s e a of 2 4 . 1 4 J/ mg A F D W l e a d i n g to an a v e r a g e 

c a l o r i f i c b i o m a s s of 1 7 5 0 0 KJ p e r h e c t a r e . 

T a b l e 9. T h e W W , D W , A F D W and c a l o r i f i c b i o m a s s of 
P. g r i s e a f r o m e p i b e n t h i c s l e d g e s a m p l e s , e x p r e s s e d as g 
or KJ p e r h e c t a r e . T h e p r o p o r t i o n of t h e t o t a l e p i b e n t h i c 
i n v e r t e b r a t e b i o m a s s is e x p r e s s e d as a p e r c e n t a g e in p a r -
e n t h e s e s . F o r t h e n u m b e r of s p e c i m e n s in e a c h s a m p l e see 
T a b l e 8 . 

M e a n C a l o r i f i c 
S t a t i o n D e p t h (m) WW DW A F D W b i o m a s s 

5 1 4 0 8 - 1 1 9 9 8 5 1 5 6 7 ( 6 8 ) 2 1 0 0 ( 3 0 ) 751 ( 3 3 ) * 18129 
5 1 1 0 5 - 3 2 0 2 5 5 0 6 9 2 ( 6 2 ) 1961 ( 1 9 ) 6 9 9 ( 2 6 ) 1 6 8 7 3 

* A F D W b i o m a s s e s t i m a t e d f r o m DW u s i n g c o n v e r s i o n f a c t o r 
c a l c u l a t e d f r o m S t . 5 1 1 0 5 - 3 . 

T h e r e a r e no d i f f e r e n c e s in t h e p o p u l a t i o n s i z e d i s t r i b -

u t i o n s of t h e s a m p l e s t h a t a r e c o r r e l a t e d w i t h d e p t h , 

a l t h o u g h s o m e s a m p l e s s u c h as S t a s 5 1 4 0 8 - 1 and 5 1 4 0 9 - 1 

i n d i c a t e t h a t t h e s i z e of P a e l o p a t i d e s c a n v a r y s i g n i f -

i c a n t l y in v a r i o u s p a r t s of t h e PSB ( F i g . 2 9 ) . T h e r e is no 

e v i d e n c e of s e a s o n a l or p e r i o d i c r e c r u i t m e n t , e v e n t h o u g h 

t h e e g g s a r e p r o b a b l y r e l e a s e d in b a t c h e s , as i n d i c a t e d by 

t h e s i m i l a r s i z e of all t h e e g g s w i t h i n i n d i v i d u a l t u b u l e s 

of t h e o v a r y ( T y l e r and M u i r h e a d , 1 9 8 6 ) . P. g r i s e a p r o d -

u c e s an e g g w i t h a m a x i m u m d i a m e t e r of 1 6 0 0 ^ m i n d i c a t i v e 
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F i g u r e 2 9 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of P a e l o p a t i d e s 

g r i s e a . L e n g t h in 1 0 m m s i z e c l a s s e s . 

A) OT 5 1 4 0 9 - 1 , 2 8 3 : 8 2 , 1 6 8 4 m , n = 3 0 . 

B) OT 5 0 5 1 7 - 1 , 7 6 :79, 1 7 9 0 m , n = 2 4 . 

C) OT 5 1 2 1 3 - 1 , 26 9 :81, 1 9 3 7 m , n = 7 5 . 

D) BN 5 1 4 0 8 - 1 , 2 7 3 :82, 1 9 9 8 m , n = 17. 

E) BN 9 7 7 5 - 3 , 22 4 :78, 2 0 1 5 m , n = 7 2 . 

F) BN 1 0 1 0 6 - 1 , 4 9 :79, 2 3 0 8 m , n = 14. 
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of d i r e c t d e v e l o p m e n t or p o s s i b l y l e c i t h o t r o p h l c l a r v a l 

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

h a v e p l e n t y of y o l k r e s e r v e s . 

P. g r i s e a is a l a r g e , f l a t h o l o t h u r i a n ( F i g . 2 7 C ) . H o w -

e v e r , l i k e B. f u n e b r i s t h e b o d y c a v i t y o c c u p i e s less t h a n 

a t h i r d of t h e t o t a l b o d y v o l u m e . T h e c o e l o m lies a l o n g 

t h e c e n t r e a x i s of t h e b o d y . To e i t h e r s i d e are a r e a s of 

p r e s u m a b l y c o l l a g e n o u s c o n n e c t i v e t i s s u e w h i c h , as in 

B. f u n e b r i s , is q u i t e f i r m w h e n t h e h o l o t h u r i a n is f i r s t 

s a m p l e d , but w h i c h b r e a k s d o w n i n t o a g e l a t i n o u s m a s s upon 

p r e s e r v a t i o n . P a e l o p a t i d e s is a l m o s t n e u t r a l l y b u o y a n t and 

has b e e n s e e n b o t h in d e e p - s e a p h o t o g r a p h s ( F i g . 2 7 C ) and 

d i r e c t l y f r o m s u b m e r s i b l e s ( P a w s o n , 1 9 7 6 ) , to s w i m by 

p a s s i n g w a v e s a l o n g t h e s i d e s of t h e b o d y . T h e s e m o t i o n s 

r e q u i r e c o n s i d e r a b l e p l a s t i c i t y , in f o r m n o t c o n s i s t e n t 

w i t h t h e s t i f f a n i m a l s r e c o v e r e d by t r a w l s . It is l i k e l y , 

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

r e g u l a t e t h e b o d y t o n e in h o l o t h u r i a n s ( M o t o k a w a , 1 9 8 4 ) , 

a r e p a r t i c u l a r l y w e l l d e v e l o p e d in t h i s s p e c i e s . M o r e o v e r , 

s i n c e t h e b o d y m u s c u l a t u r e of P. g r i s e a is p o o r l y d e v -

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

t h e s w i m m i n g of t h i s s p e c i e s . 

P a e l o p a t i d e s a p p e a r s to s p e n d m o s t of its t i m e on t h e 

s e a b e d . W h i l e on t h e s e a f l o o r it c r e e p s o v e r t h e s e d i m e n t 

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

a f a i n t i m p r i n t . P. g r i s e a has 15 t o 2 0 w e l l d e v e l o p e d 

t e n t a c l e s w h i c h r a k e t h e t o p m o s t s e d i m e n t l a y e r . 
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M e s o t h u r i a c a n d e l a b r i H e r o u a r d , 1 9 2 3 

OT 9 6 4 0 - 1 ( 1 ) , OT 5 0 5 1 5 - 1 (3), BN 5 0 6 0 3 - 1 (1), 
OT 5 0 7 1 1 - 1 ( 3 ) , BN 5 2 2 1 6 - 8 ( 2 ) . 

B a t h y m e t r i c r a n g e on PAP : 3 7 5 7 to 4 8 3 2 m . M o r e c o m m o n on 

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

s l o p e . 

D i s t r i b u t i o n : P o s s i b l y c o s m o p o l i t a n ; 3 7 5 7 t o 5 4 4 0 m ( i n c -

l u d i n g t h e p r e s e n t r e c o r d s ) . All but o n e of t h e a d u l t s 

p r e v i o u s l y s a m p l e d h a v e c o m e f r o m d e e p e r t h a n 4 5 0 5 m . In 

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

4 5 0 0 m a r e a l a r g e f e m a l e ( 8 0 m m l o n g ) f r o m 3 7 5 7 to 3 7 9 4 m 

(St. 9 6 4 0 - 1 ) and a s m a l l j u v e n i l e ( 4 m m l o n g ) f r o m 4 0 0 0 m 

( S t . 5 0 6 0 3 - 1 ) . M o s t of t h e r e c o r d s of M . c a n d e l a b r i c o m e 

f r o m t h e n o r t h e a s t A t l a n t i c ( H e r o u a r d , 1 9 2 3 ; M a d s e n , 19 5 3 ; 

S i b u e t , 1 9 7 7 ; B i l l e t t , 1 9 8 7 ) , b u t H a n s e n ( 1 9 7 5 ) a l s o r e c -

o r d s t h e s p e c i e s at a b y s s a l d e p t h s in t h e K e r m a d e c T r e n c h 

in t h e P a c i f i c . S i b u e t ( 1 9 7 7 ) r e p o r t s t h e s p e c i e s as 

s h a l l o w as 2 2 0 0 to 3 1 0 0 m in t h e Bay of B i s c a y , but t h e s e 

r e c o r d s n e e d to be c o n f i r m e d . 

E c o l o g i c a l r e m a r k s : M . c a n d e l a b r i is n o t a c o m m o n 

s p e c i e s . O n l y 10 s p e c i m e n s h a v e b e e n c o l l e c t e d on t h e P A P . 

Its a b u n d a n c e at S t . 5 2 2 1 6 - 8 ( 4 8 1 8 m ) is a b o u t 5 i n d i v i d -

u a l s p e r h e c t a r e . T h e a d u l t s p e c i m e n s in t h e PSB r a n g e d 

b e t w e e n 4 0 and 8 0 m m long ( p r e s e r v e d ) . M o s t of t h e 

s p e c i m e n s had e v i s c e r a t e d and w e r e in p o o r c o n d i t i o n . O n e 

f e m a l e w a s f o u n d ( 8 0 m m l o n g ) w i t h a l a r g e o v a r y c a r r y i n g 

e g g s up to 5 0 0 ^ m in d i a m e t e r . If t h i s is t h e m a x i m u m s i z e 

to w h i c h e g g s d e v e l o p t h e n e i t h e r d i r e c t d e v e l o p m e n t o r , 

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

s p e c i e s , l e c i t h o t r o p h i c l a r v a l d e v e l o p m e n t w i t h an 

e x t e n d e d l a r v a l p h a s e w o u l d be e x p e c t e d t o o c c u r . 
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M e s o t h u r i a l a c t e a ( T h e e l , 1 8 8 6 ) 

BN 9 7 5 4 - 3 ( 9 ) , OT 9 7 7 4 - 1 ( 2 ) , BN 9 7 7 9 - 1 ( 6), 
BN 1 0 1 0 8 - 1 ( 2 ) , BN 1 0 1 1 1 - 8 ( 2 0 ) , OT 5 0 5 0 9 - 1 ( 3 3 ) , 
OT 5 0 5 1 0 - 1 ( 7 ) , OT 5 0 5 1 9 - 1 ( 8 ) , O T 5 0 6 0 2 - 3 ( 3 9 ) , 
OT 5 0 6 1 1 - 1 ( 1 1 ) , OT 5 0 7 0 3 - 1 ( 1 ) , O T 5 0 7 1 5 - 1 ( 4 ) , 
OT 5 0 9 0 2 - 1 ( 1 ) , OT 5 1 0 0 9 - 1 ( 1 ) , BN 5 1 1 1 3 - 2 ( 1 0 ) , 
O T 5 1 3 0 7 - 1 ( 1), OT 5 1 3 0 8 - 1 ( 1), BN 5 1 4 0 3 - 1 ( 7), 
BN 5 1 4 0 3 - 2 ( 3 ) , BN 5 1 4 0 3 - 3 ( 3 ) , BN 5 1 4 0 3 - 4 ( 1 4 ) , 
BN 5 1 4 0 3 - 5 ( 2 ) , BN 5 1 4 0 3 - 6 ( 2 ) , O T 5 1 4 0 3 - 7 ( 6), 
BN 5 1 4 0 7 - 1 ( 4 8 ) , OT 5 1 4 0 9 - 1 ( 3 4 ) , OT 5 1 4 1 9 - 1 ( 8 3 ) , 
BN 5 1 4 2 0 - 1 ( 6 ) , BN 5 1 4 2 0 - 2 ( 3 ) , BN 5 1 4 2 0 - 3 ( 1 ) , 
BN 5 1 4 2 0 - 4 ( 2 ) , BN 5 1 7 0 8 - 2 ( 2 2 ) , BN 5 1 7 1 5 - 2 ( 1 2 ) , 
BN 5 2 0 1 9 - 1 ( 4 ) , BN 5 2 2 0 3 - 1 ( 1 3 ) , BN 5 2 2 0 4 - 1 ( 2 ) , 
BN 5 2 2 1 1 - 1 ( 2 2 ) . 

B a t h y m e t r i c r a n g e in PSB : 1 2 7 8 to 1 9 6 0 m , b u t m o s t s p e c -

i m e n s o c c u r r e d b e t w e e n 1 4 3 0 and 1 9 3 0 m ( 8 3 % of t h e s p e c -

i m e n s c o l l e c t e d ) . T h e u p p e r b a t h y m e t r i c l i m i t c o i n c i d e s 

w i t h t h e s u s p e n s i o n - f e e d i n g c o m m u n i t y d o m i n a t e d by t h e 

s p o n g e P h e r o n e m a g r a y i ( s e e S e c t i o n 5 . 2 ) . A f e w s p e c i m e n s 

w e r e c o l l e c t e d on t h e G o b a n S p u r ( 1 3 8 5 t o 1 6 4 0 m ) . 

D i s t r i b u t i o n : C o s m o p o l i t a n , 6 9 4 t o 5 1 0 8 m . T h e d e e p e s t 

r e c o r d f r o m t h e s o u t h A t l a n t i c r e f e r r e d t o as M . l a c t e a 

v a r . s p i n o s a by H e d i n g ( 1 9 4 0 ) , s h o u l d p r o b a b l y be a s s i g n e d 

to M . c a n d e l a b r i H e r o u a r d , 1 9 2 3 . T h e d e e p e s t r e c o r d w o u l d 

t h e n b e c o m e 4 4 0 0 m ( S i b u e t , 1 9 7 7 ) , but s i n c e m o s t r e c o r d s 

in t h e n o r t h e a s t A t l a n t i c c o m e f r o m a r o u n d t h e 1500m 

i s o b a t h ( e . g . H e r o u a r d , 1 9 2 3 ) , t h e r e is s o m e d o u b t o v e r 

t h e s e d e e p r e c o r d s of M . l a c t e a . 

E c o l o g i c a l r e m a r k s : T h e g r e a t e s t a b u n d a n c e of M . l a c t e a 

w a s f o u n d in t h e m i d d l e of its b a t h y m e t r i c r a n g e ; a r o u n d 

t h e 1 5 0 0 m i s o b a t h ( T a b l e 1 0 ) . H o w e v e r , p a t c h e s of 

M . l a c t e a w i t h an a b u n d a n c e of g r e a t e r t h a n 100 i n d i v -

i d u a l s p e r h e c t a r e w e r e e n c o u n t e r e d at d e p t h s b e t w e e n 1320 

and 1 7 4 0 m . 

T h e W W , DW and A F D W b i o m a s s of M 

d i r e c t l y at o n e s t a t i o n ( S t . 5 1 1 1 3 - 2 ) ( T a b l e 

l a c t e a w a s d e t e r m i n e d 

1 1 ) . T h e 
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Table 10. The abundance (A) of Mesothuria lactea in epibenthic 
sledge and otter trawl samples, expressed as number per hectare. 
Samples from the main transect unless otherwise indicated, 
n = number of specimens taken. Number of juveniles ( < 10mm long ) 
and the abundance of M. lactea including these specimens are 
given in parentheses. 

Station 

Mean 
Depth (m) A/Posn A/Odo 

Epibenthic sledge samples. 

BN 51420-4 1283 0 ( 2 ) 0.0 (12 . 3 ) 0.0 (22.0) 

BN 51403-6 1287 2 21.2 
(22.7) BN 51403-5 1293 1 ( 1 ) 4.9 ( 9 . 8 ) 11.3 (22.7) 

BN 51420-3 1296 1 8.6 11.1 

BN 51403-1 1303 4 (3) 8.9 ( 1 5 .6) 22.9 (40.0) 

BN 52204-1 1303 2 21.7 28.2 

BN 51420-2 1307 3 18.5 33.8 

BN 51403-2 1321 3 12.7 32.6 

B N 51403-3 1322 3 19.2 28.6 

BN 51403-4 1326 1 3 ( 1 ) 39.1 (42 . 1 ) 135.8 (146.0) 

BN 51420-1 1327 6 35.0 64.4 

a BN 10108-1 1388 2 4.2 

a BN 9779-1 1401 6 8.6 31.3 

BN 51708-2 1450 22 42.8 102.0 

b BN 9754-3 1484 7 ( 2 ) 14.4 (18 .6) 
BN 51715-2 1493 12 18.1 

BN 51407-1 1500 48 92.3 334.0 

BN 52203-1 1526 13 68.6 88.0 

BN 51113-2 1535 1 0 44.7 

a BN 10111-8 1635 1 5 ( 5 ) 23.5 ( 3 1 . 4 ) 98.5 (131.0) 

BN 52211-1 1716 22 67.8 156.0 

BN 52019-1 1731 4 18.9 20.1 

Otter trawl samples. 

OT 51403-7 1293 6 1 . 5 
O T 50611-1 1388 1 1 1 .8 

a OT 50519-1 1448 8 1 . 6 
OT 50509-1 1507 33 9.0 

OT 51419-1 1509 83 18.6 

b OT 9774-1 1533 2 0 . 5 
OT 50715-1 1678 4 1 .0 

OT 51409-1 1684 34 7 . 6 
OT 50902-1 1845 1 0 . 2 
OT 50602-3 1874 39 4.5 

OT 50510-1 1943 7 1.3 

a Goban Spur + weak link broken on bottom net bar 

b northeast PSB * abundance estimated from outer nets only. 
Centre net catch discarded. 
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r e l a t i o n s h i p of l e n g t h to DW and A F D W w a s d e t e r m i n e d f o r 

t h e s e s p e c i m e n s in a d d i t i o n to a f e w s p e c i m e n s f r o m S t a s 

5 1 4 0 3 and 5 1 4 2 0 . U s i n g t h e s e d a t a t h e r e g r e s s i o n of A F D W 

on l e n g t h w a s c a l c u l a t e d (r*= 0 . 6 9 ) . T h e r e l a t i o n s h i p is 

g i v e n by t h e e q u a t i o n : 

Log ( A F D W ) = Log ( L e n g t h ) x 3 . 6 2 0 8 - 7 . 6 2 4 8 

w h e r e n = 8 and t h e s t a n d a r d e r r o r = 0 . 1 9 1 5 . U s i n g t h e s e 

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

3 s t a t i o n s ( T a b l e 1 1 ) . A m a x i m u m A F D W b i o m a s s of 2 3 0 g A F D W 

p e r h e c t a r e w a s f o u n d at 1 5 0 0 m ( S t . 5 1 4 0 7 - 1 ) , a c c o u n t i n g 

f o r s o m e 13% of t h e t o t a l e p i b e n t h i c i n v e r t e b r a t e A F D W 

b i o m a s s . W a l k e r et a l . ( 1 9 8 7 a ) r e p o r t a c a l o r i f i c v a l u e of 

2 6 . 2 4 J / mg A F D W f o r M . l a c t e a p r o d u c i n g a c a l o r i f i c 

b i o m a s s of 6 0 8 5 KJ p e r h e c t a r e at t h e s a m e s t a t i o n . 

T a b l e 11. T h e W W , D W , A F D W and c a l o r i f i c b i o m a s s of 
M . l a c t e a f r o m e p i b e n t h i c s l e d g e s a m p l e s , e x p r e s s e d as g 
or KJ p e r h e c t a r e . T h e p r o p o r t i o n of t h e t o t a l e p i b e n t h i c 
i n v e r t e b r a t e b i o m a s s is e x p r e s s e d as a p e r c e n t a g e in 
p a r e n t h e s e s . D a t a f o r S t . 5 1 1 1 3 - 2 w e r e m e a s u r e d d i r e c t l y . 
DW and A F D W d a t a f o r t h e o t h e r s t a t i o n s w e r e e s t i m a t e d 
f r o m l e n g t h u s i n g t h e r e g r e s s i o n e q u a t i o n s c a l c u l a t e d . For 
t h e n u m b e r of s p e c i m e n s in e a c h s a m p l e s e e T a b l e 10. 

S t a t i o n 
M e a n 

D e p t h (m; DW 
C a l o r i f i c 

A F D W b i o m a s s 

5 1 1 1 3 - 2 

5 1 4 0 3 - 4 
5 1 7 0 8 - 2 
5 1 4 0 7 - 1 

1 5 3 5 

1 3 2 6 
1 4 5 0 
1 5 0 0 

1 8 0 8 ( 2 5 ) 

1 7 8 7 ( 5) 

14471 ( 2 9 ) 

103 ( 1 5 ) 

2 ) 

35 ( 1 5 ) 

3) 

9 1 8 

141 ( 2 ) 25 ( 3 ) 656 
180 53 1391 
5 9 6 ( 1 3 ) 2 3 0 ( 1 3 ) 6 0 3 5 

T h e s e x e s a r e s e p a r a t e a l t h o u g h T y l e r and M u i r h e a d 

( 1 9 8 6 ) r e p o r t t w o c a s e s of h e r m a p h r o d i t i s m . M . l a c t e a 

p r o d u c e s an egg w i t h a m a x i m u m d i a m e t e r of 4 0 0 ^ m 

s u g g e s t i n g s o m e f o r m of l e c i t h o t r o p h i c l a r v a l d e v e l o p m e n t 
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( T y l e r and M u i r h e a d , 1 9 8 6 ) . T h e r e is n o e v i d e n c e of 

s e a s o n a l or p e r i o d i c r e p r o d u c t i o n and j u v e n i l e s are l i k e l y 

t o be r e c r u i t e d t o t h e a d u l t p o p u l a t i o n c o n t i n u o u s l y . 

H o w e v e r , t h e p o p u l a t i o n s i z e d i s t r i b u t i o n s f o r s e v e r a l 

s a m p l e s of M . l a c t e a s h o w s o m e r e m a r k a b l e d i f f e r e n c e s 

( F i g . 3 0 ) not c o n s i s t e n t w i t h t h e s c e n a r i o of s l o w , s t e a d y 

r e c r u i t m e n t . 

M o s t s a m p l e s a r e d o m i n a t e d by l a r g e s p e c i m e n s but t w o , 

S t a s 5 1 4 0 9 - 1 and 1 0 1 1 1 - 8 ( F i g . 3 0 ) , a r e c o m p o s e d m a i n l y , 

or e x c l u s i v e l y , of s m a l l s p e c i m e n s . No g e n e r a l r e l a t i o n -

s h i p b e t w e e n s p e c i m e n s i z e and d e p t h is a p p a r e n t . S m a l l 

j u v e n i l e s o n l y a f e w m m long o c c u r in s e v e r a l s a m p l e s t h a t 

e n c o m p a s s a l m o s t all of t h e b a t h y m e t r i c r a n g e ( T a b l e 10). 

P a t c h e s of s m a l l i n d i v i d u a l s , t h e r e f o r e , o c c u r w i t h i n t h e 

w i d e r a d u l t p o p u l a t i o n but t h e r e a s o n s f o r t h i s a r e not 

c l e a r . S t . 1 0 1 1 1 - 8 f r o m t h e G o b a n S p u r s a m p l e d by t h e 

e p i b e n t h i c s l e d g e c o n t a i n e d , in a d d i t i o n to t h e s m a l l 

M . l a c t e a , t h e r a r e o c c u r r e n c e of m a n y s m a l l B. r o s e a , and 

o v e r 2 0 0 0 s p e c i m e n s of t h e s m a l l h o l o t h u r i a n E l p i d i a . T h i s 

c o m b i n a t i o n of s m a l l h o l o t h u r i a n s in o n e s a m p l e i n d i c a t e s 

t h a t t h e p r e s e n c e of s m a l l M . l a c t e a is n o t r e l a t e d s i m p l y 

to t h e b i o l o g y of t h i s s p e c i e s , but t o e n v i r o n m e n t a l 

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

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

c o m b i n a t i o n of h y d r o g r a p h y and t o p o g r a p h y but w i l l be 

i n f l u e n c e d a l s o by t h e s e a s o n a l d e p o s i t i o n of d e t r i t u s . 
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F i g u r e 3 0 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of M e s o t h u r i a 

l a c t e a . L e n g t h in 1 0 m m s i z e c l a s s e s . 

A) BN 5 1 7 0 8 - 2 , 13 4 8 3 , 1 4 5 0 m , n = 2 1 . 

B) BN 5 1 4 0 7 - 1 , 27 3 8 2 , 1 5 0 0 m , n = 2 7 . 

C) OT 5 0 5 0 9 - 1 , 3 6 7 9 , 1 5 0 6 m , n = 3 1 . 

D) OT 5 1 4 1 9 - 1 , 1 4 8 2 , 1 5 0 8 m , n = 2 6 . 

E) BN 1 0 1 1 1 - 8 , 9 9 7 9 , 1 6 3 5 m , n = 16. 

F) OT 5 1 4 0 9 - 1 , 2 8 3 8 2 , 1 6 8 4 m , n = 3 4 . 

6) BN 5 2 2 1 1 - 1 , 18 6 8 5 , 1 7 1 6 m , n = 2 1 . 

H) OT 5 0 6 0 2 - 2 , 1 7 7 9 , 1 9 6 8 m , n = 3 4 . 
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M e s o t h u r i a b i f u r c a t a H e r o u a r d , 1 9 0 6 

BN 1 0 1 1 1 - 8 (1 f r a g m e n t ) 

D i s t r i b u t i o n : O n l y k n o w n p r e v i o u s l y f r o m t w o w i d e l y 

s e p a r a t e d l o c a l i t i e s ; t h e A n t a r c t i c O c e a n ( H e r o u a r d , 1 9 0 6 ) 

and s o u t h e a s t of G r e e n l a n d ( H e d i n g , 1 9 4 2 ) ( 2 1 3 7 m ) . 

T a x o n o m i c r e m a r k s : O n l y a f r a g m e n t of t h e s p e c i e s w a s 

f o u n d (4mm l o n g ) , p o s s i b l y a j u v e n i l e s p e c i m e n . It is c u r -

ious t h a t so f e w s p e c i m e n s h a v e b e e n f o u n d o v e r s u c h a 

w i d e g e o g r a p h i c d i s t r i b u t i o n , but t h e o s s i c l e s a r e so 

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

any o t h e r s p e c i e s . T h e o s s i c l e s a r e t h e s a m e as t h o s e 

f i g u r e d by H e d i n g ( 1 9 4 2 ) . T h e f r a g m e n t w a s f o u n d at t h e 

s a m e s t a t i o n on t h e G o b a n S p u r as m a n y j u v e n i l e M . l a c t e a 

and B. r o s e a . 

M e s o t h u r i a c a t h e d r a l is H e d i n g , 1 9 4 0 

BN 9 7 5 4 - 3 ( 1 ) , BN 1 0 1 1 3 - 1 (1), BN 5 0 6 0 5 - 1 ( 1 ) . 

B a t h y m e t r i c r a n g e in t h e PSB : 1 4 8 4 to 2 9 3 0 m . 

D i s t r i b u t i o n : P r e v i o u s l y k n o w n o n l y f r o m t h e G u l f of 

G u i n e a , C a p e B o j a d o r , o f f s o u t h e r n G r e e n l a n d ( H e d i n g , 

1 9 4 2 ) and t h e R o c k a l l T r o u g h ( G a g e et a l . , 1 9 8 5 a ) , a 11 

w i t h i n t h e b a t h y m e t r i c r a n g e s h o w n by t h e P S B m a t e r i a l . 

T a x o n o m i c r e m a r k s : T h e t h r e e s p e c i m e n s f r o m t h e PSB are 

all s m a l l , b e t w e e n 4 and 8 m m l o n g . T h e o s s i c l e s in t h e 

b o d y w a l l , h o w e v e r , a r e q u i t e d i s t i n c t i v e and a r e u n l i k e 

t h o s e f o u n d in j u v e n i l e s of t h e o t h e r M e s o t h u r i a s p e c i e s 

f r o m t h e P S B . T h e p l a t e o s s i c l e s h a v e 8 o r m o r e h o l e s , 

a r r a n g e d in a r e g u l a r p a t t e r n w i t h a q u a d r i r a d i a t e s p i r e 
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in t h e c e n t r e b e a r i n g f o u r long s p i n y a r m s . T h e y are 

s i m i l a r to t h o s e f i g u r e d f o r t h e l a r g e r s p e c i m e n ( 5 0 m m 

l o n g ) c o l l e c t e d by t h e " I n g o l f " e x p e d i t i o n ( H e d i n g , 1 9 4 2 ) . 

T h e s i m i l a r i t i e s in t h e s t r u c t u r e of t h e o s s i c l e s u n i t e 

t h e v a r i o u s r e c o r d s of t h i s s p e c i e s d e s p i t e t h e w i d e 

s e p a r a t i o n of t h e i r l o c a l i t i e s . 

M e s o t h u r i a m a r o c c a n a P e r r i e r , 1 9 0 2 

BN 1 0 1 0 6 - 1 ( 1 ) , OT 5 0 5 1 8 - 1 (2), OT 5 0 5 1 9 - 1 ( 1 0 ) . 

B a t h y m e t r i c r a n g e in t h e PSB : 1431 to 2 3 1 5 m . T h e s i n g l e 

s p e c i m e n f r o m t h e m a i n t r a n s e c t ( S t . 1 0 1 0 6 - 1 ) o c c u r r e d 

b e t w e e n 2 3 0 0 and 2 3 1 5 m , w h i l e t h e o t h e r 12 s p e c i m e n s w e r e 

all s a m p l e d on t h e G o b a n S p u r , b e t w e e n 1431 and 2 1 1 0 m . 

D i s t r i b u t i o n : N o r t h A t l a n t i c , b o t h in t h e e a s t f r o m o f f 

M o r o c c o to s o u t h of I c e l a n d ( P e r r i e r , 1 9 0 2 ; H e d i n g , 1 9 4 2 ) 

(1431 to 3 1 2 0 m , b a t h y m e t r i c r a n g e i n c l u d i n g t h e p r e s e n t 

r e c o r d s ) , and in t h e w e s t in t h e C a r i b b e a n and t h e e a s t e r n 

G u l f of M e x i c o ( 9 1 4 to 2 4 6 9 m ) ( M i l l e r a n d P a w s o n , 1 9 8 4 ) . 

M . m a r o c c a n a b e a r s a c l o s e a f f i n i t y to M . m u r r a y i ( T h e e l , 

1 8 8 6 a ) a n d , i n d e e d , H e d i n g ( 1 9 4 2 ) c o n s i d e r e d t h a t t h e t w o 

s p e c i e s c o u l d be s y n o n y m o u s . If s o , t h e n t h i s s p e c i e s is 

a l s o f o u n d in t h e P a c i f i c at s i m i l a r d e p t h s ( T h e e l , 

1 8 8 6 a ; O h t a , 1 9 8 3 ) . 

E c o l o g i c a l r e m a r k s : M . m a r o c c a n a is n o t a c o m m o n s p e c i e s 

in t h e P S B , but t h e p r e s e n c e of 10 s p e c i m e n s in o n e s a m p l e 

i n d i c a t e s t h a t its d i s t r i b u t i o n is p a t c h y . S i m i l a r l y , in 

f o u r s a m p l e s t a k e n by t h e " I n g o l f " E x p e d i t i o n , t h r e e 

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

had 15 s p e c i m e n s ( H e d i n g , 1 9 4 2 ) . T h e s i z e of t h e PSB 

s p e c i m e n s (30 to 9 5 m m l o n g ) is s i m i l a r t o t h a t r e p o r t e d 

p r e v i o u s l y (40 to 8 0 m m l o n g , D e i c h m a n n , 1 9 5 4 ) . 
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T h e l a r g e s t egg s i z e f o u n d in t h e P S B s p e c i m e n s was 

2 0 0 ^ m i n d i c a t i n g e i t h e r p l a n k t o t r o p h i c d e v e l o p m e n t or 

l e c i t h o t r o p h i c d e v e l o p m e n t w i t h a s h o r t l a r v a l p h a s e . 

M e s o t h u r i a i n t e s t i n a l is ( A s c a n i u s and R a t h k e , 1 7 6 7 ) 

OT 5 0 5 0 3 - 1 (1) 
OT 5 0 7 0 4 - 1 (1) 
GT 5 0 8 0 9 - 1 (2) 
GT 5 1 3 1 3 - 1 (1) 
OT 5 1 4 0 3 - 7 (7) 
BN 5 1 7 0 7 - 1 (1) 

GT 5 0 5 0 5 - 1 (1) 
GT 5 0 7 0 9 - 1 (3) 
OT 5 0 8 1 9 - 1 (1) 
BN 5 1 4 0 3 - 1 (2) 
BN 5 1 4 2 0 - 1 (1) 

OT 5 0 5 1 9 - 1 (1) 
OT 5 0 8 0 1 - 1 (2) 
OT 5 1 0 2 5 - 1 (1) 
BN 5 1 4 0 3 - 5 (2) 
BN 5 1 4 2 0 - 4 (3) 

B a t h y m e t r i c r a n g e in t h e PSB : 4 6 0 to 1 4 6 5 m on t h e G o b a n 

S p u r (but c o m m o n o n l y b e t w e e n 1 2 2 5 and 1 2 8 5 m ) and 5 0 0 to 

1 3 3 0 m on t h e m a i n t r a n s e c t but in t h i s a r e a o n l y c o m m o n 

w i t h i n t h e P h e r o n e m a s u s p e n s i o n - f e e d i n g c o m m u n i t y ( 1 2 5 5 to 

1 3 3 0 m ) ( s e e S e c t i o n 5 . 2 ) . 

D i s t r i b u t i o n : W i d e l y d i s t r i b u t e d in t h e n o r t h e a s t 

A t l a n t i c f r o m o f f NW A f r i c a ( H e r o u a r d , 1 9 2 3 ) to t h e c o a s t s 

of N o r w a y , a l t h o u g h n o w h e r e in t h e d e e p s e a d o e s it a p p e a r 

to be v e r y c o m m o n . A f e w s p e c i m e n s a r e k n o w n f r o m t h e 

M e d i t e r r a n e a n ( s e e P e r r i e r , 1 9 0 2 ; K o e h l e r , 1 9 2 7 ; S i b u e t , 

1 9 7 4 ) and t h e w e s t e r n A t l a n t i c ( D e i c h m a n n , 1 9 3 0 ) . T h e 

s p e c i e s h a s a w i d e b a t h y m e t r i c r a n g e (c. 1 8 to 1 4 4 5 m ) but 

r e p o r t s of t h i s s p e c i e s o c c u r r i n g as d e e p as 2 0 0 0 m a p p e a r 

to r e s u l t f r o m s o m e c o n f u s i o n w i t h M . v e r r i l l i . T h e 

s h a l l o w e s t r e c o r d s c o m e o n l y f r o m t h e c o l d w a t e r s off 

N o r w a y . In t h e R o c k a l l T r o u g h M . i n t e s t i n a l is is r e p o r t e d 

o n l y f r o m t h e u p p e r H e b r i d e a n S l o p e ( H a r v e y et a l . , in 

p r e s s ) . 

E c o l o g i c a l r e m a r k s : M . i n t e s t i n a l is is n o t a p a r t i c u l a r y 

a b u n d a n t s p e c i e s in t h e P S B ( T a b l e 12) c o n t r i b u t i n g less 

t h a n 1% of t h e t o t a l e p i b e n t h i c i n v e r t e b r a t e b i o m a s s in 

a r e a s w h e r e it o c c u r s . T h e g r e a t e s t a b u n d a n c e (33 i n d i v i d -
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u a l s p e r h e c t a r e ) and b i o m a s s ( 1 9 3 g DW - a b o u t lOOg A F D W 

p e r h e c t a r e ) w a s f o u n d w i t h i n t h e P h e r o n e m a s p o n g e a r e a in 

t h e PSB ( s e e S e c t i o n 5 . 2 ) . 

T a b l e 12. T h e a b u n d a n c e ( A ) of M e s o t h u r i a i n t e s t i n a l is in 
e p i b e n t h i c s l e d g e and o t t e r t r a w l s a m p l e s , e x p r e s s e d as 
n u m b e r of s p e c i m e n s p e r h e c t a r e . S a m p l e s f r o m t h e m a i n 
t r a n s e c t u n l e s s o t h e r w i s e s t a t e d . n = n u m b e r of s p e c i m e n s 
t a k e n . 

m e a n 
S t a t i o n D e p t h (m) n A / P o s n A / O d o 

E p i b e n t h i c s l e d g e s a m p l e s . 

BN 5 1 7 0 7 - 1 1 2 1 8 1 1 . 1 
BN 5 1 4 2 0 - 4 1 2 8 3 3 1 8 . 5 3 3 . 0 
BN 5 1 4 0 3 - 5 1 2 9 3 2 9 . 8 2 2 . 7 
BN 5 1 4 0 3 - 1 1 3 0 3 2 4 . 5 1 1 . 4 
BN 5 1 4 2 0 - 1 1 3 2 7 1 5 . 8 10.7 

O t t e r t r a w l s a m p l e s . 

OT 5 0 8 1 9 - 1 5 0 6 1 0 . 3 
OT 5 0 5 0 3 - 1 1 0 1 7 1 0 . 3 

a OT 5 0 8 0 1 - 1 1 2 6 5 2 0 . 4 
OT 5 1 4 0 3 - 7 1 2 9 3 7 1 .7 

a OT 5 0 5 1 9 - 1 1 4 4 8 1 0 . 2 

a G o b a n S p u r 

A l t h o u g h M . i n t e s t i n a l is is n o t a b u n d a n t in t h e P S B , its 

p r e s e n c e in t h e s p o n g e c o m m u n i t y is not w i t h o u t i n t e r e s t . 

M. i n t e s t i n a l is is o n e of f o u r s p e c i e s t h a t n o t o n l y o c c u r 

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

s h a l l o w e r in S c a n d a n a v i a n s e a s . T h e s i g n i f i c a n c e of t h i s 

is d i s c u s s e d in S e c t i o n 5 . 2 . 

L i k e s h a l l o w - w a t e r s p e c i m e n s , d e e p - s e a i n d i v i d u a l s a l s o 

c o v e r t h e i r b o d y w i t h s h e l l f r a g m e n t s ( F i g . 2 7 D , p a g e 1 5 9 ) 

a l t h o u g h t h i s is n o t r e a d i l y a p p a r e n t in p r e s e r v e d 

s p e c i m e n s . T h e r e a s o n s f o r t h i s b e h a v i o u r a r e not k n o w n 

but t h e s h e l l f r a g m e n t s c o u l d g i v e M . i n t e s t i n a l is s o m e 

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

l a r g e e g g s ( c a . 6 5 0 ^ m in d i a m e t e r ) w h i c h M o r t e n s e n ( 1 9 2 7 ) 

b e l i e v e d w o u l d lead to d i r e c t d e v e l o p m e n t of t h e h o l o -

t h u r i a n . O n e s m a l l j u v e n i l e , 7 . 5 m m l o n g , w a s f o u n d at o n e 

s t a t i o n in t h e s p o n g e p a t c h ( S t . 5 1 4 0 3 - 1 ) . 

M e s o t h u r i a v e r r i l l i ( T h e e l , 1 8 8 6 ) 

BN 9 7 5 4 - 3 ( 2 ) , OT 9 7 7 4 - 1 ( 3 ) , BN 1 0 1 0 8 - 1 ( 2 ) , 
0 1 5 0 5 0 9 - 1 ( 4 ) , OT 5 0 5 1 7 - 1 ( 1), OT 5 0 5 1 9 - 1 ( 9 8 ) , 
0 1 5 0 6 1 1 - 1 ( 8 ) , OT 5 0 7 0 3 - 1 ( 2 ) , G T 5 0 7 1 3 - 1 ( 1), 
0 1 5 0 8 1 0 - 1 ( 1), OT 5 1 0 0 9 - 1 ( 6 ) , OT 5 1 0 2 3 - 1 ( 1), 
OT 5 1 3 0 7 - 1 ( 1 ) , OT 5 1 3 1 4 - 1 ( 1), BN 5 1 4 0 3 - 1 ( 2 ) , 
BN 5 1 4 0 3 - 2 ( 1 ) , BN 5 1 4 0 3 - 4 ( 3 ) , BN 5 1 4 0 3 - 5 ( 2 ) , 
BN 5 1 4 0 3 - 6 ( 1), OT 5 1 4 0 3 - 7 ( 1). BN 5 1 4 0 7 - 1 ( 2 ) , 
O T 5 1 4 1 9 - 1 ( 1 2 ) , BN 5 1 4 2 0 - 1 ( 3), B N 5 1 7 0 8 - 2 ( 3 1 ) , 
BN 5 1 7 1 5 - 2 ( 1 1 ) , BN 5 2 0 1 7 - 1 ( 1 6 ) , BN 5 2 2 0 4 - 1 ( 1 ) . 

B a t h y m e t r i c r a n g e in PSB : 1 2 5 5 to 1 7 9 4 m , b u t m o s t c o m m o n 

o n l y b e t w e e n 1 4 3 0 and 1 5 3 0 m ( 8 2 % of t h e s p e c i m e n s 

c o l l e c t e d ) . T h e b a t h y m e t r i c r a n g e is g r e a t e r on t h e G o b a n 

S p u r ( 1 2 7 0 to 1 7 9 4 m ) t h a n on t h e m a i n t r a n s e c t ( 1 2 5 5 to 

1 5 3 5 m ) . 

D i s t r i b u t i o n 

w i t h 

: W i d e l y d i s t r i b u t e d in t h e n o r t h A t l a n t i c 

s o m e r e c o r d s f r o m t h e M e d i t e r r a n e a n . In t h e w e s t e r n 

A t l a n t i c it is k n o w n f r o m t h e C a r i b b e a n S e a , e a s t e r n G u l f 

of M e x i c o ( D e i c h m a n n , 1 9 3 0 ; M i l l e r and P a w s o n , 1 9 8 4 ) and 

o f f t h e B a h a m a s ( P a w s o n , 1 9 8 2 a ) . In t h e e a s t e r n A t l a n t i c 

it is r e c o r d e d f r o m o f f n o r t h w e s t A f r i c a , t h e C a n a r y 

I s l a n d s ( P e r r i e r , 1 9 0 2 ) , t h e A z o r e s ( H e r o u a r d , 1 9 0 2 , 1 9 2 3 ; 

P e r r i e r , 1 9 0 2 ) , t h e Bay of B i s c a y ( S i b u e t , 1 9 7 7 ) and as 

f a r n o r t h as t h e P S B ( M o r t e n s e n , 1 9 2 7 ) . Its is n o w a l s o 

k n o w n f r o m t h e R o c k a l l T r o u g h ( H a r v e y et a l . , in p r e s s ) . 
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T h e b a t h y m e t r i c r a n g e is n o t k n o w n w i t h c e r t a i n t y , 

p a r t l y as a r e s u l t of c o n f u s i o n w i t h M . i n t e s t i n a l is. 

H a n s e n ( 1 9 7 5 ) g i v e s a w i d e r a n g e of 6 1 8 to 4 1 6 5 m f o r 

M . v e r r i l l i in t h e A t l a n t i c and 2 8 0 t o 1 1 0 3 m in t h e 

M e d i t e r r a n e a n . W i t h t h e aid of d e t a i l e d b a t h y m e t r i c c h a r t s 

a v a i l a b l e t o d a y , it is p o s s i b l e to s e e t h a t all t h e r e l -

i a b l e r e c o r d s of t h i s s p e c i e s d e e p e r t h a n 2 0 0 0 m c o m e f r o m 

a r e a s w h e r e t h e s e a b e d is p a r t i c u l a r l y s t e e p ( e . g . on t h e 

c o n t i n e n t a l s l o p e o f f n o r t h w e s t A f r i c a o r in t h e v i c i n i t y 

of t h e K i n g ' s T r o u g h - s e e P e r r i e r , 1 9 0 2 , f o r d e t a i l s of 

s o m e s t a t i o n s ) . T h e a c c u r a c y of t h e d e p t h s r e c o r d e d f o r 

s u c h s a m p l e s m u s t b e c a l l e d i n t o q u e s t i o n . T h i s a l s o a p p -

lies to a s h a l l o w s a m p l e of M . v e r r i l l i on t h e M a g a z a n 

E s c a r p m e n t ( 5 5 0 m , P e r r i e r , 1 9 0 2 ) . M o r t e n s e n ( 1 9 2 7 ) g i v e s a 

r e d u c e d r a n g e of c . 9 9 0 t o 1 7 6 5 m f o r M . v e r r i l l i s a m p l e d 

in t h e v i c i n i t y of t h e P S B , a r a n g e a l m o s t i d e n t i c a l to 

t h a t of t h e p r e s e n t m a t e r i a l . S a m p l e s f r o m t h e R o c k a l l 

T r o u g h ( H a r v e y et a l . , in p r e s s ) and t h e m a j o r i t y of t h o s e 

s a m p l e d off t h e A z o r e s ( M a r e n z e l l e r , 1 8 9 3 ; H e r o u a r d , 1 9 0 2 , 

1 9 2 3 ; P e r r i e r , 1 9 0 2 ) all f a l l w i t h i n t h i s r e d u c e d 

b a t h y m e t r i c r a n g e . 

T h e b a t h y m e t r i c r a n g e is g r e a t e r in t h e w e s t e r n 

A t l a n t i c , 6 9 9 to 3 7 2 0 m ( D e i c h m a n n , 1 9 5 4 ; P a w s o n , 1 9 8 2 a ; 

M i l l e r and P a w s o n , 1 9 8 4 ; S u c h a n e k , W i l l i a m s , O g d e n , 

H u b b a r d and G i l l , 1 9 8 5 ) . T h e s t u d y of S u c h a n e k et a l . 

( 1 9 8 5 ) i n c r e a s e d t h e l o w e r b a t h y m e t r i c l i m i t f r o m 2141 to 

3 7 2 0 m . H a n s e n ( 1 9 7 5 ) c i t e d M . v e r r i l l i f r o m 6 1 8 m in t h e 

A t l a n t i c but t h i s s h a l l o w r e c o r d s h o u l d be r e f e r r e d to 

m a t e r i a l c o l l e c t e d in t h e M e d i t e r r a n e a n . 

E c o l o g i c a l r e m a r k s : M . v e r r i l l i is a b u n d a n t o n l y w i t h i n a 

r e s t r i c t e d b a t h y m e t r i c r a n g e at m i d - s l o p e d e p t h s in t h e 

PSB ( T a b l e 1 3 ) . T h e b a t h y m e t r i c r a n g e is a l m o s t i d e n t i c a l 

to t h a t of P a r o r i z a pal l e n s . A f e w s m a l l j u v e n i l e s of 
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M . v e r r i l l i , o n l y a f e w m i l l i m e t r e s l o n g , w e r e f o u n d in 

t h e s u s p e n s i o n - f e e d i n g c o m m u n i t y b e t w e e n 1 1 0 0 and 1 3 3 0 m . 

In c e r t a i n a r e a s M . v e r r i l l i c a n be q u i t e c o m m o n w i t h a 

m a x i m u m r e c o r d e d a b u n d a n c e of 2 2 7 i n d i v i d u a l s per h e c t a r e 

( S t . 5 2 0 1 7 - 1 ) . D a t a on t h e b i o m a s s of M . v e r r i l l i a r e not 

a v a i l a b l e . 

T a b l e 13. T h e a b u n d a n c e (A) of M e s o t h u r i a v e r r i l l i in 
e p i b e n t h i c s l e d g e and o t t e r t r a w l s a m p l e s , e x p r e s s e d as 
n u m b e r p e r h e c t a r e . S a m p l e s f r o m t h e m a i n t r a n s e c t u n l e s s 
o t h e r w i s e s t a t e d , n = n u m b e r of s p e c i m e n s t a k e n i n c l u d i n g 
j u v e n i l e s . A b u n d a n c e v a l u e s a r e g i v e n f o r 1) all s p e c i m e n s 
and 2 ) e x c l u d i n g j u v e n i l e s . 

m e a n 
S t a t i o n D e p t h (m) n 

All s p e c i m e n s 
A / P o s n A / O d o 

A d u l t s p e c i m e n s 
A / P o s n A / O d o 

E p i b e n t h i c s l e d g e s a m p l e s • 

BN 5 1 4 0 3 - 6 1 2 8 7 1 10 . 6 10 .6 
BN 5 1 4 0 3 - 5 1 2 9 3 2 9 . 8 22 .7 0 . 0 0 . 0 

BN 5 1 4 0 3 - 1 1 3 0 3 2 4 . 5 1 1 . 4 0 . 0 0 .0 
BN 5 2 2 0 4 - 1 1 3 0 3 1 1 0 . 9 14 . 1 1 0 . 9 14 . 1 

BN 5 1 4 0 3 - 2 1321 1 4 . 2 10 .9 0 . 0 0 . 0 

BN 5 1 4 0 3 - 4 1 3 2 6 3 9 . 0 31 . 3 0 . 0 0 . 0 

BN 5 1 4 2 0 - 1 1 3 2 7 3 1 7 . 5 32 . 2 1 1 . 7 21 . 5 

BN 1 0 1 0 8 - 1 1 3 8 8 2 4 . 2 0 . 0 

BN 5 1 7 0 8 - 2 1 4 5 0 31 6 0 . 4 144 . 0 5 6 . 5 1 3 4 . 0 

BN 5 2 0 1 7 - 1 1 4 6 5 16 7 8 . 7 2 2 7 . 0 7 8 . 7 2 2 7 . 0 

a BN 9 7 5 4 - 3 1 4 8 4 2 4 . 1 4 . 1 

BN 5 1 7 1 5 - 2 1 4 9 3 1 1 16.6 1 5 . 1 

BN 5 1 4 0 7 - 1 1 5 0 0 2 3 . 9 1 3 . 9 3 . 9 13 . 9 

O t t e r t r a w l s a m p l e s . 

OT 5 1 4 0 3 - 7 1 2 9 3 1 0 . 2 
OT 5 0 6 1 1 - 1 1 3 8 8 8 1 . 3 

b OT 5 0 5 1 9 - 1 1 4 4 8 9 8 1 9 . 8 
OT 5 0 5 0 9 - 1 1 5 0 7 4 1 . 1 
OT 5 1 4 1 9 - 1 1 5 0 9 12 2 . 7 

a OT 9 7 7 4 - 1 1 5 3 3 3 0 . 7 
b OT 5 0 8 1 0 - 1 1 6 5 0 1 0 . 2 
b OT 5 0 5 1 7 - 1 1 7 9 0 1 0 . 2 

a n o r t h e a s t P S B b G o b a n S p u r 
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T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of M . v e r r i l l i are 

d o m i n a t e d by l a r g e s p e c i m e n s ( F i g . 3 1 ) . T h e d i f f e r e n c e s 

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

c o n t r a c t i o n of t h e s p e c i m e n s d u r i n g p r e s e r v a t i o n , t h e 

s a m p l e at S t . 5 0 5 1 9 - 1 h a v i n g b e e n m e a s u r e d a f t e r p r o l o n g e d 

p r e s e r v a t i o n w h i l e t h e o t h e r t w o s a m p l e s w e r e m e a s u r e d at 

s e a . S m a l l j u v e n i l e s p e c i m e n s a r e p r e s e n t in s e v e r a l 

s a m p l e s but t h e r e is no e v i d e n c e of s e a s o n a l r e c r u i t m e n t . 

R e p r o d u c t i o n in t h i s s p e c i e s is c o n t i n u o u s ( T y l e r and 

M u i r h e a d , 1 9 8 6 ) w i t h t h e p r o d u c t i o n of e g g s a b o u t 4 0 0 ^ m in 

d i a m e t e r , i n d i c a t i v e of l e c i t h o t r o p h i c l a r v a l d e v e l o p m e n t . 

P a r o r i z a pal l e n s ( K o e h l e r , 1 8 9 6 ) 

OT 5 0 5 0 9 - 1 ( 8 ) , OT 5 0 5 1 7 - 1 ( 2 ) , OT 5 0 5 1 9 - 1 ( 1 3 ) , 
OT 5 0 7 0 3 - 1 ( 3 ) , OT 5 0 8 1 0 - 1 (3), O T 5 1 0 2 2 - 1 ( 1), 
BN 5 1 7 0 8 - 2 ( 7 ) , BN 5 1 7 1 5 - 2 ( 4 ) , BN 5 2 0 1 7 - 1 ( 8 ) , 
BN 5 2 0 1 9 - 1 ( 1 ) , BN 5 2 2 1 8 - 1 ( 6 ) . 

B a t h y m e t r i c r a n g e in PSB : 1 4 3 0 to 1 7 9 4 , but m o r e p r e -

v a l e n t b e t w e e n 1 4 3 0 and 1 5 2 5 m ( 8 2 % of t h e s p e c i m e n s c o l l -

e c t e d ) w h e r e it o c c u r r e d in a b o u t h a l f o f t h e s a m p l e s 

t a k e n b e t w e e n t h e s e d e p t h s . 

D i s t r i b u t i o n : N o r t h e a s t A t l a n t i c , f r o m o f f n o r t h e r n S p a i n 

( 1 3 0 0 to 2 1 0 0 m ) ( K o e h l e r , 1 8 9 6 ; S i b u e t , 1 9 7 7 ) , t h e n o r t h -

ern B a y of B i s c a y ( 3 1 0 0 m ) ( S i b u e t , 1 9 7 7 ) t o t h e P S B . T h e 

t o t a l r a n g e , t h e r e f o r e , is 1 3 0 0 to 3 1 0 0 m a l t h o u g h t h e 

d e e p e r r e c o r d s n e e d c o n f i r m a t i o n s i n c e P . p r o u h o i is a p p -

a r e n t l y f o u n d in t h e s a m e a r e a . 

E c o l o g i c a l r e m a r k s : P. pal l e n s is n o t c o m m o n in t h e PSB 

but in l o c a l i z e d a r e a s its a b u n d a n c e m a y e x c e e d 100 

i n d i v i d u a l s p e r h e c t a r e ( T a b l e 1 4 ) . T h e r e a r e no d a t a 
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F i g u r e 3 1 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of M e s o t h u r i a 

v e r r i l l i . L e n g t h in 10mm s i z e c l a s s e s . 

A) 0 1 5 0 5 1 9 - 1 , 8: 6 7 9 , 1 4 4 8 m , n = 9 8 . 

B) BN 5 1 7 0 8 - 1 , 1 3 : 4 8 3 , 1 4 5 0 m , n = 2 9 . 

c ) BN 5 2 0 1 7 - 1 , 21 : 8 8 4 , 1 4 6 5 m , n = 1 6 . 
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a v a i l a b l e on its b i o m a s s . T h e r e s t r i c t e d b a t h y m e t r i c r a n g e 

of P. pal l e n s in t h e P S B is a l m o s t i d e n t i c a l to t h a t of 

M . v e r r i l l i ; in b o t h c a s e s t h e u p p e r b a t h y m e t r i c l i m i t 

lies j u s t b e l o w t h e s u s p e n s i o n - f e e d i n g c o m m u n i t y t h a t 

f o r m s a b a n d r o u n d t h e PSB at a b o u t 1 1 0 0 t o 1 3 3 0 m (see 

S e c t i o n 5 . 2 ) . M o s t of t h e P. pal lens s a m p l e d are l a r g e 

s p e c i m e n s , 2 0 0 to 2 7 0 m m l o n g , but at S t . 5 0 5 1 9 - 1 t h r e e 

s m a l l i n d i v i d u a l s ( 2 0 , 4 0 and 9 0 m m l o n g ) a l s o o c c u r r e d . 

R e c r u i t m e n t to t h e a d u l t p o p u l a t i o n a p p e a r s to be a slow 

and c o n t i n u o u s p r o c e s s , in k e e p i n g w i t h t h e c o n t i n u o u s 

p r o d u c t i o n of g a m e t e s f o u n d in t h i s h e r m a p h r o d i t i c s p e c i e s 

( T y l e r and M u i r h e a d , 1 9 8 6 ) . 

T a b l e 14. T h e a b u n d a n c e (A) of P a r o r i z a pal l e n s in 
e p i b e n t h i c s l e d g e and o t t e r t r a w l s a m p l e s , e x p r e s s e d as 
n u m b e r p e r h e c t a r e . S a m p l e s f r o m t h e m a i n t r a n s e c t u n l e s s 
o t h e r w i s e i n d i c a t e d , n = n u m b e r of s p e c i m e n s t a k e n . 

S t a t i o n 
M e a n 

D e p t h (m) A / P o s n A / O d o 

E p i b e n t h i c s l e d g e s a m p l e s 

a BN 5 2 2 1 8 - 1 1 4 4 0 6 1 3 . 9 2 5 . 8 
BN 5 1 7 0 8 - 2 1 4 5 0 7 1 3 . 6 3 2 . 4 
BN 5 2 0 1 7 - 1 1 4 6 5 8 3 9 . 3 1 1 3 . 0 
BN 5 1 7 1 5 - 2 1 4 9 3 4 6 . 0 
BN 5 2 0 1 9 - 1 1731 1 4 . 7 5 . 0 

O t t e r t r a w l s a m p l e s . 

a OT 5 0 5 1 9 - 1 1 4 4 8 13 2 . 6 
OT 5 0 5 0 9 - 1 1 5 0 7 8 2 . 2 

a OT 5 0 8 1 0 - 1 1 6 5 0 3 0 . 7 
a OT 5 0 5 1 7 - 1 1 7 9 0 2 0 . 5 

a G o b a n S p u r 
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p. pal l e n s p r o d u c e s e g g s w i t h a m a x i m u m d i a m e t e r of 

2 5 0 ^ m ( T y l e r and M u i r h e a d , 1 9 8 6 ) . E g g s o f a s i m i l a r s i z e 

in o t h e r h o l o t h u r i a n s , e . g . M o l p a d i a i n t e r m e d i a , lead to 

t h e p r o d u c t i o n of a d o l i o l a r i a l a r v a w i t h a l a r v a l l i f e of 

a f e w d a y s ( M c E u e n and C h i a , 1 9 8 5 ) . It is p o s s i b l e t h a t 

t h e l a r v a p r o d u c e d by P. pal l e n s u n d e r g o e s p l a n k t o t r o p h i c 

d e v e l o p m e n t . H o w e v e r , t h i s t y p e of d e v e l o p m e n t s e e m s un-

l i k e l y s i n c e P. pal l e n s has a r e s t r i c t e d g e o g r a p h i c d i s t -

r i b u t i o n and a n a r r o w b a t h y m e t r i c r a n g e . L e c i t h o t r o p h i c 

d e v e l o p m e n t w i t h a s h o r t l a r v a l s t a g e w o u l d be m o r e 

p r o b a b l e in t h i s p a r t i c u l a r c a s e . 

P. pal l e n s is an e p i b e n t h i c d e p o s i t - f e e d i n g h o l o t h u r i a n 

w h i c h p l o u g h s t h r o u g h t h e t o p m o s t f e w m i l l i m e t r e s of t h e 

s e d i m e n t . K h r i p o u n o f f and S i b u e t ( 1 9 8 0 ) a n a l y z e d t h e gut 

c o n t e n t s of P. pal l e n s and f o u n d t h a t w h i l e n a n n o p l a n k t o n , 

n o t a b l y c o c c o l i t h s , f o r m e d m o s t of t h e p a r t i c u l a t e m a t e r -

ial i n g e s t e d , it w a s o r g a n o - m i n e r a l a g g r e g a t e s , f a e c a l 

m a t t e r and o r g a n i c f i l m s in m i n e r a l p a r t i c l e s t h a t a p p e a r 

to f o r m t h e n u t r i t i o n a l s o u r c e s . T h e o r g a n i c c o n t e n t of 

s e d i m e n t in t h e o e s o p h a g u s of P. pal lens w a s a b o u t 4 t i m e s 

g r e a t e r t h a n in s e d i m e n t s a m p l e s t a k e n f r o m t h e s a m e 

l o c a l i t y , I n d i c a t i n g t h a t t h i s s p e c i e s s e l e c t s f o r 

p a r t i c l e s w i t h a h i g h e r o r g a n i c c o n t e n t . T h e s i g n i f i c a n c e 

of t h i s s e l e c t i v i t y by d e p o s i t - f e e d i n g h o l o t h u r i a n s , 

i n c l u d i n g P. pal l e n s , is d i s c u s s e d in S e c t i o n 5 . 3 . 

F e e d i n g in P. pal l e n s m a y be a i d e d by t h e p r e s e n c e of 

c o m m e n s a l b a c t e r i a in its t e n t a c l e s ( D r . D . R o b e r t s , 

p e r s o n a l c o m m u n i c a t i o n ) . 

P a r o r i z a p r o u h o i H e r o u a r d , 1 9 0 2 

OT 9 7 5 6 - 3 ( 1), OT 5 0 5 1 5 - 1 (2), OT 5 0 7 1 1 - 1 ( 1 ) , 
OT 5 0 8 1 1 - 1 ( 1 1 ) , OT 5 0 8 1 2 - 2 (1), O T 5 0 9 1 0 - 1 ( 2 ) , 
OT 5 1 3 0 9 - 1 ( 1), OT 5 1 4 1 4 - 1 ( 2 ) , OT 5 1 6 0 8 - 1 ( 1 ) , 
BN 5 2 2 1 6 - 8 ( 2 ) . 

190 



B a t h y m e t r i c r a n g e on PAP : 4 0 3 5 to 4 8 3 2 m ; m o r e c o m m o n in 

t h e m i d d l e of t h e a b y s s a l p l a i n t h a n c l o s e to t h e c o n t -

i n e n t a l s l o p e , a l t h o u g h it is not p a r t i c u l a r l y a b u n d a n t in 

any s a m p l e . 

D i s t r i b u t i o n : N o r t h e a s t A t l a n t i c , 3 1 0 0 t o 4 8 3 2 m ( d e p t h 

r a n g e i n c l u d i n g t h e p r e s e n t r e c o r d s ) f r o m o f f t h e A z o r e s , 

Bay of B i s c a y and P o r c u p i n e A b y s s a l P l a i n ( H e r o u a r d , 1 9 0 2 , 

1 9 2 3 ; S i b u e t , 1 9 7 7 ) . 

T a x o n o m i c r e m a r k s : H a n s e n ( 1 9 5 6 ) n o t e d t h a t P a r o r i z a 

g r e v e i H a n s e n f r o m t h e B a n d a T r e n c h in t h e P a c i f i c 

d i f f e r e d f r o m P. p r o u h o i in h a v i n g a c u r v e d b o d y . T h i s 

p a r t i c u l a r f e a t u r e has b e e n f o u n d in m a n y s p e c i m e n s f r o m 

t h e P A P t h a t a r e c o n t r a c t e d , p a r t i c u l a r l y at t h e a n t e r i o r 

e n d , but is not p r e s e n t in s p e c i m e n s t h a t a r e r e l a x e d . T h e 

t w o s p e c i e s d i f f e r , t h e r e f o r e , p r i m a r i l y in t h e s h a p e of 

t h e i r t e n t a c l e s . 

E c o l o g i c a l r e m a r k s : T h e a b u n d a n c e of P. p r o u h o i is low, 

w i t h a m a x i m u m a b u n d a n c e of 5 i n d i v i d u a l s p e r h e c t a r e 

r e c o r d e d at S t . 5 2 2 1 6 - 8 . A l t h o u g h d a t a f r o m t h e t r a w l a l s o 

i n d i c a t e s t h a t its a b u n d a n c e is 1ow ( T a b l e 1 5 ) , P. p r o u h o i 

is n e v e r t h e l e s s a c h a r a c t e r i s t i c s p e c i e s of t h e a r e a 

o c c u r r i n g in 8 of t h e 10 s a m p l e s t a k e n d e e p e r t h a n 4 2 0 0 m . 

T h e r e a r e no d a t a on t h e b i o m a s s of t h i s s p e c i e s . T h e 

s p e c i m e n s r a n g e d b e t w e e n 115 and 2 7 0 m m in l e n g t h w i t h no 

o b v i o u s c o r r e l a t i o n w i t h l o c a t i o n or d e p t h . 

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

p o s t e r i o r l y to t h e o v a r y . E g g s of an i n t e r m e d i a t e s i z e up 

to a b o u t 4 0 0 ^ ^ in d i a m e t e r a r e p r o d u c e d i n d i c a t i n g 

l e c i t h o t r o p h i c l a r v a l d e v e l o p m e n t . A few e g g s of t h i s s i z e 

a r e p r e s e n t in s p e c i m e n s s a m p l e d in A u g u s t ( S t . 5 0 8 1 1 - 1 ) 

but t h e g o n a d s in all t h e s p e c i m e n s a p p e a r e d to h a v e 

s p a w n e d r e c e n t l y . In c o n t r a s t , of t w o s p e c i m e n s s a m p l e d in 
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J u n e ( S t . 5 0 5 1 5 - 1 ) o n e h a d a w e l l d e v e l o p e d g o n a d w i t h 

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

of t h e o t h e r , a s m a l l s p e c i m e n o n l y a b o u t 1 0 0 m m l o n g , w a s 

o n l y j u s t s t a r t i n g to d e v e l o p . G o n a d s of s p e c i m e n s s a m p l e d 

in M a r c h a p p e a r e d t o be at an i n t e r m e d i a t e s t a g e of 

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

e x a m i n a t i o n but t h e r e is an i n d i c a t i o n t h a t t h i s 

h e r m a p h r o d i t i c s p e c i e s s p a w n s in J u l y / A u g u s t , a p e r i o d 

t h a t c o i n c i d e s w i t h t h e a n n u a l d e p o s i t i o n o f d e t r i t u s at 

a b y s s a l d e p t h s ( B i l l e t t et a l . , 1 9 8 3 ; L a m p i t t , 1 9 8 5 ; R i c e 

et a l . , 1 9 8 6 ) . T h e d e t r i t u s w i l l be o f l i t t l e u s e to a 

l e c i t h o t r o p h i c l a r v a but t h e r e w o u l d be a g r e a t e r s u p p l y 

of f o o d f o r y o u n g j u v e n i l e s p e c i m e n s at t h i s t i m e of y e a r 

w h i c h m a y aid t h e i r s u r v i v a l . 

T a b l e 15. T h e a b u n d a n c e (A) of P a r o r i z a p r o u h o i in 
e p i b e n t h i c s l e d g e and o t t e r t r a w l s a m p l e s , e x p r e s s e d as 
n u m b e r p e r h e c t a r e , n = n u m b e r of s p e c i m e n s t a k e n . 

M e a n 
S t a t i o n D e p t h ( m ) n A / P o s n A / O d o 

E p i b e n t h i c s l e d g e s a m p l e 

BN 5 2 2 1 6 - 8 4 8 1 3 2 3 . 3 

O t t e r t r a w l s a m p l e s • 

OT 5 0 8 1 2 - 2 4 0 8 8 1 0.1 
OT 9 7 5 6 - 3 4 1 1 8 1 0 . 2 
OT 5 1 4 1 4 - 1 4 1 5 5 2 0 . 2 
OT 5 1 3 0 9 - 1 4 2 2 3 1 0.1 
OT 5 0 9 1 0 - 1 4 3 1 2 2 0 . 2 
OT 5 1 6 0 8 - 1 4 3 2 0 1 0.1 
OT 5 0 8 1 1 - 1 4 3 7 5 1 1 1 . 4 
OT 5 0 5 1 5 - 1 4 5 1 0 2 0 . 3 
OT 5 0 7 1 1 - 1 4 7 8 8 1 0.1 

4 . 9 
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All t h e s p e c i m e n s of 2: 

c o m m e n s a l a c t i n i a r i a n s , 

p r o u h o i f r o m S t . 5 0 8 1 1 - 1 c a r r i e d 

S i c y o n i s c o m m e n s a l is G r a v i e r , 

as o r i g i n a l l y d e s c r i b e d by H e r o u a r d , 1 9 2 3 . A t o t a l of 66 

S i c y o n i s w e r e f o u n d on 11 P a r o r i z a r a n g i n g f r o m 2 to 11 

a c t i n i a r i a n s p e r h o l o t h u r i a n . T h e a c t i n i a r i a n s w e r e 

s i t u a t e d m a i n l y a r o u n d t h e a n t e r i o r and p o s t e r i o r e n d s of 

t h e h o l o t h u r i a n s . E v i d e n c e of a s i m i l a r a s s o c i a t i o n can be 

s e e n in p h o t o g r a p h s t a k e n f r o m a s u b m e r s i b l e d i v i n g off 

J a p a n ( F u j i o k a , T a i r a , K o b a y a s h i , I l y a m a , C a d e t , L a l l e m a n d 

and G i r a r d , 1 9 8 7 ) . 

P s e u d o s t i c h o p u s v i l l o s u s T h e e l , 1 8 8 6 

OT 9 6 3 8 - 2 ( 4 ) 
O T 5 0 5 1 5 - 1 ( 1 7 ) 
BN 5 0 8 1 2 - 1 ( 4 ) 
O T 5 0 9 1 0 - 1 ( 3 ) 
OT 5 1 4 1 4 - 1 ( 1 3 ) 

BN 1 0 1 1 5 - 1 ( 1) 
OT 5 0 7 1 1 - 1 ( 9) 
OT 5 0 8 1 2 - 2 ( 4 ) 
BN 5 1 2 1 6 - 1 ( 1) 
OT 5 1 6 0 8 - 1 ( 2) 

OT 5 0 5 1 4 - 1 ( 1) 
O T 5 0 8 1 1 - 1 ( 1 4 ) 
OT 5 0 9 0 7 - 1 ( 1) 
O T 5 1 3 0 9 - 1 ( 2 ) 
BN 5 2 2 1 6 - 8 ( 1) 

B a t h y m e t r i c r a n g e in PSB and P A P : 2 8 5 0 t o 4 8 3 2 m . 

D i s t r i b u t i o n _ C o s m o p o l i t a n , 2 5 1 5 to 7 0 0 0 m but s o m e s m a l l 

h a v e b e e n r e c o r d e d a l s o o f f G u a d e l o u p e at 8 9 6 m 

1 9 3 0 ) . L i k e w i s e , in t h e PSB t h e t w o s p e c i m e n s 

11 

s p e c i m e n s 

( D e i c h m a n n , 

s a m p l e d s h a l l o w e r t h a n 4 0 0 0 m w e r e b o t h j u v e n i l e s o n l y 

and 2 7 m m l o n g . 

T a x o n o m i c r e m a r k s : A l t h o u g h H e d i n g ( 1 9 4 0 ) r e v i s e d t h e 

g e n u s P s e u d o s t i c h o p u s , p l a c i n g b o t h P . a t l a n t i c u s and 

P. v i l l o s u s in t h e g e n u s M o l p a d i o d e m a s a n d t h e f a m i l y 

G e p h y r o t h u r i i d a e , s e v e r a l a u t h o r s h a v e c o n t i n u e d to r e c o r d 

t h e s e t w o s p e c i e s u n d e r t h e g e n e r i c n a m e P s e u d o s t i c h o p u s 

in t h e f a m i l y S y n a l l a c t i d a e ( M a d s e n , 1 9 5 3 ; H a n s e n , 1 9 5 6 , 

1 9 7 5 ; L e m c h e et a l . , 1 9 7 6 ; S i b u e t , 1 9 7 7 ) . T h i s l a t t e r 

s c h e m e is m o r e a p p r o p r i a t e . 

It is w i t h s o m e r e s e r v a t i o n t h a t all t h e r e c o r d s c i t e d 
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a b o v e a r e a t t r i b u t e d to t h i s s p e c i e s . S o m e s p e c i m e n s are 

i d e n t i c a l to P e r r i e r ' s ( 1 9 0 2 ) d e s c r i p t i o n of P. a t l a n t i c u s 

w h i c h he c o n s i d e r e d to be s y n o n y m o u s w i t h T h e e l ' s r e c o r d s 

of P. v i l l o s u s f r o m t h e n o r t h A t l a n t i c . H o w e v e r , in t h e 

PAP m a t e r i a l t h e r e is a g r a d a t i o n in f o r m f r o m t y p i c a l 

P. a t l a n t i c u s t o s o m e s p e c i m e n s t h a t a r e c o m p a r a b l e to 

P. v i l l o s u s s a m p l e d by t h e " C h a l l e n g e r " E x p e d i t i o n in t h e 

P a c i f i c ( T h e e l , 1 8 8 6 a ) . T h e s e s p e c i m e n s w e r e e x a m i n e d at 

t h e B r i t i s h M u s e u m ( N a t u r a l H i s t o r y ) . O n l y t h e s m a l l e s t 

s p e c i m e n s ( < 3 0 m m l o n g ) can be s a i d to b e t r u l y " v i l l o u s " 

or h a i r y . T h e s e s p e c i m e n s u s u a l l y h a v e m a n y f o r a m i n i f e r a n 

t e s t s a t t a c h e d to t h e b o d y w a l l . S p e c i m e n s a b o u t 7 0 m m long 

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

a m b u l a c r a but t h e i r s i z e is s m a l l r e l a t i v e to t h e b o d y so 

t h a t t h e y do n o t g i v e a h a i r y l o o k to t h e s p e c i m e n s . In 

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

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

and s i m i l a r to P. a t l a n t i c u s . T h e s e f e a t u r e s w o u l d s u g g e s t 

t h e s y n o n y m y of P. a t l a n t i c u s and P. v i l l o s u s . 

H o w e v e r , t h e r e a r e a f e w s m a l l s p e c i m e n s p r e s e n t ( a b o u t 

4 0 m m l o n g ) t h a t do n o t h a v e any f o r a m i n i f e r a n s a t t a c h e d to 

t h e b o d y w a l l and w h i c h a p p e a r to h a v e o n l y a f e w , v e r y 

s m a l l t u b e f e e t . It is n o t c l e a r w h e t h e r t h e s k i n has b e e n 

a b r a d e d or w h e t h e r t h e a b s e n c e of t h e s e f e a t u r e s is a real 

t a x o n o m i c f e a t u r e . T h e f o r m e r is p o s s i b l e f o r in l a r g e r 

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

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

f o l d s of t h e s k i n . A d e t a i l e d t a x o n o m i c s t u d y in f u t u r e 

m a y be a b l e to r e s o l v e t h e s t a t u s of P . a t l a n t i c u s and 

P. v i l l o s u s . 

E c o l o g i c a l r e m a r k s : P. v i l l o s u s is a c h a r a c t e r i s t i c , 

t h o u g h not v e r y a b u n d a n t , s p e c i e s on t h e P A P . A m a x i m u m 

a b u n d a n c e of 2 2 i n d i v i d u a l s p e r h e c t a r e ( S t . 5 0 8 1 2 - 2 ) w a s 

c a l c u l a t e d f o r o n e e p i b e n t h i c s l e d g e s a m p l e ( T a b l e 1 6 ) . 
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D a t a f r o m t h e o t t e r t r a w l i n d i c a t e t h a t , l i k e P. p r o u h o i , 

P. v i l l o s u s is m o r e p r e v a l e n t in t h e c e n t r e of t h e a b y s s a l 

p l a i n t h a n c l o s e to t h e b a s e of t h e c o n t i n e n t a l s l o p e . 

T a b l e 16. T h e a b u n d a n c e (A) and b i o m a s s ( B ) of P. v i l l o s u s 
in e p i b e n t h i c s l e d g e and o t t e r t r a w l c a t c h e s , e x p r e s s e d as 
n u m b e r or g DW o r A F D W p e r h e c t a r e . n = n u m b e r of 
s p e c i m e n s t a k e n . 

M e a n 
S t a t i o n D e p t h (m) n A / P o s n A / O d o 

DW 
A / O d o 

A F D W 
B / O d o 

E p i b e n t h i c s l e d g e s a m p l e s . 

BN 5 1 2 1 6 - 1 4 0 7 0 1 2 . 1 
BN 5 0 8 1 2 - 1 4 0 9 0 4 

O t t e r t r a w l s a m p l e s . 

OT 5 0 5 1 4 - 1 4 0 5 6 1 0 . 1 
OT 5 0 8 1 2 - 2 4 0 8 8 4 0 . 4 
OT 5 1 4 1 4 - 1 4 1 5 5 13 1 . 3 
OT 5 1 3 0 9 - 1 4 2 2 3 2 0 . 2 
OT 5 0 9 1 0 - 1 4 3 1 2 3 0 . 3 
OT 5 1 6 0 8 - 1 4 3 2 0 2 0 . 3 
OT 5 0 8 1 1 - 1 4 3 7 5 14 1 .8 
OT 5 0 5 1 5 - 1 4 5 1 0 17 2 . 5 
OT 5 0 7 1 1 - 1 4 7 8 8 9 1 . 0 

3 . 5 
2 2 . 4 

9 . 4 
19.2 

4 . 5 
9 . 2 

T h e b i o m a s s of o n l y a f e w s p e c i m e n s f r o m t h e o t t e r t r a w l s 

c o u l d be d e t e r m i n e d . F o r t u n a t e l y t h e i r s i z e w a s s i m i l a r to 

s p e c i m e n s t a k e n in t w o e p i b e n t h i c s l e d g e s a m p l e s a l l o w i n g 

t h e b i o m a s s of P. v i l l o s u s t o b e e s t i m a t e d at t h e s e 

s t a t i o n s ( T a b l e 1 6 ) . T h e a v e r a g e b o d y c o m p o s i t i o n of 

P. v i l l o s u s is 9 1 % w a t e r , 4 % s k e l e t a l m a t e r i a l , and 5% 

o r g a n i c t i s s u e . 

T h e s p e c i m e n s of P. v i l l o s u s r a n g e b e t w e e n 15 and 1 7 0 m m 

l o n g . M o s t s p e c i m e n s a r e l o n g e r t h a n 6 0 m m e x c e p t at S t . 

5 0 5 1 5 - 1 w h e r e h a l f of t h e s p e c i m e n s c o l l e c t e d w e r e b e t w e e n 

40 and 6 0 m m l o n g . At t h i s s a m e s t a t i o n s m a l l i n d i v i d u a l s 
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of p. l o n g i c a u d a , 0 . m u t a b i l i s and D. v a l i d u m w e r e n o t a b l e 

by t h e i r a b u n d a n c e . R e p r o d u c t i o n in P. v i l l o s u s a p p e a r s to 

be c o n t i n u o u s s i n c e in any o n e s p e c i m e n e g g s of d i f f e r e n t 

s i z e s a r e f o u n d , and t h e e g g s a r e s i m i l a r in s i z e in s p e c -

i m e n s c o l l e c t e d at d i f f e r e n t t i m e s of t h e y e a r . A m a x i m u m 

egg s i z e of a b o u t 4 0 0 ^ ^ is i n d i c a t e d by t h e PAP m a t e r i a l . 

P. v i l l o s u s is an e p i b e n t h i c d e p o s i t - f e e d i n g h o l o t h u r i a n 

t h a t p l o u g h s its w a y t h r o u g h t h e u p p e r l a y e r of t h e 

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

S i b u e t et a l . ( 1 9 8 2 ) and B r i g g s ( 1 9 8 5 ) h a v e d e s c r i b e d t h e 

f e e d i n g b i o l o g y of P. v i l l o s u s / P. a t l a n t i c u s (see s e c t i o n 

1.1, p a g e 6 ) . 

A f e w s p e c i m e n s of P. v i l l o s u s f r o m t h e PAP had 

a c t i n i a r i a n s e m b e d d e d in t h e i r s k i n , p a r t i c u l a r l y n e a r 

t h e a n t e r i o r e n d . T h e a s s o c i a t i o n is t h e s a m e as in 

P. p r o u h o i b u t it is not k n o w n w h e t h e r t h e s a m e s p e c i e s of 

a c t i n i a r i a n ( S i c y o n i s ) is i n v o l v e d . 

P s e u d o s t i c h o p u s s p . 

OT 1 1 1 1 6 - 1 ( 1 ) , OT 1 1 1 1 8 - 1 ( 1 ) , OT 5 0 5 1 5 - 1 ( 8 ) , 
O T 5 0 7 1 1 - 1 ( 5 ) , OT 5 0 8 1 1 - 1 (1), BN 5 2 2 1 5 - 1 ( 1 ) , 
BN 5 2 2 1 6 - 8 ( 1 ) . 

B a t h y m e t r i c r a n g e on PAP : 4 3 5 0 to 4 8 3 2 m . 

D i s t r i b u t i o n : K n o w n o n l y f r o m t h e P A P . If t h i s m a t e r i a l 

p r o v e s to be s y n o n y m o u s w i t h P s e u d o s t i c h o p u s m a r e n z e l l e r i 

H e r o u a r d , 1 9 2 3 ( s e e b e l o w ) t h e n it o c c u r s m o r e w i d e l y in 

t h e n o r t h e a s t A t l a n t i c . 

T a x o n o m i c r e m a r k s : S e v e r a l s p e c i m e n s f r o m t h e PAP re-

s e m b l e P. m a r e n z e l l e r i in h a v i n g a c o a t of f o r a m i n i f e r a n 

t e s t s , p r i n c i p a l l y G l o b i g e r i n a , and a s e r i e s of l a r g e r 
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p e d i c e l s a l o n g t h e v e n t r o - l a t e r a l r a d i i . T h e s e p e d i c e l s 

are n o t p l a c e d e x a c t l y a l o n g t h e b o r d e r o f t h e v e n t r a l and 

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

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

s i m i l a r to t h o s e f i g u r e d by H e r o u a r d ( 1 9 0 2 ) ( s y n . 

P. o c c u l t a t u s ) . H o w e v e r , in e v e r y c a s e t h e r e is a l s o a 

d o u b l e row of l a r g e r p a p i l l a e a l o n g e a c h of t h e d o r s a l 

a m b u l a c r a , a f e a t u r e not n o t e d in t h e o r i g i n a l d e s c r i p t i o n 

of P. m a r e n z e l l e r i . T h e r e f o r e , it is n o t p o s s i b l e f o r t h e 

p r e s e n t to r e f e r t h e PAP m a t e r i a l to t h i s s p e c i e s . The 

p r e s e n c e of t h e s e p a p i l l a e is n o t a l w a y s r e a d i l y a p p a r e n t 

and it is p o s s i b l e t h a t t h e y w e r e n o t e v i d e n t in t h e 

o r i g i n a l m a t e r i a l of P. m a r e n z e l l e r i . 

S e v e r a l s p e c i m e n s of P s e u d o s t i c h o p u s a r e p r e s e n t in t h e 

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

or p a r t i a l l y c o v e r e d by f o r a m i n i f e r a n s . T h e s e s p e c i m e n s 

h a v e e x a c t l y t h e s a m e a r r a n g e m e n t of p e d i c e l s as t h e s p e c -

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

in t h e g o n a d w a l l a r e s i m i l a r . It is c l e a r t h a t t h e 

c o v e r i n g by f o r a m i n i f e r a n s in t h i s s p e c i e s is v a r i a b l e 

c a s t i n g s o m e d o u b t on t h e u s e of a d h e r i n g p a r t i c l e s as 

d i a g n o s t i c f e a t u r e s . 

