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The  ove ra l l  v i ew  p resenEec i  D ] '  t h i s  scudy  i s  o f  c l ose l y

i n t . e r re l -a ted  Be r i ng /Chukch i  ben th i c  co rnmun i t y  sys ten  tha t  ex tends

unb roken  ove r  t he  en t i r e  con t l nenEa l  she l - f ,  w i t h  t he  Chukch i  Sea

ben thos  p robab l y  re l ' , ' i ng  heav i lT  on  the  Be r i ng  Sea  fo r  boch  food

supp l y  and  poss ib l y  rec ru i t nenE .  I nd l ca t , i ons  a re  t ha t  Eh i s  i s  a

h igh l y  p roduc t i ve  and  re laL i ve l y  s tab le  ben th i c  sys ten  compr i sed

o f  a t  l e a s t  e i g h C  r n a j o r  f a u n a l  r o n e s  o f  c o n s i d e r a b l e  c o r n p l e x i t y .

T h e  e n v i r o r : n e n t a l  f a c E o r  c o r r e i e E i n g  n o s t  s E r o n g l v  w i t h  t h e

d i s t r i bu t i on  o f  Ehese  fauna l  zones  anC w i th  d i s t r i bu t i on  o f

i nd i v i dua l  ma jo r  spec ies  3 -Dpears  Eo  be  seJ : -men t  c ) -Pe ,  t hough

summer  bo t to rn  t enpe r3 tu re  ma \ -  a l so  be  c r i * . j - ca l  .

T h e  d i s t r : b u [ i o n  o f  s t a n c i l n g  s t o c k  b i o m a s s  i n  r e l a c i o n  E o

d i w e r s i l v  s l l o o g s r s  n r e r i a t i o n  o r e s s u r e  o n  t h e  s o u E h e r n  a n d  n o r c h e r n
s r Y v - J r - J  u e o o v v

e x t r e m e s  o f  ; h e  s t u d y  a r e 3 ,  p r e s u n a b l ; . '  E h e  r e s u l :  o f  b e n t h i c -

i o a d i n o  m ? 7 j n 6 r  p - - , * . 1  - ^ n , , l r r i n n '  ^ ^ )  - ^ ^ ^ i ' ^ i ' '  i n  t n e  C a S e  O iJ a a : : [ l l d J .  P U p ( I I d L : u l l 5  d t r u  ! v D J  ! J ! J '  t

t h e  s o u E h e r n  r e g i o n ,  d e n e r s a l  f l s h .

I n  g e n e r a l  c e r ; l s  i c  e p p e e r s  E o  b e  r  s E ; o n E l - y  d e t r i E 3 l - b a s e d

Crop i r i c  sys ten ,  w i t h  an  e ieva ted  s tanC ing  s tock  b iomass  obse rved

i n  t h e  B e r i n g  S c r a i ;  a n d  s o u t i i e r n  C h u k c h i  S e a  r e g i o n ,  p r o b a b l y

the  co rnb ined  resu l t  o f  h i gn  nea r - su r :ace  p r i r na ry  p roduc t i v i t y

d i s t r i b u : i o n s  a a c i  c u r r e i : t  s c r u c : u r e .
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D - : - ^ t  r  ' . , ' r r r l C  I  i l r e  r o  e - ' { n r e s s  s n e e i . e ' l  e r , . 1 t i t u d e  C o  D r .  C .r M L t  r  w u u - u  L . \ P ! L J J  J V L L ^ J !  i ! -

P e t e r  I l c R o v ,  w h o  i n i t  j - a t e d  t . h i s  w h o l e  c o u r s e  o f  e v e n t s  ,  w h o  k e p t

the  fa i t h  i n  t i nes  o f  doub t .  and  who  o f f e rec i  he lp  anc i  ac i v i ce  when

i t  was  neec ied  and  re . i r a i ned  f ron  do ing  so  when  i t  was  no t ,  anc i  t o

E h e  o c h e r  m e n b e r s  o f  m y  c o m n i t t e e :  D r .  F r i n c e s  F a r ' ,  D r .  J o h n

G o e r i ; r o .  D r -  H o w r r i  F * r d + r .  D r .  1 ' - r . - . - - ^ ' .  - - . r D r .  R i C h a r {  N e ' l e i .u v e r  r . r b ,  u L .  r  L u s !  ,  u L  .  r E U  U U V I I E _ V  .  d t l u

I  w o u l d  a l s o  l i k e  t o  e x p r e s s  r r r ' . ' 3 p p r e c i a t l o n  a r d  g r a t i t u d e

C o  E . h e  c a p c a i n ,  o r f i c e r s ,  a r d  c r e w s  o f  E r e  v a r i o u s  s h i p s  x h i c h

^ - -  1  ^ - ,  ^  J
W E L  g  C l l l P t U - \  E U  ! I I  L . r s  d L t , u ! J r L ! U r r  v !

Guard Icebreakers CGC i , ' ; t ' ; iu ina,  CGC , ]1zc: . ; i ' ,  and CGC 3tu" ton is lcr td,

and  the  resea rch  vesse l s  p . , /Y  ALph :  Te l i x  and , ,  espec ia l J -1 ' ,  F . i v  Aaona .

I n  a d d i t i o n  t h e r e  i s  G e c r 3 e  ) l u e l I e r  o !  t h e  ) l i r : n e  S c r t i ; r g  C e n t e r ,

T ' - i . ' o r c i  r . '  ^ r  \ ' l  ^ - l - ^  ' . 1 . . . , . ^  . ' - ; - ;  n i  l - . '  n 1 f -  j p n . F  i n r - r  r r r r l p  z n i ,U l l I V g ! ) ! L , v  U L  n l d > N d t  . ! t l U J g  ! l l - - ^ . r - L  / . .  ,  ! r ! - - L u u L t  o ! ^ u

q e n e r o s i  r v  o F  r r ' - m e  a n d  w i s d c m  n a c l e  p o s s l b i e  t h e  i c i e n t i i : c a t i o n s

r e l a E e d  t o  t h i s  D r o i e c t .

As  rega rd . s  t a : {ono rx l '  anc i  i den t i f  i ca t i cn ,  I  wou i c i  l - i ke , . u i se  l - i ke

t o  e : { r r e s s  m ' r  : h a n k s  t o  K e n  C o v I e .  a l s o  o ;  c h e  } l . i r .  n e  S c r t : n 3  C e n c e r ,

U n i - . ; e r s i t l r  o f  A l a s k c ,  f  o r  h i s  i n v a l u a b l  e  a s s i . ; : 3 n c e  w i t h  r i r e  a n n o h i p o d , s

o f  t h i s  c o l l e c t j - o n ,  t o  R 3 . , ' E a x t e r  o f  t h e  A . l - : s k a  S i a c e  D e D a r t n e n t  o r

F i s h  a n c i  G a n e ,  B e t h e l ,  f o r  h i s  e x : e r t  a d ' " ' i c e  o n  t h e  t r c i l u s k s  c c l l e c t e , : i

. i r r r - . n o  r h i s  s f r r c i . r .  r n r i  f o  n r ! - : e r o ' q , 1  r h i r  n p - s o r r l l e l  o f  t n e  l l a r : : i c

S o r : i n 3  C e n c e r  f  o r :  c h e i r  a d v i c e  a n d  a s s i s t : . n c e .  E s p e c i : : , 1 - . ' ,  I  w o u l d

i i k e  t o  e x p r e s s  m ' /  a p p r e c i a r i o n  t o  C a r c i  l c ' c t : s c ' . - . .  : : r : r e r l ; z  c f  t i r e
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l l a r i ne  So rE ing  CenCer ,  who  compJ-e ted  i nuch  o f  t i ' r e  i n i t i a l  so r t i ng

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

T h a n k s  a l s o  t o  D r .  G .  D .  S h a r m a  a n c i  D r .  S .  I ' a i d u ,  U n i . r e r s i t y  o f

A l a s k a ,  a n d  J o e  D v g a s ,  f  o r m e r L y  o :  t h e  L I e : " ' e r s i l ' '  o f  A I a s k a ,  f  o r

a d v i c e  a n d  a s s i s c 3 n c e  w i E h  i h e  g e c l o g i c a l  s a n r p i e s  a n d  C a t 3 .

I  wou ld  l i ke  t o  e :<p ress  g ra t i t uCe  a l so  t o  t hose  l vhose  a id  i - n

t h e  a r e a  o f  s t a t i s t i c a l  a p p l i c a C i o n  a n d  c o n D u E e r  p r o g r a n m i n g  w a s

i n v a l u a b l e ,  p a r t i c u i - a r l ' z  t o  T v a n  F r o m e ,  J a r n e s  D r ' . ' d e n ,  D r .  C h a r l e s

G e i s c ,  S y d a i e  H a n s o r ' . ,  G r a n t  ) l e t h e i - e ,  a n c i  R o s : : r i e  H o b s o n ,  a l l  o f

o r  f o r n e r i v  o f  t h e  U n i v e r s i c y  o f  A l a s k e .

T h a n k s  a l s o  t o  p e r s o t l n e i  o f  t h e  A l a s k a  D e p a r t n e n t  o f  F i s h

a n d  G a m e ,  p a r t i c u l : r r 1 1 ' J o h n  B u r n s  a n C  C a r l -  G r a v o g l e ,  w h o s e  c o c p e r a -

L i o n  a n d .  a s s i s t a n c e  w a s  c r u c i a l .

To .  A .  J .  Pau i  anc i  Judv  l l acDona ld  I  
" . ; o r . r l i  

l i ke  t o  ex tenc i

, ' - v ' r  c - s n  j  r ' l  ^ . . r i  r l l c . ? -  a r a r a c i .  - i  -  i  -  : -  j  - a r i c : r  f  o r  i h e  v e r ' , 'V e L J  5 P g c l . d r  o ! d L r - u u u t  u / / ! e ! ! J L r L r r r  r r r u  4 u . , r r !

c o n s i c i e r a o i e  e : : p e r c i s e  t h e ' r  p r - ' v i J c c i  a n d  t j - r : c  t h : - r  t h e l - e : l p e n d e d

in  che  anaJ -1 ' s  i s  o i  : i ' . c l - l - usc : rn  ; ge  - rn i  g r c ! , ; t i i  p3 t : e i : ns .

The re  a re  nune rous  o the rs  whcse  a id  ' ' ; as  enJ - i s ted ,  i n  one

f o r n  o r  a n o t h e : ,  i n  i h e  c c m p l e F ' l c n  o f  t h i s  s c u c i , t "  S p a c e  d o e s  n o t

p e r n i C  t h e  n a n i n g  o f  a l L  o f  C h e r : ,  b u t  t o  a l - l  o i  t n e n  I  w o u l - d  e x t e n d

m l /  g r e 3 C  a p p r e c i : t i c n  a n c i  E : r e  h o p e  f n a I  I : a y  s o n e i a ' ' '  b e  a b l e  f o

r o a "  - r n a l l -  D
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Ber ing  Sea

The Bering Sea is essent ial ly an embayment of the North Pacif ic Ocean,

separated from i t  only by the Aleut ian-Komandorsky Is land systems and the

Alaska Peninsula. The si11s betveen the is lands are often of great depth,

somet imes exceed ing  4 ,000 m (F i la tova  and Barsanova,  1964) ,  permi t t ing

vir tual ly unrestr icted exchange between the Bering Sea and the Pacif ic

Ocean. By eontrast,  exchange with the Chukchi Sea and Arct ic Ocean is

l inr i ted co Bering Strai t ,  92 km wide and less Lhan 50 m deep, and is

vir tual ly one-way (from south to north),  though reversals have been ob-

served (Coachman e t  aL . ,  1975) .

The c i rcu la t ion  o f  the  Ber ing  Sea south  o f  SL.  Lawrence Is land fo rms,

in  s imp l i f ied  te rms,  a  huge counter -c loc lc ru ise  gyre  (F ig .  2 )  w i th  Pac i f i c

water enter ing through the Aleut ian passes and moving general ly north

along the eastern side, thus endowing the eastern shelf  wiE.h warmer bottom

temperaEures (Fi latova and Barsanova, L964).  This main f lovz spl i ts below

St. Lawrence Island, part  of  i t  sr ,r inging westr, /ardly and thence back south

a long the  western  marg in ,  the  o ther  PorE ion  conEinu ing  nor th  pas t  S t '

Lawrence and th rough Ber ing  SEra i t  (Takenout i  and Ohcan i ,  1974) .

There are three major r ivers emptying into the Bering -  the Anadyr

on the western side and the Yukcn and Kuskckwin cn the easter i l .  These

three  r i vers  ac .count  f .o r  677"  o f  the  toca l  runof f  o i  403.4 'xm3/y t  rece ived

b y  r h e  B e r i n g ,  w i t h  t h e  Y u k o n  p r o v i d i n g  4 6 2  o f  t h i s  t o t a l  ( L i s i c s y n ,  1 9 6 9 ) .