E c o l o g i c a l n o t e s : A v a r i e t y of egg s i z e s a r e p r e s e n t in 

any o n e o v a r y and t h e egg s i z e is s i m i l a r in s a m p l e s t a k e n 

at d i f f e r e n t t i m e s of t h e y e a r . T h e m a x i m u m egg s i z e is 

a b o u t 3 0 0 ^ m . C o n t i n u o u s r e p r o d u c t i o n w i t h d e v e l o p m e n t via 

an a b b r e v i a t e d l e c i t h o t r o p h i c l a r v a l s t a g e is l i k e l y . 
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O r d e r E L A S I P O D I D A 

F a m i l y D e i m a t i d a e 

D e i m a v a l i d u m v a l i d u m T h e e l , 1 8 7 9 

OT 9 7 5 6 - 3 ( 1 ) , BN 1 0 1 1 3 - 1 ( 1 ) , BN 1 0 1 1 4 - 1 ( 1 ) , 
OT 1 1 1 1 8 - 1 ( 2 ) , O T 5 0 5 1 5 - 1 ( 2 8 ) , BN 5 0 6 0 3 - 1 (1), 
OT 5071 1 -1 ( 1 ) , OT 5 0 8 1 1 - 1 ( 2 4 ) , BN 5 0 8 1 2 - 1 (2), 
OT 5 0 8 1 2 - 2 ( 3 ) , OT 5 0 9 0 7 - 1 ( 1 1 ) . OT 5 0 9 1 0 - 1 (7), 
BN 5 1 1 0 9 - 1 ( 1 ) , BN 5 1 2 1 6 - 1 ( 1 ) , OT 5 1 3 0 9 - 1 ( 1 ) , 
OT 5 1 4 1 4 - 1 ( 2 ) , BN 5 1 4 1 4 - 2 ( 2 ) , OT 5 1 6 0 8 - 1 (2), 
BN 5 2 2 1 5 - 1 ( 1 ) . 

B a t h y m e t r i c r a n g e in P S B / P A P : 2 7 5 5 to 4 7 9 5 m , p r i n c i p a l l y 

on t h e PAP at d e p t h s g r e a t e r t h a n 4 0 0 0 m . D. v a l i d u m 

o c c u r r e d in all b u t o n e of t h e s a m p l e s t a k e n d e e p e r t h a n 

4 2 0 0 m and in h a l f of t h e s a m p l e s t a k e n b e t w e e n 4 0 0 0 and 

4 2 0 0 m . T h e s h a l l o w e s t s p e c i m e n w a s a s i n g l e j u v e n i l e 

s p e c i m e n ( s e e b e l o w ) . 

D i s t r i b u t i o n : H a n s e n ( 1 9 7 5 ) has g i v e n m a n y d e t a i l s of t h e 

d i s t r i b u t i o n of t h i s s p e c i e s w h i c h is f o u n d w o r l d w i d e 

a l t h o u g h it is a b s e n t f r o m s o m e r e g i o n s , n o t a b l y t h e 

n o r t h e r n m o s t p a r t of t h e A t l a n t i c . T h e b a t h y m e t r i c r a n g e 

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

For i n s t a n c e , in t h e n o r t h e a s t A t l a n t i c it is k n o w n f r o m 

2 7 7 9 t o 4 7 9 5 m ( i n c l u d i n g t h e p r e s e n t r e c o r d s ) , b u t is 

f o u n d m u c h s h a l l o w e r ( 1 0 4 9 t o 1 7 8 3 m ) off t h e W e s t I n d i e s . 

E l s e w h e r e D . v a l i d u m h a s b e e n r e c o r d e d as s h a l l o w as 7 2 4 m 

off I n d o n e s i a and as d e e p as 4 8 2 0 m in t h e w e s t e r n I n d i a n 

O c e a n . 

T a x o n o m i c r e m a r k s T w o j u v e n i l e s p e c i m e n s o n l y 6 . 2 and 

4 . 7 m m long w e r e f o u n d at S t a s . 1 0 1 1 3 - 1 ( 2 7 5 5 m ) and 5 2 2 1 6 - 8 

( 4 8 1 8 m ) r e s p e c t i v e l y . T h e s p e c i m e n s p o s s e s s e d p l a t e o s s i c -

les t h a t a r e t y p i c a l f o r d e i m a t i d h o l o t h u r i a n s , and in t h e 

l a r g e r s p e c i m e n t h e t e n t a c l e s w e r e r e t r a c t e d . It is 

b e l i e v e d , t h e r e f o r e , t h a t t h e j u v e n i l e s a r e d e i m a t i d s and 
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t h a t t h e l a r g e r s p e c i m e n , at l e a s t , is D . v a l i d u m . 

E c o l o g i c a l r e m a r k s : A l t h o u g h D. v a l i d u m o c c u r s f a i r l y 

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

its a b u n d a n c e is low ( o n l y 3 to 11 i n d i v i d u a l s p e r 

h e c t a r e ) ( T a b l e 1 7 ) . T h e l a r g e s t t r a w l s a m p l e s w e r e t a k e n 

on t h e a b y s s a l p l a i n s o m e d i s t a n c e f r o m t h e b a s e of t h e 

c o n t i n e n t a l s l o p e . 

T a b l e 17. T h e a b u n d a n c e (A) of D e i m a v a l i d u m in e p i b e n t h i c 
s l e d g e and o t t e r t r a w l s a m p l e s l e x p r e s s e d as n u m b e r p e r 
h e c t a r e , n = n u m b e r of s p e c i m e n s t a k e n . 

S t a t i o n 
m e a n 

D e p t h ( m ) A / P o s n A / O d o 

E p i b e n t h i c s l e d g e s a m p l e s . 

BN 1 0 1 1 3 - 1 2 7 7 5 1 3 . 2 7 . 9 
BN 5 1 1 0 9 - 1 3 9 5 0 1 2 . 6 4 . 6 
BN 5 0 6 0 3 - 1 4 0 0 0 1 1 . 3 

9 . 0 BN 1 0 1 1 4 - 1 4 0 5 0 1 3 . 7 9 . 0 
BN 5 1 2 1 6 - 1 4 0 7 0 1 2 . 1 3 . 5 
BN 5 1 4 1 4 - 2 4 0 8 0 2 3 . 5 6 . 7 
BN 5 0 8 1 2 - 1 4 0 9 0 2 1 1 . 2 
BN 5 2 2 1 5 - 1 4 5 6 3 1 1 .5 2 . 9 

O t t e r t r a w l s a m p l e s . 

OT 5 0 9 0 7 - 1 2 9 7 5 11 1 . 3 
OT 5 0 8 1 2 - 2 4 0 8 8 3 0 . 3 
OT 9 7 5 6 - 3 4 1 1 8 1 0 . 2 
OT 5 1 4 1 4 - 1 4 1 5 5 2 0 . 2 
OT 5 1 3 0 9 - 1 4 2 2 3 1 0 . 1 
OT 5 0 9 1 0 - 1 4 3 1 2 7 0 . 8 
OT 5 1 6 0 8 - 1 4 3 2 0 2 0 . 3 
OT 5 0 8 1 1 - 1 4 3 7 5 24 3 . 0 
OT 5 0 5 1 5 - 1 4 5 1 0 2 8 4 . 1 
OT 1 1 1 1 8 - 1 4 5 6 5 2 0 . 2 
OT 5 0 7 1 1 - 1 4 7 8 8 1 0 . 1 
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T h e b i o m a s s of D. v a l i d u m w a s e s t i m a t e d d i r e c t l y at 

t h r e e s t a t i o n s ( T a b l e 1 8 ) . T h e m e a n W W , D W , and AFDW 

b i o m a s s f o r t h e s e s t a t i o n s is 6 7 . 5 g , 9 . 4 g and 2 . 7 g p e r 

h e c t a r e r e s p e c t i v e l y . D. v a l i d u m c o n t r i b u t e d s o m e 1 to 7% 

of t h e t o t a l e p i b e n t h i c i n v e r t e b r a t e A F D W b i o m a s s at t h e 

t h r e e s t a t i o n s . W a l k e r et a l . ( 1 9 8 7 b ) r e p o r t a c a l o r i f i c 

c o n t e n t of 2 3 . 9 J p e r mg A F D W f o r t h e b o d y w a l l of 

D. v a l i d u m p r o d u c i n g an a v e r a g e c a l o r i f i c b i o m a s s of 65 KJ 

p e r h e c t a r e f o r t h i s s p e c i e s . 

T a b l e 18. T h e W W , D W , A F D W and c a l o r i f i c b i o m a s s of D e i m a 
v a l i d u m f r o m e p i b e n t h i c s l e d g e s a m p l e s e x p r e s s e d as g or 

p e r h e c t a r e . T h e p r o p o r t i o n of t h e t o t a l e p i b e n t h i c 
i n v e r t e b r a t e b i o m a s s is e x p r e s s e d as a p e r c e n t a g e in 
p a r e n t h e s e s . F o r t h e n u m b e r of s p e c i m e n s in a s a m p l e see 
T a b l e 17. 

M e a n C a l o r i f i c 
S t a t i o n D e p t h (m) WW DW A F D W b i o m a s s 

5 1 1 0 9 - 1 3 9 5 0 4 3 . 3 ( 1 ) 6 . 0 (1) 1 . 7 ( 1 ) 41 
5 1 2 1 6 - 1 4 0 7 0 6 8 . 3 ( 1 ) 8 . 0 (1) 2 . 3 ( 1 ) 55 
5 1 4 1 4 - 2 4 0 8 0 9 0 . 8 ( 9 ) 14.1 (7) 4 . 1 (7) 98 

T h e s p e c i m e n s of D . v a l i d u m s a m p l e d o n t h e c o n t i n e n t a l 

s l o p e w e r e all s m a l l ( F i g . 3 2 ) i n d i c a t i n g t h a t a d u l t 

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

of t h e a b y s s a l p l a i n . T h i s is s u b s t a n t i a t e d by d a t a f r o m 

t h e R o c k a l l T r o u g h s i n c e D. v a l i d u m has n o t b e e n t a k e n in 

t h i s r e g i o n d e s p i t e i n t e n s i v e s a m p l i n g at d e p t h s s h a l l o w e r 

t h a n 3 0 0 0 m ( G a g e et a l . , 1 9 8 5 a ) . On t h e a b y s s a l p l a i n 

t h e r e is no g e n e r a l c o r r e l a t i o n b e t w e e n l e n g t h and loc-

a t i o n or d e p t h a l t h o u g h t h e r e is a r e m a r k a b l e d i f f e r e n c e 

b e t w e e n t w o s a m p l e s f r o m t h e P A P . T h i s d i f f e r e n c e c a n n o t 

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

e r v a t i o n s i n c e n o t o n l y w e r e t h e s a m e p r e s e r v a t i o n 

t e c h n i q u e s u s e d , b u t a l s o t h e w e l l - d e v e l o p e d s k e l e t o n of 

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

2 0 0 



F i g u r e 3 2 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s 

v a l i d u m . L e n g t h in 1 0 m m s i z e c l a s s e s . 

of D e i m a 

A) OT 5 0 9 0 7 - 1 , 10 1 1 : 8 0 , 3 0 2 5 m , n = 11. 

B) OT 5 0 8 1 1 - 1 , 2 8 : 8 0 , 4 3 7 5 m , n = 2 4 . 

C) OT 5 0 5 1 5 - 1 . 6 6 : 7 9 , 4 5 1 0 m , n = 2 8 . 
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s i z e . T h e s m a l l e r s i z e of s p e c i m e n s of D . v a l i d u m at S t . 

5 0 5 1 5 - 1 is t h e s a m e f o r t h e r e l a t e d s p e c i e s O n e i r o p h a n t a 

m u t a b i l i s and is d i s c u s s e d in S e c t i o n 5 . 5 . 

D. v a l i d u m p r o d u c e s an e g g w i t h a m a x i m u m d i a m e t e r of 

8 0 0 ^ m ( H a n s e n , 1 9 7 5 ; T y l e r and B i l l e t t , in p r e s s ) w h i c h 

w o u l d be e x p e c t e d to lead to d i r e c t d e v e l o p m e n t . In t h e 

r e l a t e d s p e c i e s 0 . m u t a b i l i s , w h i c h p r o d u c e s an egg of a 

s i m i l a r s i z e , o n e p o p u l a t i o n s a m p l e d in t h e e a s t e r n 

P a c i f i c and a s s i g n e d to a s e p a r a t e s u b - s p e c i e s w a s f o u n d 

to h a v e i n t r a - o v a r i a n b r o o d i n g ( H a n s e n , 1 9 6 8 ; 1 9 7 5 ) . In 

t h e s a m e a r e a D. v a l i d u m a l s o s h o w s p a r t i c u l a r f e a t u r e s 

t h a t w a r r a n t c h a r a c t e r i z a t i o n as a s u b - s p e c i e s , D. v a l i d u m 

p a c i f i c u m , b u t no e v i d e n c e of b r o o d i n g h a s b e e n f o u n d 

( H a n s e n , 1 9 7 5 ) . S i m i l a r l y , b r o o d i n g is n o t a p p a r e n t in any 

s p e c i m e n f r o m t h e P A P . R a t h e r , t h e p r e s e n c e of s m a l l 

D. v a l i d u m at s h a l l o w d e p t h s in t h e PSB ( S t . 5 0 9 0 7 - 1 , F i g . 

3 2 ) , and t h e p r e s e n c e of a s m a l l j u v e n i l e at S t . 1 0 1 1 3 - 1 

b e l i e v e d t o b e D. v a l i d u m , i n d i c a t e t h a t t h e r e is a p e l -

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

a l e c i t h o t r o p h i c l a r v a l s t a g e or t h r o u g h d i r e c t d e v e l o p -

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

p o t i d s p e c i e s ( H a n s e n , 1 9 7 5 ; B i l l e t t et a l . , 1 9 8 5 ) . T h e 

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

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

r a t h e r t h a n e i t h e r d i r e c t d e v e l o p m e n t on t h e s e a b e d or 

b r o o d i n g . 

H a n s e n ( 1 9 7 5 ) s u g g e s t e d t h a t r e p r o d u c t i o n in D . v a l i d u m 

c o u l d be p e r i o d i c s i n c e all t h e s p e c i m e n s w h i c h he 

e x a m i n e d f r o m t h e w e s t e r n I n d i a n O c e a n w e r e at a s i m i l a r 

s t a g e of g a m e t o g e n i c d e v e l o p m e n t . A l t h o u g h s a m p l e s h a v e 

b e e n t a k e n on t h e P A P in d i f f e r e n t m o n t h s o f t h e y e a r , no 

p e r i o d i c r e p r o d u c t i o n has b e e n n o t e d in D. v a l i d u m . 

H o w e v e r , p e r i o d i c r e p r o d u c t i o n c o u l d o c c u r on a t i m e s c a l e 

t h a t is n o t e v i d e n t f r o m t h e lOS s a m p l e s . 
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H a n s e n ( 1 9 7 5 ) a l s o n o t e d t h a t in a l l t h e s a m p l e s of 

D. v a l i d u m he e x a m i n e d w o r l d w i d e t h e m a l e s p e c i m e n s a 11 

a p p e a r e d to be s e x u a l l y i n a c t i v e . A s i m i l a r s i t u a t i o n 

o c c u r s w i t h t h e P A P p o p u l a t i o n s ; a b o u t h a l f of t h e s p e c -

i m e n s a r e s e x u a l l y i n a c t i v e , w h i l e o o g e n e s i s is e v i d e n t in 

t h e r e s t of t h e p o p u l a t i o n . T h e e q u a l p r o p o r t i o n s of 

s p e c i m e n s w i t h a c t i v e and i n a c t i v e g a m e t o g e n e s i s has lead 

to t h e a s s u m p t i o n t h a t t h e i n a c t i v e s p e c i m e n s are 

p r e d o m i n a n t l y , or a l l , m a l e s ( H a n s e n , 1 9 7 5 ; T y l e r et a l . , 

1 9 8 5 c ) . T h i s is r a t h e r c u r i o u s , f o r in o t h e r d e e p - s e a 

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

u s u a l l y a l w a y s r e a d y to s p a w n ( T y l e r et a l . , 1 9 8 5 c ) . M a n y 

f e a t u r e s of t h e r e p r o d u c t i v e s t r a t e g y o f D . v a l i d u m are 

s i m i l a r to t h o s e in 0 . m u t a b i l i s a n d a r e d i s c u s s e d in 

g r e a t e r d e t a i l b e l o w . 

D. v a l i d u m is an e p i b e n t h i c d e p o s i t - f e e d i n g h o l o t h u r i a n 

t h a t w a n d e r s o v e r t h e s e a b e d by u s i n g its v e n t r o - l a t e r a l 

t u b e f e e t . It a p p e a r s to s e l e c t f o r o r g a n i c a l l y r i c h p a r t -

i c l e s on t h e s e a b e d and a s s i m i l a t e s a b o u t 2 2 % of t h e 

o r g a n i c m a t t e r i n g e s t e d ( S i b u e t et a l . , 1 9 8 2 ; S i b u e t , 

1 9 8 4 ) (see S e c t i o n 1 . 1 ) . 

T h e PAP m a t e r i a l s h o w s t h a t D. v a l i d u m , l i k e s e v e r a l 

o t h e r d e e p - s e a e l a s i p o d i d s ( M a s s i n , J a n g o u x and S i b u e t , 

1 9 7 8 ; M a s s i n , 1 9 8 4 ) , c a n be p a r a s i t i z e d by s p o r o z o a n s , 

p a r t i c u l a r l y a r o u n d t h e c l o a c a . In o n e s p e c i m e n f r o m S t . 

5 1 6 0 8 - 1 a t a n a i d a c e a n E x s p i n a t y p i c a ( T h u r s t o n , B i l l e t t 

and H a s s a c k , 1 9 8 7 ) w a s f o u n d i n s i d e t h e b o d y c a v i t y . T h i s 

is n o t a c h a n c e o c c u r r e n c e s i n c e E. t y p i c a has b e e n r e p -

o r t e d a l s o f r o m t h e b o d y c a v i t y of P s y c h r o p o t e s 

s e m p e r i a n a , M o l p a d i a b l a k e i , and A m p e r i m a r o s e a ( T h u r s t o n 

et a l . , 1 9 8 7 ) . 55 s p e c i m e n s of D. v a l i d u m w e r e a l s o 

e x a m i n e d f o r t h e p r e s e n c e of an a s s o c i a t e d a m p h i p o d , a new 

s p e c i e s of V a l e t t i a ( M r . M . H . T h u r s t o n , p e r s o n a l c o m m u n -

i c a t i o n ) , t h a t is o f t e n f o u n d i n s i d e t h e c l o a c a of 
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0. m u t a b i l i s . S e v e n V a l e t t i a w e r e f o u n d in t h r e e s p e c i m e n s 

of D . v a l i d u m a l s o w i t h i n t h e c l o a c a o r , in o n e I n s t a n c e , 

w i t h i n t h e p o s t e r i o r i n t e s t i n e c l o s e t o its j u n c t i o n with 

t h e c l o a c a . F o r f u r t h e r d e t a i l s s e e t h e e c o l o g i c a l r e m a r k s 

on 0. m u t a b i l i s . D. v a l i d u m m a y be p a r a s i t i z e d i n t e r n a l l y 

by t h e g a s t r o p o d G a s t e r o s i p h o n d e i m a t i s ( K o e h l e r 

V a n e y , 1 9 0 3 ) . 

and 

O n e i r o p h a n t a m u t a b i l i s m u t a b i l i s T h e e l , 1879 

OT 9 6 3 8 - 2 ( 2 4 ) , OT 9 6 4 0 - 1 ( 1 ) , OT 9 7 5 6 - 3 ( 3 ) , 
OT 9 7 5 6 - 5 ( 3 ) , BN 9 6 7 5 - 9 ( 2 ) , BN 1 0 1 1 4 - 1 ( 1), 
OT 1 1 1 1 6 - 1 ( 4 4 ) , OT 5 0 5 1 4 - 1 ( 2 2 ) , OT 5 0 5 1 5 - 1 ( 1 6 6 ) , 
BN 5 0 6 0 3 - 1 ( 1), OT 5 0 7 1 1 - 1 ( 6 5 ) , OT 5 0 8 1 1 - 1 ( 1 1 4 ) , 
BN 5 0 8 1 2 - 1 ( 1 ) , OT 5 0 8 1 2 - 2 ( 9 ) , OT 5 0 9 0 7 - 1 ( 1 ) , 
OT 5 0 9 1 0 - 1 ( 2 8 ) , OT 5 1 0 1 2 - 1 ( 1 ) , OT 5 1 2 1 4 - 1 ( 1 ) , 
BN 5 1 2 1 6 - 1 ( 4 ) , OT 5 1 2 1 6 - 4 ( 5 ) , BN 5 1 2 1 6 - 5 ( 2 ) , 
OT 5 1 3 0 9 - 1 ( 1 6 ) , OT 5 1 4 1 4 - 1 ( 1 7 ) , BN 5 1 4 1 4 - 2 ( 4 ) , 
OT 5 1 6 0 8 - 1 ( 1 2 ) , OT 5 1 6 1 0 - 1 ( 1), OT 5 1 8 0 3 - 1 ( 6 ) , 
BN 5 2 2 1 5 - 1 ( 3 ) , BN 5 2 2 1 6 - 8 ( 1 7 ) . 

B a t h y m e t r i c r a n g e in P S B / P A P 

c o m m o n b e l o w 3 9 2 0 m ( T a b l e 1 9 ) 

2 8 5 0 t o 4 8 3 2 m , b u t o n l y 

D i s t r i b u t i o n : C o s m o p o l i t a n ; t h e b a t h y m e t r i c r a n g e g e n -

e r a l l y l i e s b e t w e e n 3 2 0 0 to 6 0 0 0 m . S p e c i m e n s h a v e b e e n 

t a k e n as s h a l l o w as 1 8 0 4 m in t h e m i d - n o r t h A t l a n t i c 

( H e r o u a r d , 1 9 2 3 ) and at 5 0 0 m o f f t h e A n d a m a n I s l a n d s , 

I n d i a n O c e a n ( r e p o r t e d in D e i c h m a n n , 1 9 3 0 ) , a l t h o u g h it 

s h o u l d be n o t e d t h a t in t h e l a t t e r c a s e t h e t o p o g r a p h y is 

p a r t i c u l a r l y s t e e p in t h i s a r e a . 0 . m u t a b i l i s m u t a b i l i s is 

f o u n d as f a r n o r t h as t h e R o c k a l l T r o u g h in t h e n o r t h e a s t 

A t l a n t i c ( G a g e et a l . , 1 9 8 5 a ) . 

E c o l o g i c a l r e m a r k s : A l t h o u g h 0. m u t a b i l i s is f o u n d as 

s h a l l o w as 2 8 5 0 m in t h e P S B , and is c o n s i d e r e d to be 

f a i r l y c o m m o n in t h e R o c k a l l T r o u g h at d e p t h s of a b o u t 

2 9 0 0 m ( G a g e et a l . , 1 9 8 5 a ) , t h e q u a n t i t a t i v e d a t a f r o m t h e 
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P S B / P A P i n d i c a t e t h a t t h i s s p e c i e s is m o s t a b u n d a n t in t h e 

m i d d l e of t h e PAP r a t h e r t h a n c l o s e t o t h e b a s e of t h e 

c o n t i n e n t a l s l o p e ( T a b l e 1 9 ) . A m a x i m u m a b u n d a n c e of 42 

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

e p i b e n t h i c s l e d g e s a m p l e ( 4 8 1 8 m ) . T h e m o s t a b u n d a n t 

s a m p l e s t a k e n by t h e o t t e r t r a w l , w i t h 14 and 24 

i n d i v i d u a l s p e r h e c t a r e , c a m e f r o m d e p t h s of 4 3 7 5 and 

4 5 1 0 m r e s p e c t i v e l y . T h e o t t e r t r a w l is n o t v e r y e f f i c i e n t 

in s a m p l i n g e p i b e n t h i c i n v e r t e b r a t e s and t h e r e f o r e it is 

l i k e l y t h a t t h e t r u e a b u n d a n c e of 0. m u t a b i l i s e x c e e d e d 

100 i n d i v i d u a l s p e r h e c t a r e at t h e s e s t a t i o n s . 

T h e W W and DW b i o m a s s of 0 . m u t a b i l i s w a s c a l c u l a t e d 

d i r e c t l y f o r 3 s t a t i o n s ( T a b l e 2 0 ) . S p e c i m e n s f r o m t h e s e 

s t a t i o n s w e r e c o m b i n e d w i t h a f u r t h e r 2 8 s p e c i m e n s f r o m 

t w o o t t e r t r a w l s ( S t a s . 5 1 3 0 9 - 1 and 5 1 4 1 4 - 1 ) to c a l c u l a t e 

t h e r e g r e s s i o n of DW on l e n g t h (r^ = 0 . 7 1 ) . T h e 

r e l a t i o n s h i p is g i v e n by t h e e q u a t i o n : 

Log ( D W ) = Log ( L e n g t h ) x 1 . 3 4 3 7 - 2 . 3 0 1 0 

w h e r e n = 3 7 and t h e s t a n d a r d e r r o r = 0 . 0 1 6 8 . U s i n g t h e s e 

d a t a t h e DW b i o m a s s of 0 . m u t a b i l i s at S t a s . 5 2 2 1 5 - 1 and 

5 2 2 1 6 - 8 , w h e r e it w a s m o s t c o m m o n , w a s e s t i m a t e d ( T a b l e 

2 0 ) . No d a t a a r e a v a i l a b l e on t h e A F D W t o DW r e l a t i o n s h i p 

in 0 . m u t a b i l i s so t h e A F D W b i o m a s s h a s b e e n e s t i m a t e d 

a s s u m i n g t h a t t h e r e l a t i o n s h i p is t h e s a m e as t h a t f o r 

D. v a l i d u m . A m a x i m u m A F D W b i o m a s s of 2 6 g p e r h e c t a r e w a s 

c a l c u l a t e d f o r S t . 5 2 2 1 6 - 8 . W a l k e r et a l . , ( 1 9 8 7 b ) g i v e a 

c a l o r i f i c c o n t e n t of 2 5 . 4 3 J p e r mg A F D W f o r 0. m u t a b i l i s 

p r o d u c i n g a m a x i m u m c a l o r i f i c b i o m a s s of 6 5 9 KJ p e r 

h e c t a r e f o r t h i s s t a t i o n . 0 . m u t a b i l i s a c c o u n t s f o r s o m e 7 

to 2 8 % of t h e t o t a l e p i b e n t h i c i n v e r t e b r a t e A F D W b i o m a s s 

at a b y s s a l d e p t h s a r o u n d 4 0 5 0 m . 
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T a b l e 19. T h e a b u n d a n c e (A) of O n e i r o p h a n t a m u t a b i l i s 
in e p i b e n t h i c s l e d g e and o t t e r t r a w l s a m p l e s , e x p r e s s e d as 
n u m b e r p e r h e c t a r e , n = n u m b e r of s p e c i m e n s t a k e n . 

M e a n 
S t a t i o n D e p t h (m) n A / P o s n A / O d o 

E p i b e n t h i c s l e d g e s a m p l e s . 

BN 5 0 6 0 3 - 1 4 0 0 0 1 1 . 3 

BN 5 1 2 1 6 - 5 4 0 3 5 2 3 . 2 7 . 3 
BN 1 0 1 1 4 - 1 4 0 5 0 1 3 . 7 9 . 0 
BN 9 7 5 6 - 9 4 0 5 4 2 3 . 2 1 6 . 0 
BN 5 1 2 1 6 - 1 4 0 7 0 4 8 . 6 13.9 
BN 5 1 4 1 4 - 2 4 0 8 0 4 7 . 0 1 3 . 4 
BN 5 0 8 1 2 - 1 4 0 9 0 1 5.6 
BN 5 2 2 1 5 - 1 4 5 6 3 3 4 . 6 8 . 6 
BN 5 2 2 1 6 - 8 4 8 1 3 17 2 8 . 1 4 2 . 0 

O t t e r t r a w l s a m p l e s . 

OT 5 0 9 0 7 - 1 2 9 7 5 1 0 . 1 
OT 5 1 6 1 0 - 1 3 4 8 5 1 0.1 + 
OT 9 6 4 0 - 1 3 7 5 3 1 0 . 1 

OT 5 1 2 1 4 - 1 3 8 1 0 1 0 . 2 
OT 5 1 2 1 6 - 4 3 9 8 5 5 0 . 8 + 
OT 9 7 5 6 - 5 4 0 1 6 3 0 . 4 
OT 5 0 5 1 4 - 1 4 0 5 6 22 2 . 7 
OT 9 6 3 8 - 2 4 0 7 4 24 5 . 0 * 
OT 5 0 8 1 2 - 2 4 0 8 8 9 0 . 9 
OT 9 7 5 6 - 3 4 1 1 8 3 0 . 6 
OT 5 1 4 1 4 - 1 4 1 5 5 17 1 . 7 

OT 5 1 3 0 9 - 1 4 2 2 3 16 1.6 
OT 5 0 9 1 0 - 1 4 3 1 2 2 8 3 . 0 
OT 5 1 6 0 8 - 1 4 3 2 0 12 1 . 5 

OT 5 0 8 1 1 - 1 4 3 7 5 1 1 4 1 4 . 3 
OT 5 0 5 1 5 - 1 4 5 1 0 166 2 4 . 2 
OT 5 0 7 1 1 - 1 4 7 8 8 65 7.1 
OT 1 1 1 1 6 - 1 4 8 0 0 44 4 . 2 

+ t r a w l d o o r s f o u n d t a n g l e d on r e c o v e r y . A b u n d a n c e of 
0. m u t a b i l i s c o u l d be g r e a t e r . 

* a c o u s t i c m o n i t o r l o s t f r o m t r a w l . P r e c i s e d i s t a n c e 
t r a v e l l e d by t r a w l u n k n o w n • 
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T a b l e 2 0 . T h e W W , D W , A F D W and c a l o r i f i c b i o m a s s of 
O n e i r o p h a n t a m u t a b i l i s f r o m e p i b e n t h i c s l e d g e s a m p l e s , 
e x p r e s s e d as g or KJ p e r h e c t a r e . T h e p r o p o r t i o n of t h e 
t o t a l e p i b e n t h i c i n v e r t e b r a t e b i o m a s s is e x p r e s s e d as a 
p e r c e n t a g e in p a r e n t h e s e s . F o r t h e n u m b e r of s p e c i m e n s in 
e a c h s a m p l e s e e T a b l e 19. 

m e a n C a l o r i f i c 
S t a t i o n D e p t h (m) WW DW A F D W b i o m a s s 

5 1 2 1 6 - 5 4 0 3 5 2 1 0 ( 6 ) 3 7 . 3 ( 8 ) 10 . 6 ( 8 ) 2 7 0 
5 1 2 1 6 - 1 4 0 7 0 5 2 3 ( 8 ) 5 8 . 7 ( 1 0 ) 1 6 . 7 ( 7 ) 4 2 5 
5 1 4 1 4 - 2 4 0 8 0 4 9 8 ( 5 0 ) 5 5 . 3 ( 2 8 ) 1 5 . 7 ( 2 8 ) 399 

5 2 2 1 5 - 1 4 5 6 3 1 7 . 1 * 4 . 9 124 
5 2 2 1 6 - 8 4 8 1 8 — 9 1 . 1 * 25 . 9 659 

* e s t i m a t e d f r o m l e n g t h / DW r e g r e s s i o n . 

T h e s i z e of 0 . m u t a b i l i s v a r i e s w i t h l o c a t i o n in t h e 

P S B / P A P . All t h r e e s p e c i m e n s s a m p l e d s h a l l o w e r t h a n 3 8 0 0 m 

w e r e s m a l l ( < 7 0 m m l o n g ) i n d i c a t i n g t h a t 0 . m u t a b i l i s 

d o e s not g e n e r a l l y s t r a y o f f t h e a b y s s a l p l a i n . P o p u l -

a t i o n s s a m p l e d b e t w e e n 3 8 0 0 and 4 1 0 0 m , i . e . c l o s e to t h e 

b a s e of t h e c o n t i n e n t a l s l o p e , w e r e g e n e r a l l y c o m p o s e d of 

l a r g e s p e c i m e n s ( m e a n l e n g t h c a . 1 4 0 m m ) , w h i l e t h o s e 

s a m p l e d f r o m d e p t h s g r e a t e r t h a n 4 1 0 0 m f u r t h e r out on t h e 

a b y s s a l p l a i n w e r e s m a l l e r ( m e a n l e n g t h c a . 9 0 m m ) ( F i g . 

3 3 ) . H o w e v e r , e v e n on t h e PAP t h e s p e c i m e n s at s o m e 

s t a t i o n s ( e . g . S t . 5 0 5 1 5 - 1 ) w e r e s m a l l e r t h a n t h o s e at 

o t h e r s t a t i o n s , as d e t a i l e d f o r D. v a l i d u m . T h e r e a s o n s 

f o r t h e d i f f e r e n c e s in p o p u l a t i o n s i z e d i s t r i b u t i o n s are 

not k n o w n , but t h e y a r e n o t s a m p l i n g o r p r e s e r v a t i o n 

a r t e f a c t s . S a m p l e s t a k e n w i t h t h e o t t e r t r a w l m a y u n d e r -

e s t i m a t e t h e a b u n d a n c e of s p e c i m e n s < 4 0 m m long o w i n g to 

t h e l a r g e m e s h of t h e o t t e r t r a w l n e t , b u t no s p e c i m e n s as 

s m a l l as t h i s h a v e b e e n t a k e n by t h e s l e d g e , so it s e e m s 

u n l i k e l y t h a t t h e t r a w l is m i s s i n g m a n y s m a l l s p e c i m e n s . 

I n d e e d , t h e s a m p l e s w i t h t h e g r e a t e s t a b u n d a n c e of s m a l l 

s p e c i m e n s ( > 2 5 m m l o n g ) w e r e t a k e n by t h e o t t e r t r a w l . 
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F i g u r e 3 3 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s 

O n e i r o p h a n t a m u t a b i l i s . L e n g t h in 1 0 m m s i z e c l a s s e s . 

o f 

A) OT 5 0 5 1 4 - 1, 5 6 7 9 , 4 0 5 6 m , n = 2 2 . 

B ) OT 9 6 3 8 - 2, 9 1 1 7 7 , 4 0 7 4 m , n 18. 

C) OT 5 0 9 1 0 - 1, 10 11 8 0 , 4 3 1 2 m , n = 2 8 . 

D) OT 5 0 8 1 1 - 1, 2 8 8 0 , 4 3 7 5 m , n = 1 9 0 . 

E) OT 5 0 5 1 5 - 1, 6 6 7 9 , 4 5 1 0 m , n = 1 6 5 . 

F) OT 5 0 7 1 1 - 1, 18 10 7 9 , 4 7 8 7 m , n = = 6 3 . 

G) OT 1 1 1 1 6 - 1, 24 5 8 4 , 4 8 0 0 m , n = 4 4 . 

H ) OT 5 2 4 0 3 - 1 3 , 5 12 8 6 , 4 8 1 0 m , n = 2 1 2 . 
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S e x u a l d e v e l o p m e n t in 0. m u t a b i l i s f r o m t h e PAP s t a r t s 

in s p e c i m e n s a b o u t 7 0 m m l o n g . T h i s m e a n s t h a t t h e m a j o r i t y 

of t h e s p e c i m e n s f r o m S t a s 5 0 5 1 5 - 1 and 5 0 7 1 1 - 1 w e r e j u v -

e n i l e s . At S t . 5 0 5 1 5 - 1 m o r e t h a n 7 6 % of t h e 0. m u t a b i l i s 

c o l l e c t e d w e r e 30 to 4 0 m m l o n g . At t h i s s a m e s t a t i o n 

j u v e n i l e D e i m a v a l i d u m , P s y c h r o p o t e s l o n g i c a u d a and 

P s e u d o s t i c h o p u s v i l l o s u s w e r e a l s o p r e s e n t i n d i c a t i n g t h a t 

r e c e n t s u c c e s s f u l r e c r u i t m e n t had o c c u r r e d in t h e a r e a f o r 

a n u m b e r of s p e c i e s ( S e c t i o n 5 . 5 ) . 

R e p r o d u c t i o n in t h e d e i m a t i d s is f u l l o f p a r a d o x e s . T h e 

g a m e t o g e n i c d e v e l o p m e n t of 0. m u t a b i l i s on t h e PAP has 

b e e n s t u d i e d by T y l e r et a l . ( 1 9 8 5 c ) and T y l e r and B i l l e t t 

(in p r e s s ) u s i n g s p e c i m e n s c o l l e c t e d in d i f f e r e n t m o n t h s 

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

In e a c h c a s e a b o u t h a l f of t h e a d u l t p o p u l a t i o n w e r e 

f e m a l e s w i t h w e l l d e v e l o p e d o v a r i e s , w h i l e t h e o t h e r h a l f 

w e r e s e x u a l l y i n a c t i v e and w e r e p r e s u m e d t o be m a l e s . T h e 

o v a r i e s c o n t a i n a v a r i e t y of e g g s i z e s a n d t h e r e is no 

e v i d e n c e of s e a s o n a l c h a n g e s in g a m e t o g e n e s i s . T h e r e 

a p p e a r s to b e a c o n t i n u o u s r e l e a s e of e g g s a b o u t 9 5 0 ^ m in 

d i a m e t e r l e a d i n g to s l o w b u t s t e a d y r e c r u i t m e n t . W i t h t h i s 

s c e n a r i o p o p u l a t i o n s i z e d i s t r i b u t i o n s l i k e t h o s e f o r S t a s 

5 0 5 1 4 - 1 , 9 6 3 8 - 2 and 5 0 9 1 0 - 1 w o u l d be e x p e c t e d . T h e l a r g e 

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

b r o o d i n g . 

H a n s e n ( 1 9 7 5 ) f o u n d t h a t in o n e p o p u l a t i o n of 

0. m u t a b i l i s f r o m t h e K e r m a d e c T r e n c h (14 s p e c i m e n s ) t h e r e 

w a s a s u r p r i s i n g u n i f o r m i t y in t h e t a x o n o m i c c h a r a c t e r s , 

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

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

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

b e t w e e n 35 and 95 m m , H a n s e n t h o u g h t t h a t t h i s e x p l a n a t i o n 

w a s u n l i k e l y . R a t h e r , he b e l i e v e d t h a t t h e l o c a l v a r i a t i o n 

i n d i c a t e d l i m i t e d d i s p e r s a l of t h e e g g s and t h a t b r o o d 
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p r o t e c t i o n m a y o c c u r . 

B r o o d p r o t e c t i o n h a s b e e n r e p o r t e d in 0 . m u t a b i l i s but 

o n l y in o n e p o p u l a t i o n f r o m t h e P a n a m a B a s i n ( H a n s e n , 

1 9 6 8 ; 1 9 7 5 ) . T h e t a x o n o m i c f e a t u r e s of t h e s p e c i m e n s f r o m 

t h i s a r e a led to t h e r e c o g n i t i o n of a s e p a r a t e s u b -

s p e c i e s , 0. m u t a b i l i s a f f i n i s . It is l i k e l y t h a t al1 

s p e c i e s of O n e i r o p h a n t a , and t h e c l o s e l y r e l a t e d g e n u s 

D e i m a , r e p r o d u c e in a s i m i l a r m a n n e r . H a n s e n ( 1 9 7 5 ) n o t e d 

t h a t w h e r e b r o o d i n g o c c u r r e d in 0 . m u t a b i l i s a f f i n i s a 11 

t h e b r o o d e d j u v e n i l e s w e r e at a s i m i l a r s t a g e of d e v e l o p -

m e n t i n d i c a t i n g r e p r o d u c t i v e p e r i o d i c i t y . S a m p l i n g 

o c c u r r e d in an a r e a n o t e d f o r i n t e n s e u p w e l l i n g and at t h e 

end of t h e u p w e l l i n g s e a s o n . It is n o w k n o w n t h a t t h e f l u x 

of p a r t i c l e s to t h e s e a b e d in t h e P a n a m a B a s i n v a r i e s 

s e a s o n a l l y and t h a t t h e a m o u n t of m a t e r i a l d e p o s i t e d is 

c o r r e l a t e d w i t h p r i m a r y p r o d u c t i v i t y ( H o n j o , 1 9 8 2 ) . 

R e p r o d u c t i o n of 0 . m u t a b i l i s , t h e r e f o r e , m a y d e p e n d on t h e 

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

o r i g i n a l l y by H a n s e n ( 1 9 7 5 ) . A s i m i l a r s e a s o n a l c y c l e in 

t h e f l u x of o r g a n i c m a t t e r is k n o w n t o o c c u r in t h e 

n o r t h e a s t A t l a n t i c ( B i l l e t t et a l . , 1 9 8 3 ) and c o u l d 

i n f l u e n c e t h e r e p r o d u c t i v e c y c l e , or at l e a s t t h e r e c r u i t -

m e n t , of 0 . m u t a b i l i s in t h i s a r e a . 

A n u m b e r of p a r a d o x e s s t i l l e x i s t . F i r s t , p e r i o d i c 

b r o o d i n g d o e s n o t s e e m to b e an a p p r o p r i a t e r e p r o d u c t i v e 

s t r a t e g y f o r o n e of t h e f e w a b y s s a l h o l o t h u r i a n s w i t h a 

w o r l d w i d e d i s t r i b u t i o n . S e c o n d , t h e o v a r y of m o s t s p e c -

i m e n s is l a r g e and c o n t a i n s m a n y e g g s , m o r e in k e e p i n g 

w i t h a s p e c i e s t h a t b r o a d c a s t s its e g g s r a t h e r t h a n b r o o d s 

t h e m . T h i r d , it is n o t c l e a r h o w t h e e g g s in t h e o v a r y a r e 

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

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

s p e r m a t o g e n e s i s , but n o n e a r e s a t i s f a c t o r y . F i r s t , s i n c e 

0. m u t a b i l i s is a h o m e f o r a 11 s o r t s o f a s s o c i a t e s (see 

b e l o w ) i n c l u d i n g p a r a s i t i c g a s t r o p o d s and s p o r o z o a n s , i t is 

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

l e a s t s o m e a c t i v e m a l e s s h o u l d s t i l l be f o u n d . 

H e r m a p h r o d i t i s m has not b e e n n o t e d in a n y s p e c i m e n , but 

t h e p e r i o d i c p r o d u c t i o n of s p e r m a t o z o a c a n n o t be r u l e d 

o u t . H o w e v e r , if 0 . m u t a b i l i s w e r e h e r m a p h r o d i t i c it is 

not c l e a r w h y h a l f of t h e p o p u l a t i o n s h o u l d s t i l l be 

r e p r o d u c t i v e l y i n a c t i v e . A n a l y s i s of o v e r 2 0 0 s p e c i m e n s 

f r o m S t . 5 2 4 0 3 - 1 3 s h o w e d t h a t t h e s i z e d i s t r i b u t i o n s of 

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

i d e n t i c a l , i . e . t h e d e v e l o p m e n t of t e s t i s a n d o v a r y is not 

r e l a t e d to s p e c i m e n s i z e . 

A f o r m of p a r t h e n o g e n e s i s s e e m s m o s t l i k e l y and c o u l d 

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

d e s c r i b e d by H a n s e n ( 1 9 7 5 ) f r o m t h e K e r m a d e c T r e n c h . 

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

p o r t i o n of f e m a l e s p e c i m e n s . O n l y o n e i n s t a n c e of n a t u r a l 

p a r t h e n o g e n e s i s is k n o w n . T h e c o r a l r e e f a s t e r o i d 

O p h i d i a s t e r g r a n i f e r p r o d u c e s e g g s a b o u t 6 0 0 ^ m in d i a -

m e t e r , s o m e of w h i c h f o r m a p e l a g i c l a r v a w h i l e o t h e r s 

r e m a i n a t t a c h e d to r o c k s in t h e i m m e d i a t e v i c i n i t y of t h e 

a d u l t p o p u l a t i o n ( Y a m a g u c h i and L u c a s , 1 9 8 4 ) . T h i s 

v a r i a b i l i t y in d i s p e r s a l m a y a l s o a p p l y t o d e i m a t i d 

h o l o t h u r i a n s e x p l a i n i n g t h e s i m i l a r i t y of s p e c i m e n s in 

s o m e a r e a s , b u t at t h e s a m e t i m e a l l o w i n g t h e w i d e 

d i s t r i b u t i o n of t h e s p e c i e s . 

It is p o s s i b l e t h a t 0. m u t a b i l i s u s e s a c o m b i n a t i o n of 

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

( H i n e s , 1 9 8 6 ) . T h e u s e of a p a r t i c u l a r m e t h o d c o u l d be 

d e p e n d e n t on t h e f o o d s u p p l y . In t h i s r e s p e c t t h e g e o -

g r a p h i c d i s t r i b u t i o n of 0 . m u t a b i l i s m a y h o l d a f e w c l u e s , 
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f o r a l t h o u g h t h e s p e c i e s o c c u r s a c r o s s t h e g l o b e , It 

o c c u r s p r i m a r i l y in a r e a s w h e r e t h e f l u x of p a r t i c u l a t e 

m a t t e r to t h e s e a b e d v a r i e s s e a s o n a l l y , s u c h as in t h e 

n o r t h e a s t A t l a n t i c , P a n a m a B a s i n and in t h e A n t a r c t i c 

O c e a n . No p e r i o d i c i t y is o b v i o u s in t h e P A P m a t e r i a l , but 

t h e q u a n t i t y of d e t r i t u s d e p o s i t e d in a n y o n e y e a r and in 

any o n e a r e a c o u l d a f f e c t t h e r e p r o d u c t i v e c y c l e of t h i s 

s p e c i e s . 

0 . m u t a b i l i s is a s s o c i a t e d w i t h a n u m b e r of o t h e r o r g -

a n i s m s . S p o r o z o a n p a r a s i t e s a r e f o u n d i n t e r n a l l y a r o u n d 

t h e g u t ( M a s s i n , 1 9 8 4 ) . 0 . m u t a b i l i s m a y be p a r a s i t i z e d 

a l s o i n t e r n a l l y by t h e g a s t r o p o d M e g a d e n u s o n e i r o p h a n t a e 

and e x t e r n a l l y by a n o t h e r g a s t r o p o d P i s o l a m i a b r y c h i a 

( B o u c h e t and L.utzen, 1 9 7 6 , 1 9 8 0 ) . T w o c y c l o p o i d c o p e p o d s 

h a v e b e e n r e p o r t e d f r o m t h e b o d y c a v i t y ( H u m e s , 1 9 7 4 ) 

w h i l e an a m p h i p o d , a n e w s p e c i e s of t h e g e n u s V a l e t t i a 

(Mr. M . H . T h u r s t o n , p e r s o n a l c o m m u n i c a t i o n ) , has b e e n 

r e p o r t e d f r o m t h e c l o a c a of 0 . m u t a b i l i s ( M a s s i n , 1 9 8 4 ) . 

O v e r 5 0 0 s p e c i m e n s of 0 . m u t a b i l i s f r o m t h e PAP w e r e 

e x a m i n e d f o r t h e p r e s e n c e of V a l e t t i a in t h e c l o a c a and 

p o s t e r i o r i n t e s t i n e . In 130 of t h e s p e c i m e n s e x a m i n e d a 

t o t a l of 151 a m p h i p o d s w e r e f o u n d , 8 6 % w i t h i n t h e c l o a c a . 

All but o n e of t h e a m p h i p o d s w e r e o r i e n t a t e d f a c i n g t h e 

p o s t e r i o r of t h e h o l o t h u r i a n . S o m e a m p h i p o d s o c c u r r e d 

p a r t l y o u t of t h e a n u s b u t u s u a l l y t h e y w e r e f o u n d t i g h t l y 

w e d g e d i n s i d e t h e c l o a c a and o c c u p y i n g a l l t h e a v a i l a b l e 

s p a c e . In m o s t c a s e s t h e a m p h i p o d s w e r e f r e e of s e d i m e n t . 

S o m e s p e c i m e n s , g e n e r a l l y s m a l l , o c c u r r e d in t h e p o s t e r i o r 

i n t e s t i n e and in o n e i n s t a n c e f o u r w e r e f o u n d in a l i n e . 

T h e r e w e r e f o u r t e e n h o l o t h u r i a n s h o u s i n g b e t w e e n 2 to 5 

a m p h i p o d s . T h e a s s o c i a t i o n a p p e a r s to be c o m m e n s a l w i t h no 

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

t h e a m p h i p o d v a c a t e s its h o u s e w h i l e t h e h o l o t h u r i a n 

d e f a e c a t e s . T h e i n c i d e n c e of t h i s a s s o c i a t i o n v a r i e s 
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b e t w e e n s t a t i o n s . In s o m e l a r g e s a m p l e s n o a m p h i p o d s w e r e 

f o u n d w h i l e in o t h e r s a m p l e s 4 8 % of t h e h o l o t h u r i a n s w e r e 

h o s t to an a m p h i p o d . 

F a m i l y L a e t m o g o n i d a e 

L a e t m o g o n e v i o l a c e a T h e e l , 1 8 7 9 

OT 9 7 5 2 - 1 ( 3) OT 9 7 7 6 - 1 ( 6) O T 9 7 7 8 - 1 ( 16 , 

BN 9 7 7 9 - 1 ( 4 5 ) BN 1 0 1 0 8 - 1 ( 4 0 ) B N 1 0 1 0 9 - 8 ( 14 
OT 5 0 5 0 3 - 1 ( 1 2 7 1 ) GT 5 0 5 0 4 - 1 ( 3 0 ) GT 5 0 5 0 5 - 1 ( 9 

GT 5 0 5 0 7 - 1 ( 6) GT 5 0 5 0 8 - 1 ( 12) OT 5 0 5 0 9 - 1 ( 2 5 9 
OT 5 0 5 1 9 - 1 ( 4 7 8 ) GT 5 0 5 2 0 - 1 ( 10) OT 5 0 5 2 2 - 1 ( 2 7 9 
OT 5 0 5 2 4 - 1 ( 1 5 ) OT 5 0 6 0 1 - 1 ( 1 4 ) BN 5 0 6 0 6 - 1 ( 2 4 
OT 5 0 6 0 6 - 2 ( 9) BN 5 0 6 0 6 - 5 ( 15) O T 5 0 6 0 7 - 1 ( 15 
BN 5 0 6 0 7 - 2 ( 2 ) BN 5 0 6 1 0 - 1 ( 6 5 ) O T 5 0 6 1 1 - 1 ( 5 0 4 
OT 5 0 7 0 2 - 1 ( 7 6 ) OT 5 0 7 0 4 - 1 ( 3 2 ) G T 5 0 7 0 7 - 1 ( 16 
GT 5 0 7 0 8 - 1 ( 6 ) GT 5 0 7 0 9 - 1 ( 14) G T 5 0 7 1 3 - 1 ( 8 
GT 5 0 7 1 4 - 1 ( 2 ) OT 5 0 8 0 1 - 1 ( 2 4 0 ) OT 5 0 8 0 8 - 1 ( 92 
GT 5 0 8 0 9 - 1 ( 3 8 0 ) OT 5 0 8 2 0 - 1 ( 6) O T 5 0 8 2 1 - 1 ( 8 
OT 5 0 9 0 3 - 1 ( 2 8 0 ) OT 5 0 9 0 4 - 1 ( 3 0 5 ) OT 5 0 9 0 5 - 1 ( 6 

OT 5 1 0 0 3 - 1 ( 7 ) OT 5 1 0 0 7 - 1 ( 5 1 ) OT 5 1 0 0 8 - 1 ( 2 

OT 5 1 0 0 9 - 1 ( 5) OT 5 1 0 2 2 - 1 ( 1 ) O T 5 1 0 2 3 - 1 ( 65 
OT 5 1 0 2 6 - 1 ( 3 ) O T 5 1 0 2 7 - 1 ( 7 3 ) BN 5 1 1 0 3 - 4 ( 4 
BN 5 1 1 0 3 - 5 ( 12) OT 5 1 2 0 5 - 1 ( 2 0 ) O T 5 1 2 0 6 - 1 ( 4 0 
BN 5 1 2 0 8 - 1 ( 7 9 ) BN 5 1 2 0 8 - 3 ( 6 3 ) O T 5 1 3 0 4 - 1 ( 5 

OT 5 1 3 0 5 - 1 ( 10) OT 5 1 3 0 6 - 1 ( 4 0 ) OT 5 1 3 0 7 - 1 ( 1 

GT 5 1 3 1 2 - 1 ( 3 ) GT 5 1 3 1 3 - 1 ( 4 0 ) OT 5 1 3 1 4 - 1 ( 12 
GT 5 1 3 1 5 - 1 ( 3 ) OT 5 1 3 0 8 - 1 ( 10) BN 5 1 4 0 3 - 1 ( 7 

BN 5 1 4 0 3 - 2 ( 4 ) BN 5 1 4 0 3 - 3 ( 2 ) BN 5 1 4 0 3 - 4 ( 1 
BN 5 1 4 0 3 - 5 ( 1) OT 5 1 4 0 3 - 7 ( 4 1 ) OT 5 1 4 0 4 - 1 ( 19 
BN 5 1 4 0 6 - 1 ( 3 8 ) BN 5 1 4 2 0 - 2 ( 3 ) BN 5 1 4 2 0 - 3 ( 3 

BN 5 1 4 2 0 - 4 ( 6) BN 5 1 7 0 7 - 1 ( 15) BN 5 1 7 0 8 - 2 ( 1 1 

BN 5 1 7 1 5 - 2 ( 3 ) OT 5 1 8 1 0 - 1 ( 11) O T 5 1 8 1 1 - 1 ( 1 

BN 5 2 0 0 9 - 1 ( 1 ) BN 5 2 0 1 7 - 1 ( 2 ) BN 5 2 2 0 4 - 1 ( 4 • 

B a t h y m e t r i c r a n g e in t h e P S B : 5 1 0 to 1 6 0 0 m on t h e G o b a n 

S p u r but m a i n l y b e t w e e n 9 5 5 and 1 4 9 0 m ( 9 7 % of t h e 

s p e c i m e n s c o l l e c t e d ) ; 7 0 0 to 1 5 3 5 m on t h e m a i n t r a n s e c t 

w i t h 9 5 % of t h e s p e c i m e n s c o l l e c t e d b e t w e e n 9 8 0 and 1 3 0 0 m . 

D i s t r i b u t i o n : A l m o s t a c o s m o p o l i t a n d i s t r i b u t i o n b u t not 

r e c o r d e d f r o m t h e w e s t e r n A t l a n t i c or t h e e a s t e r n P a c i f i c ; 
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2 2 5 to 1 8 0 4 m . H a n s e n ( 1 9 7 5 ) c o n s i d e r e d t h a t t h e d i s t -

r i b u t i o n m a y be d e p e n d e n t on t h e d i s p e r s a l of its l a r v a e 

by d e e p - s e a c u r r e n t s . T h e r e c o r d s of L. v i o l a c e a f r o m t h e 

R o c k a l l T r o u g h c o m e f r o m a s i m i l a r d e p t h d i s t r i b u t i o n , 940 

t o 1 4 0 0 m ( G a g e et a l . , 1 9 8 5 a ; H a r v e y e t a l . , in p r e s s ) . 

T w o s p e c i m e n s h a v e b e e n s a m p l e d as d e e p as 3 0 0 0 m to t h e 

w e s t of t h e P o r c u p i n e B a n k at t h e b a s e of t h e s t e e p 

c o n t i n e n t a l s l o p e f o u n d in t h a t a r e a ( G a g e et a l . , 1 9 8 5 a ) . 

E c o l o g i c a l r e m a r k s : D a t a on t h e a b u n d a n c e of L. v i o l a c e a 

f r o m t h e e p i b e n t h i c s l e d g e ( T a b l e 2 1 ) i n d i c a t e t h a t t h i s 

s p e c i e s is m o s t a b u n d a n t on t h e m a i n t r a n s e c t b e t w e e n 9 8 0 

and 1 2 0 0 m , an a r e a l y i n g a b o v e t h e s u s p e n s i o n - f e e d i n g 

c o m m u n i t y in t h e P S B ( s e e S e c t i o n 5 . 2 ) . L . v i o l a c e a is 

p r e s e n t in t h e s u s p e n s i o n - f e e d i n g c o m m u n i t y but u n l i k e 

o t h e r h o l o t h u r i a n s , s u c h as E. h i s p i d a , Y . t a l i s m a n i , 

B. n a t a n s , and M . i n t e s t i n a l is, its a b u n d a n c e is r e d u c e d 

in t h i s a r e a . T h e a b u n d a n c e of L. v i o l a c e a in t h e s l e d g e 

s a m p l e s is low b e l o w t h e s u s p e n s i o n f e e d e r s (at d e p t h s 

g r e a t e r t h a n 1 3 0 0 m ) on t h e m a i n t r a n s e c t b u t it is c o m m o n 

at c o m p a r a b l e d e p t h s on t h e G o b a n S p u r . D a t a f r o m t h e 

o t t e r t r a w l ( T a b l e 2 2 ) s h o w t h a t t h e p a u c i t y of 

L. v i o l a c e a f r o m s l e d g e s a m p l e s d e e p e r t h a n 1 3 0 0 m on t h e 

m a i n t r a n s e c t , is a s a m p l i n g a r t e f a c t s i n c e p a t c h e s of 

L. v i o l a c e a w i t h a h i g h a b u n d a n c e c a n b e f o u n d d o w n to 

1 5 2 0 m ( S t . 5 0 5 0 9 - 1 ) , as on t h e G o b a n S p u r . A m a x i m u m 

a b u n d a n c e of 8 6 0 i n d i v i d u a l s p e r h e c t a r e w a s r e c o r d e d f r o m 

a r o u n d 1 0 0 0 m on t h e m a i n t r a n s e c t ( S t . 5 0 6 1 0 - 1 ) . A 

p a r t i c u l a r l y l a r g e c a t c h w a s t a k e n at a s i m i l a r d e p t h by 

t h e o t t e r t r a w l ( S t . 5 0 5 0 3 - 1 ) w i t h an a b u n d a n c e t h a t 

p r o b a b l y e x c e e d e d 1 0 0 0 i n d i v i d u a l s p e r h e c t a r e , t a k i n g 

into a c c o u n t t h e i n e f f i c i e n c y of t h e t r a w l in s a m p l i n g 

e p i b e n t h i c i n v e r t e b r a t e s . 
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T a b l e 2 1 . T h e a b u n d a n c e (A) of L a e t m o g o n e v i o l a c e a in epi-
b e n t h i c s l e d g e s a m p l e s , e x p r e s s e d as n u m b e r per h e c t a r e 
S a m p l e s f r o m t h e m a i n t r a n s e c t u n l e s s o t h e r w i s e I n d i c a t e d 
n = n u m b e r of s p e c i m e n s t a k e n • 

M e a n 
S t a t i o n D e p t h (m) n A / P o s n A / O d o 

b BN 5 0 6 0 7 - 2 7 0 0 2 4 . 3 13.6 
BN 5 1 1 0 3 - 5 9 4 0 12 3 0 . 7 4 8 . 5 
BN 5 1 1 0 3 - 4 9 5 5 4 1 4 . 7 2 7 . 5 
BN 5 0 6 1 0 - 1 9 8 0 65 2 1 2 . 5 8 5 9 . 8 
BN 5 1 4 0 6 - 1 1 0 8 2 3 8 1 5 1 . 5 2 5 6 . 9 

b BN 5 0 6 0 6 - 1 1 1 1 5 24 5 4 . 2 1 7 4 . 7 
a BN 1 0 1 0 9 - 8 1 1 2 5 14 1 7 . 2 
b BN 5 0 6 0 6 - 5 1 1 3 0 15 3 5 . 9 3 5 . 8 

BN 5 1 2 0 8 - 3 1 1 7 8 63 2 6 1 . 0 7 8 8 . 5 
BN 5 1 2 0 8 - 1 1 1 8 5 79 1 5 1 . 1 6 1 6 . 2 0 
BN 5 1 7 0 7 - 1 1 2 1 8 15 1 5 . 8 
BN 5 2 0 0 9 - 1 1221 1 3 . 2 6 . 4 
BN 5 1 4 2 0 - 4 1 2 8 3 6 3 6 . 9 6 6 . 0 
BN 5 1 4 0 3 - 5 1 2 9 3 1 4 . 9 1 1 . 3 
BN 5 1 4 2 0 - 3 1 2 9 6 3 2 5 . 6 3 3 . 2 
BN 5 1 4 0 3 - 1 1 3 0 3 7 1 5 . 6 4 0 . 0 
BN 5 2 2 0 4 - 1 1 3 0 3 4 4 3 . 4 5 6 . 3 
BN 5 1 4 2 0 - 2 1 3 0 7 3 1 8 . 5 3 3 . 8 + 
BN 5 1 4 0 3 - 2 1321 4 1 7 . 0 4 3 . 4 
BN 5 1 4 0 3 - 3 1 3 2 2 2 1 2 . 8 19.1 
BN 5 1 4 0 3 - 4 1 3 2 6 1 3 . 0 1 0 . 4 

a BN 1 0 1 0 8 - 1 1 3 8 8 40 8 4 . 4 
a BN 9 7 7 9 - 1 1401 45 6 4 . 3 2 3 4 . 7 

BN 5 1 7 0 8 - 2 1 4 5 0 11 2 1 . 4 5 0 . 9 
BN 5 2 0 1 7 - 1 1 4 6 5 2 9 . 8 2 8 . 4 
BN 5 1 7 1 5 - 2 1 4 9 3 3 4 . 5 

a G o b a n S p u r + A b u n d a n c e e s t i m a t e d f r o m o u t e r 
b s o u t h e r n p a r t of n e t s o n l y . 

P o r c u p i n e B a n k 0 w e a k l i n k , on b o t t o m net b a r 
b r o k e n d u r i n g h a u l . 
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T a b l e 2 2 . T h e a b u n d a n c e ( A ) of L a e t m o g o n e v i o l a c e a in 
o t t e r t r a w l s a m p l e s , e x p r e s s e d as n u m b e r p e r h e c t a r e . 
S a m p l e s f r o m t h e m a i n t r a n s e c t u n l e s s o t h e r w i s e i n d i c a t e d , 
n = n u m b e r of s p e c i m e n s t a k e n . 

M e a n 
S t a t i o n D e p t h (m) n A / P o s n 

0 1 5 0 8 2 0 - 1 7 2 0 6 1 . 1 
OT 5 1 4 0 4 - 1 7 5 0 19 4 . 6 
OT 5 0 9 0 5 - 1 7 8 8 6 1.2 

a OT 9 7 7 6 - 1 8 0 4 6 1.6 
c OT 5 0 6 0 1 - 1 8 4 9 14 2 . 8 
a OT 5 0 5 2 2 - 1 9 8 3 2 7 9 7 2 . 9 

OT 5 0 5 0 3 - 1 1 0 1 7 1271 3 4 7 . 0 
OT 5 0 9 0 4 - 1 1 0 2 8 3 0 5 5 9 . 8 
OT 5 1 3 0 6 - 1 1 2 1 8 40 1 3 . 2 

a OT 5 0 8 0 1 - 1 1 2 6 5 2 4 0 5 0 . 2 
OT 5 0 6 1 1 - 1 1 3 8 8 5 0 4 81.1 

a OT 5 0 5 1 9 - 1 1 4 4 8 4 7 8 9 6 . 7 

a G o b a n S p u r 
b s o u t h e r n p a r t of P o r c u p i n e B a n k 
c n o r t h e a s t PSB 

T h e WW b i o m a s s of L. v i o l a c e a w a s m e a s u r e d d i r e c t l y f r o m 

6 s a m p l e s ( T a b l e 2 3 ) . T h r e e of t h e s e s a m p l e s w e r e t h e n 

used to d e t e r m i n e DW and A F D W b i o m a s s as d e t a i l e d in 

S e c t i o n 2 . 2 . U s i n g t h e s e s a m p l e s a m e a n c o n v e r s i o n f a c t o r 

w a s e s t i m a t e d so t h a t t h e DW and A F D W b i o m a s s at t h e o t h e r 

s t a t i o n s c o u l d be c a l c u l a t e d . In a d d i t i o n , 46 s p e c i m e n s 

w e r e u s e d to c a l c u l a t e t h e l e n g t h / D W r e g r e s s i o n f o r 

L. v i o l a c e a . T h e DW and A F D W b i o m a s s w e r e t h e n e s t i m a t e d 

f r o m t h e p o p u l a t i o n s i z e d i s t r i b u t i o n s f o r a f u r t h e r 6 

s l e d g e s a m p l e s ( T a b l e 2 3 ) . T h e r e l a t i o n s h i p b e t w e e n DW and 

L e n g t h is g i v e n by t h e e q u a t i o n : 

Log ( D W ) = Log ( L e n g t h ) x 1 . 7 2 7 1 - 3 . 2 1 4 0 

w h e r e n = 46 and t h e s t a n d a r d e r r o r = 0 . 1 2 2 2 (r* = 0 . 7 2 ) . 
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T a b l e 2 3 . T h e W W , D W , A F D W and c a l o r i f i c b i o m a s s of 
L a e t m o g o n e v i o l a c e a f r o m e p i b e n t h i c s l e d g e s a m p l e s , e x p -
r e s s e d as g or KJ p e r h e c t a r e . T h e p r o p o r t i o n of t h e t o t a l 
e p i b e n t h i c i n v e r t e b r a t e b i o m a s s is e x p r e s s e d as a 
p e r c e n t a g e in p a r e n t h e s e s . F o r t h e n u m b e r of s p e c i m e n s in 
e a c h s a m p l e s e e T a b l e 21 • 

M e a n C a l o r i f i c 
S t a t i o n D e p t h (m) WW DW A F D W b i o m a s s 

5 1 1 0 3 - 4 9 5 5 2 0 4 3 ( 4 ) 135 (1) 5 8 ( 1 ) 1431 
5 1 4 0 6 - 1 1 0 8 2 5 4 9 0 ( 1 1 ) 4 7 7 ( 4 ) 2 2 6 * ( 7 ) 5 5 7 8 
5 1 2 0 8 - 3 1 1 7 8 7 0 5 9 ( 6 ) 4 2 3 * ( 1 ) 2 1 2 * ( 4 ) 5 2 3 2 
5 1 2 0 8 - 1 1 1 8 5 6 3 5 3 ( 2 ) 4 1 3 * ( 1 ) 1 7 9 * ( 2 ) 4 4 1 8 
5 1 4 2 0 - 4 1 2 8 3 2101 ( 2 ) 165 * ( 1 ) 7 8 * ( 2 ) 1925 
5 1 4 0 3 - 1 1 3 0 3 7 1 6 ( 2 ) 8 2 ( 1 ) 4 3 ( 3 ) 1061 

5 1 1 0 3 - 5 9 4 0 75 + 35 •k 8 6 4 
5 0 6 1 0 - 1 9 8 0 - 4 8 8 + 2 3 0 •k 5 6 7 6 
5 0 6 0 6 - 1 1 1 1 5 — 22 + 10 -k 2 4 7 
5 0 6 0 6 - 5 1 1 3 0 - 34 + 1 6 •k 395 
9 7 7 9 - 1 1401 — 391 + 1 8 5 •k 4 5 6 6 

5 1 7 0 8 - 2 1 4 5 0 — 1 36 + 6 4 * 1580 

* e s t i m a t e d u s i n g a c o n v e r s i o n f a c t o r ; DW f r o m WW , A F D W 
f r o m DW 
+ e s t i m a t e d f r o m l e n g t h / DW r e g r e s s i o n . 

T h e g r e a t e s t b i o m a s s of L. v i o l a c e a on t h e m a i n t r a n s e c t 

o c c u r r e d b e t w e e n 9 4 0 and 1 2 0 0 m . A s i m i l a r A F D W b i o m a s s was 

f o u n d at t h r e e s t a t i o n s b e t w e e n 9 8 0 and 1 1 7 8 m ( 2 1 2 t o 2 3 0 g 

A F D W p e r h e c t a r e ) . T h e e q u i v a l e n t c a l o r i f i c b i o m a s s r a n g e s 

b e t w e e n 5 2 3 2 and 5 6 7 6 KJ p e r h e c t a r e f o r t h e s a m e 

s t a t i o n s , u s i n g a c a l o r i f i c v a l u e of 2 4 . 6 8 J p e r mg A F D W 

( W a l k e r et a l . , 1 9 8 7 b ) . A l t h o u g h L. v i o l a c e a is f a i r l y 

a b u n d a n t at S t a s 5 0 6 0 6 - 1 and 5 0 6 0 6 - 5 , m o s t of t h e 

s p e c i m e n s a r e s m a l l ( s e e b e l o w ) p r o d u c i n g a low b i o m a s s . 

D a t a f r o m S t . 9 7 7 9 - 1 ( 1 4 0 0 m ) s h o w t h a t t h e a b u n d a n c e of 

L. v i o l a c e a can be h i g h e v e n at t h e b o t t o m of its b a t h y -

m e t r i c r a n g e . T h e g r e a t e s t p r o p o r t i o n t h a t L. v i o l a c e a 

c o n t r i b u t e d to t h e t o t a l e p i b e n t h i c i n v e r t e b r a t e A F D W 

b i o m a s s w a s 7 % . 
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T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s f o r 7 e p i b e n t h i c 

s l e d g e and 1 o t t e r t r a w l s a m p l e s are p r e s e n t e d in F i g . 3 4 . 

M o s t s a m p l e s s h o w a w e l l e s t a b l i s h e d a d u l t p o p u l a t i o n w i t h 

a m e a n l e n g t h of a b o u t 9 5 m m . S i m i l a r s i z e d i s t r i b u t i o n s 

w e r e o b t a i n e d f o r a n u m b e r of o t h e r s t a t i o n s not i n c l u d e d 

in F i g . 3 4 . No r e l a t i o n s h i p b e t w e e n s p e c i m e n s i z e and 

d e p t h w a s f o u n d . H o w e v e r , t w o a r e a s of t h e PSB p r o v e d to 

be u n u s u a l . 

F i r s t , S t . 5 0 7 0 2 - 1 (Fig 3 4 ) f r o m an a r e a on t h e e a s t e r n 

s l o p e s of t h e PSB had a l a r g e p o p u l a t i o n of s m a l l s p e c -

i m e n s ( m e a n l e n g t h 4 0 m m ) . S i m i l a r l y at S t . 5 0 6 0 1 - 1 , f r o m 

t h e s a m e a r e a , o n l y s m a l l s p e c i m e n s w e r e p r e s e n t . A 

s i m i l a r p r e v a l e n c e of s m a l l i n d i v i d u a l s w a s f o u n d f o r 

a n o t h e r d e p o s i t - f e e d i n g h o l o t h u r i a n , S t i c h o p u s t r e m u l u s , 

in t h e s e s a m p l e s . T h e a r e a is d o m i n a t e d by s u s p e n s i o n 

f e e d e r s , s u c h as t h e c o r a l s L o p h e l i a p e r t u s a and M a d r e p o r a 

o c u l a t a and t h e h o l o t h u r i a n P s o l u s s q u a m a t u s , and it is 

p o s s i b l e t h a t t h e d e p o s i t - f e e d e r s a r e u n a b l e to r e a c h 

t h e i r f u l l s i z e in an a r e a m o r e s u i t e d t o s u s p e n s i o n 

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

s p e c i e s m a y h a v e o c c u r r e d in t h e a r e a . 

S e c o n d , s a m p l e s f r o m t h e s o u t h e r n p a r t o f t h e P o r c u p i n e 

B a n k in J u l y 1 9 7 9 , S t a s 5 0 6 0 6 - 1 and 5 0 6 0 6 - 5 (Fig 3 4 ) , h a v e 

m a n y s m a l l j u v e n i l e s o n l y 10 to 3 0 m m l o n g in a d d i t i o n to 

s e v e r a l a d u l t s p e c i m e n s in t h e l a t t e r s a m p l e . In t h i s c a s e 

it is e v i d e n t t h a t r e c r u i t m e n t has t a k e n p l a c e o n l y re-

c e n t l y . T h e r e is no s e a s o n a l p e r i o d i c i t y in e g g p r o d u c t i o n 

in L. v i o l a c e a ( T y l e r et a l . , 1 9 8 5 a ) and so t h e s u c c e s s of 

r e c r u i t m e n t in t h i s a r e a in J u l y 1969 c o u l d be in r e s p o n s e 

to t h e a n n u a l d e p o s i t i o n of d e t r i t a l m a t e r i a l w h i c h o c c u r s 

in s u m m e r m o n t h s ( B i l l e t t et a l . , 1 9 8 3 ) . S i m i l a r s e a s o n a l 

c h a n g e s in t h e s u c c e s s of r e c r u i t m e n t h a v e b e e n p r o p o s e d 

f o r t h e o p h i u r o i d O p h i o m u s i u m l y m a n i ( G a g e and T y l e r , 

1 9 8 2 ) . 
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F i g u r e 3 4 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of L a e t m o g o n e 

v i o l a c e a . L e n g t h in 1 0 m m s i z e c l a s s e s . 

A) OT 5 0 7 0 2 - 1 , 13 10 7 9 , 7 8 5 m , n = 76. 

B ) BN 5 0 6 1 0 - 1 , 8 7 7 9 , 9 8 0 m , n = 4 5 . 

C) BN 5 1 4 0 6 - 1 , 27 3 8 2 , 1 0 8 2 m , n = 3 7 . 

D) BN 5 0 6 0 6 - 1 , 6 7 7 9 , 1 1 1 5 m , n = 2 3 . 

E) BN 1 0 1 0 9 - 8 , 7 9 7 9 , 1 1 2 5 m , n = 14. 

F ) BN 5 0 6 0 6 - 5 , 6 7 7 9 , 1 1 3 0 m , n = 1 5 . 

G) BN 1 0 1 0 8 - 1 , 5 9 7 9 , 1 3 8 8 m , n = 4 0 . 

H) BN 9 7 7 9 - 1 , 2 4 : 4 7 8 , 1 4 0 1 m , n = 4 5 . 

221 



I 
§ 60-1 

I 
^ 50-1 

P?l F? 

//.4 
%>) 
//j 

mo 

& 

P?3I % 

MO 50 
Length ( 10 mm size classes ) 



L. v i o l a c e a p r o d u c e s e g g s up t o 4 0 0 u m i n d i a m e t e r . E g g s 

of t h i s i n t e r m e d i a t e s i z e p r o b a b l y lead t o a b b r e v i a t e d 

l e c i t h o t r o p h i c l a r v a l d e v e l o p m e n t ( T y l e r e t a l . , 1 9 8 5 a ) . 

L. v i o l a c e a is an e p i b e n t h i c d e p o s i t - f e e d i n g h o l o t h u r i a n 

t h a t w a n d e r s o v e r t h e s e a b e d by u s i n g its v e n t r o - l a t e r a l 

t u b e f e e t . P h o t o g r a p h s of L. v i o l a c e a in s i t u ( F i g . 2 7 E ) 

s h o w t h a t c o n t r a c t i o n s p a s s d o w n t h e b o d y in a s i m i l a r 

f a s h i o n t o S c o t o p l a n e s g l o b o s a ( H a n s e n , 1 9 7 2 , 1 9 7 5 ) . 

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

by a l t e r n a t e l y f o r c i n g f l u i d f r o m t h e i n t r a - d e r m a l w a t e r -

v a s c u l a r c a v i t i e s i n t o t h e t u b e f e e t and t h e n r e l a x i n g to 

a l l o w f l u i d b a c k i n t o t h e c a v i t i e s . T h e c o n t r a c t i o n s a l s o 

a p p e a r to pull t h e t u b e f o o t f r o m a p o s i t i o n p o i n t i n g 

f o r w a r d s t o a p o s i t i o n p o i n t i n g b a c k w a r d s ( F i g . 2 7 E ) at 

t h e s a m e t i m e as f o r c i n g t h e f l u i d i n t o t h e t u b e f o o t . The 

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

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

f o r w a r d by m u s c u l a r c o n t r a c t i o n s , as in B . r o s e a ( F i g . 

2 7 F ) . T h e u s e of t h e t u b e f e e t in l o c o m o t i o n by L. v i o l a c e a 

l e a v e s a c h a r a c t e r i s t i c t r a m l i n e t r a c k ( F i g . 2 7 E ) r a t h e r 

t h a n t h e s e r i e s of p i n p o i n t m a r k s m a d e b y B . r o s e a . 

T h e r e is l i t t l e i n f o r m a t i o n on t h e f e e d i n g of 

L. v i o l a c e a . T h e g u t is n o r m a l l y f u l l o f s e d i m e n t s k i m m e d 

off t h e s u r f a c e of t h e s e a b e d . D a t a on c h l o r o p i g m e n t s (see 

S e c t i o n 5 . 3 ) s h o w t h a t , l i k e B. r o s e a a n d o t h e r h o l o t h u r -

i a n s , L. v i o l a c e a is a b l e t o s e l e c t f o r d e t r i t a l p a r t i c l e s 

on t h e s e a b e d . U s i n g c h l o r o p i g m e n t c o n c e n t r a t i o n s as an 

i n d i c a t o r of o r g a n i c c o n c e n t r a t i o n it is f o u n d t h a t 

c h l o r o p i g m e n t s a r e s o m e 14 t i m e s g r e a t e r in t h e o e s o p h a g u s 

of L. v i o l a c e a t h a n in s u r f i c i a l s e d i m e n t f r o m t h e s a m e 

l o c a l i t y . F e e d i n g in L. v i o l a c e a m a y be a i d e d by t h e p r e s -

e n c e of c o m m e n s a l b a c t e r i a in its t e n t a c l e s ( D r . D. 

R o b e r t s , p e r s o n a l c o m m u n i c a t i o n ) . 
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M a n y of t h e s p e c i m e n s c o l l e c t e d b o r e r e d s c a r s on t h e i r 

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

l a e t m o g o n e n s i s ( K i r k e g a a r d and B i l l e t t , 1 9 7 8 ) . T h i s 

p o l y c h a e t e w a s f o u n d s t i l l a t t a c h e d to a f e w L. v i o l a c e a 

and in s o m e s a m p l e s t h e s c a r s m a d e b y t h e p o l y c h a e t e 

o c c u r r e d on o v e r 9 0 % of t h e h o l o t h u r i a n s . A s i m i l a r 

a s s o c i a t i o n w a s f o u n d in p o p u l a t i o n s of L . v i o l a c e a f r o m 

o f f t h e c o a s t of n o r t h - w e s t A f r i c a . 

B e n t h o g o n e r o s e a K o e h l e r , 1 8 9 6 

0 1 9 7 5 3 - 4 ( 1 6 ) BN 9 7 5 3 - 7 ( 25 , OT 9 7 5 3 - 8 ( 2 1 ) 
BN 9 7 5 4 - 3 ( 17) OT 9 7 7 4 - 1 ( 31 , BN 9 7 7 5 - 3 ( 1 3 1 ) 
BN 9 7 7 9 - 1 ( 2 1 9 ) BN 1 0 1 0 8 - 1 ( 1 1 8 , BN 1 0 1 1 1 - 8 ( 1 4 0 ) 
OT 5 0 5 0 9 - 1 ( 3 1 3 ) OT 5 0 5 1 0 - 1 ( 4 6 4 , OT 5 0 5 1 7 - 1 ( 3 0 9 ) 
OT 5 0 5 1 8 - 1 ( 2 8 ) OT 5 0 5 1 9 - 1 ( 9 2 4 , BN 5 0 6 0 2 - 2 ( 6 6 ) 
0 1 5 0 6 0 2 - 3 ( 5 0 7 ) OT 5 0 6 1 1 - 1 ( 1 6 4 , OT 5 0 7 0 3 - 1 ( 8 6 ) 
OT 5 0 7 1 0 - 1 ( 9 ) OT 5 0 7 1 5 - 1 ( 1 0 9 , OT 5 0 8 0 2 - 1 ( 1 5 2 ) 
OT 5 0 8 1 0 - 1 ( 5 4 0 ) OT 5 0 8 2 2 - 1 ( 1 2 4 , OT 5 0 9 0 2 - 1 ( 5 9 0 ) 
OT 5 1 0 0 9 - 1 ( 1 1 1 ) OT 5 1 0 1 0 - 1 ( 15 , OT 5 1 0 1 1 - 1 ( 7 ) 
O T 5 1 0 2 1 - 1 ( 3 8 ) OT 5 1 0 2 2 - 1 ( 4 8 , BN 5 1 1 0 4 - 1 ( 2 ) 
BN 5 1 1 0 5 - 3 ( 5 3 ) BN 5 1 1 0 5 - 4 ( 26 , BN 5 1 1 1 3 - 1 ( 1 7 ) 
OT 5 1 2 0 1 - 1 ( 2 7 3 ) OT 5 1 2 0 5 - 1 ( 50 , OT 5 1 2 1 3 - 1 ( 2 7 1 ) 
OT 5 1 3 0 7 - 1 ( 6 ) OT 5 1 3 0 8 - 1 ( 8 , OT 5 1 3 1 1 - 1 ( 1 0 5 ) 
OT 5 1 3 1 4 - 1 ( 3 2 ) BN 5 1 4 0 3 - 1 ( 4 , BN 5 1 4 0 3 - 2 ( 1 ) 
BN 5 1 4 0 3 - 3 ( 2 ) BN 5 1 4 0 3 - 4 ( 9 , BN 5 1 4 0 3 - 5 ( 2 ) 
BN 5 1 4 0 3 - 6 ( 3 ) OT 5 1 4 0 3 - 7 ( 6 , BN 5 1 4 0 7 - 1 ( 5 8 ) 
BN 5 1 4 0 8 - 1 ( 7 7 ) OT 5 1 4 0 9 - 1 (496 , OT 5 1 4 1 9 - 1 ( 2 0 9 ) 
BN 5 1 4 2 0 - 2 ( 1) BN 5 1 4 2 0 - 3 ( 1 , BN 5 1 4 2 0 - 4 ( 1) 
OT 5 1 6 1 3 - 1 ( 5 ) BN 5 1 7 0 8 - 2 (109 , BN 5 1 7 1 5 - 2 ( 8 1 ) 
BN 5 1 7 1 7 - 2 ( 2 9 ) OT 5 1 8 0 1 - 1 ( 7 , BN 5 2 0 1 7 - 1 ( 3 9 ) 
BN 5 2 0 1 9 - 1 ( 7 1 ) BN 5 2 2 0 3 - 1 ( 18 , BN 5 2 2 1 1 - 1 ( 7 8 ) 
BN 5 2 2 1 8 - 1 ( 2 0 6 ) . 

B a t h y m e t r i c r a n g e in P S B : 1 2 5 5 t o 2 2 4 0 m o n t h e m a i n t r a n -

s e c t , but p r i n c i p a l l y b e t w e e n 1 3 6 5 and 2 1 5 0 m . A s i m i l a r 

d e p t h r a n g e o c c u r s on t h e G o b a n S p u r ( 1 3 8 5 t o 2 1 1 0 m ) . T h e 

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

h a v e b e e n t a k e n b e t w e e n 2 1 0 0 and 2 5 0 0 m ( F i g . 7, p a g e 5 7 ) . 