Sur face  sed i rnents  f rom Nor ton  Sound,  in  ghe pa lh  o f  the  Yukon p lume,

ind ica te  tha t  the  bu lk  o f  the  Yukon f ine  sed imen ls  a re  no t  be ing

depos i ted  upon en ter ing  the  Ber ing  bu t  a re  p robab l -V  be ing  car r j -ed  nor 'uh



F i  cr t 5 Genera l  paE te rns  o f  su r face  c i r cu laE ion  and  ex ten t  o f

\ . / ace r  masses  ove r  Ehe  Be r i ng  Sea  conL inenca l  she l f  '

F r o m  T a k e n o u t i  a n d  O h E a n i  ( L 9 1 4 ) .



i n to  the  Chukch i  (D.  !1 .  Hopk ins ,  U.S.G.S. ,  Men lo  Park ,  persona l  communica-

t ion).  The Anadyr,  on the western side, appears Eo plume south and out

over the abyssal Commander Basin (Fi latova and Barsanova, L964).  These

observat ions have been l in i ted to sunlmer, and may not ref lect winter con-

di t ions when the Bering Sea cont inental  shelf  waters are largely ice-bound.

During a winter submarine survey beneath Ehe ice pack south of SE. Lawrence

Island, a Eurbid layer rnras observed extending from about 35 ur to Lhe bottom,

indicat ing a heavy suspended sediment load and possible winter deposit , l -on,

o f  unknown type or  o r ig in  (persona l  observa t ion) .

The Bering Sea shelf  is extremely f lat ,  averaging 4 to 6 cm/km in

slope and exhibi t ing only scattered minor rel ief  in the form of gent ly

sloping depressions and low mounds and r idges, thought to be sediment-

bur ied  re l i cs  o f  sub-aer ia l  e ros ion  c rea ted  dur ing  per iods  o f  P le is tocene

e m e r g e n c e  ( S c h o 1 1  e t  a L . , 1 9 6 8 ) .  T h e  s e d i n e n E , s  o f  t h e  s h e l f  a r e  g e n e r a l l y

te r r igenous,  s tead i l y  decreas ing  in  par t i c le  s ize  w i th  depth  f rom medium

sand in  the  sha l lovT zones  to  s i l t -c lay  a t  100 m.  Sor t ing  seems to  be

somewhaE cor re la ted  to  la t i rude in  Ehat  those sed iments  nor th  o f  S t .

Larvrence appear to be more homogenous than do Ehose to the souEh, possibly

as  a  resu l t  o f  boEh cur ren t  in t .ens i ty  and d is tance f rom the  major  sed i -

ment  sources  (S toker ,  unpub l ished da ta) .

The pr i rnary  p roduc t iv i t y  o f  the  Ber ing  Sea is  qu i te  h igh ,  averag ing

t ?

L,46  ngC/* ' -h r  fo r  Br is to l  Bay  and 1 .71  mgC/ rn ' -h r  over  the  major  par t  o f

the  nor theas t  she l f  in  sunmer  (Tan iguch i ,  L969) .  Summer  produc t iv i t y  in

the  Ch i r i ko f  Bas in ,  nor t .h  o f  Sc .  Lar , r rence Is land,  can be  even h igher ,  w i th

L8.2  ngC/*3-h ,  recorded a t  one s ta t ion  sampled  ( l l cRoy eL  aL . ,  Lg72) .  Th is



prod.uct iv i ty cornpares favorably with the highest values encounEered in Ehe

world ocean. Resent invest igat ions also indicate that product iv iry may be

main ta ined a t  fa i r l y  h igh  ra tes  dur ing  the  ice-covered months '  a t  leas t

during late wi.nter and early spr ing, by diatoms ut i l iz ing the under surface

of  the  pack  ice  as  a  subs t ra te  ( l l cRoy and Goer ing ,  L974) ,  though the  pro-

ducE.iv i ty of the water column beneat 'h Ehe ice is negl igible dut ing this

P e r i o d .

Avai lable information regarding bogtom temPerature'  sal ini ty,  and

d isso lved oxygen va lues  is  insu f f i c ien t  to  Present  a  de ta i led  p ie tuTe aE

this t ime, though some general  conclusions may be drawn' Dissolved oxygen

va lues  seem to  be  near  sa turag ion  dur ing  w in te r  (S toker ,  L973)  p robab ly  as

a result  of  compleEe vert ical  mixing. During the summer, when some stra-

t i f icat ion does occur,  Ehese values probably decl ine somer,zhat,  though no

situat ions were encountered during the course of sampl ing for this study

which would indicate oxygen deplet ion'

Sal ini t ies on the Bering shelf  run some\ ' /hat lower than oceanic values '

genera l l y  be tween 3L"  I  oo  and 33"  I  "o  
(S toker  ,  L973;  Takenout i  and Ohtan i '

L 9 7 4 ) .

Tempera tures  a t  o r  near  boEtom dec l ine  f rom eas t  to  west  and f rom

south to north, ranging, dur ing sul trner,  f rom 3"C or higher on the south-

eas t  she l f  to  near  ooC on the  nor thern  she l f  (Takenout i  and Ohtan i '  L974;

Neyman,  1960) .  Dur ing  w in t .e r ,  the  bo tEom \ ' fa te r  over  the  enEi re  she l f  i s

probably near the freezLng point and may in sorne insEances be supercooled

(Stoker  ,  Lg73) .  V i r tua l l y  a l l  o f  E 'he  cont inenta l  she l f  reg ion  o f  the

Ber ing  is  sub jee t  to  seasona l -  sea  ice ,  most  o f  wh ich  fo rms in  s i tu  in  the
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fal l  and winter and melts in place or is carr ied north in the spr ing.

Far from being biological ly detr imental ,  this seasonal ice is probably

the key to much of the bi-ologica1 act i -v i ty of the Sering, providing

physical habitat for ice-dependent ur,arine mammal species and for marine

birds, and providing substrate and sErat i f icat ion condit ions necessary

to support  late winter and early spr ing pr imary product iv i ty of a1gae.

This enhanced product iv i ty and subsequent faunal act iv i ty at higher

trophic l -evels is part icular ly apParent at the ice edge, result ing in a

mobi le zone of increased energet ics which sweeps across the Bering shelf

with the advance and retreat of  the ice.

Chukchi Sea

The Chukchi Sea has received less research attent ion in al l  respects

than has the Bering, and is consequent ly much less wel l  descr ibed. Suff i -

c ient is knovrn, howeverr to Permit  some comparisons.

i t rhi l -e the Bering is essent ial ly part  of  the North Pacif ic,  the Chukchi

is consldered an embayment of the Arct ic Ocean and thusr oceanographical ly '

a part  of  the North At lant ic (Flerning and Heggarty,  L966).  In terms of

hydrographic condit ions, sediment sources, and nutr ient Sources, however,

the Chukchj.  seems in large part  to be dependent on the inf low of Bering Sea

water through Bering Strai t  ( I leming and Heggarty,  1966) '

The current f low over the Chukchi shelf  is general ly from south to

north, with Bering Sea water enter ing Ehrough Bering Strai t  and fanning

out over the shelf  to the Arct ie Ocean. Current veloci t ies diminish from

values of abou.t  30-35 cm/sec in the Strai t  region to 5 crn/sec in the
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central  chukchi (creager and l1cl lanus, L966).  warmer, less sal j_ne

water  ho lds  E,o  the  eas tern  s ide  o f  the  she l f  due Eo the  cor io l i s  e f fec t

(F leming and Heggar ty ,  L966) ,  as  i s  the  case in  the  Ber ing .  As  w i l l  be

expanded upon later '  this current sEructure and veloci- ty gradienE, may be

important to the benthic populat ions of the chukchi shelf .

The terr igenous sediment sources for the Chukchi are pr imari ly the

r ivers of the Bering sea, namely the yukon and Kuskokwim, whose f ine

sediments are swept north through the Strai t .  As might be predicted from

the ve loc i ty  g rad ien t ,  sed iment  par t i c le  s ize  decreases  f rom south  to

nor th ,  f rom sand to  s i l t ,  w i th  a  cor respond ing  inc rease in  homogen i ty

(Creager and McManus, 1966).  The only major r iver enter ing the Chukchi,

the Kobuk, is probably insignif ieant as a sediment source compared to

input from the Bering Sea.

The nor thern l imi t  o f  the Chukchi  is  general ly  def ined as the 200 m

con tou r '  whe re  t he  con t i nen ta l  she l f  s l opes  o f f  i n to  t he  A rc t i c  Ocean

basin.  As i .s  the case vr i th  the Ber ing,  the Chukchi  shel f  is  by and large

a  f l a t  p l a i n ,  d i s tu rbed  on l y  by  a  f e r v  re l i c t  f ea tu res  o f  P le i scocene

subae r i a l  e ros ion  such  as  t he  Hope  Sea  Va l l ev .

Ava i l ab le  da ta  i nd i caEe  tha t  t he  t empera tu re ,  sa l i n iEy ,  and  oxygen

values for  bot tom \ . rater  in  the Cirukchi  are noi  great ly  d j - f ferent  f rom

those  fo r  t he  Be r i ng ,  w i t h  oxygen  con ten t  nea r  sa tu ra t i on ,  sa l i n i t y  rang -

i n g  f r o m  3 L o / " o  t o  3 3 " / o o ,  a n d  E e m p e r a t u r e s  r a n g i n g  f r o r n  3 o c  o r  b e t t e r

t o  - l . O o C  o r  b e l o w  ( I n g h a m  a n d  R u t l a n d ,  1 9 7 0 ) .  A s  w i r h  t h e  B e r i n g ,  r h e

Chukch i  i s  seasona l l y  i ce -cove red ,  gene ra l l y  f r o rn  Oc tobe r  t h rough  June .



The pr incipal di f ferences, in terms of physical  condicions, between

the shelves of the two seas is probably one of stress gradient.  Whi le

there are no apparent,  abrupt changes in the environmental  regimes, the

Chukchi is,  in general ,  subject to lower mean temperatures and to ice

cover of greater extent and longer annual durat ion than is the Bering.

Conversel-y,  the Chukchi current system is,  in general ,  less intense and

eomplex than that of  the Bering, with correspondingly greater homogeneity

of sedinent distxibut ions.

There is l i t t1e information avai lable concerning the pr imary pro-

duct iv i ty of the Chukchi.  Nutr ient avai labi l i ty,  l ight,  and hydrogrrphic

condit ions suggest that product iv i ty should be high in the vic ini ty north

o f  the  St ra i t ,  as  i . s  the  case south  o f  rhe  St ra i t  in  the  Ber ing  Sea.  I t

may also be presumed that the mobi le ice edge zone of enhanced produc-

t iv i ty is l ikewise present in the Chukchi Sea. In addit ion to product iv i ty

generated in the Chukchi Sea i tsel f ,  the currenE structure and veloci ty

gradJ.ent suggest that the Chukchi may be the recipient,  of  a signi f icanE

port ion of the part iculaEe organics generated by or fed into the Bering

S e a .

PREVIOUS INVESTIGATIONS OF THE BENTHOS ON THE
BERING/CHUKCHI SHELF

Much more information is also avai lable concerning Ehe benthos of the

Bering Sea than for the Chukchi Sea, though even for the Bering Sea large

gaps in knowledge are apparent.  Past benEhic invest igat ions of the Bering

shelf  benthos have been pr imari ly Soviet,  with major emphasi-s on the \^7est-

ern shelf  and the Gulf  of  Anadyr during sunmer. Only one study (St-oker,

10
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L973) has assessed winter distr ibuEions and standing stock, and none have

assessed seasonal and annual f luctuat ions.

Soviet studies of the western Bering shelf  have described Ehe faunal

assemblages  in  two ways ,  by  feed ing  ( t roph ic )  type  (Kusnetsov ,  L964) ,  and

by  dorn inant  spec ies  (F i la tova  and Barsanova,  1964;  Neyman,  f960) .  In  a l l

descr ipt ions of faunal assemblages by dominant species (Fi latova and

Barsanova,  L964;  Neyman,  1960;  S toker ,  1973) ,  ma jor  e lements  o f  more  than

one trophic type are found, though general ly one trophic type does exhibi t

numerical  dominance within these assemblases.

From a review of avai lable l i terature iC appears t ,hat at  leasE seven

physical  factors may inf luence the qual i tat ive and quant i tat ive discr ibu-

t ion of Bering Sea benthic fauna. These factors are sediment part ic le

s ize ,  boE, tom tempera ture ,  sa l in i t y ,  depth ,  sed imenta t ion  ra tes ,  c i rcu la -

t ion  in tens i ty ,  and suspended par t i cu la te  conten t  o f  the  near -bo t tom waEer .

Severa l  o f  Ehese cond iE ions  are  inE.erdependent .  There  seems,  fo r  lns tance,

to  be  a  c lose  cor re la t ion  be t r . reen sed iment  par t i c le  s ize ,  depth ,  and e i r -

cu la t ion  in tens i ty ,  w i th  par t i c le  s ize  decreas ing  w i th  depth  and increas-

ing  w i th  c i rcu la t ion  in tens iE ,y .  Though i t  i s  d i f f i cu l t  o r  imposs ib le ,

given the daEa avai lable, to def ine how Ehese conErol l ing factors in-

f luence d is t r ibu t ions ,  i t  does  appear  poss ib le  to  p red ic t  in  a  genera l

sense the faunal composit ion and abundance of an area from descripEions

of  sed iment  par t i c le  s ize ,  bo t tom tempera ture ,  and depth  (Neyman,  1960;

Vinogradova and Neyrnan, L96'1).  Thus for the easE.ern Bering shelf  in summer,

with an average overal l  mean biomass of 74 g/nz wet weight,  a mean biomass

of .2L I  g /m '  i s  a t ta ined on  mud,  rnuddy  sand,  and sandy  mud a t  depths  o f  50-
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150 m.  A t  less  than 50  m the  bo t tom is  sand,  w i th  a  mean b iomass o f  B-

o

.50  g /m ' ,  and a t  depths  grea ter  than 150 m,  where  f ine ,  so fE mud preva i - l s ,

the biornass decreases to 20-30 g/^2. The highest local biomass occurs
')

jus t  sou th  o f  S t .  Lawrence Is land on  muddy sand,  reach ing  500 g /nr -

(Neyman,  1960) .  Neyman ( f960)  con jec tures  tha t  th is  h igher  b iomass in

the northern region is an indirect ref lect ion of the low summer bottom

temperatures of this region, which exclude mosi benthic feeding f ishes.

Vinogradova and Neyman (1964) further suggest that summer bottom EemPer-

ature is the main determinant as to zoogeographical  complex in this and

re la ted  reg ions .

The maximum bivalve mol lusk biomass on the Bering she1f,  atEaining'

a

1oca11y,  300 g /^ ' ,  occurs  on  t ,he  nor thwestern  she l f  on  rnuddy  sand bo t tom,

dominated by the species Macoma calcarea, Led.a. (trlucuLarw) pernula, NtrcuLa

tenuts, and Senripes groenT.andicus (Neyman, f960).  In deeper water '  on

muddy bottom, IoLdia hyperborea and loLdia thraeiaefoy'mis seem to pre-

dominate ,  wh i le  on  Ehe sha l lower  souE,heas tern  she l f ,  w i th  f ine  sand bo t tom,

CycLocardia cxebricosiata and CLtnocerCiLnn ciliatwn, wit,h maxj-mum species

b iomass o f  90  and 160 g /^2 ,  respecL ive ly ,  a re  the  lead ing  b iva lves .  T t rese

d is t r ibu t ions  l i ke ly  re f lec t  boCh sed inenE type and bo t tom temPera ture  as

wel l  as  c i rcuLat ion  pa t te rns  and suspended Par t i cu la tes  (Neyman,  1960) ,

The main concenErations of i4acoma calcaz,ea, Nucula tenuis, Leda pernula,

and. ] toldia hyperbo?ea occtJr at  bottom temperatures below 3"C, with I ' laeoma

eaLcarea seeming to prefer the - loc Eo * loC range and loLdia hyperbotea-

rhe 2-3oC range. l lo ldic thtaciaeformis ts descr ibed as preferr ing temper-

atures around 2oC, whi le Cyclocaydia erebricostata is found at temperatures
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exceed ing  3oC (Neyman ,  f 960 ) .

s tud ies .

These descript , ions were al1 based on sunmer

The maximum local biomass, in the Bering Sea, of the echinoid
,)

Echinayachnius parma, 494 gln' ,  is found south of St.  Lawrence Island

on muddy sand wj-th bottom t,ernperature betr,reen 2"C and l loC. The aster-

oid Ctenodiscus cz,ispatus is found at depths exceeding 100 m on mud

bott ,om with temperatures in the 2-5"C range, where i t  reaches 200 g/*2,

whi le the holothurian Chir idota sp.,  at taining a biomass of 70 g/m2, Ls

found a t  100-200 m on sand-grave l  bo t tom jus t  nor th  o f  the  Pr ib i lo fs .

The most conmon echinoderm seems Eo be Ehe ophiuroid )phiuta saz'si, rrhich

occurs on muddy sand south of St.  Lar, ,rrence. At temperatures under 2oC

this speci.es aE,tains a biomass of L40 g/nz, fal l ing to 82 g/m2 at temper-
,)

a tu res  be tween 2oC and 3oC,  and decreas ing  fu r ther ,  Eo 42  g /m ' ,  in  the

3-4"C range,  ind icaEing  a  s t rong temperaEure  pre ference by  th is  spec ies

(Neyman,  1960) .

The maximum polychaete biomass on the Bering shelf ,  between 50 and

t
100  g /m ' ,  occu rs  on  muddy  sand  a t  t empera tu res  g rea te r  t han  2 "C ,  wh i l e

maximum amphipod b iomass ,  30 g/mz,  was encountered on muddy sand in the

0 - l - oc  range  (Neyman ,  f 960 ) .  A l1  o f  t hese  Sov ieE  i nves t i ga t i ons  use  we t ,

weight  for  s tanding stock measurements.

These  Sov ie t  r esu l t s  seem Eo  be  i n  gene ra l  ag reemen t  w i t h  w in te r

s tud j -es  unde r taken  i n  t he  same a rea  o f  t he  eas te rn  Be r i ng  she l f .  Though

\rTinter  b iomass f igures f rom th is  area seem to be somervhat  h igher ,  the

va lue  o i  L27  g lnz  (S toke r ,  1973 )  i s  no t  s i gn i f i can t l y  d i f f e ren t  i n  s ta -

t i s t i ca l  t e rms  f rom the  74  g / ^2  repo r ted  by  Neyman  ( f 960 ) .  Du r i ng  th i s
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win ter  s tudy ,  a  toca l  o f  129 spec ies  were  idenc i f ied ,  B  o f  wh ich  con-

st i tuted over 507( of the total  numbers, wet weight biomass, and carbon

b iomass.  For ty  percenE,  o f  the  var iab i l i t y  in  dens i ty  d is t r ibu t ion  o f

these 8  major  spec ies ,  as  deEermined by  s tepwise  mul t ip le  regress ion

ana lys is ,  cou ld  be  accounted  fo r  by  sed iment  par t i c le  s ize ,  depth ,  tem-

perature, sal ini ty,  and dj-ssolved oxygen.

UnforEunately,  no such detai led information is current ly avai lable

regarding the benthic fauna of the Chukchi shelf .  Such qual i tat ive and

semi-quant i tat ive studies as have been undertaken in the southeastern

Chukch i  (Sparks  and Pereyra ,  1966)  ind ica te  tha t  though more  Arc t i c  spec ies

are  represenE,ed here  than in  the  Ror ino  Qor  rhe  benth ic  fauna is  p r i -

mar i l y  borea l  Pac i f i c  in  o r ig in .  I t  i s  con jec tured  (Sparks  and Pereyra ,

1966) that low botEom temperatures in this area may preclude Ln si tu re-

producE,ion by rnany of the major species and that these species are depen-

dent for recrui tment on larvae s\.rept.  north from the Bering Sea.

Ushakov (L952) also considers the Chukchi fauna to be a mixture of

boreal Pacif ic and high Arct ic forms, wi- th the boreal Pacif ic forms tending

to dominance on the eastern shelf  within Ehe regime of the r ' rarmer Bering

Sea water .  In  genera l  the  Chukch i  fauna is  descr ibec i  as  quant iEat ive ly

depauperate compared to the Bering and Barents seas (Ushakov, L952),  though

with loca11y high standing stock biomass evident in the souEhern Chukchi

nor th  o f  Ber ing  s t ra i t  and a long Ehe eas tern  marg ln



METHODS

F ie ld  Co l l ec t i on

The f ield sampl ing for this study spanned a four year period, f rom

1970 through 1974, and included both summer and r"r inter col lect ions.

Sixteen quant i tat ive stat ions were taken during January and February of

1970 from the icebreaker Not,iLwind; 27 quantitative stations were taken

from the icebreaker GLaeiez. dur ing March and Apri l  of .  L97L; 17 quant iEa-

tive stacions were taken -during February and March of l-972 from the ice-

breaker Buz, ion fs land; 52 quant i tat ive stat ions were taken during July '

August and September of 1973 from the R/V Aeona and R/V ALpLta Hel ini

69 quant i tat ive st ,at ions were taken during June and July of L974 from

the R/V ALpha Hel ia.  Stat ions were taken, dur ing each cruise, at  inter-

vals of about 30 rni les, weather and other facEors perrni t t ing. Stat ion

paEterns were concenErated in the north Bering sea and Bering sErai t  re-

gion, an area considered cr i t ical  to benthic-feeding marine mammal pop-

u l a L i o n s  ( F i g .  f ) .

At each quant i tat ive staLion f ive samples were taken using a weighted

?
0 ,1  m"  van  Veen  g rab .  I t  was  de te rm ined  f rom a  p rev ious  assessmenE o t

resu l t s  (S ioke r ,  Lg |3 )  t haE  f i ve  such  rep l i ca te  samp les  we re  su f f i c i en t  Eo

ma in ta in  s ta t i s t i ca l l y  va l i d  s ta t j . on  desc r i p t i ons .  Non -quanE i taE ive

sarnples of  fhe in fauna were taken l r i th  Ehe van Veen where quant i ta t ' ive

samp les  we re  noE  poss ib le  due  to  subs t ra te  EyPe ,  and  non -quan t i t a t i ve

epi faunal  samples were acquired by means of  a 3 m ot ter  t rarv l  Eorued

fo r  du ra t j - ons  o f  f r om 15  to  30  m inu tes  depend ing  on  subsEra te  t yPe  and

fauna l  dens i t y .  I n  a l l ,  a  t o ta l  o f  L76  quanC i raE ive  and  33  non -quan t j 'Ea -

E i ve  s ta t i ons  we re  taken .

r.)
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sample was recorded.  Organisrns not  ident i f iab le to species were ident i -

f ied to Ehe c losest  possib le E,axonomic d iv is ion and l ikewise counted and

weighed.  Due to t ime consic ierat ions and the apparent ly  negl ig ib le b iomass

o f  t he  f i ne  f r ac t i ons ,  on l y  one  rep resen ta t i ve  f i ne  f r ac t i on  samp le  o f  t he

f i ve  co l l ec ted  was  p rocessed ,  f o r  compara t i ve  Pu rPoses ,  f o r  mos t  o f  t he

s ta t i ons .  A11  o f  t he  coa rse  f rac t i ons  we re  p rocessed .  I n  t he  case  o f

co lon ia l  o rgan i sms  such  as  ec top rocEs ,  sponges  and  some anEhozoans ,  t he

number of  ind iv iduals was l isE,ed as one per  colony occurrence.  Egg

masses  were  i den t i f i ed  t o  t he  c l oses t  t axon  poss ib le ,  i nc luded  i n  t he

quan t , i t a t i ve  resu l t s ,  and  ass igned  a  dens i t y  o f  one  Pe r  occu r rence .

Fragments of  animals,  when no head or  ta i l  sect ions \ tere present  in  the

samp le ,  we re  l i kew ise  i den t i f i ed  t o  t he  c l oses t  t axon  poss ib le ,  ass igned

a tota l  densi ty  of  one per  sample occurrence regardless of  the number

o f  such  f ragnen ts ,  and  i nc luded  i n  t he  resu l t s .

Three common bivalve mollusk species (Llacoma caLcarea, Set'ripes groen-

Landieus,  Cl inocardLwn c i l ia tun)  were saved f rom representat ive samples

ove r  t he  s tudy  a rea ,  so r ted  i n to  5  mm leng th  i nc remenEs ,  t he  she l l s  removed ,

and shel ls  and meat  weighed separate ly  to obta in shel l /meat  weight  rat ios

for  each s ize c lass.  Shel ls  were then analyzed (by A.  J .  Paul  and J.

MeDona ld ,  Un i ve rs i t y  o f  A laska )  t o  obEa in  age  and  g row th  ra tes .

The  se lec t i on  o f  t hese  pa r t i cu la r  spec ies  f o r  age  and  g row th  s tud ies

was  made  fo r  reasons  o f :  1 )  p rac t i ca l i t y  -  es tab l i shed  me thods  o f  age

d ,e te rm inae ion  be ing  ava i l ab le  f o r  t hese  spec ies ;  2 )  a tea t  d i s t r i buE ion  -

l hese  spec ies  occu r r i ng  ove r  mos t  o f  t he  a rea  i n  ques taon ;  and  3 )  app l i ca -

b i l i t y  -  t hese  spec ies  be ing  o f  known  impor tance  i n  ce r ta in  t r oph i c  pa r -h -

ways ,  pa r t i cu la r l y  t hose  o f  mar ine  mamma ls .  Th i s  l a t t e r  f ac to r  app l i es
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especial ly to CLinocaz'dium and to Serr ipes (Fay and Stoker,  in preparat ion).

lulacoma calcarea was especial ly desirable as an indicator.  in addiEion to

the  above,  because o f  i t s  dominate  pos i t ion  in  dens i ty ,  s tand ing  s tock ,

and frequency of occurrence throughout much of the area, part icular ly on

the northern Bering and southern Chukchi shelf .

A11 shel ls from these E,hree species were examined under a 2X lens

and shel1s with badly abraded surfaces r,rere discarded (32 ot Ehe M.

calcarea speeimens col lected).  The screening process and subsequent for-

ma l in  p reserva t ion  des t royed the  f rag i le  she l l s  o f  the  major i t y  o f  the

very smal1 specimens, and no quant i tat ive data is avai lable for the f i rsL

3 year classes. Age rvas deEermined for 2,463 remaining M. ealcaz'ea, and

f.or 9 C. ciliatun and 399 ^9. groenlandtcus by counting annuli - a series

of closely spaced concentr ic growth l ines which are the result  of  s low

win ter  she l l  g rowth .