B. r o s e a o c c u r r e d in e v e r y s a m p l e t a k e n b e t w e e n 1 4 0 0 and 

2 2 0 0 m . 
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D i s t r i b u t i o n : E a s t e r n A t l a n t i c , s o u t h w e s t P a c i f i c and 

w e s t e r n I n d i a n O c e a n , 1 1 0 3 to 2 4 8 0 m . A l t h o u g h t h e l o w e r 

b a t h y m e t r i c l i m i t w a s i n c r e a s e d to 4 1 0 0 m by S i b u e t ( 1 9 7 7 ) 

f r o m m a t e r i a l t a k e n at " B i o g a s " S t . 3, B i s o l , C o s t a 

and S i b u e t ( 1 9 8 4 ) s t a t e t h a t B. r o s e a w a s t a k e n o n l y at 

" B i o g a s " S t . 1 ( 1 8 0 0 to 2 2 0 0 m ) . R e c e n t r e c o r d s f r o m t h e 

R o c k a l l T r o u g h ( G a g e et a l . , 1 9 8 5 a ; H a r v e y et a l . , in 

p r e s s ) h a v e e x t e n d e d t h e n o r t h w a r d l i m i t of B. r o s e a in 

t h e n o r t h e a s t A t l a n t i c , and c o n f i r m t h a t t h e s p e c i e s is 

o f t e n f o u n d a r o u n d t h e 2 0 0 0 m i s o b a t h . 

E c o l o g i c a l r e m a r k s : T h e z o n e of s u s p e n s i o n f e e d e r s f o u n d 

b e t w e e n a b o u t 1 1 0 0 and 1 3 3 0 m in t h e P S B m a r k s t h e u p p e r 

b a t h y m e t r i c l i m i t of B. r o s e a . A f e w s p e c i m e n s do o c c u r in 

t h e s u s p e n s i o n - f e e d i n g c o m m u n i t y ( s e e S e c t i o n 5 . 2 ) , but 

g e n e r a l l y t h e a b u n d a n c e of B . r o s e a in t h i s r e g i o n is l o w . 

B e l o w t h i s z o n e t h e a b u n d a n c e of B. r o s e a is p a r t i c u l a r l y 

high in n e a r l y all t h e s a m p l e s , r a n g i n g up to 2 0 4 7 i n d i v -

i d u a l s p e r h e c t a r e ( S t . 9 7 7 5 - 3 ) ( T a b l e 2 4 ) . H o w e v e r , t h i s 

e s t i m a t e m a y be r a t h e r h i g h s i n c e t h e a b u n d a n c e of 

h o l o t h u r i a n s at t h i s s t a t i o n w a s b a s e d on t h e a r e a s a m p l e d 

by o n l y t h e o u t e r t w o n e t s of t h e e p i b e n t h i c s l e d g e (see 

e c o l o g i c a l r e m a r k s on P a e l o p a t i d e s g r i s e a ) . An a b u n d a n c e 

of a b o u t 1 0 0 0 i n d i v i d u a l s p e r h e c t a r e is i n d i c a t e d at s e v -

eral e p i b e n t h i c s l e d g e s t a t i o n s . A b u n d a n c e s a r e l o w e r in 

t h e o t t e r t r a w l c a t c h e s , as e x p e c t e d ; up to 187 i n d i v i d -

u a l s p e r h e c t a r e ( T a b l e 2 5 ) . H o w e v e r , o w i n g to t h e 

i n e f f i c i e n c y of t h e t r a w l in s a m p l i n g e p i b e n t h i c i n v e r t -

e b r a t e s it is l i k e l y t h a t t h e t r u e a b u n d a n c e is s o m e 5 

t i m e s g r e a t e r . 
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Table 24. The abundance (A) of Benthogone rosea in epibenthic 
sledge samples, expressed as number per hectare. Samples from 
the main transect unless otherwise indicated. Number of 
juveniles only a few mm long and abundance estimates 

n : = number of specimens taken • 

Mean 
station Depth (m) n A/Posn A/Odo 

BN 51420-4 1283 1 6.2 11.0 

BN 51403-6 1287 3 31.8 

BN 51403-5 1293 2 9.8 22.7 

BN 51420-3 1296 0 (1) 0.0 ( 8.6) 0.0 ( 11.1) 

BN 51403-1 1303 4 8.9 22.9 

BN 51420-2 1307 1 6.2 11.3 

BN 51403-2 1321 1 4.2 10.9 

BN 51403-3 1322 2 12.8 19.1 

BN 51403-4 1326 9 27.1 94.0 

BN 51104-1 1380 2 5.1 14.1 

a BN 10108-1 1388 118 248.9 

a BN 9779-1 1401 219 312.8 1142.4 

a BN 52218-1 1440 206 478.5 887.2 

BN 5 1 708-2 1450 109 212.3 505.6 

BN 52017-1 1465 39 191.7 553 .2 

b BN 9754-3 1484 14 (3) 28.9 ( 35.1) 

BN 51715-2 1493 8 1 122.0 

BN 51407-1 1500 58 111.5 403.3 

BN 52203-1 1526 18 94.9 121.9 

BN 51113-2 1535 17 26.3 76.1 

a BN 10111-8 1635 132 (8) 207 .2 (219.7) 866.7 (919.2) 

BN 52211-1 1716 78 240.5 552.0 

BN 52019-1 1731 7 1 335 .5 356 .4 

b BN 9753-7 1942 25 101.2 

BN 50602-2 1968 66 109.6 

BN 51717-2 1975 29 127.2 180.9 

BN 51105-4 1989 26 86.7 

BN 51408-1 1998 77 168.1 421.9 

b BN 9775-3 2016 131 130.6 2046.9 

BN 51105-3 2025 53 103.8 378.0 

a Goban Spur + weak link on bottom net bar broken. 

b northeast PSB abundance estimated from outer nets 

only. , Centre net catch discarded. 

0 weak link on bottom net bar broken. 
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T a b l e 2 5 . T h e a b u n d a n c e ( A ) of B e n t h o g o n e r o s e a in o t t e r 
t r a w l s a m p l e s , e x p r e s s e d as n u m b e r p e r h e c t a r e . S a m p l e s 
f r o m t h e m a i n t r a n s e c t u n l e s s o t h e r w i s e s t a t e d , n = n u m b e r 
of s p e c i m e n s t a k e n . 

S t a t i o n 
M e a n 

D e p t h (m) A / P o s n 

O T 5 1 4 0 3 - 7 1 2 9 3 6 1.5 
OT 5 0 6 1 1 - 1 1 3 8 8 164 2 6 . 4 

a OT 5 0 5 1 9 - 1 1 4 4 8 9 2 4 1 8 7 . 0 
OT 5 0 5 0 9 - 1 1 5 0 7 313 8 5 . 4 
OT 5 1 4 1 9 - 1 1509 209 4 6 . 9 

b OT 9 7 7 4 - 1 1 5 3 3 31 7 . 0 
a OT 5 0 8 1 0 - 1 1650 5 4 0 121.1 

OT 5 0 7 1 5 - 1 1 6 7 8 109 2 7 . 3 
OT 5 1 4 0 9 - 1 1 6 8 4 4 9 6 1 1 1 . 2 

a OT 5 0 5 1 7 - 1 1 7 9 0 3 0 9 7 1 . 8 
OT 5 0 9 0 2 - 1 1 8 4 5 5 9 0 1 1 9 . 4 
OT 5 0 6 0 2 - 3 1 8 7 4 5 0 7 5 8 . 9 

a OT 5 0 8 0 2 - 1 1 8 8 4 152 3 9 . 7 
b OT 5 1 2 1 3 - 1 1 9 3 8 271 151.1 
b OT 9 7 5 3 - 8 1942 21 6 . 3 

OT 5 0 5 1 0 - 1 1 9 4 3 4 6 4 8 3 . 2 
b OT 9 7 5 3 - 4 1 9 4 5 16 2 . 9 

OT 5 1 2 0 1 - 1 1 9 7 5 273 8 5 . 6 
a OT 5 0 5 1 8 - 1 2 0 7 8 2 8 4 . 3 

OT 5 0 8 2 2 - 1 2 1 2 3 124 1 1 . 5 
OT 5 1 6 1 3 - 1 2 2 2 0 5 0 . 6 

a G o b a n S p u r 
b n o r t h e a s t P S B 

+ t r a w l d o o r s f o u n d t a n g l e d on 
r e c o v e r y . A b u n d a n c e c o u l d b e 
h i g h e r . 

T h e DW and A F D W b i o m a s s of B. r o s e a w a s e s t i m a t e d 

d i r e c t l y at t h r e e s t a t i o n s ( T a b l e 2 6 ) as d e t a i l e d in 

s e c t i o n 2 . 2 . U s i n g t h e s e d a t a t h e DW a n d A F D W b i o m a s s of 

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

m e a s u r e d at t h e s e s t a t i o n s ( T a b l e 2 6 ) . In a d d i t i o n , 38 

s p e c i m e n s b e t w e e n 15 and 2 2 5 m m long w e r e u s e d to d e t e r m i n e 

t h e r e l a t i o n s h i p b e t w e e n l e n g t h and A F D W . U s i n g t h e 

r e g r e s s i o n of A F D W on l e n g t h t h e A F D W b i o m a s s of a f u r t h e r 

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

d i s t r i b u t i o n s ( T a b l e 2 6 ) . T h e r e l a t i o n s h i p b e t w e e n A F D W 

2 2 7 



and l e n g t h is g i v e n by t h e e q u a t i o n : 

Log ( A F D W ) = Log ( L e n g t h ) x 2 . 4 0 3 0 - 4 . 8 5 8 7 

w h e r e n = 3 8 and t h e s t a n d a r d e r r o r = 0 . 2 2 3 8 (r^ = 0 . 8 7 ) . 

S o m e c o n t r a c t i o n of t h e s p e c i m e n s in t h e s e s a m p l e s will 

h a v e o c c u r r e d d u r i n g p r e s e r v a t i o n so t h e b i o m a s s of 

B. r o s e a at t h e s e s t a t i o n s h a v e b e e n u n d e r e s t i m a t e d . 

T a b l e 2 6 . T h e W W , D W , A F D W and c a l o r i f i c b i o m a s s of 
B e n t h o g o n e r o s e a f r o m e p i b e n t h i c s l e d g e s a m p l e s , e x p r e s s e d 
as g or KJ p e r h e c t a r e . T h e p r o p o r t i o n of t h e t o t a l 
e p i b e n t h i c i n v e r t e b r a t e b i o m a s s is e x p r e s s e d as a 
p e r c e n t a g e in p a r e n t h e s e s . F o r t h e n u m b e r o f s p e c i m e n s In 
e a c h s a m p l e s e e T a b l e 2 4 . 

M e a n 
S t a t i o n D e p t h (m) WW DW 

C a l o r i f i c 
A F D W b i o m a s s 

5 1 4 0 3 - 1 - 5 1 3 1 0 1 7 6 9 ( 2 ) 147 ( 1) 7 2 + ( 2 ) 1 7 6 0 
5 1 1 0 4 - 1 1 3 8 0 1 2 2 5 ( 3 4 ) 80 ( 1 1 ) 3 9 ( 2 1 ) 9 5 3 
5 1 4 0 7 - 1 1 5 0 0 2 3 9 7 1 ( 4 7 ) 1881 ( 3 0 ) 9 3 2 + ( 4 3 ) 2 2 7 7 8 
5 1 1 1 3 - 2 1 5 3 5 4 2 5 4 ( 5 8 ) 2 6 2 ( 3 8 ) 1 1 8 ( 5 1 ) 2 8 8 4 
5 1 4 0 8 - 1 1 9 9 8 1 5 6 3 3 ( 2 1 ) 1 2 2 7 ( 1 8 ) 6 1 2 + ( 2 7 ) 1 4 9 5 7 
5 1 1 0 5 - 3 2 0 2 5 1 1 3 2 7 ( 1 4 ) 1 1 7 5 ( 1 1 ) 6 5 7 ( 2 4 ) 1 6 0 5 7 

9 7 7 9 - 1 1401 7 7 6 * 1 8 9 6 5 
5 2 2 1 8 - 1 1 4 4 0 — — 1 0 9 3 * 2 6 7 1 3 
5 1 7 0 8 - 1 1 4 5 0 — 4 9 7 0 1 2 1 4 7 
5 2 0 1 7 - 1 1 4 6 5 _ - 5 6 0 * 1 3 6 8 6 
5 2 2 0 3 - 1 1 5 2 6 _ — 1 8 6 * 4 5 4 6 
1 0 1 1 1 - 8 1 6 3 5 — — 3 6 8 •k 8 9 9 4 
5 2 2 1 1 - 1 1 7 1 6 - — 4 8 0 -k 11731 
5 2 0 1 9 - 1 1731 — _ 2 3 1 -k 5 6 4 6 
5 1 7 1 7 - 2 1 9 7 5 — - 3 9 9 0 9 7 5 2 
9 7 7 5 - 3 2 0 1 6 - — 1 7 6 1 * 4 3 0 3 9 

+ E s t i m a t e d u s i n g a c o n v e r s i o n f a c t o r : 
f r o m D W . 
E s t i m a t e d f r o m l e n g t h / A F D W r e g r e s s i o n 

* p r e s e r v e d s p e c i m e n s . 
0 f r e s h s p e c i m e n s . 

DW f r o m WW A F D W 
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As t h e d a t a on a b u n d a n c e s u g g e s t , B. r o s e a is an i m p o r t -

ant m e m b e r of t h e b e n t h i c c o m m u n i t y at m i d - s l o p e d e p t h s , 

a c c o u n t i n g f o r s o m e 25 t o 5 0 % of t h e t o t a l e p i b e n t h i c 

i n v e r t e b r a t e A F D W b i o m a s s . T h e A F D W b i o m a s s of B. r o s e a 

v a r i e s b e t w e e n 118 and 1 7 6 1 g (mean 6 2 0 g ) p e r h e c t a r e at 

d e p t h s b e t w e e n 1 4 0 0 and 2 1 0 0 m . F o r t h e s a m e d e p t h r a n g e 

t h e c a l o r i f i c b i o m a s s v a r i e s b e t w e e n 2 8 8 4 a n d 4 3 0 3 9 (mean 

1 5 1 5 0 ) KJ p e r h e c t a r e , u s i n g a c a l o r i f i c v a l u e of 2 4 . 4 4 J 

p e r mg A F D W f o r B . r o s e a ( W a l k e r et a l . , 1 9 8 7 b ) . 

S i b u e t and L a w r e n c e ( 1 9 8 1 ) r e p o r t c a l o r i f i c b i o m a s s 

v a l u e s of 9 7 3 and 1 1 1 4 K c a l p e r h e c t a r e ( 4 0 7 0 and 4 6 6 2 KJ 

p e r h e c t a r e ) f o r t w o d i f f e r e n t p o p u l a t i o n s of B. r o s e a in 

t h e B a y of B i s c a y . T h e s e e s t i m a t e s w e r e b a s e d on t h e 

a b u n d a n c e of B. r o s e a in t r a w l s w h i c h S i b u e t and L a w r e n c e 

( 1 9 8 1 ) c o n s i d e r e d u n d e r e s t i m a t e d t h e t r u e b i o m a s s of 

B. r o s e a by a b o u t o n e - h a l f , b a s e d on p h o t o g r a p h i c o b s e r v -

a t i o n s at t h e s a m e s i t e s . T h e r e f o r e , c a l o r i f i c b i o m a s s 

v a l u e s a p p r o a c h i n g 1 0 , 0 0 0 K J p e r h e c t a r e m i g h t be m o r e 

a p p r o p r i a t e f o r B. r o s e a in t h e Bay of B i s c a y . T h i s is 

s i m i l a r to m a n y s t a t i o n s s a m p l e d in t h e P S B , a l t h o u g h t h e 

p r e s e n t d a t a i n d i c a t e t h a t in s o m e a r e a s t h e b i o m a s s of 

B. r o s e a c a n be s o m e 2 to 4 t i m e s g r e a t e r . 

Al1 t h e p o p u l a t i o n s i z e d i s t r i b u t i o n s o f B. r o s e a ( F i g . 

3 5 ) a r e u n i m o d a l w i t h a m e a n l e n g t h of a b o u t 1 2 0 m m 

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

in l e n g t h w i t h p r e s e r v a t i o n so t h a t t h e m e a n l e n g t h of 

p r e s e r v e d s a m p l e s is 70 t o 9 0 m m long ( e . g . S t . 1 0 1 1 8 - 1 ) . 

T h e s i z e d i s t r i b u t i o n s a r e s i m i l a r for t h e s l e d g e and 

o t t e r t r a w l s a m p l e s , e x c e p t f o r S t . 5 1 4 1 9 - 1 ( F i g . 3 5 ) 

w h i c h had a w i d e r a n g e of s i z e s and a g r e a t e r p r o p o r t i o n 

of l a r g e s p e c i m e n s . T h e r e is no o b v i o u s c o r r e l a t i o n of 

s p e c i m e n s i z e w i t h d e p t h o r l o c a t i o n . S m a l l j u v e n i l e s p e c -

i m e n s l e s s t h a n 3 0 m m long a r e p r e s e n t in o n l y a f e w s a m p -

l e s . G e n e r a l l y t h e y a r e v e r y r a r e , but in s o m e s a m p l e s , 
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F i g u r e 3 5 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of B e n t h o g o n e 

r o s e a . L e n g t h in 1 0 m m s i z e c l a s s e s . 

A) BN 5 1 7 0 8 - 2 , 13 4 8 3 , 1 4 5 0 m , n = 7 8 . 

B) BN 5 1 7 1 5 - 2 , 18 4 8 3 , 1 4 9 3 m , n = 8 1 . 

c ) 0 1 5 1 4 1 9 - 1 , 1 4 8 2 , 1 4 0 9 m , n = 2 0 9 . 

D) BN 5 1 1 1 3 - 2 , 30 5 81 , 1 5 3 5 m , n = 1 7 . 

E) BN 1 0 1 1 1 - 8 , 9 9 7 9 , 1 6 3 5 m , n = 1 3 0 . 

F) BN 5 1 7 1 7 - 2 , 18 4 8 3 , 1 9 7 5 m , n = 2 9 . 

6) BN 5 1 4 0 8 - 1 , 27 3 8 2 , 1 9 9 8 m , n = 1 0 4 . 

H) BN 5 1 1 0 5 - 3 , 2 2 5 81 , 2 0 2 5 m , n = 5 3 . 
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f o r e x a m p l e S t a s 1 0 1 1 1 - 8 and 5 1 1 1 3 - 2 ( F i g . 3 5 ) , s e v e r a l 

m a y o c c u r t o g e t h e r . T h i s a p p e a r s to be t h e r e s u l t of 

p a t c h y r e c r u i t m e n t s i n c e S t . 1 0 1 1 1 - 8 a l s o had m a n y j u v -

e n i l e M . l a c t e a and s m a l l E l p i d i a . 

B . r o s e a p r o d u c e s e g g s c o n t i n u o u s l y up t o a d i a m e t e r of 

a b o u t 7 5 0 ^ m ( T y l e r et a l . , 1 9 8 5 c ) s u g g e s t i n g t h a t d e v e l o p -

m e n t o c c u r s d i r e c t l y on t h e s e a b e d or v i a l e c i t h o t r o p h i c 

l a r v a e . A p e l a g i c p h a s e is a l s o i n d i c a t e d by t h e w i d e 

g e o g r a p h i c d i s t r i b u t i o n of t h i s s p e c i e s . 

B. r o s e a m o v e s o v e r t h e s e a b e d u s i n g its t u b e f e e t as 

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

( F i g . 2 7 F ) . T h i s t y p e of l o c o m o t i o n l e a v e s a d o u b l e t r a c k 

of p i n p o i n t m a r k s w h e r e t h e t u b e f e e t h a v e a l i g h t e d on t h e 

s e a b e d ( F i g . 2 7 F ) . A p a r t f r o m t h e s e m a r k s , B . r o s e a l e a v e s 

t h e s e a b e d r e m a r k a b l y u n d i s t u r b e d . 

F e e d i n g in B. r o s e a is d i s c u s s e d in S e c t i o n 5 . 3 . w i t h 

r e f e r e n c e to its a p p a r e n t a b i l i t y to w a n d e r o v e r t h e 

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

c o n t e n t . 

F a m i l y P s y c h r o p o t i d a e 

B e n t h o d y t e s t y p i c a T h e e l , 1 8 8 2 

OT 5 1 6 1 0 - 1 ( 1 ) . 

B a t h y m e t r i c r a n g e in t h e P S B : 3 3 1 0 to 3 6 6 0 m . 

D i s t r i b u t i o n : W o r l d w i d e , 1 8 7 3 to 4 7 0 0 m ( H a n s e n , 1 9 7 5 ) 

a l t h o u g h it is a l s o r e p o r t e d f r o m m u c h s h a l l o w e r d e p t h s , 

3 1 5 to 1 4 0 1 m , in t h e n o r t h w e s t A t l a n t i c ( D e i c h m a n n , 1 9 5 4 ) . 
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T a x o n o m i c r e m a r k s : T h e s p e c i m e n is 1 9 0 m m l o n g and in p o o r 

c o n d i t i o n . T h e b r i m is w e l l d e v e l o p e d a n d t h e p i g m e n t e d 

t u b e f e e t c a n a l s c a n be s e e n w i t h i n i t . T h e r e a r e 18 

t e n t a c l e s w i t h a s t r u c t u r e as d e s c r i b e d by H a n s e n ( 1 9 7 5 ) 

e x c e p t t h a t t h e d i s c s a r e not r e t r a c t e d i n t o t h e s t a l k s . 

C i r c u m - o r a l p a p i l l a e a r e p r e s e n t but no o s s i c l e s c o u l d be 

f o u n d in t h e b o d y w a l l . 

E c o l o g i c a l r e m a r k s : B. t y p i c a p r o d u c e s a l a r g e egg up to 

3mm in d i a m e t e r ( H a n s e n , 1 9 7 5 ) w h i c h , as in o t h e r 

p s y c h r o p o t i d s , l e a d s t o t h e p e l a g i c , d i r e c t d e v e l o p m e n t of 

j u v e n i l e s . G r i e g ( 1 9 2 1 , s y n . B. g l u t i n o s a ) r e p o r t e d a 13mm 

long j u v e n i l e f r o m a d e p t h of 1 4 0 0 m ( s o m e 1 6 0 0 m a b o v e t h e 

s e a b e d ) in a p e l a g i c t r a w l f r o m t h e n o r t h e a s t A t l a n t i c . 

F o u r o t h e r j u v e n i l e s h a v e n o w b e e n f o u n d in lOS m i d w a t e r 

s a m p l e s , o n e ( 7 m m l o n g ) f r o m o f f t h e c o a s t of G h a n a at a 

d e p t h of 1 2 0 5 to 1 3 0 0 m ( s o m e 3 4 0 0 m a b o v e t h e s e a b e d ) and 

t h r e e o t h e r s (4.9 t o 1 3 m m l o n g ) f r o m b e t w e e n 9 1 0 and 2 7 0 0 m 

( o v e r 3 0 0 0 m a b o v e t h e s e a f l o o r ) o v e r t h e M a d e i r a A b y s s a l 

P l a i n . T h e s i g n i f i c a n c e of t h e l a r g e e g g s i z e f o u n d in 

p s y c h r o p o t i d s is d i s c u s s e d in S e c t i o n 5 . 5 . 

B e n t h o d y t e s s o r d i d a T h e e l , 1 8 8 2 

OT 9 6 3 8 - 2 (1), OT 9 6 4 0 - 1 ( 5 ) , OT 9 7 5 6 - 3 ( 1 ) , 
OT 9 7 5 6 - 5 ( 1 ) , BN 9 7 5 6 - 14 ( 2 ) , OT 1 1 1 1 8 - 1 ( 4 ) , 
0 1 5 0 5 1 4 - 1 ( 4 ) , OT 5 0 5 1 5 - 1 ( 1 ) , BN 5 0 6 0 3 - 1 ( 1 ) , 
BN 5 0 6 0 4 - 1 ( 1 ) , OT 5 0 7 1 1 - 1 ( 1 ) , OT 5 0 8 1 1 - 1 ( 4 ) , 
OT 5 0 8 1 2 - 2 ( 2 ) , OT 5 0 9 1 0 - 1 ( 2 ) , OT 5 1 0 1 2 - 1 ( 1 ) . 
OT 5 1 2 1 4 - 1 ( 2 ) , BN 5 1 2 1 6 - 1 ( 1 ) , OT 5 1 2 1 6 - 4 ( 3 ) , 
BN 5 1 2 1 6 - 5 ( 1 ) , OT 5 1 4 1 4 - 1 ( 1 ) , BN 5 1 4 1 5 - 1 ( 2 ) , 
OT 5 1 6 0 8 - 1 ( 1 ) . OT 5 1 6 1 0 - 1 ( 1 4 ) , OT 5 1 8 0 3 - 1 ( 2 ) . 

B a t h y m e t r i c r a n g e in P S B / P A P 

von M a r e n z e l l e r , 1 8 9 3 , s y n . E 

T h i s s p e c i e s m a y be s y n o n y m o u s a l s o w i t h 

b e l o w ) k n o w n f r o m t h e S o u t h and N o r t h A t l a n t i c , 

3 3 1 0 to 4 7 9 5 m ( T h e e l , 1 8 8 2 ; 

j a n t h i n a ; p r e s e n t r e c o r d s ) . 

l i n g u a (see 

8 6 0 to 
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4 7 0 0 m , i n c l u d i n g a r e c o r d of B . j a n t h i n a ( G r i e g , 1 9 2 1 ) 

w h i c h H a n s e n ( 1 9 7 5 ) c o n s i d e r e d to b e s y n o n y m o u s w i t h 

B. l i n g u a . 

T a x o n o m i c r e m a r k s : H a n s e n ( 1 9 7 5 ) w a s u n a b l e to p l a c e a 

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

of t h e i r b o d y w a l l o s s i c l e s w e r e u n k n o w n . T h e s e s p e c i e s 

i n c l u d e d B. s o r d i d a and B. j a n t h i n a von M a r e n z e l l e r , 1893 

w h i c h P e r r i e r ( 1 9 0 2 ) c o n s i d e r e d to be s y n o n y m o u s . At t h e 

s a m e t i m e P e r r i e r ( 1 9 0 2 ) d e s c r i b e d a n e w s p e c i e s , 

B. l i n g u a , w h i c h he c o n s i d e r e d to be c l o s e t o , but d i s t -

inct f r o m , B. s o r d i d a / B . j a n t h i n a . T h e P A P m a t e r i a l has 

p e r m i t t e d a r e a p p r a i s a l of t h e c r i t e r i a u s e d to d i s t -

i n g u i s h t h e s p e c i e s and i n d i c a t e s t h a t t h e s p e c i e s m a y 

i n d e e d be s y n o n y m o u s . 

T h e m a j o r f e a t u r e u s e d to c h a r a c t e r i s e B . l i n g u a w a s t h e 

s h a p e of t h e d o r s a l p a p i l l a e w h i c h a r e f i l i f o r m ( l o n g and 

t h i n t h r o u g h o u t t h e i r l e n g t h ) r a t h e r t h a n s h o r t and 

c o n i c a l , as d r a w n f o r B. s o r d i d a and B . j a n t h i n a . T h e 

p a p i l l a e of t h e PAP s p e c i m e n s in m o s t c a s e s a r e r e t r a c t e d 

w i t h i n d e e p p i t s . F o r s o m e l a r g e p a p i l l a e t h e b a s e of t h e 

t e n t a c l e is l a r g e and f o r m s a d i s t i n c t m o u n d . T h e t e n t a c l e 

is r e t r a c t e d i n s i d e t h e b o d y w i t h i n t h i s m o u n d , o f t e n 

m a k i n g it l o o k c o n i c a l . H o w e v e r , in s o m e c a s e s t h e t i p of 

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

b o d y by a l e n g t h of 1 0 m m or s o . It is e v i d e n t t h a t t h e 

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

d e p e n d i n g on t h e d e g r e e of c o n t r a c t i o n . L o n g , f i l i f o r m 

p a p i l l a e w e r e not f o u n d in t h e PAP s p e c i m e n s but t h e y 

c o u l d a p p e a r so if f o u n d in an u n c o n t r a c t e d s t a t e . A 

p h o t o g r a p h of a d a r k - b o d i e d B e n t h o d y t e s f r o m 3 9 8 0 m o f f 

n o r t h w e s t A f r i c a ( F i g . 2 7 G ) s h o w s t h a t a l t h o u g h t h e 

p a p i l l a e a r e f i l i f o r m at t h e i r e n d , t h e l a r g e s t p a p i l l a e 

a l s o h a v e a b r o a d b a s e . It is l i k e l y t h a t t h e r e w o u l d be 

c o n s i d e r a b l e v a r i a t i o n in t h e f o r m of t h e s e p a p i l l a e on 
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c o n t r a c t i o n d u r i n g c a p t u r e and p r e s e r v a t i o n . The u s e of 

t h e s h a p e of t h e p a p i l l a e to c h a r a c t e r i s e B. l i n g u a , 

t h e r e f o r e , d o e s not a p p e a r to be v a l i d . 

T h e p a p i l l a e , h o w e v e r , a r e i m p o r t a n t t a x o n o m i c c h a r -

a c t e r s , f o r t h e i r r e l a t i v e s i z e and t h e i r p o s i t i o n on t h e 

d o r s a l a m b u l a c r a is s i m i l a r in all t h r e e s p e c i e s and q u i t e 

u n l i k e t h a t d e s c r i b e d f o r any o t h e r B e n t h o d y t e s . T h e PAP 

s p e c i m e n s u s u a l l y h a v e t h r e e p a i r s of p a p i l l a e t h a t are 

l a r g e r t h a n t h e o t h e r s . T h e s e l a r g e r p a p i l l a e a r e not 

a l w a y s o b v i o u s on e x t e r n a l i n s p e c t i o n , b u t w h e n t h e b o d y 

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

c a v i t i e s , c o r r e s p o n d i n g to t h e l a r g e p a p i l l a e , are e a s i l y 

s e e n o w i n g t o t h e i r p u r p l e p i g m e n t a t i o n . T h e s a m e o b s e r v -

a t i o n w a s m a d e by P e r r i e r ( 1 9 0 2 ) f o r B. l i n g u a and it is 

c l e a r f r o m t h e d r a w i n g s of B. s o r d i d a and B . j a n t h l n a t h a t 

t h r e e , or p o s s i b l y f o u r , p a i r s of p a p i l l a e in t h e s e 

s p e c i e s a r e l a r g e r t h a n t h e r e s t . T h i s is a r e m a r k a b l e 

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

s y n o n y m y . 

O t h e r f e a t u r e s u s e d to c h a r a c t e r i s e B . l i n g u a a r e a l s o 

of d u b i o u s v a l i d i t y in t h e l i g h t of t h e P A P s p e c i m e n s . 

F i r s t , t e n t a c l e n u m b e r is v a r i a b l e (14 o r 1 5 ) and not c o n -

s i s t e n t l y 15. S e c o n d , f r e s h s p e c i m e n s a r e u s u a l l y d a r k 

p u r p l e w h e n f r e s h l y c a u g h t b u t t h e y lose t h e i r c o l o u r r a p -

idly u p o n p r e s e r v a t i o n . T h e a l c o h o l p r e s e r v a t i v e b e c o m e s 

d i s c o l o u r e d and any o t h e r o r g a n i s m in t h e s a m e c o n t a i n e r 

b e c o m e s p i g m e n t e d . In p r e s e r v e d s p e c i m e n s t h e d o r s a l 

s u r f a c e is l i g h t v i o l e t , in s o m e c a s e s a l m o s t w h i t e , w h i l e 

t h e v e n t r a l s u r f a c e r e m a i n s d a r k p u r p l e . T h e d r a w i n g s of 

B. s o r d i d a and B. j a n t h i n a m a d e f r o m f r e s h s p e c i m e n s on 

b o a r d s h i p a r e d a r k p u r p l e w h i l e t h e p r e s e r v e d s p e c i m e n s 

of B. l i n g u a a r e l i g h t p i n k ( P e r r i e r , 1 9 0 2 ) . T h i s c o l o u r 

d i f f e r e n c e d o e s not a p p e a r to be d i a g n o s t i c . T h i r d , t h e 

c o n s t r i c t i o n of t h e b o d y b e h i n d t h e a n t e r i o r e n d is 
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v a r i a b l e in t h e PAP s p e c i m e n s and m a y n o t b e i m p o r t a n t . 

L a r g e p r i m a r y c r o s s o s s i c l e s w i t h a b i p a r t i t e a p o p h y s i s 

are d e s c r i b e d f o r B. l i n g u a . T h e s e o s s i c l e s a r e a l s o p r e s -

ent in s o m e of t h e PAP s p e c i m e n s , but in m a n y c a s e s t h e 

o s s i c l e s a r e c o m p l e t e l y l a c k i n g , as P e r r i e r ( 1 9 0 2 ) r e p -

o r t e d f o r B. l i n g u a . O s s i c l e s w e r e not f o u n d in B. s o r d i d a 

or B. j a n t h i n a b u t T h e e l ( 1 8 8 2 ) d i d i n d i c a t e t h a t 

B. s o r d i d a c o u l d h a v e c r o s s - s h a p e d o s s i c l e s s i n c e t h e s e 

w e r e p r e s e n t , a l t h o u g h n e a r l y d i s s o l v e d , in B . a b y s s i c o l a , 

a s p e c i e s w i t h a c l o s e a f f i n i t y to B. s o r d i d a and s a m p l e d 

at t h e s a m e s t a t i o n . T h e p r e s e n c e of c r o s s - s h a p e d o s s i c l e s 

m a y t h u s be u s e d to s u b s t a n t i a t e an i d e n t i f i c a t i o n , but 

t h e i r a b s e n c e c a n n o t be u s e d to d i s t i n g u i s h b e t w e e n 

s p e c i e s . 

S i n c e t h e PAP s p e c i m e n s s h a r e f e a t u r e s f o u n d in 

B. l i n g u a , B. s o r d i d a and B. j a n t h i n a , t h e s y n o n y m y of 

t h e s e t h r e e s p e c i e s is p r o p o s e d . It is s h o w n b e l o w t h a t 

t h e l a r g e e g g s i z e p r o d u c e d by B. s o r d i d a l e a d s to d i r e c t 

d e v e l o p m e n t of j u v e n i l e s in t h e p e l a g i c r e a l m a l l o w i n g t h e 

w i d e d i s p e r s a l of t h e s p e c i e s . O t h e r p s y c h r o p o t i d s w i t h 

t h i s t y p e of d e v e l o p m e n t h a v e w o r l d w i d e d i s t r i b u t i o n s and 

t h i s is p r o b a b l y t r u e a l s o f o r B. s o r d i d a . It is odd 

t h a t B. l i n g u a s h o u l d be r e p o r t e d to h a v e s u c h a w i d e 

g e o g r a p h i c d i s t r i b u t i o n b u t o n l y w i t h i n t h e A t l a n t i c 

O c e a n . 

E c o l o g i c a l r e m a r k s : A l t h o u g h B. s o r d i d a is not a c o m m o n 

h o l o t h u r i a n on t h e P A P , it is c e r t a i n l y c h a r a c t e r i s t i c , 

o c c u r r i n g in 18 of t h e 20 o t t e r t r a w l s f r o m d e p t h s g r e a t e r 

t h a n 3 4 0 0 m . D a t a f r o m t h e t r a w l s i n d i c a t e t h a t B. s o r d i d a 

is m o r e c o m m o n c l o s e to t h e b a s e of t h e c o n t i n e n t a l s l o p e 

( T a b l e 2 7 ) , but it o c c u r r e d in a b u n d a n c e in o n l y o n e 

t r a w l . 
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T a b l e 2 7 . T h e a b u n d a n c e ( A ) and b i o m a s s ( B ) of B e n t h o d y t e s 
s o r d i d a in e p i b e n t h i c s l e d g e and o t t e r t r a w l s a m p l e s , 
e x p r e s s e d as n u m b e r or g DW p e r h e c t a r e . n = n u m b e r of 
s p e c i m e n s t a k e n . 

M e a n 
S t a t i o n D e p t h (m) n A / P o s n A / O d o 

E p i b e n t h i c s l e d g e s a m p l e s . 

BN 5 1 4 1 5 - 1 3 4 9 0 2 4 . 9 6 . 9 
BN 5 0 6 0 4 - 1 3 5 2 0 1 1.2 
BN 9 7 5 6 - 1 4 3 6 8 9 2 2 . 0 1 3 . 8 
BN 5 0 6 0 3 - 1 4 0 0 0 1 1.3 
BN 5 1 2 1 6 - 5 4 0 3 5 1 1 . 6 3 . 7 
BN 5 1 2 1 6 - 1 4 0 7 0 1 2.1 3 . 5 

O t t e r t r a w l s a m p l e s . 

OT 5 1 6 1 0 - 1 3 4 8 5 14 1.4 * 
OT 9 6 4 0 - 1 3 7 5 3 5 0 . 5 
OT 5 1 2 1 4 - 1 3 8 1 0 2 0 . 4 
OT 5 1 2 1 6 - 4 3 9 8 5 3 0 . 5 * 
OT 9 7 5 6 - 5 4 0 1 6 1 0.1 
OT 5 0 5 1 4 - 1 4 0 5 6 4 0 . 5 
OT 9 6 3 8 - 2 4 0 7 4 1 0 . 2 + 
OT 5 0 8 1 2 - 2 4 0 8 8 2 0 . 2 
OT 9 7 5 6 - 3 4 1 1 8 1 0 . 2 
OT 5 1 4 1 4 - 1 4 1 5 5 1 0 . 1 
OT 5 0 9 1 0 - 1 4 3 1 2 2 0 . 2 
OT 5 1 6 0 8 - 1 4 3 2 0 1 0.1 
OT 5 0 8 1 1 - 1 4 3 7 5 4 0 . 5 
OT 5 0 5 1 5 - 1 4 5 1 0 1 0.1 
OT 1 1 1 1 8 - 1 4 5 6 5 4 0 . 4 
OT 5 0 7 1 1 - 1 4 7 8 8 1 0.1 

B / O d o 

2 0 4 

127 
102 

* t r a w l d o o r s f o u n d t a n g l e d on r e c o v e r y . A b u n d a n c e c o u l d 
be h i g h e r . 

+ a c o u s t i c m o n i t o r l o s t f r o m t r a w l 
el led by t r a w l u n k n o w n . 

P r e c i s e d i s t a n c e t r a v -

T h e DW b i o m a s s of B . s o r d i d a w a s d e t e r m i n e d d i r e c t l y at 3 

s t a t i o n s ( T a b l e 2 7 ) , p r o d u c i n g a m e a n DW b i o m a s s of 144g 

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

s o m e 9 0 % of t h e t o t a l w e i g h t w i t h an a v e r a g e ash c o n t e n t 

of 4 4 % . U s i n g t h e s e d a t a a m e a n A F D W b i o m a s s of 8 1 g p e r 

h e c t a r e c a n be c a l c u l a t e d . A f u r t h e r c o n v e r s i o n c a n be 
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m a d e to a c a l o r i f i c b i o m a s s of 2 0 1 6 KJ p e r h e c t a r e u s i n g a 

c a l o r i f i c v a l u e of 2 4 . 8 9 J p e r mg A F D W f o r t h i s s p e c i e s 

( W a l k e r et a l . , 1 9 8 7 b ) . 

In t h e t h r e e s a m p l e s u s e d f o r b i o m a s s a n a l y s i s 

B. s o r d i d a c o n t r i b u t e d s o m e 11 to 2 8 % o f t h e t o t a l e p i -

b e n t h i c i n v e r t e b r a t e b i o m a s s . B . s o r d i d a is a p a r t i c u l a r l y 

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

to t h e t o t a l b i o m a s s w h e n it is p r e s e n t . T h e s p e c i m e n s 

f r o m t h e P S B / P A P m e a s u r e d b e t w e e n 115 a n d 5 4 0 m m in l e n g t h . 

M o s t s p e c i m e n s w e r e 3 0 0 t o 4 0 0 m m l o n g . 

B. s o r d i d a , l i k e o t h e r p s y c h r o p o t i d s , p r o d u c e s p a r t i c -

u l a r l y l a r g e e g g s , in e x c e s s of 1 . 2 m m ( T y l e r and B i l l e t t , 

in p r e s s ) and p r o b a b l y as l a r g e as 2 . 0 m m ( H a n s e n , 1 9 7 5 -

B. l i n g u a ) . As in o t h e r p s y c h r o p o t i d s t h i s s i z e of egg 

l e a d s to t h e d i r e c t , p e l a g i c d e v e l o p m e n t of j u v e n i l e s . A 

j u v e n i l e of B. s o r d i d a has b e e n f o u n d in p e l a g i c n e t s in 

t h e n o r t h e a s t A t l a n t i c " D i s c o v e r y " S t . 1 1 1 2 1 - 1 0 , 3 4 8 5 to 

3 5 1 5 m ) s o m e 6 0 0 m a b o v e t h e s e a f l o o r ( s y n . B. l i n g u a , 

B i l l e t t et a l . , 1 9 8 5 ) . T h e i m p o r t a n c e of t h i s t y p e of 

d e v e l o p m e n t is d i s c u s s e d in S e c t i o n 5 . 5 . 

P s y c h r o p o t e s d e p r e s s a ( T h e e l , 1 8 8 2 ) 

BN 9 7 5 3 - 7 ( 1), R M T 9 7 5 6 - 2 ( 1 ) , BN 1 0 1 0 6 - 1 ( 1 5 7 ) , 
OT 5 0 5 1 1 - 1 ( 1 2 6 ) , OT 5 0 5 1 8 - 1 (1), BN 5 0 6 1 3 - 1 ( 3 5 ) , 
OT 5 0 9 0 7 - 1 ( 3 ) , OT 5 1 0 1 5 - 1 ( 5 ) , OT 5 1 3 1 0 - 1 ( 6 ) , 
OT 5 1 4 1 1 - 1 ( 1), OT 5 1 6 1 0 - 1 ( 1 ) , OT 5 1 6 1 3 - 1 ( 2 ) , 
OT 5 1 8 0 5 - 1 ( 1). 

B a t h y m e t r i c r a n g e in P S B : 1 9 4 2 to 3 6 6 0 m , b u t p r i n c i p a l l y 

in a n a r r o w d e p t h r a n g e of 2 3 0 0 to 2 4 4 0 m ( 9 4 % of t h e 

s p e c i m e n s c o l l e c t e d ). 
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D i s t r i b u t i o n P r o b a b l y c o s m o p o l i t a n , r a n g i n g o v e r t h e 

d e e p e r b a t h y a l and u p p e r a b y s s a l z o n e s , 9 5 7 to 4 0 6 0 m , 

E c o l o g i c a l r e m a r k s D e s p i t e t h e w i d e g e o g r a p h i c r a n g e of 

P. d e p r e s s a , it is c o m m o n o n l y in p a t c h e s in t h e PSB w i t h -

in a n a r r o w b a t h y m e t r i c r a n g e in t h e c e n t r e of t h e 

S e a b i g h t ( T a b l e 2 8 ) . T h e b a t h y m e t r i c r a n g e of t h i s s p e c i e s 

is s i m i l a r in t h e R o c k a l l T r o u g h ( G a g e e t a l . , 1 9 8 5 a ) . A 

m a x i m u m a b u n d a n c e of 156 i n d i v i d u a l s p e r h e c t a r e w a s f o u n d 

at S t . 1 0 1 0 6 - 1 , s i m i l a r t o t h e a b u n d a n c e of P. d e p r e s s a 

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

A t l a n t i c ( P a w s o n , 1 9 8 2 a ) . T h e s e s u b m e r s i b l e t r a n s e c t s 

s h o w e d t h a t P. d e p r e s s a h a s a v e r y p a t c h y d i s t r i b u t i o n and 

t h a t in s o m e l o c a l i s e d a r e a s its a b u n d a n c e can be o v e r an 

o r d e r of m a g n i t u d e g r e a t e r ( 2 9 8 0 i n d i v i d u a l s p e r h e c t a r e ) . 

U n f o r t u n a t e l y , no d a t a a r e a v a i l a b l e f r o m t h e PSB on t h e 

b i o m a s s of t h i s s p e c i e s . 

T a b l e 2 8 . T h e a b u n d a n c e of P s y c h r o p o t e s d e p r e s s a in e p i -
b e n t h i c s l e d g e and o t t e r t r a w l s a m p l e s , e x p r e s s e d as 
n u m b e r p e r h e c t a r e . S a m p l e s f r o m t h e m a i n t r a n s e c t u n l e s s 
o t h e r w i s e s t a t e d , n = n u m b e r of s p e c i m e n s t a k e n . 

S t a t i o n 
M e a n 

D e p t h (m! A / P o s n 

E p i b e n t h i c s l e d g e s a m p l e s . 
b BN 9 7 5 3 - 7 1 9 4 2 1 4 . 1 

BN 1 0 1 0 6 - 1 2 3 0 8 159 1 5 5 . 9 
BN 5 0 6 1 3 - 1 2 4 4 0 35 7 3 . 8 
O t t e r t r a w l s a m p l e s . 

a OT 5 0 5 1 8 - 1 2 0 7 8 1 0 . 2 
OT 5 1 6 1 3 - 1 2 2 2 0 2 0 . 2 
OT 5 0 5 1 1 - 1 2 4 2 0 1 2 6 1 9 . 3 
OT 5 1 4 1 1 - 1 2 4 8 5 1 0 . 1 
OT 5 0 9 0 7 - 1 2 9 7 5 3 0 . 3 
OT 5 1 6 1 0 - 1 3 4 8 5 1 0 . 1 + 

a G o b a n S p u r + t r a w l d o o r s f o u n d t a n g l e d on 
b n o r t h e a s t PSB r e c o v e r y of n e t . A b u n d a n c e 

c o u l d be g r e a t e r , 
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F i g u r e 3 6 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s 

P s y c h r o p o t e s d e p r e s s a . L e n g t h in 10mm s i z e c l a s s e s . 

o f 

A) BN 1 0 1 0 6 - 1 , 4 ; 9 7 9 , 2 3 0 8 m , n = 1 5 7 . 

B) OT 5 0 5 1 1 - 1 , 4 : 6 7 9 , 2 4 2 0 m , n = = 1 2 6 . 

c ) BN 5 0 6 1 3 - 1 , 9 : 7 7 9 , 2 4 4 0 m , n 3 5 . 
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T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s f o r t h e t h r e e l a r g e 

s a m p l e s of P . d e p r e s s a a r e s i m i l a r , s h o w i n g a p o p u l a t i o n 

d o m i n a t e d by a d u l t s w i t h a m e a n l e n g t h of 1 1 0 m m ( F i g . 3 6 ) . 

A p a r t f r o m t h e s e s p e c i m e n s , o n l y a f e w o t h e r s m a l l 

P. d e p r e s s a , 35 to 7 5 m m l o n g , w e r e s a m p l e d in t h e P S B . T h e 

s h a l l o w e s t s p e c i m e n w a s 7 m m long ( S t . 9 7 5 3 - 7 ) . T h i s 

s p e c i m e n had p r o b a b l y o n l y j u s t s e t t l e d on t h e s e a b e d 

a f t e r d e v e l o p i n g in t h e w a t e r c o l u m n , s i n c e a s p e c i m e n of 

a s i m i l a r s i z e , 9 . 6 m m l o n g , w a s s a m p l e d in a p e l a g i c t r a w l 

at t h e m o u t h of t h e PSB ( S t . 9 7 5 6 - 2 ) at a d e p t h of 1 0 0 0 to 

1 5 0 0 m and s o m e 2 5 0 0 m a b o v e t h e s e a f l o o r . 

T h i s p l a n k t o n i c j u v e n i l e is t h e f i r s t r e c o r d of p e l a g i c 

d e v e l o p m e n t in P. d e p r e s s a but its p r e s e n c e in a m i d - w a t e r 

s a m p l e is not s u r p r i s i n g . J u v e n i l e s of o t h e r p s y c h r o -

p o t i d s , s u c h as B. s o r d i d a and P. l o n g i c a u d a h a v e a l s o 

b e e n t a k e n p e l a g i c a l l y . T h i s t y p e of d e v e l o p m e n t is 

r e l a t e d to t h e l a r g e e g g s i z e f o u n d in p s y c h r o p o t i d s , 

w h i c h in P. d e p r e s s a r e a c h e s a d i a m e t e r o f 1 . 9 m m , and is a 

f e a t u r e of t h o s e d e e p - s e a h o l o t h u r i a n s w i t h a w i d e 

g e o g r a p h i c d i s t r i b u t i o n ( s e e S e c t i o n 5 . 5 ) . 

P s y c h r o p o t e s l o n g i c a u d a T h e e l , 1 8 8 2 

OT 9 6 3 8 - 2 ( 2 8 ) , OT 9 6 4 0 - 1 ( 7 ) , OT 9 7 5 6 - 3 ( 1 4 ) , 
0 1 9 7 5 6 - 5 ( 7 ) , BN 9 7 5 6 - 9 ( 1 ) , BN 1 0 1 1 4 - 1 ( 1), 
OT 1 1 1 1 6 - 1 ( 9 ) , OT 1 1 1 1 8 - 1 ( 3 ) , OT 5 0 5 1 4 - 1 ( 1 9 ) , 
OT 5 0 5 1 5 - 1 ( 6 6 ) , BN 5 0 6 0 3 - 1 ( 2 ) , OT 5 0 7 1 1 - 1 ( 1 3 ) , 
OT 5 0 8 1 1 - 1 ( 7 0 ) , BN 5 0 8 1 2 - 1 ( 4 ) , OT 5 0 8 1 2 - 2 ( 2 3 ) , 
OT 5 0 9 1 0 - 1 ( 1 4 ) , BN 5 1 1 0 9 - 1 ( 1 ) , OT 5 1 2 1 4 - 1 ( 7 ) , 
BN 5 1 2 1 6 - 1 ( 4 ) , OT 5 1 2 1 6 - 4 ( 1 0 ) , BN 5 1 2 1 6 - 5 ( 1 ) , 
OT 5 1 3 0 9 - 1 ( 1 5 ) , O T 5 1 4 1 4 - 1 ( 1 8 ) , BN 5 1 4 1 4 - 2 ( 2 ) , 
OT 5 1 6 0 8 - 1 ( 1 0 ) , OT 5 1 6 1 0 - 1 ( 3 ) , OT 5 1 8 0 3 - 1 ( 4 ) , 
BN 5 2 2 1 5 - 1 ( 1 5 ) , BN 5 2 2 1 6 - 8 ( 1 ) . 

B a t h y m e t r i c r a n g e in P S B / P A P : 3 3 1 0 to 4 8 3 2 m , but p r i n c i p -

a l l y at d e p t h s g r e a t e r t h a n 3 8 0 0 m . P. l o n g i c a u d a o c c u r r e d 

in all but t w o s a m p l e s t a k e n d e e p e r t h a n 4 0 0 0 m . 
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D i s t r i b u t i o n : C o s m o p o l i t a n , 2 2 1 0 to 5 1 7 3 m . P. l o n g i c a u d a 

is m o r e c o m m o n at h i g h e r l a t i t u d e s , t h o u g h not in t h e 

A r c t i c O c e a n , or in t r o p i c a l a r e a s w h e r e t h e r e a r e l a r g e 

s e a s o n a l f l u c t u a t i o n s in t h e s u p p l y of o r g a n i c m a t t e r to 

t h e s e a b e d , s u c h as in t h e P a n a m a B a s i n ( H o n j o , 1 9 8 2 ) . In 

t r o p i c a l a r e a s of t h e A t l a n t i c it is r e p l a c e d by 

P. s e m p e r i a n a . T h e d i s t r i b u t i o n of P. l o n g i c a u d a a p p e a r s 

to be d e p e n d e n t on t h e s e a s o n a l d e p o s i t i o n of d e t r i t u s or, 

at l e a s t , on t h e t o t a l a m o u n t of d e t r i t u s t h a t is 

d e p o s i t e d on t h e s e a b e d . 

E c o l o g i c a l r e m a r k s : P. l o n g i c a u d a is t h e m o s t c o n s i s t -

e n t l y a b u n d a n t h o l o t h u r i a n f r o m t h e PAP w i t h a m a x i m u m 

a b u n d a n c e of 4 3 i n d i v i d u a l s p e r h e c t a r e ( T a b l e 2 9 ) . At 

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

l e s s t h a n 20 i n d i v i d u a l s p e r h e c t a r e , s i m i l a r t o t h e 

a b u n d a n c e of P. l o n g i c a u d a in t h e B a y o f B i s c a y ( S i b u e t 

and L a w r e n c e , 1 9 8 1 ) . D a t a f r o m t h e t r a w l i n d i c a t e a 

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

t r a w l in s a m p l i n g e p i b e n t h i c i n v e r t e b r a t e s . T h e r e is 

l i t t l e v a r i a t i o n in t h e a b u n d a n c e o f P. l o n g i c a u d a 

t h r o u g h o u t its d e p t h r a n g e . 

B i o m a s s d a t a a r e a v a i l a b l e f o r t h r e e s a m p l e s o n l y ( T a b l e 

3 0 ) . It w a s n o t p o s s i b l e to c a l c u l a t e t h e r e g r e s s i o n of DW 

on l e n g t h s i n c e so f e w s p e c i m e n s w e r e a v a i l a b l e f o r 

a n a l y s i s . C o n s e q u e n t l y , t h e b i o m a s s of P . l o n g i c a u d a in 

t h e a r e a w h e r e it w a s m o s t c o m m o n ( S t . 5 2 2 1 5 - 1 ) is 

u n k n o w n . D a t a f r o m a s i n g l e s p e c i m e n at St 5 1 1 0 9 - 1 h a d to 

be u s e d to e s t i m a t e A F D W f r o m t h e DW of P. l o n g i c a u d a at 

t h e o t h e r t w o s t a t i o n s . A m e a n A F D W b i o m a s s of 4 9 g p e r 

h e c t a r e w a s f o u n d f r o m t h e t h r e e s t a t i o n s ( 3 9 5 0 t o 4 0 8 0 m ) 

w h i c h is e q u i v a l e n t to a c a l o r i f i c b i o m a s s of 1 1 9 6 KJ p e r 

h e c t a r e u s i n g a c a l o r i f i c v a l u e of 2 4 . 2 6 J p e r mg A F D W f o r 

P. l o n g i c a u d a ( W a l k e r et a l . , 1 9 8 7 b ) . T h i s c a l o r i f i c 

b i o m a s s is s i m i l a r to t h a t c a l c u l a t e d f o r P. l o n g i c a u d a in 
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T a b l e 2 9 . T h e a b u n d a n c e (A) of P s y c h r o p o t e s l o n g i c a u d a in 
e p i b e n t h i c s l e d g e and o t t e r t r a w l s a m p l e s , e x p r e s s e d as 
n u m b e r p e r h e c t a r e , n = n u m b e r of s p e c i m e n s t a k e n . 

M e a n 
S t a t i o n D e p t h (m) A / P o s n A / O d o 

E p i b e n t h i c s l e d g e s a m p l e s . 

BN 5 1 1 0 9 - 1 3 9 5 0 1 2 . 2 
BN 5 0 6 0 3 - 1 4 0 0 0 2 2 . 6 
BN 5 1 2 1 6 - 5 4 0 3 5 1 1 . 6 

BN 1 0 1 1 4 - 1 4 0 5 0 1 3 . 7 

BN 9 7 5 6 - 9 4 0 5 4 1 1 .6 
BN 5 1 2 1 6 - 1 4 0 7 0 4 8 . 6 
BN 5 1 4 1 4 - 2 4 0 8 0 2 3 . 5 
BN 5 0 8 1 2 - 1 4 0 9 0 4 
BN 5 2 2 1 5 - 1 4 5 6 3 15 2 3 . 0 
BN 5 2 2 1 6 - 8 4 8 1 3 1 1 . 7 

O t t e r t r a w l s a m p l e s . 

OT 5 1 6 1 0 - 1 3 4 8 5 3 0 . 3 
OT 9 6 4 0 - 1 3 7 5 3 7 0 . 7 
OT 5 1 2 1 4 - 1 3 8 1 0 7 1 .4 
OT 5 1 2 1 6 - 4 3 9 8 5 10 1 . 6 

OT 9 7 5 6 - 5 4 0 1 6 7 0 . 9 
OT 5 0 5 1 4 - 1 4 0 5 6 19 2 . 3 
OT 9 6 3 8 - 2 4 0 7 4 2 8 5 . 9 
OT 5 0 8 1 2 - 2 4 0 8 8 23 2 . 2 
OT 9 7 5 6 - 3 4 1 1 8 14 2 . 6 
OT 5 1 4 1 4 - 1 4 1 5 5 18 1 . 8 
OT 5 1 3 0 9 - 1 4 2 2 3 15 1 . 5 

OT 5 0 9 1 0 - 1 4 3 1 2 14 1 . 5 
OT 5 1 6 0 8 - 1 4 3 2 0 10 1 . 3 

OT 5 0 8 1 1 - 1 4 3 7 5 70 8 . 8 
OT 5 0 5 1 5 - 1 4 5 1 0 66 9 . 6 
OT 1 1 1 1 8 - 1 4 5 6 5 3 0 . 3 
OT 5 0 7 1 1 - 1 4 7 8 8 13 1 . 4 

OT 1 1 1 1 6 - 1 4 8 0 0 9 0 . 9 

4.6 

3 . 7 
9 . 0 
8.0 

13.9 
6.7 

2 2 . 4 
4 2 . 9 
2.5 

+ t r a w l d o o r s f o u n d t a n g l e d on r e c o v e r y o f n e t . A b u n d a n c e 
c o u l d be g r e a t e r . 

* a c o u s t i c m o n i t o r l o s t f r o m t r a w l . P r e c i s e d i s t a n c e t r a v -
e l l e d by t r a w l u n k n o w n . 
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t h e B a y of B i s c a y 

L a w r e n c e , 1 9 8 1 ) . 

8 2 0 t o 1 9 0 0 KJ p e r h e c t a r e ( S i b u e t and 

T a b l e 3 0 . T h e W W , D W , A F D W and c a l o r i f i c b i o m a s s of 
P s y c h r o p o t e s l o n g i c a u d a f r o m e p i b e n t h i c s l e d g e s a m p l e s , 
e x p r e s s e d as g or KJ p e r h e c t a r e . T h e p r o p o r t i o n of t h e 
t o t a l e p i b e n t h i c i n v e r t e b r a t e b i o m a s s is e x p r e s s e d as a 
p e r c e n t a g e in p a r e n t h e s e s . F o r t h e n u m b e r of s p e c i m e n s in 
e a c h s a m p l e s e e T a b l e 2 9 . 

S t a t i o n 
M e a n 

D e p t h (m) DW 
C a l o r i f i c 

A F D W b i o m a s s 

5 1 1 0 9 - 1 3 9 5 0 1 7 1 2 ( 2 4 ) 102 ( 2 2 ) 50 (19) 1213 
5 1 2 1 6 - 5 4 0 3 5 1 3 9 7 ( 3 7 ) 72 ( 2 0 ) 3 5 ( 2 6 ) 8 4 9 
5 1 2 1 6 - 1 4 0 7 0 1 7 9 0 ( 2 8 ) 129 ( 2 2 ) 63 (28) 1 5 2 8 

T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s f o r P . l o n g i c a u d a s h o w 

t h a t m o s t s a m p l e s a r e d o m i n a t e d by l a r g e a d u l t s w i t h t h e 

g r a d u a l r e c r u i t m e n t of a f e w s m a l l s p e c i m e n s ( F i g . 3 7 ) . 

O t h e r s a m p l e s not p l o t t e d in F i g . 37 s h o w t h i s s a m e g e n -

e r a l s t r u c t u r e . T h e r e is no r e l a t i o n s h i p b e t w e e n s p e c i m e n 

s i z e and l o c a t i o n or d e p t h . T w o s i z e d i s t r i b u t i o n s , 

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

m o d a l p o p u l a t i o n ( S t a s 5 0 5 1 5 - 1 and 5 0 8 1 1 - 1 ) . T h e s e a p p e a r 

to a r i s e f r o m p a t c h y r e c r u i t m e n t , f o r at S t . 5 0 5 1 5 - 1 a 

n u m b e r of o t h e r s p e c i e s , P s e u d o s t i c h o p u s v i l l o s u s , D e i m a 

v a l i d u m and O n e i r o p h a n t a m u t a b i l i s , a l s o s h o w a p r e p o n d -

e r a n c e of s m a l l j u v e n i l e s p e c i m e n s . 

D a t a on g a m e t o g e n e s i s in P. l o n g i c a u d a ( T y l e r and 

B i l l e t t , in p r e s s ) s h o w t h a t t h i s s p e c i e s r e p r o d u c e s 

c o n t i n u o u s l y , r e l e a s i n g a s l o w t r i c k l e o f e g g s . As f e w as 

8 e g g s in t h e o v a r y m a y a p p r o a c h f u l l d e v e l o p m e n t at any 

o n e t i m e . T h e e g g s of P. l o n g i c a u d a a r e t h e l a r g e s t k n o w n 

f o r any h o l o t h u r i a n , 4 . 4 m m in d i a m e t e r ( H a n s e n , 1 9 7 5 ) , and 

p r o b a b l y l e a d to d i r e c t d e v e l o p m e n t w i t h o u t a l a r v a l 

s t a g e . H o w e v e r , t h i s d e v e l o p m e n t t a k e s p l a c e p e l a g i c a l l y 
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F i g u r e 3 7 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s 

P s y c h r o p o t e s l o n g i c a u d a . L e n g t h in 1 0 m m s i z e c l a s s e s 

of 

A ) OT 5 0 5 1 4 - 1 , 5 6 7 9 , 4 0 5 6 m , n = 18. 

B ) OT 9 6 3 8 - 2 , 9 1 1 7 7 , 4 0 7 3 m , n = 2 0 . 

C ) OT 5 0 8 1 2 - 2 , 3 8 8 0 , 4 0 9 0 m , n = 21 . 

D) OT 5 0 5 1 4 - 1 , 5 6 7 9 , 4 1 5 5 m , n : 1 7 . 

E) OT 5 0 9 1 0 - 1 , 10 1 1 8 0 , 4 3 1 2 m , n = 13. 

F) OT 5 0 8 1 1 - 1 , 2 8 8 0 , 4 3 7 5 m , n = 6 5 . 

G) OT 5 0 5 1 5 - 1 , 6 6 7 9 , 4 5 1 0 m , n = 6 2 . 

H) BN 5 2 2 1 5 - 1 , 2 2 6 8 5 , 4 5 6 3 m , n = 14. 
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and n o t on t h e s e a b e d . 

S e v e r a l j u v e n i l e P. l o n g i c a u d a h a v e a l s o b e e n s a m p l e d in 

p e l a g i c n e t s . B e l y a e v and V i n o g r a d o v a ( 1 9 6 9 , s y n . 

N e c t o t h u r i a t r a n s l u c i d a ) r e p o r t e d a s p e c i m e n (35 m m l o n g , 

e x c l u d i n g t h e l a r g e u n p a i r e d d o r s a l a p p e n d a g e ) s a m p l e d 

b e t w e e n 4 9 4 0 and 5 9 3 0 m in t h e K u r i l e - K a m c h a t k a T r e n c h , 

s o m e 2 0 0 0 to 3 0 0 0 m a b o v e t h e s e a b e d . A f u r t h e r 8 s p e c i m e n s 

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

A t l a n t i c ( T a b l e 3 1 ) . T h e s p e c i m e n s r a n g e d b e t w e e n 13 and 

2 3 m m in l e n g t h and a l t h o u g h o n e s p e c i m e n w a s c o l l e c t e d 

c l o s e to t h e s e a b e d , t h e r e s t w e r e s a m p l e d o v e r 6 0 0 m a b o v e 

t h e s e a f l o o r . T h e s i z e of t h e l a r g e s t j u v e n i l e s s a m p l e d by 

t h e p e l a g i c t r a w l s c o r r e s p o n d s to t h e s m a l l e s t s i z e of 

P. l o n g i c a u d a f o u n d in b e n t h i c t r a w l s . 

T a b l e 3 1 . J u v e n i l e P s y c h r o p o t e s l o n g i c a u d a s a m p l e d by 
p e l a g i c t r a w l s in t h e n o r t h e a s t A t l a n t i c . For s t a t i o n 
d e t a i l s s e e B i l l e t t et a l . , 1 9 8 5 ) . 

S t a t i o n D e p t h 
m 

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

8 5 0 9 - 2 7 3 5 0 0 -- 4 0 0 0 1 0 0 0 -. 1 5 0 0 1 
1 1 1 2 1 - 1 3 4 7 0 -. 3 5 8 0 5 1 0 -. 6 2 0 1 
1 1 1 2 1 - 2 3 4 7 0 -- 3 5 6 5 5 2 5 -. 6 2 0 1 
1 1 1 2 1 - 8 3 4 9 0 -. 3 5 3 0 5 6 0 -. 6 0 0 2 
1 1 1 2 1 - 9 3 4 8 5 -- 3 5 8 0 5 1 0 -. 6 0 5 1 
1 1 1 2 1 - 1 8 3 4 8 0 -. 3 5 2 0 5 7 0 -. 6 1 0 1 
1 1 1 2 1 - 2 1 3 9 8 8 -. 4 0 0 8 17 - 3 7 1 

F i v e of t h e t r a w l s c i t e d in T a b l e 31 c a m e f r o m a s e r i e s 

of 15 t r a w l s i n v e s t i g a t i n g t h e v a r i a b i l i t y in a b u n d a n c e of 

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

s a m p l e d by t h e s e t r a w l s it is p o s s i b l e t o c a l c u l a t e an 

a b u n d a n c e of a b o u t 1 i n d i v i d u a l p e r 1 0 0 , 0 0 0 m ^ . At f i r s t , 

t h i s a b u n d a n c e a p p e a r s to be p a r t i c u l a r l y low but w h e n one 

c o n s i d e r s t h e v a s t s p a c e of t h e d e e p s e a it is a p p a r e n t 
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t h a t o v e r any o n e s q u a r e k i l o m e t r e of s e a b e d s o m e 5 0 0 j u v -

e n i l e P. l o n g i c a u d a m a y be d e v e l o p i n g . 

T h e l e n g t h of t i m e t h e j u v e n i l e s r e m a i n in t h e p l a n k t o n 

is u n k n o w n , but all t h e p s y c h r o p o t i d s t h a t p r o d u c e l a r g e 

e g g s h a v e e x c e p t i o n a l l y w i d e g e o g r a p h i c d i s t r i b u t i o n s and 

a r e o f t e n c o s m o p o l i t a n . In t h e d e e p s e a , w h e r e f o o d is 

o f t e n l i m i t i n g , t h e p r o d u c t i o n of l a r g e e g g s t h a t lead to 

d i r e c t d e v e l o p m e n t is a d i s t i n c t a d v a n t a g e b u t r e s t r i c t s 

t h e d i s p e r s a l of a s p e c i e s . T h i s has b e e n o v e r c o m e by 

p r o d u c i n g l a r g e y o l k y e g g s w h i c h p r o v i d e n o t o n l y b u o y a n c y 

but a l s o an i n d e p e n d e n t f o o d s o u r c e f o r d e v e l o p m e n t in t h e 

a b y s s o p e l a g i c and b a t h y p e l a g i c z o n e s . T h e g u t s of t h e s e 

j u v e n i l e s a r e a l w a y s e m p t y and t h e r e is n o e v i d e n c e t h a t 

t h e y f e e d in t h e p l a n k t o n , a l t h o u g h s o m e n u t r i t i o n m a y be 

d e r i v e d f r o m d i s s o l v e d o r g a n i c s . T h i s t y p e of d e v e l o p m e n t 

is d i s c u s s e d f u r t h e r in S e c t i o n 5 . 5 . 

D e m i n g and C o l w e l l ( 1 9 8 2 ) e s t i m a t e d t h a t e a c h s p e c i m e n 

of P. l o n g i c a u d a ( s y n . P. b u g l o s s a ) p r o c e s s e s a b o u t 105g 

s e d i m e n t WW p e r d a y . A s s u m i n g t h a t t h e w a t e r c o n t e n t of 

t h e s e d i m e n t is a b o u t 5 5 % ( K h r i p o u n o f f , 1 9 7 9 ) t h i s a m o u n t s 

to a DW of 4 7 . 2 5 g . U s i n g a m e a n a b u n d a n c e of 10 i n d i v i d -

u a l s p e r h e c t a r e , t h e n a f e e d i n g r a t e f o r P . l o n g i c a u d a of 

1 7 . 2 5 g DW s e d i m e n t p e r s q u a r e m e t r e p e r y e a r c a n be 

c a l c u l a t e d . T h i s is a s i m i l a r r a t e t o t h a t e s t i m a t e d f o r 

S. t r e m u l u s f r o m a d e p t h of 5 0 0 m e v e n t h o u g h t h i s s p e c i e s 

is 10 t i m e s m o r e a b u n d a n t t h a n P. l o n g i c a u d a . T h e s e d a t a 

s u g g e s t t h a t e i t h e r a b y s s a l h o l o t h u r i a n s p r o c e s s t h e 

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

t h a t t h e f e e d i n g r a t e of P. l o n g i c a u d a h a s b e e n o v e r -

e s t i m a t e d , or t h a t t h e f e e d i n g r a t e of S . t r e m u l u s has 

b e e n u n d e r e s t i m a t e d . 
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P s y c h r o p o t e s s e m p e r i a n a T h e e l , 1 8 8 2 

OT 5 0 5 1 5 - 1 ( 2 ) . 

B a t h y m e t r i c r a n g e on P A P : 4 5 0 5 to 4 5 1 5 m . 

D i s t r i b u t i o n : G e n e r a l l y t h e s u b - t r o p i c a l and t r o p i c a l 

a r e a s of t h e A t l a n t i c and I n d i a n O c e a n s . 3 4 6 5 to 5 6 0 0 m 

( H a n s e n , 1 9 7 5 ) . T h e PAP r e c o r d is t h e m o s t n o r t h e r l y f o r 

t h i s s p e c i e s in t h e N o r t h A t l a n t i c . H o w e v e r , it is c l e a r 

t h a t P. s e m p e r i a n a Is not an a b u n d a n t s p e c i e s on t h e P A P . 

E c o l o g i c a l r e m a r k s : A l t h o u g h P. s e m p e r i a n a ( F i g . 2 7 A , 

p a g e 1 5 9 ) o c c u r r e d in t h e s a m e s a m p l e as m a n y j u v e n i l e 

P s e u d o s t i c h o p u s v i l l o s u s , O n e i r o p h a n t a m u t a b i l i s , D e i m a 

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

a d u l t s , 85 and 9 5 m m l o n g . T h e i r p r e s e n c e on t h e P A P , 

t h e r e f o r e , is n o t t h e r e s u l t of r e c e n t r e c r u i t m e n t of 

j u v e n i l e s f r o m t h e p l a n k t o n , but d e m o n s t r a t e s t h a t 

P. s e m p e r i a n a is a b l e to s u r v i v e to a d u l t h o o d o u t s i d e its 

p r e f e r r e d g e o g r a p h i c r a n g e . 

H a n s e n ( 1 9 7 5 ) n o t e d a m a x i m u m egg d i a m e t e r of o n l y 0 . 8 m m 

f o r P. s e m p e r i a n a , but it is e v i d e n t f r o m s a m p l e s t a k e n 

f r o m t h e M a d e i r a A b y s s a l P l a i n by lOS t h a t e g g s r e a c h a 

d i a m e t e r of at l e a s t 3 . 5 m m and a r e t h e r e f o r e c o m p a r a b l e in 

s i z e to t h o s e of o t h e r s p e c i e s of P s y c h r o p o t e s . As w i t h 

P. l o n g i c a u d a , p e l a g i c , d i r e c t d e v e l o p m e n t is i n d i c a t e d 

a l t h o u g h no p e l a g i c j u v e n i l e s h a v e b e e n f o u n d . W i t h 

p e l a g i c d e v e l o p m e n t t h e p r e s e n c e of P. s e m p e r i a n a as f a r 

n o r t h as t h e PAP is n o t u n e x p e c t e d . 
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F a m i l y P e l a g o t h u r i i d a e 

E n y p n i a s t e s d i a p h a n a ( G i l c h r i s t , 1 9 2 0 ) 

R M T 9 7 5 6 - 1 0 ( 1 ) . 

B a t h y m e t r i c r a n g e on PAP : 3 0 0 0 to 3 5 0 0 m ( i n p e l a g i c t r a w l 

5 0 0 to 1 0 0 0 m a b o v e t h e s e a b e d ) . 

D i s t r i b u t i o n : E a s t e r n A t l a n t i c f r o m t h e C a p e of G o o d H o p e 

( G i l c h r i s t , 1 9 2 0 ) to t h e P A P . T h e s p e c i e s m a y o c c u r a l s o 

in t h e n o r t h w e s t A t l a n t i c if it p r o v e s t o be s y n o n y m o u s 

w i t h a l a r g e r f o r m f o u n d at s h a l l o w e r d e p t h s , E. e x i m i a 

T h e e l , 1 8 8 2 ( P a w s o n , 1 9 7 6 , 1 9 8 2 a ) . E. d i a p h a n a has a w i d e 

b a t h y m e t r i c r a n g e , 9 9 5 to 4 9 8 0 m , and on o n e o c c a s i o n has 

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

H e r o u a r d , 1 9 2 3 ) . 

E c o l o g i c a l r e m a r k s : E. d i a p h a n a is a b e n t h o p e l a g i c h o l o -

t h u r i a n t h a t f l o a t s in n e a r b e d c u r r e n t s c l o s e to t h e 

s e a b e d , d e s c e n d i n g to t h e s e d i m e n t s u r f a c e t o f e e d . O n e 

s m a l l s p e c i m e n , 1 0 m m l o n g , w a s s a m p l e d at t h e m o u t h of t h e 

P S B , b u t m a n y m o r e s p e c i m e n s , 4 to 5 0 m m l o n g , h a v e b e e n 

c a u g h t in lOS p e l a g i c t r a w l s t h r o u g h o u t t h e n o r t h e a s t 

A t l a n t i c ( T a b l e 3 2 ) . 

T h e h i g h e s t i n c i d e n c e of E. d i a p h a n a in p e l a g i c t r a w l s 

and its g r e a t e s t a b u n d a n c e o c c u r c l o s e t o t h e s e a b e d . 

A b u n d a n c e w a s c a l c u l a t e d as d e s c r i b e d in S e c t i o n 2 . 2 . f r o m 

both p e l a g i c t r a w l s and w i d e - a r e a s u r v e y p h o t o g r a p h y 

( T a b l e 3 2 ) . T h e h i g h e s t a b u n d a n c e of E. d i a p h a n a in a m i d -

o c e a n i c a r e a c a m e f r o m s u r v e y - c a m e r a d a t a f r o m t h e M a d e i r a 

A b y s s a l P l a i n (up to 62 i n d i v i d u a l s p e r 1 0 0 , 0 0 0 m ^ ). A 

l o w e r a b u n d a n c e w a s f o u n d in s i m i l a r d a t a f r o m t h e A z o r e s -

B i s c a y R i s e ; up to 7 i n d i v i d u a l s p e r 1 0 0 , 0 0 0 m A s t i l l 

l o w e r a b u n d a n c e w a s c a l c u l a t e d f r o m p e l a g i c t r a w l s in t h e 
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T a b l e 3 2 . T h e s a m p l e d e t a i l s and a b u n d a n c e (A), e x p r e s s e d 
as n u m b e r p e r 1 0 0 , 0 0 0 m ^ , of E n y p n i a s t e s d i a p h a n a in 
p e l a g i c t r a w l s and p h o t o g r a p h e d c l o s e t o o r on t h e s e a b e d 
in t h e n o r t h e a s t A t l a n t i c . T h e a b u n d a n c e in p e l a g i c t r a w l s 
has b e e n c a l c u l a t e d o n l y w h e r e r e p l i c a t e h a u l s h a v e been 
m a d e at t h e s a m e d e p t h and l o c a l i t y , n = n u m b e r of 
s p e c i m e n s t a k e n . 

S t a t i o n 
R a n g e 

D e p t h (mi 
H e i g h t a b o v e 
s e a b e d m 

R M T 1 p e l a g i c t r a w l 

9 1 3 1 - 1 9 
9 5 4 1 - 1 9 
9 5 4 1 - 3 0 

3 5 0 0 - 3 7 6 0 
3 9 7 0 - 4 0 4 0 
9 9 5 - 1 5 0 0 

2 5 0 - 5 0 0 
0 - 20 

2 5 0 0 - 3 0 0 0 

R M T 8 p e l a g i c t r a w l 

8 5 0 9 - 2 7 3 5 0 0 - 4 0 0 0 100 - 1 5 0 0 2 

9 5 4 1 - 1 8 3 9 4 5 - 4 0 2 0 0 - 20 8 4 

9 5 4 1 - 1 9 3 9 7 0 - 4 0 4 0 0 - 20 19 1 1 
9 5 4 1 - 2 4 3 5 2 0 - 3 4 9 0 100 - 5 0 0 2 

9 5 4 1 - 3 0 9 9 5 - 1 5 0 0 2 5 0 0 - 3 0 0 0 4 3 

9 5 4 1 - 3 1 1 5 1 5 - 2 0 0 0 2 0 0 0 - 2 5 0 0 1 

9 7 5 6 - 1 0 3 0 0 0 - 3 5 0 0 5 0 0 - 1 0 0 0 1 

9 8 0 1 - 8 9 3 5 0 0 - 3 7 1 0 1 8 0 0 - 2 0 0 0 1 

9 8 0 1 - 9 0 3 3 0 0 - 3 5 0 0 2 0 0 0 - 2 2 0 0 1 

9 8 0 1 - 9 2 N e t f a i l e d to c l o s e at d e p t h 1 

1 0 3 7 9 - 3 6 2 8 4 0 - 2 9 8 0 0 - 175 1 2 

1 0 3 7 9 - 3 7 2 9 6 0 - 2 9 8 5 0 - 55 3 7 

1 0 6 5 1 - 2 4 9 7 0 - 4 9 8 0 8 0 - 100 1 

1 1 1 2 1 - 1 0 3 4 8 5 - 3 5 1 5 5 7 5 - 605 1 

1 1 1 2 1 - 2 0 4 0 0 6 - 4 0 2 1 4 - 19 3 5 

1 1 1 2 1 - 2 1 3 9 8 8 - 4 0 0 8 17 - 37 1 2 

1 1 1 2 1 - 2 3 4 0 0 4 - 4 0 2 1 4 - 21 3 4 

1 1 2 6 1 - 6 5 5 4 1 0 - 5 4 3 0 1 - 31 3 

1 1 2 6 2 - 3 2 3 1 0 - 2 7 0 0 2 7 4 0 - 3 1 3 1 

1 1 2 6 2 - 2 5 5 3 4 0 - 5 3 7 5 51 - 0 1 

1 1 2 6 2 - 2 7 5 4 1 5 - 5 4 3 0 10 - 25 1 

P h o t o s l e d g e • 

1 0 8 9 0 - 2 2 1 4 0 - 2 2 0 0 157 1 0 0 0 0 0 

W i d e - a r e a s u r v e y c a m e r a . 

1 0 6 5 6 3 7 3 7 0 - 17 4 4 

1 0 6 6 4 3 7 2 0 0 - 17 20 7 

1 0 6 6 9 3 7 0 0 0 - 1 7 5 2 

1 0 6 7 8 5 4 2 2 0 - 17 19 62 
1 0 6 9 3 5 4 3 3 0 - 17 49 22 



s a m e a r e a but t h i s is not s u r p r i s i n g f o r t h e R M T net d o e s 

not s a m p l e a d e q u a t e l y t h e 3 m e t r e s or s o c l o s e s t to t h e 

s e a b e d , t h e p r e f e r r e d h a b i t a t f o r m a n y E n y p n i a s t e s 

( P a w s o n , 1 9 7 6 ) . O n l y o n e E. d i a p h a n a w a s s a m p l e d in 15 

t r a w l s m a d e s o m e 6 0 0 m a b o v e t h e s e a b e d on t h e A z o r e s -

B i s c a y R i s e , b u t 7 s p e c i m e n s w e r e s a m p l e d in 3 out of 6 

t r a w l s m a d e w i t h i n 50m of t h e s e a b e d in t h e s a m e a r e a , 

d e m o n s t r a t i n g t h a t E. d i a p h a n a is m o r e c o m m o n c l o s e to t h e 

s e a b e d . 

T h e g r e a t e s t a b u n d a n c e of E. d i a p h a n a is k n o w n f r o m an 

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

n o r t h w e s t A f r i c a ( " D i s c o v e r y " S t . 1 0 8 9 0 - 2 ) . A p h o t o -

t r a n s e c t o v e r a d i s t a n c e of a b o u t 1 6 0 0 m w a s u n d e r t a k e n 

u s i n g t h e e p i b e n t h i c s l e d g e c a m e r a s y s t e m . F r o m 2 7 4 

f r a m e s , e a c h c o v e r i n g an a r e a of 2 . 2 m* , a t o t a l of 157 

E. d i a p h a n a w e r e c o u n t e d , p r o d u c i n g an e s t i m a t e d a b u n d -

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

a n o t h e r h a u l m a d e at t h e s a m e s i t e ( S t . 1 0 8 9 0 - 1 ) f a i l e d 

to c o l l e c t any E. d i a p h a n a , i n d i c a t i n g e i t h e r a h i g h l y 

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

E. d i a p h a n a , and h e n c e its p r e s e n c e o n t h e s e a b e d , is 

d e p e n d e n t on ( ? t i d a l ) c h a n g e s in c u r r e n t v e l o c i t y . 

T h e s e o b s e r v a t i o n s , t o g e t h e r w i t h t h o s e m a d e f r o m s u b -

m e r s i b l e s ( P a w s o n , 1 9 7 6 , 1 9 8 2 a ) and d e e p - s e a p h o t o g r a p h y 

( O h t a , 1 9 8 3 , 1 9 8 5 ) , i n d i c a t e t h a t E n y p n i a s t e s g e n e r a l l y 

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

h a v e b e e n t a k e n in t h e o p e n o c e a n as m u c h as 3 0 0 0 m a b o v e 

t h e s e a b e d ( T a b l e 3 2 ) . T h e s e s p e c i m e n s a r e g e n e r a l l y 

s m a l l , 5 to 1 0 m m l o n g . O h s h i m a ( 1 9 1 5 ) f o u n d t h a t E. e x i m i a 

f r o m t h e P a c i f i c O c e a n p r o d u c e d e g g s up to 3 . 5 m m in 

d i a m e t e r . T h e m a x i m u m egg d i a m e t e r in t h e p r e s e n t m a t e r i a l 

is a l s o 3 . 5 m m , a l t h o u g h t h e m a j o r i t y of e g g s in t h e o v a r y 

a r e m u c h s m a l l e r . T h e r e f o r e , t h e s m a l l e s t s p e c i m e n s t a k e n 
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in t h e R M T n e t , 4 m m l o n g , a p p a r e n t l y r e p r e s e n t r e c e n t l y 

m e t a m o r p h o s e d i n d i v i d u a l s . T h i s s u g g e s t s t h a t in m o s t 

c a s e s t h e p r e s e n c e of E. d i a p h a n a h i g h a b o v e t h e s e a f l o o r 

r e s u l t s f r o m its r e p r o d u c t i v e s t r a t e g y , in w h i c h e i t h e r 

t h e e g g s or t h e j u v e n i l e s u n d e r t a k e an u p w a r d o n t o g e n e t i c 

m i g r a t i o n . P e l a g i c d i r e c t d e v e l o p m e n t is i n d i c a t e d , as 

f o u n d in p s y c h r o p o t i d s p e c i e s t h a t p r o d u c e e g g s of a 

s i m i l a r s i z e . 