Since smal l  numbers of M. calca"ea were present at most sample sta-

t ions ,  i t  was  necessary  to  lump s ta t . j -ons  inEo 9  major  g rouPs,  p rogress ing

f rom souEh to  nor th .  These group ings  were  de termined,  somewhat  a rb i t ra r i l y '

by visual appraisal  of  E,he raw distr ibut ional data. f , t  was hoped that

this lurnping of data into souEh to north groups would permit  some assess-

ment  o f  l -a t i tud ina l  d i f fe rences  in  g rowth  ra tes .

RepresenE.at ive samples of  each inajor  species,  inc ludj -ng meat  f rom

mol lusks analyzed for  age and growth studies,  were dr ied in  a vacuum oven'

a t .  B0 "C  fo r  12  h r ,  o r  un t i l  cons tan t  ve igh t  r vas  ob ta ined ,  and  d ry /wee

we igh r  ra t i os  ca l cu la ted .  These  d r i ed  samp les  we re  then  pu l ve r i zed  and

analyzed for  organic car l ron and n i t rogen conEenr us ing a Perk in-Elmer

mode l  240  CHN l l i c roana l yze r  and  fo r  ca lo r i c  con ten t  us ing  a  mode l  L22L  Pa rx
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Oxygen Bornb Calor imeter.  For species suspected of high inorganic carbonate

contenE ( ind i f fe ren t iab le  f rom organ ic  carbon on  the  Perk in -E lmer ) ,  such

as most echinoderms and some decapod crustaceans, al ternate samples were

ac id i f ied  w i th  102 HCL so lu t ion  to  rep lace  carbonates  w i th  ch lo r ides

(approxirnately equal molecular weight),  re-dr ied, and analyzed for com-

parat ive organic carbon and ni trogen values. At leasE two repl icat,es

were  processed fo r  each sarnp le  fo r  borh  CHN and ca lo r ic  ana lys is .  These

values were then related Eo total  wet wei.eht for each species. For mi.nor

spec ies  no t  ana lyzed,  va lues  were  ex t rapo la ted  f rom the  c loses t  re laEed

taxon which was analyzed. Representat ive samples of f rozen mater ial  was

also analyzed for comparison with formal in-preserved resulEs.

One sediment  sample f rom each quant i ta t ive stat ion was s ieved through

a  se r i es  o f  s tanda rd  sed imenE sc reens  to  ob ta in  coa rse  f rac t , i on  pa r t i c l e

s i ze  pe rcen tages ;  rema in ing  f i ne  f r ac t i ons  we re  then  sub jec ted  Eo  s tanda rd

p ipe t te  ana l ys i s  t o  ob ra in  f i ne  f r ac t . i on  pa r t i c l e  s i ze  pe rcen tages .  Sed i -

men t  mean  and  mode  pa r t i c l e  s i zes  a re  desc r i bed  by  ph i  va lue  (nega t i ve

log  to  t he  base  2  o f  pa r t i c l e  d iame te r  i n  m i l l ime te rs ) .

Da ta  P rocess ing

Upon  comp le t i on  o f  t he  l abo ra to ry  ana l ys i s  o f  samp les ,  Ehe  resu l t i ng

da ta  we re  coded  fo r  i nco rpo ra t i on  i n  compu te r  l i s t i ng  and  ana l ys i s  p rog rams .

S ta t i ons  we re  coded  sequen t i a l l y  f r om 001  to  2A9 ,  r v iEh  samp les  coded  f rom

l  t o  5  and  append i xed  onE .o  t . he  app rop r i a te  s l a t i on  code .  Spec ies  we re

ass igned  an  B  d ig i t  code ,  t he  f i r s t  2  d ig i t s  i nd i ca t i ng  phy lum,  t he  second

2  d ig i t s  i nd i cac ing  c iass  o r  o the r  app rop r i - a te  t axcnomic  d i v i s i on ,  t he

Eh i rd  2  d ig i t s  i nd i cac ing  genus ,  and  Ehe  l as t  2  d ig i r s  i nd i ca r i ng  spec ies .
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For  each spec ies ,  genus ,  c lass  and phy lum,  appropr ia te  va lues  were  en tered

on species information cards for conversion of wet weight to organic carbon

and ni trogen biomass and calor ic content.  For each staEion, information

cards  were  punched l i s t ing  la t i tude  and long i tude,  da te  sampled ,  water

depth, sediment part ic le mean and mode size and, when avai lable, bottom

water temperature, dissolved oxygen conLent,  and sal ini ty.  Cards were

punched for each sample to indicate the speeies occurr ing at,  that sample,

wiEh the number of individuals and total  wet weight l isted for each species.

By means of a computer Program (wri t , ten by J.  Dryden and C. Hanson,

Universi ty of Alaska) this information was then ut i l ized to provide a

l i s t ing ,  by  sample ,  sEat ion ,  and to ta l  a rea  sampled ,  o f  (1 )  spec ies  pre-

sent,  (2) mean density and biomass in terms of wet weighu, organic carbon

and n i t rogen,  and ca lo r ic  conten t  by  spec ies ,  (3 )  mean to ta ls  fo r  a l l

spec ies  present ,  and (4 )  percentages  o f  mean to ta ls  by  spec ies .  A11

quant iEat ive  va lues  were  re la ted  to  square  meter  a rea .  For  each s ta t ion

the Bri l louin index of diversi ty was calculated anci l isted. The Bri l louin

ind.ex was judged preferable for this study in that ic def i -nes an index for

each stat ion independent ly,  based only on information avai lable for that

stat ion and not requir ing knowledge of the populat i -on as a whole, according

to  Ehe fo rmula :

-I

H = -

\I

w h e r e :

H = index

l T  -  t s ^ r ^ l
t t  -  L v L 4 l

IT IT
l I -  . .  . . ! \ .  -

I )

^ c  ) :
r J l .  u ! v q L J r L y

number  o f  ind iv idua ls  o f  a l l  spec ies  w i th in  the  sample

nurnber of individuals in species I  through 5 within the

sample .
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Fol lowing complet ion of this main l ist ing, al l  species were rairked

according to their  contr ibut ing percentage of total  mean densiEy and

organic carbon biomass averaged over the total  area. 
.  

th: :"__:necies com-

,_ 
prizin8, cumulatively, 95i( of ei-t-he-r---delg-i-!f..-o1 _organic carbon bioytl_gg

were selected as indicato_r (dominant) species to be included in subsequent

s ta t i s t i ca l  ana lyses .  Rarb-spec ies  ( less  than 4  s ta t ion  occur rences) ,

organisms unident i f iable to species level,  or species of quest ionable

taxonomic certainty were excluded from this l ist .  This ranking and

l is t ing  was per fo rmed fo r  bo th  coarse  and f ine  s ieve  f rac t ions .

Us ing  the  quant i ta t i ve  resu l ts  per ta in ing  to  these se lec ted  ind i -

ca tor  spec ies ,  a  s ta t ion  c lus te r  ana lys is  was then per fo rmed in  o rder

t ,o group staEions according to f  aunal s imi lar i t ies. Thj-s prograrn

clustered stat ions on the basis of s imi lar i t ies in relat ive (percent)

species composit ion, applying the formula

U  =  L .
t

=  a f f i n i t . v  coe f f i c i en t
J

percent,age density cornpriZpd by species i -e at stat ion A

f
percentage dens i ry  compr !2ed by  spec ies  i -e  a t  s ta t ion  B

-.f

Ehe lesser percentage value compri . .zed by species i -e aE ei ther

s ta t ion  A or  B

1\l

A+B

where :

(-

II

Spec ies  i -e  =  assessed spec ies  occur r ing  a i  e i ther  s ta t ion  A or  B .

I t ,  was  fe l t  tha t  the  use  o f  re la t i ve  (percentage)  dens i ty  fo r  th is  s ta -

t ion clust.er analysis would tend to mask out the apparent ly eonsiderable

dens i ty  var ia t ions  encountered  and wou ld  uhus  be  more  app l icab le  fo r
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def ining faunal or ecological  provinces irrespect ive of standing sEock

variat ions wj. thin provinces. This same cluster analysis program was Ehen

appl ie<i to quant i taEive data pertaining to species distr ibut ions in order

to  eva lua te  in t ,e rspec i f i c  assoc iaL ions .  Spec ies  c lus te r ing  !7as  per fo rmed

both over the ent ire study area and within stat ion cluster groups as

determined frorn the f j - rst  c luster analysis.

Stepwise mult iple regression analyses (nm-O2R) were then employed

in order to def ine correlat ions between major species distr ibut ions and

environmental  factors. For these results,  the increase in R-squared

vzas  accepted  as  equ iva len t  to  a  cor re la t ion  Percentage coef f i c ien t  fo r

the  fac to r  assessed.

Finat ly,  a ser ies of analyses of var iance programs were run (Geist-

Ul l r ich-Pitz,  ANOVAR) in order to assess seasonal anC annual f luctuat ions

in  dens i ry  and s tand ing  s tock  o f  the  major  ( ind ica tor )  spec ies .

For esEimation of naEural mortal i ty of .  |4.  calca! 'ea, the Eechnique

developed by Gruffydd (L974) was appl ied. Gruf iydd, worki .ng with the

scal lop Pecten matirmls (L.) ,  theorized that al though recrui tment var ies

from year to year in a given sPoE,,  overal l  recrui tment in a large area

is  fa i r l y  cons tan t .  Accept ing  th is  assumpt ion ,  he  consErucEed a  curve

hv  n lo f f ine  the  t ,o ta l  number  o f  sca l lops  f rom 30 areas  aga ins t  age on  a
v J  r r v s e t . . b  

v - . v

semi- logar i thmic scale.  The curve lhus created a l iminated the ef fect

o f  uneven  rec ru iEmenE appa renc  i n  i nd i v i dua l  samp les .  U t i l i z i ng  t he

number of  ind iv iduals est imated f rom the curve rather  than f rom the

ac tua l  ca t ch ,  he  was  ab le  co  assess  the  to ta l  mor ta l i t y  (Z )  f r om the  ex -

nr-pqsion N *  I  = the number of  age t  + 1.  Th:-s  meEhod r ,vas appl ied to
t /  

!  e v  s  * v  r r  - '  
F

M. eaLccrea in the , jer ing anci Chukchi seas'



Upon complet ion of the mortal i ty and age st,ructure est imates, an

)
est imate of the net product iv i ty (Pa) over the sample area Ln mgC/m'/yr

was arr ived at fot  I t I .  calcarea, f .or age classes 4 through 10, using the

equat ion:

= P m * P s
t -

P  ( r n o r t a l i t v ) = D ( Y M W  + - - -  Y M I . I )
m  x x x  y y y

P^ (g rowth)  =  D(G Y +  - - -  G,Y- - )
c  

-  x x  y y '

t*_y = percent of t .otal  populat ion comprised by year class x-y

**_, = percent mortal i t ,y expecE,ed at age x-y

"*_, 
= mean weight/ individual (mg organic carbon) at age x'y

a*_, = mean growth (mg carbon/ individual/yr)  at  age x-y

D = mean d.ensity ( individu ^t /^2) .

RESULTS

Phys ica l  Descr ip t ion  o f  S ta t ions

The 176 quant i tat ive stat ions included in Ehis study encomPass apProx-

imate ly  14  degrees  o f  la t i tude ,  f rom 57"05 'N to  7L"L2 'N,  and 16  degrees  o f

long i tude,  f rom 158"56.5rW to  L75" Iz t I t .  Non-quant i ta t i ve  ep i fauna l  sEa-

t ions extend as far west as 186"06'  (Fig. 1) but are not included in en-

vironmental  correlat ion analysis.  StaLions were obtained over a period of

four years, and include observaEions from al l  seasons (Appendix l ) .

The mean water  depth  a t  the  176 quant iEat ive  s ta t ions  was 45  m,  w iLh

a range of f rom 6 to 105 m. Sediment mean Part ic le size over the 162 sta-

t ions  fo r  wh ich  sed iment  ana lys is  was run  averaged 3 .75  ph i  w iEh a  range

of  f rom -1 .00  ph i  to  8 .09  ph i .  Sed iment  mode par t i c le  sLze tanged f rom

2 3
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- 1 . 0 0  p h i  t o  7 . 0 0  p h i ,  w i t h  a  s t a t i o n  m e a n  o f  3 . 3 9  p h i .  S e d i m e n t  m o d e

phi-  s ize was the parameter used for correlat ion of sediment type to faunal

distr ibut ion. As rnay be seen (Appendix 2) at any given stat ion, sediment

mode and mean size was, with a few except ions, c lose to the same value.

Near-bottom temperature and sal ini ty values $rere obtained, in conjunc-

t ion with standard hydrographic sampl ing, at  55 of the l -76 quant i tat ive

s ta t ions  (Append ix  2 ) .  Sa l in i ty  va lues  averaged 32 . I9  o /oo  r , r i th  a  range

of  f rom 30.23" /oo  to  34 .02" /oo .  Win ter  and ear ly  spr ing  temperagures

ranged f ron  -1  .87"C co  0 .74"C,  r , r i th  mean va lue  -L .25 .  A lmost  a l l  w in te r

and spring tenperatures r .rere below 0oC, with the lowest values occurr ing

during March and Apri l .  In some instances, these extremely low Lempera-

tures indicate supercool ing for water of corresponding depth and sal iniEy

(Stoker ,  L973) .  Summer  bogtom tempera tures  ranged f rom -0 .86oC a t  a

s taE ion  jus t  nor th  o f  the  \^ res tern  end o f  S t .  Larv rence Is land to  9 .71"C

in  nor thern  Br is to l  Bay ,  w i th  a  mean va lue  o f  3 .47"C.

Near-bottom oxygen values were obtained for 47 of.  the 176 quant i taEive

s ta t ions .  The range o f  these va lues  was f rom 6 .35  nL /L  to  8 .68  m1/1 ,

w i th  a  mean o f  7  .67  nL /L  over  Ehe s ta t ions  sampled  (Append ix  2 ) .

Temperature, sal ini ty,  and oxygen values were not ut i l ized for faunal

correlat ion analysis,  for the fol lowing reasons. IE is ielE t ,hat wj-nter

tempera tures  do  no t  g rea t ly  a f fec t  Che d is t r ibuUion  o f  fauna l  complexes  in

Eh is  reg ion  (Neyman,  1960;  V inogradova anc i  Neyman,  L964) ,  though summer

Eempera tures  probab ly  do .  Unfor tunate ly ,  fa r  too  fe r . r  sunmer  tempera tures

are  ava i lab le  a t  th is  t ime to  permi t  a  va l id  cor re la t j -on  ana lys is .

Sal iniCy values are general ly fair ly uni form over Lhe study area and

probab ly ,  w i th  Ehe poss ib le  excepc ion  o f  some nearshore  reg ions  near
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large fresh rvater sources such as the Yukon River,  nowhere exhibi t

extrenes l ikely to inf luence faunal distr ibut ions'  Oxygen values are

l ikewise fair ly uni- form, are always near Saturat ion'  and are nowhere Con-

sidered to be biological ly l i rni t ing'

As nay be seen (Appendix 2) '  a lmost

gen data is avai lable for stat ions north

temperature, sal ini tY or oxY-

Ber ing  SEra i t .

n n

o f

Quanti tat ive Biological  Results

I l q g t l t g s - f a t i o n s s a m p l e d , a t o t a l o f 4 T 2 s p e c i e s w e r e i d e n t i f i e d '

encompass irng 292 genera and 16 phyla (Appendix 3) . fhe most ubiquiEous

rnajor taxonomic grouP in terms of frequency of occurrence' and that com-

pris ing the most species, were the polychaetous annel ids, occurr ing at

168 of the 176 quant i taEive stat j -ons and including 143 ident i f ied species

and 93 genera. Bivalve mol lusks were close behind in frequeney'  occurr ing

at L67 stat ions, but comprising only 54 species and 29 genera'  Gastropod

mollusks occurred at L46 stat ions, with 76 species and 38 genera. seventy-

six amphipod species and 42 genexa were ident i f ied, occurr ing at L58 sta-

t ions. Other Eaxonomic divis ions fol lowed with fewer specj 'es'  genela'  and

frequency of occurrence (Table 1) '

0 f  the  176 quant iLa t ive  s ta t ions ,  b io log ica l  resu l ts  o f  5 .Q -+re  based

on analysis of coarse sieve (3 nrnr) f ract ion only.  For 18 of the earl ier

stat ions, Ehe coarse and f ine (1 mrn) sieve fracElons were lumped and

anaLyzed. as one total  sample; These stat ions (Appendix 4) are indicated

by  an  as ter isk .  For  the  remain ing  lOB s ta t ions ,  one f ine  f rac t ion  was

__1e lec ted  
aL  random and processed separa te ly  f rom the  coarse  f racE ions  fo r

compar ison as  to  spec ies  Present ,  dens i t .y ,  and b icmass (Append ices  5  and 6)  '
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These comparisons wi l l  be di-scussed later.  For the present i t  should be

kept in rnind that the fol lowing species occurrence, density,  standing

s tock  b iomass,  carbon/n i t rogen ra t io ,  and d ivers i ty  index  resu l ts  a re

based only on the coarse sieve fract ions with Ehe except ion of those 18

stat ions where coarse and f ine fract. j -ons were lumped.

The number of species occurr ing at any one stat ion over the study

area vari-ed great ly,  r j lElng froro a 1ow of 3 at Stat ion 117 to a high of

82 at Stat ion 209 (Appendix 4),  with a mean of 30 !  2 (a11 data !  957"

conf idence l in i ts).  Density ( toca1 number of individuals of al l  species

per  square  meter )  a lso  var ied  grea t ly ,  as  do  a l l  s tand ing  s tock  va lues .

Density ranged fronr 38 indiv/ur2 at Stat j -on 116 Eo 8,760 indiv /^2 ^t

Stat ion 144, with a mean of 1,1.52 !  239, Total  wet weight biomass

*2  
"a  

S ta t ion  69  to

o

2r23O.B g /^ t  a t  S ta t ion  I5B.  Organ ie  carbon b iomass ranged f rom a  low o f

O,Z  g /nz  ac  StaE ions  10  and 1 l  to  56 .5  g /^2  a t  Sra t ion  L72,  w i th  a  mean

2
va lue  o f  10 .8  t  I  .6  g /^2 .  o rgan i -c  n i t rogen b iomass ranged f rom 0 .L  g / * t

t

a t  S t a t , i o n s  1 0 ,  1 1 ,  5 1  a n d  5 2  t o  L 2 . 9  g / n ' a t  S t a t i o n  L 7 2 ,  w i c h  a  m e a n
,)

o f  2 . 3  !  O  . 3  g / * 2 .  C a l o r i c  v a l u e s  a v e r a g e d  L 2 5 , 4 3 7  t  1 8 , 8 6 5  c a l / m z ,

J ?
r a n g i n g  f r o m  3 , 6 7 8  e a L / m "  a t  S t a t i o n  1 0  t o  6 2 6 , 6 9 4  c a l / m -  a t  S E a t i o n  L 7 2 .

I t  should be noted that Lhe carbon, ni t rogen, and calor ic high values

al l  occurred. at the same stat ion (L72),  but EhaC the wet weight high

va lue  oceur red  a t  a  d i f fe reng s ta t ion  (158) ,  thus  lend ing  suppor t  to

Ehe use of measurements other Ehan weE weight biomass. With the excepEion

of one of the low organic ni trogen values, none of the extreme high or

low va lues  occur red  a t  one o f  those 18  s ta t ions  ruhere  f ine  and coarse

fract ions were lumped.



The rat io of organic carbon to organic ni trogen varj-ed surpr is ingly,

f r o m  a  l o w  C / N  r a t i o  o f  1 . 8  a t  S t a t i o n  2 2  t o  a  h i g h  r a t i o  o f  8 . 0  a t  S E a t i o n

82,  w i th  a  mean ra t io  o t  4 .6  t  0 .1  (Append ix  4 ) .  Th is  mean s ta t ion  ra t io

o f  4 ,6  does  no t  d i f fe r  s ign i f i can t ly  f rom Ehe spec ies  ana lys is  mean ra t io

o f  4 . 3  t  0 . 3 .

Considered by major taxoncimic divis ion, the amphipods lead in den-

si ty with a mean value (3 uno sieve fract ion) of.  690 indiv/m2 (Table 1),

almost 60"/"  of  the total ,  though they const i tute onLy 2L.67" of.  the organic

carbon b iomass.  B iva lve  mol lusks ,  on  the  o ther  hand,  cons t i tuEe a lmost

,
327" (3.4 rng/m') of  the carbon standing stock over the area samPled, but

accoung for only L37" of the populat ion density.  Polychaeces comprise L6%

of the overal l  populat ion density and L87. of the carbon biomass. Other

groups (Table 1) account for much lower percentages in any category.

The spec ies  index  o f  d ivers i ty  (Br i l lou in )  o f  the  176 quant i ta t i ve

sgat ions  ranges  f rom a  1ow o f  0 .093 a t  S ta t ion  82  to  a  h igh  o f  1 .4L4 a t

Sta t ion  208,  w i th  an  overa l l  mean va lue  o f  0 .842 !  0 .040.  The leas t

d iverse  sLat ion  l ies  o f f  the  eas t  end o f  Se.  Lawrence Is land,  wh i le  the

most  d iverse  s ta t ion  is  an  o f fshore  s ta t ion  in  the  nor thern  ex t remes o f

the  Chukch i  (Append ix  4 ) .

I t  should be kept in nind that these standing stock and diversi ty

values, aveTaged as they are over al l  stat ions and over the total  sample

area)  a re  o f  l in i ted  re l iab i l i cy  and app l icaE ion .  For  one Eh ing ,  the  bu lk

o f  the  s tac ions  are  concent ra ted  in  Cha nor th  Ber ing  Sea reg i -on ,  wh ich

thus  necessar i l y  b iases  such mean va lues  toward  tha t  a rea .  A lso ,  though

the  most  exhaust ive  poss ib le  s ta t ion  coverage was ob ta ined g iven the  re -

sources  ava i lab le .  i t  i s  fe l f  thaC even w i th in  a reas  where  the  s taE ion



f requency i -s  greaE,est ,  the patchiness of  the fauna and large loca1

standing st .ock var iances make such mean values marginal ly  acceptable,

though they are of  some value for  purposes of  compar ison wi th oEher regions

o f  t he  wo r ld .

Compar ison o f  S ieve  Frac t ion 'Resu l ts

In order to est imate the effect of  ut i l iz ing only (rvi th 18 except ions)

the coarse (3 rnm) sj-eve fract ions for density,  st ,anding stock, and species

d is t r ibu t ion  ana lyses ,  one representa t ive  f ine  (1  nmr)  s ieve  f rac t ion  was

proeessed f rom each o f  tOB o f  the  176 quant ica t ive  s ta t ions  and resu l ts

compared to  coarse  f rac t ion  resu l ts  f rom the  same s la t ion  and sample  (Tab le

2 ;  Append ix  5  and 6) .  F rom these resu l ts ,  i t  i s  es t imated  tha t  the  number

o f  spec ies  occur r ing  in  the  f ine  f rac t ions  is  cons iderab ly  g rea ter  (224 !

277" per sample) than in the coarse fract ions. A mean number of.  23 !  L

species per sample \ tere ident i f ied from che f ine fract ion samples as compared

with 13 t  1 species for the coarse fract ions, averaged over a1l samples com-

pared.  The range o f  t .h is  f ine /coarse  spec ies  percentage is  f rom 732 a t  S ta-

t ion  96 ,  sample  2  ro  1 ,0007.  aL  Sta t ion  82 ,  sample  2 .  The spec ies  compos i t ion

o f  the  f ine  f rac t ions  is  a lso  s ign i f i can t ly  d i f fe ren t  f rom tha t  o f  the

coarse fracEions, the two fract ions having, oo the average, onLy L9 !  27.

of their  total  combined species in common. This percentage ranges from

0 %  a t  S E a t i o n  5 6 ,  s a m p l e  5 ,  S t a t i o n  7 2 ,  s a m p l e  2 ,  a n d  S t a E i o n  8 2 ,  s a m p l e  2 ,

t o  a  h igh  o f  467 "  a t  SEa t , i on  49 ,  samp le  3  (Append i x  6 ) .

a

The mean densit .y ( ind:-v/m-) of the f  ine fract. ions averaged 633

tha t  o f  the  coarse  f racE ions  fo r  the  same samples ,  rang i -ng  f . rom 337 '

L l o %

S t a t i o n  1 4 7 ,  s a m p l e  1 ,  E o  5 , 7 6 5 i i ,  a t  S E a t i o n  2 8 ,  s a m p l e  2 .  A t  o n l y  6  o f
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Table 2. Cornparison of f ine to coarse sieve sample result ,s (means) from
benthic stat ions on the Bering/Chukchi shelf ,  with 957" con-
f idence intervals.

Coarse
3 mrn

f rac E.ion

Fine
1 m m

fract ion

No.  spec ies  13  t  1  23  t  I
.,

Densiry ( indiv/m') 1134 !  313 347L !  792
,

Organ ic  carbon (g /^ ' )  1 -0 .74  t  2 .16  0 .82  1  0 .15

D i v e r s i t y  i n d e x  0 . 8 3 4  t  0 . 0 4 5  0 . 9 2 0  t  0 . 0 4 0

Coarse  to  f ine  f rac t ion  spec ies  in  common per  s ta t ion  =  5 .7  !  0 .7

Coarse  to  f ine  f rac t ion  spec ies  d i f fe ren t  per  s ta t ion  =  24 .2  t  L .6

TotaL  coarse  and f ine  f rac t ion  spec ies  per  s ta t ion  =  29 .9  t  1 .9

Percent species in common per st ,at ion = L9 + 27.
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the samples compared was the coarse fract ion density greater than that of

the f ine fract ion. Total  mean density for the coarse fract ions compared

)
was 1 r I34 + 313 indiv/m';  total  mean density for the f ine fract ions was

.,
3 ,47L t  792 ind iv /m-  averaged over  a l l  samples .