A d u l t E. d i a p h a n a m a y a l s o u n d e r t a k e m i g r a t i o n s up t h e 

w a t e r c o l u m n a l t h o u g h t h e s e j o u r n e y s a p p e a r to be r a r e . 

O n e l a r g e s p e c i m e n , 4 0 m m l o n g , w a s c o l l e c t e d s o m e 2 1 0 0 m 

a b o v e t h e s e a b e d ( S t . 9 8 0 1 - 9 0 ) , w h i l e a n o t h e r has b e e n 

r e p o r t e d at t h e s e a s u r f a c e in an a r e a o v e r l y i n g t h e m i d -

A t l a n t i c R i d g e ( H e r o u a r d , 1 9 2 3 ) . In g e n e r a l , h o w e v e r , 

l a r g e s p e c i m e n s a r e m o r e c o m m o n w i t h i n 5 0 0 m of t h e s e a b e d . 

T h e s e a p p a r e n t m i g r a t i o n s and t h e p r o d u c t i o n of b u o y a n t 

e g g s t h a t r i s e up t h r o u g h t h e w a t e r c o l u m n a r e i m p o r t a n t 

f o r t h e y r e p r e s e n t t w o p r o c e s s e s by w h i c h o r g a n i c m a t t e r 

is t r a n s p o r t e d up t h e w a t e r c o l u m n in t h e o p e n o c e a n . M a n y 

m i c r o - n e k t o n i c a n i m a l s in t h e u p p e r 1 0 0 0 m of t h e w a t e r 

c o l u m n u n d e r t a k e l a r g e d i u r n a l v e r t i c a l m i g r a t i o n s but 

b e l o w t h i s d e p t h t h e p a t h w a y s of u p w a r d t r a n s p o r t a r e less 

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

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

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

( M e r r e t t , 1 9 7 8 ; B e r t e l s e n , 1 9 8 0 ) . O t h e r f i s h r e l e a s e e g g s 

t h a t s i n k to t h e s e a b e d and t h e r e s u l t i n g l a r v a e t h e n r i s e 

b a c k up to t h e a d u l t ' s n o r m a l h a b i t a t ( R o b i s o n and 

L a n c r a f t , 1 9 8 4 ) . S o m e s p e c i e s of a b y s s a l g a s t r o p o d s 

p r o d u c e p l a n k t o t r o p h i c l a r v a e t h a t r i s e t o t h e s u r f a c e 

w a t e r s ( B o u c h e t and W a r e n , 1 9 7 9 ) , w h i l e t h e s m a l l e g g s i z e 

of s o m e d e e p - s e a a s t e r o i d s s u g g e s t s t h a t t h e y a l s o p r o d u c e 

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

( T y l e r et a l . , 1 9 8 2 ) . 
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M i c r o s c o p i c a l a n a l y s i s of t h e gut c o n t e n t s of s p e c i m e n s 

f r o m S t . 9541 s h o w s t h a t E. d i a p h a n a d o e s indeed f e e d on 

s u r f i c i a l s e d i m e n t . T h e c o n t e n t s i n c l u d e f o r a m i n i f e r a n s , 

c o c c o l i t h s and d i a t o m s and s a n d g r a i n s . T h e i n t e s t i n e s of 

s p e c i m e n s g r e a t e r t h a n 175m a b o v e t h e s e a b e d are 

c o m p l e t e l y e m p t y , s u g g e s t i n g t h a t t h i s s p e c i e s d o e s not 

f e e d on s u s p e n d e d m a t e r i a l in t h e w a t e r c o l u m n . 

F a m i l y E l p i d i i d a e 

P e n i a g o n e d i a p h a n a ( T h e e l , 1 8 8 2 ) 

0 1 9 6 3 8 - 2 ( 4 ) , OT 9 6 4 0 - 1 ( 4 ) , BN 9 7 5 3 - 7 ( 1). 
0 1 9 7 5 6 - 3 ( 7 ) , OT 9 7 5 6 - 5 ( 8 ) , BN 9 7 5 6 - 9 ( 1 ) , 
RMT 9 7 5 6 - 1 1 ( 1 ) , BN 1 0 1 1 5 - 1 ( 1). OT 1 1 1 1 6 - 1 ( 3), 
0 1 1 1 1 1 8 - 1 ( 3 ) , OT 5 0 5 1 1 - 1 ( 1 ) , OT 5 0 5 1 5 - 1 ( 3 3 9 ) , 
BN 5 0 6 0 3 - 1 ( 1 2 ) , R M T 5 0 6 0 3 - 2 ( 3 9 ) , R M T 5 0 6 0 3 - 3 ( 12), 
BN 5 0 6 0 4 - 1 ( 3 ) , R M T 5 0 6 0 5 - 2 ( 1 ) , OT 5 0 7 1 1 - 1 ( 6 ) , 
0 1 5 0 8 1 1 - 1 ( 5 ) , BN 5 0 8 1 2 - 1 ( 2 ) , OT 5 0 8 1 2 - 2 ( 1 1 ) , 
0 1 5 0 8 1 3 - 1 ( 2 ) , OT 5 0 9 1 0 - 1 ( 5 ) , BN 5 1 1 0 9 - 1 ( 1 ) , 
0 1 5 1 2 1 6 - 4 ( 1 ) , OT 5 1 3 0 9 - 1 ( 1 ) , OT 5 1 3 1 0 - 1 ( 1 ) , 
0 1 5 1 4 1 4 - 1 ( 1 ) , BN 5 1 4 1 4 - 2 ( 1 ) , OT 5 1 6 0 8 - 1 ( 2 3 ) , 
OT 5 1 8 0 3 - 1 ( 2 ) , BN 5 2 2 1 5 - 1 ( 6 ) , BN 5 2 2 1 6 - 8 ( 9 ) . 

B a t h y m e t r i c r a n g e in P S B / P A P : 1 9 4 2 to 4 8 3 2 m , b u t m o s t 

c o m m o n at d e p t h s g r e a t e r t h a n 3 5 0 0 m ( i . e . b e y o n d t h e b a s e 

of t h e c o n t i n e n t a l s l o p e . ) 

D i s t r i b u t i o n D e s c r i b e d o r i g i n a l l y f r o m a s p e c i m e n t a k e n 

in t h e A u s t r a l i a n B i g h t by t h e " C h a l l e n g e r " E x p e d i t i o n 

( T h e e l , 1 8 8 2 ) , s e v e r a l m o r e s p e c i m e n s w e r e s a m p l e d l a t e r 

in t h e n o r t h e a s t A t l a n t i c ( H e r o u a r d , 1 9 0 2 , 1 9 2 3 ) . M o r e 

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

in t h e w e s t e r n A t l a n t i c ( P a w s o n , 1 9 7 6 ) and t h e n o r t h -

e a s t e r n P a c i f i c ( B a r n e s et a l . , 1 9 7 6 ) . T h e w i d e s e p a r a t i o n 

of t h e s e r e c o r d s is p r o b a b l y t h e r e s u l t o f d i f f i c u l t i e s in 

s a m p l i n g b e n t h o p e l a g i c f a u n a in t h e d e e p s e a . T h i s s p e c i e s 

has a c o s m o p o l i t a n d i s t r i b u t i o n , f r o m a b o u t 1 9 0 0 to 5 6 0 0 m . 
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E c o l o g i c a l r e m a r k s : P. d i a p h a n a is a b e n t h o p e l a g l c h o l o -

t h u r i a n t h a t s w i m s c l o s e to t h e s e a b e d a n d d e s c e n d s to t h e 

s e a f l o o r to f e e d on t h e s u r f i c i a l s e d i m e n t . T h e e p i b e n t h i c 

s l e d g e and o t t e r t r a w l a r e u n s u i t a b l e f o r e s t i m a t i n g t h e 

a b u n d a n c e of p e l a g i c h o l o t h u r i a n s a l t h o u g h t h e t r a w l can 

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

s a m p l e s . H o w e v e r , t h e l O S m i d w a t e r t r a w l ( R M T ) has b e e n 

a d a p t e d to f i s h w i t h i n a f e w m e t r e s of t h e s e a b e d (see 

S e c t i o n 2 . 2 ) and h a v e b e e n u s e d to p r o v i d e r e l i a b l e d a t a 

on t h e a b u n d a n c e of s w i m m i n g h o l o t h u r i a n s on t h e PAP and 

e l s e w h e r e in t h e n o r t h e a s t A t l a n t i c . 

T h e s a m p l e s s h o w a g r e a t e r i n c i d e n c e and a g r e a t e r a b u n d -

a n c e of P. d i a p h a n a in t r a w l s t a k e n c l o s e t o t h e s e a b e d 

( T a b l e 3 3 ) . P. d i a p h a n a h a s b e e n f o u n d u p t o 1 5 0 0 m a b o v e 

t h e s e a b e d ( T a b l e 3 3 ) but s t i l l w i t h i n t h e a b y s s o p e l a g l c 

z o n e . It h a s not b e e n r e c o r d e d f r o m d e p t h s s h a l l o w e r t h a n 

1 9 0 0 m , u n l i k e E n y p n i a s t e s d i a p h a n a , and a t t h e s e b a t h y a l 

d e p t h s is a l w a y s f o u n d c l o s e to t h e s e a b e d . 

T h e g r e a t e s t a b u n d a n c e of P. d i a p h a n a w a s f o u n d on t h e 

PAP ( S t . 5 0 6 0 3 - 2 , 101 i n d i v i d u a l s p e r 1 0 0 , 0 0 0 m ^ ) a l t h o u g h 

m a n y of t h e s e s p e c i m e n s w e r e j u v e n i l e s l e s s t h a n 1 0 m m 

l o n g . E x c l u d i n g t h e s e s p e c i m e n s t h e a b u n d a n c e f a l l s to 39 

i n d i v i d u a l s in an e q u i v a l e n t v o l u m e of w a t e r . T h i s is a 

s i m i l a r a b u n d a n c e to t h a t f o u n d in t h e a r e a of t h e A z o r e s -

B i s c a y R i s e ( S t a s 1 1 1 2 1 - 2 0 t o 2 5 ) ( T a b l e 3 3 ) . An a v e r a g e 

a b u n d a n c e of 19 i n d i v i d u a l s p e r 1 0 0 , 0 0 0 m ^ w a s c a l c u l a t e d 

f r o m t h e s e 5 s a m p l e s t a k e n w i t h i n 4 0 m e t r e s o f t h e s e a b e d , 

w h i c h c o m p a r e s w i t h an a b u n d a n c e of o n l y 1 i n d i v i d u a l in 

t h e e q u i v a l e n t v o l u m e in s a m p l e s t a k e n 6 0 0 m a b o v e t h e 

s e a b e d in t h e s a m e a r e a . T h e d i s t r i b u t i o n of P. d i a p h a n a 

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

n o r t h e a s t P a c i f i c ( B a r n e s et a l . , 1 9 7 6 ) . S u c h p a t c h i n e s s 

is not r e a d i l y a p p a r e n t f r o m t h e PAP m i d w a t e r t r a w l d a t a , 

but t h e p r e s e n c e of 3 3 9 s p e c i m e n s in o n e o t t e r t r a w l ( S t . 
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5 0 5 1 5 - 1 ) i n d i c a t e s t h a t t h e d i s t r i b u t i o n of P. d i a p h a n a 

can be p a t c h y in t h i s a r e a t o o . T h e a r e a s a m p l e d at S t . 

5 0 5 1 5 is n o t a s s o c i a t e d w i t h a n y p a r t i c u l a r t o p o g r a p h i c 

f e a t u r e s but t h e s a m p l e is u n i q u e in o t h e r r e s p e c t s , f o r 

it a l s o c o n t a i n e d m a n y j u v e n i l e s of a n u m b e r of b e n t h i c 

h o l o t h u r i a n s ( s e e S e c t i o n 5 . 5 ) . 

T a b l e 3 3 . T h e s a m p l e d e t a i l s and a b u n d a n c e (A), e x p r e s s e d 
as n u m b e r p e r 1 0 0 , 0 0 0 m ^ , of P e n i a g o n e d i a p h a n a in p e l -
agic t r a w l s in t h e n o r t h e a s t A t l a n t i c . I h e a b u n d a n c e has 
b e e n c a l c u l a t e d o n l y w h e r e r e p l i c a t e h a u l s h a v e b e e n m a d e 
at t h e s a m e d e p t h and in t h e s a m e a r e a . n = n u m b e r of 
s p e c i m e n s t a k e n . 

R a n g e H e i g h t a b o v e 
A S t a t i o n D e p t h (m) s e a b e d m n A 

R M T 1 p e l a g i c t r a w l . 

8 5 0 9 - 4 3 1 5 0 0 - 4 5 6 0 > 4 5 0 1 

9 1 3 1 - 1 8 3 7 6 0 - 3 9 2 0 100 - 2 5 0 1 9 

R M T 8 p e l a g i c t r a w l . 

8 5 0 9 - 2 7 3 5 0 0 - 4 0 0 0 1 0 0 0 - 1 5 0 0 1 

9 1 3 1 - 1 8 3 7 6 0 - 3 9 2 0 100 - 2 5 0 6 5 

9 5 4 1 - 2 2 3 7 4 0 - 3 8 7 0 2 0 - 100 1 

9 7 5 6 - 1 1 4 0 0 0 - 4 0 1 2 5 - 20 1 

9 8 0 1 - 9 1 4 3 0 0 - 4 5 2 0 1 0 0 0 - 1 2 0 0 1 

5 0 6 0 3 - 2 3 7 2 0 - 3 9 4 0 60 - 2 6 0 39 101 
5 0 6 0 3 - 3 3 7 0 0 - 3 9 0 0 5 0 - 2 5 0 12 33 
5 0 6 0 5 - 2 2 6 4 0 - 2 7 5 0 5 - 25 1 

1 1 1 2 1 - 8 3 4 9 0 - 3 5 3 0 5 6 0 - 6 0 0 1 2 

1 1 1 2 1 - 9 3 4 8 5 - 3 5 8 0 5 1 0 - 6 0 5 1 2 

1 1 1 2 1 - 1 1 3 4 8 0 - 3 5 1 5 5 7 5 - 6 1 0 1 1 

1 1 1 2 1 - 1 7 3 4 9 0 - 3 5 2 0 5 7 0 - 6 0 0 1 2 

1 1 1 2 1 - 1 8 3 4 8 0 - 3 5 2 0 5 7 0 - 6 1 0 6 9 

1 1 1 2 1 - 2 0 4 0 0 6 - 4021 4 - 19 7 12 

1 1 1 2 1 - 2 1 3 9 8 8 - 4 0 0 8 17 - 3 7 1 1 2 0 
1 1 1 2 1 - 2 2 3 9 7 6 - 3 9 9 1 3 4 - 39 16 33 
1 1 1 2 1 - 2 3 4 0 0 4 - 4 0 2 1 4 - 21 18 26 
1 1 1 2 1 - 2 4 3991 - 4 0 0 7 18 - 3 4 4 6 

1 1 1 2 1 - 2 5 3941 - 3991 3 4 - 8 4 1 -
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In m a n y h a u l s t h e a b u n d a n c e of P. d i a p h a n a is t o o low to 

a l l o w a d e t a i l e d a n a l y s i s of p o p u l a t i o n s t r u c t u r e . 

H o w e v e r , d a t a f r o m a f e w R M T h a u l s , 2 f r o m t h e PAP and 

a n o t h e r 4 f r o m t h e A z o r e s - B i s c a y R i s e , s h o w t h a t small 

s p e c i m e n s u s u a l l y d o m i n a t e t h e p o p u l a t i o n ( T a b l e 3 4 ) . 

P a t c h i n e s s in p o p u l a t i o n s t r u c t u r e is i n d i c a t e d by t h e two 

s a m p l e s f r o m t h e P A P , S t a s 5 0 6 0 3 - 2 a n d 3, f o r w h i l e 

s p e c i m e n s l e s s t h a n 2 0 m m long d o m i n a t e o n e s a m p l e , t h e y 

a r e a b s e n t f r o m t h e o t h e r . F i f t e e n of t h e 39 s p e c i m e n s 

s a m p l e d at S t . 5 0 6 0 3 - 2 w e r e less t h a n 4 . 5 m m l o n g , t h e 

n o m i n a l m e s h s i z e of t h e R M T 8 n e t (see S e c t i o n 2 . 2 ) . As a 

r e s u l t , t h e a b u n d a n c e of s m a l l s p e c i m e n s m a y h a v e been 

u n d e r e s t i m a t e d . H o w e v e r , d a t a f r o m a f i n e m e s h net ( R M T 1 , 

3 2 0 ^ m m e s h ) t a k e n c o n c u r r e n t l y w i t h t h e R M T 8 s a m p l e , 

i n d i c a t e s t h a t t h e l a t t e r n e t did n o t m i s s a l a r g e 

p o p u l a t i o n of m i n u t e P. d i a p h a n a . 

T a b l e 3 4 . P e n i a g o n e d i a p h a n a . L e n g t h f r e q u e n c y 
d i s t r i b u t i o n s T n 1 0 m m s i z e c l a s s e s w h e r e 10 = 1 to 1 0 m m , 
20 = 11 t o 2 0 m m , e t c . S a m p l e s f r o m m i d w a t e r t r a w l s . S e e 
T a b l e 33 f o r d e t a i l s of d e p t h s of s a m p l e s . N u m b e r in e a c h 
s i z e c l a s s g i v e n . 

S i z e c l a s s e s ( m m ) 
S t a t i o n 10 20 30 4 0 50 60 70 8 0 90 100 110 

5 0 6 0 3 - 2 2 2 3 4 2 1 3 1 
5 0 6 0 3 - 3 3 2 2 3 1 1 
1 1 1 2 1 - 2 0 4 2 1 
1 1 1 2 1 - 2 1 3 5 1 1 
1 1 1 2 1 - 2 2 9 4 1 1 1 
1 1 1 2 1 - 2 3 7 8 1 1 

P. d i a p h a n a p r o d u c e s e g g s up to 3 0 0 ^ m in d i a m e t e r i n d i c -

a t i v e of l e c i t h o t r o p h i c l a r v a l d e v e l o p m e n t w i t h a s h o r t 

l a r v a l p h a s e ( T y l e r et a l . , 1 9 8 5 b ) . T h i s t y p e of d e v e l o p -

m e n t has t h e a d v a n t a g e of p r o d u c i n g t h e g r e a t e s t n u m b e r of 

e g g s w i t h o u t t h e n e e d f o r a f e e d i n g l a r v a l s t a g e . 
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P l a n k t o t r o p h i c d e v e l o p m e n t w o u l d n e c e s s i t a t e a h a z a r d o u s 

m i g r a t i o n to t h e s u r f a c e w a t e r s and b a c k . T h e s h o r t l a r v a l 

s t a g e w o u l d lead t o l i m i t e d d i s p e r s a l , but t h i s is 

s c a r c e l y a p r o b l e m f o r a b e n t h o p e l a g i c s p e c i e s . 

T h e g u t s of m o s t s p e c i m e n s o b s e r v e d b y B a r n e s et a l . 

( 1 9 7 6 ) f r o m s u b m e r s i b l e s w e r e d i s t e n d e d w i t h m a t e r i a l t h a t 

a p p e a r e d to be of s e d i m e n t a r y o r i g i n . H o w e v e r , b e c a u s e 

P. d i a p h a n a w a s n e v e r s e e n to be in c o n t a c t w i t h t h e s e d -

i m e n t , t h e a u t h o r s s u g g e s t e d t h a t t h i s b e n t h o p e l a g i c h o l o -

t h u r i a n f e d on s u s p e n d e d d e t r i t u s . T h e g u t s of s p e c i m e n s 

f r o m t h e P A P , and t h o s e c o l l e c t e d f r o m o f f t h e c o a s t of 

n o r t h w e s t A f r i c a , w e r e e x a m i n e d m i c r o s c o p i c a l l y and w e r e 

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

f o r a m i n i f e r a n s and d i a t o m s . T h e s t o m a c h c o n t e n t s w e r e 

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

t h e s u r f i c i a l l a y e r l y i n g on t h e s e a b e d ( B i l l e t t et a l . , 

1 9 8 3 ) . In m o s t s p e c i m e n s s a m p l e d by p e l a g i c n e t s t h e 

a n t e r i o r p a r t of t h e g u t w a s d e v o i d of s e d i m e n t , w h i l e t h e 

hind gut w a s o f t e n f u l l . In c o n t r a s t , t h e a n t e r i o r g u t w a s 

f u l l and t h e h i n d gut e m p t y in s p e c i m e n s c o l l e c t e d on or 

c l o s e to t h e s e a b e d in b e n t h i c t r a w l s . T h e s e d a t a s u g g e s t 

t h a t P. d i a p h a n a , l i k e E n y p n i a s t e s , f e e d s at t h e s e d i m e n t 

s u r f a c e and in t h e PAP P. d i a p h a n a has b e e n p h o t o g r a p h e d 

in a f e e d i n g p o s t u r e on t h e s e a b e d . T h e r a p i d f e e d i n g r a t e 

of E n y p n i a s t e s w i t n e s s e d by P a w s o n ( 1 9 8 2 a ) 1ed him to 

b e l i e v e t h a t t h e h o l o t h u r i a n s p e n t o n l y a s h o r t t i m e on 

t h e s e a b e d . P. d i a p h a n a s e e m s t o b e h a v e in a s i m i l a r w a y . 
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P e n i a g o n e a z o r i c a von M a r e n z e l l e r , 1893 

OT 5 0 5 1 1 - 1 ( 1 ) , OT 5 0 9 0 6 - 1 (5), BN 5 1 1 1 0 - 4 (1), 
OT 5 1 4 1 1 - 1 ( 3 ) , BN 5 1 4 1 2 - 1 (1), OT 5 1 6 1 1 - 1 (1). 

B a t h y m e t r i c r a n g e in P S B : 2 4 0 5 to 2 8 0 0 m . 

D i s t r i b u t i o n : P. a z o r i c a has a r a t h e r c u r i o u s d i s t r i b -

u t i o n . It is p r e s e n t in t h e n o r t h e a s t A t l a n t i c b e t w e e n 

1 3 8 5 and 4 0 2 0 m b u t h a s b e e n f o u n d a l s o in t h e K e r m a d e c 

T r e n c h b e t w e e n 2 6 4 0 and 8 2 1 0 m ( H a n s e n , 1 9 7 5 ) . It has b e e n 

p h o t o g r a p h e d in o t h e r d e e p - s e a t r e n c h e s ( L e m c h e et a l . , 

1 9 7 6 ) and p o s s i b l y w i t h i n t h e R o m a n c h e T r e n c h in t h e m i d -

A t l a n t i c ( H e e z e n et a l . , 1 9 6 4 ) . T h i s s p e c i e s is c o m m o n 

f r o m 2 0 0 0 to 3 0 0 0 m in t h e n o r t h e a s t A t l a n t i c ( H e r o u a r d , 

1 9 2 3 ; Le D a n o i s , 1 9 4 8 ; G a g e et a l . , 1 9 8 5 a ; H a r v e y et a l . , 

in p r e s s ) . 

E c o l o g i c a l r e m a r k s : T h e m o s t n o t a b l e f e a t u r e of 

P. a z o r i c a in t h e P S B is its r a r i t y . P . a z o r i c a is t h e 

m o s t a b u n d a n t h o l o t h u r i a n b e t w e e n 2 0 0 0 a n d 3 0 0 0 m in t h e 

R o c k a l l T r o u g h ( G a g e et a l . , 1 9 8 5 a ) and is a l s o c o m m o n 

f u r t h e r s o u t h ( H e r o u a r d , 1 9 2 3 ) yet o n l y 12 s p e c i m e n s h a v e 

b e e n c o l l e c t e d at c o m p a r a b l e d e p t h s in t h e P S B . T h e 

r e a s o n s f o r t h e s c a r c i t y of P. a z o r i c a is n o t c l e a r . T h e 

a r e a in t h e c e n t r e of t h e P S B , b e t w e e n 2 2 0 0 and 3 4 0 0 m , is 

n o t a b l e f o r its l a c k of d e p o s i t f e e d e r s a p a r t f r o m 

P s y c h r o p o t e s d e p r e s s a b e t w e e n 2 3 0 0 and 2 4 4 0 m and t h e 

o c c a s i o n a l e n i g m a t i c a p p e a r a n c e of h e r d o f K o l g a h y a l i n a . 
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A m p e r i m a r o s e a (R. P e r r i e r , 1 8 9 6 ) 

OT 9 6 3 8 - 2 ( 1 4 ) , OT 9 7 5 6 - 3 (8), OT 9 7 5 6 - 5 (1), 
BN 1 0 1 1 4 - 1 ( 1), OT 5 0 5 1 5 - 1 (8), OT 5 0 7 1 1 - 1 (3), 
OT 5 0 8 1 1 - 1 ( 9 ) , OT 5 0 9 1 0 - 1 ( 2 ) . 

B a t h y m e t r i c r a n g e on PAP : 4 0 1 2 to 4 7 9 5 m , 

D i s t r i b u t i o n : N o r t h e a s t A t l a n t i c , 4 0 1 2 t o 5 0 0 5 m ( P e r r i e r , 

1 9 0 2 ; H e r o u a r d , 1 9 2 3 ; H a n s e n , 1 9 7 5 ; p r e s e n t r e c o r d s ) . 

E c o l o g i c a l r e m a r k s An a b y s s a l s p e c i e s t h a t is not 

p a r t i c u l a r l y c o m m o n on t h e P A P . It o c c u r r e d in a b o u t h a l f 

of t h e o t t e r t r a w l s t a k e n d e e p e r t h a n 4 0 0 0 m . O n e s p e c i m e n 

f r o m t h e PAP had a t a n a i d a c e a n , E x s p i n a t y p i c a ( T h u r s t o n 

et a l . , 1 9 8 7 ) in its c o e l o m i c c a v i t y . T h i s a s s o c i a t i o n is 

not t h e r e s u l t of a c h a n c e o c c u r r e n c e f o r E. t y p i c a has 

b e e n r e p o r t e d a l s o f r o m o t h e r h o l o t h u r i a n s ( T h u r s t o n et 

a l . , 1 9 8 7 ) . 

K o l g a h y a l i n a D a n i e l s s e n and K o r e n , 1 8 7 9 . 

BN 9 7 5 4 - 3 ( 1), BN 9 7 5 6 - 9 ( 1 4 6 3 9 ) , BN 9 7 5 6 - 1 4 ( 2 1 5 2 7 ) , 
BN 1 0 1 1 3 - 1 ( 6 5 1 2 ) , BN 1 0 1 1 4 - 1 ( 4 9 5 0 ) , BN 1 0 1 1 5 - 1 ( 
BN 5 0 6 0 3 - 1 ( 4 0 4 9 ) , BN 5 0 6 0 4 - 1 ( 1 5 2 ) , BN 5 0 6 0 5 - 1 
BN 5 0 8 2 3 - 1 ( 5 6 8 ) , BN 5 0 9 1 3 - 1 ( 3 2 2 2 ) , BN 5 0 9 1 4 - 1 
R M T 5 2 4 0 3 - 2 1 - 2 3 ( 2 0 4 ) . 

5 0 ) , 
6 3 2 0 ) , 

5 9 ) , 

B a t h y m e t r i c r a n g e in P S B / P A P : 1 4 8 4 to 4 8 1 5 m . 

D i s t r i b u t i o n : K . h y a l i n a is k n o w n p r i n c i p a l l y f r o m t h e 

A r c t i c O c e a n and t h e N o r w e g i a n S e a , but it has a l s o b e e n 

c o l l e c t e d in t h e n o r t h w e s t A t l a n t i c , t h e R o c k a l l T r o u g h , 

o f f J a p a n and in t h e A n t a r c t i c O c e a n . T h i s m o n o t y p i c g e n u s 

has a c o s m o p o l i t a n d i s t r i b u t i o n and a w i d e b a t h y m e t r i c 

r a n g e , 1 4 8 4 to 4 8 5 0 m ( B i l l e t t and H a n s e n , 1 9 8 2 ) . 
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E c o l o g i c a l r e m a r k s : K. h y a l i n a is an e n i g m a t i c h o l o t h -

u r i a n w i t h m a n y p e c u l i a r f e a t u r e s to its b i o l o g y . At s o m e 

s t a t i o n s it is by f a r t h e m o s t a b u n d a n t s p e c i e s e n c o u n t -

e r e d in t h e P S B , but in t h e v a s t m a j o r i t y of s a m p l e s it is 

a b s e n t . In m a n y c a s e s t h e s e l a t t e r s a m p l e s h a v e c o m e f r o m 

a r e a s w h e r e K. h y a l i n a has b e e n a b u n d a n t at o n e t i m e . 

T h e a b u n d a n c e of K. h y a l i n a has b e e n c a l c u l a t e d f r o m 

both c a t c h and p h o t o g r a p h i c d a t a ( T a b l e 3 5 ) , as d e t a i l e d 

in S e c t i o n 2 . 2 . , p a g e 6 3 . U n f o r t u n a t e l y , t h e o d o m e t e r 

f a i l e d to w o r k at S t a s 5 0 6 0 3 - 1 and 5 0 6 0 5 - 1 , but t w o 

p a r t i c u l a r l y long h a u l s at t h e s e s t a t i o n s d i d r e s u l t in a 

long s e r i e s of p h o t o g r a p h s f r o m w h i c h an a c c u r a t e e s t i m a t e 

of t h e a b u n d a n c e w a s o b t a i n e d . T h e p r e c i s i o n of t h e v a l u e 

w a s f u r t h e r e n h a n c e d by t h e s m a l l v a r i a t i o n in t h e 

a b u n d a n c e of K. h y a l i n a b e t w e e n p h o t o g r a p h s . At s t a t i o n s 

w h e r e K. h y a l i n a w a s a g g r e g a t e d , t h e s t a n d a r d e r r o r r e f -

l e c t s , in p a r t , t h e e f f e c t of t h e s p a t i a l p a t t e r n on t h e 

e s t i m a t e of m e a n a b u n d a n c e . T h e i n f l u e n c e of s p a t i a l 

p a t t e r n w a s p a r t i c u l a r l y i m p o r t a n t at S t . 1 0 1 1 4 - 1 w h e r e 

t h e p h o t o g r a p h i c m e a n a b u n d a n c e c o u l d h a v e r i s e n to 10 

i n d i v i d u a l s p e r m* had t h e t w o a g g r e g a t i o n s p h o t o g r a p h e d 

f a l l e n w i t h i n t h e a n a l y s e d a r e a . 

T a b l e 3 5 . T h e a b u n d a n c e of K o l g a h y a l i n a in e p i b e n t h i c 
s l e d g e s a m p l e s , e x p r e s s e d as n u m b e r p e r h e c t a r e , n 
n u m b e r of s p e c i m e n s t a k e n . S t a n d a r d e r r o r of m e a n p h o t o -
g r a p h i c a b u n d a n c e f o r e a c h s t a t i o n is g i v e n in p a r e n t h -
e s e s . F o r t h e n u m b e r of s p e c i m e n s in e a c h s a m p l e see 
s t a t i o n d e t a i l s on p a g e 2 6 1 . 

S t a t i o n 
M e a n 

D e p t h (m) A / P o s n A / O d o A / P h o t o S . E . 

a BN 9 7 5 4 - 3 1 4 8 4 7 
BN 1 0 1 1 3 - 1 2 7 5 8 7 0 9 7 2 1 7 4 1 1 8 9 3 2 3 1 2 0 5 2 3 
BN 5 0 9 1 4 - 1 2 8 0 0 3 0 7 2 3 2 7 1 8 
BN 5 0 8 2 3 - 1 2 8 3 0 9 1 8 9 
BN 5 0 6 0 5 - 1 2 8 7 5 2 2 6 5 7 1 1 9 2 0 9 3 7 3 9 
BN 5 0 9 1 3 - 1 3 0 2 0 1 7 0 4 7 8 2 3 3 6 8 0 0 7 
BN 5 0 6 0 4 - 1 3 5 2 0 601 
BN 9 7 5 6 - 14 3 6 8 9 7 0 6 5 8 5 0 1 7 0 1 5 0 0 2 0 0 1 6 9 8 1 4 

262 



T h e g r e a t e s t a b u n d a n c e of K. h y a l i n a o c c u r r e d at t w o 

s t a t i o n s s a m p l e d c l o s e to t h e b a s e of t h e c o n t i n e n t a l 

s l o p e in t h e m o u t h of t h e P S B in A p r i l 1 9 7 8 (Stas 9 7 5 6 - 9 

and 1 4 ) . A b u n d a n c e s of 3 3 . 8 and 5 0 . 0 i n d i v i d u a l s per 

m ^ r e s p e c t i v e l y w e r e c a l c u l a t e d f r o m t h e p h o t o g r a p h i c d a t a 

( T a b l e 3 5 ) . T h e p h o t o g r a p h s s h o w e d a l s o t h a t t h e 

h o l o t h u r i a n s w e r e not d i s t r i b u t e d e v e n l y a c r o s s t h e s e a b e d 

but w e r e a g g r e g a t e d , in s o m e c a s e s in g r o u p s of s e v e r a l 

h u n d r e d s p e c i m e n s ( s e e S e c t i o n 5 . 4 ) . K. h y a l i n a w a s f o u n d 

in t h e s a m e a r e a a g a i n in J u l y and S e p t e m b e r 1979 ( S t a s 

5 0 6 0 3 - 1 and 1 0 1 1 4 - 1 ) but its a b u n d a n c e w a s a b o u t o n e t e n t h 

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

a r e a l y i n g a b o v e t h e s t e e p t e r r a i n at t h e m o u t h of t h e PSB 

(ca. 2 8 0 0 m ) w a s e x p l o r e d and a n o t h e r l a r g e p o p u l a t i o n of 

K o l g a w a s f o u n d ( m o r e t h a n 10 i n d i v i d u a l s p e r m* ). 

F u r t h e r s a m p l i n g in A u g u s t and N o v e m b e r 1 9 8 0 at t h e s e t w o 

s i t e s f a i l e d t o l o c a t e K. h y a l i n a at t h e d e e p e r s t a t i o n 

w h i l e its a b u n d a n c e at d e p t h s of a b o u t 2 8 0 0 m w a s m u c h 

r e d u c e d . S a m p l i n g s i n c e 1 9 8 0 in b o t h t h e s e a r e a s has 

f a i l e d to f i n d any t r a c e of t h e s p e c i e s . It a p p e a r s , 

t h e r e f o r e , t h a t t h e p r e s e n c e of K o l g a in a n y o n e a r e a is 

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

a t i o n d e c l i n e s . T h i s is s u b s t a n t i a t e d b y o t h e r o b s e r v -

a t i o n s in t h e PSB and in t h e R o c k a l l T r o u g h d e t a i l e d 

b e l o w . 

F i r s t , in J u l y 1 9 8 2 d u r i n g an e p i b e n t h i c s l e d g e p h o t o -

t r a n s e c t b e t w e e n 1 5 0 5 and 1 5 3 5 m on t h e P o r c u p i n e B a n k ( S t . 

5 1 6 1 9 - 1 ) m a n y h o l o t h u r i a n s t h a t a p p e a r e d to be K o l g a 

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

no n e t w a s a t t a c h e d t o t h e s l e d g e d u r i n g t h i s haul and so 

t h e i d e n t i f i c a t i o n c o u l d n o t be c o n f i r m e d . T h i s a r e a w a s 

s a m p l e d s u b s e q u e n t l y in A p r i l 1 9 8 3 but no t r a c e of K o l g a , 

or any h o l o t h u r i a n t h a t c o u l d be m i s t a k e n f o r it, c o u l d be 

f o u n d . K. h y a l i n a h a s n e v e r b e e n c o l l e c t e d in a n y of t h e 

s a m p l e s t a k e n at u p p e r s l o p e d e p t h s in t h e PSB e x c e p t f o r 
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a s i n g l e i n d i v i d u a l in t h e n o r t h e a s t o f t h e P5B f r o m a 

d e p t h of 1 4 8 4 m . 

S e c o n d , in t h e s u m m e r of 1 9 8 4 a t i m e - l a p s e c a m e r a 

s y s t e m , " B a t h y s n a p " ( L a m p i t t and B u r n h a m , 1 9 8 3 ) , w a s 

d e p l o y e d at a d e p t h of 2 0 2 5 m in t h e c e n t r e of t h e P S B . 

T h i s s i t e has b e e n s a m p l e d m a n y t i m e s s i n c e 1 9 7 8 but 

K. h y a l i n a has n e v e r b e e n c o l l e c t e d . H o w e v e r , t w i c e d u r i n g 

a 123 d a y d e p l o y m e n t of t h e c a m e r a s y s t e m an a g g r e g a t i o n 

of s m a l l h o l o t h u r i a n s , b e l i e v e d to be K . h y a l i n a , p a s s e d 

o v e r t h e a r e a of s e a b e d b e i n g p h o t o g r a p h e d ( c a . 2 s q u a r e 

m e t r e s ) ( D r . R . S . L a m p i t t , p e r s o n a l c o m m u n i c a t i o n ) . T h e 

t i m e i n t e r v a l b e t w e e n p h o t o g r a p h s was 8 a n d a h a l f h o u r s 

and in b o t h i n s t a n c e s t h e a g g r e g a t i o n p a s s e d t h r o u g h t h e 

f i e l d of v i e w w i t h i n 17 h o u r s . All t h e h o l o t h u r i a n s w e r e 

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

f a e c a l c a s t s . T h e a b u n d a n c e of K. h y a l i n a in o n e of t h e s e 

a g g r e g a t i o n s w a s a b o u t 2 0 0 i n d i v i d u a l s p e r m * . 

T h i r d , at a s i t e in t h e R o c k a l l T r o u g h ( c a . 2 9 0 0 ) 

s a m p l e d r e p e a t e d l y by t h e S c o t t i s h M a r i n e B i o l o g i c a l 

A s s o c i a t i o n s i n c e 1 9 7 5 ( G a g e et a l . , 1 9 8 0 ) , K. h y a l i n a has 

been c o l l e c t e d j u s t o n c e (May 1 9 8 0 ) e v e n t h o u g h o t h e r 

s a m p l e s w e r e t a k e n in t h e s a m e y e a r at t h i s s i t e ( G a g e et^ 

a l . , 1 9 8 5 a ) . T h e a u t h o r s a l s o n o t e d t h a t t h e s p e c i m e n s 

w e r e all s m a l l and of a s i m i l a r s i z e (4 t o 5 m m l o n g ) . 

P r e c i s e l y t h e s a m e p o p u l a t i o n s t r u c t u r e o c c u r s in t h e 

P S B , w i t h s i z e d i s t r i b u t i o n s t h a t are u n i m o d a l and n a r r o w 

( F i g . 3 8 ) . In A p r i l 1 9 7 8 t h e s p e c i m e n s of K. h y a l i n a 

r a n g e d in l e n g t h b e t w e e n 2 and 9 m m a f t e r p r e s e r v a t i o n , 

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

s l i g h t l y l a r g e r in v i v o . S m a l l e r s p e c i m e n s o c c u r r e d at S t . 

9 7 5 6 - 1 4 ( m e a n l e n g t h 4 . 3 m m ) t h a n at S t . 9 7 5 6 - 9 ( m e a n 

l e n g t h 5 . 0 m m ) . T h e s p e c i m e n s c o l l e c t e d in J u l y 1 9 7 9 w e r e 

l o n g e r , r a n g i n g b e t w e e n 4 and 1 5 m m w i t h a m e a n l e n g t h of 
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F i g u r e 3 8 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of K o l g a 

h y a l i n a f r o m t h e P o r c u p i n e S e a b i g h t . L e n g t h in 1mm s i z e 

c l a s s e s . 

A) BN 9 7 5 6 - 9, 13 4 : 7 8 , 4 0 5 4 m , n = = 1 4 6 2 3 . 

B) BN 9 7 5 6 - 1 4 , 15 3 : 7 8 , 3 6 8 8 m , n = 2 1 5 2 2 . 

C) BN 5 0 6 0 3 - 1, 2 6 ; 7 9 , 4 0 0 0 m , n = 4 0 2 4 . 

D) BN 5 0 6 0 5 - 1, 5 6 : 7 9 , 2 8 7 5 m , n : = 6 3 2 0 . 

E) BN 1 0 1 1 4 - 1, 10 9 : 7 9 , 4 0 5 0 m , n = 4 9 2 3 . 

F) BN 1 0 1 1 3 - 1, 10 9 : 7 9 , 2 7 5 7 m , n = 6 4 1 9 . 

6 ) BN 5 0 9 1 3 - 1, 12 1 1 : 8 0 , 3 0 2 0 m , n = 5 9 . 

H) BN 5 0 8 2 3 - 1, 8 8 : 8 0 , 2 8 3 0 m , n : 2 1 2 . 
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8 . 7 m m at S t . 5 0 6 0 3 - 1 and 8 . 1 m m at S t . 5 0 6 0 5 - 1 . T h e t w o 

c a t c h e s w e r e in p o o r c o n d i t i o n , h o w e v e r , p r o b a b l y t h e 

r e s u l t of t h e s i e v i n g t e c h n i q u e , l e a d i n g t o a long t a l l in 

t h e p o p u l a t i o n s i z e d i s t r i b u t i o n and h e n c e an o v e r e s t -

i m a t i o n of t h e m e a n l e n g t h . No d o u b t t h e s a m p l e s s h o u l d 

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

s a m p l e s t a k e n in S e p t e m b e r 1 9 7 9 w h i c h w e r e in e x c e l l e n t 

c o n d i t i o n . T h e l e n g t h of K . h y a l i n a at t h e l a t t e r s t a t i o n s 

v a r i e d b e t w e e n 4 and 1 2 m m w i t h a m e a n of 7 . 5 m m and 7 . 0 m m 

at S t a s 1 0 1 1 3 - 1 and 1 0 1 1 4 - 1 r e s p e c t i v e l y . T h e f e w 

s p e c i m e n s t a k e n at S t a s 5 0 6 0 4 - 1 and 1 0 1 1 5 - 1 w e r e of a 

s i m i l a r s i z e . 

T h e f o l l o w i n g y e a r ( A u g u s t 1 9 8 0 ) a f u r t h e r i n c r e a s e in 

m e a n s i z e w a s n o t e d at S t . 5 0 8 2 3 - 1 ( m e a n l e n g t h 9 . 5 m m ) . 

A s s u m i n g t h a t t h e s a m e p o p u l a t i o n has b e e n s a m p l e d o v e r 

t h e p e r i o d of 1 9 7 8 to 1 9 8 0 t h e n s l o w g r o w t h r a t e s of t h i s 

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

a r e a w a s s a m p l e d a g a i n in N o v e m b e r 1 9 8 0 a m e a n l e n g t h of 

o n l y 4 . 7 m m w a s f o u n d . T h i s , c o u p l e d w i t h t h e m o r e r e c e n t 

e v i d e n c e of t h e f i c k l e a p p e a r a n c e of K . h y a l i n a c i t e d 

a b o v e , m e a n s t h a t it is by no m e a n s c e r t a i n t h a t t h e s a m e 

p o p u l a t i o n w a s s a m p l e d in t h e s a m e a r e a in s u c c e e d i n g 

y e a r s . 

S i m i l a r u n i m o d a l , n a r r o w s i z e d i s t r i b u t i o n s h a v e b e e n 

f o u n d in p o p u l a t i o n s of K. h y a l i n a f r o m o t h e r l o c a l i t i e s . 

T w o s a m p l e s f r o m t h e m o u t h of t h e R o c k a l l T r o u g h ( F i g . 3 9 ) 

s h o w p o p u l a t i o n s of a s i m i l a r s i z e to t h o s e s a m p l e d in 

A u g u s t 1 9 8 0 . H a n s e n (in B i l l e t t and H a n s e n , 1 9 8 2 ) f o u n d 

l a r g e r s p e c i m e n s in m a t e r i a l c o l l e c t e d by t h e " I n g o l f " and 

" G o d t h a a b " E x p e d i t i o n s b u t s t i l l w i t h a u n i m o d a l 

p o p u l a t i o n s t r u c t u r e . O n e p o p u l a t i o n f r o m B a f f i n B a y w a s 

m a d e up s o l e l y of l a r g e s p e c i m e n s , w i t h a m e a n l e n g t h of 

3 7 . 2 m m , and o n l y a f e w s p e c i m e n s w e r e s h o r t e r t h a n 2 7 m m . 

In c o n t r a s t , f e w s p e c i m e n s l o n g e r t h a n 2 7 m m , and n o n e 
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F i g u r e 3 9 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of K o l g a 

h y a l i n a f r o m t h e R o c k a l l T r o u g h and t h e P o r c u p i n e A b y s s a l 

P l a i n . L e n g t h in 1 m m s i z e c l a s s e s . 

A ) " D i s c o v e r y " S t . 7 7 1 1 - 6 2 , 

B ) " D i s c o v e r y " S t . 7 7 1 1 - 8 5 , 

C ) BN 5 2 4 0 3 - 2 1 , 

28 5 : 7 1 , 

6 : 7 1 , 

12:86, 

2 7 2 5 m , 

2 6 3 9 m , 

4 8 1 5 m , 

n 

n 

n 

2 2 0 6 5 , 

992, 

1 8 6 , 
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g r e a t e r t h a n 3 0 m m , w e r e f o u n d at t h e s t a t i o n s s a m p l e d by 

t h e " I n g o l f " E x p e d i t i o n . K. h y a l i n a w a s a b u n d a n t at t h r e e 

of t h e s e s t a t i o n s s a m p l e d w i t h i n a b o u t 100 m i l e s of 

e a c h o t h e r in t h e N o r w e g i a n S e a . T h e m e a n l e n g t h of t h e 

h o l o t h u r i a n s at t w o of t h e s e s t a t i o n s w a s a b o u t 17mm and 

at t h e t h i r d a b o u t 1 3 m m . T h e d i f f e r e n c e in s i z e b e t w e e n 

t h e " I n g o l f " and " G o d t h a a b " m a t e r i a l is u n l i k e l y to be t h e 

r e s u l t of g e o g r a p h i c l o c a t i o n , as s p e c i m e n s up to 5 0 m m 

long w e r e t a k e n in t h e N o r w e g i a n Sea b y t h e N o r w e g i a n 

N o r t h - A t l a n t i c E x p e d i t i o n ( D a n i e l s s e n a n d K o r e n , 1 8 8 2 ) . 

A r e c e n t s a m p l e f r o m t h e P A P ( S t . 5 2 4 0 3 - 2 1 - 2 3 ) c o n t a i n e d 

s p e c i m e n s w i t h a m e a n l e n g t h of 1 5 . 1 m m ( F i g . 3 9 ) , s i m i l a r 

in s i z e to t h o s e K o l g a t a k e n by t h e " I n g o l f " E x p e d i t i o n 

and d e m o n s t r a t i n g t h a t t h e s m a l l s i z e of m a n y PSB 

K. h y a l i n a is a l s o n o t t h e r e s u l t of g e o g r a p h i c l o c a t i o n . 

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

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

in a t r o c i o u s w e a t h e r c o n d i t i o n s . 

T h e p r o f u s i o n of s m a l l , s i m i l a r l y s i z e d K . h y a l i n a o v e r 

a w i d e a r e a of t h e P o r c u p i n e S e a b i g h t is i n d i c a t i v e of a 

h i g h l y s y n c h r o n i z e d r e p r o d u c t i v e e v e n t . A l t h o u g h no a n n u a l 

r e c r u i t m e n t is e v i d e n t in t h e p o p u l a t i o n s i z e d i s t r i b -

u t i o n s ( F i g s 3 8 , 3 9 ) it is s t i l l p o s s i b l e t h a t K. h y a l i n a 

b r e e d s s e a s o n a l l y l i k e s o m e o t h e r d e e p - s e a e c h i n o d e r m s 

( T y l e r et a l . , 1 9 8 2 ) . To d e t e r m i n e w h e t h e r a s e a s o n a l 

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

f r o m s p e c i m e n s c o l l e c t e d f r o m six d i f f e r e n t c a l e n d a r 

m o n t h s of t h e y e a r b e t w e e n A p r i l and D e c e m b e r , a l b e i t o v e r 

an e i g h t y e a r p e r i o d . O v a r i e s w e r e c l e a r e d in l a c t i c acid 

and t h e d i a m e t e r s of t h e o o c y t e s w e r e m e a s u r e d . In a d d -

i t i o n , a b o u t 20 s p e c i m e n s f r o m e a c h s a m p l i n g p e r i o d w e r e 

e m b e d d e d in p a r a f f i n w a x , s e c t i o n e d at ^ ^ m and s t a i n e d 

w i t h M a y e r s h a e m a l u m and e o s i n to d e t e r m i n e t h e g e n e r a l 

h i s t o l o g y and to e x a m i n e t h e m a t u r i t y of t h e t e s t e s . 
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T h e h i s t o l o g i c a l s e c t i o n s s h o w e d t h a t e v e n in t h e 

s m a l l e s t s p e c i m e n s c o l l e c t e d , 3 to 4 m m l o n g , t h e g o n a d w a s 

d e v e l o p i n g , i n d i c a t i n g t h a t K. h y a l i n a m a t u r e s at a v e r y 

e a r l y s t a g e . M a t u r e t e s t e s w e r e f o u n d In b o t h s u m m e r and 

w i n t e r s a m p l e s . A m a x i m u m e g g s i z e of 2 4 0 u m w a s m e a s u r e d 

f r o m a s p e c i m e n c o l l e c t e d in A u g u s t 1 9 8 0 , but in m o s t 

s p e c i m e n s t h e e g g s d i d not e x c e e d IBO^m a n d t h e v a s t m a j -

o r i t y w e r e no l a r g e r t h a n 8 0 ^ m i r r e s p e c t i v e of t h e s a m p l -

ing d a t e . In s m a l l s p e c i m e n s , s a m p l e d in b o t h A p r i l 1 9 7 8 

and N o v e m b e r 1 9 8 0 , 70 to 9 0 % of t h e o o c y t e s w e r e 20 to 

4 0 ^ ^ in d i a m e t e r , and o n l y 2% w e r e g r e a t e r t h a n 7 0 ^ m ( m a x . 

1 1 0 u m ) . O o c y t e s of a s i m i l a r s i z e d o m i n a t e d in s p e c i m e n s 

c o l l e c t e d in J u l y 1 9 7 9 but a g r e a t e r p r o p o r t i o n of l a r g e r 

e g g s w e r e p r e s e n t ( c a . 1 0 % w e r e g r e a t e r t h a n 7 0 ^ m in d i a m -

e t e r , m a x . 1 8 0 ^ m ) . S i m i l a r e g g s i z e d i s t r i b u t i o n s o c c u r r e d 

in s p e c i m e n s s a m p l e d in J u l y 1 9 7 9 , a l t h o u g h 70 to 8 0 % of 

t h e o o c y t e s w e r e 30 to 6 0 ^ m in d i a m e t e r . 

L a r g e r K. h y a l i n a s a m p l e d in A u g u s t 1 9 8 0 and D e c e m b e r 

1986 s h o w e d a g r e a t e r s p r e a d of o o c y t e s i z e s , but t h e r e 

w a s not a l a r g e n u m b e r of e g g s p r o c e e d i n g t o m a t u r i t y at 

t h e s a m e t i m e . S e v e r a l s p e c i m e n s c o l l e c t e d in D e c e m b e r 

1 9 8 6 a p p e a r e d to be s p e n t , b u t o t h e r w i s e t h e r e w a s l i t t l e 

e v i d e n c e of s e a s o n a l i t y in o o g e n e s i s or s p e r m a t o g e n e s i s . 

T h e e v i d e n c e s u g g e s t s t h a t K . h y a l i n a r e p r o d u c e s p e r i o d -

i c a l l y but n o t w i t h an a n n u a l c y c l e . 

T h e m a x i m u m egg s i z e of a b o u t 2 4 0 ^ m is s i m i l a r to t h a t 

in o t h e r e l p i d i i d h o l o t h u r i a n s and s u g g e s t s l e c i t h o t r o p h i c 

l a r v a l d e v e l o p m e n t . H o w e v e r , it is by n o m e a n s c e r t a i n 

t h a t all t h e e g g s a t t a i n t h i s s i z e b e f o r e s p a w n i n g and 

s o m e f o r m of f e e d i n g l a r v a c o u l d be f o r m e d . In t h i s 

p a r t i c u l a r c a s e t h e i n i t i a l h i g h a b u n d a n c e of K. h y a l i n a 

w i t h i n a c i r c u m s c r i b e d a r e a of t h e P S B s u g g e s t s t h a t 

d e v e l o p m e n t w o u l d be d e m e r s a l , f e e d i n g on d e t r i t a l 

p a r t i c l e s r a t h e r t h a n in s u r f a c e w a t e r s . 
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W i t h t h e a p p a r e n t i r r e g u l a r p e r i o d i c i t y in r e p r o d u c t i o n , 

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

a n d , in p a r t i c u l a r , t h e d e v e l o p m e n t of t h e g o n a d in e v e n 

t h e s m a l l e s t of t h e s p e c i m e n s e x a m i n e d ( 3 m m l o n g ) , it is 

c l e a r t h a t K. h y a l i n a e x h i b i t s l i f e - h i s t o r y t r a i t s c o n -

s i s t e n t w i t h p h y s i c a l l y c o n t r o l l e d , or r - s e l e c t e d , f a u n a 

( S a n d e r s , 1 9 7 9 ) . In t h e d e e p s e a , s p e c i e s w i t h t h e s e 

c h a r a c t e r i s t i c s w o u l d be e x p e c t e d t o be f o u n d in u n s t a b l e 

s e d i m e n t a r y e n v i r o n m e n t s s u c h as t r e n c h e s and c a n y o n 

s y s t e m s . In t h e l a t t e r c a s e , t u r b i d i t y c u r r e n t s , a l t h o u g h 

a u g m e n t i n g t h e o r g a n i c c o n t e n t of t h e s e d i m e n t s , a l s o 

p e r i o d i c a l l y a n n i h i l a t e w h o l e f a u n a l a s s e m b l a g e s ( H e e z e n 

et a l . , 1 9 5 5 ) . In s u c h an e n v i r o n m e n t , w h e r e a d u l t 

s u r v i v a l is u n p r e d i c t a b l e , e a r l y m a t u r i t y w o u l d be a 

d i s t i n c t a d v a n t a g e . U n s t a b l e c o n d i t i o n s in t h e PSB m i g h t 

o c c u r w i t h i n and a r o u n d t h e S o l i u m C h a n n e l S y s t e m . T h e 

p r e v a l e n c e of K . h y a l i n a in a r e a s of t h e PSB u n d e r t h e 

i n f l u e n c e of t h e c h a n n e l s s u p p o r t s t h e h y p o t h e s i s t h a t 

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

( R o w e , 1 9 7 1 ) , a l t h o u g h H a e d r i c h et a l . , ( 1 9 7 5 , 1 9 8 0 ) w e r e 

u n a b l e to c o n f i r m t h e p r e s e n c e of a s p e c i a l i z e d c a n y o n 

f a u n a . T h e p r e s e n c e of K o l g a in a r e a s of t h e PSB a w a y f r o m 

t h e c h a n n e l s y s t e m s , i . e . on t h e e a s t e r n s l o p e of t h e 

P o r c u p i n e B a n k , i n d i c a t e s a l s o t h a t t h i s s p e c i e s is n o t 

r e s t r i c t e d to u n s t a b l e a r e a s . 

K. h y a l i n a m a y e x i s t in t h e c a n y o n s o n t h e c o n t i n e n t a l 

s l o p e of t h e n o r t h w e s t A t l a n t i c w h e r e c l u m p s of 

" P e n i a g o n e - l i k e " h o l o t h u r i a n s h a v e b e e n p h o t o g r a p h e d 

( R o w e , 1 9 7 1 ) . T h e s e m a y w e l l be K. h y a l i n a w h i c h is 

s i m i l a r to s o m e s p e c i e s of P e n i a g o n e in e x t e r n a l a p p e a r -

a n c e . I n d e e d , w h i l e no s p e c i e s of P e n i a g o n e h a v e b e e n 

r e p o r t e d in t h e n o r t h w e s t A t l a n t i c , a p a r t f r o m t h e b e n t h o -

p e l a g i c s p e c i e s P. d i a p h a n a , K o l g a has b e e n c o l l e c t e d in 

t h e a r e a ( T h e e l , 1 8 8 2 ) . 
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T h e n a r r o w , m o n o m o d a l s i z e d i s t r i b u t i o n s of K. h y a l i n a 

a r e t y p i c a l of t h e s p e c i e s o v e r a w i d e g e o g r a p h i c a r e a and 

s i z e r a n g e . O n c e a p o p u l a t i o n is e s t a b l i s h e d , t h e r e f o r e , 

f u r t h e r r e c r u i t m e n t d o e s not a p p e a r t o t a k e p l a c e . T h e 

r e a s o n s f o r t h i s a r e n o t r e a d i l y a p p a r e n t . As an 2 -

s t r a t e g i s t K. h y a l i n a m a y be s e m e l p a r o u s , but in v i e w of 

its l e n g t h at f i r s t m a t u r i t y ( 3 m m ) , t h e l o n g e s t k n o w n 

i n d i v i d u a l ( 5 0 m m ) , and t h e a p p a r e n t s l o w g r o w t h r a t e s of 

d e e p - s e a f a u n a , i t e r o p a r i t y is to be e x p e c t e d . F o r an 

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

n e c e s s i t y and w o u l d lead to t h e s e p a r a t i o n of t h e p a r e n t 

and s i b l i n g p o p u l a t i o n s . T h e egg s i z e f o u n d c o u l d lead to 

e i t h e r p l a n k t o t r o p h i c d e v e l o p m e n t or t o l e c i t h o t r o p h i c 

d e v e l o p m e n t w i t h a s h o r t d i s p e r s a l p h a s e . T h e m o n o - m o d a l 

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

l a r v a l d i s p e r s a l and s e t t l e m e n t . A v a r i a b l e c u r r e n t r e g i m e 

w o u l d l e a d , t h e r e f o r e , to a m o s a i c of p o p u l a t i o n s w i t h 

d i f f e r e n t m e a n s i z e s . 

M o n o - m o d a l s i z e - f r e q u e n c y d i s t r i b u t i o n s of a b u n d a n t , 

s m a l l s p e c i m e n s of t h e a n e m o n e A c t i n o s c y p h i a a u r e l i a 

S t e p h e n s e n h a v e a l s o b e e n a t t r i b u t e d to u n s t a b l e s e d i m e n t -

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

i n d i v i d u a l s a l s o o c c u r r e d in t h e s a m p l e s ( A l d r e d , R i e m a n n -

Z u r n e c k , T h i e l and R i c e , 1 9 7 9 ) . On a s m a l l e r s c a l e , J u m a r s 

( 1 9 7 8 ) n o t e d a c o m p l e x d i s p e r s i o n p a t t e r n f o r t h e 

p o l y c h a e t e P o l y o p h t h a l m u s s p . in w h i c h p a t c h e s of i n d i v i d -

u a l s of a s i m i l a r s i z e o c c u r r e d , but t h e c a u s e s of t h e 

p a t t e r n w e r e not i d e n t i f i a b l e . 

T h e e a r l y m a t u r i t y of K. h y a l i n a c o u p l e d w i t h its 

c o m p l e t e d i s a p p e a r a n c e f r o m a r e a s in t h e P S B w h e r e it w a s 

at o n e t i m e s u p e r - a b u n d a n t , s u g g e s t s t h a t s p e c i m e n s t h a t 

r e a c h t h e s i z e n o t e d by t h e " G o d t h a a b " E x p e d i t i o n in 

B a f f i n B a y (up to 5 0 m m l o n g ) a r e p r o b a b l y t h e e x c e p t i o n 

r a t h e r t h a n t h e r u l e . 
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E l p i d i a s p . 

BN 9 7 5 3 - 7 ( 1 1 7 ) , BN 9 7 5 4 - 3 ( 5 0 3 ) , BN 1 0 1 1 1 - 8 ( 2 0 0 2 ) , 
BN 1 0 1 1 2 - 1 ( 4 ) , BN 1 0 1 1 2 - 2 ( 1), BN 1 0 1 1 2 - 3 ( 1), 
BN 5 0 6 0 2 - 2 ( 4 9 4 ) , BN 5 0 6 0 3 - 1 ( 2 ) , BN 5 0 6 0 4 - 1 ( 3), 
BN 5 0 9 1 3 - 1 ( 1 1 1 ) , BN 5 2 0 1 9 - 1 ( 5 8 ) . 

B a t h y m e t r i c r a n g e in PSB : 1 4 8 4 to 4 0 0 0 m , but g e n e r a l l y 

s h a l l o w e r t h a n 3 0 4 0 m . 

D i s t r i b u t i o n and t a x o n o m i c r e m a r k s : T h e t a x o n o m y of t h e 

s p e c i e s of E l p i d i a in t h e N o r t h A t l a n t i c is i m p e r f e c t l y 

k n o w n and no s p e c i f i c i d e n t i f i c a t i o n c a n b e g i v e n to t h e 

PSB m a t e r i a l . P e r r i e r ( 1 8 9 6 ) d e s c r i b e d a f e w s p e c i m e n s of 

E l p i d i a f r o m o f f n o r t h w e s t A f r i c a as T u t e l a e c h i n a t a but 

he l a t e r s y n o n y m i s e d t h e m a t e r i a l w i t h E l p i d i a g l a c i a l is 

T h e e l , 1876 ( P e r r i e r , 1 9 0 2 ) . T h e s e s p e c i m e n s w e r e in a 

p o o r c o n d i t i o n b u t t h r e e p a i r s of d o r s a l p a p i l l a e c o u l d be 

d i s c e r n e d . B e l y a e v ( 1 9 7 1 ) , in his r e v i s i o n of t h e g e n u s 

E l p i d i a , r e f e r r e d to t h e n o r t h w e s t A f r i c a s p e c i m e n s as 

E l p i d i a s p . 2 b e c a u s e of t h e u n c e r t a i n t y o v e r its t a x o n o m i c 

p o s i t i o n . 

H a n s e n ( 1 9 7 5 ) f o l l o w e d B e l y a e v ' s ( 1 9 7 1 ) c l a s s i f i c a t i o n 

but w a s a b l e to d e s c r i b e t h e b o d y w a l l o s s i c l e s of 

s p e c i m e n s c o l l e c t e d by t h e " V a l d i v i a " o f f n o r t h w e s t 

A f r i c a . T h e s e o s s i c l e s a r e s i m i l a r to t h o s e of t h e PSB 

s p e c i m e n s in h a v i n g a s l e n d e r a x i s of a b o u t 2 0 ^ ^ u H o w e v e r , 

t h e m a x i m u m l e n g t h of t h e o s s i c l e s in t h e P S B m a t e r i a l is 

8 0 0 ^ m as o p p o s e d t o l O O O ^ m in t h e " V a l d i v i a " s p e c i m e n s , 

and t h e a p o p h y s e s of t h e o s s i c l e s of t h e f o r m e r a r e t a l l 

and s l e n d e r , 25 to 4 5 % of t h e l e n g t h of t h e o s s i c l e s , as 

o p p o s e d to 10 to 2 5 % in t h e l a t t e r . T h e s e f e a t u r e s 

i n d i c a t e a s p e c i f i c d i f f e r e n c e b e t w e e n t h e PSB and 

n o r t h w e s t A f r i c a s p e c i m e n s b u t m o r e d a t a on t h e t o t a l 

v a r i a t i o n in t h e s e c h a r a c t e r s a r e n e e d e d . 
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E c o l o g i c a l r e m a r k s : T h e a b u n d a n c e of E l p i d i a in t h e PSB 

is v a r i a b l e ( T a b l e 3 6 ) . In o n e s a m p l e f r o m t h e G o b a n S p u r 

E l p i d i a w a s v e r y a b u n d a n t ( c a . 4 4 , 0 0 0 i n d i v i d u a l s p e r 

h e c t a r e ) , s i m i l a r to t h e a b u n d a n c e of E. g l a c i a l is in t h e 

N o r w e g i a n S e a ( D a h l et a l . , 1 9 7 6 ) . T h e a b u n d a n c e of 

E. g l a c i a l is and o t h e r s p e c i e s of E l p i d i a v a r i e s c o n s i d -

e r a b l y b e t w e e n h a u l s ( B e l y a e v , 1 9 7 1 ; D a h l et a l . , 1 9 7 6 ) 

s u g g e s t i n g t h a t s o m e s p e c i e s of t h e g e n u s h a v e a p a t c h y 

d i s t r i b u t i o n . 

T a b l e 3 6 . T h e a b u n d a n c e ( A ) of E l p i d i a s p . in e p i b e n t h i c 
s l e d g e s a m p l e s , e x p r e s s e d as n u m b e r p e r h e c t a r e , n 
n u m b e r of s p e c i m e n s t a k e n . 

Mean 
S t a t i o n d e p t h (m) n A / P o s n A / O d o 

BN 9 7 5 4 - 3 1 4 8 4 5 0 3 3 4 7 4 
a BN 1 0 1 1 1 - 8 1 6 3 5 2 0 0 2 1 0 5 0 7 4 3 9 4 9 

BN 5 2 0 1 9 - 1 1731 5 8 9 1 6 973 
BN 9 7 5 3 - 7 1 9 4 2 117 1 5 8 4 
BN 5 0 6 0 2 - 2 1 9 6 8 4 9 4 2 7 4 2 
BN 1 0 1 1 2 - 2 2 6 4 5 1 16 47 
BN 1 0 1 1 2 - 1 2 6 5 0 4 15 
BN 1 0 1 1 2 - 3 2 7 4 8 1 6 26 
BN 5 0 9 1 3 - 1 3 0 2 0 1 1 1 5 8 3 
BN 5 0 6 0 4 - 1 3 5 2 0 3 12 
BN 5 0 6 0 3 - 1 4 0 0 0 2 9 

a G o b a n S p u r 

T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of E l p i d i a f r o m t w o 

s a m p l e s t a k e n w i t h i n a d a y of e a c h o t h e r in t h e PSB (Fig 

4 0 ) , S t a s 9 7 5 3 - 7 and 9 7 5 4 - 3 , s h o w t h a t a l t h o u g h b o t h 

s a m p l e s c o v e r t h e s a m e s i z e r a n g e of s p e c i m e n s , o n e s a m p l e 

is h e a v i l y s k e w e d t o t h e s m a l l s p e c i m e n s . T h i s s u g g e s t s 

t h a t , l i k e K . h y a l i n a , t h e r e is at l e a s t p e r i o d i c and 

s p a t i a l l y v a r i a b l e r e c r u i t m e n t of j u v e n i l e s . T h e m a x i m u m 

egg s i z e of E l p i d i a s p . is a b o u t 2 0 0 ^ m , s i m i l a r t o K o l g a , 

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

f o r t h e t w o g e n e r a . F o r K. h y a l i n a it h a s b e e n p r o p o s e d 

2 7 5 



F i g u r e 4 0 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s of E l p i d i a 

s p . L e n g t h in 1mm s i z e c l a s s e s . 

A ) BN 9 7 5 3 - 7 , 8: 4 : 7 8 , 1 9 4 2 m , n = 1 1 7 . 

B ) BN 9 7 5 4 - 3 , 9: 4 : 7 8 , 1 4 8 4 m , n = 4 1 3 . 

2 7 6 
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t h a t t h e s p e c i e s l e a d s an o p p o r t u n i s t i c l i f e s t y l e w i t h 

e a r l y m a t u r i t y and m a s s r e c r u i t m e n t in c e r t a i n a r e a s , 

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

c o n d i t i o n s . 

H a n s e n ( 1 9 7 5 ) n o t e d t h a t E l p i d i a s p e c i e s had a p e c u l i a r 

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

f a c t o r s , in p a r t i c u l a r n u t r i t i v e c o n d i t i o n s . B e l y a e v 

( 1 9 7 1 ) had a l r e a d y p o i n t e d o u t t h a t E l p i d i a o c c u r r e d p r i m -

a r i l y in h i g h l y p r o d u c t i v e a r e a s , e s p e c i a l l y c l o s e to t h e 

c o n t i n e n t a l s l o p e . H i g h a b u n d a n c e s of E l p i d i a a r e f o u n d in 

h a d a l t r e n c h e s , in t h e A r c t i c and t h e A n t a r c t i c O c e a n s , 

and p o s s i b l y o f f n o r t h w e s t A f r i c a . T h i s l e d H a n s e n ( 1 9 7 5 ) 

to s u g g e s t t h a t t h e d i s t r i b u t i o n of E l p i d i a c o u l d be 

r e l a t e d to a r e a s w h e r e t h e r e w a s a p e r i o d i c a c c u m u l a t i o n 

of o r g a n i c m a t t e r e i t h e r f r o m t h e s e a s o n a l d e p o s i t i o n of 

d e t r i t u s or f r o m p e r i o d i c t u r b i d i t y c u r r e n t s . T h e e v i d e n c e 

s u g g e s t s t h a t E l p i d i a , l i k e K o l g a , h a s a l i f e - h i s t o r y 

s t r a t e g y t h a t is s u i t e d to p h y s i c a l l y - c o n t r o l l e d 

e n v i r o n m e n t s . 
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O r d e r M O L P A D I I D A 

F a m i l y M o l p a d i i d a e 

M o l p a d i a b l a k e i ( T h e e l , 1 8 8 6 ) 

OT 9 6 3 8 - 2 ( 2 0 ) , OT 9 6 4 0 - 1 (2), BN 1 0 1 1 2 - 3 ( 1 ) , 
BN 1 0 1 1 4 - 1 ( 3 ) , BN 1 0 1 1 5 - 1 (6), OT 5 0 5 1 4 - 1 ( 1 7 ) , 
OT 5 0 5 1 5 - 1 ( 2 2 ) , BN 5 0 6 0 3 - 1 (3), BN 5 0 6 0 4 - 1 ( 2 ) , 
OT 5 0 7 1 1 - 1 ( 1 3 ) , OT 5 0 7 1 2 - 1 (1), OT 5 0 8 1 1 - 1 ( 3 2 ) , 
OT 5 0 8 1 2 - 2 ( 2 ) , OT 5 0 9 0 6 - 1 (3), OT 5 0 9 0 7 - 1 ( 9 ) , 
OT 5 0 9 1 0 - 1 ( 5 ) , OT 5 1 0 1 5 - 1 ( 1 ) , BN 5 1 1 0 6 - 1 ( 1 ) , 
BN 5 1 1 0 9 - 1 ( 2 ) , BN 5 1 1 0 9 - 2 ( 1 ) , BN 5 1 1 1 1 - 1 ( 1), 
BN 5 1 2 1 6 - 5 ( 2 ) , OT 5 1 4 1 1 - 1 ( 1 ) , BN 5 1 4 1 2 - 1 ( 2 ) , 
OT 5 1 4 1 4 - 1 ( 2 ) , BN 5 1 4 1 7 - 1 ( 1 ) , OT 5 1 6 0 8 - 1 ( 3 ) , 
OT 5 1 6 1 0 - 1 ( 6 ) , OT 5 1 8 0 3 - 1 (1), OT 5 1 8 0 5 - 1 ( 1 ) , 
BN 5 2 2 1 5 - 1 ( 1 ) , BN 5 2 2 1 6 - 8 ( 1 ) . 

B a t h y m e t r i c r a n g e in P S B / P A P 

to be m o r e c o m m o n on t h e PAP, 

2 4 7 0 to 4 7 9 5 m , but a p p e a r s 

D i s t r i b u t i o n : N o r t h A t l a n t i c , 1 7 4 7 t o 5 2 7 0 m . S i b u e t 

( 1 9 7 7 ) r e p o r t s t h a t M . b l a k e i is p a r t i c u l a r l y a b u n d a n t in 

t h e Bay of B i s c a y at d e p t h s of a r o u n d 3 1 0 0 and 4 1 0 0 m , 

s i m i l a r t o t h e P S B . 

b l a k e i E c o l o g i c a l r e m a r k s : I 

t h e s a m p l e s t a k e n d e e p e r t h a n 3 4 0 0 m , 

o c c u r r e d in o v e r h a l f of 

A m a x i m u m a b u n d a n c e 

of 4 4 i n d i v i d u a l s p e r h e c t a r e w a s r e c o r d e d f o r S t . 1 0 1 1 5 - 1 

( T a b l e 3 7 ) b u t t h e t r u e a b u n d a n c e of M. b l a k e i is l i k e l y 

to be m u c h h i g h e r , s i n c e n e i t h e r t h e s l e d g e n o r t h e o t t e r 

t r a w l s a m p l e l a r g e , i n f a u n a l a n i m a l s e f f i c i e n t l y . 

T h e r e l a t i v e a b u n d a n c e of M . b l a k e i m a y b e d i s c e r n e d by 

e s t i m a t i n g t h e a b u n d a n c e of c o n e - s h a p e d m o u n d s on t h e 

s e d i m e n t s u r f a c e ( s e e s e c t i o n 1 . 1 , p a g e 3 ) . T h e c o n e s can 

be s e e n in p h o t o g r a p h s of t h e s e a b e d b u t it is not 

p o s s i b l e t o d e t e r m i n e how m a n y a r e a c t u a l l y a c t i v e . Y o u n g 

et a l . , ( 1 9 8 5 ) c o u n t e d t h e n u m b e r of s u c h c o n e s , s o m e 10 
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T a b l e 3 7 . T h e a b u n d a n c e of M o l p a d i a b l a k e i in e p i b e n t h i c 
s l e d g e and o t t e r t r a w l s a m p l e s , e x p r e s s e d as n u m b e r p e r 
h e c t a r e , n = n u m b e r of s p e c i m e n s t a k e n . 

S t a t i o n 
M e a n 

D e p t h (m) A / P o s n A / O d o 

E p i b e n t h i c s l e d g e s a m p l e s . 

BN 5 1 1 0 6 - 1 
BN 5 1 1 1 1 - 1 

1 0 1 1 2 - 3 
5 1 4 1 2 - 1 

BN 5 1 4 1 7 - 1 
BN 5 0 6 0 4 - 1 
BN 1 0 1 1 5 - 1 
BN 5 1 1 0 9 - 1 
BN 5 1 1 0 9 - 2 
BN 5 0 6 0 3 - 1 
BN 5 1 2 1 6 - 5 
BN 1 0 1 1 4 - 1 
BN 5 2 2 1 5 - 1 
BN 5 2 2 1 6 - 8 

BN 
BN 

2 5 1 5 
2 6 6 5 
2 7 4 8 
2 7 7 5 
2 7 8 0 
3 5 2 0 
3 9 2 5 
3 9 5 0 
3 9 8 5 
4 0 0 0 
4 0 3 5 
4 0 5 0 
4 5 6 3 
4 8 1 3 

O t t e r t r a w l s a m p l e s 

OT 5 1 4 1 1 - 1 
OT 5 0 9 0 6 - 1 
OT 5 0 7 1 2 - 1 
OT 5 0 9 0 7 - 1 
OT 5 1 6 1 0 - 1 
OT 9 6 4 0 - 1 
OT 5 0 5 1 4 - 1 
OT 9 6 3 8 - 2 
OT 5 0 8 1 2 - 2 
OT 5 1 4 1 4 - 1 
OT 5 0 9 1 0 - 1 
OT 5 1 6 0 8 - 1 
OT 5 0 8 1 1 - 1 
OT 5 0 5 1 5 - 1 
OT 5 0 7 1 1 - 1 

2 4 8 5 
2 6 4 5 
2 7 3 8 
2 9 7 5 
3 4 8 5 
3 7 5 3 
4 0 5 6 
4 0 7 4 
4 0 8 8 
4 1 5 5 
4 3 1 2 
4 3 2 0 
4 3 7 5 
4 5 1 0 
4 7 8 8 

1 
2 
1 
2 
6 
2 
1 
3 

2 
3 

1 
1 

1 
3 

1 
9 

6 
2 

1 7 

20 
2 
2 
5 

3 

32 
22 
13 

1 . 7 

2 . 7 

3 . 2 
2 . 4 

1 5 . 3 

3 . 9 
3 . 2 

11.2 
1 . 5 

1 . 7 

0. 

0 , 

0 , 

1 , 

0 , 

0, 

2 , 

4 , 

0, 
0, 

0 , 

0, 
4 , 

3 , 

1 , 

7 . 0 
4 . 8 
7 . 7 
5 . 8 
6 . 7 

4 4 . 0 
9.1 
4 . 5 

7.3 
2 7 . 0 
2 . 9 
2 . 5 

A b u n d a n c e c o u l d * t r a w l d o o r s f o u n d t a n g l e d on r e c o v e r y 
be h i g h e r . 

+ a c o u s t i c m o n i t o r l o s t f r o m t r a w l . P r e c i s e d i s t a n c e 
t r a v e l l e d by t r a w l u n k n o w n . 
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to 25 cm in d i a m e t e r and a b o u t 5cm h i g h , on t h r e e 

d i f f e r e n t t y p e s of s e d i m e n t in t h e V e n e z u e l a B a s i n . T h e 

c o n e s w e r e m o s t a b u n d a n t on a h e m i p e l a g i c s e d i m e n t w i t h an 

a b u n d a n c e of a b o u t 9 0 0 0 p e r h e c t a r e . S i m i l a r c o n e s h a p e d 

m o u n d s w e r e f o u n d on t h e M a d e i r a A b y s s a l P l a i n ( M A P ) 

( B i l l e t t , 1 9 8 7 ) w i t h an a b u n d a n c e of a b o u t 1 0 0 0 c o n e s per 

h e c t a r e . P h o t o g r a p h s f r o m t h e PAP w e r e e x a m i n e d f o r 

M . b l a k e i c o n e s . V e r y f e w w e r e s e e n c l o s e to t h e 

c o n t i n e n t a l s l o p e but at d e e p e r d e p t h s on t h e PAP a 

s i m i l a r a b u n d a n c e of c o n e s w a s f o u n d as o n t h e M A P . An 

a v e r a g e a b u n d a n c e of a b o u t 1 0 0 0 c o n e s p e r h e c t a r e w a s 

f o u n d at S t . 5 2 2 1 5 - 1 . 

An e x a m i n a t i o n of p o p u l a t i o n s i z e s t r u c t u r e is not 

p o s s i b l e s i n c e M . b l a k e i is not v e r y a b u n d a n t in any o n e 

s a m p l e and t h e r e is no c o n f i d e n c e t h a t t h e s a m p l i n g 

e q u i p m e n t c o l l e c t e d a r e p r e s e n t a t i v e s a m p l e of t h e 

p o p u l a t i o n . S m a l l e r s p e c i m e n s w i l l l i v e c l o s e r to t h e 

s e d i m e n t s u r f a c e and t h e r e f o r e t h e s a m p l e s w i l l be b i a s e d 

t o w a r d s t h e s m a l l e r s i z e s . T h e s p e c i m e n s f r o m t h e PSB 

r a n g e d b e t w e e n 3 a n d 1 2 5 m m l o n g . T h e r e is no e v i d e n c e of 

s e a s o n a l r e c r u i t m e n t . 

M . b l a k e i p r o d u c e s an e g g w i t h a m a x i m u m d i a m e t e r of 

a b o u t 2 0 0 ^ m ( T y l e r et a l . , 1 9 8 7 ) . T h i s is s i m i l a r in s i z e 

to t h e e g g s p r o d u c e d by m a n y o t h e r m o l p a d i i d s p e c i e s i n c l -

u d i n g M . i n t e r m e d i a ( M c E u e n and C h i a , 1 9 8 5 ) . D e v e l o p m e n t 

in t h i s s p e c i e s p r o g r e s s e s v i a a d o l i o l a r i a l a r v a w h i c h 

r e m a i n s in t h e p l a n k t o n f o r a b o u t 3 d a y s ( t e m p . 1 1 ° C ) . A 

s i m i l a r p l a n k t o n i c l a r v a is e x p e c t e d f o r M . b l a k e i , 

a l t h o u g h its r e s i d e n c e t i m e in t h e p l a n k t o n m a y be m u c h 

l o n g e r in w a t e r w i t h a t e m p e r a t u r e of o n l y 3 ° C. D e v e l o p -

m e n t of t h e g o n a d in M . b l a k e i s t a r t s w h e n t h e h o l o t h u r -

ian is a b o u t 1 8 m m long and b r e e d i n g a p p e a r s to be c o n t -

i n u o u s f o r t h e p o p u l a t i o n as a w h o l e , a l t h o u g h s p a w n i n g 

m a y be p e r i o d i c in e a c h i n d i v i d u a l ( T y l e r et a l . , 1 9 8 7 ) . 
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C h e r b o n n i e r a u t r i c u l u s S i b u e t , 1 9 7 4 

BN 9 7 5 6 - 9 ( 5 ) , BN 9 7 5 6 - 1 4 ( 1 7 2 ) , BN 1 0 1 1 4 - 1 ( 9 5 ) , 
BN 1 0 1 1 5 - 1 ( 2 1 5 ) , BN 5 0 6 0 3 - 1 ( 4 5 ) , BN 5 0 6 0 4 - 1 ( 2 5 6 ) , 
BN 5 0 6 0 5 - 1 ( 1), BN 5 0 8 1 2 - 1 ( 8 3 ) , BN 5 0 9 1 3 - 1 ( 4 3 ) , 
BN 5 2 2 1 4 - 1 ( 2 0 ) . 

B a t h y m e t r i c d i s t r i b u t i o n in P S B / P A P : 2 8 2 0 t o 4 1 4 0 , but a 

p r i n c i p a l l y 3 5 0 0 to 4 0 0 0 m . 

D i s t r i b u t i o n : N o r t h e a s t A t l a n t i c , B a y o f B i s c a y to t h e 

R o c k a l l T r o u g h , 2 0 3 9 to 4 2 5 1 m ( S i b u e t , 1 9 7 4 , 1 9 7 7 ; G a g e 

et a l . , 1 9 8 5 a ; H a r v e y et a l . , in p r e s s ) . 

E c o l o g i c a l r e m a r k s : A b u n d a n c e of C . u t r i c u l u s is g r e a t e s t 

c l o s e to t h e b a s e of t h e c o n t i n e n t a l s l o p e , up to a b o u t 

5 0 0 0 i n d i v i d u a l s p e r h e c t a r e ( T a b l e 3 8 ) . T h i s is not 

s u r p r i s i n g , f o r it is an i n f a u n a l s p e c i e s w i t h l i m i t e d 

l o c o m o t i o n and w i l l be d e p e n d e n t on d e t r i t a l m a t e r i a l 

d e p o s i t e d on t h e b o t t o m in its i m m e d i a t e v i c i n i t y . T h e 

b a s e of t h e c o n t i n e n t a l s l o p e will b e an a r e a of 

d e p o s i t i o n f o r d o w n s l o p e p r o c e s s e s and a l s o l i e s c l o s e to 

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

l a t t e r w i l l lead to a g r e a t e r d e p o s i t i o n o f d e t r i t u s . 

T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s f o r C . u t r i c u l u s on 

t h e PAP a r e s i m i l a r to t h o s e r e p o r t e d by T y l e r et a l . 