.  Conversely,  the coarse fract ions comprised much the bulk of the

standing st,ock biomass. Comparing organic carbon biomass, the f ine frac-

t ions yielded, by stat ion average, or. l -y 23.8 t  10.7% the biomass of the

coarse  f rac t ions ,  w i th  a  range o f  f rom 0 .317"  a t  S ta t ion  96 ,  sample  3 ,

to  3767.  a t  S ta t ion  30 ,  sample  1 .  Organ ic  carbon b iomass o f  the  f ine

fract i -on exceeded that of  Ehe coarse fract ion from Ehe same sample at

only 5 of the 108 stat ions and samples compared. Total  mean carbon bio-

mass for the coarse fract ions was L0.74 t  2.L6 ^g/^2 as compared to

0 .82  t  0 .15  mg/m2 fo t  the  f ine  f rac t ions  (Append ix  5 )  averaged over  a l l

samples compared.

The divers icy index (Br i l lou in)  of  the f ine f ract ion samples ran 14

somewhat higher than thac of the compared coarse fraet ions, though not

great ly so. The index of diversi ty for the f ine fract, ions ranged from

a  l o w  o f  0 . 1 6 6  a t  S E a t i o n  4 7 ,  s a m p l e  3 ,  t o  a  h i g h  o f  1 . 2 7 3  a t  S t a t i o n  2 0 8 ,

sample  l ,  w i th  a  mean va lue  o f  0 .92O t  0 .040.  The index  o f  d ivers i ty  fo r

t .he  compared coarse  f rac t ions  ranged f rom a  low o f  0 .093 a t  Scat ion  82

t o  a  h i g h  o f  1 . 4 L 4  a t  S t a t i o n  2 0 8 ,  w i t h  a  m e a n  v a l u e  o f  0 . 8 3 4  !  0 . 0 4 5 ,

As  may be  no ted  (Append ix  5 ) ,  the  h igh  va lues  fo r  borh  f ine  and coarse

fract ions fal l  on the same stat ionr though the low values do not.  I t

shou ld  a lso  be  po in ted  ou t  tha t  th is  d ivers i ty  compar ison  is  l i ke ly  b iased

Eo some degree.  The coarse  f rac t ion  d ivers i ty  index  is  ca lcu la ted  on
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I

s ta t ion  means (1  to  5  samples) ,  wh i le  Ehe f ine  f racc ion  d ivers i ty  i s  ca1-

culated on the basis of a single sample.

For purposes of general  est imation over the area sampled, this

comparison of f ine to coarse sieve fract ion results indicates that only

r
\  about half  of  the species present are sampled using the coarse sieve

\ approach, and only about one third of the populati-on in terms of indi-

I

\v idual organisms per unit  area, though roughly 90i!  of  the biomass is

t '

f retained, 
averaged over the total  sample axea. In any given sample, 76

I t  t tZ of the carbon biomass wi l l  be retained on the 3 mrn mesh.

DominanE Species

For boch coarse and f ine fract ion results,  species were then ranked

on the basis of percentage confr ibut ion to E,otal  mean density and total

mean organic carbon biomass over the sample area, and cumulat ive percent-

ages computed. From this ranking i t  was determined thac 113 ident i f ied

species and 25 addit ional taxa not ident i f iable to the species level

eomprised 957" of.  both density and carbon biomass of rhe coarse fract ions.

Thir ty-f ive species arrd 2 addit ional taxa comprise 757" of both density

and biomass, whi le only 10 idencif ied species and one addiLional taxa

account,  f .or 50i(  of  borh values.

For the f ine fract ions, 50 species and 23 unident i f ied taxa comprise

95"/"  of  density and biomass, 17 species and 6 unident i f ied taxa comprise

757" of density and biomass, and 6 ident i f ied species accounE fot 501l of

bo th  va lues .

From the 113 species comprising the 95% values of the coarse f tac-

t ion ,  89  spec ies  (Tab le  3 )  were  se lec ted  as  ind ica tor  spec ies  fo r
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Table 3. Coarse fract ion species selected as dominant* ( indicator)
species from benthic stat j -ons on the Bering/Ctrukctr i  Shelf  ,
with designat ion at Trophic Type/ '* ,  reproduct ive Eype*-/<zt,
and zoogeographic region of or igin or locus****.

* *

r  r  v  y r r ! 9

T r r n  o- - t  Y '

LafVal *J^J<*

Type Origin

Molluska
Bivalvia

Astotte boxeaLis
Astavte montagui
C Lino c ardiwn ci Li af,,tn
r . '  ^ ^ , , n -  €7 , , n1u v v v g t t t q  J  - * - ; U O S A

Maeoma brota
Macoma calcarea
Macoma Lana
Maeoma Loueni
Musculus niger
Nueula tenuis
Nueulana minuta
Nuculana z'adiata
P s eudopg thina rug i, f era
S errLpe s gro enLan&icus
TeLLirn Lutea
Thyasina fLecuosa
Cy elo cudia ev'ebt"Lco s tata
Ioldia hyperborea
IoLdia lcissLsata

Gast.ropoda
Cyliehna nucleoLa
Tachynhynehus erosus

Annelida
Polychaeta

Arnpharete aeutifrons
Arnpharete redueta
Anaitides gro enLandica
AntinoeLLa sa:rsa
Arcteob ea antico stiensis
Artaeana pt'oboscidea
Ariothella cate'na.ta
Bz,adn ochotensis
Brada tiLlosa
Capitella ccpitate
Chaetozone setosa
Chone duneri

FF
FF
-r -E
FF
SDF/FF
SDF/FF
cnF /FF

SDF/FF
FF
SDF
b u !

SDF
FF
FF
SDF/FF
. r r
FF
SDF
SDF

DD
DD
P
DD

P

;^

DD
DD
DD
DD
D

P

DD

;^
U U

DD

PA
PAB
PA
PA
PAB
PA
A D D
r u l

PAB
PAB
LAB
PAB
A3P
rA
ABP
P A

A ] x Drur

i,AB
ABP

].Al1

ABP
ABP
LAB
ABP
BP
I,AB
ABP
LAB
T  A h
LT\D

LAB
? , T ] f
ldU

ABP
PAB

C S
C S

SDF P
SDF P
C S P
SDF P
C S P
SDF P
S S F  P
S S F  P
SSF P
SDF P
S S F  P

n-r.r r
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Table 3. Cont inued

Taxa

! J

Trophic
TyPe

& ! & 4
LAT]r'AL

'T r rna  Or i  o ' i  nL ]  Y -

Chone i'nfundi.buLi fonni s
CLstenides granuLat'a
Ci s tenide s hyP erb oz'e a
FLabelligera affinis
GLycinde aiz'eni
HapLo s eoLoplo s eLongatus
Harrnothoe imbrLcata
Lwnbrinereis fi:agiLi s
MaLdane saz'si
MyriocheLe heez"L
Nephtys caeca
Nephtys eLLiata
Nephtys LonEasetosa
Nephtys rLckettsi
Nicomache Lutnbtieali s
Nicolea uenusktLa
Phloe mtnuta
PoLynoe canadensis
P n *rnn'.i.7.n n e. a L e cteL V v W t . v v v w  ' b v J

fu,a,riLl eLLa praeternrL s s a
ProcLea enrnL
Scalibregma inflahnn
Spiophanes bomba'r
Sternaspis seutata
Terebellides sttoenri
Tz'auisia forbesii

Arthropoda
Amphipoda

AntpeLisca birulai
Arnp eli s c a maez'o c ePhaLc
Anonyt ru'Lgafi Pacifica
Byblis gaimatdi
Erlchtonius tolLi
Haploops Laeuis
Lembos'arctieus
I,lelita dentata
Melita formosa
^,1^1 ; r-- ^.,-)- i .6p'[77694
l v J g u u u u  r 7 4 a w  L  L

Paraphotus wLLLez"L
Pontoporeia femorata
Protomed.eia fascata
Pr o t ome deia grandimarn

FF
SDF
SDF
cnF

CS
S S F
CS
SDF
S S F
SDF
CS
N Q

CS
a q

SDF
SDF
CS
CS
FF
SSF
SDF
SSF
SDF
S S F
SDF
S S F

LAB
LAB
LAB
BP
BOP
BOP
LAB
I.AD

BP
BP
LAB
LAB
T  A p

BOP
LAB
LAB
A3P
LAB
BP
LAB
ABP
BP
BP

BP
-L.ttl]

ABP
LAB
LAB
LAB
ARP

PAB

PAB
PA
ABP
BOP
PAB
LAB
PA

Y

P
P
P
P
P
P
P
P
P
P
r

P
P
P
P
P
P
D

P
P
P
P
P
P
P

cnF /FF'

C N F  / F F

SDF
SDF
SDF
cnF /F.Ir

SDF
SDF
SDF
SDF
J U T

SDF
SDF

B
B
It

B
B
B
D

B
D

B
B
B
D
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Table 3. Cont inued

Taxa

* *

Troph ic
TyPe

LafVal *l:'s?c/c

Type Origin

Cumacea
Eudpz,ella emargirnta

Echinodermata
Echinoidea

Echirwvachnius pa"ma
S tz,ongy Lo c entz,o tus dto ebaehi ens i s

Holothuroidea
Cuewnatia calcigera

Ophiuroidea
Dianphi o dr,a erat ez'o &ne ta
Goz,g ono c epVnlus cazy i
)phiwa macuLata
)phizna sarsi
Ophiura flageLLata

Sipunculida
Golflngia margatitaca

Priapul ida
Pz"iapulus eaudatus

Echiurida
Eehiu-rus eehiw,us

Chordata
Asci-diacea

MoLguLa siphornLis
Pelonaia eoz'rugata
Styela vastica
Chelyosoma inequaLe

PAB
ABP

P
P

SDF
SDF

SDF

SDF/FF

SDF/FF
SDF/FF
q n F  / E F

CS/SDF
CS/SDF

cnF

n c

SDF

PAB

PAB

ABP

A IID
d D I

ABA
PAB
PAB
ABP

P

P
P
P
P
P

P

P

P

LAB
ABP
PAB
PAB
LAB

BP

.E .E

I T

FF
I I

P
P
P
r

*Dominance determined on
t ion  o f  e iEher  dens i ty ,
s tock  per  un iE  area .

**Trophic Type -

t .he basis at 957. cumulat ive contr ibu-
wec weight or organic carboa standing

FF =  F i l te r  Feeder
SDF =  Se lecE ive  Det r iEus  Feeder
SSF =  SubsEra te  Feeder

CS = Carnivore/Scavenger
P = Pelagic Larvae
B = Brooding Behaviour

DD = Direct Development

* tc ' *Reproduct ive Type -
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*r<**Zoogeographic Origin -  ABA = Arct ic/Boreal At lant ic
ABP =  Arc t i c /Borea l  Pac i f i c
LAB = Low Arct ic/Boreal
pAB = pan ArcEic/Boreal

PA = Pan Arct ic
BOP = Borea l  Pac i f i c

BP = Bipolar
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correlat ion wigh environmenEal factors and for c luster ing stat ion and

spec ies  a f f in i t y  g roups .  From the  50  spec ies  compr is ing  95% of  the  f ine

f rac t ion  va lues ,  44  spec ies  (Tab le  4 )  were  se lec ted  fo r  the  same purposes .

Rare  spec i -es  (w i th  less  than 4  occur rences) ,  and spec ies  present ing

poss ib le  taxonomic  p rob lems were  de le ted  in  th is  se lec t ion  process .

Sta t ion  C lus ter  Ana lys is

Based on presence/absence and comparison of relat ive density of the

89 coarse  f racE ion  ind ica tor  spee ies ,  a  c lus te r  ana lys is  was per fo rmed

on the  175 quanCi ta t i ve  s ta t ions .  Th is  ana lys is  resu l ted  in  8  ma jor

s t a t i o n  g r o u p s  ( F i g .  3 ,  A p p e n d i c e s  7 ,  B ,  a n d  9 ) .  A s  m a y  b e  s e e n  ( F i g .  4 ) '

several  of  these groups are not conEiguous but are separated into areal

subgroups .  The la rges t  g roup,  re fe r red  t .o  as  Ehe Cent ra l  Ber ing  Super -

group,  i t se l f  compr ises  what  migh t  be  c lassed as  4  separa te  g roups  and B

subgroups, wi- th major non-cont iguous elements in both the Bering and

Chukchi Seas.

Group I ,  the chir ikov Basin -  western st .  Larsrence group, is com-

pr ised  o f  28  sEat ions ,  23  o f  wh ich  cover  a lmost  a l l  o f  the  o f fshore

Chir ikov Basin between St.  Lawrence Island and Bering Strai t .  Four sta-

t j -ons  fo rm a  poss ib le  subgroup jus t  wes t  o f  S t .  Lar 'T rence Is land '  A  s ing le

s ta t ion  be long ing  to  th is  g roup,  cons idered an  area l  e r ra t i c  (S ta t ion  86) '

l i es  jus t  eas t  o f  S t .  Lar+rence Is land,  cons lderab ly  to  the  south  o f  the

main  group and separa ted  f rom i t  by  Group VI I .

Group I  shows the  c loses t  be tween-s ta t . ion  a f  f  in igy  @.42)  o f  any  o f

the  c lus te r  g rouPs,  and is  a imost  Eoga l ly  d isc ree t  f rom the  o ther  g roups '
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Table 4. Dominant (95% cumulat ive density,  wet weight,  or organic
carbon standing stock) species encount.ered within the lnrn
sieve fracEion at benLhic stat ions on the gering/chukchi

she1f .

Molluska
Bivalvia

Maeoma calcqrea
NucuLa tenuis
Nuculana minuta
P s eudopy thina mqi f ez'a
Ihyasira fleruosa
IoLdia hyperbonea

Annelida
PolychaeEa

Anaitides ttacosa.
Brada uiLLosa
CapiteLla capitata
Chaetozone setosa
Eteone Longa
Glycinde arTnigera
Haplo s coloplos e Longatus
LwnbrLnereis fnagilis
Myri.oehele heert
Phloe nrLnuta
PrafriLLeLLa pratemni s s a
Prionnspio maLgreni
SeaLibregma inflatwt
Stez,na.spis seutata
IerebelLides stnoemi
Trntti-si.n fnrbesii,

Arthropoda
Aurphipoda

Aceroides Latipes
hnpeT.i,sea biruLai
knpeLi s ea maeroc ephala
Anonyx nWffi pacifica
Bathymedon nanseni
Bgblis gaimardi
Corophiwn erassieorme
Haustorius eous
Harpinia guzianouae
2rchemene Lepidula
Paxaphorus miLleri
Paraphoxus sinple*
Photis spasskii

Arnphipoda (cont 'd  )
Pontoporeia femonata
Protomedeia fascata
Pro t om e dei a g r an&Lmana,

Cumacea
EudoreLLa paeifiea
EudoreLlop sis de forT nts
Leueon na,sica
Leueon #2

Echinodermata
Ophiuroidea

Dionphi o dia er at ez'o dtne ta

Pripulida
PriapuLus caudatus
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The only oEher group showing any aff in i ty with Group I  is Group I I I ,  the

Anadyr  S t ra i t -Ber ing  St ra i t  g roup,  and th is  on ly  a t  the  0 .10  leve l .

Group I  is character ized by the species Anrpel isca nwcrocephaLa,

BybLis gaimaz,di, and Atnpelisca biv:ulai (amphipods), and Macoma ealcarea

and Astarte boreal is (bivalves).  These 5 species, each of which, individ-

ual ly,  comprises L07" or more of total  group mean organic carbon biomass

or populat ion density,  comprise joint ly 727" of.  the t ,otal  group mean bio-

mass (organie carbon) and 902 of the total  mean density.  Each of Ehese

f ive  spec ies  occurs  a t  a t  leas t  15  o f  the  28  Group I  s ta t ions .  ArnpeL isca

macrocepVnla, wlnLdn is dominant in both density (60% ot tocal)  and organic

carbon b iomass (3L7"  o f  to ta l )  occurs  a t  a l l  28  s tac ions .  Four  o f  these

spec ies  are  c lass i f ied  by  Kuznetsov  (1964)  as  se lec t ive  deEr i tus  feeders ,

wh i le  the  f i f rh  (4 .  borea l i s )  i s  cons j .dered  a  f i l te r  feeder ,  though these

c lass i f i caE ions  are  open to  in te rpre ta t ion .  N ine  add i t iona l  spec ies  occa-

s iona l l y  a t ta in  loca l  (s ta t ion)  dominance w i th in  th is  g roup ( tab le  5 ;

A p p e n d i x  9 ) .

Of  the  89  ind ica t .o r  spec ies  se lec ted  fo r  c lus te r  and cor re la t ion

ana lys is  over  the  Ber ing /Chukch i  she l f ,  70  occur  w i th in  Group T .  The

average to ta l  number  o f  spec ies  per  s ta t ion  w i th in  Group I  i s  42  t  5 .
4

Wet weighL biomass within Group I  averages 482 t  286 g/^ ' .  Mean organic

2 , 2
carbon b iomass is  23 .1  t  5 .6  g /m ' ,  and mean dens i ty  i s  31688 t  823 ind iv /m-

( taUle  6 ;  Append ix  7 ) .  The mean d ivers i ty  index  fo r  th is  g rouP,  averaged

o . r e r  a I 1  2 8  s t a c i o n s .  i s  0 . 6 1 2  !  0 . 0 8 4  ( T a b l e  6 ) .  T h e  n e a n  d e p t h  f o r

the  s ta t ions  compr is ing  Group 1  is  43  t  3  m,  rang ing  f rc r i r  25  Eo 58  m.

t h e  m e a n  s e d i m e n t  p h i  s i z e  i s  3 . 0 C  t  0 . 1 1 ,  w i t h  a  r a n g e  o f  f r o m  2 . 5 0

t o  3 . 5 0  p h i  ( T a b 1 - e  7 ;  A p p e n C i x  B ) .
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Table 5. Dominant species occurr ing within stat ion cluster groups
and subgroups on the Bering/Chukchi She1f.  Trophic,
Zoogeogtaphic, and Reproduction designaEions are as for
Tab le  4 .

Dominant Species
Trophi-c

Trrna- - t  r "

Zoogeographl-c
0rigi-n

Reproduct ive
Type

Arnp eLi s e a maez, o e epVu,La
BybLis gaimardi
AnpeLisea bintlai
Macoma eaLcarea
Astarte borealis

Cluster Group I, Subgroup A

Anp e Li s ca macr o e epln La
AmpeLisea bizaLai
Byblis gaimaz.di
Maeoma eaLcarea
Astarte boz,ealis
S errdp e s gro enlartd icus
Cy elocardia erebricostata

Cluster Group I, Subgroup B

Anp e Li s ca macro e ephala
BybLis gaimardi
Maeoma ealcarea
S erripes groenlandicus
LLoeyma fluctuosa

TeLLinn. Lutea
Echinarachni.us pwtna

Cluster Group II,  Subgroup A

TeLLina Lutea
Soiophmtes bomban
hcnLTLATACnnLUS pArmA

lrauisia forbesii
Astarte montLgui
Cy clo cax&ta cr ebrL co s tata
Tachythgchus erosus
Nephtys ciliata

Cluster Group I

SDF
SDF
SDF
SDF
FF

SDF
SDF
SDF
SDF
FF
FF
FF

SDF
SDF
SDF
I T

FF

CLuster Group I l

SDF
SDF

SDF
SDF
b u f

S S F
FF
FF
CS
U J

I.AB
IAB
PAB
PA
PA

I.AB
PA3
IAB
PA
PA
PA
ABP

I,A3
I,AB
PA
PA
PA

B
B
B
P
DD

D

B
B
P
DD
P
U

B
P
DD
DD

PA
PAB

ABP
BP
PAB
LAB
PAB
APB
PAB
LA3

U
P
P
P
DD
U
U
F
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Table 5. Cont inued

Trophic Zoogeographic Reproduet ive
Domj.nant Speeies Type Origin Type

Serrip e s gno enlandieus
Haploscoloplo s elongatus
Anrp e Li s c a maez. o c epltala

Clugte! Group II,  Subgroup B

Eehinarachnius parma
C y e Lo e ar di a cr eb xi co s tata
Nephtys eiliata
Amp e Li s e a macz, o c eplwT.a
BybLis gaimardi
MyrioeheLe heerL
GLycinde uireni
Ioldia hgperbonea
Liocyma fluctuosa

Cluster  Group I I ,  Subgroup C

C y c L oe at di a cr eb rLc o s tata
Macoma calearea

1phiwa maculata
StrongyLocentrotus

dtoebaehiensis
Cistenides grarutLata

Cluster Group III ,  Subgroup A

Eehinaraehnius panrw.
Cistenides gz'anulata
)phiwa macuLata

Cluster  Group I I I ,  Subgroup B

Cistenides granuLata
7phiwa maculata
StrongyLocentrotus

dvoebachiensis
IoLdia hypeinboz'ea

Eaplos coloplos elongatus
ProtoneCeia iascata
IoLdLa hgperborea

FF
S S F
SDF

SDF
FF
C S
SDF
SDF
SDF
C S
SDF
FF

F F
I T

SDF

Clus ter  Group I I I

SDF
SDF

SDF

SDF
SDF
SDF

SDF
SDF

Clus ter  Group I !

SDF
SDF
SDF

ABP
POB
LAB

PAB
ABP
LAB
LAB
LAB
BP
BOP
LAB
PA

ABP
PA

PAB
ABP

LAB

LAB
PAB

ABP
LAB

BOP
T  A E

LAB

P
P

P
r

P
DD

D

u
P

l,

P
P
DD
DD

U
P

U
r

P
P
P

P
B
DD

r^,T.D

LAB
PAB

SDF
SDF
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Table 5. Cont inued

Trophic Zoogeographl-c Reproductive

Domi.nanE Species Type Origin Type

Cluster Group IV, SubgrouP A

HapLos coLopLos elongatus
Protomedeia fascata
EudoreLLa anugirnta
Nephtys ciLiata
Sternaspis scutata
IoLdia hyperborea
Iachyz.hychus erosus
Pra.riLLeLLa praetevT nis sa
Artacama proboseidea
Chaetozone setosa

Serripes gro enlandicus
MyrLocheLe heezt
Stewnspis scutata
Dianphio dia crat ero&neta
Gongonocephalus caryi

9]_uster Group V, SubgrouP A

lrlyrLocheLe heeri
D i anphi, o di a cr at er o dn e fu.

- Sternaspis sctftata
- LwnbrLnereis iragiLis

Ioldia hyperborea
'Nephtys ciLiata
Nucula tenuis
S ernip es gro enLandicus
Macoma brota

Cluster Group V, Subgroup B

Mgz,ioeheLe heez"L
- PraniLLeLLa praeterTnissa

Sterrwspis seutata

MaLdarze sarsi
)phitrca sarsi
tin 7. f i n nt'. n mara anitac d.

Astarte boreaLis

SDF
SDF
SDF
CS
S S F
SDF
CS
SSF
SDF
S S F

Cluster Group V

FF
SDF
D D T

SDF
SDF

SDF
SDF
S S F
SDF
SDF
C S
SDF
FF
SDF

SDF
S S F
J J T

Cluster Group VI

S S F
C S
SDF
FF

BOP
I,AB
PAB
LAB
BP
LAB
PAB
LA3
BP
LA3

PA
BP
BP
LAB
ABP

BP
r.AB
BP
LAB
LAB
LA3
PAB
PA
PA

BP
LAB
E T

BP
PA3
BP
PA

P
B
B
P
P
DD
t lu

P
P
P

P
P
P
P
P

P
P
P
P
DD
P
DD
Y

P

P
P
P

P
P
P
DD
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Table 5. Cont inued

Trophic Zoogeographic Reproduct i ,ve
Dorninant Species Type Origin Type

Cluster Group VI,  Subgroup A

Maldmte sarsi
Nucula tenuis
Sternaspis scutata
Diatrcphio dia erat ez,o dtneta
Golfingia margarttaea
Astarte boreaLis
Iuiaeoma caLcapea
Ophiwa saysi

CLuster .Group VI ,  Subgroup B

Maldnne sarsi
Stezna.spis seutata
Nephtys ciliata
)phiwa sotsi
Ioldia hyperborea

Macoma eaLcaxea
Chnne dunneri

C lus ter  Group VI I ,  Subgroup_A

Macoma calcazea
Sez,rip es gro enLutdicus
Nephtys eiliata
Pz'a.rLLLeLLa pnae tewm) s s a

Cl.uster Group VII ,  Subgroup B

Nephtys ciLiata

SSF
SDF
SSF
SDF
SDF
FF
SDF
CS

S S F
SSF
CS
cs
SDF

Cluster Group VII

SDF
FF

SDF
FF
cs
S S F

Cluster Group VTII

SDF
SDF
SDF
SDF

SDF
J I J I

SDF
SDF

BP
PAB
BP
LAB
BP
PA
PA
PAB

BP
BP
LA3
PAB
LAB

D A

LAB

PA
PA
LAB
T A R

LAB

P
DD
P
P
P
DD
P
P

P
?
P
P
DD

P
P
r

P

PCS

Itlaeoma eaLcarea
Nucula tenuis
IoLdia hllpenborea
Pontoporet)a femoz,ata

Cl-uster Group VIII,  Subgroup A-l

Macoma eaLccyea
Nucula tenuis
Pontopoz'eia femorata
C i s t eni de s nt'u o eyb o z, ea

D A
I A

PAB
LAB
PAB

rA
PAB
PAB
LAB

P
DD
DD
I

P
n n

D

r
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Table 5. Cont inued

Trophic Zoogeographic Reproducti.ve
Domj-nant Species Type Orisin Type

HapLo seoloplos elongatus
)phiwa satsi
Ioldia hyperborea
Pelonaia coz,zagata
Anp e Li s e a maero c ephala

Cluster Group VIII,  Subgroup A-2

Macoma calcarea
NueuLa tenuis
Pontoporeia femorata
Cistenides hyperborea
Polynoe canndensis

Cluster Group VIII,  Subgroup B-1

Maeoma ealeatea
Nueula tenuis
Ioldia hyperborea
NueuLana, nad.iata
Nephtys ciLiata
)phiwa sarsi
MaLdane sapsi

Cluster Group VIII,  Subgroup C-l

Nucula tenuis
Macoma ealcatea
IoLdta hyperborea
S ez,nip es gro enlandias
PeLonaia coz.rugata
Nephfus rickettsi

l luster Group VIII,  Subgroup C-2
t n

r x"H lvucuLa xenuLs
? 