( 1 9 8 7 ) f o r p o p u l a t i o n s in t h e R o c k a l l T r o u g h . E a c h s a m p l e 

has a s i n g l e m o d e b u t t h e p o s i t i o n of t h e m o d e v a r i e s 

s l i g h t l y ( F i g . 4 1 ) . T h e d i f f e r e n c e s b e t w e e n t h e s a m p l e s 

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

s e a s o n a l c h a n g e in g a m e t o g e n e s i s . T h e l a t t e r is i n d i c a t e d 

s i n c e f e m a l e s a p p e a r to be l e s s w e l l d e v e l o p e d in s u m m e r 

m o n t h s ( T y l e r et a l . , 1 9 8 7 ) . 
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T a b l e 3 8 . T h e a b u n d a n c e ( A ) of C h e r b o n n i e r a u t r i c u l u s in 
e p i b e n t h i c s l e d g e s a m p l e s , e x p r e s s e d al n u m b e r p e r 
h e c t a r e , n = n u m b e r of s p e c i m e n s t a k e n . 

S t a t i o n 
M e a n 

D e p t h (m! A / A r e a A / O d o 

BN 5 0 6 0 5 - 1 2 8 7 5 1 4 

BN 5 0 9 1 3 - 1 3 0 2 0 4 3 2 2 6 
BN 5 0 6 0 4 - 1 3 5 2 0 2 5 6 1 0 0 5 
BN 9 7 5 6 - 1 4 3 6 8 9 172 5 6 0 3 9 7 9 
BN 1 0 1 1 5 - 1 3 9 2 5 2 1 5 1 8 3 8 5 2 7 5 
BN 5 0 6 0 3 - 1 4 0 0 0 45 193 
BN 1 0 1 1 4 - 1 4 0 5 0 95 1 1 8 5 2 8 6 0 
BN 9 7 5 6 - 9 4 0 5 4 5 2 7 134 
BN 5 2 2 1 4 - 1 4 0 6 3 2 0 4 8 1 4 7 

BN 5 0 8 1 2 - 1 4 0 9 0 83 1553 

L i k e h 

a b o u t 2 0 0 ^ m 

b l a k e i . 

( T y l e r e t a l . , 1 9 8 7 ) 

C h e r b o n n i e r a has a m a x i m u m e g g s i z e of 

i n d i c a t i v e of e i t h e r 

p l a n k t o t r o p h i c d e v e l o p m e n t or a b b r e v i a t e d l e c i t h o t r o p h i c 

l a r v a l d e v e l o p m e n t w i t h a s h o r t l a r v a l s t a g e . T h e l a t t e r 

is m o r e l i k e l y s i n c e t h e d i s t r i b u t i o n of C. u t r i c u l u s 

a p p e a r s to be q u i t e r e s t r i c t e d . 
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F i g u r e 4 1 . T h e p o p u l a t i o n s i z e d i s t r i b u t i o n s 

C h e r b o n n i e r a u t r i c u l u s . L e n g t h in 1mm s i z e c l a s s e s . 

of 

A ) BN 5 0 9 1 3 - 1, 12 1 1 8 0 , 3 0 2 0 m , n 4 3 . 

B ) BN 9 7 5 6 - 1 4 , 1 5 4 7 8 , 3 6 8 8 m , n : 1 7 2 . 

c ) BN 5 0 8 1 2 - 1, 3 8 8 0 , 4 0 9 0 m , n = 8 3 . 
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F a m i l y C a u d i n i d a e 

H e d i n g i a a l b i c a n s ( T h e e l , 1 8 8 6 ) 

BN 9 7 5 3 - 7 (2), BN 5 1 4 1 2 - 1 (1), BN 5 1 7 0 8 - 2 (1), 
BN 5 2 0 1 9 - 1 ( 1 ) , BN 5 2 2 1 1 - 1 ( 3 ) . 

B a t h y m e t r i c r a n g e in P S B : 1 4 3 0 to 2 7 9 0 m . 

D i s t r i b u t i o n : N o r t h A t l a n t i c f r o m o f f n o r t h w e s t A f r i c a 

( 3 2 0 0 m ) , R o c k a l l T r o u g h (1501 to 1 7 0 6 m ) , s o u t h w e s t of 

I c e l a n d ( 1 5 9 0 to 1 6 2 8 m ) and t h e e a s t e r n s e a b o a r d of N o r t h 

A m e r i c a ( 1 6 0 0 to 2 4 2 3 m ) . A l s o k n o w n in t h e M e d i t e r r a n e a n , 

off s o u t h e r n I n d i a , and in t h e B a y o f B e n g a l ( 4 8 4 to 

8 1 4 m ) . A v a r i e t y H . a l b i c a n s v a r . g l a b r a is k n o w n f r o m o f f 

New Z e a l a n d ( 1 2 8 0 m ) . 

E c o l o g i c a l r e m a r k s : T h i s s p e c i e s is a r a r e h o l o t h u r i a n in 

t h e PSB f o u n d at m i d - s l o p e d e p t h s in k e e p i n g w i t h its 

d i s t r i b u t i o n e l s e w h e r e in t h e A t l a n t i c . A m a x i m u m a b u n d -

a n c e of 21 i n d i v i d u a l s o c c u r e d at S t . 5 2 2 1 1 - 1 but t h e 

a b u n d a n c e of t h i s i n f a u n a l s p e c i e s is l i k e l y to be u n d e r -

e s t i m a t e d by t h e c o n v e n t i o n a l t o w e d g e a r u s e d in t h i s 

s t u d y . 
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O r d e r A P O D I D A 

F a m i l y S y n a p t i d a e 

L a b i d o p l a x s o u t h w a r d o r u m G a g e , 1 9 8 5 

BN 1 0 1 1 2 - 1 ( 5 ) , BN 1 0 1 1 2 - 2 (1), BN 1 0 1 1 3 - 1 (1), 
BN 5 0 9 1 3 - 1 ( 1 ) . 

B a t h y m e t r i c r a n g e in PSB : 2 6 4 0 to 3 0 4 0 m . 

D i s t r i b u t i o n : K n o w n o n l y f r o m t h e R o c k a l l T r o u g h and t h e 

P S B , 1 0 0 0 to 3 0 4 0 m ( G a g e , 1 9 8 5 ; G a g e et a l . , 1 9 8 5 a ; H a r v e y 

et a l . , in p r e s s ; p r e s e n t r e c o r d s ) . T h e g e o g r a p h i c 

d i s t r i b u t i o n of t h i s s p e c i e s m a y be g r e a t e r s i n c e few 

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

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

p r o g r a m m e by t h e S c o t t i s h M a r i n e B i o l o g i c a l A s s o c i a t i o n is 

an e x c e p t i o n ( G a g e et a l . , 1 9 8 0 ) and L. s o u t h w a r d o r u m has 

b e e n f o u n d in m a n y s a m p l e s f r o m t h e R o c k a l l T r o u g h . 

E c o l o g i c a l r e m a r k s : A f e w r e m a r k s t h a t a r e p e r t i n e n t to 

t h e b i o l o g y of all a p o d i d h o l o t h u r i a n s a r e m a d e in t h e 

s e c t i o n on M y r i o t r o c h u s b a t h y b i u s . 

P r o t a n k y r a b r y c h i a ( V e r r i l l , 1 8 8 5 ) 

BN 9 7 5 6 - 1 4 (1), BN 1 0 1 1 2 - 1 (1), BN 5 0 6 0 4 - 1 ( 1 ) , 
BN 5 1 4 1 2 - 1 ( 3 ) , BN 5 1 4 1 5 - 1 (9), BN 5 2 2 1 6 - 8 ( 2 ) . 

B a t h y m e t r i c r a n g e in PSB : 2 6 4 0 t o 4 8 3 2 m . 

D i s t r i b u t i o n : A t l a n t i c O c e a n , 1 4 6 4 t o 1 8 2 9 m in t h e 

n o r t h w e s t A t l a n t i c ( M i l l e r and P a w s o n , 1 9 8 4 ) a l t h o u g h 

M a d s e n ( 1 9 5 3 ) p r o p o s e d a d e e p e r b a t h y m e t r i c l i m i t of 2 5 4 9 m 

s i n c e D e i c h m a n n ( 1 9 4 0 ) c o n s i d e r e d T h e e l ' s ( 1 8 8 6 b ) S y n a p t a 

s p . to be s y n o n y m o u s w i t h P. b r y c h i a . In t h e e a s t e r n 

288 



A t l a n t i c t h e s p e c i e s is r e p o r t e d as d e e p as 4 9 9 0 m ( L u d w i g 

and H e d i n g , 1 9 3 5 ) . T h e e a s t e r n A t l a n t i c m a t e r i a l w a s o r i g -

i n a l l y c o n s i d e r e d to be a s e p a r a t e s p e c i e s , P. a b y s s i c o l a 

( T h e e l , 1 8 8 6 a ) but it w a s s y n o n y m i s e d w i t h P. b r y c h i a by 

D e i c h m a n n ( 1 9 4 0 ) . 

T a x o n o m i c r e m a r k s : T h e s h a l l o w e s t s a m p l e c o n t a i n s a 

f r a g m e n t of P. b r y c h i a o n l y 2 . 6 m m l o n g w h i c h p o s s e s s e s 

o n l y w h e e l - s h a p e d o s s i c l e s . T h e s p e c i m e n s m i g h t o r i g i n a l l y 

h a v e b e e n r e f e r r e d to t h e f a m i l y M y r i o t r o c h i d a e w h i c h h a v e 

w h e e l o s s i c l e s but r e c e n t e v i d e n c e h a s s h o w n t h a t such 

o s s i c l e s m a y a l s o b e f o u n d in j u v e n i l e s p e c i m e n s of 

P. b r y c h i a ( G a g e et a l . , 1 9 8 5 a ) and t h a t t h e s e o s s i c l e s 

are s i m i l a r to t h o s e r e p o r t e d f r o m g i a n t p e l a g i c 

a u r i c u l a r i a l a r v a e ( C h u n , 1 8 9 6 ; P a w s o n , 1 9 7 1 ) . 

T h e s p e c i m e n is in a g o o d s t a t e of p r e s e r v a t i o n and a 

n u m b e r of f e a t u r e s c a n b e d e s c r i b e d . T h e r e a r e 12 

t e n t a c l e s w h i c h a r e all r e t r a c t e d . In t h i s s t a t e t w o 

d i g i t s c a n be s e e n at t h e e n d of e a c h t e n t a c l e but t h e 

n u m b e r of l a t e r a l d i g i t s is u n k n o w n . 

T h e r e a r e 10 c a l c a r e o u s r i n g p l a t e s . T h e t w o d o r s o -

l a t e r a l r a d i a l p l a t e s a r e e n l a r g e d and a r e m o d i f i e d to 

a c c o m m o d a t e t h e t w o e x t r a t e n t a c l e s ( F i g . 4 2 A ) . T h e 

i n t e r r a d i a l p l a t e s h a v e a s i n g l e t o o t h - l i k e p r o c e s s w h i c h 

is a b o u t t h e s a m e h e i g h t as t h e b a s a l p a r t o f t h e p l a t e at 

t h e p o i n t w h e r e it a r t i c u l a t e s w i t h t h e n e i g h b o u r i n g 

r a d i a l p l a t e ( F i g . 4 2 B ) . T h e p o s t e r i o r e d g e s of b o t h t h e 

r a d i a l and i n t e r r a d i a l p l a t e s are c o n c a v e . In r a d i a l 

p l a t e s t w o s m a l l s p u r s or a n t e r i o r p r o c e s s e s a r e f o r m e d . 

T h e s e s p u r s m a y a r c h t o w a r d s e a c h o t h e r ( F i g . 4 2 A ) f o r m i n g 

a g r o o v e f o r t h e p a s s a g e of t h e r a d i a l w a t e r v e s s e l , but 

t h e s p u r s n e v e r a p p e a r t o j o i n u p . T h e v e n t r o - l a t e r a l 

r a d i a l p l a t e s a r e t w i c e as w i d e , and t h e d o r s o - l a t e r a l 

p l a t e s a b o u t t h r e e t i m e s as w i d e , as t h e h e i g h t of t h o s e 
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F i g u r e 4 2 . P r o t a n k y r a b r y c h i a . 

A ) D o r s o - l a t e r a l r a d i a l p l a t e of t h e c a l c a r e o u s r i n g . 

B ) V e n t r o - l a t e r a l r a d i a l a n d v e n t r a l i n t e r r a d i a l p l a t e of 

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

C ) B o d y w a l l o s s i c l e . 

All f r o m t h e a n t e r i o r end of a s p e c i m e n c a . 2 . 6 m m l o n g . 

S c a l e b a r s : l O O u m . 
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p l a t e s at t h e i r a r t i c u l a t i n g e d g e s ( F i g s 4 2 A , B ) . 

T h e o s s i c l e s of t h e b o d y w a l l a r e o n l y b a s k e t - s h a p e d 

w h e e l s ( F i g . 4 2 C ) . S e v e n t e e n w h e e l s w e r e e x a m i n e d in 

d e t a i l but o n l y on 9 of t h e s e c o u l d t h e n u m b e r of t e e t h be 

c o u n t e d . T h e w h e e l s r a n g e in d i a m e t e r f r o m 7 7 to 1 1 3 ^ m and 

h a v e a w i d e hub f r o m w h i c h r a d i a t e 13 t o 16 s p o k e s . T h e 

rim t h i c k n e s s is a b o u t 5% of t h e w h e e l d i a m e t e r and b e a r s 

n u m e r o u s , s m a l l , i n w a r d - p o i n t i n g t e e t h . T h e t e e t h are o n l y 

a b o u t 2^m long and v a r y in n u m b e r f r o m 7 3 t o 1 0 4 . Full 

d e t a i l s of t h e w h e e l p a r a m e t e r s a r e g i v e n in T a b l e 3 9 . 

T a b l e 39, T h e f r o m 
j u v e n i l e s p e c i m e n of P r o t a n k y r a b r y c h i a . M e a n v a l u e s and 
t h e t o t a l r a n g e of e a c W p a r a m e t e r a r e g i v e n . A b b r e v i a t i o n s 
as in T a b l e 1 ( p a g e 1 1 6 ) . 

P a r a m e t e r M e a n R a n g e 

D, ^ m 9 0 7 7 - 133 
d h % 4 2 . 6 3 8 . 8 - 4 5 . 5 
n s 1 4 . 6 1 3 1 6 
nit 8 7 . 1 7 3 - 104 

s / t % 1 6 . 8 1 5 . 1 - 1 9 . 0 

F a m i l y M y r i o t r o c h i d a e 

M y r i o t r o c h u s b a t h y b i u s H . L . C l a r k , 1 9 2 0 

OT 9 6 3 8 - 2 (2), BN 9 7 5 6 - 1 4 (2), BN 5 0 8 1 2 - 1 (1) 
OT 5 0 9 1 0 - 1 ( 1 ) . 

B a t h y m e t r i c r a n g e in P S B / P A P : 3 6 8 0 t o 4 3 4 1 m . 

D i s t r i b u t i o n C o s m o p o l i t a n , f r o m t h e t r o p i c a l e a s t e r n 

P a c i f i c ( C l a r k , 1 9 2 0 ) , o f f O r e g o n ( C a r n e y and C a r e y , 

1 9 7 6 ) , S o u t h A t l a n t i c and I n d i a n O c e a n s ( D r . B. H a n s e n , 
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p e r s o n a l c o m m u n i c a t i o n ) a n d n o r t h e a s t A t l a n t i c , 1800 to 

2 9 4 6 m ( G a g e and B i l l e t t , 1 9 8 6 ; H a r v e y et a l . , in p r e s s ) . 

E c o l o g i c a l r e m a r k s : T h e f o l l o w i n g e c o l o g i c a l f e a t u r e s 

t h a t a p p e r t a i n to M . b a t h y b i u s a r e a l s o r e l e v a n t f o r t h e 

o t h e r d e e p - s e a a p o d i d h o l o t h u r i a n s . 

T h e d i s c o v e r y of M . b a t h y b i u s in t h e n o r t h e a s t A t l a n t i c 

in a d d i t i o n to a n o t h e r m y r i o t r o c h i d , M . g i g a n t e u s C l a r k , 

1920 ( G a g e and B i l l e t t , 1 9 8 6 ) , p r e v i o u s l y r e p o r t e d o n l y 

f r o m t h e e a s t e r n P a c i f i c , d e m o n s t r a t e s t h a t i n f a u n a l 

a p o d i d h o l o t h u r i a n s can h a v e c o s m o p o l i t a n d i s t r i b u t i o n s . 

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

s i m p l y be a s a m p l i n g a r t e f a c t s i n c e so f e w s a m p l e s of 

s m a l l m a c r o f a u n a h a v e b e e n t a k e n in t h e d e e p s e a . In t h e 

R o c k a l l T r o u g h , box c o r e r s a m p l e s s h o w t h a t t h e a b u n d a n c e 

of a p o d i d h o l o t h u r i a n s is m u c h h i g h e r t h a n t h e i r e x p e c t e d 

a b u n d a n c e b a s e d on t h e n u m b e r of s p e c i m e n s s a m p l e d by an 

e p i b e n t h i c s l e d g e ( G a g e and B i l l e t t , 1 9 8 6 ) . A p o d i d 

h o l o t h u r i a n s , t h e r e f o r e , a r e p o s s i b l y m o r e c o m m o n in t h e 

d e e p sea t h a n h i t h e r t o r e c o g n i s e d . 

M a n y of t h e a p o d i d s p e c i m e n s c a m e up in f r a g m e n t s . T h e 

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

m a r k e d in t h e s e d e e p - s e a s p e c i e s . 
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M y r i o t r o c h u s g i g a n t e u s H . L . C l a r k , 1920 

BN 5 1 4 1 6 - 1 ( 1 ) . 

B a t h y m e t r i c r a n g e in PSB : 2 7 8 0 t o 2 7 9 0 m . 

D i s t r i b u t i o n : M . g i g a n t e u s w a s o r i g i n a l l y k n o w n o n l y f r o m 

t h e P a c i f i c O c e a n ( C l a r k , 1 9 2 0 ; C a r n e y a n d C a r e y , 1 9 7 6 ) , 

3 3 0 0 t o 3 9 0 0 m . In a d d i t i o n . G a g e and B i l l e t t ( 1 9 8 6 ) h a v e 

d e s c r i b e d m a t e r i a l f r o m t h e R o c k a l l T r o u g h and s y n o n y m i s e d 

M y r i o t r o c h u s s p . e x . g r . m a q u a r i e n s i s - g i g a n t e u s B e l y a e v 

and M i r o n o v , 1 9 8 2 , f r o m t h e e q u a t o r i a l e a s t e r n P a c i f i c , 

w i t h M . g i g a n t e u s . 

T a x o n o m i c r e m a r k s : T h e s p e c i m e n is o n l y 8 . 7 m m long but 

has w h e e l o s s i c l e s of t h e t y p i c a l M . g i g a n t e u s f o r m . T h e 

w h e e l s are m o s t c o m m o n at t h e p o s t e r i o r e n d . 

S i n i o t r o c h u s m y r i o d o n t u s G a g e and B i l l e t t , 1 9 8 6 . 

BN 9 7 5 6 - 1 4 (4), BN 5 0 6 0 3 - 1 (1), BN 5 0 6 0 4 - 1 (1), 
BN 5 1 4 1 5 - 1 ( 1 ) . 

B a t h y m e t r i c r a n g e in P S B / P A P : 3 4 7 0 t o 4 0 0 0 m . 

D i s t r i b u t i o n : K n o w n o n l y f r o m t h e P S B . T h i s s p e c i e s is 

s i m i l a r to S. p h o x u s P a w s o n , 1971 k n o w n o n l y f r o m t h e 

w e s t e r n A t l a n t i c , 3 9 8 5 to 4 0 0 0 m . 

T a x o n o m i c r e m a r k s : s e e S e c t i o n 3 . 3 ( p a g e 1 1 1 ) . 

E c o l o g i c a l r e m a r k s : S . m y r i o d o n t u s a p p e a r s t o o c c u r o n l y 

a r o u n d t h e b a s e of t h e c o n t i n e n t a l s l o p e . F o r o t h e r 

r e m a r k s s e e M . b a t h y b i u s . 
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P r o t o t r o c h u s z e n k e v i t c h i r o c k a l l e n s i s G a g e and B i l l e t t , 

1986 

BN 5 1 4 0 3 - 3 ( 2 ) , BN 5 1 4 0 3 - 4 (1), BN 5 1 4 2 0 - 1 (1), 
BN 5 1 4 2 0 - 4 ( 1 ) , BN 5 1 4 2 0 - 4 ( 1 ) . 

B a t h y m e t r i c r a n g e in PSB : 1 2 7 9 t o 1 3 3 3 m . 

D i s t r i b u t i o n : P. z e n k e v i t c h i r o c k a l l e n s i s is o n l y k n o w n 

f r o m t h e n o r t h e a s t A t l a n t i c , 1 0 0 0 to 2 9 4 6 m ( G a g e et a l . , 

1 9 8 5 a ; G a g e and B i l l e t t , 1 9 8 6 ; H a r v e y e t a l . , in p r e s s ) . 

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

g r e a t e r d e p t h s in t h e S o u t h A t l a n t i c a n d P a c i f i c O c e a n s 

( B e l y a e v , 1 9 7 0 ; B e l y a e v and M i r o n o v , 1 9 7 8 ) . T h e 

e s s e n t i a l l y b a t h y a l d i s t r i b u t i o n of t h e n o r t h e a s t A t l a n t i c 

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

d i s t i n c t s p e c i e s ( H a r v e y et a l . , in p r e s s ) . 

E c o l o g i c a l r e m a r k s : P. z e n k e v i t c h i r o c k a l l e n s i s is k n o w n 

in t h e PSB o n l y f r o m t h e a r e a w h e r e s u s p e n s i o n - f e e d e r s are 

c o m m o n ( s e e S e c t i o n 5 . 2 ) . It is k n o w n f r o m a s i m i l a r d e p t h 

( 1 3 3 0 m ) in t h e W h i t t a r d C a n y o n to t h e s o u t h of t h e P S B , 

but in t h e R o c k a l l T r o u g h it has b e e n f o u n d o v e r a 

c o n s i d e r a b l y g r e a t e r b a t h y m e t r i c r a n g e , 1 0 0 0 to 2 9 4 6 m . For 

o t h e r r e m a r k s s e e M . b a t h y b i u s . 
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P a r v o t r o c h u s b e l y a e v i G a g e and B i l l e t t , 1 9 8 6 . 

BN 5 2 2 1 6 - 8 ( 2 ) . 

B a t h y m e t r i c r a n g e on PAP : 4 8 0 3 to 4 8 3 2 m . 

D i s t r i b u t i o n : P r e v i o u s l y k n o w n o n l y f r o m t h e R o c k a l l 

T r o u g h at s h a l l o w e r d e p t h s , 1 1 6 0 to 2 9 2 1 m ( G a g e et a l . , 

1 9 8 5 a ; G a g e and B i l l e t t , 1 9 8 6 ; H a r v e y e t a l . , in p r e s s ) , 

a l t h o u g h m o s t of t h e s a m p l e s c a m e f r o m a r o u n d t h e 2 9 0 0 

i s o b a t h . T o t a l b a t h y m e t r i c r a n g e is n o w 1 1 6 0 to 4 8 3 2 m . 

E c o l o g i c a l r e m a r k s : An e x t r e m e l y s m a l l a p o d i d 

h o l o t h u r i a n , t h e l a r g e s t k n o w n s p e c i m e n is 2 . 3 m m long 

( G a g e and B i l l e t t , 1 9 8 6 ) . T h e PAP s p e c i m e n s a r e 2 . 5 and 

2 . 7 m m long and s h o w t h a t t h e s p e c i e s is f o u n d on t h e 

a b y s s a l p l a i n as w e l l as on t h e c o n t i n e n t a l s l o p e . For 

o t h e r r e m a r k s see M . b a t h y b i u s . 
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5 . E c o l o g i c a l D i s c u s s i o n 

5.1 H o l o t h u r i a n b i o m a s s and a b u n d a n c e in r e l a t i o n to 

d e p t h . 

A l t h o u g h t h e t o t a l b i o m a s s of t h e e p i b e n t h i c i n v e r t -

e b r a t e m e g a f a u n a d e c r e a s e s by a f a c t o r of 3 0 b e t w e e n 500 

and 4 1 0 0 m in t h e P S B ( L a m p i t t et a l . , 1 9 8 6 ) , a s i m i l a r 

d e c r e a s e in h o l o t h u r i a n b i o m a s s is not e v i d e n t ( F i g . 4 3 ) . 

T h i s r e s u l t s , in p a r t , f r o m a c h a n g e in t h e c o m p o s i t i o n of 

t h e m e g a f a u n a l t a x a w i t h i n c r e a s i n g d e p t h . At t h e t o p of 

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

c o e l e n t e r a t e s a r e d o m i n a n t , but t h e y a r e r e p l a c e d on t h e 

m i d d l e and l o w e r s l o p e by e c h i n o d e r m s , in p a r t i c u l a r 

d e p o s i t - f e e d i n g h o l o t h u r i a n s . T h i s is a g e n e r a l t r e n d t h a t 

is e v i d e n t in m a n y a r e a s of t h e d e e p sea ( s e e S e c t i o n 1). 

A l t h o u g h t h e r e is no s i g n i f i c a n t d e c r e a s e in t h e b i o m a s s 

of h o l o t h u r i a n s b e t w e e n 5 0 0 and 4 1 0 0 m in t h e P S B , t h e 

b i o m a s s of d e e p - s e a s p e c i e s is a b o u t 3 o r d e r s of m a g n i t u d e 

less t h a n t h a t r e p o r t e d f o r s o m e s p e c i e s f r o m c o r a l r e e f 

f l a t s ( L a w r e n c e , 1 9 8 0 ) . 

T h e g r e a t e s t h o l o t h u r i a n b i o m a s s in t h e P S B , a b o u t 1 5 0 0 g 

A F D W p e r h e c t a r e , is f o u n d at 1 5 0 0 to 2 0 0 0 m . U s i n g t h e 

c a l o r i f i c d a t a p r e s e n t e d by W a l k e r et a l . ( 1 9 8 7 a , b ) t h i s 

p r o d u c e s a c a l o r i f i c b i o m a s s of 3 6 9 0 0 KJ p e r h e c t a r e at 

a b o u t 2 0 0 0 m , as o p p o s e d t o 4 9 0 0 and 2 5 0 0 KJ p e r h e c t a r e at 

1 0 0 0 and 4 0 0 0 m r e s p e c t i v e l y . T h e s e v a l u e s a r e g r e a t e r t h a n 

t h o s e r e p o r t e d by S i b u e t and L a w r e n c e ( 1 9 8 1 ) f o r d e p t h s of 
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F i g u r e 4 3 . S e m i l o g p l o t s h o w i n g h o l o t h u r i a n A F D W b i o m a s s 

in r e l a t i o n to d e p t h ( k m ) . 

R e g r e s s i o n : y = 2 . 4 6 9 - 0 . 1 3 0 x, 

s t a n d a r d e r r o r of y e s t i m a t e = 0 . 4 4 0 , r^ = 0 . 1 0 , n = 2 7 . 
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2 1 0 0 t o 2 2 0 0 m and f o r 4 1 0 0 m in t h e Bay o f B i s c a y . P a r t of 

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

u s e d in e s t i m a t i n g t h e a b u n d a n c e of t h e h o l o t h u r i a n s . 

S i b u e t and L a w r e n c e ( 1 9 8 1 ) n o t e d t h a t t h e i r t r a w l p r o b a b l y 

u n d e r e s t i m a t e d t h e t r u e b i o m a s s by o n e - h a l f , b a s e d on 

p h o t o g r a p h i c o b s e r v a t i o n s m a d e at t h e s a m e s i t e s . In 

a d d i t i o n , at 4 1 0 0 m , t h e d a t a a r e not s t r i c t l y c o m p a r a b l e , 

s i n c e S i b u e t and L a w r e n c e ( 1 9 8 1 ) p r o v i d e d a t a o n l y f o r 

P s y c h r o p o t e s l o n g i c a u d a , o n e of s e v e r a l h o l o t h u r i a n s at 

t h i s d e p t h in t h e a r e a ( S i b u e t , 1 9 7 7 ) . At a b o u t 2 0 0 0 m , 

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

t h e d a t a in S i b u e t and L a w r e n c e ( 1 9 8 1 ) a r e r e s t r i c t e d to 

B e n t h o g o n e r o s e a and P a e l o p a t i d e s g r i s e a , f e w o t h e r 

s p e c i e s a r e f o u n d at t h i s d e p t h in e i t h e r t h e Bay of 

B i s c a y or t h e P S B . E v e n d o u b l i n g t h e d a t a of S i b u e t and 

L a w r e n c e ( 1 9 8 1 ) to a l l o w f o r t h e i n e f f i c i e n c y of t h e 

t r a w l , g i v i n g a t o t a l h o l o t h u r i a n b i o m a s s o f 8 1 6 0 KJ p e r 

h e c t a r e at 2 1 0 0 m in t h e n o r t h and 1 6 1 9 0 KJ p e r h e c t a r e at 

2 2 0 0 m in t h e s o u t h of t h e B a y of B i s c a y , t h e P S B s u s t a i n s 

a b i o m a s s t h a t is s o m e 2 t o 5 t i m e s g r e a t e r . 

T h e s e d i s c r e p a n c i e s m a y s i m p l y r e f l e c t d i f f e r e n c e s in 

c o m m u n i t y s t r u c t u r e . H o w e v e r , at 2 1 0 0 m in t h e Bay of 

B i s c a y , h o l o t h u r i a n s a c c o u n t f o r a b o u t 6 2 % of t h e t o t a l 

m e g a f a u n a l b i o m a s s ( 9 7 . 2 7 c a l s / m * , S i b u e t and L a w r e n c e 

( 1 9 8 1 ) , as o p p o s e d to a t o t a l of 1 5 6 c a l s / m ^ , 

K h r i p o u n o f f , D e s b r u y e r e s and C h a r d y ( 1 9 8 0 ) ) . In t h e PSB 

t h e h o l o t h u r i a n b i o m a s s is a b o u t 4 t i m e s g r e a t e r and 

a c c o u n t s a l s o f o r a b o u t 6 2 % of t h e t o t a l m e g a f a u n a l A F D W 

b i o m a s s . It is a p p a r e n t , t h e r e f o r e , t h a t t h e c e n t r e of t h e 

PSB ( 2 0 0 0 m ) s u s t a i n s not o n l y a h i g h e r h o l o t h u r i a n b i o m a s s 

but a l s o a h i g h e r t o t a l m e g a f a u n a l b i o m a s s t h a n t h e B a y of 

B i s c a y s t a t i o n s . T h i s c o u l d be t h e r e s u l t of t o p o g r a p h y 

s i n c e t h e h o r s e s h o e s h a p e of t h e PSB m a y lead t o a 

c o n c e n t r a t i o n of o r g a n i c m a t e r i a l in t h e c e n t r e ( i . e . at 

m i d - s l o p e d e p t h s ) . 
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F u r t h e r c o m p a r i s o n s m a y b e m a d e w i t h a n o t h e r s t u d y t h a t 

has e s t i m a t e d h o l o t h u r i a n b i o m a s s in t h e n o r t h e a s t 

A t l a n t i c . R u t g e r s v a n d e r L o e f f and L a v a l e y e ( 1 9 8 6 ) 

c a l c u l a t e d a m e a n W W b i o m a s s f o r h o l o t h u r i a n s of 5 1 3 g p e r 

h e c t a r e at a d e p t h of 4 7 5 0 m s o u t h o f t h e PAP w h i c h 

c o m p a r e s w i t h a WW b i o m a s s of 3 6 0 0 0 g p e r h e c t a r e ( m e a n of 

4 s a m p l e s ) at 4 0 0 0 m on t h e P A P . P a r t o f t h e d i s c r e p a n c y 

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

but it w i l l a l s o r e f l e c t d i f f e r e n c e s in t h e d e p t h of t h e 

two s a m p l e s and t h e l o c a t i o n of t h e s a m p l e s r e l a t i v e to 

t h e b a s e of t h e c o n t i n e n t a l s l o p e . T h e t r a w l u s e d by 

R u t g e r s v a n d e r L o e f f and L a v a l e y e ( 1 9 8 6 ) p r o b a b l y u n d e r -

e s t i m a t e d e p i b e n t h i c i n v e r t e b r a t e a b u n d a n c e , s i n c e h o l o -

t h u r i a n a b u n d a n c e , c a l c u l a t e d f r o m t h e lOS e p i b e n t h i c 

s l e d g e , is s o m e 2 5 t i m e s g r e a t e r at 4 8 0 0 m in t h e m i d d l e of 

t h e PAP t h a n in t h e i r s a m p l e s . 

T h e i n c r e a s i n g i m p o r t a n c e of h o l o t h u r i a n s and o t h e r 

e c h i n o d e r m s w i t h i n c r e a s i n g d e p t h in t h e P S B can be seen 

by e x a m i n i n g t h e p r o p o r t i o n c o n t r i b u t e d by t h e v a r i o u s 

t a x a to t h e t o t a l m e g a f a u n a l A F D W b i o m a s s ( F i g . 4 4 ) . 

G e n e r a l l y , h o l o t h u r i a n s a c c o u n t f o r l e s s t h a n 10% of t h e 

t o t a l b i o m a s s on t h e u p p e r s l o p e . H o w e v e r , at d e p t h s 

g r e a t e r t h a n 1 5 0 0 m e c h i n o d e r m s b e c o m e t h e d o m i n a n t g r o u p 

and in s o m e a r e a s a c c o u n t f o r as m u c h as 9 7 % of t h e t o t a l 

m e g a f a u n a l A F D W b i o m a s s . T h e p r o p o r t i o n of t h e b i o m a s s 

p r o v i d e d by t h e v a r i o u s c l a s s e s of t h e E c h i n o d e r m a t a 

v a r i e s so t h a t at s o m e d e p t h s ( e . g . 2 0 0 0 m ) h o l o t h u r i a n s 

a r e d o m i n a n t , b u t at o t h e r s ( e . g . 2 5 0 0 m ) t h e y a r e a b s e n t 

and a s t e r o i d s a r e t h e p r i n c i p a l f a u n a l g r o u p . T h e r e a s o n s 

f o r t h e s h a r p f l u c t u a t i o n s in h o l o t h u r i a n b i o m a s s in t h i s 

a r e a of t h e P S B a r e d i s c u s s e d in r e l a t i o n t o h o l o t h u r i a n 

z o n a t i o n in t h e n e x t s e c t i o n . 

T h e a p p a r e n t i m p o r t a n c e of v a r i o u s f a u n a l g r o u p s in t h e 

b e n t h i c c o m m u n i t y is d e p e n d e n t to s o m e e x t e n t on t h e 
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F i g u r e 4 4 . P i e c h a r t s s h o w i n g t h e r e l a t i v e c o n t r i b u t i o n 

m a d e by h o l o t h u r i a n s ( h ) , a s t e r o i d s ( a ) , o p h i u r o i d s (o) 

and e c h i n o i d s ( e ) to t h e t o t a l i n v e r t e b r a t e m e g a f a u n a l 

A F D W b i o m a s s at v a r i o u s d e p t h s . 

A ) 5 0 0 m , 

B ) 1 0 0 0 m , 

C ) 1 5 0 0 m , 

D ) 2 0 0 0 m , 

E ) 2 5 0 0 m , 

F ) 3 5 0 0 m , 

G) 4 0 0 0 m . 
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b i o m a s s u n i t u s e d f o r c o m p a r i s o n . A F D W o r c a l o r i f i c v a l u e 

are t h e m o s t m e a n i n g f u l u n i t s of b i o m a s s f o r e c o l o g i c a l 

r e s e a r c h , but t h e y a r e o f t e n t i m e - c o n s u m i n g to m e a s u r e . 

For t h i s r e a s o n m o s t r e s e a r c h e r s h a v e u s e d o t h e r u n i t s to 

c o m p a r e b e n t h i c p o p u l a t i o n s , s u c h as a b u n d a n c e ( S i b u e t , 

1 9 8 5 ) , w e t w e i g h t ( H a e d r i c h et a l . , 1 9 8 0 ) , or dry w e i g h t 

( S i b u e t et a l . , 1 9 8 4 ) . A l l of t h e s e u n i t s h a v e t h e i r 

d r a w b a c k s a n d , as s h o w n in F i g . 45, t h e y g i v e q u i t e 

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

g r o u p s . 

N u m e r i c a l a b u n d a n c e m a y b e a r e a s o n a b l e e s t i m a t e of 

m a c r o f a u n a l b i o m a s s ( R o w e and M e n z e l , 1 9 7 1 ) , but d a t a on 

t h e a b u n d a n c e of m a n y h o l o t h u r i a n s p e c i e s ( S e c t i o n 4 . 2 ) 

s h o w s t h a t h o l o t h u r i a n a b u n d a n c e can v a r y g r e a t l y at any 

o n e d e p t h . F o r i n s t a n c e , at 4 0 0 0 m h o l o t h u r i a n a b u n d a n c e 

can v a r y by 5 o r d e r s of m a g n i t u d e d e p e n d i n g on w h e t h e r t h e 

o p p o r t u n i s t i c s p e c i e s K o l g a h y a l i n a is p r e s e n t . L i k e w i s e , 

at s h a l l o w e r d e p t h s , t h e p r e s e n c e or a b s e n c e of E l p i d i a 

can lead to s i m i l a r f l u c t u a t i o n s . H o w e v e r , o w i n g to t h e 

s m a l l s i z e of t h e s e h o l o t h u r i a n s t h e i r i m p a c t on A F D W 

b i o m a s s v a r i a b i l i t y w o u l d be f a r l e s s . 

It is n o t s u r p r i s i n g t h a t W W b i o m a s s o v e r e s t i m a t e s t h e 

i m p o r t a n c e of l a r g e a n i m a l s w i t h a h i g h w a t e r c o n t e n t , 

such as h o l o t h u r i a n s ( F i g . 4 5 B ) , n o r t h a t d r y w e i g h t 

b i o m a s s o v e r e s t i m a t e s t h e i m p o r t a n c e of l a r g e a n i m a l s w i t h 

a w e l l d e v e l o p e d s k e l e t o n , s u c h as t h e o p h i u r o i d s ( F i g . 

4 5 C ) . T h e r e f o r e , c o m p a r i s o n s b e t w e e n d i f f e r e n t a r e a s u s i n g 

WW or DW m u s t t a k e i n t o a c c o u n t t h e f a u n a l c o m p o s i t i o n of 

t h o s e s a m p l e s . H o w e v e r , in t h e PSB w h e r e t h e b i o m a s s of 

t h e m e g a f a u n a has b e e n e s t i m a t e d f r o m 2 2 s t a t i o n s b e t w e e n 

5 0 0 and 4 1 0 0 m , a s i m i l a r r e l a t i o n s h i p b e t w e e n b i o m a s s and 

d e p t h is e v i d e n t f o r W W , DW and A F D W d e s p i t e t h e 

d i f f e r e n c e s in f a u n a l c o m p o s i t i o n at e a c h d e p t h ( L a m p i t t 

et a l . , 1 9 8 6 ) . 
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F i g u r e 4 5 . P i e c h a r t s s h o w i n g t h e r e l a t i v e c o n t r i b u t i o n 

m a d e by h o l o t h u r i a n s ( h ) , a a s t e r o i d s ( a ) , o p h i u r o i d s (o) 

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

b i o m a s s at 2 0 0 0 m as m e a s u r e d by A b u n d a n c e , W e t w e i g h t . Dry 

w e i g h t and A s h - f r e e d r y w e i g h t . 
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5 . 2 H o l o t h u r i a n b a t h y m e t r i c z o n a t i o n , s c a l e and r e l a t i o n -

s h i p to e n v i r o n m e n t a l c h a r a c t e r s . 

T h e s t u d y of z o n a t i o n in t h e d e e p sea is c o m p l e x o w i n g 

to t h e m a n y v a r i a b l e s t h a t p l a y a r o l e in r e g u l a t i n g t h e 

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

r e l a t e d to d e p t h and t h e r e f o r e act in c o n c e r t to c o n t r o l 

t h e b a t h y m e t r i c r a n g e of an o r g a n i s m . S e c t i o n 1.11 ( p a g e 

2 6 ) r e v i e w s c u r r e n t k n o w l e d g e of h o l o t h u r i a n b a t h y m e t r i c 

z o n a t i o n and i d e n t i f i e s t h r e e t y p e s of s t u d y t h a t m i g h t 

e x t e n d o u r u n d e r s t a n d i n g of t h e r e l a t i v e i m p o r t a n c e of 

p r o c e s s e s c o n t r o l l i n g z o n a t i o n . In t h i s s e c t i o n it is 

i n t e n d e d t o t a c k l e t h e t h i r d o p t i o n , n a m e l y to g i v e a d e t -

a i l e d a n a l y s i s of t h e z o n a t i o n of t h e d o m i n a n t h o l o t h u r i a n 

s p e c i e s and w h e r e p o s s i b l e to c o m p a r e t h e i r b a t h y m e t r i c 

r a n g e s in t h e PSB w i t h o t h e r r e g i o n s in t h e n o r t h e a s t 

A t l a n t i c , e . g . t h e R o c k a l l T r o u g h ( G a g e et a l . , 1 9 8 5 a , b ; 

G a g e , 1 9 8 6 ; H a r v e y et a l . , in p r e s s ) . T h i s d e t a i l e d a n a l y -

sis can t h e n be u s e d f o r s i m i l a r c o m p a r i s o n s o v e r a w i d e r 

g e o g r a p h i c r a n g e , and f o r c o m p a r i s o n in t h e f u t u r e w i t h 

t h e z o n a t i o n of o t h e r f a u n a l g r o u p s in t h e P S B , s u c h as 

f i s h , c r u s t a c e a n s and a s t e r o i d s . T h e z o n a t i o n of t h e PSB 

f a u n a can t h e n be c o m p a r e d as a w h o l e w i t h z o n a t i o n 

p a t t e r n s f o u n d in o t h e r o c e a n i c r e g i o n s . 

C o m p a r i s o n s w i t h h i s t o r i c a l d a t a f r o m o t h e r a r e a s m u s t 

be t e m p e r e d , h o w e v e r , by t h e r e c o g n i t i o n t h a t s o m e of t h e 

t o t a l b a t h y m e t r i c r a n g e s q u o t e d in S e c t i o n 4 . 2 are s u b j e c t 

to v a r i o u s s o u r c e s of e r r o r . A p a r t f r o m t a x o n o m i c d i f f -

i c u l t i e s w h e r e s e v e r a l s p e c i e s m a y be l u m p e d t o g e t h e r 

( e . g . ? P s e u d o s t i c h o p u s v i l l o s u s ) , or w h e r e a s i n g l e s p e c -

ies is s e p a r a t e d into t w o or m o r e f o r m s , t w o o t h e r f a c t o r s 

m a y b e r e c o g n i s e d . F i r s t , t h e r e c a n b e c o n t a m i n a t i o n of 

s a m p l e s f r o m s p e c i m e n s c a p t u r e d in p r e v i o u s h a u l s . T h e PSB 

r e c o r d s h a v e b e e n c a r e f u l l y s c r e e n e d f o r all p o s s i b l e 

s o u r c e s of c o n t a m i n a t i o n ; it is a p p a r e n t t h a t o t h e r s t u d -
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ies h a v e f a i l e d t o d e t e c t t h i s s o u r c e o f e r r o r a n d , as a 

c o n s e q u e n c e , t h e g l o b a l b a t h y m e t r i c r a n g e s of s o m e s p e c i e s 

h a v e b e e n e x a g g e r a t e d . S e c o n d , it is o n l y in r e c e n t t i m e s 

t h a t a c c u r a t e m o n i t o r i n g of s a m p l e d e p t h has b e e n 

p o s s i b l e . S o m e o l d d a t a h a v e c o m e f r o m a r e a s of s t e e p 

t e r r a i n and it is o b v i o u s t h a t w h e n a s o u n d i n g l i n e w a s 

u s e d at t h e end of a h a u l , t h e s h i p w a s at a c o m p l e t e l y 

d i f f e r e n t d e p t h to t h a t w h e r e t h e s a m p l e w a s t a k e n . 

S e v e r a l c a s e s of t h i s s o r t of e r r o r a r e h i g h l i g h t e d in 

S e c t i o n 4 . 2 . 

C a r n e y et a l . ( 1 9 8 3 ) r e v i e w e d t h e p a t t e r n s and c a u s e s of 

z o n a t i o n f o u n d un t h e d e e p s e a . M a n y s t u d i e s h a v e s t r e s s e d 

t h e r o l e of p h y s i c a l f a c t o r s ( R o w e a n d M e n z i e s , 1 9 6 9 ; 

H a e d r i c h et a l . , 1 9 8 0 ) b u t o t h e r s h a v e p r o m o t e d t h e 

i m p o r t a n c e of b i o l o g i c a l i n t e r a c t i o n s f o r s o m e t a x a ( R e x , 

1 9 7 7 ) . It is a p p a r e n t t h a t t h e r a t e of f a u n a l c h a n g e w i t h 

d e p t h is d e p e n d e n t on f a u n a l g r o u p and t o s o m e e x t e n t on 

t r o p h i c l e v e l . It has b e e n a r g u e d t h a t c o m p e t i t i o n in 

l o w e r t r o p h i c g r o u p s w i l l be a l l e v i a t e d by p r e d a t i o n a l l -

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

c o m p e t i t i o n in h i g h e r t r o p h i c l e v e l s w i t h l i t t l e p r e d a t i o n 

p r e s s u r e w o u l d b e g r e a t e r , l e a d i n g t o r e s o u r c e p a r t -

i t i o n i n g and n a r r o w e r b a t h y m e t r i c r a n g e s w i t h l i t t l e 

o v e r l a p p i n g ( R e x , 1 9 7 7 ) . H a e d r i c h et a l . ( 1 9 8 0 ) , h o w e v e r , 

s h o w e d t h a t s o m e h i g h e r t r o p h i c l e v e l s , s u c h as f i s h and 

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

t h e d e e p sea and h a v e w i d e b a t h y m e t r i c r a n g e s . S i m i l a r l y , 

h o l o t h u r i a n s in t h e n o r t h e a s t P a c i f i c s h o w l a r g e r r a t e s of 

f a u n a l c h a n g e t h a n s o m e m a c r o f a u n a l g r o u p s ( C a r n e y and 

C a r e y , 1 9 8 2 ) . 

W i t h t h e e x c e p t i o n of t h e y p s i l o t h u r i i d s , t h e p o p u l a t i o n 

s i z e d i s t r i b u t i o n s of d e e p - s e a h o l o t h u r i a n s ( S e c t i o n 4 . 2 ) 

are s k e w e d to l a r g e s p e c i m e n s s u g g e s t i n g t h a t p r e d a t i o n 

p r e s s u r e is low and t h a t t h e e f f e c t of p r e d a t o r s on h o l o -
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t h u r i a n z o n a t i o n w i l l be m i n i m a l . S i m i l a r l y lower t r o p h i c 

l e v e l s w i l l h a v e l i t t l e e f f e c t on h o l o t h u r i a n d i s t r i b u t i o n 

s i n c e h o l o t h u r i a n s i n g e s t d e t r i t a l p a r t i c l e s and h a v e a 

n e g a t i v e s e l e c t i o n e v e n f o r m e i o f a u n a ( K h r i p o u n o f f and 

S i b u e t , 1 9 8 0 ; S i b u e t et a l . , 1 9 8 2 ) . H o w e v e r , if f a c t o r s 

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

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

z o n a t i o n , t h e e f f e c t o t h e r o r g a n i s m s h a v e on t h e t o p o g -

r a p h y of t h e s e a b e d and h e n c e on t h e d e p o s i t i o n of o r g a n i c 

m a t t e r , m a y p l a y s o m e r o l e in c o n t r o l l i n g h o l o t h u r i a n 

d i s t r i b u t i o n s . 

M o s t d e e p - s e a s a m p l e s a r e n o t q u a n t i t a t i v e and so t h e 

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

t h e s h a l l o w e s t and d e e p e s t r e c o r d s . U s i n g t h e s e d a t a , 

s p e c i e s r e c r u i t m e n t c u r v e s h a v e b e e n p l o t t e d and h a v e 

s h o w n d e p t h s at w h i c h r a p i d f a u n a l c h a n g e o c c u r s ( e . g . 

G a g e et a l . , 1 9 8 5 b ) . T h e t o t a l b a t h y m e t r i c r a n g e f o r t h e 

d o m i n a n t 2 4 h o l o t h u r i a n s p e c i e s on t h e m a i n t r a n s e c t 

t h r o u g h t h e PSB ( F i g . 6, S e c t i o n 2 . 2 ) a r e p l o t t e d in F i g . 

4 6 . By v i e w i n g t h e f i g u r e w i t h t h e Y - a x i s ( D e p t h ) at t h e 

b o t t o m of t h e p a g e ( i . e as t h e X - a x i s ) a s p e c i e s 

r e c r u i t m e n t c u r v e f o r t h e PSB h o l o t h u r i a n s can be s e e n . 

T h e d a t a s h o w a g r a d u a l r e p l a c e m e n t of s p e c i e s d o w n t h e 

s l o p e w i t h o n e z o n e of r a p i d c h a n g e at 1 4 0 0 to 1 5 0 0 m , in 

c o n t r a s t t o a s i m i l a r f a u n a l c h a n g e at 1 0 0 0 m f o r 

h o l o t h u r i a n s in t h e R o c k a l l T r o u g h ( G a g e et a l . , 1 9 8 5 b ) . 

W h i l e s t u d i e s l i k e t h e s e on t h e " c o i n c i d e n c e of r a n g e " of 

s p e c i e s I d e n t i f y a r e a s of i m p o r t a n c e f o r z o n a t i o n , t h e y 

g i v e l i t t l e o t h e r i n f o r m a t i o n . As C a r n e y et a l . ( 1 9 8 3 ) 

c o n c l u d e : " O u r b a s i c l e v e l of e n q u i r y s h o u l d be t h a t of 

t h e i n d i v i d u a l s p e c i e s ' r a n g e and t h e i n d i v i d u a l s p e c i e s ' 

a d a p t a t i o n s " . T h e y a l s o s u g g e s t e d t h a t " R a t h e r t h a n 

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

p o p u l a t i o n l e v e l s a l o n g t h e r a n g e s h o u l d be e x a m i n e d 
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F i g u r e 4 6 . B a t h y m e t r i c d i s t r i b u t i o n s of t h e 2 4 m o s t c o m m o n 

h o l o t h u r i a n s in t h e P o r c u p i n e S e a b i g h t s h o w i n g t h e t o t a l 

r a n g e and r e l a t i v e a b u n d a n c e of e a c h s p e c i e s at v a r i o u s 

d e p t h s (see t e x t ) . F e e d i n g t y p e s d e n o t e d by p a t t e r n k e y . 

S p e c i e s d e n o t e d by l e t t e r k e y at t h e b o t t o m . 

a. S t i c h o p u s t r e m u l u s . 

b. L a e t m o g o n e v i o l a c e a . 

c . M e s o t h u r i a i n t e s t i n a l i s . 

d. E c h i n o c u c u m i s h i s p i d a . 

e . B a t h y p l o t e s n a t a n s . 

f . Y p s i l o t h u r i a t a l i s m a n i . 

g. P a r o r i z a pal l e n s . 

h. M e s o t h u r i a v e r r i l l i . 

i. M e s o t h u r i a l a c t e a . 

j . B e n t h o g o n e r o s e a . 

k. P a e l o p a t i d e s g r i s e a . 

1. E l p i d i a s p . 

m . K o l g a h y a l i n a . 

n . P s y c h r o p o t e s d e p r e s s a . 

0. P e n i a g o n e d i a p h a n a . 

p . B e n t h o t h u r i a f u n e b r i s . 

q. M o l p a d i a b l a k e i . 

r. D e i m a v a l i d u m . 

s. C h e r b o n n i e r a u t r i c u l u s . 

t . O n e i r o p h a n t a m u t a b i l i s . 

u . P s y c h r o p o t e s l o n g i c a u d a . 

V. B e n t h o d y t e s s o r d i d a . 

w . P s e u d o s t i c h o p u s v i l l o s u s . 

X. P a r o r i z a p r o u h o i . 
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W i t h t h e s e p a r t i c u l a r r e c o m m e n d a t i o n s in m i n d t h e 

z o n a t i o n of h o l o t h u r i a n s in t h e PSB has b e e n e x a m i n e d in 

m o r e d e t a i l by c o m p a r i n g t h e r e l a t i v e a b u n d a n c e of e a c h 

s p e c i e s in 100m d e p t h b a n d s . D a t a f r o m t h e m a i n t r a n s e c t 

and t h e G o b a n S p u r d a t a h a v e b e e n c o m b i n e d s i n c e t h e 

b a t h y m e t r i c r a n g e s of m o s t s p e c i e s is t h e s a m e in t h e s e 

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

s a m p l e s ( T a b l e s in S e c t i o n 4 . 2 ) h a v e b e e n p o o l e d in 100m 

d e p t h b a n d s u s i n g t h e m e d i a n d e p t h of e a c h s a m p l e to 

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

e a c h s p e c i e s in a d e p t h b a n d has b e e n c a l c u l a t e d and 

e x p r e s s e d as a p r o p o r t i o n (%) of t h e b a n d in w h i c h t h a t 

s p e c i e s w a s m o s t c o m m o n ( 1 0 0 % ) ( F i g . 4 6 ) . W h e r e d a t a f r o m 

t h e e p i b e n t h i c s l e d g e w e r e s c a n t y , as is t h e c a s e f o r m o s t 

a b y s s a l and a f e w s l o p e s p e c i e s , a b u n d a n c e e s t i m a t e s f r o m 

t h e o t t e r t r a w l h a v e b e e n u s e d a l s o , s u p p l e m e n t e d by d a t a 

on t h e p r o p o r t i o n of s a m p l e s in w h i c h s p e c i e s w e r e 

r e c o r d e d in e a c h 1 0 0 m b a n d . M o s t PSB h o l o t h u r i a n s are 

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

b i o l o g y of a c e r t a i n h o l o t h u r i a n is d i f f e r e n t , e . g . an 

i n f a u n a l or a p e l a g i c s p e c i e s , t h i s is n o t e d on F i g . 4 6 . 

E a c h s p e c i e s is i d e n t i f i e d in t h e f i g u r e l e g e n d . 

T h r e e b r o a d a r e a s c a n be r e c o g n i s e d . O n e on t h e u p p e r 

and m i d - s l o p e w h e r e t h e r e is d i s t i n c t z o n a t i o n and m o s t 

s p e c i e s a r e c o m m o n o n l y in a n a r r o w d e p t h b a n d , t h e s e c o n d 

on t h e m i d - and l o w e r s l o p e w h e r e h o l o t h u r i a n s a r e s c a r c e , 

and t h e t h i r d at a b y s s a l d e p t h s b e y o n d t h e b a s e of t h e 

c o n t i n e n t a l s l o p e . T h e f o l l o w i n g d i s c u s s i o n l o o k s at e a c h 

of t h e s e z o n e s and a t t e m p t s t o r e c o g n i s e t h e f e a t u r e s t h a t 

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

t h e d i s c u s s i o n is c o n j e c t u r a l s i n c e a l t h o u g h t h e d i s t r i b -

u t i o n s of m a n y s p e c i e s a p p e a r to be r e g u l a t e d by p h y s i c a l 

f a c t o r s , t h e r e a r e v e r y f e w of t h e s e d a t a a v a i l a b l e f o r 

t h e P S B . 
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L i t t l e z o n a t i o n is e v i d e n t in t h e t o p 1 0 0 0 m of t h e PSB 

w h e r e S t i c h o p u s t r e m u l u s a n d , at d e e p e r d e p t h s , L a e t m o g o n e 

v i o l a c e a a r e t h e o n l y c o m m o n h o l o t h u r i a n s . H o w e v e r , 

d i s t i n c t z o n a t i o n is f o u n d at t h e s e d e p t h s f o r o t h e r t a x a , 

such as d e c a p o d c r u s t a c e a n s and c o e l e n t e r a t e s ( D r . A . L . 

R i c e , p e r s o n a l c o m m u n i c a t i o n ) . As s h o w n in S e c t i o n 5 . 1 , 

h o l o t h u r i a n s m a k e o n l y a m i n o r c o n t r i b u t i o n t o t h e t o t a l 

b i o m a s s at t h e s e s h a l l o w d e p t h s and as a r e s u l t are p o o r 

i n d i c a t o r s of z o n a t i o n . In c o n t r a s t , b e l o w 1 0 0 0 m t h e 

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

( S e c t i o n 5 . 1 ) . L. v i o l a c e a is t h e m o s t c o m m o n h o l o t h u r i a n 

b e t w e e n 1 0 0 0 and 1 2 0 0 m and a l t h o u g h a b u n d a n t p a t c h e s of 

t h i s s p e c i e s o c c u r a l s o b e t w e e n 1 4 0 0 a n d 1 5 0 0 m it is 

a p p a r e n t t h a t its a b u n d a n c e is low b e t w e e n 1 2 0 0 and 1 4 0 0 m . 

T h i s c o i n c i d e s w i t h t h e s a m e d e p t h s at w h i c h f o u r o t h e r 

s p e c i e s , E c h i n o c u c u m i s h i s p l d a , Y p s i l o t h u r i a t a l i s m a n i , 

B a t h y p l o t e s n a t a n s a n d M e s o t h u r i a i n t e s t i n a l is s h o w t h e i r 

g r e a t e s t a b u n d a n c e . 

D e p t h s b e t w e e n 1 0 0 0 and 1 3 0 0 m a r e n o t a b l e f o r t h e high 

a b u n d a n c e and b i o m a s s of t h e s p o n g e P h e r o n e m a g r a y i 

( L a m p i t t et a l . , 1 9 8 6 ) . T h i s s p o n g e has a v e r y r e s t r i c t e d 

d i s t r i b u t i o n on t h e P o r c u p i n e B a n k and a l t h o u g h it o c c u r s 

o v e r a t o t a l b a t h y m e t r i c r a n g e of 3 0 0 m in t h e P S B , it is 

c o n f i n e d to a 100m d e p t h b a n d in any o n e a r e a . In o n e 

p h o t o t r a n s e c t t h e P h e r o n e m a w e r e o b s e r v e d b e t w e e n 1050 

and 1 1 5 0 m w h i l e in a n o t h e r p h o t o t r a n s e c t , s a m p l e d j u s t 35 

km d i s t a n t , t h e s p o n g e o c c u r r e d b e t w e e n 1 1 5 0 and 1 2 5 0 m 

( D r . A . L . R i c e p e r s o n a l c o m m u n i c a t i o n ) . It is i n f e r r e d 

t h a t t h e d i s t r i b u t i o n of P h e r o n e m a is r e l a t e d t o h y d r o -

g r a p h i c f e a t u r e s s u c h as c u r r e n t r e g i m e and s u s p e n d e d 

p a r t i c l e l o a d , but s a d l y t h e r e a r e f e w d a t a on t h e s e 

f e a t u r e s in t h e P S B . T h e u p p e r s l o p e s u r r o u n d i n g t h e PSB 

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

e a s t e r n s i d e , and s h a l l o w d e p t h s on t h e P o r c u p i n e B a n k 

s u p p o r t l a r g e p o p u l a t i o n s of s u s p e n s i o n f e e d e r s o t h e r t h e n 
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P h e r o n e m a , s u c h as t h e p e n n a t u l i d K o p h o b e l e m n o n 

s t e l l i f e r u m . E r o s i o n of t h e B a n k g i v e s r i s e t o n e p h e l o i d 

l a y e r s ( D i c k s o n and M c C a v e , 1 9 8 6 ) a n d c o m p l e x b o t t o m 

n e p h e l o i d l a y e r s a r e k n o w n t o o c c u r in t h e PSB at d e p t h s 

a b o v e t h e P h e r o n e m a c o m m u n i t y ( F i g . 5, p a g e 4 8 ) . 

A l t h o u g h h y d r o g r a p h i c f e a t u r e s a p p e a r to p r o m o t e a 

s u s p e n s i o n - f e e d i n g c o m m u n i t y b e t w e e n 1 0 0 0 a n d 1400m on t h e 

P o r c u p i n e B a n k , n o n e of t h e f o u r h o l o t h u r i a n s p e c i e s 

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

a r e e p i b e n t h i c d e p o s i t - f e e d e r s and t h e o t h e r t w o , t h e 

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

( S e c t i o n 4 . 2 ) . T h e s e h o l o t h u r i a n s , t h e r e f o r e , a r e d e p e n d -

e n t u p o n a r e g u l a r d e p o s i t i o n of o r g a n i c m a t t e r in t h e i r 

i m m e d i a t e v i c i n i t y . T h e y p s i l o t h u r i i d s m i g h t t h r i v e a r o u n d 

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

P h e r o n e m a w i l l lead t o l o c a l i s e d d e p o s i t i o n , o r g a t h e r at 

d e p t h s w h e r e a r e d u c t i o n in c u r r e n t s p e e d l e a d s to g r e a t e r 

s e d i m e n t a t i o n . I n t e n s i v e s a m p l i n g at d e p t h s a r o u n d t h e 

1300m i s o b a t h s t r a d d l e d t h e l o w e r b o u n d a r y of t h e 

P h e r o n e m a c o m m u n i t y . A b u n d a n c e d a t a ( S e c t i o n 4 . 2 ) s h o w 

t h a t in t h i s a r e a t h e h o l o t h u r i a n s are m o s t c o m m o n at 

d e p t h s i m m e d i a t e l y b e l o w t h e s p o n g e s . O b v i o u s l y t h e 

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

s u s p e n s i o n - f e e d i n g z o n e w i l l h a v e an e f f e c t o v e r a w i d e r 

d e p t h r a n g e t h a n t h a t m a r k e d by t h e s p o n g e . It is i n f e r r e d 

t h a t m e a n c u r r e n t s p e e d w i l l d e c r e a s e t o e i t h e r s i d e of 

t h e s u s p e n s i o n - f e e d i n g a r e a l e a d i n g to g r e a t e r d e p o s i t i o n 

of p a r t i c l e s and h e n c e t o t h e o b s e r v e d i n c r e a s e in t h e 

b i o m a s s of d e p o s i t - f e e d i n g h o l o t h u r i a n s . 

H o w e v e r , t h e s h a r p b o u n d a r i e s t h a t o c c u r b e t w e e n h o l o -

t h u r i a n s p e c i e s at a b o u t 1 4 0 0 m , and t h e w a y in w h i c h s o m e 

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

t h a t t h e s i t u a t i o n is r a t h e r m o r e c o m p l e x . It is p o s s i b l e 

t h a t a g r a d a t i o n in m e a n c u r r e n t v e l o c i t y l e a d s t o a 
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g r a d i e n t in t h e s i z e a n d t y p e of p a r t i c l e s d e p o s i t e d . 

A l t h o u g h g r o s s m i c r o s c o p i c a l and b i o c h e m i c a l a n a l y s e s h a v e 

f a i l e d to s h o w d i f f e r e n c e s b e t w e e n t h e g u t c o n t e n t s of 

d i f f e r e n t e p i b e n t h i c s p e c i e s ( K h r i p o u n o f f and S i b u e t , 

1 9 8 0 ) , d a t a p r e s e n t e d in S e c t i o n 5 . 3 s u g g e s t t h a t s o m e 

p a r t i t i o n i n g of p a r t i c l e s b e t w e e n s p e c i e s m a y o c c u r . T h i s , 

c o u p l e d w i t h a g r a d i e n t in t h e t y p e s of p a r t i c l e s 

d e p o s i t e d , c o u l d i n f l u e n c e h o l o t h u r i a n z o n a t i o n . 

A l t e r n a t i v e l y , t h e c o m b i n e d e f f e c t o f t e m p e r a t u r e and 

p r e s s u r e on cell m e m b r a n e s t r u c t u r e and e n z y m a t i c a c t i v i t y 

m a y i n f l u e n c e z o n a t i o n . W o r k on m e s o p e l a g i c f i s h ( S o m e r o 

et a l . , 1 9 8 3 ) s u g g e s t s t h a t t h e y a r e a d a p t e d to l i v i n g 

o p t i m a l l y at s p e c i f i c d e p t h s w h e r e t h e y o u t - c o m p e t e o t h e r 

s p e c i e s t h a t a r e m o r e s u c c e s s f u l in s h a l l o w e r ( w a r m e r ) and 

d e e p e r ( c o l d e r ) w a t e r . It is u n l i k e l y , h o w e v e r , t h a t t h e s e 

f a c t o r s act o v e r a s m a l l e n o u g h d e p t h r a n g e in o r d e r to be 

a b l e to a c c o u n t f o r t h e n a r r o w h o l o t h u r i a n z o n a t i o n on t h e 

P o r c u p i n e B a n k . 

T h e f o u r s p e c i e s t h a t o c c u r w i t h i n or j u s t b e l o w t h e 

P h e r o n e m a c o m m u n i t y a r e a 11 f o u n d s h a l l o w e r in m o r e 

n o r t h e r l y w a t e r s . O f f N o r w a y , M . i n t e s t i n a l is m a y be f o u n d 

at 2 0 m , E. h i s p i d a at 5 0 m , Y. t a l i s m a n i a t a b o u t 5 0 0 m and 

B . n a t a n s at 2 0 0 m ( S e c t i o n 4 . 2 ) . It is e v i d e n t t h a t al1 

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

a l t h o u g h t h e f a c t t h a t t h e y o c c u r in s h a l l o w w a t e r o n l y in 

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

p l a y a r o l e in r e g u l a t i n g t h e i r d i s t r i b u t i o n . In t h e PSB 

t h e s e s p e c i e s o c c u r at t e m p e r a t u r e s of 4 t o 6 ° C ( F i g . 4, 

p a g e 4 6 ) . T h e e f f e c t of p r e s s u r e on t h e b i o c h e m i c a l 

a c t i v i t y of a s p e c i e s a p p e a r s to set b r o a d l i m i t s w i t h i n 

w h i c h o t h e r f e a t u r e s , s u c h as t e m p e r a t u r e and f o o d 

a v a i l a b i l i t y , f i n e - t u n e its z o n a t i o n . 
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In A n t a r c t i c w a t e r s a d a p t a t i o n of m e t a b o l i c a c t i v i t i e s 

to t h e c o l d e n v i r o n m e n t is b o u g h t at t h e p r i c e of b e i n g 

s e n s i t i v e to c h a n g e s in t e m p e r a t u r e ( C l a r k e , 1 9 8 3 ) . D e e p -

sea s p e c i e s t o o , and t h e i r l a r v a e , m i g h t be p a r t i c u l a r l y 

s e n s i t i v e t o i n c r e a s e s in t e m p e r a t u r e . M a n y h o l o t h u r i a n s 

in t h e PSB h a v e an u p w a r d b a t h y m e t r i c l i m i t of 1 4 0 0 to 

1 5 0 0 m , i n c l u d i n g t h e " o p p o r t u n i s t i c " s p e c i e s K o l g a h y a l i n a 

w h i c h has a p a r t i c u l a r l y w i d e d e p t h r a n g e . T h e s e d e p t h s 

c o i n c i d e w i t h t h e b o t t o m of t h e p e r m e n a n t t h e r m o c l i n e and 

t h e l o w e r l i m i t of t h e M e d i t e r r a n e a n W a t e r m a s s ( F i g s 3 to 

5 ) . T h e t h e r m o c l i n e , c h a n g e s in w a t e r m a s s and t h e 

h y d r o g r a p h i c r e g i m e m a y act as e f f e c t i v e b a r r i e r s to t h e 

u p w a r d e x t e n s i o n of m i d s l o p e s p e c i e s , as p r o p o s e d by G a g e 

( 1 9 8 6 ) f o r a s i m i l a r z o n a t i o n b o u n d a r y in t h e R o c k a l l 

T r o u g h , e i t h e r t h r o u g h t h e i r p h y s i o l o g i c a l e f f e c t s or by 

c o n t r o l l i n g t h e t r a n s p o r t of l e c i t h o t r o p h i c e g g s and 

l a r v a e ( S e c t i o n 5 . 5 ) . 

It is c l e a r t h a t w h i l e t h e d a t a on h o l o t h u r i a n s h a v e 

i d e n t i f i e d a r e a s of i m p o r t a n c e in f a u n a l z o n a t i o n , m o r e 

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

of h o l o t h u r i a n s and t h e i r b i o c h e m i c a l a d a p t a t i o n s are 

n e e d e d . H o w e v e r , t h e p r o x i m i t y of an a r e a of n a r r o w 

h o l o t h u r i a n z o n a t i o n to t h e s u s p e n s i o n - f e e d i n g c o m m u n i t y 

i n d i c a t e s t h a t h y d r o g r a p h i c f e a t u r e s a r e i m p o r t a n t in 

c o n t r o l l i n g t h e z o n a t i o n of d e p o s i t - f e e d e r s t o o on t h e 

u p p e r s l o p e s of t h e P S B . 

T h e f a c t o r s c o n t r o l l i n g t h e l o w e r b a t h y m e t r i c l i m i t s of 

B e n t h o g o n e r o s e a and P a e l o p a t i d e s g r i s e a a r e u n k n o w n . B o t h 

s p e c i e s a r e p a r t of a l a r g e e c h i n o d e r m c o m m u n i t y at a b o u t 

2 0 0 0 m w h i c h a c c o u n t s f o r a b o u t 9 7 % of t h e t o t a l i n v e r t -

e b r a t e m e g a b e n t h o s A F D W b i o m a s s ( F i g . 4 5 ) . S o m e o t h e r 

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

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

a s t e r o i d P l u t o n a s t e r b i f r o n s , but o t h e r s e x t e n d i n t o 

3 1 6 



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

B e n t h o p e c t e n s i m p l e x and B a t h y b i a s t e r v e x i l l i f e r ( D S M B 

u n p u b l i s h e d d a t a ) . T h e a p p a r e n t f a u n a l d i s c o n t i n u i t y at 

a b o u t 2 3 0 0 m c o i n c i d e s w i t h a t r o u g h in s a m p l i n g e f f o r t 

( F i g . 7, p a g e 5 6 ) m a k i n g it look like a s h a r p e r b o u n d a r y 

t h a n p e r h a p s it r e a l l y is. 

A p a r t f r o m a s m a l l p o c k e t of P s y c h r o p o t e s d e p r e s s a at 

a b o u t 2 4 0 0 m e p i b e n t h i c d e p o s i t - f e e d i n g h o l o t h u r i a n s are 

n o t a b l e by t h e i r a b s e n c e at d e p t h s b e t w e e n 2 2 0 0 and 3 4 0 0 m 

in t h e P S B . Yet l a r g e p o p u l a t i o n s of h o l o t h u r i a n s are 

f o u n d at t h e s e d e p t h s in t h e B a y of B i s c a y ( S i b u e t , 1 9 7 7 ) 

and in t h e R o c k a l l T r o u g h ( G a g e et a l . , 1 9 8 5 a ) . In t e r m s 

of t o p o g r a p h y t h e r e is no a p p a r e n t r e a s o n f o r t h e p a u c i t y 

of d e p o s i t - f e e d i n g h o l o t h u r i a n s s i n c e g e n t l e s l o p e s of 

s o f t s e d i m e n t s are f o u n d d o w n to d e p t h s o f at l e a s t 3 0 0 0 m 

( F i g . 1, p a g e 3 7 ) . T h e d e p o s i t - f e e d i n g h o l o t h u r i a n 

P e n i a g o n e a z o r i c a is u b i q u i t o u s b e t w e e n 2 5 0 0 and 3 0 0 0 m in 

t h e R o c k a l l T r o u g h , but in t h e PSB o n l y a f e w s p e c i m e n s 

h a v e b e e n c o l l e c t e d ( S e c t i o n 4 . 2 ) and t h e o n l y l a r g e 

i n v e r t e b r a t e to o c c u r in a b u n d a n c e is t h e o m n i v o r o u s 

a s t e r o i d H y m e n a s t e r m e m b r a n a c e u s ( 7 0 % of t h e t o t a l 

i n v e r t e b r a t e m e g a b e n t h o s A F D W b i o m a s s at 2 5 0 0 m , F i g . 4 4 ) . 

T o t a l m e g a f a u n a l b i o m a s s is low b e t w e e n 2 5 0 0 and 3 0 0 0 m in 

t h e PSB ( L a m p i t t et a l . , 1 9 8 6 ) w h i c h , t o g e t h e r w i t h t h e 

a b s e n c e of e p i b e n t h i c s u p e r f i c i a l d e p o s i t - f e e d e r s , 

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

t h o u g h t h e g r a i n s i z e of s e d i m e n t s at t h e s e d e p t h s is 

s i m i l a r t o t h a t at 2 0 0 0 m , o r g a n i c i n p u t c o u l d be d i f f e r e n t 

and lead to z o n a t i o n , as p r o p o s e d by R o w e and M e n z i e s 

( 1 9 6 9 ) . O n c e a g a i n , h y d r o g r a p h i c p r o c e s s e s a n d t h e i r 

e f f e c t on t h e d e p o s i t i o n of o r g a n i c p a r t i c l e s are 

i m p l i c a t e d . H o w e v e r , l i t t l e is k n o w n o f t h e p h y s i c a l 

o c e a n o g r a p h i c p r o c e s s e s in t h e a r e a , or of t h e e f f e c t t h e 

S o l i u m C h a n n e l S y s t e m ( F i g . 1) has on a r e a s l y i n g a r o u n d 

it. 
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T h e b a s e of t h e c o n t i n e n t a l s l o p e a c t s as an e f f e c t i v e 

b a r r i e r to m a n y a b y s s a l s p e c i e s . S o m e a b y s s a l s p e c i e s a r e 

f o u n d as s h a l l o w as 2 7 0 0 m , but t h e s p e c i m e n s at t h e s e 

d e p t h s a r e g e n e r a l l y s m a l l . T w o s p e c i e s , B e n t h o t h u r i a 

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

a b u n d a n t c l o s e to t h e b a s e of t h e s l o p e , b u t t h e m a j o r i t y 

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

p r o x i m i t y to t h e s l o p e ( F i g . 4 6 ) . T h i s is s u r p r i s i n g 

b e c a u s e t h e p r e s e n c e of t h e s e d e n t a r y C . u t r i c u l u s in t h i s 

a r e a w o u l d I n d i c a t e a d e p o s i t i o n a l e n v i r o n m e n t and h e n c e 

an a t t r a c t i o n f o r o t h e r h o l o t h u r i a n s . P e r h a p s t h e key lies 

in t h e p r e s e n c e of B. f u n e b r i s w h i c h , it is a r g u e d in 

S e c t i o n 4 . 2 , is a s s o c i a t e d w i t h a r e a s of s t e e p t e r r a i n and 

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

is s u b j e c t e d to i n t e r m i t t e n t d o w n s l o p e p r o c e s s e s t h i s 

c o u l d e x p l a i n t h e d e c r e a s e in a b u n d a n c e o f a b y s s a l s p e c i e s 

c l o s e to t h e b a s e of t h e s l o p e . A g a i n , h y d r o g r a p h i c 

p r o c e s s a r e i m p l i c a t e d b u t t h e r e a r e no o b s e r v a t i o n s w i t h 

w h i c h to m a t c h t h e b i o l o g i c a l d a t a . 

M a n y P S B h o l o t h u r i a n s h a v e a s i m i l a r b a t h y m e t r i c d i s t -

r i b u t i o n in t h e R o c k a l l T r o u g h ( G a g e et a l . , 1 9 8 5 a ; H a r v e y 

et a l . , in p r e s s ) . C . u t r i c u l u s is an e x c e p t i o n and o c c u r s 

as s h a l l o w as 2 5 0 0 m in t h e R o c k a l l T r o u g h , b u t s t i l l c l o s e 

to t h e b a s e of t h e s l o p e w h i c h o c c u r s at a s h a l l o w e r d e p t h 

in t h i s r e g i o n . In c o n t r a s t , t h e r e c o r d e d b a t h y m e t r i c 

d i s t r i b u t i o n s of a n u m b e r of s p e c i e s in t h e B a y of B i s c a y 

a r e q u i t e d i f f e r e n t ( S i b u e t , 1 9 7 7 ) . S o m e of t h e d i s c r e p -

a n c i e s w i l l r e s u l t f r o m d i f f e r e n c e s in t a x o n o m i c i n t e r p r -

e t a t i o n , but it is s t i l l a p p a r e n t t h a t b a t h y a l and a b y s s a l 

s p e c i e s e i t h e r m i x or a r e c l o s e l y z o n e d at a b o u t 3 1 0 0 m in 

t h e B a y of B i s c a y w h e r e a s t h e y a r e w i d e l y s e p a r a t e d in t h e 

P S B . 

T h e d a t a f r o m t h e S e a b i g h t s u p p o r t H a n s e n ' s ( 1 9 7 5 ) 

p r o p o s a l of a s e p a r a t e b a t h y a l and a b y s s a l h o l o t h u r i a n 
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f a u n a w i t h a b o u n d a r y b e t w e e n t h e t w o g r o u p s at a b o u t 

2 5 0 0 m a l t h o u g h t h e r e is s o m e d e g r e e o f o v e r l a p . T h o s e 

s p e c i e s t h a t h a v e a w i d e b a t h y m e t r i c r a n g e e n c o m p a s s i n g 

t h e t w o z o n e s g e n e r a l l y h a v e o p p o r t u n i s t i c life h i s t o r i e s . 

T h e r e a s o n s f o r a s e p a r a t e b a t h y a l and a b y s s a l f a u n a a r e 

not i m m e d i a t e l y o b v i o u s , f o r s o m e a b y s s a l s p e c i e s m a y 

o c c u r as s h a l l o w as 1 0 0 0 m in o t h e r r e g i o n s , e . g . D e i m a 

v a l i d u m ( p a g e 1 9 8 ) . A g a i n , t h e e f f e c t o f p r e s s u r e a p p e a r s 

to act o v e r w i d e l i m i t s , and s i n c e t e m p e r a t u r e is a l m o s t 

c o n s t a n t b e l o w t h e p e r m e n a n t t h e r m o c l i n e o t h e r f a c t o r s 

m u s t be c o n s i d e r e d . It is p o s s i b l e t h a t t h e c o n t r a s t i n g 

e n v i r o n m e n t s of t h e s l o p e and t h e a b y s s a l p l a i n r e q u i r e 

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

( S e c t i o n 5 . 5 ) , m a k i n g it i m p o s s i b l e f o r m a n y a b y s s a l 

s p e c i e s to o c c u r on t h e c o n t i n e n t a l s l o p e . 

5 . 3 H o l o t h u r i a n f e e d i n g and s e l e c t i v i t y . 

S t u d i e s on s h a l l o w - w a t e r and d e e p - s e a d e p o s i t - f e e d i n g 

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

o r g a n i c a l l y r i c h p a r t i c l e s f r o m t h e s e a b e d (see S e c t i o n 

1 . 1 ) . T h i s h a s b e e n s h o w n by c o m p a r i n g t h e o r g a n i c c o n t e n t 

of s e d i m e n t f r o m a h o l o t h u r i a n ' s o e s o p h a g u s w i t h t h a t of 

s e d i m e n t s a m p l e d f r o m t h e h o l o t h u r i a n ' s l o c a l i t y . G e n e r -

a l l y t h e f o r m e r is g r e a t e r t h a n t h e l a t t e r by a f a c t o r of 

2 to 8, t h e " s e l e c t i o n c o e f f i c i e n t " ( K o z y a r , S o k o l o v a and 

Z e z i n a , 1 9 7 4 ; A k h m e t ' y e v a et a l . , 1 9 8 2 ; S i b u e t et a l . , 

1 9 8 2 ; S i b u e t , 1 9 8 4 ; in a d d i t i o n to r e f e r e n c e s c i t e d in 

M a s s i n , 1 9 8 2 ) . 

N o t all i n c r e a s e s in o r g a n i c c o n t e n t h a v e b e e n 

a t t r i b u t e d to s e l e c t i v e f e e d i n g . Y i n g s t ( 1 9 7 4 ) d e t e c t e d 

o n l y a s m a l l i n c r e a s e in o r g a n i c m a t t e r b e t w e e n t h e gut 
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c o n t e n t s of P a r a s t i c h o p u s p a r v i m e n s i s a n d its s u r r o u n d i n g 

s e d i m e n t , an i n c r e a s e t h o u g h t to a r i s e f r o m t h e h o l o t h u r -

ian 's own d i g e s t i v e s e c r e t i o n s . T h i s c o n t r i b u t i o n by t h e 

h o l o t h u r i a n to t h e o r g a n i c m a t t e r in its o w n gut m a y be 

an i m p o r t a n t s o u r c e of e r r o r w h e n c o m p a r i n g gut c o n t e n t s 

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

as t h e d e e p s e a , w h e r e t h e o r g a n i c c o n t e n t of t h e s e d i m e n t 

is l o w . 

To t e s t t h i s c o n c l u s i o n it is n e c e s s a r y to a n a l y s e a 

m a r k e r c o m p o u n d w h i c h , w h i l e it is a s s o c i a t e d w i t h t h e 

h o l o t h u r i a n ' s d e t r i t a l f o o d , c o u l d n o t b e s y n t h e s i s e d by 

t h e h o l o t h u r i a n i t s e l f . T h e m a r k e r c o m p o u n d s h o u l d e x h i b i t 

a s i m i l a r s e l e c t i o n c o e f f i c i e n t t o t h e o r g a n i c c o n s t i t -

u e n t s ( e . g . p r o t e i n s or t o t a l o r g a n i c m a t t e r ) if t h e 

h o l o t h u r i a n ' s o w n c o n t r i b u t i o n to t h e o r g a n i c m a t t e r in 

its gut is s m a l l . C h l o r o p h y l l and its b r e a k d o w n p r o d u c t s , 

r e f e r r e d to c o l l e c t i v e l y h e r e - i n as t h e c h l o r o p i g m e n t s , 

m a y be u s e d as d e t r i t a l m a r k e r s s i n c e t h e y a r e a s s o c i a t e d 

w i t h m a n y of t h e d e t r i t a l p a r t i c l e s t h a t a r e d e p o s i t e d on 

t h e s e a f l o o r ( B i l l e t t et a l . , 1 9 8 3 ; S e c t i o n 2 . 1 , p a g e 5 0 ) . 

T h e s e p a r t i c l e s , s u c h as f a e c a l p e l l e t s and a m o r p h o u s 

a g g r e g a t e s ( " m a r i n e s n o w " ) , a c c o u n t f o r t h e m a j o r i t y of 

t h e d o w n w a r d v e r t i c a l d e t r i t a l f l u x in t h e o c e a n s ( M c C a v e , 

1 9 7 5 ; H o n j o , 1 9 8 0 ; A n g e l , 1 9 8 4 ; F o w l e r and K n a u e r , 

1 9 8 6 ) . D a t a on r a d i o n u c l i d e s in t h e m a r i n e e n v i r o n m e n t 

i n d i c a t e t h a t h o l o t h u r i a n s f e e d r e a d i l y on f r e s h l y 

d e p o s i t e d d e t r i t u s ( F e l d t et a l . , 1 9 8 5 ) . It is c l e a r , 

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

f o r e x a m i n i n g h o l o t h u r i a n f e e d i n g b e h a v i o u r . 

A s e c o n d s o u r c e of e r r o r in p r e v i o u s d e e p - s e a s t u d i e s 

c o m p a r i n g g u t c o n t e n t s and s e d i m e n t lies in t h e p r o b i t y of 

t h e s e d i m e n t s a m p l i n g t e c h n i q u e . S e d i m e n t h a s u s u a l l y b e e n 

s a m p l e d r e m o t e l y by l a r g e , c u m b e r s o m e b o x - c o r e r s , t h e b e s t 

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

c o r e r p e n e t r a t e s t h e s e a f l o o r and t h e r e is o f t e n some 

e r o s i o n of t h e s e d i m e n t s u r f a c e w i t h i n t h e box c o r e r 

d u r i n g its r e t r i e v a l . G o o d s a m p l e s can b e o b t a i n e d from 

box c o r e r s w i t h h y d r a u l i c a l l y d a m p e d p e n e t r a t i o n ( S o u t a r , 

J o h n s o n , F i s c h e r and D y m o n d , 1 9 8 1 ) , but s e d i m e n t f r o m t h i s 

t y p e of c o r e r h a s not b e e n u s e d to d a t e f o r c o m p a r i s o n 

w i t h h o l o t h u r i a n g u t c o n t e n t s . T h e r e is s o m e d o u b t , 

t h e r e f o r e , a b o u t t h e a b i l i t y of m a n y b o x c o r e r s to s a m p l e 

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

It is p o s s i b l e t h a t t h e p u b l i s h e d c o m p a r i s o n s m a d e b e t w e e n 

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

r e l a t i v e s k i l l w i t h w h i c h s c i e n t i s t s a n d h o l o t h u r i a n s 

s a m p l e t h e s u p e r f i c i a l s e d i m e n t . In t h i s s t u d y a new 

d e s i g n of c o r e r h a s b e e n u s e d w h i c h o v e r c o m e s t h i s 

p r o b l e m . 

T a b l e 4 0 : S t a t i o n d a t a f o r m u l t i p l e c o r e r ( M C ) and epi 
b e n t h i c s l e d g e ( B N ) s a m p l e s f r o m t h e P o r c u p i n e S e a b i g h t . 

S t a t i o n D e p t h D a t e P o s i t i o n G e a r 
D e g . N D e g . W 

5 2 2 1 8 - 1 1 4 4 3 - 1 4 4 7 26 6 85 4 9 2 5 . 4 1 2 4 9 . 8 BN 
5 2 2 1 8 - 3 1 4 4 7 26 6 85 49 2 5 . 8 1 2 5 0 . 2 MC 
1 1 2 6 5 - 1 1 4 4 0 19 4 86 4 9 2 6 . 8 1 2 5 1 . 3 MC 
1 1 2 6 5 - 3 1 4 5 0 - 1 4 7 0 19 4 86 49 2 4 . 7 12 5 2 . 3 BN 
1 1 2 6 7 - 1 1 2 4 0 22 4 86 5 1 3 5 . 6 1 2 5 7 . 1 MC 
1 1 2 6 7 - 2 1 2 4 0 - 1 2 7 0 22: 4 86 5 1 3 8 . 3 1 3 0 4 . 5 BN 

S a m p l e s f o r t h i s s t u d y w e r e t a k e n at t w o s i t e s in t h e 

P o r c u p i n e S e a b i g h t . O n e s i t e , on t h e G o b a n S p u r t o t h e 

s o u t h of t h e S e a b i g h t , w a s s a m p l e d in J u n e 1 9 8 5 and A p r i l 

1 9 8 6 , w h i l e t h e o t h e r s i t e , in t h e n o r t h of t h e S e a b i g h t , 

was s a m p l e d in A p r i l 1986 o n l y . F o r s t a t i o n d e t a i l s see 

T a b l e 4 0 . S e d i m e n t s a m p l e s w e r e t a k e n w i t h a m u l t i p l e 

c o r e r ( B a r n e t t , W a t s o n and C o n n e l l y , 1 9 8 4 ) . On b o a r d s h i p 
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t h e c o r e s w e r e f r o z e n c o m p l e t e and t h e n c u t into l a y e r s , 

in s o m e c a s e s o n l y 1mm t h i c k , o r t h e s u p e r f i c i a l l a y e r was 

p i p e t t e d f r o m t h e t o p of t h e c o r e and f r o z e n on p r e -

w a s h e d , a s h e d and w e i g h e d g l a s s f i b r e f i l t e r s ( G F F s ) . 

H o l o t h u r i a n s w e r e c o l l e c t e d u s i n g an lOS e p i b e n t h i c s l e d g e 

(see S e c t i o n 2 . 2 ) . T h r e e s p e c i e s w e r e s t u d i e d , P a r o r i z a 

pal l e n s ( S t . 5 2 2 1 8 ) , L a e t m o g o n e v i o l a c e a ( S t . 1 1 2 6 7 ) and 

B e n t h o g o n e r o s e a ( S t a s 5 2 2 1 8 and 1 1 2 6 5 ) . F i v e s p e c i m e n s of 

e a c h h o l o t h u r i a n w e r e e x a m i n e d at e a c h s t a t i o n , a l t h o u g h 

q u a n t i t a t i v e d a t a f o r B. r o s e a and P. p a l l e n s f r o m S t . 

5 2 2 1 8 a r e a v a i l a b l e o n l y f r o m 3 s p e c i m e n s o f e a c h s p e c i e s . 

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

t h e o e s o p h a g u s and t h e c l o a c a w a s f r o z e n o n G F F s . 

T h e c h l o r o p i g m e n t s in t h e s e d i m e n t a n d gut c o n t e n t 

s a m p l e s w e r e a n a l y z e d as d e t a i l e d in S e c t i o n 2 . 2 . O n l y t h e 

t o t a l q u a n t i t y of c h l o r o p i g m e n t s is u s e d t o d e t e r m i n e 

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

gut c o n t e n t s and s e d i m e n t s a m p l e s a r e c o m p a r e d q u a l i t a t -

i v e l y . T h e d r y w e i g h t s of t h e s a m p l e s w e r e m e a s u r e d a f t e r 

t h e p i g m e n t s h a d b e e n e x t r a c t e d in a c e t o n e by d r y i n g at 

40 ° C f o r 24 h o u r s . V a l u e s a r e e x p r e s s e d as t o t a l 

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

O r g a n i c c a r b o n in s e d i m e n t s a m p l e s w a s d e t e r m i n e d as 

d e t a i l e d in S e c t i o n 2 . 2 . T h e s a m p l e s of g u t c o n t e n t s w e r e 

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

c a r b o n u s i n g t h e a n a l y t i c a l m e t h o d s a v a i l a b l e at l O S . 

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

w i t h i n t h e s e d i m e n t . 

T w o c o r e s f r o m S t . 1 1 2 6 5 w e r e s u b d i v i d e d i n t o l a y e r s 

d o w n to a d e p t h of 5 c m . O n e c o r e w a s c u t i n t o 1mm l a y e r s 

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

t o t a l c h l o r o p i g m e n t c o n t e n t ( F i g . 4 7 ) . T h e c h l o r o p i g m e n t s 
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F i g u r e 4 7 . D e p t h d i s t r i b u t i o n of t o t a l c h l o r o p i g m e n t s 

( C P ) and o r g a n i c c a r b o n d o w n to 5cm in c o r e s f r o m S t . 

1 1 2 6 5 . C h l o r o p i g m e n t s p l o t t e d as f i l l e d c i r c l e s w i t h salt 

i n c l u d e d in d r y w e i g h t . O r g a n i c c a r b o n p l o t t e d as o p e n 

s q u a r e s w i t h s a l t e x c l u d e d f r o m d r y w e i g h t . 
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are m o s t a b u n d a n t in t h e u p p e r 5 m m of t h e s e d i m e n t and 

b e l o w t h i s d e p t h t h e r e is l i t t l e c h a n g e in t h e c h l o r o -

p i g m e n t c o n c e n t r a t i o n . T h e g r e a t e s t c o n c e n t r a t i o n o c c u r r e d 

b e t w e e n 1 and 4 m m in t h e s e d i m e n t and t h e c o n c e n t r a t i o n of 

c h l o r o p i g m e n t s in t h e t o p 1mm w a s s i m i l a r t o t h a t f o u n d in 

t h e s u p e r f i c i a l s e d i m e n t of 6 o t h e r c o r e s t a k e n on t h e 

s a m e d e p l o y m e n t ( T a b l e 4 1 ) . T h e s e c o n d c o r e w a s c u t into 

4 m m l a y e r s and six l a y e r s w e r e s e l e c t e d f o r t o t a l o r g a n i c 

c a r b o n a n a l y s i s ( F i g . 4 7 ) . H i g h e r l e v e l s o f o r g a n i c c a r b o n 

are e v i d e n t c l o s e r to t h e s e d i m e n t s u r f a c e . 

D a t a f r o m c o r e s t a k e n in J u n e 1 9 8 5 w h e n a f r e s h l y 

d e p o s i t e d l a y e r of d e t r i t u s w a s f o u n d l y i n g on t o p of t h e 

s e d i m e n t a l s o s h o w s h a r p c h a n g e s in t h e c h l o r o p i g m e n t 

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

s e d i m e n t l y i n g i m m e d i a t e l y b e l o w t h e d e t r i t a l l a y e r , and 

t h e s e d i m e n t at a d e p t h of 1cm ( T a b l e 4 1 ) . 

5 . 3 . 2 Q u a l i t a t i v e c o m p a r i s o n of c h l o r o p i g m e n t s in t h e 

s e d i m e n t and h o l o t h u r i a n g u t c o n t e n t s . 

T h e f l u o r e s c e n c e c h r o m a t o g r a m s of t h e c h l o r o p i g m e n t 

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

and t h e o e s o p h a g u s and c l o a c a c o n t e n t s of B. r o s e a and 

P. pal l e n s , a 11 f r o m S t . 5 2 2 1 8 , a r e p r e s e n t e d in F i g s 4 8 

to 5 0 . T h e f i v e m a j o r p e a k s a r e a s s o c i a t e d p r i m a r i l y w i t h 

t h e e a r l y d e g r a d a t i o n of c h l o r o p h y l l a^ P h a e o p h o r b i d e 

p i g m e n t s a r e t h e m a j o r c h l o r o p i g m e n t s in all t h e c h r o m a t o -

g r a m s . 

T h e c h l o r o p i g m e n t d i s t r i b u t i o n in t h e s u r f a c e s e d i m e n t 

( F i g . 4 8 B ) is s i m i l a r to t h a t of t h e d e t r i t a l l a y e r l y i n g 

o v e r t h e s e d i m e n t ( F i g . 4 8 A ) a l t h o u g h t h e t o t a l 

c h l o r o p i g m e n t c o n c e n t r a t i o n is m u c h l o w e r in t h e f o r m e r 

( T a b l e 4 1 ) . S o m e a d m i x t u r e of t h e d e t r i t a l l a y e r w i l l h a v e 
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F i g u r e 4 8 . F l u o r e s c e n c e c h r o m a t o g r a m s o f c h l o r o p i g m e n t s 

in A ) t h e d e t r i t a l l a y e r and B ) t h e s e d i m e n t lying 

u n d e r n e a t h t h e d e t r i t a l l a y e r f r o m S t . 5 2 2 1 8 . T h e 5 m a j o r 

p e a k s a r e 1) an u n k n o w n p o l a r d e g r a d a t i o n p r o d u c t of 

c h l o r o p h y l l , 2 ) p h a e o p h o r b i d e p i g m e n t s , 3 ) c h l o r o p h y l l 

4 ) p h a e o p h y t i n a^ and 5 ) ? p y r o p h a e o p h y t i n au R e l a t i v e 

f l u o r e s c e n c e as f o r F i g u r e 4 . S a m p l e d r y w t . A ) O . O S O g , 

B) 0 . 1 7 6 g . 
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F i g u r e 4 9 . F l u o r e s c e n c e c h r o m a t o g r a m s o f c h l o r o p i g m e n t s 

in A ) t h e o e s o p h a g u s of B . r o s e a and B) t h e c l o a c a of t h e 

s a m e s p e c i m e n of B . r o s e a f r o m S t . 5 2 2 1 8 . T h e 5 m a j o r 

p e a k s i d e n t i f i e d a r e as f o r F i g u r e 3. R e l a t i v e f l u o r -

e s c e n c e s h o w s t h e r e l a t i v e c o n c e n t r a t i o n of e a c h 

c h l o r o p i g m e n t . T h e h e i g h t of e a c h p e a k is d e p e n d e n t on t h e 

a b u n d a n c e of t h e p i g m e n t a n d t h e s a m p l e s i z e . S a m p l e dry 

w t . A ) 0 . 0 4 9 g B ) 0 . 0 4 3 g . 
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F i g u r e 5 0 . F l u o r e s c e n c e c h r o m a t o g r a m s o f c h l o r o p i g m e n t s 

in A ) t h e o e s o p h a g u s of P. pal lens and B ) t h e c l o a c a of 

t h e s a m e s p e c i m e n of P. pal l e n s f r o m S t . 5 2 2 1 8 . T h e f i v e 

m a j o r p e a k s i d e n t i f i e d a r e as f o r F i g u r e 3. R e l a t i v e 

f l u o r e s c e n c e as f o r F i g u r e 4 . S a m p l e d r y w t . A ) 0 . 1 5 4 g 

B ) 0 . 2 3 2 g . 
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o c c u r r e d w i t h t h e u n d e r l y i n g s e d i m e n t r e s u l t i n g in t h e s e 

s i m i l a r c h r o m a t o g r a m s . T h e r e a r e d i f f e r e n c e s in t h e 

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

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

y e a r s and its s u b s e q u e n t d e g r a d a t i o n by t h e b e n t h i c f a u n a . 

T h e f l u o r e s c e n c e c h r o m a t o g r a m f o r t h e o e s o p h a g u s c o n t -

e n t s of B. r o s e a ( F i g . 4 9 A ) is i d e n t i c a l w i t h t h a t f r o m 

t h e d e t r i t a l l a y e r ( F i g . 4 8 A ) . T h i s , t o g e t h e r w i t h t h e 

s i m i l a r t o t a l c o n c e n t r a t i o n of c h l o r o p i g m e n t s ( T a b l e 4 1 ) , 

i n d i c a t e s t h a t B. r o s e a f e e d s d i r e c t l y on t h e d e t r i t a l 

l a y e r . T h e c h r o m a t o g r a m f o r t h e c l o a c a c o n t e n t s of 

B. r o s e a ( F i g . 4 9 B ) s h o w s a r e d u c t i o n in t h e r e l a t i v e l y 

less p o l a r c h l o r o p i g m e n t s ( c h l o r o p h y l l a^ p h a e o p h y t i n ^ 

and ? p y r o p h a e o p h y t i n 2 ) s u g g e s t i n g t h a t t h e y a r e less 

s t a b l e in t h e gut t h a n t h e p h a e o p h o r b i d e p i g m e n t s . 

T h e c h r o m a t o g r a m s f o r t h e gut c o n t e n t s of P. pal lens 

( F i g s 5 0 A , B ) d i f f e r f r o m t h o s e f o r B. r o s e a ( F i g s 4 9 A , B ) 

in t h e r e l a t i v e p r o p o r t i o n s of t h e p h a e o p h o r b i d e p i g m e n t s 

and in t h e r e l a t i v e l y s m a l l a m o u n t s of p h a e o p h y t i n and 

? p y r o p h a e o p h y t i n in t h e f o r m e r s p e c i e s . A s e l e c t i v e 

d e g r a d a t i o n of c h l o r o p h y l l a^ p h a e o p h y t i n ^ and ? p y r o -

p h a e o p h y t i n 2 a p p e a r s to o c c u r f r o m o n e e n d of t h e g u t to 

t h e o t h e r in P. pal l e n s . 

T h e c h r o m a t o g r a m s f o r t h e s u p e r f i c i a l s e d i m e n t s a m p l e s 

t a k e n in A p r i l 1 9 8 6 ( S t a s 1 1 2 6 5 and 1 1 2 6 7 ) a r e s i m i l a r to 

t h e s e d i m e n t l a y e r c h r o m a t o g r a m f r o m S t . 5 2 2 1 8 ( F i g . 4 8 B ) 

w i t h l o w e r l e v e l s of c h l o r o p h y l l a^ p h a e o p h y t i n ^ and 

? p y r o p h a e o p h y t i n a^ r e l a t i v e t o t h e p h a e o p h o r b i d e 

p i g m e n t s . T h i s is not s u r p r i s i n g s i n c e t h e s a m p l e s f r o m 

A p r i l 1 9 8 6 w e r e t a k e n b e f o r e t h e o n s e t o f t h e s p r i n g b l o o m 

and h e n c e b e f o r e t h e d e p o s i t i o n of f r e s h d e t r i t u s in t h a t 

y e a r . T h e c h r o m a t o g r a m s f o r t h e g u t c o n t e n t s of 

L. v i o l a c e a and B. r o s e a f r o m S t a s 1 1 2 6 7 and 1 1 2 6 5 
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r e s p e c t i v e l y a r e a l m o s t i d e n t i c a l t o t h o s e of 

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

t h e 

5 . 3 . 3 Q u a n t i t a t i v e c o m p a r i s o n of s e d i m e n t and h o l o t h u r i a n 

gut c o n t e n t s . 

T h e t o t a l c o n c e n t r a t i o n of c h l o r o p i g m e n t s in t h e s e d -

i m e n t and gut c o n t e n t s of L. v i o l a c e a , B. r o s e a and 

P. pal lens a r e g i v e n in T a b l e 4 1 . T h e r e is a s i g n i f i c a n t 

i n c r e a s e in t h e c h l o r o p i g m e n t c o n c e n t r a t i o n in t h e o e s o p h -

a g u s c o n t e n t s of L. v i o l a c e a and B. r o s e a in t h e s a m p l e s 

f r o m A p r i l 1986 (p < 0 . 0 5 ) as s h o w n by a n o n - p a r a m e t r i c 

s i g n i f i c a n c e t e s t . U s i n g t h e m e a n v a l u e s f o r c h l o r o p i g m e n t 

c o n c e n t r a t i o n f r o m t h e s e s t a t i o n s , s e l e c t i o n c o e f f i c i e n t s 

of 4 and 2 0 a r e i n d i c a t e d f o r B. r o s e a a n d L. v i o l a c e a 

r e s p e c t i v e l y . 

T a b l e 4 1 : T h e r a n g e , m e a n and s t a n d a r d d e v i a t i o n of t h e 
t o t a l c h l o r o p i g m e n t c o n c e n t r a t i o n in s e d i m e n t s a m p l e s and 
t h e o e s o p h a g u s and c l o a c a c o n t e n t s o f h o l o t h u r i a n s , 
e x p r e s s e d as ^ g c h l o r o p i g m e n t p e r g dry w e i g h t of s e d i m e n t 
( i n c l u d i n g s a l t ) , n = n u m b e r of s a m p l e s . 

S a m p l e n m i n m a x m e a n SD 

S t . 1 1 2 6 5 
S e d i m e n t - t o p 1mm 7 0 .53 1 .69 1 . 32 0 .35 
B. r o s e a o e s o p h . 5 2 .28 8 .70 5 . 8 4 2 .86 

c l o a c a 5 2 .73 6 . 0 8 4 . 54 1 .27 

S t . 1 1 2 6 7 
S e d i m e n t - t o p 1mm 3 0 .45 1 . 1 1 0 . 73 0 .28 
L. v i o l a c e a o e s o p h . 5 6 . 1 1 26 . 5 8 14. 69 6 . 7 9 

c l o a c a 5 4 .93 15 .59 9 . 83 4 .21 

S t . 5 2 2 1 8 
D e t r i t a l l a y e r 3 26 .75 6 7 .69 4 4 . 65 1 7 .16 
S u p e r f i c i a l s e d i m e n t 3 3 .80 6 .82 4 . 8 4 1 .40 
S e d i m e n t - at 1cm 1 0 .63 0 .63 0 . 63 
B. r o s e a o e s o p h . 3 2 0 .06 4 5 .53 3 2 . 15 9 .49 

c l o a c a 3 15 .99 4 4 .06 2 6 . 70 12 .38 
P. pal lens o e s o p h . 3 5 .51 1 5 .71 1 1 . 45 4 .33 

c l o a c a 3 4 .06 7 .42 5 . 18 1 .58 
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In c o n t r a s t , no s e l e c t i v i t y is e v i d e n t f o r e i t h e r B. r o s e a 

or P. pal lens in J u n e 1 9 8 5 , and in b o t h c a s e s t h e c h l o r o -

p i g m e n t c o n c e n t r a t i o n in t h e o e s o p h a g u s is e q u a l t o , or 

l e s s t h a n , t h e c o n c e n t r a t i o n in t h e d e t r i t a l l a y e r . T h e r e 

is no s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e c o n c e n t r a t i o n in 

t h e g u t c o n t e n t s of e i t h e r s p e c i e s and t h e d e t r i t a l l a y e r 

(p > 0 . 0 5 , t - t e s t ) . T h i s r e s u l t s , in p a r t , f r o m t h e s m a l l 

s a m p l e s i z e s and t h e h i g h v a r i a b i l i t y in t h e c h l o r o p i g m e n t 

c o n c e n t r a t i o n of t h e d e t r i t a l s a m p l e s , f o r t h e c o n c e n t r -

a t i o n of c h l o r o p i g m e n t s in t h e gut c o n t e n t s o f P. pal lens 

is c o n s i s t e n t l y l o w e r t h a n t h a t of t h e d e t r i t a l l a y e r . In 

c o n t r a s t , a t - t e s t c o m p a r i s o n of t h e o e s o p h a g u s c o n t e n t s 

of B. r o s e a and P. pal l e n s s h o w s t h a t t h e i r c h l o r o p i g m e n t 

c o n c e n t r a t i o n s a r e s i g n i f i c a n t l y d i f f e r e n t (p < 0 . 0 5 ) . 

A c o m p a r i s o n of t h e o e s o p h a g u s c o n t e n t s w i t h t h e c l o a c a 

c o n t e n t s on an i n d i v i d u a l b a s i s f o r L. v i o l a c e a , B. r o s e a 

and P. pal l e n s , s h o w s t h a t f o r m o s t s p e c i m e n s t h e c h l o r o -

p i g m e n t c o n t e n t in t h e i r c l o a c a is less t h a n t h a t in t h e 

o e s o p h a g u s . H o w e v e r , in s o m e c a s e s t h e r e v e r s e is t r u e . 

T h e s i m p l e s t e x p l a n a t i o n f o r t h i s is t h a t t h e h o l o t h u r i a n s 

a r e f e e d i n g on a p a t c h y f o o d r e s o u r c e and t h a t t h e o r g a n i c 

c o n t e n t of t h e o e s o p h a g u s of an i n d i v i d u a l is not n e c e s s -

a r i l y c o m p a r a b l e w i t h t h a t of t h e c l o a c a . W h e n m e a n v a l u e s 

f r o m a n u m b e r of s p e c i m e n s a r e e x a m i n e d ( T a b l e 4 1 ) , t h e 

m e a n c o n c e n t r a t i o n of c h l o r o p i g m e n t s is l e s s in t h e c l o a c a 

t h a n in t h e o e s o p h a g u s in all 3 s p e c i e s , s u b s t a n t i a t i n g 

t h e q u a l i t a t i v e e v i d e n c e ( s e c t i o n 5 . 3 . 2 ) t h a t t h e c h l o r o -

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

H o w e v e r , no s i g n i f i c a n t d i f f e r e n c e is a p p a r e n t b e t w e e n t h e 

t w o c o m p a r t m e n t s of t h e g u t f o r t h e s p e c i e s e x a m i n e d (p > 

0 . 0 5 , t - t e s t ) , p o s s i b l y an a r t e f a c t r e s u l t i n g f r o m t h e 

l i m i t e d s a m p l e s i z e s . 
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5 . 3 . 4 D i s c u s s i o n . 

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

i n d i c a t e d in t h e p r e s e n t s a m p l e s by t h e c h l o r o p i g m e n t 

c o n t e n t , t h e s e l e c t i o n c o e f f i c i e n t h a s b e e n s i m i l a r t o , or 

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

o r g a n i c c o m p o u n d s ( s e e a b o v e ) . If a h o l o t h u r i a n m a k e s a 

s u b s t a n t i a l c o n t r i b u t i o n to t h e o r g a n i c m a t t e r in its gut 

t h e n t h e o p p o s i t e r e s u l t w o u l d h a v e b e e n e x p e c t e d . T h i s 

i m p l i e s t h a t t h e h o l o t h u r i a n ' s c o n t r i b u t i o n is not 

s i g n i f i c a n t . A n o t e of c a u t i o n is n e c e s s a r y t h o u g h , f o r 

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

l o c a t i o n , and t h e s e d i m e n t s a m p l i n g t e c h n i q u e . 

D e t a i l e d a n a l y s i s of t h e v e r t i c a l d i s t r i b u t i o n of 

c h l o r o p i g m e n t s and o r g a n i c c a r b o n w i t h i n t h e s e d i m e n t 

s a m p l e s ( F i g . 4 7 ) s h o w s an e x p o n e n t i a l d e c r e a s e in t h e i r 

t o t a l c o n c e n t r a t i o n w i t h i n c r e a s i n g d e p t h . In s t u d i e s 

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

s e d i m e n t s u r f a c e i n t a c t , s i m i l a r e x p o n e n t i a l d e c r e a s e s in 

p a r t i c u l a t e o r g a n i c c a r b o n h a v e b e e n f o u n d ( S o u t a r et a l . , 

1 9 8 1 ; E m e r s o n , F i s c h e r , R e i m e r s and H e g g i e , 1 9 8 5 ; J a h n k e , 

E m e r s o n , C o c h r a n and H i r s c h b e r g , 1 9 8 6 ) . It is c l e a r t h a t 

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

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

c a r e m u s t be t a k e n in s a m p l i n g t h e s e d i m e n t - w a t e r 

i n t e r f a c e if v a l i d c o m p a r i s o n s a r e to be m a d e b e t w e e n t h e 

s u p e r f i c i a l s e d i m e n t and h o l o t h u r i a n gut c o n t e n t s . 

T h e d a t a f r o m t h e P o r c u p i n e S e a b i g h t i n d i c a t e t h a t t h e 

s e l e c t i o n c o e f f i c i e n t f o r B . r o s e a , and p r o b a b l y o t h e r 

e p i b e n t h i c d e p o s i t - f e e d i n g h o l o t h u r i a n s , c h a n g e s on a 

s e a s o n a l b a s i s and is r e l a t e d to t h e a n n u a l c y c l e in t h e 

d e p o s i t i o n of d e t r i t u s . P h o t o g r a p h s t a k e n in J u n e 1 9 8 5 

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

t h e r e c e n t l y d e p o s i t e d d e t r i t u s c o v e r e d a b o u t 8 0 % of t h e 
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s e d i m e n t s u r f a c e in a f i n e , e v e n l a y e r p r o v i d i n g h o l o t h u r -

ians like B. r o s e a w i t h an a l m o s t h o m o g e n e o u s food s o u r c e . 

T h e o b s e r v e d q u a n t i t a t i v e and q u a l i t a t i v e s i m i l a r i t i e s in 

t h e c h l o r o p i g m e n t s of t h e d e t r i t u s and t h e o e s o p h a g u s 

c o n t e n t s of B. r o s e a ( T a b l e 4 1 ; F i g s 4 8 , 4 9 ) i m p l i e s t h a t 

it f e e d s r e a d i l y and i n d i s c r i m i n a t e l y o n t h e d e t r i t u s , a 

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

t i m e - l a p s e p h o t o g r a p h y ( F i g . 2 7 H , p a g e 1 5 9 , D r . R . S . 

L a m p i t t , p e r s o n a l c o m m u n i c a t i o n ) . T h e d e t r i t a l m a t e r i a l is 

k n o w n to c o n t a i n n u t r i t i o u s o r g a n i c c o m p o u n d s such as 

p o l y u n s a t u r a t e d f a t t y a c i d s ( R i c e et a l . , 1 9 8 6 ) . 

P h o t o g r a p h i c o b s e r v a t i o n s f r o m t h e S e a b i g h t o v e r t h e 

p a s t 8 y e a r s s h o w t h a t t h e d e t r i t u s s e l d o m r e m a i n s f o r 

v e r y long as a b l a n k e t on t h e s e a b e d . N e a r b e d c u r r e n t s 

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

c u r r e n t v e l o c i t i e s a r e r e a c h e d , t h e d e t r i t a l p a r t i c l e s are 

r e s u s p e n d e d ( L a m p i t t , 1 9 8 5 ) . T h e c o m b i n a t i o n of b o t t o m 

t o p o g r a p h y and n e a r b e d c u r r e n t s e v e n t u a l l y p r o d u c e s a 

m o s a i c of d e t r i t a l p a t c h e s ( B i l l e t t & H a n s e n , 1 9 8 2 ; 

B i l l e t t et a l . , 1 9 8 3 ; S i b u e t , 1 9 8 4 ) , p r e s e n t i n g t h e 

h o l o t h u r i a n w i t h a h e t e r o g e n e o u s d i s t r i b u t i o n of its f o o d . 

H o l o t h u r i a n s m a y t h e n s e e k out n u t r i t i o u s m a t e r i a l by s o m e 

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

p a r t i c l e s ( S i b u e t et a l . , 1 9 8 2 ) o r r e s o r t t o d e t e c t i n g 

p a t c h e s of s e d i m e n t w i t h h i g h e r l e v e l s o f o r g a n i c m a t t e r . 

T h e s t r a t e g y a d o p t e d m a y v a r y a c c o r d i n g t o t h e s c a l e of 

t h e p a t c h e s . 

It is n o t p o s s i b l e t o r e s o l v e w h i c h m e t h o d of s e l e c t i o n 

is o p e r a t i n g f r o m t h e d a t a p r e s e n t e d in t h i s s t u d y . 

A l t h o u g h s e v e r a l s e d i m e n t s a m p l e s w e r e a n a l y s e d at e a c h 

s t a t i o n , all t h e s a m p l e s c a m e f r o m t h e s a m e d e p l o y m e n t of 

t h e m u l t i p l e c o r e r . T h e r e f o r e , at e a c h s t a t i o n all t h e 

c o r e s w e r e t a k e n in c l o s e p r o x i m i t y to e a c h o t h e r and as a 

c o n s e q u e n c e t h e v a r i a b i l i t y of c h l o r o p i g m e n t s o v e r a w i d e 
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a r e a is not k n o w n . H o w e v e r , t h e h i g h v a r i a b i l i t y in t h e 

c h l o r o p i g m e n t c o n c e n t r a t i o n in t h e o e s o p h a g u s of t h e 

h o l o t h u r i a n s , and t h e f a c t t h a t in s o m e s p e c i m e n s t h e 

c o n c e n t r a t i o n of c h l o r o p i g m e n t s w a s g r e a t e r in t h e c l o a c a 

t h a n in t h e o e s o p h a g u s , i n d i c a t e t h a t t h e h o l o t h u r i a n s a r e 

f e e d i n g on a p a t c h y f o o d r e s o u r c e . 

A n o t e of c a u t i o n is n e c e s s a r y h e r e c o n c e r n i n g t h e 

s e l e c t i o n c o e f f i c i e n t s c a l c u l a t e d in S e c t i o n 5 . 3 . 3 , f o r 

t h e c o n c e n t r a t i o n s of c h l o r o p i g m e n t s in t h e gut c o n t e n t s 

of L. v i o l a c e a and B. r o s e a w e r e c o m p a r e d w i t h s e d i m e n t 

s a m p l e s t a k e n f r o m a s i n g l e s m a l l a r e a o f t h e s e a b e d . 

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

t h e v a r i a b i l i t y of c h l o r o p i g m e n t c o n c e n t r a t i o n had been 

k n o w n f r o m a w i d e a r e a at e a c h l o c a l i t y . 

S p a t i a l v a r i a b i l i t y in t h e f o o d s u p p l y f o r h o l o t h u r i a n s 

is a l s o i n d i c a t e d by o t h e r s t u d i e s . S a m p l e s f r o m h y d r a u l -

i c a l l y d a m p e d box c o r e r s s h o w t h a t t h e o r g a n i c c o n t e n t of 

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

( E m e r s o n et a l . , 1 9 8 5 ; J a h n k e et a l . , 1 9 8 6 ) . I n d i r e c t 

e v i d e n c e f o r t h e p a t c h y d i s t r i b u t i o n of f o o d f o r d e p o s i t -

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

s p a t i a l d i s t r i b u t i o n of h o l o t h u r i a n s on t h e s e a b e d 

( S e c t i o n 5 . 4 ; P a w s o n , 1 9 8 2 a ) . M o r e d a t a a r e n e e d e d on t h e 

d i s t r i b u t i o n and t e m p o r a l v a r i a b i l i t y of o r g a n i c m a t t e r in 

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

h o l o t h u r i a n s , as o r i g i n a l l y s u g g e s t e d by S i b u e t ( 1 9 8 4 ) . 

S o k o l o v a ( 1 9 5 8 ) and H a n s e n ( 1 9 7 5 ) n o t e d t h e d i v e r s i t y of 

t e n t a c l e s t r u c t u r e in d e e p - s e a h o l o t h u r i a n s , b u t n e i t h e r 

a u t h o r w a s a b l e to d e t e c t any c o r r e l a t i o n b e t w e e n t e n t a c l e 

s t r u c t u r e and t h e g u t c o n t e n t s of t h e h o l o t h u r i a n s w h e n 

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

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

s t r a t e g i e s in s y m p a t r i c s p e c i e s . F o r e x a m p l e , t h e d i f f e r -
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e n c e s in t h e f l u o r e s c e n c e c h r o m a t o g r a m s b e t w e e n t h e gut 

c o n t e n t s of P. pal l e n s and B . r o s e a f r o m S t . 5 2 2 1 8 ( F i g s 

4 9 , 5 0 ) m a y r e s u l t f r o m d i f f e r e n c e s in t h e i r f e e d i n g 

s t r a t e g y . T h e r e is a m e a s u r e of d o u b t in a c c e p t i n g t h i s 

i n t e r p r e t a t i o n b e c a u s e t h e l a r g e r s a m p l e s i z e used f o r t h e 

a n a l y s i s of P. pal l e n s g u t c o n t e n t s m a y h a v e lead to t h e 

i n c o m p l e t e e x t r a c t i o n of t h e c h l o r o p i g m e n t s in t h i s s p e c -

ies ( M s . C . L l e w e l l y n , p e r s o n a l c o m m u n i c a t i o n ) . H o w e v e r , 

if t h i s w a s t h e c a s e t h e n g r e a t e r d i f f e r e n c e s w o u l d be 

e x p e c t e d b e t w e e n , s a y , c h l o r o p h y l l ^ and t h e p h a e o p h o r b i d e 

p i g m e n t s , r a t h e r t h a n b e t w e e n t h e p h a e o p h o r b i d e p i g m e n t s 

t h e m s e l v e s . T h e d i f f e r e n c e s b e t w e e n B. r o s e a and 

P. pal lens a r e t h e r e f o r e c o n s i d e r e d t o b e r e a l , e s p e c i a l l y 

in v i e w of t h e d i f f e r e n c e s in t h e s t r u c t u r e of t h e 

t e n t a c l e s of t h e t w o s p e c i e s . P. pal l e n s has a d i g i t a t e 

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

t h e t e n t a c l e d i s c , w h i l e B. r o s e a has a p e l t a t e t e n t a c l e 

l a c k i n g any m a r g i n a l p r o c e s s e s . T h u s , P . pal lens m a y be 

a b l e to p i c k up i n d i v i d u a l l a r g e p a r t i c l e s w h i c h t h e 

t e n t a c l e s of B. r o s e a w o u l d f i n d d i f f i c u l t t o m a n i p u l a t e . 

M a n y of t h e d e t r i t a l p a r t i c l e s t h a t r e a c h t h e s e a b e d a r e 

s e v e r a l m i l l i m e t r e s in d i a m e t e r ( B i l l e t t et a l . , 1 9 8 3 ; 

L a m p i t t , 1 9 8 5 ) . D e t r i t a l p a r t i c l e s of d i f f e r e n t s i z e s 

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

s i n c e t h e y w i l l be t r a n s p o r t e d and d e g r a d e d by d i f f e r e n t 

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

f o r t h e t w o s p e c i e s m a y t h e r e f o r e i n d i c a t e t h a t P. pal lens 

s e l e c t s s l i g h t l y d i f f e r e n t ( l a r g e r ? ) p a r t i c l e s t h a n 

B. r o s e a . A s u b j e c t i v e a n a l y s i s of t h e p a r t i c l e s in t h e 

g u t s of t h e t w o s p e c i e s by K h r i p o u n o f f a n d S i b u e t ( 1 9 8 0 ) 

has s h o w n t h a t t h e r e a r e i n d e e d q u a l i t a t i v e d i f f e r e n c e s 

b e t w e e n t h e p a r t i c l e s t h a t t h e y i n g e s t . H o w e v e r , it is not 

c l e a r if t h e s p e c i m e n s u s e d in t h i s a n a l y s i s c a m e f r o m t h e 

s a m e s t a t i o n . In c o n t r a s t , a c o m p a r i s o n o f t h e g r a n u l o m -

e t r y of t h e s e d i m e n t and of t h e t h e s t o m a c h c o n t e n t s of 
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r o s e a and P. pal l e n s , all f r o m t h e s a m e a r e a , did not 

show any s i g n i f i c a n t d i f f e r e n c e s in t h e s i z e of p a r t i c l e s 

i n g e s t e d by t h e t w o s p e c i e s ( K h r i p o u n o f f and S i b u e t , 

1 9 8 0 ) . 

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

c o m m u n i t i e s at b a t h y a l and a b y s s a l d e p t h s . W h a t e v e r 

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

h o l o t h u r i a n s p l a y a m a j o r r o l e in t h e e a r l y d e g r a d a t i o n of 

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

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

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

i n t e r f a c e a r e to be u n d e r s t o o d . 

5 . 4 S m a l l s c a l e s p a t i a l d i s t r i b u t i o n s of h o l o t h u r i a n s . 

T h e s p a t i a l d i s t r i b u t i o n s of h o l o t h u r i a n s on t h e s e a b e d 

can be s t u d i e d by a n a l y s i n g p h o t o g r a p h s t a k e n d u r i n g e p i -

b e n t h i c s l e d g e h a u l s ( s e e S e c t i o n 2 . 2 ) . H o w e v e r , t h e 

a b u n d a n c e s o f m o s t s p e c i e s in t h e PSB a r e t o o low to a l l o w 

t h e i r s p a t i a l d i s t r i b u t i o n s to be s t u d i e d u s i n g t h i s 

t e c h n i q u e . P a t c h i n e s s in t h e d i s t r i b u t i o n o f m a n y s p e c i e s 

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

any o n e s p e c i e s at a c h o s e n d e p t h ( S e c t i o n 4 . 2 ) , b u t such 

p a t c h i n e s s is on a s c a l e t h a t c a n n o t be r e s o l v e d f r o m t h e 

p h o t o g r a p h s . P h o t o g r a p h s a r e t a k e n e v e r y 15 s e c o n d s w h i l e 

t h e s l e d g e is on t h e s e a b e d w h i c h at a t o w i n g s p e e d of 

a b o u t 1.5 k n o t s l e a d s to a d i s t a n c e of a b o u t 12m b e t w e e n 

c o n s e c u t i v e p h o t o g r a p h s . S o m e s p e c i e s , s u c h as B e n t h o g o n e 

r o s e a , c a n b e f o u n d in 3 o r 4 c o n s e c u t i v e f r a m e s w h i c h m a y 

i n d i c a t e t h e p r e s e n c e of l a r g e p a t c h e s . T h e h o l o t h u r i a n s 

m a y o c c u r in a g g r e g a t i o n s s o m e 30 to 5 0 m in d i a m e t e r , as 

f o u n d f o r t h e e c h i n o i d P h o r m o s o m a p l a c e n t a ( G r a s s l e et 
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a l . , 1 9 7 5 ) , b u t t h e d a t a a r e t o o s c a n t y f o r any 

s t a t i s t i c a l l y s i g n i f i c a n t r e s u l t s to be d r a w n . In c o n t r a s t 

to t h e low a b u n d a n c e of m o s t P S B h o l o t h u r i a n s , t h e 

p r o f u s i o n of s m a l l K o l g a h y a l i n a in t h e P S B has a l l o w e d 

t h e d i s t r i b u t i o n of t h i s s p e c i e s to be s t u d i e d in d e t a i l . 

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

t h a n t h e a r e a c o v e r e d by a p h o t o g r a p h a n d t e m p o r a l c h a n g e s 

in its d i s p e r s i o n p a t t e r n h a v e b e e n d e m o n s t r a t e d . 

A g g r e g a t i o n s of s m a l l h o l o t h u r i a n s h a v e b e e n r e p o r t e d 

b e f o r e in t h e v i c i n i t y of c a n y o n s y s t e m s in t h e n o r t h w e s t 

A t l a n t i c . S t a n l e y and K e l l i n g ( 1 9 6 8 ) , w h i l e c a r r y i n g out a 

g e o l o g i c a l s u r v e y of t h e W i l m i n g t o n C a n y o n , n o t e d a g g r -

e g a t i o n s of " l a r g e e l o n g a t e g r a n u l e s " in t h e i r p h o t o g r a p h s 

f r o m a d e p t h of 1 5 0 0 m , w h i c h w e r e l a t e r i d e n t i f i e d as 

P e n i a g o n e - l i k e h o l o t h u r i a n s ( R o w e , 1 9 7 1 , 1 9 7 2 ) . S i m i l a r 

a g g r e g a t i o n s w e r e f o u n d at 2 0 0 0 to 2 4 0 0 m in t h e H a t t e r a s 

C a n y o n ( R o w e , 1 9 7 1 ) , a l o n g t h e l o w e r c o n t i n e n t a l s l o p e 

n e a r t h e H y d r o g r a p h e r C a n y o n ( R o w e , 1 9 7 2 ) , and at 1615m 

w i t h i n a g u l l y n o r t h of C a p e H a t t e r a s ( R o s s , 1 9 7 0 ; H e e z e n 

and Hoi l i s t e r , 1971 in R o w e , 1 9 7 1 ) . In a d d i t i o n , O h t a 

( 1 9 8 3 ) h a s n o t e d a g g r e g a t i o n s of P e n i a g o n e j a p o n i c a in 

c a n y o n - l i k e s e t t i n g s at d e p t h s of 5 0 0 to 1 7 0 0 m o f f J a p a n . 

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

by s u p e r i m p o s i n g t h e p h o t o g r a p h s on a p e r s p e c t i v e grid 

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

5 by 5 cm s u b - u n i t s , in a w a t e r t a n k at l O S . M o d i f i c a t i o n s 

to t h e s t r u c t u r e o f t h e e p i b e n t h i c s l e d g e d u r i n g t h e 

p e r i o d of t h i s s t u d y led to a c h a n g e in t h e p o s i t i o n of 

t h e c a m e r a on t h e s l e d g e a n d h e n c e to t h e a r e a of s e a b e d 

p h o t o g r a p h e d . I n i t i a l l y (in 1 9 7 8 ) t h e c a m e r a w a s p l a c e d at 

a s h a l l o w a n g l e ( R i c e et a l . , 1 9 7 9 ) but s m a l l v a r i a t i o n s 

in t h e e l e v a t i o n of t h e s l e d g e r e l a t i v e t o t h e b o t t o m , 

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

t h e a r e a c o v e r e d by e a c h p h o t o g r a p h . T h e c a m e r a w a s 
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t h e r e f o r e m o u n t e d ( f r o m 1 9 7 9 ) at a g r e a t e r h e i g h t and at a 

s t e e p e r a n g l e w h i c h not o n l y r e d u c e d t h e t o t a l s u r f a c e 

a r e a c o v e r e d by e a c h p h o t o g r a p h but a l s o r e d u c e d t h e 

v a r i a b i l i t y in t h e a r e a p h o t o g r a p h e d . A t r a p e z o i d - s h a p e d 

a r e a of 1 m % w i t h p a r a l l e l s i d e s 73 a n d 1 2 7 cm long has 

b e e n u s e d f o r a n a l y s i n g t h e p h o t o g r a p h s t a k e n s i n c e 1 9 7 9 . 

A s i m i l a r s h a p e d a r e a c o v e r i n g 0 . 9 5 m * w a s u s e d f o r 

p h o t o g r a p h s t a k e n in 1 9 7 8 . In both c a s e s o n l y t h e f r o n t 

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

o u t s i d e t h i s a r e a it w a s n o t p o s s i b l e t o i d e n t i f y t h e 

s m a l l K. h y a l i n a w i t h a n y c o n f i d e n c e . 

T h e n u m b e r s of K. h y a l i n a v i s i b l e in e a c h p h o t o g r a p h are 

p l o t t e d in F i g s 51 and 5 2 . T r e a t i n g t h e a n a l y s e d a r e a in 

e a c h p h o t o g r a p h as a t r a p e z o i d - s h a p e d q u a d r a t , t h e d e g r e e 

of a g g r e g a t i o n at e a c h s t a t i o n w a s d e t e r m i n e d u s i n g 

L l o y d ' s m e a s u r e of p a t c h i n e s s x / x , w h e r e x is t h e i n d e x of 

m e a n c r o w d i n g (the m e a n n u m b e r , p e r i n d i v i d u a l , of o t h e r 

i n d i v i d u a l s in t h e s a m e s a m p l i n g u n i t ) a n d x is t h e s a m p l e 

m e a n ( f o r f o r m u l a e s e e L l o y d , 1 9 6 7 ) . F o r an a g g r e g a t e d 

p a t t e r n x / x > 1 w i t h no s p e c i f i c v a l u e f o r m a x i m u m a g g r -

e g a t i o n , and x V x = 1 f o r a r a n d o m p a t t e r n . T h e i n d e x of 

p a t c h i n e s s m e a s u r e s t h e r a n g e in a b u n d a n c e of a s p a t i a l 

p a t t e r n and as it is i n d e p e n d e n t of m e a n d e n s i t y it is 

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

a n c e s ( P i e l o u , 1 9 7 4 ) . H o w e v e r , at low a b u n d a n c e , in t h i s 

c a s e a b o u t 2 I n d i v i d u a l s p e r s q u a r e m e t r e , t h e d e t e c t i o n 

of a p a t c h y d i s t r i b u t i o n m a y be d e p e n d e n t on t h e n u m b e r of 

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

a g g r e g a t i o n w i l l be low ( e . g . S t . 5 2 4 0 3 - 1 4 , s e e b e l o w ) . 

D e n s e a g g r e g a t i o n s of K . h y a l i n a w e r e e n c o u n t e r e d at 

S t a s 9 7 5 6 - 9 ( 4 0 5 0 m ) and 9 7 5 6 - 1 4 ( 3 6 9 0 m ) s a m p l e d in A p r i l 

1 9 7 8 ( F i g . 5 1 ) . A l t h o u g h t h e l a r g e s t a g g r e g a t i o n , of a b o u t 

7 0 0 i n d i v i d u a l s (Fig 5 3 A ) , w a s g a t h e r e d a r o u n d a 
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F i g u r e 5 1 . T h e n u m b e r of K o l g a h y a l i n a w i t h i n t h e 

a n a l y s e d a r e a of e a c h p h o t o g r a p h a r r a n g e d in s e q u e n c e . T h e 

s p a c e s in b e t w e e n t h e o b s e r v a t i o n s r e p r e s e n t e i t h e r a 

p h o t o g r a p h in t h e s e r i e s t h a t w a s u n u s a b l e o r , if m a r k e d 

by a c o n t i n u o u s l i n e at t h e b o t t o m , a p h o t o g r a p h d e v o i d of 

K. h y a l i n a . In o r d e r t h a t all t h e h i s t o g r a m s c o u l d be 

d r a w n to t h e s a m e s c a l e and t h a t s m a l l f l u c t u a t i o n s c o u l d 

be s e e n , t h e p e a k s in t h e h i s t o g r a m s w e r e t r u n c a t e d at 100 

i n d i v i d u a l s and t h e t o t a l n u m b e r of K. h y a l i n a e n t e r e d at 

t h e t o p of t h e c o r r e s p o n d i n g c o l u m n . T h e p a t c h i n e s s f o r 

e a c h s t a t i o n is e x p r e s s e d by L l o y d ' s i n d e x of p a t c h i n e s s 

and its s t a n d a r d e r r o r ( s e e t e x t ) . 
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F i g u r e 5 2 . T h e n u m b e r of K. h y a l i n a w i t h i n t h e a n a l y s e d 

a r e a of e a c h p h o t o g r a p h a r r a n g e d in s e q u e n c e f o r s a m p l e s 

t a k e n in N o v e m b e r 1 9 8 0 ( S t . 5 0 9 1 3 - 1 ) a n d D e c e m b e r 1986 

(St. 5 2 4 0 3 - 1 4 ) . D e t a i l s as f o r F i g u r e 5 1 . 
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s e d i m e n t a r y r i n g s t r u c t u r e , t h e r e w a s no o b v i o u s 

r e l a t i o n s h i p b e t w e e n K. h y a l i n a a g g r e g a t i o n s and s e d i m e n t 

t o p o g r a p h y . At b o t h s t a t i o n s , p a r t i c u l a r l y S t . 9 7 5 6 - 9 , t h e 

e r r a t i c b e h a v i o u r of t h e s l e d g e led to mud c l o u d s 

o b s c u r i n g m a n y p h o t o g r a p h s . W h e r e p o s s i b l e , t h e p a t c h i n e s s 

i n d e x w a s c a l c u l a t e d u s i n g t h e s e p a r t l y o b s c u r e d p h o t o -

g r a p h s in a d d i t i o n to t h o s e c o v e r i n g t h e s t a n d a r d s a m p l i n g 

a r e a . At S t . 9 7 5 6 - 9 o n l y t h r e e d e n s e a g g r e g a t i o n s w e r e 

s e e n , t w o o c c u r r e d on p h o t o g r a p h s p a r t l y o b s c u r e d by mud 

( F i g . 5 3 B ) , w h i l e t h e t h i r d lay t o t a l l y o u t s i d e t h e area 

of t h e p h o t o g r a p h u s e d f o r t h e a n a l y s i s of p a t c h i n e s s . 

T h i s i l l u s t r a t e s t o s o m e e x t e n t t h e d e p e n d e n c e of t h e 

p a t c h i n e s s i n d e x on t h e n u m b e r of s a m p l i n g u n i t s . 

A l a r g e n u m b e r of p h o t o g r a p h s w e r e a v a i l a b l e f r o m S t a s 

5 0 6 0 3 - 1 ( 4 0 0 0 m ) and 5 0 6 0 5 - 1 ( 2 9 0 0 m ) s a m p l e d in J u l y 1979 

( F i g . 5 1 ) . D e s p i t e t h e i n t e n s i t y of s a m p l i n g no a g g r e g -

a t i o n s w e r e f o u n d , s u g g e s t i n g t h a t t h e h o l o t h u r i a n s w e r e 

m o r e e v e n l y d i s t r i b u t e d t h a n in A p r i l 1 9 7 8 . It s e e m s 

i m p r o b a b l e t h a t d e n s e a g g r e g a t i o n s w e r e m i s s e d by c h a n c e 

at e i t h e r s t a t i o n o w i n g to t h e l a r g e n u m b e r o f p h o t o g r a p h s 

t a k e n . P a t c h i n e s s v a l u e s at b o t h s t a t i o n s a p p r o a c h e d u n i t y 

( r a n d o m d i s t r i b u t i o n ) , but t e s t s f o r r a n d o m n e s s u s i n g t h e 

" i n d e x of d i s p e r s i o n " ( A n d r e w and M a p s t o n e , 1 9 8 7 ) f a i l e d 

to s h o w a g r e e m e n t w i t h t h e e x p e c t e d P o i s s o n d i s t r i b u t i o n 

(P < 0 . 0 1 ) . B o t h s t a t i o n s w e r e s a m p l e d d u r i n g t h e s u m m e r 

w h e n d e t r i t a l m a t e r i a l c o l l e c t s on t h e s e a b e d in t h e PSB 

(see S e c t i o n s 2.1 and 5 . 3 ) , a l t h o u g h d e t r i t a l p a t c h e s 

a r o u n d m o u n d s and o t h e r s e d i m e n t a r y s t r u c t u r e s w e r e 

o b v i o u s o n l y at S t . 5 0 6 0 3 - 1 ( F i g . 5 4 A ) . 

D e n s e c l u m p s of h o l o t h u r i a n s w e r e a l s o a b s e n t at S t . 

1 0 1 1 3 - 1 ( 2 7 6 0 m ) s a m p l e d in S e p t e m b e r 1 9 7 9 ( F i g . 5 1 ) , 

a l t h o u g h s o m e d e g r e e of a g g r e g a t i o n is i n d i c a t e d by t h e 

p a t c h i n e s s i n d e x . S e v e r a l p h o t o g r a p h s h a d 70 to 8 0 i n d i v -

i d u a l s in p a t c h e s t h a t w e r e on a s c a l e g r e a t e r t h a n t h a t 
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F i g u r e 5 3 . A ) S t . 9 7 5 6 - 1 4 . D e n s e a g g r e g a t i o n s of K o l g a 

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

B) S t , 9 7 5 6 - 9 . A g g r e g a t i o n of K. h y a l i n a . 
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c o v e r e d by a s i n g l e p h o t o g r a p h but s m a l l e r t h a n c o u l d be 

d e t e c t e d by c o n s e c u t i v e p h o t o g r a p h s . T w o d e n s e a g g r e g -

a t i o n s of s e v e r a l h u n d r e d i n d i v i d u a l s w e r e seen at S t . 

1 0 1 1 4 - 1 ( 4 0 4 0 m ) , a l s o s a m p l e d in S e p t e m b e r 1 9 7 9 , but o w i n g 

to p o o r f o c u s s i n g of t h e c a m e r a it w a s d i f f i c u l t to d e t e c t 

s i n g l e K. h y a l i n a w i t h any c o n f i d e n c e . B o t h p e a k s in 

a b u n d a n c e e v i d e n t in F i g . 51 c o r r e s p o n d to c l u m p s of 

K. h y a l i n a t h a t a r e l y i n g o n l y p a r t l y in t h e a r e a of t h e 

p h o t o g r a p h s t h a t w a s a n a l y s e d . T h e i n d e x o f p a t c h i n e s s is 

p a r t i c u l a r l y s e n s i t i v e to t h e q u a l i t y of t h e d a t a at t h i s 

s t a t i o n and all t h a t can be c o n c l u d e d is t h a t t h e d e g r e e 

of a g g r e g a t i o n is as g r e a t a s , if n o t g r e a t e r t h a n , t h e 

s a m p l e s t a k e n in A p r i l 1 9 7 8 . 

M o r e K. h y a l i n a w e r e p h o t o g r a p h e d in N o v e m b e r 1 9 8 0 and 

D e c e m b e r 1986 at S t a s 5 0 9 1 3 - 1 ( 3 0 0 0 m ) and 5 2 4 0 3 - 1 4 ( 4 8 0 0 m ) 

r e s p e c t i v e l y . A l t h o u g h t h e r e w a s a t e n d e n c y t o w a r d s a g g r -

e g a t i o n at t h e f o r m e r s t a t i o n , w i t h a m a x i m u m a b u n d a n c e of 

4 8 i n d i v i d u a l s in o n e p h o t o g r a p h , no s u c h d i s t r i b u t i o n was 

e v i d e n t at t h e l a t t e r s t a t i o n ( m a x . a b u n d a n c e - 9 i n d i v i d -

u a l s p e r f r a m e ) ( F i g . 5 2 ) . In b o t h c a s e s d e n s e c l u m p s w e r e 

not d e t e c t e d . F o r t h e l a t t e r s t a t i o n it is p o s s i b l e t h a t 

c l u m p s w e r e p r e s e n t but w e r e v e r y r a r e . H o w e v e r , t h i s 

s e e m s i m p r o b a b l e as o v e r 2 0 0 p h o t o g r a p h s , c o v e r i n g s o m e 

5 0 0 s q u a r e m e t r e s , w e r e t a k e n at t h i s s t a t i o n . 

A d i s p e r s e d p a t t e r n w a s e v i d e n t at S t . 5 1 6 1 9 - 1 ( 1 5 0 0 m ) 

s a m p l e d by t h e p h o t o s l e d g e in J u l y 1 9 8 2 . U n f o r t u n a t e l y t h e 

c a m e r a a n g l e w a s set i n c o r r e c t l y f o r t h i s haul and no 

q u a n t i t a t i v e d a t a a r e a v a i l a b l e . As d e t a i l e d in S e c t i o n 

4 . 2 s u b s e q u e n t s a m p l i n g in t h i s s a m e a r e a in 1 9 8 3 f a i l e d 

to s h o w any t r a c e of K. h y a l i n a s u g g e s t i n g t h a t e i t h e r t h e 

e n t i r e p o p u l a t i o n had b e e n p r e d a t e d u p o n or t h a t t h e 

h o l o t h u r i a n s had m o v e d to a n o t h e r a r e a . 

349 



S u p p o r t f o r t h e l a t t e r s c e n a r i o c o m e s f r o m t i m e - l a p s e 

p h o t o g r a p h i c o b s e r v a t i o n s u s i n g B a t h y s n a p ( L a m p i t t and 

B u r n h a m , 1 9 8 3 ) and d e t a i l e d in S e c t i o n 4 . 2 . Two K o l g a 

a g g r e g a t i o n s p a s s e d t h r o u g h t h e f i e l d o f v i e w of t h e 

c a m e r a w i t h i n a 16 h o u r p e r i o d w i t h all t h e h o l o t h u r i a n s 

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

o r i e n t a t i o n w a s a l s o e v i d e n t in p h o t o g r a p h s f r o m S t . 9 7 5 6 -

14 w h e r e 9 0 % of t h e i n d i v i d u a l s w e r e f a c i n g into t h e 

p r e v a i l i n g c u r r e n t , as d e t e r m i n e d f r o m t h e a n g l e of 

s e a - a n e m o n e t e n t a c l e s and t h e w a y in w h i c h m u d , s t i r r e d up 

by t h e t o w i n g w a r p , w a s s w e p t a w a y in f r o n t of t h e s l e d g e . 

No p r e f e r e n c e in o r i e n t a t i o n w a s n o t e d at any o t h e r 

s t a t i o n . P r e f e r r e d o r i e n t a t i o n of o t h e r h o l o t h u r i a n s in 

a g g r e g a t i o n s , s u c h as P a e l o p a t i d e s g i g a n t e a ( H e e z e n and 

Hoi l i s t e r , 1 9 7 1 ) , E l l i p i n i o n d e l a g e i ( P a w s o n , 1 9 8 2 a ) , 

S c o t o p l a n e s s p . ( B a r h a m et a l . , 1 9 6 7 ; P a w s o n , 1 9 7 6 ) , and 

P e n i a g o n e j a p o n i c a ( O h t a , 1 9 8 3 ) , h a v e b e e n n o t e d a l s o , and 

in a few c a s e s it is e v i d e n t t h a t t h e s e h o l o t h u r i a n s a l s o 

f a c e into t h e p r e v a i l i n g c u r r e n t . 

It is a p p a r e n t t h a t d e n s e c l u m p s of K o l g a ( F i g . 5 3 A ) are 

not m e r e l y p o i n t a g g r e g a t i o n s c e n t r e d , f o r i n s t a n c e , on a 

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

o r g a n i c m a t t e r has b e e n c o n s u m e d , but t h a t t h e r e is s o m e 

s o c i a l i n t e r a c t i o n b e t w e e n t h e h o l o t h u r i a n s t h a t m a i n t a i n s 

t h e a g g r e g a t i o n as it p a s s e s o v e r t h e s e a b e d . 

A n o t h e r i m p o r t a n t f e a t u r e is t h e v a r i a b i l i t y of t h e 

d i s t r i b u t i o n p a t t e r n of K. h y a l i n a w i t h t i m e . T e m p o r a l 

c h a n g e s a r e i n d i c a t e d by t h e s i m i l a r i t y of t h e d i s t r -

i b u t i o n p a t t e r n s at S t a s 5 0 6 0 3 - 1 and 5 0 6 0 5 - 1 , b o t h s a m p l e d 

in s u m m e r , d e s p i t e b e i n g s a m p l e d in t w o c o n t r a s t i n g a r e a s , 

and by t h e t r a n s f o r m a t i o n in t h e d i s t r i b u t i o n p a t t e r n s in 

b o t h a r e a s w h e n t h e y w e r e s a m p l e d a g a i n j u s t 2 m o n t h s 

l a t e r ( S t a s 1 0 1 1 3 - 1 and 1 0 1 1 4 - 1 ) ( F i g . 5 1 ) . T h i s c h a n g e in 

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

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

as an e v e n l a y e r on t h e s e a b e d ( B i l l e t t et a l . , 1 9 8 3 ; 

L a m p i t t , 1 9 8 5 ) , at l e a s t f o r a f e w w e e k s , t h e h o l o t h u r i a n s 

are a b l e to f e e d on an e v e n l y d i s t r i b u t e d f o o d s o u r c e (see 

S e c t i o n 5 . 3 ) . In t h i s c a s e a d i s t r i b u t i o n p a t t e r n t e n d i n g 

t o w a r d s r a n d o m n e s s w o u l d be e x p e c t e d a n d is o b s e r v e d . 

H o w e v e r , d e t r i t a l m a t e r i a l s e l d o m r e m a i n s on t h e s e d i m e n t 

s u r f a c e as an e v e n l a y e r f o r v e r y l o n g , b u t is r e s u s p e n d e d 

and m o v e d a b o u t so t h a t it c o l l e c t s a r o u n d m o u n d s and 

w i t h i n h o l l o w s ( F i g . 5 4 A , B ) . A p a t c h y f o o d r e s o u r c e is 

f o r m e d , t h e s c a l e of w h i c h is d e t e r m i n e d by t h e m i c r o -

t o p o g r a p h y of t h e s e a f l o o r ( s e e S e c t i o n 5 . 3 ) and w h i c h 

c o u l d lead t h e r e f o r e to t h e o b s e r v e d K. h y a l i n a a g g r e g -

a t i o n s . 

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

l a y e r s d o e s not e x p l a i n a d e q u a t e l y t h e o b s e r v a t i o n s of 

h e r d i n g . It is c l e a r t h a t t h e c a u s e s o f a g g r e g a t i o n 

f o r m a t i o n and m a i n t a i n a n c e a r e f a r m o r c o m p l e x . R e s o u r c e 

l i m i t a t i o n h a s b e e n i n v o k e d by J u m a r s and G a l l a g h e r ( 1 9 8 2 ) 

as a p o s s i b l e e x p l a n a t i o n f o r t h e h e r d i n g b e h a v i o u r of t h e 

e c h i n o i d P h o r m o s o m a p l a c e n t a ( G r a s s l e et a l . , 1 9 7 5 ) . T h e s e 

e c h i n o i d s o c c u r in r a r e c l u m p s , a b o u t 4 0 t o 50m in d i a m -

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

s u r f a c e . T h e a g g r e g a t i o n s w e r e o b s e r v e d t o be in s l o w but 

c o n t i n u o u s m o t i o n a c r o s s t h e s e a b e d , p r e s u m a b l y in s e a r c h 

of p a s t u r e s n e w , s i n c e f o o d w o u l d s o o n b e u s e d up w i t h i n 

t h e a g g r e g a t i o n . T h e h e r d s m a y f o r m as an a d a p t i o n to 

r e d u c e t h e p r o b a b i l i t y of an e c h i n o i d r e c r o s s i n g an area 

t h a t has b e e n fed u p o n b e f o r e t h e f o o d r e s o u r c e h a s b e e n 

r e p l e n i s h e d . H o w e v e r , t h i s t y p e of f e e d i n g s t r a t e g y s e e m s 

u n l i k e l y f o r K. h y a l i n a s i n c e c l u m p s are f o u n d e v e n at low 

p o p u l a t i o n d e n s i t i e s ( e . g . t h e B a t h y s n a p o b s e r v a t i o n s ) . 
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F i g u r e 5 4 . A ) S t . 5 0 6 0 3 - 1 . S e v e r a l K . h y a l i n a w i t h 

p a t c h e s of d e t r i t u s . B ) S t . 5 0 6 0 2 - 2 . T h e o p h i u r o i d 

O p h i o m u s i u m l y m a n i in a h o l l o w c o v e r e d by d e t r i t a l 

m a t e r i a l . O t h e r f l o c c u l e n t p a t c h e s can be s e e n a l s o . 
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o t h e r f a c t o r s , t h e r e f o r e , m u s t be s o u g h t to e x p l a i n t h e 

m a i n t a i n a n c e of K o l g a p a t c h e s . T h e m o s t p l a u s i b l e is t h a t 

a g g r e g a t i o n s aid r e p r o d u c t i v e s u c c e s s . T h e r e is l i t t l e 

d o u b t t h a t K. h y a l i n a h a s a h i g h l y s y n c h r o n o u s and 

p e r i o d i c r e p r o d u c t i v e c y c l e ( S e c t i o n 4 . 2 ) . A l t h o u g h no 

c o r r e l a t i o n b e t w e e n g o n a d m a t u r a t i o n a n d s p a t i a l p a t t e r n 

c o u l d be f o u n d , m a i n t a i n a n c e of an a g g r e g a t i o n w o u l d 

e n s u r e t h a t all t h e i n d i v i d u a l s d e v e l o p c o n c u r r e n t l y and 

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

i n i t i a t e p e r i o d i c g a m e t o g e n e s i s and s p a w n i n g . In a d d i t i o n , 

a g g r e g a t i o n w o u l d i n c r e a s e f e r t i l i s a t i o n s u c c e s s by 

e n s u r i n g t h a t all t h e g a m e t e s a r e r e l e a s e d at t h e s a m e 

t i m e and in t h e s a m e p l a c e . 

R e p r o d u c t i o n m a y b e t h e r o o t c a u s e o f a g g r e g a t i o n but 

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

t h e d i m e n s i o n s of t h e a g g r e g a t i o n s . In a r e a s at t h e b a s e 

of t h e s l o p e ( S t a s 9 7 5 6 - 9 , 9 7 5 6 - 1 4 , 1 0 1 1 4 - 1 ) w h e r e t h e r e 

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

m a t e r i a l w i l l be d i s t r i b u t e d m o r e h e t e r o g e n e o u s l y t h a n at 

d e p t h s of a b o u t 2 9 0 0 m ( S t a s 1 0 1 1 3 - 1 , 5 0 9 1 3 - 1 ) w h e r e few 

b i o g e n i c s t r u c t u r e s are f o u n d . T h e i n f l u e n c e of m i c r o -

t o p o g r a p h y on t h e d i s t r i b u t i o n of o r g a n i c m a t t e r in 

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

d e g r e e of a g g r e g a t i o n at t h e b a s e of t h e c o n t i n e n t a l s l o p e 

t h a n at e i t h e r 2 9 0 0 m or 4 8 0 0 m on t h e a b y s s a l p l a i n (St. 

5 2 4 0 3 - 1 4 ) . 
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5 . 5 H o l o t h u r i a n r e p r o d u c t i o n and l i f e - h i s t o r y s t r a t e g i e s . 

L i t t l e is k n o w n of t h e m o d e of d e v e l o p m e n t of d e e p - s e a 

h o l o t h u r i a n s e v e n t h o u g h t h i s f e a t u r e is of c r u c i a l 

i m p o r t a n c e in u n d e r s t a n d i n g l i f e - h i s t o r y s t r a t e g i e s . D a t a 

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

g e n e r a l r e l a t i o n s h i p to be f o r m e d b e t w e e n e g g s i z e and t h e 

t y p e of d e v e l o p m e n t a d o p t e d ( T h o r s o n , 1 9 5 0 , s e e S e c t i o n 

1.4, p a g e 1 3 ) . U s i n g t h i s r e l a t i o n s h i p t h e d e v e l o p m e n t of 

d e e p - s e a s p e c i e s m a y b e i n f e r r e d f r o m t h e m a x i m u m egg 

d i a m e t e r f o u n d . H o w e v e r , t h e o r g a n i c c o n t e n t of e g g s is 

not n e c e s s a r i l y r e l a t e d t o e g g s i z e ( S t r a t h m e n n and 

V e d d e r , 1 9 7 7 ; T u r n e r and L a w r e n c e , 1 9 7 9 ; E m l e t et a l . , 

1 9 8 7 ) and as a r e s u l t e g g s of a s i m i l a r d i a m e t e r can lead 

to d i f f e r e n t f o r m s of d e v e l o p m e n t . F o r d e e p - s e a h o l o t h u r -

i a n s , k n o w l e d g e of t h e i r g e o g r a p h i c and b a t h y m e t r i c 

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

e l o p m e n t . In p a r t i c u l a r , t h e l a r v a l d e v e l o p m e n t of s p e c i e s 

l i v i n g on t h e s l o p e s h o u l d d i f f e r f r o m t h a t of s p e c i e s 

l i v i n g on t h e a b y s s a l p l a i n , f o r in t h e o n e e n v i r o n m e n t 

t h e h o l o t h u r i a n s m u s t m a i n t a i n t h e i r p o p u l a t i o n s in a 

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

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

w a y s , c o n t i n u o u s e n v i r o n m e n t . 

T h e h o l o t h u r i a n s p e c i e s in t h e PSB c a n b e s p l i t i n t o 5 

g r o u p s b a s e d on t h e i r b a t h y m e t r i c z o n a t i o n d e t a i l e d in 

S e c t i o n 5 . 2 . T h e m a x i m u m e g g s i z e s k n o w n f o r e a c h s p e c i e s 

w i t h i n t h e s e g r o u p s a r e s u m m a r i s e d in T a b l e 4 2 . T h r e e 

g r o u p s lie on t h e c o n t i n e n t a l s l o p e , t h e f o u r t h i n c l u d e s 

s p e c i e s w h i c h o c c u r on t h e a b y s s a l p l a i n b u t w h i c h are 

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

i n c l u d e s t h e s p e c i e s t h a t l i v e p r i m a r i l y on t h e a b y s s a l 

p l a i n . 
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T a b l e 4 2 . T h e m a x i m i u m e g g d i a m e t e r C u m ) of h o l o t h u r i a n s 
f r o m t h e P o r c u p i n e S e a b i g h t , a r r a n g e d a c c o r d i n g to t h e i r 
b a t h y m e t r i c z o n a t i o n . S p e c i e s t h a t o c c u r in m o r e t h a n o n e 
g r o u p , e . g . K o l g a h y a l i n a , a r e p l a c e d in t h e g r o u p in 
w h i c h t h e i r a b u n d a n c e was t h e g r e a t e s t . 

A . U p p e r s l o p e . 
S t i c h o p u s t r e m u l u s 
B a t h y p l o t e s n a t a n s 
E c h i n o c u c u m i s h i s p i d a 
Y p s i l o t h u r i a t a l i s m a n i 
T h y o n e g a d e a n a 
L a e t m o g o n e v i o l a c e a 
P s o l u s s q u a m a t u s 
M e s o t h u r i a i n t e s t i n a l is 

120 
2 8 0 
3 2 0 
3 4 0 
4 0 0 
4 0 0 
4 5 0 
6 5 0 

B. M i d d l e s l o p e , 
M e s o t h u r i a m a r o c c a n a 
P a r o r i z a pal lens 
M e s o t h u r i a v e r r i l l i 
M e s o t h u r i a l a c t e a 
B e n t h o g o n e r o s e a 
P a e l o p a t i d e s g r i s e a 
P s y c h r o p o t e s d e p r e s s a 

C. L o w e r s l o p e , 
C h e r b o n n i e r a u t r i c u l u s 
P e n i a g o n e a z o r i c a 
Y p s i l o t h u r i a b i t e n t a c u l a t a 
B e n t h o t h u r i a f u n e b r i s 

D. L o w e r s l o p e / A b y s s a l p l a i n . 
M y r i o t r o c h u s b a t h y b i u s 
M y r i o t r o c h u s g i g a n t e u s 
P r o t a n k y r a b r y c h i a 
M o l p a d i a b l a k e i 
K o l g a h y a l i n a 
P e n i a g o n e d i a p h a n a 
E n y p n i a s t e s d i a p h a n a 

E. A b y s s a l p l a i n 
P s e u d o s t i c h o p u s sp. 
P a r o r i z a p r o u h o i 
P s e u d o s t i c h o p u s v i l l o s u s 
M e s o t h u r i a c a n d e l a b r i 
D e i m a v a l i d u m 
O n e i r o p h a n t a m u t a b i l i s 
B e n t h o d y t e s s o r d i d a 
P s y c h r o p o t e s s e m p e r i a n a 
P s y c h r o p o t e s l o n g i c a u d a 

2 0 0 
2 5 0 
4 0 0 
4 0 0 
7 5 0 

1 6 0 0 
1 9 0 0 

200 
3 0 0 
3 5 0 

1 5 0 0 

1 6 0 
2 0 0 
2 0 0 
2 0 0 
2 4 0 
3 0 0 

3 5 0 0 

3 0 0 
4 0 0 
4 0 0 
5 0 0 
800 
9 5 0 

2 0 0 0 
3 5 0 0 
4 0 0 0 
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As n o t e d f o r o t h e r t a x a ( T h o r s o n , 1 9 5 0 ; O c k l e m a n n , 1 9 6 5 ; 

K n u d s e n , 1 9 6 7 , 1 9 7 0 ) t h e r e is a r e d u c t i o n in t h e n u m b e r of 

h o l o t h u r i a n s p e c i e s in t h e d e e p sea t h a t d e v e l o p via a 

p l a n k t o t r o p h i c ( f e e d i n g ) l a r v a l s t a g e . O n l y t h e s h a l l o w -

est s p e c i e s in t h e P S B , S . t r e m u l u s , h a s an egg s i z e 

( 1 2 0 ^ m ) t h a t c a n be i n t e r p r e t e d u n e q u i v o c a l l y as l e a d i n g 

to p l a n k t o t r o p h i c d e v e l o p m e n t . T h i s t y p e o f d e v e l o p m e n t is 

c o n s i s t e n t w i t h t h e w i d e d i s t r i b u t i o n of S . t r e m u l u s at 

s h a l l o w e r d e p t h s on t h e c o n t i n e n t a l s h e l f and o v e r a w i d e 

b a t h y m e t r i c r a n g e at t h e t o p of t h e s l o p e ( c a . 1 0 0 0 m ) . It 

Is p r o b a b l y not n e c e s s a r y f o r t h e d e e p - s e a p o p u l a t i o n s of 

S. t r e m u l u s to m a i n t a i n t h e m s e l v e s , s i n c e l a r v a e f r o m t h e 

c o n t i n e n t a l s h e l f p o p u l a t i o n s w i l l be c a r r i e d into d e e p e r 

w a t e r . In c o n t r a s t , o t h e r s l o p e - d w e l l i n g h o l o t h u r i a n s m u s t 

e n s u r e t h a t t h e i r l a r v a e do r e t u r n to t h e a d u l t h a b i t a t . 

M a n y e c h i n o d e r m p l a n k t o t r o p h i c l a r v a e h a v e a long 

p e l a g i c d e v e l o p m e n t . S t r a t h m a n n ( 1 9 7 8 ) f o u n d t h a t f o r 12 

s h a l l o w - w a t e r e c h i n o d e r m s w i t h p l a n k t o t r o p h i c d e v e l o p m e n t 

t h e m i n i m u m t i m e f r o m f e r t i l i s a t i o n to s e t t l e m e n t w a s 6 to 

8 w e e k s . If l a r v a e f r o m s l o p e - d w e l l i n g h o l o t h u r i a n s d e v e l -

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

p r o b a b l e t h a t o n l y a f e w w o u l d r e t u r n t o a h a b i t a t 

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

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

d e v e l o p m e n t , s u c h as he o p h i u r o i d O p h i u r a l j u n g m a n i 

( S c h o e n e r , 1 9 7 2 ; T y l e r and G a g e , 1 9 7 9 , 1 9 8 0 ) and t h e 

a s t e r o i d P l u t o n a s t e r b i f r o n s ( T y l e r and P a i n , 1 9 8 2 ) , h a v e 

w i d e b a t h y m e t r i c r a n g e s ( G a g e et a l . , 1 9 8 3 ) , in c o n t r a s t 

to m o s t h o l o t h u r i a n s p e c i e s w h i c h h a v e r e s t r i c t e d b a t h y -

m e t r i c r a n g e s . T h i s is o n e i n d i c a t i o n t h a t d e v e l o p m e n t f o r 

m a n y h o l o t h u r i a n s o c c u r s by s o m e o t h e r p a t h w a y . 

W i t h t h e p o s s i b l e e x c e p t i o n of t h e h e r m a p h r o d i t e 

M . i n t e s t i n a l is, m o s t s p e c i e s on t h e u p p e r s l o p e p r o d u c e 

e g g s 2 0 0 to 4 5 0 ^ m in d i a m e t e r , i n d i c a t i v e of l e c i t h o -
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t r o p h i c ( n o n - f e e d i n g ) l a r v a l d e v e l o p m e n t ( T a b l e 4 2 ) . T h e 

d u r a t i o n of l e c i t h o t r o p h i c d e v e l o p m e n t c a n be s h o r t 

( a b b r e v i a t e d d e v e l o p m e n t ) and is k n o w n t o t a k e o n l y a 

m a t t e r of d a y s in b o t h o p h i u r o i d s p e c i e s w i t h egg d i a m -

e t e r s of 130 to 3 5 0 ^ m ( H e n d l e r , 1 9 7 5 ) a n d t h e m o l p a d i i d 

h o l o t h u r i a n M o l p a d i a i n t e r m e d i a (270yum egg d i a m e t e r ) 

( M c E u e n and C h i a , 1 9 8 5 ) . H o w e v e r , in t h e a b s e n c e of a 

s u i t a b l e s e t t l i n g s u b s t r a t e it is k n o w n t h a t d e v e l o p m e n t 

of l e c i t h o t r o p h i c l a r v a e can be e x t e n d e d g r e a t l y 

( Y a m a g u c h i , 1 9 7 4 ) . T h i s t y p e of r a p i d l e c i t h o t r o p h i c 

d e v e l o p m e n t w o u l d be a d i s t i n c t a d v a n t a g e f o r a s p e c i e s 

l i v i n g on t h e s l o p e . 

D e v e l o p m e n t r a t e s in t h e d e e p sea a r e n o t k n o w n and 

c o u l d be l o n g e r t h a n in s h a l l o w w a t e r o w i n g to t h e low 

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

H o w e v e r , low m e t a b o l i c r a t e s in t h e d e e p s e a a r e r e g a r d e d 

as an a d a p t a t i o n t o low f o o d a v a i l a b i l i t y r a t h e r t h a n t h e 

e f f e c t of low t e m p e r a t u r e and high p r e s s u r e ( S o m e r o et 

a l . , 1 9 8 3 ) . In s o m e c a s e s m e t a b o l i c r a t e s in t h e d e e p s e a , 

as s h o w n f o r e x a m p l e by b a r o p h i l i c b a c t e r i a ( Y a y a n o s et^ 

a l . , 1 9 7 9 ; T a b o r et a l . , 1 9 8 2 ) , c a n b e as h i g h as t h o s e 

m e a s u r e d in s h a l l o w w a t e r . T h e r e f o r e w h e r e f o o d is n o n -

l i m i t i n g , s u c h as in a l e c i t h o t r o p h i c e g g , m e t a b o l i c 

r a t e s and h e n c e d e v e l o p m e n t c o u l d be as f a s t in t h e d e e p 

sea as in s h a l l o w w a t e r . H o w e v e r , E m l e t et a l . ( 1 9 8 7 ) 

c o n c l u d e f r o m r e v i e w i n g t h e d e v e l o p m e n t a l r a t e s of 

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

A n t a r c t i c a , t h a t n e i t h e r a c c l i m i t i z a t i o n n o r a d a p t a t i o n 

(to low t e m p e r a t u r e s ) p r o v i d e c o m p l e t e t e m p e r a t u r e 

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

is n e c e s s a r i l y s l o w e r at l o w e r t e m p e r a t u r e s . I n d e e d , s o m e 

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

d e v e l o p m e n t at low t e m p e r a t u r e s . 
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M a n y m i d and l o w e r s l o p e h o l o t h u r i a n s a l s o p r o d u c e e g g s 

of an i n t e r m e d i a t e s i z e ( T a b l e 4 2 ) and p r o b a b l y d e v e l o p in 

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

l a r v a l d e v e l o p m e n t of t h e o p p o r t u n i s t i c h o l o t h u r i a n 

K. h y a l i n a i n d i c a t e d by its i n t e r m e d i a t e e g g s i z e ( 2 4 0 ^ m ) , 

is s u b s t a n t i a t e d by t h e a p p e a r a n c e of l a r g e n u m b e r s of 

j u v e n i l e s f r o m t h e s a m e r e p r o d u c t i v e e v e n t in c i r c u m -

s c r i b e d a r e a s on t h e s e a b e d . It is c l e a r t h a t t h e 

j u v e n i l e s a r e d i s p e r s e d f r o m t h e a d u l t p o p u l a t i o n , but at 

t h e s a m e t i m e t h e d i s p e r s a l p h a s e m u s t b e s h o r t or t h e 

j u v e n i l e s w o u l d b e s p r e a d o v e r a m u c h w i d e r a r e a . 

S u r p r i s i n g l y , t h e g e o g r a p h i c d i s t r i b u t i o n s of s l o p e 

s p e c i e s t h a t p r o d u c e e g g s of an i n t e r m e d i a t e s i z e a r e 

q u i t e v a r i a b l e . F o r i n s t a n c e , B. n a t a n s ( 2 8 Q ^ m ) is 

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

w h i l e P. pal lens (250jLim) a p p e a r s to be r e s t r i c t e d t o m i d -

s l o p e d e p t h s in t h e n o r t h e a s t A t l a n t i c . T h e o r g a n i c 

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

s h o w n to be q u i t e v a r i a b l e ( T u r n e r and L a w r e n c e , 1 9 7 9 ) . It 

is p o s s i b l e t h a t t h e c o m p o s i t i o n of d e e p - s e a e c h i n o d e r m 

e g g s c o u l d I n f l u e n c e t h e t y p e of d e v e l o p m e n t a d o p t e d , in 

p a r t i c u l a r t h e b u o y a n c y of t h e e g g and t h e d u r a t i o n of t h e 

l a r v a l p h a s e . 

Not all t h e s p e c i e s l i v i n g on t h e s l o p e h a v e 

l e c i t h o t r o p h i c l a r v a l d e v e l o p m e n t . S o m e s p e c i e s h a v e e g g s 

o v e r 1mm in d i a m e t e r i n d i c a t i v e of d i r e c t d e v e l o p m e n t 

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

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

o c c u r s on t h e s e a b e d . H o w e v e r , t h e r e is g r o w i n g e v i d e n c e 

t h a t in t h e d e e p s e a d i r e c t d e v e l o p m e n t o c c u r s in t h e 

p e l a g i c e n v i r o n m e n t f o r m a n y s p e c i e s . 

D e t a i l s a r e g i v e n in S e c t i o n 4 . 2 of j u v e n i l e p s y c h r o -

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

A d u l t s p r o d u c e e g g s 2 to 4 m m in d i a m e t e r ( T a b l e 4 2 ) . M o s t 
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of t h e j u v e n i l e s h a v e b e e n f o u n d w i t h i n a f e w h u n d r e d 

m e t r e s a b o v e t h e s e a b e d , a l t h o u g h a f e w h a v e o c c u r r e d a 

f e w t h o u s a n d s of m e t r e s a b o v e t h e s e a f l o o r . N o n e h a v e been 

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

o c c u r s in t h e a b y s s o p e l a g i c and b a t h y p e l a g i c z o n e s . T h i s 

t y p e of d e v e l o p m e n t h a s s e v e r a l a d v a n t a g e s . F i r s t , it 

a l l o w s t h e w i d e d i s p e r s a l of t h e j u v e n i l e . M o r t a l i t y 

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

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

e n v i r o n m e n t is so v a s t . S e c o n d , b i o m a s s of m i d w a t e r 

a n i m a l s , and h e n c e , it is p r e s u m e d , p o t e n t i a l p r e d a t o r s of 

j u v e n i l e h o l o t h u r i a n s , d e c r e a s e s e x p o n e n t i a l l y t h r o u g h t h e 

w a t e r c o l u m n ( A n g e l and B a k e r , 1 9 8 2 ) , a l t h o u g h t h e r e is 

a l s o an i n c r e a s e in b i o m a s s c l o s e to t h e s e a b e d ( W i s h n e r , 

1 9 8 0 ) . P r e d a t i o n of j u v e n i l e s , t h e r e f o r e , w o u l d be 

e x p e c t e d to be l o w e r in t h e a b y s s o p e l a g i c z o n e t h a n in 

e i t h e r s u r f a c e w a t e r s o r on t h e s e a b e d . H a n s e n ( 1 9 7 5 ) 

s u g g e s t e d t h a t t h e l a r g e egg s i z e of p s y c h r o p o t i d 

h o l o t h u r i a n s c o u l d b e an a d a p t a t i o n to p r o l o n g e d p e l a g i c 

d e v e l o p m e n t , but e q u a l l y , as s u g g e s t e d by S t r a t h m a n n 

( 1 9 7 7 ) f o r d e v e l o p m e n t in o t h e r i n v e r t e b r a t e s , a l a r g e egg 

w i l l p r o d u c e a l a r g e l a r v a or j u v e n i l e at m e t a m o r p h o s i s 

t h e r e b y r e d u c i n g p r e d a t i o n of b o t h t h e p e l a g i c p h a s e and 

t h e j u v e n i l e w h e n it s e t t l e s on t h e s e a b e d . 

S l o p e - d w e l l i n g h o l o t h u r i a n s t h a t p r o d u c e l a r g e e g g s , 

s u c h as P a e l o p a t i d e s g r i s e a , B e n t h o t h u r i a f u n e b r i s and 

P s y c h r o p o t e s d e p r e s s a ( T a b l e 4 2 ) , m i g h t be e x p e c t e d to 

h a v e d i r e c t , p e l a g i c d e v e l o p m e n t l i k e t h e s p e c i e s on t h e 

a b y s s a l p l a i n , and i n d e e d a p e l a g i c j u v e n i l e of 

P. d e p r e s s a h a s b e e n c o l l e c t e d in a p e l a g i c t r a w l (see 

S e c t i o n 4 . 2 ) . H o w e v e r , t h e s l o p e h o l o t h u r i a n s h a v e 

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

d e v e l o p m e n t p o s s i b l y c l o s e to t h e s e a b e d w o u l d be 

e x p e c t e d . C e r t a i n l y t h e e g g s o f s l o p e - d w e l l i n g 

p s y c h r o p o t i d s a r e s m a l l e r t h a n t h o s e o f r e l a t e d a b y s s a l 
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s p e c i e s ( H a n s e n , 1 9 7 5 ) , p o s s i b l y i n d i c a t i n g s h o r t e r 

d e v e l o p m e n t f o r t h e f o r m e r g r o u p . 

F u r t h e r e v i d e n c e f o r t h e p e l a g i c d e v e l o p m e n t of l a r g e 

e c h i n o d e r m e g g s c o m e s f r o m s t u d i e s on e c h i n o t h u r i i d sea 

u r c h i n s . T h e e g g s of d e e p - s e a e c h i n o t h u r i i d s , 1 1 0 0 to 

1 2 5 0 ^ m in d i a m e t e r ( T y l e r and G a g e , 1 9 8 4 ) , a r e c o n s i d e r e d 

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

w a t e r s p e c i e s A s t h e n o s o m a i j i m a i ( A m e m i y a and T s c h i y a , 

1 9 7 9 ) . H o w e v e r , c o n t r a r y to t h e t h e n o t i o n t h a t 

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

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

e g g s of t h e d e e p - s e a e c h i n o t h u r i i d P h o r m o s o m a p l a c e n t a are 

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

s u r f a c e w a t e r s in a b o u t 3 d a y s f r o m a d e p t h of a b o u t 1 0 0 0 m 

( Y o u n g and C a m e r o n , 1 9 8 7 ) . H o w e v e r , t h e a d v a n t a g e s of 

d i r e c t d e v e l o p m e n t in s u r f a c e w a t e r s a r e d i f f i c u l t to 

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

w i d e l y by s u r f a c e c u r r e n t s o u t w e i g h t h e d i s a d v a n t a g e s of 

m o r t a l i t y a r i s i n g f r o m , 1) e g g s b e i n g s w e p t a w a y f r o m 

a r e a s s u i t a b l e f o r a d u l t d e v e l o p m e n t , and 2 ) g r e a t e r 

p r e d a t i o n in s u r f a c e w a t e r s . Y o u n g a n d C a m e r o n ( 1 9 8 7 ) 

s u g g e s t t h a t d e v e l o p m e n t s h o u l d be f a s t e r in w a r m s u r f a c e 

w a t e r s b u t , as d e t a i l e d a b o v e , d e v e l o p m e n t c o u l d be as 

r a p i d at b a t h y a l d e p t h s . A l t e r n a t i v e l y , t h e low t e m p -

e r a t u r e of t h e d e e p sea c o u l d be a b o o n t o a s p e c i e s t h a t 

n e e d s long p e l a g i c d e v e l o p m e n t as p a r t o f its l i f e - h i s t o r y 

s t r a t e g y . 

In t h e n o r t h e a s t A t l a n t i c , and o t h e r o c e a n i c a r e a s , 

n e a r - b e d c u r r e n t s on t h e c o n t i n e n t a l s l o p e r u n p a r a l l e l to 

t h e c o n t o u r s ( s e e S e c t i o n 2 . 1 , p a g e 5 0 ) . L e c i t h o t r o p h i c 

l a r v a l d e v e l o p m e n t or d i r e c t p e l a g i c d e v e l o p m e n t in t h e 

n e a r b e d c u r r e n t s , w h i c h in s o m e r e s p e c t s m i g h t be 

c l a s s i f i e d as d e m e r s a l d e v e l o p m e n t , w o u l d be an a d v a n t a g e 

s i n c e it p r o v i d e s d i s p e r s a l , p o s s i b l y f o r m a n y k i l o m e t r e s 
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( S c h e l t e m a , 1 9 7 2 ) , but at t h e s a m e t i m e it i n c r e a s e s t h e 

p r o b a b i l i t y t h a t a l a r v a or j u v e n i l e w o u l d r e t u r n to a 

s i t e s u i t a b l e f o r a d u l t d e v e l o p m e n t . B o t h t e m p e r a t u r e and 

p r e s s u r e e x e r t an i n f l u e n c e on m e t a b o l i c p r o c e s s e s ( S o m e r o 

et a l . , 1 9 8 3 ) and t h e r e f o r e c o u l d p l a y a c r i t i c a l r o l e in 

m a i n t a i n i n g e g g s and l a r v a e w i t h i n t h e b e n t h o p e l a g i c z o n e . 

T h e egg s i z e of s e v e r a l a b y s s a l s p e c i e s i n d i c a t e s t h a t 

t h e y t o o u n d e r g o l e c i t h o t r o p h i c l a r v a l d e v e l o p m e n t ( T a b l e 

4 2 ) . T h e m o l p a d i i d s , M o l p a d i a b l a k e i and C h e r b o n n i e r a 

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

f o r M . i n t e r m e d i a ( M c E u e n and C h i a , 1 9 8 5 ) . T h i s t y p e of 

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

o c c u r s in a n a r r o w b a n d c l o s e to t h e b a s e of t h e 

c o n t i n e n t a l s l o p e in t h e n o r t h e a s t A t l a n t i c . In c o n t r a s t , 

M . b l a k e i o c c u r s t h r o u g h o u t t h e n o r t h A t l a n t i c at a b y s s a l 

d e p t h s , but s i g n i f i c a n t l y it d o e s n o t a p p e a r to e x t e n d 

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

T h e s m a l l e g g s i z e of s o m e a b y s s a l s p e c i e s d o e s not 

n e c e s s a r i l y c u r t a i l t h e i r g e o g r a p h i c d i s t r i b u t i o n s . 

S e v e r a l a p o d i d s p e c i e s , s u c h as P r o t a n k y r a b r y c h i a , 

M y r i o t r o c h u s b a t h y b i u s and M . g i g a n t e u s , h a v e w i d e g e o g r -

a p h i c r a n g e s ( G a g e et a l . , 1 9 8 5 a ; G a g e a n d B i l l e t t , 1 9 8 6 ) . 

As i n d i c a t e d in S e c t i o n 4 . 2 , P. b r y c h i a m a y p r o d u c e a 

l a r g e a u r i c u l a r i a l a r v a t h a t d e v e l o p s n e a r t h e sea s u r f a c e 

( P a w s o n , 1 9 7 1 ; G a g e et a l . , 1 9 8 5 a ) . T h e m y r i o t r o c h i d 

h o l o t h u r i a n s m a y d e v e l o p in t h e s a m e w a y as P. b r y c h i a and 

a p p e a r to h a v e a s i m i l a r ( ? o p p o r t u n i s t i c ) l i f e - h i s t o r y 

s t r a t e g y to O p h i u r a l j u n g m a n i (an o p h i u r o i d w h i c h p r o d u c e s 

s m a l l e g g s i n d i c a t i v e of p l a n k t o t r o p h i c d e v e l o p m e n t ) , as 

i n d i c a t e d by m a c r o f a u n a l r e c o l o n i z a t i o n e x p e r i m e n t s in t h e 

d e e p sea ( G r a s s l e and M o r s e - P o r t e o u s , 1 9 8 7 ) . P l a n k t o -

t r o p h i c d e v e l o p m e n t of a b y s s a l i n v e r t e b r a t e s is not 

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

s p e c i e s a r e k n o w n t o p r o d u c e p l a n k t o t r o p h i c l a r v a e 
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( B o u c h e t and W a r e n , 1 9 7 9 ; L u t z et a l . , 1 9 8 0 ; R e x and 

W a r e n , 1 9 8 2 ) . A l t h o u g h t h e f e c u n d i t y of t h e s e m o l l u s c s is 

low, as in a p o d i d h o l o t h u r i a n s . R e x a n d W a r e n ( 1 9 8 2 ) 

s u g g e s t e d t h a t t h e s u p p o s e d l o n g e v i t y of d e e p - s e a 

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

high m o r t a l i t y e x p e r i e n c e d by s u r f a c e - d w e l l i n g 

p l a n k t o t r o p h i c l a r v a e . 

S e a s o n a l r e p r o d u c t i o n is n o t a p p a r e n t in any of t h e 

t r u l y d e e p - s e a h o l o t h u r i a n s s t u d i e d in t h e P S B . H o w e v e r , 

t h e o p p o r t u n i s t i c s p e c i e s K. h y a l i n a b r e e d s p e r i o d i c a l l y 

w h i l e t h e r e p r o d u c t i v e e f f o r t of s o m e s p e c i e s , s u c h as 

C. u t r i c u l u s and B a t h y p l o t e s n a t a n s , m a y c h a n g e s e a s o n a l l y 

( T y l e r and M u i r h e a d , 1 9 8 6 ; T y l e r et a l . , 1 9 8 7 ) . D e s p i t e 

t h e f a c t t h a t m o s t d e e p - s e a h o l o t h u r i a n s b r e e d 

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

s p e c i e s a r e h e t e r o g e n e o u s , a l t h o u g h in m o s t c a s e s t h e y are 

d o m i n a t e d by l a r g e s p e c i m e n s ( s e e S e c t i o n 4 . 2 ) . S i m i l a r 

s i z e d i s t r i b u t i o n s w e r e n o t e d by Rex et a l . ( 1 9 7 9 ) f o r t h e 

d e e p - s e a g a s t r o p o d B e n t h o n e l l a t e n e l l a a n d w e r e i n t e r -

p r e t e d as r e p r e s e n t i n g , to a l a r g e d e g r e e , r e c r u i t m e n t 

s u c c e s s . R e c r u i t m e n t of m a c r o f a u n a has b e e n s h o w n t o be 

s p a t i a l l y and t e m p o r a l l y v a r i a b l e by b o t h d i s t u r b a n c e 

( S m i t h , 1 9 8 6 ; S m i t h et a l . , 1 9 8 6 ) a n d r e c o l o n i z a t i o n 

e x p e r i m e n t s ( D e s b r u y e r e s et a l . , 1 9 8 0 ; D e s b r u y e r e s et a l . , 

1 9 8 5 ; G r a s s l e and M o r s e - P o r t e o u s , 1 9 8 7 ) . 

S i m i l a r v a r i a b i l i t y is e v i d e n t in t h e r e c r u i t m e n t of 

m e g a f a u n a l h o l o t h u r i a n s in t h e PSB a n d P A P . M o s t 

p o p u l a t i o n s w e r e d o m i n a t e d by l a r g e s p e c i m e n s b u t in s o m e 

s a m p l e s n u m e r o u s j u v e n i l e s w e r e f o u n d . O n e s a m p l e f r o m t h e 

c e n t r e of t h e P A P , S t . 5 0 5 1 5 - 1 , w a s p a r t i c u l a r l y n o t a b l e 

f o r n u m e r o u s j u v e n i l e s of a n u m b e r of s p e c i e s , D e i m a 

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

and P s e u d o s t i c h o p u s v i l l o s u s ) . V e r y f e w j u v e n i l e s of t h e s e 

s p e c i e s w e r e f o u n d in o t h e r s a m p l e s . L o c a l o r g a n i c 
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e n r i c h m e n t of t h e s e d i m e n t i n d u c i n g r e c r u i t m e n t to t h e 

a r e a m a y h a v e led to t h e o b s e r v e d p a t t e r n , s i n c e r e c r u i t -

m e n t of l a r v a e and p o s t - l a r v a e ( G a g e , 1 9 8 2 ; D e s b r u y e r e s ^ t 

a l . , 1 9 8 5 ) is i n f l u e n c e d by t h e t e m p o r a l and s p a t i a l 

v a r i a b i l i t y of o r g a n i c d e t r i t u s on t h e s e a b e d . 

In s u m m a r y , d e v e l o p m e n t of d e e p - s e a h o l o t h u r i a n s o c c u r s 

by a n u m b e r of d i f f e r e n t p a t h w a y s . M o s t h o l o t h u r i a n s on 

t h e c o n t i n e n t a l s l o p e p r o d u c e e g g s i n d i c a t i v e of 

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

w i l l t a k e p l a c e in t h e n e a r b e d c u r r e n t s . T h e s e c u r r e n t s 

g e n e r a l l y run p a r a l l e l to t h e c o n t o u r s t h e r e b y k e e p i n g t h e 

l a r v a e / j u v e n i l e s c l o s e t o a r e a s s u i t a b l e f o r a d u l t 

d e v e l o p m e n t . L a r g e e g g s p r o d u c e d by a b y s s a l s p e c i e s a p p e a r 

to u n d e r g o d i r e c t d e v e l o p m e n t in t h e p e l a g i c e n v i r o n m e n t . 

A l t h o u g h in s i t u s t u d i e s h a v e s h o w n t h a t l a r g e e c h i n o d e r m 

e g g s a r e p o s i t i v e l y b o u y a n t w i t h t h e p o t e n t i a l to r i s e to 

s u r f a c e w a t e r s , it is l i k e l y t h a t b u o y a n c y is r e g u l a t e d to 

m a i n t a i n t h e e g g s / l a r v a e in t h e c o m p a r i t i v e l y s a f e r w a t e r s 

of t h e d e e p s e a . D e v e l o p m e n t a l r a t e s in t h e d e e p sea c o u l d 

be c o m p a r a b l e t o t h o s e in s h a l l o w w a t e r , but e q u a l l y , 

p r o l o n g e d d e v e l o p m e n t in c o l d w a t e r by t e l e p l a n i c l a r v a e 

or j u v e n i l e s c o u l d b e n e f i t s o m e s p e c i e s . A l t h o u g h m o s t 

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

s p a t i a l l y and t e m p o r a l l y . 
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6 . B i b l i o g r a p h y 

A k h m e t ' y e v a , Y e . A . , B . A . S m i r n o v and O . K . B o r d o v s k l y , 
1 9 8 2 . On s o m e c h a r a c t e r i s t i c f e a t u r e s o f o r g a n i c m a t t e r 
c o m p o s i t i o n in t h e i n t e s t i n e c o n t e n t s of t h e b o t t o m 
d e t r i t u s - f e e d e r s - h o l o t h u r i a n s . O c e a n o l o g y 2 2 , 7 5 5 - 7 5 7 . 

A l b e r i c , P . , J - P . F e r a l and M . S i b u e t , 1 9 8 7 . Les a c i d e s 
a m i n e s l i b r e s , r e f l e t de I ' a c t i v i t e b a c t e r i e n n e d a n s les 
c o n t e n u s d i g e s t i f s des h o l o t h u r i e s : d i f f e r e n c e e n t r e 
z o n e s a b y s s a l e et l i t t o r a l e . C . R. A c a d . S c i . P a r i s 3 0 5 , 
S e r i e I I I , 2 0 3 - 2 0 6 . 

A l d r e d , R . G . , K. R i e m a n n - Z u r n e c k , H . T h i e l and A . L . R i c e , 
1 9 7 9 . E c o l o g i c a l o b s e r v a t i o n s on t h e d e e p - s e a a n e n o m e 
A c t i n o s c y p h i a a u r e l i a . O c e a n o l . A c t a 3 8 9 - 3 9 5 . 

A l d r e d , R . G . , M . H . T h u r s t o n , A . L . R i c e a n d D . R . M o r l e y , 
1 9 7 6 . An a c o u s t i c a l l y m o n i t o r e d o p e n i n g a n d c l o s i n g e p i -
b e n t h i c s l e d g e . D e e p - S e a R e s . 2 3 , 1 6 7 - 1 7 4 . 

A m e m i y a , S . and T . T s u c h i y a , 1 9 7 9 . D e v e l o p m e n t of t h e 
e c h i n o t h u r i d sea u r c h i n A s t h e n o s o m a i j i m a i . M a r . B i o l . 
52^ 9 3 - 9 6 . 

A n d r e w , N . L . and B . D . M a p s t o n e , 1 9 8 7 . S a m p l i n g and t h e 
d e s c r i p t i o n of s p a t i a l p a t t e r n in m a r i n e e c o l o g y . 
O c e a n o g r . M a r . B i o l . A n n . R e v . 2 5 , 3 9 - 9 0 . 

A n g e l , M . V . , 1 9 8 4 . D e t r i t a l o r g a n i c f l u x e s t h r o u g h p e l a g i c 
e c o s y s t e m s . In M . J . R . F a s h a m ( e d . ) . F l o w s of e n e r g y and 
m a t e r i a l s in m a r i n e e c o s y s t e m s . T h e o r y and p r a c t i c e . ^ 
4 / 5 - 5 1 6 . N e w Y o r k , P l e n u m P r e s s . 

A n g e l , M . V . and A . d e C . B a k e r , 1 9 8 2 . V e r t i c a l 
d i s t r i b u t i o n of t h e s t a n d i n g c r o p o f p l a n k t o n and 
m i c r o n e k t o n at t h r e e s t a t i o n s in t h e n o r t h e a s t A t l a n t i c . 
B i o l . O c e a n o g r . 2^ 1 - 3 0 . 

B a i r d , B . H . and D . T h i s t l e , 1 9 8 6 . U p t a k e of b a c t e r i a l 
e x t r a c e l l u l a r p o l y m e r by a d e p o s i t - f e e d i n g h o l o t h u r i a n 
( I s o s t i c h o p u s b a d i o n o t u s ) . M a r . B i o l . 9 2 , 1 8 3 - 1 8 7 . 

B a k e r , A . de C . , M . R . C l a r k e and M . J . H a r r i s , 1 9 7 3 . T h e 
N . I . O . c o m b i n a t i o n net ( R M T 1 + 8 ) and f u r t h e r d e v e l o p m e n t s 
of r e c t a n g u l a r m i d - w a t e r t r a w l s . J. m a r , b i o l . A s s . U . K . 
5 3 , 1 6 7 - 1 8 4 . 
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B a r h a m , E . G . , N . J . A y e r and R . E . B o y c e , 1 9 6 7 . M a c r o b e n t h o s 
of t h e San D i e g o T r o u g h : p h o t o g r a p h i c c e n s u s and 
o b s e r v a t i o n s f r o m b a t h y s c a p h e , " T r i e s t e " . D e e p - S e a R e s . 
JjU 7 7 3 - 7 8 4 . 

B a r n e s , A . T . , L . B . Q u e t i n , J . J . C h i l d r e s s a n d D . L . P a w s o n , 
1 9 7 6 . D e e p - s e a m a c r o p l a n k t o n i c sea c u c u m b e r s : s u s p e n d e d 
s e d i m e n t f e e d e r s c a p t u r e d f r o m d e e p s u b m e r g e n c e v e h i c l e . 
S c i e n c e 1 9 4 , 1 0 8 3 - 1 0 8 5 . 

B a r n e t t , P . R . O . , J . W a t s o n and D. C o n n e l l y , 1 9 8 4 . A 
m u l t i p l e c o r e r f o r t a k i n g v i r t u a l l y u n d i s t u r b e d s a m p l e s 
f r o m s h e l f , b a t h y a l and a b y s s a l s e d i m e n t s . O c e a n o l . A c t a 
7, 3 9 9 - 4 0 8 . 

B e l y a e v , G . M . , 1 9 7 0 . U l t r a - a b y s s a l h o l o t h u r i a n s of t h e 
g e n u s M y r i o t r o c h u s ( o r d e r A p o d a , f a m . M y r i o t r o c h i d a e ) . 
In V."Gl B o g o r o v ( e d . ) , F a u n a of t h e K u r i l e - K a m c h a t k a 
T r e n c h and its e n v i r o n m e n T l Irudy I n s t . O k e a n o l l 8 b , 
4 5 8 - 4 8 8 . ( E n g l i s h t r a n s a l a t i o n l 1 9 7 2 , P r o c e e d i n g s of T F e 
S ^ i r s h o v I n s t i t u t e of O c e a n o l o g y , 8 6 , 4 8 2 - 5 1 5 . I s r a e l 
P r o g r a m f o r S c i e n t i f i c T r a n s a i a t i o n s , J e r u s a l e m . 

B e l y a e v , G . M . , 1 9 7 1 . D e e p w a t e r h o l o t h u r i a n s of t h e g e n u s 
E l p i d i a . T r u d y I n s t . O k e a n o l . 9 2 , 3 2 6 - 3 6 7 . 

B e l y a e v , G . M . and A . N . M i r o n o v , 1 9 7 8 . H o l o t h u r i a n s of t h e 
g e n u s M y r i o t r o c h u s f r o m t h e s o u t h e r n p a r t of t h e 
A t l a n t i c O c e a n . T r u d y I n s t . O k e a n o l . 1 1 3 , 1 9 8 - 2 0 7 . 

B e l y a e v , G . M . and A . N . M i r o n o v , 1 9 8 1 . S o m e n e w d e e p - s e a 
s p e c i e s of M y r i o t r o c h i d a e ( H o l o t h u r i o i d e a ) f r o m t h e 
n o r t h e r n and s o u t h w e s t e r n p a r t s of t h e P a c i f i c O c e a n . 
T r u d y I n s t . O k e a n o l . 1 1 5 , 1 6 5 - 1 7 3 . 

B e l y a e v , G . M . and A . N . M i r o n o v , 1 9 8 2 . T h e h o l o t h u r i a n s of 
t h e f a m i l y M y r i o t r o c h i d a e ( A p o d a ) : c o m p o s i t i o n , d i s t r -
i b u t i o n and o r i g i n . T r u d y I n s t . O k e a n o l . 1 1 7 , 8 1 - 1 2 0 . 

B e l y a e v , G . M . and M . E . V i n o g r a d o v , 1 9 6 9 . A n e w p e l a g i c 
h o l o t h u r i a n ( E l a s i p o d a , P s y c h r o p o t i d a e ) f r o m t h e a b y s s a l 
of t h e K u r i l e - K a m c h a t k a T r e n c h . Z o o l . Z h . 4 8 , 7 0 9 - 7 1 6 . 

B e r t e l s e n , E . , 1 9 8 0 . N o t e s on L i n o p h r y n i d a e V: A r e v i s -
ion of t h e d e e p - s e a a n g l e r f i s h e s o f t h e L i n o p h r y n e 
a r b o r i f e r a - g r o u p ( P i s c e s , C e r a t i o i d e i ) . S t e e n s t r u p i a b, 

- ,M= — 

B i l l e t t , D . S . M . , 1 9 8 6 . T h e r i s e and r i s e of t h e sea 
c u c u m b e r . N e w S c i e n t i s t N o . 1 5 0 0 , 4 8 - 5 1 . 

B i l l e t t , D . S . M . , 1 9 8 7 . E c h i n o d e r m a t a . S e c t i o n 2 8 . In 
H . S . J . R o e et a l . , G r e a t M e t e o r E a s t : A b i o l o g i c a l 
c h a r a c t e r i s a t i o n , p. 1 6 3 - 1 8 0 . I n s t i t u t e of O c e a n o g r a p h i c 
S c i e n c e s R e p o r t N o . 2 4 8 . 
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B i l l e t t , D . S . M . and B . H a n s e n , 1 9 8 2 . A b y s s a l a g g r e g a t i o n s 
of K o l g a h y a l i n a D and K ( E c h i n o d e r m a t a , H o l o t h u r i o i d e a ) 
in t h e n o r t h e a s t A t l a n t i c O c e a n , a p r e l i m i n a r y r e p o r t . 
D e e p - S e a R e s . 2 9 , 7 9 9 - 8 1 8 . 

B i l l e t t , D . S . M . , R . S . L a m p i t t , A . L . R i c e and R . F . C . 
M a n t o u r a , 1 9 8 3 . S e a s o n a l s e d i m e n t a t i o n of p h y t o p l a n k t o n 
t o t h e d e e p - s e a b e n t h o s . N a t u r e 3 0 2 , 5 2 0 - 5 2 2 . 

B i l l e t t , D . S . M . , B. H a n s e n and Q . J . H u g g e t t , 1 9 8 5 . P e l a g i c 
H o l o t h u r i o i d e a of t h e n o r t h e a s t A t l a n t i c . In B . F . K e e g a n 
and B . D . S . O ' C o n n o r ( e d s . ) , E c h i n o d e r m a t a : P r o c e e d i n g s 

t h e F i f t h I n t e r n a t i o n a l E c h i n o d e r m C o n f e r e n c e , 
G a l w a y . p. 3 9 9 - 4 1 1 . R o t t e r d a m , B a l k e m a . 

B i s o l , P . M . , R. C o s t a and M . S i b u e t , 1 9 8 4 . E c o l o g i c a l and 
g e n e t i c a l s u r v e y on t w o d e e p - s e a h o l o t h u r i a n s : 
B e n t h o g o n e r o s e a a n d B e n t h o d y t e s t y p i c a . M a r . E c o l . 
P r o g . S e r . 1b, 2 7 5 - 2 8 1 . 

B o r d o v s k i y , O . K . , M . N . S o k o l o v a , B . A . S m i r n o v , Y e . A . 
A k h m e t ' y e v a and O . N . Z e z i n a , 1 9 7 4 . E v a l u a t i o n of t h e 
r o l e of b o t t o m f a u n a in t h e t r a n s f o r m a t i o n of o r g a n i c 
m a t t e r in s e d i m e n t s ( w i t h s p e c i f i c r e f e r e n c e to t h e 
d e e p - s e a d e t r i t u s - f e e d e r s in t h e K u r i l e - K a m c h a t k a 
T r e n c h ) . O c e a n o l o g y 14, 1 2 8 - 1 3 2 . 

B o u c h e t , P . , 1 9 7 6 . M i s e en e v i d e n c e d ' u n e m i g r a t i o n de 
l a r v e s v e l i g e r e s e n t r e I ' e t a g e a b y s s a l et la s u r f a c e . 
C . r. h e b d . S e a n c . A c a d . S c i . P a r i s ( D ) 2 8 3 , 8 2 1 - 8 2 4 . 

B o u c h e t , P. and J. L u t z e n , 1 9 7 6 . P i s o l a m i a , n o u v e a u g e n r e 
de G a s t e r o p o d e , p a r a s i t e d e 1 ' h o l o t h u r i e a b y s s a l e 
O n e i r o p h a n t a m u t a b i l i s . C . r. h e b d . S e a n c . A c a d . S c i . 
P a r i s 2 8 2 , 1 U 1 3 - 1 0 1 6 . 

B o u c h e t , P . and J . L u t z e n , 1 9 8 0 . D e u x G a s t e r o p o d e s 
p a r a s i t e s d ' u n e H o l o t h u r i e E l a s i p o d e . B u l l . M u s . n a t n . 
H i s t , n a t . , P a r i s (4) 2^ 5 9 - 7 5 . 

B o u c h e t , P. and A . W a r e n , 1 9 7 9 . P l a n k t o t r o p h i c l a r v a l 
d e v e l o p m e n t in d e e p - w a t e r g a s t e r o p o d s . S a r s i a 6 4 , 3 7 - 4 0 . 

B o u l a n d , C . , C . M a s s i n and M . J a n g o u x , 1 9 8 2 . T h e f i n e 
s t r u c t u r e of t h e b u c c a l t e n t a c l e s of H o l o t h u r i a f o r s k a ^ i 
( E c h i n o d e r m a t a , H o l o t h u r o i d e a ) . Z o o m o r p h . 1 0 1 , 1 3 3 - 1 4 9 . 

B o x s h a l l , G . A . and H . S . J . R o e , 1 9 8 0 . T h e l i f e h i s t o r y 
and e c o l o g y of t h e a b e r r a n t b a t h y p e l a g i c g e n u s 
B e n t h o m i s o p h r i a S a r s , 1 9 0 9 ( C o p e p o d a : M i s p h r i o i d a ) . 
B u l l . B r . M u s . n a t . H i s t . ( Z o o l . ) 3 8 , 9 - 4 1 . 

B r i g g s , K . B . , 1 9 8 5 . D e p o s i t f e e d i n g by s o m e d e e p - s e a 
m e g a b e n t h o s f r o m t h e V e n e z u e l a B a s i n : s e l e c t i v e or n o n -
s e l e c t i v e . M a r . E c o l . P r o g . S e r . 2 1 , 1 2 7 - 1 3 4 . 
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B r u u n , A . F . , 1 9 5 7 . D e e p sea and a b y s s a l d e p t h s . In J . W . 
H e d g e p e t h ( e d . ) , T r e a t i s e on m a r i n e e c o l o g y and p a l e o -
e c o l o g y V o l . 1. E c o l o g y . M e m . g e o l . S o c . A m . , N o . b 7 , 

C a m e r o n , J . L . and P . V . F a n k b o n e r , 1 9 8 4 . T e n t a c l e 
s t r u c t u r e and f e e d i n g p r o c e s s e s in l i f e s t a g e s of t h e 
c o m m e r c i a l sea c u c u m b e r P a r a s t i c h o p u s c a l i f o r n i c u s 
( S t i m p s o n ) . J. e x p . mar, B i o l . L c o l . 8 1 , 1 9 3 - 2 0 9 , 

C a r e y , A . G . , 1 9 7 2 . F o o d s o u r c e s of t h e s u b l i t t o r a l , 
b a t h y a l and a b y s s a l a s t e r o i d s in t h e n o r t h e a s t P a c i f i c 
O c e a n . O p h e l i a 10, 3 5 - 4 7 . 

C a r n e y , R . S . and A . G . C a r e y , 1 9 7 6 . D i s t r i b u t i o n p a t t e r n of 
h o l o t h u r i a n s on t h e n o r t h e a s t e r n P a c i f i c ( O r e g o n , 
U . S . A . ) c o n t i n e n t a l s h e l f s l o p e , a n d a b y s s a l p l a i n . 
T h a l a s s i a j u g o s l . 12, 6 7 - 7 4 . 

C a r n e y , R . S . and A . G . C a r e y , 1 9 8 2 . D i s t r i b u t i o n and d i v -
e r s i t y of h o l o t h u r o i d s ( E c h i n o d e r m a t a ) o n C a s c a d i a B a s i n 
and T u f t s A b y s s a l P l a i n . D e e p - S e a R e s . 2 9 , 5 9 7 - 6 0 7 . 

C a r n e y , R . S . , R . L . H a e d r i c h and G . T . R o w e , 1 9 8 3 . Z o n a t i o n 
of f a u n a in t h e d e e p s e a . In G . T . R o w e ( e d . ) , T h e S e a . 
V o l . 8 D e e p - S e a B i o l o g y , p . 3 7 1 - 3 9 8 . N e w Y o r k , W i i e y -
I n t e r s c i e n c e . 

C h e r b o n n i e r , G . , 1 9 4 1 . E t u d e a n a t o m i q u e e t b i o g e o g r a p h i q u e 
sur d e u x C u c u m a r i a a b y s s a u x : C. a b y s s o r u m T h e e l et 
C . a l b a t r o s s i n . s p . B u l l . M u s . n a t n . H i s t . n a t . , P a r i s 

C h e r b o n n i e r , 
" T h a l a s s a " 

G. , 1 9 6 9 . E c h i n o d e r m e s r e c o l t e s p a r le 
au l a r g e des c o t e s o u e s t d e B r e t a g n e et du 

G o l f e d e G a s c o g n e ( 3 - 1 2 A o u t 1 9 6 7 ) . B u l l . M u s . n a t n . 
H i s t , n a t . , P a r i s (2) 4 1 , 3 4 3 - 3 6 1 . 

C h e r b o n n i e r , G . , 1 9 7 0 . E c h i n o d e r m e s r e c o l t e s p a r la 
" T h a l a s s a " au l a r g e des c o t e s d ' E s p a g n e et du G o l f e de 
G a s c o g n e . ( 1 8 - 2 5 O c t o b r e 1 9 6 8 ) . B u l l . M u s . n a t n . H i s t . 
n a t . , P a r i s ( 2 ) ^ 2 ' 1 2 6 6 - 1 2 7 7 . 

C h u n , C . , 1 8 9 6 . A t l a n t i s . B l o l o g i s c h e s t u d i e n u b e r 
p e l a g i s c h e o r g a n i s m e n A u r i c u l a r i a n u d i b r a n c h i a t a . 
B i b l t h c a . z o o l . I I . 19, 5 5 - 7 3 1 

C h u n , C . , 1 9 0 0 . A u s d e n T i e f e n d e s W e l t m e e r e s . J e n a : 
G u s t a v F i s c h e r V e r l a g , 5 4 9 p . 

C l a r k , H . L . , 1 9 0 7 . T h e a p o d o u s h o l o t h u r i a n s . S m i t h s o n . 
C o n t r . K n o w l . 35^ N o . 1 7 2 3 , 2 3 1 p p . 

C l a r k , H . L . , 1 9 2 0 . T r o p i c a l P a c i f i c H o l o t h u r i o i d e a . M e m . 
M u s . c o m p . Z o o l . H a r v . 3 9 , 1 1 5 - 1 5 4 . 
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C l a r k e , A . , 1 9 8 3 . L i f e in c o l d w a t e r : T h e p h y s i o l o g i c a l 
e c o l o g y of p o l a r m a r i n e e c t o t h e r m s . O c e a n o g r . M a r . B i o l . 
A n n . R e v . 2 ^ , 3 4 1 - 4 5 3 . 

C o o p e r , L . H . N , and D. V a u x , 1 9 4 9 . C a s c a d i n g o v e r t h e 
c o n t i n e n t a l s l o p e of w a t e r f r o m t h e C e l t i c S e a . J . m a r . 
b i o l . A s s . U . K . 28^ 7 1 9 - 7 5 0 . 

D a h l , E . , L. L a u b i e r , M . S i b u e t and J - 0 . S t r o m b e r g , 1 9 7 6 . 
S o m e q u a n t i t a t i v e r e s u l t s on b e n t h i c c o m m u n i t i e s of t h e 
d e e p N o r w e g i a n S e a . A s t a r t e 6 1 - 7 9 . 

D a n i e l s s e n , D . C . and J. K o r e n , 1 8 8 2 . H o l o t h u r i o i d e a . T h e 
N o r w e g i a n D e e p - S e a E x p e d i t i o n 1 8 7 6 - 1 8 7 8 . Z o o l o g y 4 , 1 - 9 5 . 

D e i c h m a n n , E . , 1 9 3 0 . T h e h o l o t h u r i a n s o f t h e w e s t e r n p a r t 
of t h e A t l a n t i c O c e a n . B u l l . M u s . c o m p . Z o o l . H a r v . 71, 
4 3 - 2 2 6 . 

D e i c h m a n n , E . , 1 9 4 0 . R e p o r t on t h e h o l o t h u r i a n s , c o l l e c t e d 
by t h e H a r v a r d - H a v a n a E x p e d i t i o n s 1 9 3 8 a n d 1 9 3 9 , w i t h a 
r e v i s i o n of t h e M o l p a d o n i a of t h e A t l a n t i c O c e a n . 
M e m . S o c . C u b a n a H i s t . N a t . 14, 1 8 3 - 2 4 0 . 

D e i c h m a n n , E . , 1 9 5 4 . T h e h o l o t h u r i a n s of t h e G u l f of 
M e x i c o . F i s h e r y B u l l . F i s h W i l d l . S e r v . U . S . 5 5 , 3 8 1 - 4 1 0 . 

D e m i n g , J . W . and R . R . C o l w e l l , 1 9 8 2 . B a r o p h i l i c b a c t e r i a 
a s s o c i a t e d w i t h d i g e s t i v e t r a c t s o f a b y s s a l h o l o -
t h u r i a n s . A p p . E n v i r o n . M i c r o b i o l . 4 4 , 1 2 2 2 - 1 2 3 0 . 

D e s b r u y e r e s , D . , J . Y . B e r v a s and A . K h r i p o u n o f f , 1 9 8 0 . Un 
cas d e c o l o n i s a t i o n r a p i d e d ' u n s e d i m e n t p r o f o n d . 
O c e a n o l . A c t a 2 8 5 - 2 9 1 . 

D e s b r u y e r e s , D . , J . W . D e m i n g , A . D i n e t a n d A . K h r i p o u n o f f , 
1 9 8 6 . R e a c t i o n s de I ' e c o s y s t e m e b e n t h i q u e p r o f o n d aux 
p e r t u r b a t i o n s : N o u v e a u x r e s u l t a t s e x p e r l m e n t a u x . In L . 
L a u b i e r and C . M o n n i o t ( e d s . ) , P e u p l e m e n t s p r o f o n d s du 
G o l f e d e G a s c o g n e . C a m p a g n e s B i o g a s . pi 1 9 3 - 2 0 8 . B r e s t , 
I F R E M E R . 

D i c k s o n , R . R . and I . N . M c C a v e , 1 9 8 6 . N e p h e l o i d l a y e r s on 
t h e c o n t i n e n t a l s l o p e w e s t of P o r c u p i n e B a n k . D e e p - S e a 
R e s . 3 3 , 7 9 1 - 8 1 8 . 

D i c k s o n , R . R . , W . J . G o u l d , T . J . M u l l e r a n d C . M a i l l a r d , 
1 9 8 5 . E s t i m a t e s of t h e m e a n c i r c u l a t i o n in t h e d e e p 
( > 2 0 0 0 m ) l a y e r of t h e e a s t e r n N o r t h A t l a n t i c . 
P r o g . O c e a n o g . 14, 1 0 3 - 1 2 7 . 

D i c k s o n , R . R . , W . J . G o u l d , C . G r i f f i t h s , K . J . M e d l e r and 
E . M . G m i t r o w i c z , 1 9 8 6 . S e a s o n a l i t y in c u r r e n t s of t h e 
R o c k a l l C h a n n e l . P r o c . R o y . S o c . E d i n b . 8 8 B , 1 0 3 - 1 2 5 . 
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E k m a n , S . 1 9 2 7 . H o l o t h u r i e n d e r D e u t s c h e n S u d p o l a r -
E x p e d i t i o n 1 9 0 1 - 1 9 3 aus d e r O s t a n t a r k t i s und von den 
K e r g u e l e n . D t . S u d p o l . - E x p e d . 19 ( Z o o l . 1 1 ) , 3 5 9 - 4 1 9 . 

E l l e t t , D . J . and J . H . A . M a r t i n , 1 9 7 3 . T h e p h y s i c a l and 
c h e m i c a l o c e a n o g r a p h y of t h e R o c k a l l C h a n n e l . D e e p - S e a 
R e s . 2 0 , 5 8 5 - 6 2 5 . 

E l l e t t , D . J . , A . E d w a r d s and R. B o w e r s , 1 9 8 6 . T h e 
h y d r o g r a p h y of t h e R o c k a l l C h a n n e l - an o v e r v i e w . P r o c . 
R o y . S o c . E d i n b . 8 8 B , 6 1 - 8 1 . 

E m e r s o n , S . , K. F i s c h e r , C . R e i m e r s a n d D . H e g g i e , 1985. 
O r g a n i c c a r b o n d y n a m i c s and p r e s e r v a t i o n in d e e p - s e a 
s e d i m e n t s . D e e p - S e a R e s . 3 2 , 1 - 2 1 . 

E m l e t , R . B . , L . R . M c E d w a r d and R . R . S t r a t h m a n n , 1 9 8 6 . 
E c h i n o d e r m l a r v a l e c o l o g y v i e w e d f r o m t h e e g g . 
E c h i n o d e r m S t u d i e s 2^ 5 5 - 1 3 6 . 

F a n k b o n e r , P . V . , 1 9 7 8 . S u s p e n s i o n - f e e d i n g m e c h a n i s m s of 
t h e a r m o u r e d sea c u c u m b e r P s o l u s c h i t i n o i d e s C l a r k . 
J. e x p . m a r . B i o l . E c o l . 3 1 , 1 1 - 2 5 . 

F e l d t , W . , G. K a n i s c h , M . K a n i s c h a n d M . V o b a c h , 1 9 8 5 . 
R a d i o - e c o l o g i c a l s t u d i e s of s i t e s in t h e n o r t h e a s t 
A t l a n t i c u s e d f o r d u m p i n g of l o w - l e v e l r a d i o a c t i v e 
w a s t e s - R e s u l t s of t h e r e s e a r c h c r u i s e s of t h e FRV 
" W a l t h e r H e r w i g " 1 9 8 0 - 1 9 8 4 . A r c h . F i s c h W i s s . 3 5 , 9 1 - 1 9 5 . 

F e r a l , J . - P . , 1 9 8 5 . C h a n g e s in a n a l y z e d o r g a n i c m a t t e r and 
e n e r g e t i c c o n t e n t of t w o t h i n - s k i n n e d h o l o t h u r o i d s 
L e p t o s y n a p t a g a l l i e n n e i and E u m o l p a d i a v i o l a c e a at 
c r i t i c a l s t a g e s of t h e i r l i f e c y c l e . In B . F . K e e g a n and 
B . D . S . O ' C o n n o r ( e d s . ) , E c h i n o d e r m a t a : P r o c e e d i n g s of 
t h e F i f t h I n t e r n a t i o n a l E c h i n o d e r m C o n f e r e n c e , G a l w a y . 
p. 4 2 1 - 4 2 9 . R o t t e r d a m , B a l k e m a . 

F o w l e r S . W . and G . A . K n a u e r , 1 9 8 6 . R o l e of t h e l a r g e 
p a r t i c l e s in t h e t r a n s p o r t of e l e m e n t s and o r g a n i c 
c o m p o u n d s t h r o u g h t h e o c e a n i c w a t e r c o l u m n . P r o g . 
O c e a n o g . 16, 1 4 7 - 1 9 4 . 

F u j i o k a , K . , A . T a i r a , K. K o b a y a s h i , K. N a k a m u r a , 
T . I l y a m a , J . - P . C a d e t , S . L a l l e m a n d and D. G i r a r d 
( e d s . ) , 1 9 8 7 . 6 0 0 0 m e t e r s d e e p : a t r i p to t h e J a p a n e s e 
t r e n c h e s . T o k y o l U n i v e r s i t y of T o k y o P r e s s . 1 0 6 p p . 

G a g e , J . D . , 1 9 8 5 . N e w S y n a p i t i d a e ( H o l o t h u r o i d e a : A p o d a ) 
f r o m t h e R o c k a l l T r o u g h . J. m a r . b i o l . A s s . U . K . 6 5 , 
2 5 5 - 2 6 1 . 

G a g e , J . D . , 1 9 8 6 . T h e b e n t h i c f a u n a of t h e R o c k a l l T r o u g h 
: r e g i o n a l d i s t r i b u t i o n and b a t h y m e t r i c z o n a t i o n . P r o c . 
R o y . S o c . E d i n b . 8 8 B , 1 5 9 - 1 7 4 . 
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G a g e , J . D . and D . S . M . B i l l e t t , 1 9 8 6 . T h e f a m i l y 
M y r i o t r o c h i d a e T h e e l ( E c h i n o d e r m a t a : H o l o t h u r i o i d e a ) in 
t h e d e e p n o r t h e a s t A t l a n t i c O c e a n . Z o o l . J. L i n n . S o c . 

2 2 9 - 2 7 6 . 

G a g e , J . D . and P . A . T y l e r , 1 9 8 2 . G r o w t h a n d r e p r o d u c t i o n 
of t h e d e e p - s e a b r i t t l e s t a r O p h i o m u s i u m l y m a n i W y v i l l e 
T h o m s o n . O c e a n o l . A c t a 5, 7 3 - 8 3 . 

G a g e , J . D . and P . A . T y l e r , 1 9 8 5 . G r o w t h a n d r e c r u i t m e n t of 
t h e d e e p - s e a u r c h i n E c h i n u s a f f i n i s . M a r . B i o l . 9 0 , 
4 1 - 5 3 . 

G a g e , J . D . , R . H . L i g h t f o o t , M . P e a r s o n a n d P . A . T y l e r , 
1 9 8 0 . An i n t r o d u c t i o n t o a s a m p l e t i m e - s e r i e s of a b y s s a l 
m a c r o b e n t h o s : m e t h o d s and p r i n c i p l e s o u r c e s of v a r i -
a b i l i t y . O c e a n o l . A c t a 2 ' 1 6 9 - 1 7 6 . 

G a g e , J . D . , M . P e a r s o n , A . M . C l a r k , G . L . J . P a t e r s o n 
and P . A . T y l e r , 1 9 8 3 . E c h i n o d e r m s of t h e R o c k a l l T r o u g h 
and a d j a c e n t a r e a s . 1. C r i n o i d e a , A s t e r o i d e a and 
O p h i u r o i d e a . B u l l . B r . M u s . n a t . H i s t . ( Z o o l . ) 4 5 , 2 6 3 -
3 0 8 . 

G a g e , J . D . , D . S . M . B i l l e t t , M . J e n s e n and P . A . T y l e r , 
1 9 8 5 a . E c h i n o d e r m s of t h e R o c k a l l T r o u g h and a d j a c e n t 
a r e a s . 2. E c h i n o i d e a a n d H o l o t h u r i o i d e a . B u l l . B r . M u s . 
n a t . H i s t . ( Z o o l . ) 4 8 , 1 7 3 - 2 1 3 . 

G a g e , J . D . , M . P e a r s o n , D . S . M . B i l l e t t , A . M . C l a r k , M . 
J e n s e n , G . L . J . P a t e r s o n a n d P . A . T y l e r , 1 9 8 5 b . E c h i n o d e r m 
z o n a t i o n in t h e R o c k a l l T r o u g h (NE A t l a n t i c ) . In B . F . 
K e e g a n and B . D . S . O ' C o n n o r ( e d s . ) , E c h i n o d e r m a t a : 
P r o c e e d i n g s of t h e F i f t ^ I n t e r n a t i o n a l E c h i n o d e r m 
C o n f e r e n c e , G a l w a y . p . 3 1 - 3 6 . R o t t e r d a m , B a l k e m a . 

G i e s e , A . C . , 1 9 6 6 . On t h e b i o c h e m i c a l c o n s t i t u t i o n of s o m e 
e c h i n o d e r m s . In R . A . B o o l o o t i a n ( e d . ) . P h y s i o l o g y of 
E c h i n o d e r m a t a . p . 7 5 7 - 7 9 6 . N e w Y o r k , I n t e r s c i e n c e . 

G i l c h r i s t , J . D . F . , 1 9 2 0 . P l a n k t o t h u r i a d i a p h a n a g e n . et 
s p . n . CU J l . m i c r o s c . S c i . 6 4 , 3 / 3 - 3 8 2 . 

G o r d o n , J . D . M . and J . A . R . D u n c a n , 1 9 8 5 . T h e e c o l o g y of t h e 
d e e p - s e a b e n t h i c and b e n t h o p e l a g i c f i s h on t h e s l o p e s of 
t h e R o c k a l l T r o u g h , n o r t h e a s t e r n A t l a n t i c . P r o g . 
O c e a n o g . 15, 3 7 - 6 9 . 

G r a s s l e , J . F . , 1 9 7 7 . S l o w r e c o l o n i s a t i o n of d e e p - s e a 
s e d i m e n t . N a t u r e 2 6 5 , 6 1 8 - 6 1 9 . 

G r a s s l e , J . F . and L . S . M o r s e - P o r t e o u s , 1 9 8 7 . M a c r o f a u n a l 
c o l o n i s a t i o n of d i s t u r b e d d e e p - s e a e n v i r o n m e n t s and t h e 
s t r u c t u r e of d e e p - s e a b e n t h i c c o m m u n i t i e s . D e e p - S e a R e s . 
3 4 , 1 9 1 1 - 1 9 5 0 . 
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G r a s s l e , J . F . , H . L . S a n d e r s , R . R . M e s s i e r , G . T . R o w e and 
T . M c L e l l a n , 1 9 7 5 . P a t t e r n and z o n a t l o n : a s t u d y of t h e 
b a t h y a l m e g a f a u n a u s i n g t h e r e s e a r c h s u b m e r s i b l e 
" A 1 v i n " . D e e p - S e a R e s . 2 2 , 4 5 7 - 4 8 1 . 

G r i e g , J . A . , 1 9 2 1 . E c h i n o d e r m a t a . R e p , s c l e n t . R e s u l t s 
" M i c h a e l S a r s " N. A t l a n t i c d e e p sea E x p e d . 3, (2), 1 - 4 7 . 

H a e d r i c h , R . L . and J . E . M a u n d e r , 1 9 8 5 . T h e e c h i n o d e r m 
f a u n a of t h e N e w f o u n d l a n d c o n t i n e n t a l s l o p e . In B . F . 
K e e g a n and B . D . S . O ' C o n n o r ( e d s . ) , E c h i n o d e r m a t a : 
P r o c e e d e l n g s of t h e F i f t h I n t e r n a t i o n a l E c h i n o d e r m 
C o n f e r e n c e , G a l w a y . p . 3 7 - 4 6 . R o t t e r d a m , B a l k e m a . 

H a e d r i c h , R . L . , G . T . R o w e and P . T . P o l l o n i , 1 9 7 5 . Z o n a t i o n 
and f a u n a l c o m p o s i t i o n of e p i b e n t h i c p o p u l a t i o n s on t h e 
c o n t i n e n t a l s l o p e s o u t h of N e w E n g l a n d . J . m a r . R e s . 33, 
1 9 1 - 2 1 2 . 

H a e d r i c h , R . L . , G . T . R o w e and P o l l o n i , 1 9 8 0 . T h e 
m e g a b e n t h i c f a u n a of t h e d e e p sea s o u t h of N e w E n g l a n d , 
U S A . M a r . B i o l . ^ 7 , 1 6 5 - 1 7 9 . 

H a m m o n d , L . S . , 1 9 8 2 . A n a l y s i s of g r a i n - s i z e s e l e c t i o n by 
d e p o s i t - f e e d i n g h o l o t h u r i a n s a n d e c h i n o i d s 
( E c h i n o d e r m a t a ) f r o m a s h a l l o w r e e f l a g o o n . D i s c o v e r y 
B a y , J a m a i c a . M a r . E c o l . P r o g . S e r . 8, 2 5 - 3 6 . 

H a n d l e y , R . L . , 1 9 7 1 . A g e o p h y s i c a l s t u d y of t h e P o r c u p i n e 
S e a b i g h t . P h . D. t h e s i s . U n i v e r s i t y of B i r m i n g h a m . 

H a n s e n , B . , 1 9 5 6 . H o l o t h u r i o i d e a f r o m d e p t h s e x c e e d i n g 
6 0 0 0 m e t e r s . G a l a t h e a R e p . 2^ 3 3 - 5 4 . 

H a n s e n , B . , 1 9 6 8 . B r o o d p r o t e c t i o n in a d e e p - s e a 
h o l o t h u r i a n , O n e i r o p h a n t a m u t a b i l i s T h e e l . N a t u r e 2 1 7 , 
1 0 6 2 - 1 0 6 3 . 

H a n s e n , B . , 1 9 7 2 . P h o t o g r a p h i c e v i d e n c e o f a u n i q u e t y p e 
of w a l k i n g in d e e p - s e a h o l o t h u r i a n s . D e e p - S e a R e s . 19, 
4 6 1 - 4 6 2 . 

H a n s e n , B . , 1 9 7 5 . S y s t e m a t i c s and b i o l o g y o f t h e d e e p - s e a 
h o l o t h u r i a n s . P a r t 1. E l a s i p o d a . G a l a t h e a R e p . 13, 
1 - 2 6 2 . - -

H a n s e n , B . , 1 9 7 8 . S c o t o t h u r i a h e r r i n g i , a n e w g e n u s and 
s p e c i e s of b a t h y p e l a g i c h o l o t h u r i a n s ( H o l o t h u r i o i d e a , 
A s p i d o c h i r o t a , S y n a l l a c t i d a e ) . S t e e n s t r u p l a 5, 3 3 - 3 9 . 

H a n s e n , B . , in p r e s s . T h e g e n u s S t a u r o c u c u m i s E k m a n and 
its p o s s i b l e a f f i n i t y w i t h E c h i n o c u c u m i s S a r s 
( H o l o t h u r o i d e a , D e n d r o c h i r o t a ) . P r o c e e d i n g s of t h e S i x t h 
I n t e r n a t i o n a l E c h i n o d e r m C o n f e r e n c e , V i c t o r i a . 
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H a n s e n , B . and F . J . M a d s e n , 1 9 5 6 . On t w o b a t h y p e l a g i c 
h o l o t h u r i a n s f r o m t h e S o u t h C h i n a S e a . G a l a t h e a R e p . 2, 
5 5 - 5 9 . -

H a r g r e a v e s , P . M . , 1 9 8 4 . T h e d i s t r i b u t i o n of D e c a p o d a 
( C r u s t a c e a ) in t h e o p e n o c e a n and n e a r - b o t t o m o v e r an 
a d j a c e n t s l o p e in t h e n o r t h e r n n o r t h - e a s t A t l a n t i c O c e a n 
d u r i n g a u t u m n 1 9 7 9 . J . m a r , b i o l . A s s . U . K . 6 4 , 8 2 9 - 8 5 7 . 

H a r v e y , J . , 1 9 8 2 . 8 - S r e l a t i o n s h i p s a n d w a t e r m a s s e s in 
t h e e a s t e r n N o r t h A t l a n t i c . D e e p - S e a R e s . 29 , 1 021 - 1 0 3 3 . 

H a r v e y , R . , J . D . G a g e , D . S . M . B l l l e t t , A . M . C l a r k and 
G . L . J . P a t e r s o n , in p r e s s . E c h i n o d e r m s of t h e R o c k a l l 
T r o u g h and a d j a c e n t a r e a s . 3. A d d i t i o n a l r e c o r d s . B u l l . 
B r . M u s . n a t . H i s t . ( Z o o l . ) . 

H a u k s s o n , E., 1 9 7 9 . F e e d i n g b i o l o g y of S t i c h o p u s t r e m u l u s , 
a d e p o s i t - f e e d i n g h o l o t h u r i a n . S a r s i a 6 4 , 1 5 5 - 1 6 0 . 

H e d g e p e t h , J . W . , 1 9 5 7 . C l a s s i f i c a t i o n in m a r i n e 
e n v i r o n m e n t s . In J . W . H e d g e p e t h ( e d . ) . T r e a t i s e on 
m a r i n e e c o l o g y and p a l e o e c o l o g y . V o l . 
M e m , g e o l . S o c . A m . N o . 6 7 , p . 1 7 - 2 7 . 

H e d g e s , J . I . and J . H . S t e r n , 1 9 8 4 . C a r b o n and n i t r o g e n 
d e t e r m i n a t i o n s of c a r b o n a t e - c o n t a i n i n g s o l i d s . L i m n o l . 
O c e a n o g . 2 9 , 6 5 7 - 6 6 3 . 

H e d i n g , S . , 1 9 3 1 . On t h e c l a s s i f i c a t i o n o f t h e m o l p a d i d s 
( p r e l i m i n a r y n o t i c e ) . V i d e n s k M e d d r . d a n s k . n a t u r h . 
F o r e n . 9 2 , 2 7 5 - 2 8 4 . 

H e d i n g , S . , 1 9 3 5 . H o l o t h u r i o i d e a . P a r t 1. A p o d a , 
M o l p a d i o i d e a , G e p h y r o t h u r i o i d e a . D a n . I n g o l f - E x p e d . 4 
( 9 ) , 1 - 8 4 . -

H e d i n g , S . , 1 9 4 0 . D i e h o l o t h u r i e n d e r d e u t s c h e n T i e f s e e -
E x p e d i t i o n . II. A s p i d o c h i r o t e u n d E l a s i p o d e f o r m e n . 
W i s s . E r g e b n . d t . T i e f s e e - E x p e d . V a l d i v i a . 2 4 , 3 1 7 - 3 7 5 . 

H e d i n g , S . , 1 9 4 2 . H o l o t h u r i o i d e a . P a r t 2 . A s p i d o c h i r o t a , 
E l a s i p o d a , D e n d r o c h i r o t a . D a n . I n g o l f - E x p e d . 4 ( 1 3 ) , 
I - 3 9 . -

H e e z e n , B . C . and C . D . Hoi l i s t e r , 1 9 7 1 . T h e f a c e of t h e 
d e e p . L o n d o n , O x f o r d U n i v e r s i t y P r e s s . 

H e e z e n , B . C . , M . E w i n g and R . J . M e n z l e s , 1 9 5 5 . T h e 
i n f l u e n c e of s u b m a r i n e t u r b i d i t y c u r r e n t s on a b y s s a l 
p r o d u c t i v i t y . O i k o s 6, 1 7 0 - 1 8 2 . 

H e e z e n , B . C . , E . T . B r u c e , J . B . H e r s e y a n d M . T h a r p , 1 9 6 4 . 
C h a i n and R o m a n c h e f r a c t u r e z o n e s . D e e p - S e a R e s . 11, 
I I - 3 3 . 
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H e n d l e r , G . , 1 9 7 5 . A d a p t a t i o n a l s i g n i f i c a n c e of t h e p a t t -
e r n s of o p h i u r o i d d e v e l o p m e n t . A m e r . Z o o l . 15, 6 9 1 - 7 1 5 . 

H e r o u a r d , E . , 1 9 0 2 . H o l o t h u r i e s p r o v e n a n t d e s c a m p a g n e s de 
1 a " P r i n c e s s - A l i c e " ( 1 8 9 2 - 1 8 9 7 ) . R e s u l t . C a m p , s c i e n t . 
P r i n c e A l b e r t I, 2 1 , 1 - 6 1 . 

H e r o u a r d , E . , 1 9 0 6 . H o l o t h u r i e s . E x p e d i t i o n A n t a r c t i q u e 
B e i g e . R e s u l t . V o y a g e S . Y . " B e l g i c a " . Z o o l o g i e . 1 6 p p . 

H e r o u a r d , E . , 1 9 2 3 . H o l o t h u r i e s p r o v e n a n t des c a m p a g n e s 
d e s y a c h t s " P r i n c e s s - A l i c e " et " H i r o n d e l l e II" ( 1 8 9 8 -
1 9 1 5 ) . R e s u l t . C a m p , s c i e n t . P r i n c e A l b e r t I, 6 6 , 1 - 1 6 3 . 

H i n e s , A . H . , 1 9 8 6 . L a r v a l p r o b l e m s a n d p e r s p e c t i v e s in 
l i f e h i s t o r i e s of m a r i n e i n v e r t e b r a t e s . B u l l . M a r . S c i . 
3 9 , 5 0 6 - 5 2 5 . 

H o l l i g a n , P . M . and S . B . G r o o m , 1 9 8 6 . P h y t o p l a n k t o n 
d i s t r i b u t i o n s a l o n g t h e s h e l f b r e a k . P r o c . R o y . S o c . 
E d i n b . 8 8 B , 2 3 9 - 2 6 3 . 

H o l l i g a n , P . M . , M . V i o l l i e r , D . S . H a r b o u r , P . C a m u s and M . 
C h a m p a g n e - P h i l i p p e , 1 9 8 3 . S a t e l l i t e a n d s h i p s t u d i e s of 
c o c c o l i t h o p h o r e p r o d u c t i o n a l o n g a c o n t i n e n t a l s h e l f . 
N a t u r e 3 0 4 , 3 3 9 - 3 4 2 . 

H o l l i g a n , P . M . , R . D . P i n g r e e and G . T . M a r d e l l , 1 9 8 5 . 
O c e a n i c s o l i t o n s , n u t r i e n t p u l s e s a n d p h y t o p l a n k t o n 
g r o w t h . N a t u r e 3 1 4 , 3 4 8 - 3 5 0 . 

H o n j o , S . , 1 9 8 0 . M a t e r i a l f l u x e s and m o d e s of 
s e d i m e n t a t i o n in t h e m e s o p e l a g i c and b a t h y p e l a g i c z o n e s . 
J. m a r . R e s . 3 8 , 5 3 - 9 7 . 

H o n j o , S . , 1 9 8 2 . S e a s o n a l i t y and i n t e r a c t i o n of b i o g e n i c 
and l i t h o g e n i c p a r t i c u l a t e f l u x at t h e P a n a m a B a s i n . 
S c i e n c e 2 1 8 , 8 8 3 - 8 8 4 . 

H o r i k o s h i , M . 
and b e n t h o s 
4 5 1 . T o k y o , 

1 9 7 6 . B e n t h o s . In S. M o t o d a ( e d . ) , S e e w e e d s 
( K a i y o K a g a g u K i s o K o z a , V o l . 5 ) , p . f49-

U n i v e r s i t y of T o k y o P r e s s . 

H u g g e t t , Q . J . , 1 9 8 7 . M a p p i n g of h e m i p e l a g i c v e r s u s 
t u r b i d i t i c m u d s by f e e d i n g t r a c e s o b s e r v e d in d e e p - s e a 
p h o t o g r a p h s . In P . P . E . W e a v e r and J . T h o m s o n ( e d s ) . 
G e o l o g y and g e o c h e m i s t r y of a b y s s a l p l a i n s . G e o l o g i c a l 
S o c i e t y S p e c i a l P u b l i c a t i o n N o . 3 1 , I U b - 1 1 2 . 

H u m e s , A . G . , 1 9 7 4 . New c y c l o p o i d c o p e p o d s a s s o c i a t e d w i t h 
an a b y s s a l h o l o t h u r i a n in t h e e a s t e r n N o r t h A t l a n t i c . 
J. n a t . H i s t . 8, 1 0 1 - 1 1 7 . 
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H u n t e r - R o w e , C . K . A . , F . J e a l and A . B . W e s t , 1 9 7 6 . 
O b s e r v a t i o n s on t h e f e e d i n g b e h a v i o u r of T h y o n e f u s u s 
( O . F . M u l l e r ) . S c i e n t . P r o c . R. D u b l . S o c . 4 5 9 - 4 6 8 . 

H u t h n a n c e , J . M . , 1 9 8 6 . T h e R o c k a l l s l o p e c u r r e n t and 
s h e l f - e d g e p r o c e s s e s . P r o c . R o y . S o c . E d i n b . 8 8 8 , 8 3 - 1 0 1 . 

H y m * n , L . H . , 1 9 5 5 . T h e I n v e r t e b r a t e s : E c h i n o d e r m a t a . N e w 
Y o r k , M c G r a w - H i l l . 763 p p . 

J a h n k e , R . A . , S . R . E m e r s o n , J . K . C o c h r a n and D . J . 
H i r s c h b e r g , 1 9 8 6 . F i n e s c a l e d i s t r i b u t i o n s of p o r o s i t y 
and p a r t i c u l a t e e x c e s s 2 1 0 P b , o r g a n i c c a r b o n and C a C O 
in t h e s u r f a c e s e d i m e n t s of t h e d e e p e q u a t o r i a l P a c i f i c . 
E a r t h p l a n e t . S c i . L e t t . 7 7 , 5 9 - 6 9 . 

J a n n a s c h , H . W . and C . O . W i r s e n , 1 9 7 7 . M i c r o b i a l l i f e in 
t h e d e e p s e a . S c i e n t . A m . 2 3 6 , 4 2 - 5 2 . 

J e s p e r s e n , A . and J. L u t z e n , 1 9 7 1 . On t h e e c o l o g y of t h e 
a s p i d o c h i r o t e sea c u c u m b e r S t i c h o p u s t r e m u l u s 
( G u n n e r u s ) . N o r w . J . Z o o l . 19, 1 1 7 - 1 3 2 . 

J u m a r s , P . A . , 1 9 7 8 . S p a t i a l a u t o c o r r e l a t i o n w i t h RUM 
( R e m o t e U n d e r w a t e r M a n i p u l a t o r ) : v e r t i c a l and 
h o r i z o n t a l s t r u c t u r e of a b a t h y a l b e n t h i c c o m m u n i t y . 
D e e p - S e a R e s . 2 5 , 5 8 9 - 6 0 4 . 

J u m a r s , P . A . and E . D . G a l l a g h e r , 1 9 8 2 . D e e p - s e a c o m m u n i t y 
s t r u c t u r e : t h r e e p l a y s on t h e b e n t h i c p r o s c e n i u m . In 
W . G . E r n s t and J . M o r i n ( e d s ) . E c o l o g i c a l p r o c e s s e s in 
t h e d e e p s e a . p . 2 1 7 - 2 5 5 . E n g l e w o o d C l i f f s , N . J . , 
P r e n t i c e - H a l l . 

K e n y o n , N . H . , R . H . B e l d e r s o n and A . M . S t r i d e , 1 9 7 8 . 
C h a n n e l s , c a n y o n s and s l u m p f o l d s o n t h e c o n t i n e n t a l 
s l o p e b e t w e e n s o u t h - w e s t I r e l a n d and S p a i n . O c e a n o l . 
A c t a 2 , 3 6 9 - 3 8 0 . 

K h r i p o u n o f f , A . , 1 9 7 9 . R e l a t i o n s t r o p h i q u e s d a n s 
I ' e c o s y s t e m e b e n t h i q u e a b y s s a l a t l a n t i q u e : d e s c r i p t i o n s 

b i l a n e n e r g e t i q u e l T h e s e 3 e m e c y c l e , U n i v e r s i t e 
P i e r r e et M a r i e C u r i e , P a r i s . 1 3 2 p p . 

K h r i p o u n o f f , A . and M . S i b u e t , 1 9 8 0 . La n u t r i t i o n 
d ' e c h i n o d e r m e s a b y s s a u x I. A l i m e n t a t i o n d e s h o l o t h u r i e s . 
M a r . B i o l . 6 0 , 1 7 - 2 6 . 

K h r i p o u n o f f , A . , D . D e s b r u y e r e s and P . C h a r d y , 1 9 8 0 . Les 
p e u p l e m e n t s b e n t h i q u e s de la f a i l l e V e m a : d o n n e e s 
q u a n t i t a t i v e s et b i l a n d ' e n e r g i e en m i l i e u a b y s s a l . 
O c e a n o l . A c t a 3, 1 8 7 - 1 9 8 . 
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K i d d , R . B . and Q . J . H u g g e t t , 1 9 8 1 . R o c k d e b r i s on a b y s s a l 
p l a i n s in t h e N o r t h e a s t A t l a n t i c : a c o m p a r i s o n of 
e p i b e n t h i c s l e d g e h a u l s and p h o t o g r a p h i c s u r v e y s . 
O c e a n o l . A c t a 4^ 9 9 - 1 0 4 . 

K i r k e g a a r d , J . B . and D . S . M . B i l l e t t , 1 9 8 0 . E u n o e 
l a e t m o g o n e n s i s , a n e w s p e c i e s of p o l y n o i d w o r m , 
c o m m e n s a l ^ t h t h e b a t h y a l h o l o t h u r i a n L a e t m o g o n e 
v i o l a c e a , in t h e N o r t h - e a s t A t l a n t i c . S t e e n s t r u p i a b, 
1 0 1 - 1 0 9 . 

K n u d s e n , J . , 1 9 6 7 . T h e d e e p - s e a B i v a l v i a 
J o h n M u r r a y E x p e d . 11, 2 3 7 - 3 4 3 . 

S c i e n t . Rep 

K n u d s e n , J . , 1 9 7 0 . T h e s y s t e m a t i c s and b i o l o g y of a b y s s a l 
and h a d a l B i v a l v i a . G a l a t h e a R e p . 11, 3 - 2 3 6 . 

K o e h l e r , R . , 1 8 9 6 . E c h i n o d e r m e s . R e s u l t a t s s c i e n t i f i q u e s 
de la c a m p a g n e du " C a u d a n " d a n s le G o l f e de G a s c o g n e 
A o u t - S e p t e m b r e 1 8 9 5 . A n n l s U n i v . L y o n 2 6 , 3 3 - 1 2 7 . 

K o e h l e r , R . , 1 9 2 7 . Les E c h i n o d e r m e s d e s m e r s d ' E u r o p e . 
T o m e 2, P a r i s , G a s t o n D o i n et C i e , 3 3 9 p p . 

K o e h l e r , R. and C . V a n e y , 1 9 0 3 . E n t o s i p h o n d e i m a t i s , 
n o u v e a u M o l l u s q u e p a r a s i t e d ' u n e h o l o t h u r i e a b y s s a l e . 
R e v u e S u i s s e Z o o l . 11, 2 3 - 4 1 . 

K o z y a r , L . A . , M . N . S o k o l o v a and O . N . Z e z i n a , 1 9 7 4 . S p o r e s 
and p o l l e n f r o m h i g h e r p l a n t s in t h e n u t r i t i o n of m a r i n e 

i n v e r t e b r a t e s . O k e a n o l o g i y a 14, 4 3 1 - 4 3 4 . 

L a m p i t t , R . S . , 1984, 
t h e d e e p s e a . P r o g , 

T h e u s e of t i m e l a p s e p h o t o g r a p h y in 
u n d e r w a t . S c i . 9, 1 1 5 - 1 2 0 . 

L a m p i t t , R . S . , 1 9 8 5 . E v i d e n c e f o r t h e s e a s o n a l d e p o s i t i o n 
of d e t r i t u s t o t h e d e e p - s e a f l o o r and its s u b s e q u e n t 
r e s u s p e n s i o n . D e e p - S e a R e s . 3 2 , 8 8 5 - 8 9 7 . 

L a m p i t t , R . S . and D . S . M . B i l l e t t , 1 9 8 5 . D e e p - s e a 
e c h i n o d e r m s : a t i m e and m o t i o n s t u d y . In B . F . K e e g a n and 
B . D . S . O ' C o n n o r ( e d s ) , E c h i n o d e r m a t a : P r o c e e d i n g s of 
t h e F i f t h I n t e r n a t i o n a l E c h i n o d e r m C o n f e r e n c e , G a l w a y . 
pi 160 L A b s r a c t J . R o t t e r d a m , B a l k e m a . 

L a m p i t t , R . S . and M . P . B u r n h a m , 1 9 8 3 . A f r e e f a l l t i m e 
l a p s e c a m e r a and c u r r e n t m e t e r s y s t e m " B a t h y s n a p " w i t h 
n o t e s on t h e f o r a g i n g b e h a v i o u r of a b a t h y a l d e c a p o d 
s h r i m p . D e e p - S e a R e s . 3 0 , 1 0 0 9 - 1 0 1 7 . 

L a m p i t t , R . S . , D . S . M . B i l l e t t and A . L . R i c e 1 9 8 6 . B i o m a s s 
of t h e i n v e r t e b r a t e m e g a b e n t h o s f r o m 5 0 0 t o 4 1 0 0 m in t h e 
n o r t h e a s t A t l a n t i c O c e a n . M a r . B i o l . 9 3 , 6 9 - 8 1 . 
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L a w r e n c e , J . M . , 1 9 8 0 . N u m b e r s and b i o m a s s o f t h e c o m m o n 
h o l o t h u r o i d s on t h e w i n d w a r d r e e f f l a t at E n w e t a k A t o l l , 
M a r s h a l l I s l a n d s . In M . J a n g o u x ( e d . ) , E c h i n o d e r m s : 
P r e s e n t and p a s t , p . 2 0 1 - 2 0 4 . R o t t e r d a m , B a l k e m a . 

L a w r e n c e , J . M . and J. K a f r i , 1 9 7 9 . N u m b e r s , b i o m a s s , and 
c a l o r i c c o n t e n t of t h e e c h i n o d e r m f a u n a of t h e r o c k y 
s h o r e s of B a r b a d o s . M a r . B i o l . 5 2 , 8 7 - 9 1 . 

Le D a n o i s , E . , 1 9 4 8 . Les p r o f o n d e u r s d e la m e r . P a r i s , 
P a y o t . 3 0 3 p p . 

L e e , A . and D . E l l e t t , 1 9 6 5 . On t h e c o n t r i b u t i o n of o v e r -
f l o w w a t e r f r o m t h e N o r w e g i a n Sea to t h e h y d r o g r a p h i c 
s t r u c t u r e of t h e N o r t h A t l a n t i c O c e a n . D e e p - S e a R e s . 12, 
1 2 9 - 1 4 2 . 

L e m c h e , H . , B . H a n s e n , F . J . M a d s e n , O . S . T e n d a l and T. 
W o l f f , 1 9 7 6 . H a d a l l i f e as a n a l y z e d f r o m p h o t o g r a p h . 
V i d e n s k . M e d d r . d a n s k . n a t u r h . F o r e n . 1 3 9 , 2 6 3 - 3 3 6 . 

Li , W . Q . , N . L . G u i n a s s o , K . H . C o l e , M . D . R i c h a r d s o n , J . W . 
J o h n s o n and D . R . S c h i n k , 1 9 8 5 . R a d i o n u c l i d e s as i n d i c -
a t o r s of s e d i m e n t a r y p r o c e s s e s in a b y s s a l C a r i b b e a n 
s e d i m e n t s . M a r . G e o l . 6 8 , 1 8 7 - 2 0 4 . 

L l o y d , M . , 1 9 6 7 . M e a n c r o w d i n g . J . a n i m . E c o l . 3 6 , 1 - 3 0 . 

L u d w i g , H . , 1 8 9 4 . T h e H o l o t h u r i o i d e a . R e p o r t s of an 
e x p e d i t i o n o f f t h e w e s t c o a s t s of M e x i c o , C e n t r a l and 
S o u t h A m e r i c a , and o f f t h e G a l a p a g o s I s l a n d s 
" A 1 b a t r o s s " 1 8 9 1 . M e m . M u s . c o m p . Z o o l . H a r v . 17, 1 - 1 8 3 . 

L u d w i g , H. and S . G . H e d i n g , 1 9 3 5 . D i e H o l o t h u r i e n d e r 
d e u t s c h e n T i e f s e e - E x p e d i t i o n . I. F u s s l o s e und 
D e n d r o c h i r o t e F o r m e r n . W i s s . E r g e b n . d t . T i e f s e e - E x p e d 
" V a l d i v i a " 24^ 1 2 1 - 2 1 4 . 

L u t z , R . A . , D . J a b l o n s k i , D . C . R h o a d s and R . D . T u r n e r , 
1 9 8 0 . L a r v a l d i s p e r s a l of a d e e p - s e a h y d r o t h e r m a l v e n t 
b i v a l v e f r o m t h e G a l a p a g o s R i f t . M a r . B i o l . 5 7 , 1 2 7 - 1 3 3 . 

L u t z e n , J . , 1 9 7 9 . S t u d i e s on t h e l i f e h i s t o r y of 
E n t e r o x e n o s B o n n e v i e , a g a s t r o p o d e n d o p a r a s i t i c in 
a s p i d o c h i r o t e h o l o t h u r i a n s . O p h e l i a 1 8 , 1 - 5 1 . 

M a d s e n , F . J . , 1 9 4 1 . On T h y o n e w a h r b e r g i n . s p . , a new 
h o l o t h u r i a n f r o m t h e S k a g e r r a k , w i t h r e m a r k s on T . f u s u s 
( O . F . M . ) and o t h e r r e l a t e d s p e c i e s . G o t e b o r g s K. 
V e t e n s k . - o . V i t t e r S a m h . H a n d l . F . 6 , S e r . Bl T1 1 - 3 1 . 

M a d s e n , F . J . , 1 9 5 3 . H o l o t h u r i o i d e a . R e p . S w e d . d e e p - s e a 
E x p e d . 2 ( Z o o l . ) 12, 1 4 9 - 1 7 3 . 
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M a d s e n , F . J . , 1 9 6 1 . On t h e z o o g e o g r a p h y a n d o r i g i n of t h e 
a b y s s a l f a u n a , in v i e w of t h e k n o w l e d g e of t h e 
P o r c e l l a n a s t e r i d a e . G a l a t h e a R e p . 1 7 7 - 2 1 8 . 

M a n t o u r a , R . F . C . and C . A . L l e w e l l y n , 1 9 8 3 . T h e r a p i d 
d e t e r m i n a t i o n of a l g a l c h l o r o p h y l l a n d c a r o t e n o i d 
p i g m e n t s and t h e i r b r e a k d o w n p r o d u c t s in n a t u r a l w a t e r 
by r e v e r s e - p h a s e h i g h p e r f o r m a n c e l i q u i d c h r o m a t o g r a p h y . 
A n a l y t i c a c h i m . a c t a 1 5 1 , 2 9 7 - 3 1 4 . 

M a r e n z e l l e r , E. v o n , 1 9 8 3 . C o n t r i b u t i o n a 1 ' e t u d e des 
h o l o t h u r i e s de I ' A t l a n t i q u e N o r d . R e s u l t . C a m p , s c i e n t . 
P r i n c e A l b e r t I, 6^ 1 - 2 2 . 

M a r g o l i n , A . S . , 1 9 7 6 . S w i m m i n g of t h e sea c u c u m b e r 
P a r a s t i c h o p u s c a l i f o r n l c u s ( S t i m p s o n ) in r e s p o n s e to sea 
s t a r s . O p h e l i a 15, 1 0 5 - 1 1 4 . 

M a s s i n , C . , 1 9 7 8 . E t u d e d e n u t r i t i o n c h e z les h o l o t h u r i e s 
a s p i d o c h i r o t e s ( E c h i n o d e r m e s ) . C o m p o r t e m e n t a l i m e n t a i r e , 
s t r u c t u r e et f o n c t i o n s d e I ' a p p a r e i l d i g e s t i f . Ihese de 
D o c t o r a t , U n l v e r s l t e L i b r e d e B r u x e l l e s . 

M a s s i n , C . , 1 9 8 0 . T h e s e d i m e n t i n g e s t e d by H o l o t h u r i a 
t u b u l o s a G m e l ( H o l o t h u r o i d e a : E c h i n o d e r m a t a j l Tn R T 
J a n g o u x ( e d . ) , E c h i n o d e r m s , P a s t and p r e s e n t , p . 2 0 5 - 2 0 8 . 
R o t t e r d a m , B a l k e m a . 

M a s s i n , C . , 1 9 8 2 . F o o d and f e e d i n g m e c h a n i s m s , 
H o l o t h u r o i d e a . In M . J a n g o u x and J . M . L a w r e n c e ( e d s . ) , 
E c h i n o d e r m n u t r i t i o n , p . 4 3 - 5 5 . R o t t e r d a m , B a l k e m a . 

M a s s i n , C . , 1 9 8 4 . S t r u c t u r e s d i g e s t i v e s d ' h o l o t h u r i e s 
E l a s i p o d a ( E c h i n o d e r m a t a ) : B e n t h o g o n e r o s e a K o e h l e r , 
1 8 9 6 et O n e i r o p h a n t a m u t a b i l i s T h e e l , 1 8 7 9 . A r c h . B i o l . 
( B r u x e l l e s ) 951 1 5 3 - 1 8 5 . 

M a s s i n , C . , M . J a n g o u x and M . S i b u e t , 1 9 7 8 . D e s c r i p t i o n d' 
I x o r e i s p s y c h r o p o t a e n o v . g e n . n o v . s p . c o c c i d i e p a r a s -
Ite du t u b e d i g e t i f de I ' H o l o t h u r i e a b y s s a l P s y c h r o p o t e s 
l o n g i c a u d a T h e e l . P r o t i s t o l o g i c a 14, 2 5 3 - 2 5 9 . 

M a u v i e l , A . and M . S i b u e t , 1 9 8 5 . R e p a r t i t i o n des t r a c e s 
a n i m a l e s et i m p o r t a n c e d e la b i o t u r b a t i o n . In L. L a u b i e r 
and C . M o n n i o t ( e d s ) , P e u p l e m e n t s p r o f o n d s du G o l f e de 

M c C a v e , I . N . , 1 9 7 5 . V e r t i c a l f l u x of p a r t i c u l a t e s in t h e 
o c e a n . D e e p - S e a R e s . 2 2 , 4 9 1 - 5 0 2 . 

M c E u e n , F . S . , and F . - S . C h i a 1 9 8 5 . L a r v a l d e v e l o p m e n t of 
a m o l p a d i i d h o l o t h u r o i d , M o l p a d i a i n t e r m e d i a ( L u d w i g , 
1 8 9 4 ) ( E c h i n o d e r m a t a ) . C a n . J. Z o o l . 6 3 , 2 5 5 3 - 2 5 5 9 . 
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M c K e n z i e , J . D . , 1 9 8 7 . T h e u l t r a s t r u c t u r e of t h e t e n t a c l e s 
of e l e v e n s p e c i e s of d e n d r o c h i r o t e h o l o t h u r i a n s s t u d i e d 
w i t h s p e c i a l r e f e r e n c e t o t h e s u r f a c e c o a t s and t h e 
p a p i l l a e . C e l l . T i s s u e R e s . 2 4 8 , 1 8 7 - 1 9 9 . 

M e n z i e s , R . J . , R . Y . G e o r g e and G . T . R o w e , 1 9 7 3 . A b y s s a l 
e n v i r o n m e n t and e c o l o g y of t h e w o r l d o c e a n s . N e w Y o r k , 
W i l e y - I n t e r s c i e n c e . 4 8 8 p p . 

M e r r e t t , N . R . , 1 9 7 8 . On t h e i d e n t i t y and p e l a g i c 
o c c u r r e n c e of l a r v a l and j u v e n i l e s t a g e s of r a t t a i l 
f i s h e s ( F a m i l y M a c r o u r l d a e ) f r o m 60 N, 2 0 W and 53 N, 
20 W . D e e p - S e a R e s . 2 5 , 1 4 7 - 1 6 0 

M e r r e t t , N . R . and N . B . M a r s h a l l , 1 9 8 1 . O b s e r v a t i o n s on 
t h e e c o l o g y of d e e p - s e a b o t t o m - l i v i n g f i s h e s c o l l e c t e d 
o f f n o r t h w e s t A f r i c a ( 0 8 - 2 7 N ) . P r o g . O c e a n o g . 9, 
1 8 5 - 2 4 4 . 

M i l e i k o v s k y , S . A . 1 9 7 1 . T y p e s of l a r v a l d e v e l o m e n t in 
m a r i n e b o t t o m i n v e r t e b r a t e s , t h e i r d i s t r i b u t i o n and 
e c o l o g i c a l s i g n i f i c a n c e : a r e - e v a l u a t i o n . M a r . B i o l . 10, 
1 9 3 - 2 1 3 . 

M i l l e r , J . E . and D . L . P a w s o n , 1 9 8 4 . H o l o t h u r i a n s . 
( E c h i n o d e r m a t a : H o l o t h u r o i d e a ) . M e m . H o u r g l a s s C r u i s e s 
7, 1 - 7 9 . 

M i l l e r , J . E . and R . L . T u r n e r , 1 9 8 6 . P s o l u s p a w s o n i 
( E c h i n o d e r m a t a : H o l o t h u r o i d e a ) , a n e w b a t h y a l sea 
c u c u m b e r f r o m t h e F l o r i d a E a s t C o a s t . P r o c . B i o l . S o c . 
W a s h . 9 9 , 4 7 8 - 4 8 5 . 

M o n n i o t , C . and M . S e g o n z a c , 1 9 8 5 . La c a m p a g n e o c e a n o g r -
a p h i q u e a b y s s a l A b y p l a i n e . C a r a c t e r i s t i q u e s d e s s t a t i o n s 
et d e s p e u p l e m e n t s b e n t h i q u e s . O c e a n o l . A c t a 8U 6 7 - 7 6 . 

M o r t e n s e n , T h . 1 9 2 7 . H a n d b o o k of t h e e c h i n o d e r m s of t h e 
B r i t i s h I s l e s . 4 7 1 p p . O x f o r d U n i v e r s i t y P r e s s , L o n d o n . 

M o t o k a w a , T . , 1 9 8 4 . C o n n e c t i v e t i s s u e c a t c h in 
e c h i n o d e r m s . B i o l . R e v . 5 9 , 2 5 5 - 2 7 0 . 

M u r r a y , J . , 1 8 9 5 . A s u m m m a r y of t h e s c i e n t i f i c r e s u l t s 
o b t a i n e d at t h e s o u n d i n g , d r e d g i n g and t r a w l i n g s t a t i o n s 
of t h e " H . M . S . C h a l l e n g e r " . C h a l l e n g e r R e p . , S u m m a r y 
R e s . 2, 7 9 7 - 1 6 0 8 . 

N a y l o r , D. and S . N . M o u n t e n e y , 1 9 7 5 . G e o l o g y of t h e n o r t h -
w e s t E u r o p e a n c o n t i n e n t a l s h e l f . Vol T1 G r a h a m T r o t m a n 
D u d l e y , 1 6 2 p p . 

N a y l o r , D . and P . S h a n n o n , 1 9 8 2 . G e o l o g y of o f f s h o r e 
I r e l a n d and w e s t B r i t a i n . G r a h a m and T r o t m a n . 
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O c k e l m a n n , K . , 1 9 6 5 . D e v e l o p m e n t a l t y p e s in m a r i n e 
b i v a l v e s and t h e i r d i s t r i b u t i o n a l o n g t h e A t l a n t i c c o a s t 
of E u r o p e . P r o c . F i r s t . E u r , m a l a c . C o n g r . L o n d o n 1 9 6 2 , 
2 5 - 3 5 . 

O h s h i m a , H . , 1 9 1 5 . R e p o r t on t h e h o l o t h u r i a n s c o l l e c t e d by 
t h e " A l b a t r o s s " in t h e n o r t h w e s t e r n P a c i f i c . P r o c . U . S . 
n a t n . M u s . 4 8 , 2 1 3 - 2 9 1 . 

O h t a , S . , 1 9 8 3 . P h o t o g r a p h i c c e n s u s of l a r g e - s i z e d 
b e n t h i c o r g a n i s m s in t h e b a t h y a l z o n e of S u r u g a B a y , 
C e n t r a l J a p a n . B u l l . O c e a n R e s . I n s t . U n i v . T o k y o , N o . 

O h t a , S . , 1 9 8 5 . P h o t o g r a p h i c o b s e r v a t i o n s o f t h e s w i m m i n g 
b e h a v i o u r of t h e d e e p - s e a p e l a g o t h u r i i d h o l o t h u r i a n 
E n y p n i a s t e s ( E l a s i p o d a , H o l o t h u r i o i d e a ) . J. o c e a n o g r . 
S o c . J a p a n 4 1 , 1 2 1 - 1 3 3 . 

O s t e r b e r g , C . , A . G . C a r e y and H . C u r l , 1 9 6 3 . A c c e l e r a t i o n 
of s i n k i n g r a t e s of r a d i o n u c l i d e s in t h e o c e a n . N a t u r e 
2 0 0 , 1 2 7 6 - 1 2 7 7 . 

O s t e r g r e n , H j . , 1 9 3 8 . S t u d i e n u b e r d i e S e e w a l z e n . 
G o t e b o r g s K. V e t e n s k . - o . V i t t e r S a m h . H a n d l . 5 B , 5 ^ 1 - 1 5 1 . 

P a n n i n g , A . , 1 9 4 9 . V e r s u c h e i n e r n e u o r d n u n g d e r f a m i lie 
C u c u m a r i i d a e ( H o l o t h u r i o i d e a , D e n d r o c h i r o t a ) . Z o o l . J b . 
( S y s t . ) 7 8 , 4 0 3 - 4 7 0 . 

P a w s o n , D . L . , 1 9 6 5 . T h e b a t h y a l h o l o t h u r i a n s of t h e New 
Z e a l a n d r e g i o n . Z o o l o g y P u b i s . V i c t . U n i v . W e l l i n g t o n 
3 9 , 1 - 3 3 . 

P a w s o n , D . L . , 1 9 6 6 . E c o l o g y of h o l o t h u r i a n s . In R . A . 
B o o l o o t i a n ( e d . ) . P h y s i o l o g y of E c h i n o d e r m a t a . p . 6 3 - 7 1 . 
N e w Y o r k , I n t e r s c i e n c e . 

P a w s o n , D . L . , 1 9 6 9 . H o l o t h u r o i d e a f r o m C h i l e . R e p o r t N o . 
46 of t h e L u n d U n i v e r s i t y C h i l e e x p e d i t i o n 1 9 4 8 - 1 9 4 9 . 
S a r s i a 3 8 , 1 2 1 - 1 4 5 . 

P a w s o n , D . L . , 1 9 7 0 . T h e m a r i n e f a u n a of N e w Z e a l a n d : sea 
c u c u m b e r s ( E c h i n o d e r m a t a : H o l o t h u r i o i d e a ) . N e w Z e a l a n d 
O c e a n o g r a p h i c I n s t . M e m . N o . 5 2 , 7 1 p p . 

P a w s o n , D . L . , 1 9 7 1 . S e c o n d N e w Z e a l a n d r e c o r d of t h e 
h o l o t h u r i a n g i a n t l a r v a A u r i c u l a r i a n u d i b r a n c h i a t a C h u n 
N . Z . J l . m a r , f r e s h w . 

P a w s o n , D . L . , 1 9 7 6 . S o m e a s p e c t s of t h e b i o l o g y of d e e p -
sea e c h i n o d e r m s . T h a l a s s i a j u g o s l . 12, 2 8 7 - 2 9 3 . 
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P a w s o n , D . L . , 1 9 8 2 a . D e e p - s e a e c h i n o d e r m s in t h e T o n g u e of 
t h e O c e a n , B a h a m a I s l a n d s , a s u r v e y , u s i n g t h e r e s e a r c h 
s u b m e r s i b l e " A l v i n " . M e m . A u s t . M u s . N o . 16, 1 2 9 - 1 4 5 . 

P a w s o n , D . L . , 1 9 8 2 b . H o l o t h u r o i d e a . In S . P . P a r k e r ( e d . ) , 
S y n o p s i s and c l a s s i f i c a t i o n of l i v i n g o r g a n i s m s , V o l . 2. 
pi 8 1 3 - 8 1 8 . N e w Y o r k , M c G r a w - H i l l . 

P a w s o n , D . L . , 1 9 8 6 . P s y c h r o p o t e s h y a l i n u s , n e w s p e c i e s , a 
s w i m m i n g elasipo'3 sea c u c u m b e r ( E c h i n o d e r m a t a : 
H o l o t h u r o i d e a ) f r o m t h e N o r t h C e n t r a l P a c i f i c O c e a n . 
P r o c . B i o l . S o c . W a s h . 9 8 , 5 2 3 - 5 2 5 . 

P a w s o n , D . L . and H . B . F e l l , 1 9 6 5 . A r e v i s e d 
c l a s s i f i c a t i o n of t h e d e n d r o c h i r o t e h o l o t h u r i a n s . 
B r e v i o r a N o . 2 1 4 , 1 - 7 . 

P a w s o n , D . L . and E . J . F o e l l , 1 9 8 6 . P e n i a g o n e l e a n d e r , new 
s p e c i e s , an a b y s s a l b e n t h o p e l a g i c sea c u c u m b e r 
( E c h i n o d e r m a t a : H o l o t h u r o i d e a ) f r o m t h e e a s t e r n 
c e n t r a l P a c i f i c O c e a n . B u l l . M a r . S c i . 3 8 , 2 9 3 - 2 9 9 . 

P e a r s e , J . S . , 1 9 6 5 . R e p r o d u c t i v e p e r i o d i c i t i e s in s e v e r a l 
c o n t r a s t i n g p o p u l a t i o n s of O d o n t a s t e r v a l i d u s K o e h l e r , a 
c o m m o n a n t a r c t i c a s t e r o i d . A n t a r c t i c R e s . S e r . 5^ 3 9 - 8 5 . 

P e q u e g n a t , W . E . , B . M . J a m e s , A . H . B o u m a , W . R . B r y a n t and 
A . D . F r e d e r i c k s , 1 9 7 2 . P h o t o g r a p h i c s t u d y of t h e d e e p -
sea e n v i r o n m e n t of t h e G u l f of M e x i c o . In T e x a s A&M 
U n i v e r s i t y : O c e a n o g r a p h i c S t u d i e s V o l . 3, p p . 6 7 - 1 2 8 . 

P e r r i e r , R . , 1 8 9 6 . S u r les E l a s i p o d e s r e c u e i l l i s p a r le 
" T r a v a i l l e u r " et le " T a l i s m a n " . C . r . h e b d . S e a n c . 
A c a d . S c i . , P a r i s 1 2 3 , 9 0 0 - 9 0 3 . 

P e r r i e r , R . , 1 9 0 2 . H o l o t h u r i e s . E x p e d . s c i e n t . T r a v a i l l e u r 
T a l i s m a n 5^ 2 7 3 - 5 5 4 . 

P i e l o u , E . G . , 1 9 7 4 . P o p u l a t i o n and c o m m u n i t y e c o l o g y : 
p r i n c i p a l s and m e t h o d s . N e w Y o r k , G o r d o n and B r e a c h . 
4 2 4 p p . 

P r i m , P . , J . M . L a w r e n c e and R . L . T u r n e r , 1 9 7 6 . P r o t e i n , 
c a r b o h y d r a t e , and l i p i d l e v e l s of t h e a d u l t b o d y w a l l of 
A c t i n o p y g a a g a s s i z i , S y n a p t u l a h y d r i f o r m i s and P e n t a c t a 
p y g m a e a I E c h i n o d e r m a t a " ! H o l o t h u r o i d e a ) . C o m p . B i o c h e m . 
P h y s i o l . 5 5 B , 3 0 7 - 3 0 9 . 

R e x , M . A . , 1 9 7 7 . Z o n a t i o n in d e e p - s e a g a s t r o p o d s : t h e 
i m p o r t a n c e of b i o l o g i c a l i n t e r a c t i o n s to r a t e s of 
z o n a t i o n . In B . F . K e e g a n , P . O ' C e i d i g h a n d P . J . S . B o a d e n 
( e d s ) . B i o l o g y in b e n t h i c o r g a n i s m s , p . 5 2 1 - 5 3 0 . O x f o r d , 
P e r g a m o n P r e s s . 
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R e x , M . A . and A . W a r e n , 1 9 8 2 . P l a n k t o t r o p h i c d e v e l o p m e n t 
in d e e p - s e a p r o s o b r a n c h s n a i l s f r o m t h e w e s t e r n N o r t h 
A t l a n t i c . D e e p - S e a R e s . 2 9 , 1 7 1 - 1 8 4 . 

R e x , M . A . , C . A . van U m m e r s e n and R . D . T u r n e r , 1 9 7 9 . 
R e p r o d u c t i v e p a t t e r n in t h e a b y s s a l s n a i l B e n t h o n e l l a 
t e n e l l a ( J e f f r e y s ) . In S . E . S t a n c y k ( e d . ) , R e p r o d u c t i v e 
e c o l o g y of m a r i n e i n v e r t e b r a t e s , p . 1 7 3 - 1 8 8 . C o l u m b i a , 
U n i v e r s i t y of S o u t h C a r o l i n a P r e s s . 

R e y s , J . P . , 1 9 5 9 . T h y o n e c h e r b o n n i e r i n o v . s p . et 
r e m a r q u e s s u r le g e n r e T h y o n e en M e d i t e r r a n e e . R e e l . 
T r a v . S t n . m a r . E n d o u m e 2 9 , 1 7 3 - 1 7 5 . 

R h o a d s , D . C . and O . K . Y o u n g , 1 9 7 1 . A n i m a l - s e d i m e n t 
r e l a t i o n s in C a p e Cod B a y , M a s s a c h u s e t t s . II. R e w o r k i n g 
by M o l p a d i a o o l i t i c a ( H o l o t h u r o i d e a ) . M a r . B i o l . 11, 
2 5 5 - 7 6 7 1 

R i c c , A . L . , 1 9 8 6 . B r i t i s h o c e a n o g r a p h i c v e s s e l s 1 8 0 0 - 1 9 5 0 . 
L o n d o n , T h e Ray S o c i e t y . 

R i c e , A . L . , R . G . A l d r e d , D . S . M . B i l l e t t a n d M . H . T h u r s t o n , 
1 9 7 9 . T h e c o m b i n e d u s e of an e p i b e n t h i c s l e d g e and a 
d e e p - s e a c a m e r a to g i v e q u a n t i t a t i v e r e l e v a n c e to m a c r o -
b e n t h o s s a m p l e s . A m b i o S p e c . R e p . 5 9 - 7 2 . 

R i c e , A . L . , R . G . A l d r e d , E. D a r l i n g t o n and R . A . W i l d , 
1 9 8 2 . T h e q u a n t i t a t i v e e s t i m a t i o n o f t h e d e e p - s e a 
m e g a b e n t h o s , a n e w a p p r o a c h to an old p r o b l e m . O c e a n o l . 
A c t a 5^ 6 3 - 7 2 . 

R i c e , A . L . , D . S . M . B i l l e t t , J. F r y , A . W . G . J o h n , R . S . 
L a m p i t t , R . F . C . M a n t o u r a and R . J . M o r r i s , 1 9 8 6 . S e a s o n a l 
d e p o s i t i o n of p h y t o d e t r i t u s to t h e d e e p - s e a f l o o r . P r o c . 
R o y . S o c . E d i n b . 8 8 B , 2 6 5 - 2 7 9 . 

R i c h a r d s o n , M . D . , K . B . B r i g g s and D . K . Y o u n g , 1 9 8 5 . 
E f f e c t s o f b i o l o g i c a l a c t i v i t y by a b y s s a l b e n t h i c 
m a c r o i n v e r t e b r a t e s on a s e d i m e n t a r y s t r u c t u r e in t h e 
V e n e z u e l a B a s i n . M a r . G e o l . 6 8 , 2 4 3 - 2 6 7 . 

R o b e r t s , D . , 1 9 7 9 . D e p o s i t - f e e d i n g m e c h a n i s m s and r e s o u r c e 
p a r t i t i o n i n g in t r o p i c a l h o l o t h u r i a n s . J . e x p . m a r . 
B i o l . E c o l . 3 7 , 4 3 - 5 6 . 

R o b e r t s , D . and C . B r y c e , 1 9 8 2 . F u r t h e r o b s e r v a t i o n s on 
t e n t a c u l a r f e e d i n g m e c h a n i s m s in h o l o t h u r i a n s . J. e x p . 
m a r . B i o l . E c o l . 5 9 , 1 5 1 - 1 6 3 . 
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R o b e r t s , D . G . , P . M . H u n t e r and A . S . L a u g h t o n , 1 9 7 9 . 
B a t h y m e t r y of t h e n o r t h e a s t A t l a n t i c : c o n t i n e n t a l m a r g -
in a r o u n d t h e B r i t i s h I s l e s . D e e p - S e a R e s . 2 6 , 4 1 7 - 4 2 8 . 

R o b i s o n , B . H . and T . M . L a n c r a f t , 1 9 8 4 . A n u p w a r d t r a n s p o r t 
m e c h a n i s m f r o m t h e b e n t h o s . N a t u r w i s s e n s c h a f t e n 7 1 , 3 2 2 . 

R o e , H . S . J . and D . M . S h a l e , 1 9 7 9 . A new m u l t i p l e 
r e c t a n g u l a r m i d w a t e r t r a w l ( R M T 1 + 8 M ) a n d s o m e m o d i f i c -
a t i o n s to t h e I n s t i t u t e of O c e a n o g r a p h i c S c i e n c e s ' R M T 
1 + 8 . M a r . B i o l . 2 8 3 - 2 8 8 . 

R o k o p , F . J . , 1 9 7 4 . R e p r o d u c t i v e p a t t e r n s in t h e d e e p - s e a 
b e n t h o s . S c i e n c e 1 8 6 , 7 4 3 - 7 4 5 . 

R o k o p , F . J . , 1 9 7 7 . S e a s o n a l r e p r o d u c t i o n o f t h e b r a c h i o p o d 
F r i e l e i a h a l l i i and t h e s c a p h o p o d C a d u l u s c a l i f o r n i c u s 
"TE b a t h y a l d e p t h s in t h e d e e p s e a . M a r . B i o l . 4 3 , 
2 3 7 - 2 4 6 . — 

R o s s , D . A . , 1 9 7 0 . I n t r o d u c t i o n to o c e a n o g r a p h y . New Y o r k , 
M e r e d i t h C o r p o r a t i o n . 3 8 4 p p . 

R o w e , G . T . , 1 9 7 1 . O b s e r v a t i o n s on b o t t o m c u r r e n t s and 
e p i b e n t h i c p o p u l a t i o n s in H a t t e r a s S u b m a r i n e C a n y o n . 
D e e p - S e a R e s . 18, 5 6 9 - 5 8 1 . 

R o w e , G . T . , 1 9 7 2 . T h e e x p l o r a t i o n of s u b m a r i n e c a n y o n s and 
t h e i r b e n t h i c f a u n a l a s s e m b l a g e s . P r o c . R o y . S o c . E d i n b . 
B 7 3 , 1 5 9 - 1 6 9 . 

R o w e , G . T . , 1 9 7 4 . T h e e f f e c t s of t h e b e n t h i c f a u n a on t h e 
p h y s i c a l p r o p e r t i e s of d e e p - s e a s e d i m e n t s . In A . L . 
I n d e r b i t z e n ( e d . ) , D e e p - S e a s e d i m e n t s , p . 3 8 1 - 4 0 0 . New 
Y o r k , P l e n u m . 

R o w e , G . T . and D . W . M e n z e l , 1 9 7 1 . Q u a n t i t a t i v e b e n t h i c 
s a m p l e s f r o m t h e d e e p G u l f of M e x i c o w i t h s o m e c o m m e n t s 
on t h e m e a s u r e m a n t of d e e p - s e a b i o m a s s . B u l l . M a r . S c i . 
2J^ 5 5 6 - 5 6 6 . 

R o w e , G . T . and R . J . M e n z i e s , 1 9 6 9 . Z o n a t i o n of l a r g e 
b e n t h i c i n v e r t e b r a t e s in t h e d e e p sea o f f t h e C a r o l i n a s . 
D e e p - S e a R e s . 16, 5 3 1 - 5 3 7 . 

R o w e , G . T . , P . T . P o l l o n i and R . L . H a e d r i c h , 1 9 8 2 . T h e 
d e e p - s e a m a c r o b e n t h o s on t h e c o n t i n e n t a l m a r g i n of t h e 
n o r t h w e s t A t l a n t i c O c e a n . D e e p - S e a R e s . 2 9 , 2 5 7 - 2 7 8 . 

R u t g e r s v a n d e r L o e f f , M . M . and M . S . S . L a v a l e y e , 1 9 8 6 . 
S e d i m e n t s , f a u n a and t h e d i s p e r s a l of r a d i o n u c l i d e s at 
t h e N . E . A t l a n t i c d u m p s i t e f o r l o w - l e v e l r a d i o a c t i v e 
w a s t e . R e p o r t of t h e D u t c h D O R A p r o g r a m . T e x e l , 
N e t h e r l a n d s I n s t i t u t e f o r S e a R e s e a r c h . 1 3 4 p p . 
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S a n d e r s , H . L . , 1 9 7 9 . E v o l u t i o n a r y e c o l o g y a n d l i f e - h i s t o r y 
p a t t e r n s in t h e d e e p s e a . S a r s i a 6 4 , 1 - 7 . 

S a r s , M . , 1 8 6 8 . Om n o g l e E c h i n o d e r m e r og C o e l e n t e r a t e r 
f u n d e ved L o f o t e n . F o r h . V i d e n s k S e l s k . K r i s t . 1 8 6 7 , 
1 9 - 2 3 . 

S c h e l t e m a , R . S . , 1 9 7 2 . R e p r o d u c t i o n a n d d i s p e r s a l of 
b o t t o m d w e l l i n g d e e p - s e a i n v e r t e b r a t e s : a s p e c u l a t i v e 
s u m m a r y . In R . W . B r a u e r ( e d . ) , B a r o b i o l o g y and 
e x p e r i m e n t a l b i o l o g y in t h e d e e p s e a , pi 5 8 - b b . C h a p e l 
H i l l , U n i v e r s i t y of N o r t h C a r o l i n a P r e s s . 

S c h o e n e r , A . , 1 9 6 8 . E v i d e n c e f o r r e p r o d u c t i v e p e r i o d i c i t y 
in t h e d e e p s e a . E c o l o g y 4 9 , 8 1 - 8 7 . 

S c h o e n e r , A . , 1 9 7 2 . F e c u n d i t y and p o s s i b l e m o d e of 
d e v e l o p m e n t of s o m e d e e p - s e a o p h i u r o i d s . L i m n o l . 
O c e a n o g r . 17, 1 9 3 - 1 9 9 . 

S i b u e t , M . , 1 9 7 4 . C h e r b o n n i e r a u t r i c u l u s g e n . n o v . , s p . 
n o v . , p e t i t e H o l o t h u r i e ( M o l p a d o n i a , R o l p a d i i d a e ) d e s 
v a s e s a b y s s a l e s du N o r d - E s t A t l a n t i q u e . C . r. h e b d . 
S e a n c . A c a d . S c i . , P a r i s (D) 2 7 9 , 1 4 4 3 - 1 4 4 5 . 

S i b u e t , M . , 1 9 7 7 . R e p a r t i t i o n et d i v e r s i t e des 
e c h i n o d e r m e s ( H o l o t h u r i d e s - A s t e r i d e s ) en z o n e p r o f o n d e 
d a n s 1e G o l f e de G a s c o g n e . D e e p - S e a R e s . 2 4 , 5 4 9 - 5 6 3 . 

S i b u e t , M . , 1 9 8 0 . A d a p t a t i o n des e c h i n o d e r m e s a la v i e 
a b y s s a l e . In M . J a n g o u x ( e d . ) , E c h i n o d e r m s : p r e s e n t and 
p a s t , p . 2 3 3 - 2 4 0 . R o t t e r d a m , B a l k e m a . 

S i b u e t , M . , 1 9 8 4 . Les i n v e r t e b r e s d e t r i t i v o r e s d a n s I ' e c o -
s y s t e m e a b y s s a l . S e l e c t i o n de la n o u r r i t u r e et r e g i m e 
a l i m e n t a i r e c h e z les h o l o t h u r i e s . O c e a n i s 10, 6 2 3 - 6 3 9 . 

S i b u e t , M . , 1 9 8 5 . Q u a n t i t a t i v e d i s t r i b u t i o n of e c h i n o d e r m s 
( H o l o t h u r o i d e a , A s t e r o i d e a , O p h i u r o i d e a , E c h i n o i d e a ) in 
r e l a t i o n to o r g a n i c m a t t e r in t h e s e d i m e n t , in d e e p sea 
b a s i n s of t h e A t l a n t i c O c e a n . In B . F . K e e g a n and B . D . S . 
O ' C o n n o r ( e d s ) , E c h i n o d e r m a t a : P r o c e e d i n g s of t h e F i f t h 
I n t e r n a t i o n a l E c h i n o d e r m C o n f e r e n c e , G a l w a y . pi 9 9 - 1 0 8 . 
R o t t e r d a m , B a l k e m a . 

S i b u e t , M . and J . M . L a w r e n c e , 1 9 8 1 . O r g a n i c c o n t e n t and 
b i o m a s s of a b y s s a l h o l o t h u r o i d s ( E c h i n o d e r m a t a ) f r o m t h e 
Bay of B i s c a y . M a r . B i o l . 6 5 , 1 4 3 - 1 4 7 . 

S i b u e t , M . and M . S e g o n z a c , 1 9 8 5 . A b o n d a n c e et r e p a r t i t i o n 
de I ' e p i f a u n e m e g a b e n t h i q u e . In L. L a u b i e r and C. 
M o n n i o t ( e d s ) , P e u p l e m e n t s p r o f o n d s du G o l f e de 
G a s c o g n e . C a m p a g n e s B i o g a s . p . 1 4 3 - 1 5 6 . B r e s t , I F R E M E R . 
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S i b u e t , M . , A . K h r i p o u n o f f , J. D e m i n g , R . C o l w e l l and A . 
D i n e t , 1 9 8 2 . M o d i f i c a t i o n of t h e gut c o n t e n t s in t h e 
d i g e s t i v e t r a c t of a b y s s a l h o l o t h u r i a n s . In J . M . 
L a w r e n c e ( e d . ) , E c h i n o d e r m s , P r o c e e d i n g s of t h e 
I n t e r n a t i o n a l C o n f e r e n c e , l a m p a b a y \ p . 4 z i - 4 z w . 
R o t t e r d a m , B a l k e m a . 

S i b u e t , M . , C . M o n n i o t , D . D e s b r u y e r e s , A . D i n e t , A . 
K h r i p o u n o f f , G . T . R o w e and M . S e g o n z a c , 1 9 8 4 . P e u p l e -
m e n t s b e n t h i q u e s et c a r a c t e r i s t i q u e s t r o p h i q u e s du m i l -
ieu d a n s 1 a p l a i n e a b y s s a l e de D e m e r a r a . O c e a n o l . A c t a 
7, 3 4 5 - 3 5 8 . 

S m i t h , C . R . , 1 9 8 6 . N e k t o n f a l l s , l o w - i n t e n s i t y d i s t u r b a n c e 
and c o m m u n i t y s t r u c t u r e of i n f a u n a l b e n t h o s in t h e d e e p 
s e a . J. m a r . R e s . 4 4 , 5 6 7 - 6 0 0 . 

S m i t h , C . R . and S . C . H a m i l t o n , 1 9 8 3 . E p i b e n t h i c m e g a f a u n a 
of a b a t h y a l b a s i n o f f s o u t h e r n C a l i f o r n i a : p a t t e r n s of 
a b u n d a n c e , b i o m a s s and d i s p e r s i o n . D e e p - S e a R e s . 30, 
9 0 7 - 9 2 8 . 

S m i t h , C . R . , P . A . J u m a r s and D . J . D e M a s t e r , 1 9 8 6 . In situ 
s t u d i e s of m e g a f a u n a l m o u n d s i n d i c a t e r a p i d s e d i m e n t 
t u r n o v e r and c o m m u n i t y r e s p o n s e at t h e d e e p - s e a f l o o r . 
N a t u r e 3 2 3 , 2 5 1 - 2 5 3 . 

S m i t h , K . L . , 1 9 7 8 . B e n t h i c c o m m u n i t y r e s p i r a t i o n in t h e 
N . W . A t l a n t i c O c e a n : in s i t u m e a s u r e m e n t s f r o m 4 0 to 
5 2 0 0 m . M a r . B i o l . 3 3 7 - 3 4 7 . 

S m i t h , K . L . , 1 9 8 3 . M e t a b o l i s m of t w o d o m i n a n t e p i b e n t h i c 
e c h i n o d e r m s m e a s u r e d at b a t h y a l d e p t h s in t h e S a n t a 
C a t a l i n a B a s i n . M a r . B i o l . 7 2 , 2 4 9 - 2 5 6 . 

S o k o l o v a , M . N . , 1 9 5 8 . T h e f o o d of t h e d e e p - w a t e r b e n t h i c 
i n v e r t e b r a t e d e t r i t o p h a g e s . T r u d y I n s t . O k e a n o l . 2 7 , 
1 2 3 - 1 5 3 . 

S o m e r o , G . N . , J . F . S i e b e n a l l e r and P . W . H o c h a c h k a , 1 9 8 3 . 
B i o c h e m i c a l and p h y s i o l o g i c a l a d a p t a t i o n s of d e e p - s e a 
a n i m a l s . In G . T . R o w e ( e d . ) . T h e S e a , V o l . 8 . D e e p - s e a 
b i o l o g y , p . 2 6 1 - 3 3 0 . N e w Y o r k , W i l e y - I n t e r s c i e n c e . 

S o u t a r , A . , S . J o h n s o n , K. F i s c h e r and J . D y m o n d , 1 9 8 1 . 
S a m p l i n g t h e s e d i m e n t - w a t e r I n t e r f a c e - e v i d e n c e f o r an 
o r g a n i c - r i c h s u r f a c e l a y e r . E O S 6 2 , 9 0 5 . 

S t a n l e y D . J . and G . K e l l i n g , 1 9 6 8 . P h o t o g r a p h i c 
I n v e s t i g a t i o n of s e d i m e n t t e x t u r e , b o t t o m c u r r e n t a c t i v -
i t y , and b e n t h o n i c o r g a n i s m s in t h e W i l m i n g t o n S u b m a r i n e 
C a n y o n . U . S . C o a s t G u a r d O c e a n o g r . R e p . 2 2 , 9 5 p p . 
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S t r a t h m a n n , R . , 1 9 7 7 . Egg s i z e , l a r v a l d e v e l o p m e n t , and 
j u v e n i l e s i z e in b e n t h i c m a r i n e i n v e r t e b r a t e s . A m . N a t . 
1 1 1 , 3 7 3 - 3 7 6 . 

S t r a t h m a n n , R . , 1 9 7 8 . L e n g t h of p e l a g i c p e r i o d in e c h i n o -
d e r m s w i t h f e e d i n g l a r v a e f r o m t h e n o r t h e a s t P a c i f i c . 
J. e x p . m a r . B i o l . E c o l . 3 4 , 2 3 - 3 7 . 

S t r a t h m a n n , R. and K. V e d d e r , 1 9 7 7 . S i z e and o r g a n i c 
c o n t e n t of e g g s of e c h i n o d e r m s and o t h e r i n v e r t e b r a t e s 
as r e l a t e d to d e v e l o p m e n t a l s t r a t e g i e s a n d egg e a t i n g . 
M a r . B i o l . 3^\ 3 0 5 - 3 0 9 . 

S u c h a n e k , T . H . , S . L . W i l l i a m s , J . C . O g d e n , O . K . H u b b a r d 
and I . P . G i l l , 1 9 8 5 . U t i l i z a t i o n of s h a l l o w - w a t e r s e a -
g r a s s d e t r i t u s by C a r i b b e a n d e e p - s e a m a c r o f a u n a : 6 13 C 
e v i d e n c e . D e e p - S e a R e s . 3 2 , 2 0 1 - 2 1 4 . 

S u e s s , E . , 1 9 8 0 . P a r t i c u l a t e o r g a n i c c a r b o n f l u x in t h e 
o c e a n s - s u r f a c e p r o d u c t i v i t y and o x y g e n u t i l i z a t i o n . 
N a t u r e 2 8 8 , 2 6 0 - 2 6 3 . 

T a b o r , P . S . , J . W . D e m i n g , K. O h w a d a a n d R . R . C o l w e l l , 
1 9 8 2 . A c t i v i t y and g r o w t h of m i c r o b i a l p o p u l a t i o n s in 
p r e s s u r i z e d d e e p - s e a s e d i m e n t and a n i m a l gut s a m p l e s . 
A p p l . E n v i r o n . M i c r o b i o l . 4 4 , 4 1 3 - 4 2 2 . 

T a n o u , E. and N. H a n d a , 1 9 8 0 . V e r t i c a l t r a n s p o r t of 
o r g a n i c m a t e r i a l s in t h e n o r t h e r n N o r t h P a c i f i c as 
d e t e r m i n e d by s e d i m e n t t r a p e x p e r i m e n t . J. o c e a n o g r . 
S o c . J a p a n 3 6 , 2 3 1 - 2 4 5 . 

T h e e l , H . , 1 8 8 2 . R e p o r t of t h e H o l o t h u r i o i d e a d r e d g e d by 
" H . M . S . C h a l l e n g e r " d u r i n g t h e y e a r s 1 8 7 3 - 1 8 7 6 . P a r t 1. 
R e p . s c i e n t . R e s u l t s V o y . C h a l l e n g e r ( Z o o l . ) 4 ( 1 3 ) , 
1 - 1 7 6 . -

T h e e l H . , 1 8 8 6 a . R e p o r t on t h e H o l o t h u r i o i d e a d r e d g e d by 
" H . M . S . C h a l l e n g e r " d u r i n g t h e y e a r s 1 8 7 3 - 1 8 7 6 . P a r t 2. 
R e p , s c i e n t . R e s u l t s V o y . C h a l l e n g e r ( Z o o l . ) 14 ( 3 9 ) , 
1 - 2 9 0 . 

T h e e l , H . , 1 8 8 6 b . R e p o r t on t h e H o l o t h u r i o i d e a in t h e 
" B l a k e " e x p e d i t i o n . B u l l . M u s . c o m p . Z o o l . H a r v . 13 (1), 
1 - 2 1 . 

T h o m s o n , C . W . , 1 8 7 3 . T h e d e p t h s of t h e s e a . L o n d o n , 
M a c m i l l a n . 5 2 7 p p . 

T h o r s o n , G . , 1 9 5 0 . R e p r o d u c t i v e and l a r v a l e c o l o g y of 
m a r i n e b o t t o m i n v e r t e b r a t e s . B i o l R e v . 2 5 , 1 - 4 5 . 

T h u r s t o n , M . H . , D . S . M . B i l l e t t and E. H a s s a c k , 1 9 8 7 . An 
a s s o c i a t i o n b e t w e e n E x s p i n a t y p i c a L a n g ( T a n a i d a c e a ) and 
d e e p - s e a h o l o t h u r i a n T l m a r , b i o l . A s s . U . K . 6 7 , 1 1 - 1 5 . 
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T u r e k i a n , K . K . , J . K . C o c h r a n , D . P . K h a r k a r , R . M . C e r r a t o , 
J . M . V a i s n y s , H . L . S a n d e r s , J . F . G r a s s l e and J . A . A l l e n , 
1 9 7 5 . S l o w g r o w t h r a t e of a d e e p - s e a c l a m d e t e r m i n e d by 
2 2 8 R a c h r o n o l o g y . P r o c . N a t . A c a d . S c i . U S A , 7 2 , 
2 8 2 9 - 2 8 3 2 . 

T u r n e r , R . L . and J . M . L a w r e n c e , 1 9 7 9 . V o l u m e and 
c o m p o s i t i o n of e c h i n o d e r m e g g s : i m p l i c a t i o n s f o r t h e 
u s e of egg s i z e in l i f e - h i s t o r y m o d e l s . In S . E . S t a n c y k 
( e d . ) . R e p r o d u c t i o n of m a r i n e i n v e r t e b r a t e s , p. 2 5 - 4 0 . 
C o l u m b i a U n v e r s i t y of S o u t h C a r o l i n a P r e s s . 

T y l e r P . A . 
e c o l o g y 
A t l a n t i c 

and D . S . M . B i l l e t t , in p r e s s . T h e r e p r o d u c t i v e 
of e l a s i p o d i d h o l o t h u r i a n s f r o m t h e N . E . 
B i o l . O c e a n o g r . 

T y l e r , P . A . and J . D . G a g e , 1 9 7 9 . R e p r o d u c t i v e e c o l o g y of 
d e e p - s e a o p h i u r o i d s f r o m t h e R o c k a l l T r o u g h . In E . N a y l o r 
and R . G . H a r t n o l l ( e d s ) . C y c l i c p h e n o m e n a in m a r i n e 
p l a n t s and a n i m a l s , p. 2 1 5 - 2 2 7 1 O x f o r d , P e r g a m o n P r e s s . 

T y l e r , P . A . and J . D . G a g e , 1 9 8 0 . R e p r o d u c t i o n and g r o w t h 
of t h e d e e p - s e a b r i t t l e s t a r O p h i u r a l j u n g m a n i ( L y m a n ) . 
O c e a n o l . A c t a 3, 1 7 7 - 1 8 5 . 

T y l e r , 
of Y p s l l o t h u r i a 

and J . D . G a g e 

D e n d r o c h i r o t a ) f r o m t h e 
A s s . U . K . 6 3 , 6 0 9 - 6 1 6 

t ^ ^ i s m a n i ( H o l o t h u r i o i d e a : 
A t l a n t i c . 

T h e r e p r o d u c t i v e b i o l o g y 

J m a r , b i d 

T y l e r , P . A . and J . D . G a g e , 1 9 8 4 . T h e r e p r o d u c t i v e b i o l o g y 
of e c h i n o t h u r i i d and c i d a r i d sea u r c h i n s f r o m t h e d e e p 
sea ( R o c k a l l T r o u g h , N o r t h - E a s t A t l a n t i c O c e a n ) . 
M a r . B i o l . 8 0 , 6 3 - 7 4 . 

T y l e r , P . A . and J . D . G a g e , 1 9 8 4 . S e a s o n a l r e p r o d u c t i o n of 
E c h i n u s a f f i n i s ( E c h i n o d e r m a t a : E c h i n o i d e a ) in t h e 
R o c k a l l T r o u g h , n o r t h e a s t A t l a n t i c O c e a n . D e e p - S e a R e s . 
3j^ 3 8 7 - 4 0 2 . 

T y l e r , P . A . and A . M u i r h e a d , 1 9 8 6 . S t u d i e s of t h e 
r e p r o d u c t i v e b i o l o g y of d e e p - s e a m e g a b e n t h o s . V I . T h e 
A s p i d o c h i r o t a ( H o l o t h u r i o i d e a , E c h i n o d e r m a t a ) . D O E 
c o n t r a c t r e p o r t N o . D O E / R W / 8 0 6 5 . 

T y l e r , P . A . and S . L . P a i n , 1 9 8 2 . T h e r e p r o d u c t i v e b i o l o g y 
of P l u t o n a s t e r b i f r o n s , D y t a s t e r i n s i g n i s and P s i l a s t e r 
a n d r o m e d a ( A s t e r o i d e a 1 A s t r o p e c t i n i d a e ) f r o m t h e 
R o c k a l l T r o u g h . J. m a r , b i o l . A s s . U . K . 6 2 , 8 6 9 - 8 8 7 . 

T y l e r , P . A . , A . G r a n t , S . L . P a i n and J . D . G a g e , 1 9 8 2 . Is 
a n n u a l r e p r o d u c t i o n in d e e p - s e a e c h i n o d e r m s a r e s p o n s e 
to v a r i a b i l i t y in t h e i r e n v i r o n m e n t ? N a t u r e 3 0 0 , 
7 4 7 - 7 5 0 . 
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T y l e r , P . A . , A . M u i r h e a d , D . S . M . B i l l e t t and J . D . G a g e , 
1 9 8 5 a . R e p r o d u c t i v e e c o l o g y of d e e p - s e a h o l o t h u r i a n s 
L a e t m o g o n e v i o l a c e a and B e n t h o g o n e r o s e a ( E l a s i o p o d a : 
H o i o t M u r l o i d e a ) . M a r . E c o T l P r o g . S e r . 2 7 , 2 6 9 - 2 7 3 . 

T y l e r , P . A . , J . D . G a g e and D . S . M . B i l l e t t , 1 9 8 5 b . L i f e -
h i s t o r y b i o l o g y of P e n i a g o n e a z o r i c a a n d P. d i a p h a n a 
( E c h i n o d e r m a t a : H o l o t h u r i o i d e a ) f r o m t h e n o r t h - e a s t 
A t l a n t i c O c e a n . M a r . B i o l . 8 9 , 7 1 - 8 1 . 

T y l e r , P . A . , A . M u i r h e a d , J . D . G a g e a n d D . S . M . B i l l e t t , 
1 9 8 5 c . G a m e t o g e n i c s t r a t e g i e s in d e e p - s e a e c h i n o i d s and 
h o l o t h u r i a n s f r o m t h e N . E . A t l a n t i c . In B . F . K e e g a n and 
B . D . S . O ' C o n n o r ( e d s ) , E c h i n o d e r m a t a : P r o c e e d i n g s of 
t h e F i f t h I n t e r n a t i o n a l E c h i n o d e r m C o n f e r e n c e , G a l w a y . 
pi 1 3 5 - 1 4 0 . R o t t e r d a m , B a l K e m a . 

T y l e r , P . A . , D . S . M . B i l l e t t and J . D . G a g e , 1 9 8 7 . T h e 
e c o l o g y and r e p r o d u c t i v e b i o l o g y of C h e r b o n n i e r a 
u t r i c u l u s and M o l p a d i a b l a k e i f r o m t h e N . E . A t l a n t i c . 
J. m a r ; " F i o l . A s s . U . K . 6 7 , 3 8 5 - 3 9 7 . 

V a n g r i e s h e m , A . , 1 9 8 5 . H y d r o l o g i e et c i r c u l a t i o n p r o f o n d e . 
In L. L a u b i e r and C . M o n n i o t . ( e d s ) , P e u p l e m e n t s p r o f o n d s 
du G o l f e de G a s c o g n e . C a m p a g n e s B i o g a s . p . 4 3 - / 0 . B r e s t , 
I F R E M E R . 

V e r r i l l , A . E . , 1 8 8 4 . N o t i c e of a r e m a r k a b l e m a r i n e f a u n a 
o c c u p y i n g t h e o u t e r b a n k s o f f t h e s o u t h e r n c o a s t of New 
E n g l a n d , N o . 9 . A m . J. S c i . 2 8 , 2 1 3 - 2 2 0 . 

W a l k e r , M . , P . A . T y l e r and D . S . M . B i l l e t t , 1 9 8 7 a . 
B i o c h e m i c a l and c a l o r i f i c c o n t e n t of d e e p - s e a 
a s p i d o c h i r o t i d h o l o t h u r i a n s f r o m t h e n o r t h e a s t A t l a n t i c 
O c e a n . C o m p . B i o c h e m . P h y s i o l . 8 8 A , 5 4 9 - 5 5 1 . 

W a l k e r , M . , P . A . T y l e r and D . S . M . B i l l e t t , 1 9 8 7 b . O r g a n i c 
and c a l o r i f i c c o n t e n t of t h e b o d y t i s s u e s of d e e p - s e a 
e l a s i p o d i d h o l o t h u r i a n s in t h e n o r t h e a s t A t l a n t i c O c e a n . 
M a r . B i o l . 9 6 , 2 7 7 - 2 8 2 . 

Wei i k y , K . , E. S u e s s , C . A . U n g e r e r , P . J . M u l l e r and K. 
F i s c h e r , 1 9 8 3 . P r o b l e m s w i t h a c c u r a t e c a r b o n m e a s u r e -
m e n t s in m a r i n e s e d i m e n t s and p a r t i c u l a t e m a t t e r in s e a -
w a t e r : A n e w a p p r o a c h . L i m n o l . O c e a n o g r . 2 8 , 1 2 5 2 - 1 2 5 9 . 

W e s e n b u r g - L u n d , E. 1 9 4 1 . N o t e s on P o l y c h a e t a . 1. V i d e n s k . 
M e d d r . d a n s k . n a t u r h . F o r e n . 1 0 5 , 3 1 - 4 8 . 

W e s t o n , J . F . , 1 9 8 5 . C o m p a r i s o n b e t w e e n R e c e n t b e n t h i c 
f o r a m i n i f e r a l f a u n a s of t h e P o r c u p i n e S e a b i g h t and 
w e s t e r n a p p r o a c h e s c o n t i n e n t a l s l o p e . J . M i c r o p a l . 4, 
1 6 5 - 1 8 3 . " 
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W i s h n e r , K . F . , 1 9 8 0 . T h e b i o m a s s o f t h e d e e p - s e a 
b e n t h o p e l a g i c p l a n k t o n . D e e p - S e a R e s . 2 7 , 2 0 3 - 2 1 6 . 

Y a m a g u c h i , M . , 1 9 7 4 . L a r v a l l i f e span o f t h e c o r a l reef 
a s t e r o i d G o m o p h i a e g y p t y a c a G r a y . M i c r o n e s i c a j. C o l l . 
G u a m 10, 6 7 - 6 4 . 

Y a m a g u c h i , M . and J . S . L u c a s , 1 9 8 4 . N a t u r a l p a r t h e n o -
g e n e s i s , l a r v a l and j u v e n i l e d e v e l o p m e n t , and 
g e o g r a p h i c a l d i s t r i b u t i o n of t h e c o r a l r e e f a s t e r o i d 
O p h i d i a s t e r g r a n i f e r . M a r . B i o l . 8 3 , 3 3 - 4 2 . 

Y a y a n o s , A . A . , A . S . D i e t z and R . V . B o x t e l , 1 9 7 9 . I s o l a t i o n 
of a d e e p - s e a b a r o p h i l i c b a c t e r i u m a n d s o m e of its 
g r o w t h c h a r a c t e r i s t i c s . S c i e n c e 2 0 5 , 8 0 8 - 8 1 0 . 

Y i n g s t , J . Y . , 1 9 7 4 . T h e u t i l i z a t i o n o f o r g a n i c d e t r i t u s 
and a s s o c i a t e d m i c r o o r g a n i s m s by P a r a s t i c h o p u s 
p a r v i m e n s i s , a b e n t h i c d e p o s i t - f e e d i n g h o i o t h u r i a n . 
P h . D . t h e s i s . U n i v e r s i t y S o u t h C a l i f o r n i a , Los A n g e l e s , 
1 5 4 p . 

Y o u n g , C . M . and J . L . C a m e r o n , 1 9 8 7 . L a b o r a t o r y and in situ 
f l o a t a t i o n r a t e s of l e c i t h o t r o p h i c e g g s f r o m t h e b a t h y a l 
e c h i n o i d P h o r m o s o m a p l a c e n t a . D e e p - S e a R e s . 3 4 , 
1 6 2 9 - 1 6 3 9 . ' 

Y o u n g , D . K . , W . H . J a h n , M . D . R i c h a r d s o n a n d A . W . L o h a n i c k , 
1 9 8 5 . P h o t o g r a p h s of d e e p - s e a L e b e n s s p u r e n : A c o m p a r -
ison of s e d i m e n t a r y p r o v i n c e s in t h e V e n e z u e l a B a s i n , 
C a r i b b e a n S e a . M a r . G e o l . 6 8 , 2 6 9 - 3 0 1 . 

Z e n k e v i t c h , L . A . and Y a . B i r s t e i n , 1 9 6 0 . O n t h e p r o b l e m of 
t h e a n t i q u i t y of t h e d e e p - s e a f a u n a . D e e p - S e a R e s . 7, 
1 0 - 2 3 . -
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Appendix 1. Station data for epibenthic sledge, bottom trawl and mid-
water trawl hauls in which holothurians were present in the Porcupine 
Seabight and Porcupine Abyssal Plain. Station numbers are preceeded by 
a gear code : BNF - fine mesh epibenthic sledge sample; BNC - coarse 
mesh epibenthic sledge sample; OT - Otter trawl; GT - Granton trawl; 
ST - single warp trawl; RMT8 - lOS Rectangular Midwater Trawl. For 
references to the types of gear used see page 62. For details of how 
the area sampled was calculated see page 63. 

A. Benthic Samples. 

Station Date min D max D Deg. N Deg. 
*10,000m=*10,000m' 

W Area posn Area Odo 

OT 9638- 2 9: 11 :77 4043 4104 49 50 14 07 4.788 
OT 9640- 1 11: 11 :77 3749 3757 50 03 13 51 9.605 

OT 9752- 1 7: 4 :78 1007 1042 51 16 11 43 3.352 
OT 9753- 4 7: 4 :78 1942 1947 50 55 12 12 5.533 
BNF 9753- 7 8: 4 .78 1942 1942 50 55 12 11 0.247 
OT 9753- 8 8: 4 :78 1942 1942 50 55 12 11 3.352 
BNF 9754- 3 9: 4 :78 1484 1484 51 08 12 02 0.484 
OT 9756- 3 11: 4 .78 4080 4156 49 48 14 15 5.442 
OT 9756- 5 12: 4 78 4012 4020 49 49 14 06 7.661 
BNF 9756- 9 13; 4 .78 4039 4069 49 47 14 02 0.631 0. 125 
BNF 9756- 14 15: 4 78 3680 3697 50 04 13 56 1.026 0. 144 
OT 9774- 1 21: 4 78 1494 1572 51 04 11 59 4.448 
BNC 9775- 3 22: 4 78 2012 2IM9 50 57 12 22 1.003 0. 064 
OT 9776- 1 23: 4 78 800 808 49 29 11 38 3.671 
BNF 9776- 2 23: 4 78 770 785 49 23 11 36 0.537 0. 184 
OT 9777- 2 23: 4 78 205 280 49 15 11 15 6.709 
OT 9778- 1 24: 4 78 1016 1055 49 15 12 07 3.463 
BNF 9779- 1 24: 4 78 1398 1404 49 22 12 49 0.700 0. 191 

BNC 10106- 1 4: 9 79 2300 2315 50 42 12 51 1.020 
BNF 10108- 1 5: 9 79 1385 1390 49 21 12 49 0.474 
BNF 10109- 8 7: 9 79 1120 1130 49 12 12 19 0.816 
BNC 10110- 1 7: 9 79 920 930 49 19 11 43 0.552 
BNF 10111- 8 9: 9 79 1630 1640 49 33 13 07 0.637 0. 152 
BNF 10112- 1 9: 9 79 2645 2660 50 25 13 19 0.871 
BNF 10112- 2 9: 9 79 2640 2650 50 25 13 20 0.216 0. 071 
BNF 10112- 3 10: 9. 79 2740 2750 50 19 13 26 0.577 0. 131 
BNF 10113- 1 10: 9- 79 2755 2760 50 16 13 32 0.309 0. 126 
BNF 10114- 1 10: 9. 79 4040 4060 49 46 14 08 0.268 0. 111 
BNF 10115- 1 11: 9 79 3900 3950 49 46 13 56 0.391 0. 136 
BNC 10120- 1 13: 9: 79 400 400 49 28 11 21 0.272 0. 101 

OT 11116- 1 24: 5: 84 4800 4800 47 45 15 25 10.518 
OT 11118- 1 25: 5: 84 4450 4680 45 31 18 34 10.358 

OT 50503- 1 1: 6: 79 992 1042 51 37 13 15 3.666 
GT 50504- 1 1: 6: 79 970 975 51 55 12 53 
GT 50505- 1 1: 6: 79 1270 1300 51 44 12 48 
GT 50506- 1 2: 6: 79 490 490 51 57 13 35 
GT 50507- 1 2: 6: 79 770 795 51 52 13 17 
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*10,000mz *10,000mz 
Station Date min D max D Deg, . N Deg . W Area posn Area Odo 

ST 50508- 1 3: : 6 :79 980 980 51 34 13 18 
OT 50509- 1 3: ; 6: :79 1490 1523 51 14 13 17 3.666 
OT 50510- 1 3: : 6 :79 1925 1960 51 06 13 00 5.579 
OT 50511- 1 4: : 6: :79 2405 2435 50 32 12 59 6.535 
OT 50512- 1 4: 6: :79 3022 3110 50 12 13 35 6.535 
OT 50513- 1 5; : 6; :79 3400 3600 50 06 14 00 6.693 
OT 50514- 1 5: 6: :79 4017 4095 49 42 14 01 8.129 
OT 50515- 1 6: , 6; :79 4505 4515 49 45 15 06 6.854 
OT 50517- 1 7: 6: :79 1785 1794 49 28 13 18 4.304 
OT 50518- 1 7: , 6: :79 2045 2110 49 27 13 21 6.535 
OT 50519- 1 8: 6: :79 1431 1465 49 30 12 46 4.941 
GT 50520- 1 8: 6: ;79 1230 1245 49 35 12 07 
GT 50521- 1 8: 6: :79 965 970 49 30 11 49 
OT 50522- 1 8; 6: :79 965 1000 49 25 11 45 3.826 
OT 50523- 1 9: 6: :79 455 490 49 30 11 25 3.347 
OT 50524- 1 9; 6: :79 736 790 49 36 11 36 6.057 

OT 50601- 1 1; 7: :79 770 927 51 20 11 42 5.100 
BNF 50602- 2 1: 7: :79 1955 1980 51 01 13 07 0.602 
OT 50602- 3 2: 7: :79 1817 1930 51 07 13 21 8.610 
BNF 50603- 1 2: 7: ;79 4000 4000 49 45 14 01 0.779 
BNF 50604- 1 4; 7: ;79 3490 3550 50 06 13 52 0.852 
BNF 50605- 1 5: 7: :79 2820 2930 50 11 13 30 0.944 
BNC 50606- 1 6; 7: :79 1110 1120 50 40 14 10 0.443 0.137 
OT 50606- 2 6: 7: :79 1080 1120 50 41 14 03 4.140 
BNC 50606- 5 6: 7: :79 1120 1140 50 43 13 57 0.417 
OT 50607- 1 7: 7: :79 700 712 51 02 14 10 4.460 
BNC 50607- 2 7; 7; ;79 700 700 51 01 14 07 0.467 0.146 
BNC 50608- 2 7: 7: :79 510 510 51 19 14 23 0.848 0.212 
BNC 50609- 1 8: 7: :79 400 400 51 40 14 16 0.085 0.068 
OT 50609- 3 8: 7: :79 405 410 51 38 14 21 3.826 
BNC 50610- 1 8: 7: :79 980 980 51 26 13 24 0.306 0.075 
OT 50611- 1 8: 7: :79 1365 1410 51 18 13 18 6.217 
BNC 50613- 1 9; 7; :79 2440 2440 50 30 13 03 0.474 

OT 50701- 1 11: 10; :79 2870 2890 54 34 11 54 
OT 50702- 1 13: 10: :79 755 815 51 17 11 38 2.550 
OT 50703- 1 13: 10; :79 1575 1625 49 33 12 34 
OT 50704- 1 13: 10; ;79 1260 1265 49 40 12 07 
OT 50705- 1 14: 10; ;79 740 745 49 24 11 32 3.347 
GT 50707- 1 15: 10; :79 770 790 49 54 11 16 
GT 50708- 1 16: 10: ;79 1050 1065 49 23 12 01 
GT 50709- 1 16: 10; :79 1260 1260 49 24 12 22 
OT 50710- 1 17: 10: :79 1800 2000 49 34 13 28 
OT 50711- 1 18: 10: :79 4780 4795 49 53 15 36 9.177 
OT 50712- 1 19: 10: :79 2700 2775 50 11 13 21 4.655 
GT 50713- 1 20: 10: :79 1245 1275 51 22 13 18 
GT 50714- 1 20: 10: ,79 925 960 51 45 13 15 
OT 50715- 1 21: 10: :79 1635 1720 51 20 12 57 3.990 
GT 50716- 1 21: 10: ,79 745 750 51 53 13 26 
GT 50717- 1 21: 10: :79 500 510 52 00 13 33 
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:10,000m2*10,000m: 
Station Date min D max D Deg N Deg . W Area posn Area Odo 

OT 50801- 1 30 7 80 1245 1285 49 35 12 11 4.782 
OT 50802- 1 30 7 80 1857 1910 49 40 12 37 3.826 
GT 50803- 1 31 7 80 450 555 49 26 11 28 
ST 50804- 1 31 7 80 690 690 49 25 11 33 
GT 50805- 1 31 7 80 1000 1000 49 36 11 51 
OT 50806- 1 1 8 80 510 515 49 27 11 27 4.460 
OT 50807- 1 1 8 80 790 795 49 24 11 37 4.140 
OT 50808- 1 1 8 80 955 965 49 35 11 49 
GT 50809- 1 1 8 80 1250 1250 49 32 12 10 
OT 50810- 1 2 8 80 1605 1694 49 34 12 42 4.460 
OT 50811- 1 2 8 80 4350 4400 49 39 14 34 7.970 
BNF 50812- 1 3 8 80 4080 4100 49 45 14 10 0.179 
OT 50812- 2 3 8 80 4035 4140 49 53 14 17 10.361 
OT 50813- 1 4 8 80 3640 3715 50 14 14 08 8.129 
OT 50814- 1 4 8 80 2715 3000 50 20 13 32 22.344 
OT 50815- 1 5 8 80 1280 1344 51 36 13 04 
GT 50816- 1 5 8 80 1000 1000 51 46 13 05 
GT 50817- 1 6 8 80 750 750 51 55 13 15 
GT 50818- 1 6 8 80 515 520 52 00 13 31 
OT 50819- 1 6 8 80 500 512 52 05 13 29 3.188 
OT 50820- 1 6 8 80 714 725 51 55 13 19 5.420 
OT 50821- 1 6 8 80 982 990 51 48 13 05 5.260 
OT 50822- 1 7 8 80 2095 2150 50 57 13 12 10.773 
BNC 50823- 1 8 8 80 2830 2830 50 12 13 32 0.208 

OT 50902- 1 7 11 80 1825 1865 51 16 12 47 4.941 
OT 50903- 1 7 11 80 1250 1265 51 16 13 24 4.620 
OT 50904- 1 8 11 80 1020 1035 51 20 13 28 5.100 
OT 50905- 1 8 11 80 755 820 51 42 13 24 5.100 
OT 50906- 1 9 11 80 2585 2705 50 25 13 27 8.290 
OT 50907- 1 10 11 80 2820 3120 49 53 13 32 8.610 
OT 50910- 1 10 11 80 4265 4320 49 50 14 45 9.245 
BNF 50913- 1 12 11 80 3000 3040 50 12 13 40 0.373 
BNC 50914- 1 12 11 80 2790 2810 50 16 13 30 0.164 

OT 51002- 1 1 5 81 490 490 52 20 13 19 
OT 51003- 1 1 5 81 740 760 52 01 13 02 
OT 51007- 1 2 5 81 1020 1030 51 46 13 06 
OT 51008- 1 2. 5 81 1350 1370 51 36 13 02 
OT 51009- 1 2 5 81 1510 1535 51 34 12 54 
OT 51010- 1 2- 5 81 1780 1800 51 19 12 29 
OT 51011- 1 3 5 81 2165 2180 50 45 12 15 
OT 51012- 1 5. 5 81 3880 3920 49 51 13 58 
OT 51015- 1 6 5 81 2520 2540 49 55 12 57 
OT 51021- 1 9: 5 81 1860 1875 49 39 12 41 
OT 51022- 1 9- 5 81 1575 1600 49 33 12 39 
OT 51023- 1 9: 5 81 1270 1275 49 30 12 11 
OT 51025- 1 10- 5 81 460 480 49 27 11 25 
OT 51026- 1 10: 5 81 730 750 49 25 11 34 
OT 51027- 1 10- 5 81 970 985 49 32 11 51 
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*10,000m2*10,000m 
Station Date min D max D Deg N Deg W Area posn Area Odo 

BNC 51102- 1 21: 5 81 520 530 52 01 13 27 0.309 0.138 
BNC 51103- 4 21: 5 81 950 960 51 48 13 10 0.272 0.145 
BNC 51103- 5 21: 5 81 930 950 51 47 13 13 0.391 0.246 
BNC 51104- 1 22: 5 81 1370 1390 51 24 13 04 0.391 0.141 
BNC 51105- 3 22: 5 81 2020 2030 51 04 12 54 0.511 0.140 
BNC 51105- 4 24: 5 81 1985 1993 51 05 12 59 0.300 
BNC 51106- 1 24: 5 81 2510 2520 50 29 13 06 0.342 0.142 
BNC 51109- 1 26: 5 81 3940 3960 49 51 14 02 0.459 0.218 
BNC 51109- 2 27: 5 81 3980 3990 49 48 14 09 0.649 0.221 
BNC 51110- 3 28: 5 81 2785 2800 50 16 13 31 0.443 0.218 
BNC 51110- 4 28: 5 81 2718 2755 50 14 13 26 0.711 0.220 
BNC 51111- 1 28: 5 81 2660 2670 50 21 13 23 0.631 0.209 
BNC 51 Ill- 2 28: 5 81 2620 2620 50 23 13 20 0.212 0.205 
BNC SM112- 1 29: 5 81 515 530 51 26 13 59 0.379 0.199 
BNC 51112- 4 29: 5 81 550 560 51 25 13 57 0.513 0.141 
BNC 51113- 2 30: 5 81 1530 1540 51 15 13 13 0.646 0.223 

OT 51201- 1 16: 9 81 1970 1980 51 06 12 54 3.188 
OT 51205- 1 17: 9 81 1373 1394 51 40 12 49 
OT 51206- 1 18: 9 81 1200 1210 51 40 13 00 
BNC 51208- 1 19: 9 81 1170 1200 51 41 13 01 0.523 0.128 
BNC 51208- 3 20: 9 81 1170 1185 51 41 13 01 0.241 0.080 
OT 51213- 1 26: 9 81 1895 1980 50 44 11 56 1.793 
OT 51214- 1 27: 9 81 3800 3820 49 59 14 05 5.100 
BNC 51216- 1 28: 9 81 4070 4070 49 48 14 10 0.467 0.288 
BNC 51216- 3 28: 9 81 4050 4050 49 50 14 07 0.461 0.278 
OT 51216- 4 29: 9 81 3970 4000 49 52 14 07 6.217 
BNC 51216- 5 29: 9 81 4030 4040 49 48 14 05 0.621 0.273 
BNF 51217- 1 30: 9 81 150 150 50 36 10 18 0.290 0.095 
OT 51217- 2 30: 9 81 135 141 50 38 10 08 9.314 

OT 51302- 1 17: 2 82 310 350 52 41 13 31 
OT 51303- 1 18: 2 82 510 580 52 09 13 21 
OT 51304- 1 18: 2 82 760 820 51 51 13 20 
OT 51305- 1 18: 2 82 965 1005 51 50 13 05 
OT 51306- 1 19: 2 82 1205 1230 51 44 12 53 3.029 
OT 51307- 1 19: 2 82 1415 1490 51 26 13 01 
OT 51308- 1 20: 2 82 1715 1770 51 13 13 02 
OT 51309- 1 20: 2 82 4190 4255 49 35 14 01 9.883 
OT 51310- 1 21: 2 82 2455 2500 49 52 12 57 
OT 51311- 1 21: 2 82 1940 2010 49 51 12 23 
GT 51312- 1 22: 2 82 700 750 49 27 11 37 
GT 51313- 1 22: 2 82 1225 1265 49 33 12 12 
OT 51314- 1 22: 2 82 1425 1455 49 32 12 29 
GT 51315- 1 23: 2 82 980 1050 49 33 11 52 
OT 51318- 1 24: 2 82 665 705 49 23 11 34 
OT 51319- 1 24: 2 82 255 275 49 28 11 18 
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*10,000m2* 10,000m 2 
Station Date min D max D Deg N Deg W Area posn Area Odo 

OT 51401- 1 24: 3 .82 287 307 51 10 11 25 3.666 
BNF 51403- 1 25: 3 82 1292 1314 51 37 13 00 0.448 0.175 
BNF 51403- 2 25: 3 82 1317 1325 51 37 12 59 0.236 0.092 
BNF 51403- 3 25: 3 82 1319 1325 51 37 12 59 0.156 0.105 
BNF 51403- 4 26: 3 :82 1319 1333 51 37 13 00 0.332 0.096 
BNF 51403- 5 26: 3 82 1289 1297 51 37 12 59 0.203 0.088 
BNF 51403- 6 26: 3 82 1278 1295 51 37 12 59 0.094 
OT 51403- 7 26: 3 82 1255 1330 51 37 12 59 4.140 
OT 51404- 1 26: 3 82 740 760 51 54 13 18 4.140 
BNC 51405- 1 27: 3 82 492 503 52 01 13 31 0.302 0.127 
BNC 51406- 1 27: 3 82 1072 1091 51 23 13 22 0.251 0.150 
BNC 51407- 1 27: 3 82 1489 1511 51 20 13 04 0.520 0.144 
BNC 51408- 1 27: 3 82 1994 2001 51 04 12 54 0.458 0.183 
OT 51409- 1 28: 3 82 1651 1717 51 18 12 58 4.460 
OT 51411- 1 29: 3 82 2470 2500 50 24 13 00 7.332 
BNC 51412- 1 29: 3 82 2760 2790 50 18 13 29 0.749 0.345 
OT 51413- 1 30: 3 82 2770 2940 50 10 13 33 7.811 
OT 51414- 1 30: 3 82 4180 4310 49 41 14 13 10.278 
BNC 51414- 31: 3 82 4070 4090 49 47 14 09 0.574 0.299 
BNC 51415- 1 31: 3 82 3470 3510 50 07 13 53 0.408 0.290 
BNF 51416- 1 31: 3 82 2780 2790 50 17 13 31 0.201 0.140 
BNC 51417- 1 1: 4 82 2770 2790 50 10 13 22 0.313 0.149 
OT 51419- 1 1: 4 82 1488 1529 51 18 13 06 4.460 
BNF 51420- 1 2: 4 82 1326 1328 51 37 12 59 0.172 0.093 
BNC 51420- 2 2: 4 82 1304 1309 51 37 12 59 0.163 0.089 
BNF 51420- 3 2: 4 82 1293 1298 51 38 12 59 0.117 0.090 
BNF 51420- 4 2: 4 82 1279 1287 51 38 13 00 0.163 0.091 

BNC 51603- 2 18: 7 82 2730 2740 50 18 13 24 0.198 0.137 
BNC 51604- 1 19: 7 82 2890 2920 50 15 13 38 0.291 0.140 
OT 51608- 1 19: 7 82 4270 4370 49 38 14 27 7.992 
OT 51610- 1 20: 7 82 3310 3660 50 03 13 53 9.927 
OT 51611- 1 21: 7 82 2640 2700 50 19 13 21 10.185 
OT 51613- 1 21: 7 82 2200 2240 50 48 12 54 8.370 
BNC 51622- 1 24: 7 82 158 158 50 35 10 20 0.265 0.169 

BNC 51707- 1 12: 4 83 1205 1230 51 39 13 01 0.951 
BNC 51708- 2 13: 4- 83 1430 1470 51 31 12 59 0.513 0.216 
BNC 51715- 2 18: 4 83 1450 1535 51 30 12 59 0.664 
BNC 51717- 2 18: 4 83 1970 1980 51 05 12 56 0.228 0.160 

OT 51801- 1 24: 9. 83 1700 1740 51 21 12 31 
OT 51803- 1 26: 9 83 3920 3990 49 37 13 49 
OT 51804- 1 26: 9 83 3015 3180 49 56 13 26 
OT 51805- 1 27: 9 83 2430 2545 49 55 12 58 
OT 51810- 1 29: 9 83 1011 1021 49 33 11 53 
OT 51811- 1 30: 9 83 685 707 49 34 11 33 
OT 51812- 1 30: 9 83 505 550 49 29 11 26 
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*10,000m2* lO.OOOm* 
Station Date min D max D Deg N Deg. W Area posn Area Odo 

BNC 52009- 1 19 8 84 1206 1236 51 41 12 59 0.311 0.156 
BNC 52012- 1 20 8 84 984 984 51 48 13 07 0.120 0.076 
BNC 52013- 1 20 8 84 515 525 52 05 13 29 0.123 0.068 
BNC 52017- 1 21 8 84 1457 1472 51 32 12 58 0.203 0.071 
BNC 52019- 1 22 8 84 1725 1736 51 25 12 46 0.212 0.199 

BNC 52203- 1 16: 6 85 1521 1531 51 26 13 01 0.190 0.148 
BNC 52204- 1 16: 6 85 1295 1310 51 37 13 00 0.092 0.071 
BNC 52211- 1 IB: 6 85 1693 1738 51 11 13 15 0.324 0.141 
BNC 52213- 1 20: 6 85 2405 2420 50 33 12 59 0.320 0.136 
BNC 52214- 1 21: 6 85 4050 4075 49 52 14 15 1.400 0.453 
BNC 52215- 1 22: 6 85 4561 4565 49 30 14 49 0.651 0.350 
BNC 52216- 8 25: 6 85 4803 4832 48 48 16 38 0.605 0.405 
BNC 52218- 1 26: 6 85 1433 1447 49 25 12 50 0.431 0.232 

BNC 52403-14 5: 12 86 4850 4860 49 02 16 00 

B. Pelagic samples. 

m above '10,000mr 
Station Date Min D Max D seabed Deg N. Deg W. Vo l . filt 

RMTB 9756-2 10: 4:79 1000 1500 c . 2750 49 53 14 10 12 .007 
RMT8 9756-10 14: 4:79 3000 3500 c . 750 49 47 14 04 11 .782 
RMTB 9756-11 14: 4:79 4000 4012 c . 12 49 50 14 05 10 .003 
RMT8 50603-2 3: 7:79 3720 3940 c . 160 49 54 14 09 3, .865 
RMTB 50603-3 3: 7:79 3700 3900 c . 150 49 53 14 04 3 .636 
RMTB 50605-2 5: 7:79 2640 2750 c . 15 50 07 13 12 4 .850 
RMTB 52403-21 8:12:86 c.4850 c.4850 0 49 15 16 35 
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A p p e n d i x 2 . P u b l i c a t i o n list, 

B i l l e t t , 1 9 8 6 . T h e r i s e and r i s e of 
c u c u m b e r . New S c i e n t i s t N o . 1 5 0 0 , 4 8 - 5 1 . 

t h e sea 

B i l l e t t , D . S . M 
H . S . J . R o e et 

1 9 8 7 . E c h i n o d e r m a t a . 
a l . , G r e a t M e t e o r E a s t 

c h a r a c t e r i s a t i o n , p . 1 6 3 - 1 8 0 
S c i e n c e s R e p o r t N o . 2 4 8 . 

S e c t i o n 2 8 . In 
: A b i o l o g i c a l 

I n s t i t u t e of O c e a n o g r a p h i c 

B i l l e t t , D . S . M . and B . H a n s e n , 1 9 8 2 . A b y s s a l a g g r e g a t i o n s 
of K o l g a h y a l i n a D and K ( E c h i n o d e r m a t a , H o l o t h u r i o i d e a ) 
in t h e n o r t h e a s t A t l a n t i c O c e a n , a p r e l i m i n a r y r e p o r t . 
D e e p - S e a R e s . 2 9 , 7 9 9 - 8 1 8 . 

B i l l e t t , D . S 
S e c t i o n 19. 
b i o l o g i c a l 

M . and Q . J . H u g g e t t , 1 9 8 7 . E c h i n o d e r m a t a . 
In H . S . J . R o e et a l . . G r e a t M e t e o r E a s t : A 

p. 1 6 3 - 1 8 0 . I n s t i t u t e of 
. 2 4 8 . 

c h a r a c t e r i s a t i o n . 
O c e a n o g r a p h i c S c i e n c e s R e p o r t No 

B i l l e t t , D . S . M . , B. H a n s e n and Q . J . H u g g e t t , 1 9 8 5 . P e l a g i c 
H o l o t h u r i o i d e a of t h e n o r t h e a s t A t l a n t i c . In B . F . K e e g a n 
and B . D . S . O ' C o n n o r ( e d s . ) , E c h i n q d e r m a t a : P r o c e e d i n g s 
of t h e F i f t h I n t e r n a t i o n a T 
G a l w a y . 3 9 9 - 4 1 1 

E c h i n o d e r m 
R o t t e r d a m , B a l k e m a 

C o n f e r e n c e , 

B i l l e t t , D . S . M . , C. L l e w e l l y n and J. W a t s o n , in p r e s s . A r e 
d e e p - s e a h o l o t h u r i a n s s e l e c t i v e f e e d e r s ? P r o c e e d i n g s of 
t h e S i x t h I n t e r n a t i o n a l E c h i n o d e r m s C o n f e r e n c e , 
V i c t o r i " R o t t e r d a m , B a l k e m a . 

B i l l e t t , D . S . M . , R . S . L a m p i t t , A . L . R i c e and R . F . C . 
M a n t o u r a , 1 9 8 3 . S e a s o n a l s e d i m e n t a t i o n o f p h y t o p l a n k t o n 
to t h e d e e p - s e a b e n t h o s . N a t u r e 3 0 2 , 5 2 0 - 5 2 2 . 

E l l i s , C . J . , D . S . M . B i l l e t t and M . V . A n g e l , 1 9 8 3 . T h e 
d i s t r i b u t i o n of o c e a n i c c i r r i p e d e s in t h e n o r t h e a s t 
A t l a n t i c in s u m m e r 1 9 8 3 and t h e c o n n o t a t i o n s of t h e 
r e s u l t s t o t h e p r o b l e m s of C o n c h o d e r m a f o u l i n g . lOS 
I n t e r n a l D o c u m e n t N o . 1 9 3 . 

G a g e , J . D . and D . S . M . B i l l e t t , 1 9 8 6 . T h e f a m i l y 
M y r i o t r o c h i d a e T h e e l ( E c h i n o d e r m a t a : H o l o t h u r i o i d e a ) in 
t h e d e e p n o r t h e a s t A t l a n t i c O c e a n . Z o o l . J. L i n n . S o c . 
8^^ 2 2 9 - 2 7 6 . 

G a g e , J . D . , D . S . M . B i l l e t t , M . J e n s e n and P . A . T y l e r , 
1 9 8 5 a . E c h i n o d e r m s of t h e R o c k a l l T r o u g h and a d j a c e n t 
a r e a s . 2 . E c h i n o i d e a a n d H o l o t h u r i o i d e a . B u l l . B r . M u s . 
n a t . H i s t . ( Z o o l . ) 4 8 , 1 7 3 - 2 1 3 . 
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G a g e , J . D . , M . P e a r s o n , D . S . M . B i l l e t t , A . M . C l a r k , M . 
J e n s e n , G . L . J . P a t e r s o n and P . A . T y l e r , 1 9 8 5 b . E c h i n o d e r m 
z o n a t i o n in t h e R o c k a l l T r o u g h (NE A t l a n t i c ) . In B . F . 
K e e g a n and B . D . S . O ' C o n n o r ( e d s . ) , E c h i n o d e r m a t a : 

F i f t h I n t e r n a t i o n a l 
3 1 - 3 6 . R o t t e r d a m , 

P r o c e e d i n g s of t h e 
G a l w a y . p, C o n f e r e n c e 

E c h i n o d e r m 
B a l k e m a . 

H a r v e y , R., J . D . G a g e , D.S.I 
G . L . J . P a t e r s o n , in p r e s s . 
T r o u g h and a d j a c e n t a r e a s . 3 
B r . M u s . n a t . H i s t . ( Z o o l . ) . 

I. B i l l e t t , A . M . C l a r k and 
E c h i n o d e r m s of t h e R o c k a l l 
A d d i t i o n a l r e c o r d s . B u l l . 

K i r k e g a a r d , J . B . and D . S . M . B i l l e t t , 1 9 8 0 . E u n o e 
l a e t m o g o n e n s i s , a n e w s p e c i e s of p o l y n o i d w o r m , c o m m -
e n s a i w i t h t h e b a t h y a l h o l o t h u r i a n L a e t m o g o n e v i o l a c e a , 
in t h e N o r t h - e a s t A t l a n t i c . S t e e n s t r u p i a b, TTII - 1 U 9 . 

L a m p i t t , R . S . and D . S . M . B i l l e t t , 1 9 8 5 . D e e p - s e a 
e c h i n o d e r m s : a t i m e and m o t i o n s t u d y . In B . F . K e e g a n and 
B . D . S . O ' C o n n o r ( e d s ) , E c h i n o d e r m a t a : P r o c e e d i n g s of 
t h e F i f t h I n t e r n a t i o n a l E c h i n o d e r m C o n f e r e n c e , G a l w a y . 
"pi 160 L A b s r a c t J . R o t t e r d a m , B a l k e m a . 

L a m p i t t , R . S . , D . S . M . B i l l e t t and A . L . R i c e 1 9 8 6 . B i o m a s s 
of t h e i n v e r t e b r a t e m e g a b e n t h o s f r o m 5 0 0 t o 4 1 0 0 m in t h e 

A + l a c t i c O c e a n i3, 6 9 - 8 1 

R i c e , A . L . , R . G . A l d r e d , D . S . M . B i l l e t t a n d M . H . T h u r s t o n , 
1 9 7 9 . T h e c o m b i n e d u s e of an e p i b e n t h i c s l e d g e and a 
d e e p - s e a c a m e r a to g i v e q u a n t i t a t i v e r e l e v a n c e to m a c r o -
b e n t h o s s a m p l e s . A m b i o S p e c . R e p . 6^ 5 9 - 7 2 . 

R i c e , A . L . , D . S . M . B i l l e t t , J. F r y , A . W . G . J o h n , R . S . 
L a m p i t t , R . F . C . M a n t o u r a and R . J . M o r r i s , 1 9 8 6 . S e a s o n a l 
d e p o s i t i o n of p h y t o d e t r i t u s to t h e d e e p - s e a f l o o r . P r o c . 
R o y . S o c . E d i n b . 8 8 B , 2 6 5 - 2 7 9 . 

T h u r s t o n , M . H . , D . S . M . B i l l e t t and E. H a s s a c k , 1 9 8 7 . An 
a s s o c i a t i o n b e t w e e n E x s p i n a t y p i c a L a n g ( T a n a i d a c e a ) and 
d e e p - s e a h o l o t h u r i a n s . J. m a r , b i o l . A s s . U . K . 6 7 , 1 1 - 1 5 . 

T y l e r P . A . 
e c o l o g y 
A t l a n t i c 

and D . S . M . B i l l e t t , in p r e s s . T h e r e p r o d u c t i v e 
of e l a s i p o d i d h o l o t h u r i a n s f r o m t h e N . E . 
B i o l . O c e a n o g r . 

T y l e r , P . A . , D . S . M . B i l l e t t and J . D . G a g e , 1 9 8 7 . T h e 
e c o l o g y and r e p r o d u c t i v e b i o l o g y of C h e r b o n n i e r a 
u t r i c u l u s and M o l p a d i a b l a k e i f r o m t h e N . E . A t l a n t i c . 
J. m a r . " F i o l . A s s . U . K . 6 7 , 3 8 5 - 3 9 7 . 

T y l e r , P . A . , J . D . G a g e and D . S . M . B i l l e t t , 1 9 8 5 . L i f e -
h i s t o r y b i o l o g y of P e n i a g o n e a z o r i c a a n d P. d i a p h a n a 
( E c h i n o d e r m a t a : H o l o t h u r i o i d e a ) f r o m t h e n o r t h - e a s t 
A t l a n t i c O c e a n . M a r . B i o l . 8 9 , 7 1 - 8 1 . 
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T y l e r , P . A . , A . M u i r h e a d , D . S . M . B i l l e t t and J . D . G a g e , 
1 9 8 5 . R e p r o d u c t i v e e c o l o g y of d e e p - s e a h o l o t h u r i a n s 
L a e t m o g o n e v i o l a c e a and B e n t h o g o n e r o s e a ( E l a s i o p o d a : 
H o l o t h u r i o i d e a ) . M a r . E c o l . P r o g . S e r . 2 3 , 2 6 9 - 2 7 3 . 

T y l e r , P . A . , A . M u i r h e a d , J . D . G a g e a n d D . S . M . B i l l e t t , 
1 9 8 5 . G a m e t o g e n i c s t r a t e g i e s in d e e p - s e a e c h i n o i d s and 
h o l o t h u r i a n s f r o m t h e N . E . A t l a n t i c . In B . F . K e e g a n and 
B . D . S . O ' C o n n o r ( e d s ) , E c h i n o d e r m a t a : P r o c e e d i n g s of 
t h e F i f t h I n t e r n a t i o n a l t c h l n o d e r m C o n f e r e n c e , G a l w a y . 
"pi 1 3 5 - 1 4 0 . R o t t e r d a m , B a i k e m a . 

T y l e r , P . A . , S . L . P a i n , J . D . G a g e a n d D . S . M . B i l l e t t , 
1 9 8 4 . T h e r e p r o d u c t i v e b i o l o g y of d e e p - s e a f o r c i p u l a t e 
sea s t a r s ( A s t e r o i d e a ) f r o m t h e N E A t l a n t i c O c e a n . 
J. m a r , b i o l . A s s . U . K . 6 4 , 5 8 7 - 6 0 1 . 

W a l k e r , M . , P . A . T y l e r and D . S . M . B i l l e t t , 1 9 8 7 a . 
B i o c h e m i c a l and c a l o r i f i c c o n t e n t of d e e p - s e a 
a s p i d o c h i r o t i d h o l o t h u r i a n s f r o m t h e n o r t h e a s t A t l a n t i c 
O c e a n . C o m p . B i o c h e m . P h y s i o l . 8 8 A , 5 4 9 - 5 5 1 . 

W a l k e r , M . , P . A . T y l e r and D . S . M . B i l l e t t , 1 9 8 7 b . O r g a n i c 
and c a l o r i f i c c o n t e n t of t h e b o d y t i s s u e s of d e e p - s e a 
e l a s i p o d i d h o l o t h u r i a n s in t h e n o r t h e a s t A t l a n t i c O c e a n . 
M a r . B i o l . 9 6 , 2 7 7 - 2 8 2 . 
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