1s -r.;rVephtgs eiLiata' q l  I
Cluster Group VII I ,  Subgroup D-l

NueuLa tenuis
Nucularza radiata

SSF
CS
SDF
FF
SDF

SDF
SDF
SDF
SDF
CS

SDF
SDF
SDF
SDF
C S
C S
S S F

SDF
SDF
SDF
FF
FF
CS

SDF
a <

SDF
SDF

BOP
PAB
I.AB
PAB
LA3

P
P
DD
P
B

P
DD
B
P
P

PA
PAB
PA3
LAB
I,AB

PA
PAB
LAB
PA3
LAB
PAB
BP

PAB
PA
LAB
PA
PAB
BOP

P
DD
DD
DD
P
P
P

DD
P
DD
P
P
P

PAB
IrAB

PAB
PAB

PAB
r!l'

LA3

DD
DD

DD
P

DD
P
DD

I I I ,  Subgroup D-2

A SDF
SDF

ea SDF
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Table 7.  observed physical  character is t ics of  benthic stat . lon c luster  grouPs and subgroups on the

Bering/chukchi shelf.

Depth (n)

Group and
Subgroup

o q " /

Standard Conf ideoce
Deviat ion Lin i t .s  ( t ) Mean

Standard
Devlation

Conf idence
L tn iEs  ( ! )

Group I
Subgroup A
Subgroup B

Group II
Subgroup A
Subgroup B
Subgroup C

Group III
Subgroup A
Subgroup B

Group IV
Subgroup A

Group V
Subgroup A
Subgroup B

Group VI
Subgroup A
Subgroup B

Group VI I
Subgroup A
Subgroup B

Group II I
Subgroup A

area A-1
area L-?

Subgroup B
area B-1

SubgrouP C
area C-l
atea C-2

Subgroup D
area D-l
area D-2

43
4 3
4 Z

1 7

3 3
28
55

48
38
5 0

4 9

2 7
z +

z8

4 5
98

q )

35
69

) b

57
> t
4 6

l3
4

12

)' 8

11
7

I q

1 a

5
8

l9

7
10

0

9
I

1',)

10
10

6

L7
9
7

16
11

' l )

5
9

25
)
6

3
4

19

4
6
3

44

1 )

11
11

l0
9

6
3

15

L7
4

3 . 0 0
3 . 0 0
J .  J J

2 . 7 2
z . o z

2 . 7 5
2  .88

o . 2 5
1 .  3 3

-J .  UIJ

1  1 1

3 . 5 4

J . 4 l
1  ? 1

2 . 7  5

5 . 1 5
4 . 5 6
6 .  1 3

J . O J

J .  d U

3 . 0 0

4 . 1 0
4 . 2 5
4 . 0 9
4  . 5 0

?  q ?

' l  o?

3 . 7 7
4 . 0 0
3 . 0 0

4  . 0 8
b . ) u

0 .  2 8
0 . 2 8
n ? a

o . 7 3
0 . 3 4
1 .  07
0 .  18

2 . 7  5
2 . 0 8

t . { 4

0 . 4 7

n o ?
0 . 8 9
0  , 6 4

1  < I

0 .  7 5

0 . 4 4
o . 2 6

r .  23
1 .  1 4
I . J U

0 . 7 1

!  1 t

L . 2 7

L . 2 6
1 t '

L . 4 4
0 .  8 0

n  t l

d  1 )

o . 4 6

0 . 2 6
0 .  19
0 .  65
1 4 7

4  . 3 8
5 . r 7

0 . 9 7
0 .  4 3

0 . 4 9

1 . 0 2

0 .  9 6
1 . 3 3
1 . 1 9

0 .  3 7
o . 2 7

0 .  3 5
0 . 6 1
0 .  8 7
L .  L 1

1 .  0 3
1  ? 1

u . o /
0 . 9 8

L . 7  9
1 .  9 9

7 9

80

44
46

60
< t

16
3
1

L7
t5
16

16
l l

9

6
4
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Group I I ,  the North Bristol  Bay-West Norton Sound group shows a

minimum between-stat ion aff in i ty value of.  0.2L. This group is total ly

discreet,  showing no aff in i ty with any other group. This group includes

33 s ta t ions ,  a t  leas t  two area l  subgroups ,  and one area l  e r ra t i c  (S ta t ion

1f0) .  The main  d is t r ibu t ion  o f  s ta t ions  compr is i -ng  Group I I  appears  to

form a broad band offshore from the Alaska mainland in the eastern Bering

Sea, with a minor areal subgroup ly ing south of the western end of St.

Lawrence Is land ( f ig .  4 ) .  Though there  are  no  s ta t ions  ava i lab le  to  suP-

p1y  supporE ing  da ta ,  i t  i s  cons idered probab le  tha t  Group I I  con t inues

unbroken between Bristol  Bay and Norton Sound, and that these two areas

do no t  fo rm d is t inc t  subgroups .  As  is  the  case w i th  Group I ,  Group I I  i s

res t r i c ted  so le ly  to  Ehe Ber ing  Sea.

The m: io r  spec ies  encountered  w i th in  Group I I  (each compr is ing  L07"
l r

or more of density and biomass) are Telpna Lutea (bivalve) and Echinara-

ehnius paTma (echinoid). Echinarachnius parma occurs aE 29 of the 33

to ta l  s ta t ions ,  w i th  7 .  Lu tea  occur r ing  a t  10 .  Together ,  these two spec ies

account for 367 af che Eotal  mean PoPulat ion densiEy and 787" of the total

mean organic carbon biomass. Both ?. Lutea and E. pcrma are considered

to  be  a  se lec t ive  de t r i - tus  feeders  (Kuznetsov ,  L964) .  Twenty -e igh t  add i -

t ional species are at Eimes seen to share dominance on the 1oca1 level

(Tab1e 5 ;  Append ix  9 ) .

F i fCy-e igh t  o f  the  89  ind ica tor  spec ies  are  rePresented  w i th in

Group I I .  The mean weE we igh t  b iomass,  averaged over  a l l  33  s ta t ions

^
within the group, is 265 ! .  L40 g/^ ' ,  the mean organic carbon biomass is

t ?
4.4  ! .  L .4  g /m ' ,  the  mean dens i i y  i s  340 =  103 ind iv /m- ,  and ihe  mean d i -

v e r s i t y  i s  0 . 8 8 2  t  0 . 0 9 6 .  A n  a v e r a g e  o f . 2 3  !  3  t o t a l  s p e c i . e s  a r e
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encountered  per  s ta t ion  w i th in  th is  g roup (Tab le  6 ;  Append ix  7 ) .  The

a v e r a g e  d e p t h  a t ,  t h e  S t a t i O n S  q T j r h i n  t - h a  o r n r r n  i c  ? ?  +  L  m  . " n g i n g  f t ' o m

16 to  58  rn .  As  may be  seen (Tab le  7 ;  Append ix  B) ,  the  mean depth  o f  the

St.  Lawrence subgroup is considerably deeper (55 m) than that of  the

main  group (32  m) .  The sed inent  par t i c le  s j -ze  w i th in  Group I I  ranges

f r o n ' r  - 0 . 3 1  t o  4 . 0 0  p h i ,  w i t h  a  m e a n  v a l u e  o f  2 , 7 2  !  0 . 2 6  p h i .  B o t h  t h e

low ph i  va lue  o f  -0 .31  and the  h igh  va lue  o f  4 ,00  are  cons iderab le  de-

viat ions frorn values derived from the other stat ions within this group.

Group I I I ,  the Anadyr Strai t-Bering SErait  group, is a faLr ly smal l

assernblage of l0 stat ions spl ic into trso dist inct areal subgroups. One

subgroup,  composed o f  5  s ta t ionsr  l ies  west  o f  SE.  Lars rence Is land in

Anadyr  S t ra i t ,  the  o ther ,  w i th  4  s ta t ions ,  l ies  in  Ber ing  St ra i t .  Group

I overlaps Group I I I  in areaL distr ibut ion in Bering Strai t ,  the only

ins tance where  such c lus te r  g rouP area l  over lap  is  encountered  (F ig .  4 ) .

The rn in imum between-s taE ion  a f f in i t y  va lue  fo r  Group I I I  i s  0 .L7 .  As

night be expected from the overlap in distr ibuEion, Group I I I  shows some

af f in i ty ,  aE the  0 .10  leve l ,  w i th  Group I ,  and no  a f f in iEy  w ich  any

other  g roup.  One s ta t ion  c lus te red  w i th in  Group I I I ,  SLat ion  90 ,  i s  an

area l  e r ra t i c  l y ing  jus t  sou th  o f  S t .  Laru tence Is land.
a

The mean wet  we igh t  b iomass o f  Group I I I  i s  673 !  532 g /n ' ,  w i th

2

the Ber ing Stra iC subgroup shorv ing a h igher  mean value (903 e/n-)  Ehan

a

t he  Anady r  Sc . ra i t  subg roup  (593  g /n ' )  t hough  che  s tanda rd  dev iaL ions  and

con f i dence  i n te rva l s  w i t h i n  t hese  subg roups  i nc i i caEe  tha t  t h i s  d i f f e r -

ence  may  noE  be  sEa t i s t i ca l l y  va l i d  (Tab le  6 ) .  The  mean  o rgan i c  ca rbon

b j - o m a s s  f o r  t h e  g r o u p  i s  1 4 . 1  t  B . t  g / ^ 2 ,  t h e  m e a n  < i e n s i t y  i s  4 8 1  I

)
1 a ?  i - J i . , / - '  ^ - , d  t h e  n e a n  j - n d a x  o f  c i i v e r s i t y  i s  1 . 1 0 5  t  0 . 2 ? 2 ,  L h e
I I J  l l t u ! Y /  l l r  t  e r i
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h ighes t  o f  any  na jo r  g roup.  Of  the  89  ind ica tor  spec ies ,  59  are  rePre-

sented within Group I I I .  An average number of 37 t  12 species occurs

per  s ta t ion .

The species character iz ing Group I I I  are )phitua maculata (ophiu-

roid), Strongyloeentrotus dtobachiensis (echinoid) and Ci,stenid.es

gyanuLata (polychaete).  These 3 species eomprise 452 of the total  den-

si ty and 44% of the organic carbon biomass. Al l  are consiCered selec-

t i ve  de t r i tus  feeders  (Kuznetsov ,  L964) .  E leven o ther  spec ies  share

dominance,  loca l l y ,  w i th  these 3  spec ies  ( tab le  5 ;  Append ix  9 ) .

The mean depeh o f  s ta t ions  w i th in  Group I I I  i s  48  t  12  m,  rang ing

from 25 Co 90 rn. The only staE,ion deeper than 56 m is t ,he ateal errat ic,

S ta t ion  90 .  The sed iment  par t i c le  s ize  a t  s ta t ions  w i th in  th is  g roup

v a r i e s  w i d e l y  f r o m  - 3 . 0 0  t o  3 . 0 0 ,  w i t h  a  m e a n  v a l u e  o f  0 . 2 5  !  4 . 3 8  p h i

(Tab le  7 ) .  A t  6  o f  rhe  10  s ta t ions  rocky  subs t ra te  p roh ib i ted  co l lec -

t ion  o f  vaHd sed iment  samples  (Append ix  8 ) .  A l1  o f  the  s ta t ions  are

character ized by E.he presence of rocks, gravel and shel l  f ragments'

Group IV ,  the  western  Br is to l  Bay  grouP,  i s  a  raEher  un t idy  assoc ia -

t ion  c lus te r  o f  13  s ta t ions  hav ing  a  min imum af f in i t y  leve l  o f  0 '24 '

F i v e  o f  t h e s e  1 3  s t a t i o n s  ( S t a t i o n s  1 0 ,  7 0 , 7 3 ,  L 2 5 ,  a n d  1 7 0 )  a r e  a r e a l

errat ics. The remaining 8 form a broad band seaward from Group I I I

( F i g .  4 )  f r o m  a b o u t  5 5 " N  t o  6 0 o N .  A l l  b u t  o n e  s t a t i o n  o f  t h e  t 3  ( S t a -

r ion  170)  l ie  on  Ehe she l f  o f  the  Ber ing  sea.  Group IV  shor ' rs  a f f in i t y

a t  Ehe 0 .14  leve l  w i rh  Group V,  though separa ted  area l l y  f rom i t  by

Group I I I ,  and  w ich  Groups  VI ,  V I I ,  and VI I I '

The dominant  spec ies  w iEh in  Group IV ,  account ing  jo in t l y  fo r  6L% o f '

the mean densiEy atd L77. of the mean organic carbon biomass, ate Ioldi 'a
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hyperboz,ea (bivalve) , HaploscoLoplos elongatus (Polychaete), and Proto-

medeia fascata (amphipod).  Haploscolo?Los elongatus is one of the most

ubiquitous species encountered, occurr ing at L26 stat ions within al l  8

cluster groups. Only within Group IV, however,  does i t  assume dominant

nrnnnrf ionq- The relat ively low biomass percentage comPrised I ' I i th in
t / r  v y v !

th is group by i ts 3 dominant species is due to the very large biomass

value of 14 . l  g/*2 (organic carbon) averaged' at  Stat ion 24 by rhe cockle

Cl inoeu&tum ciLiatum. This one species accounted fox 44% of the organ-

ic carbon biomass for the ent ire group. Since this rsas a single stat ion

occulrence, howeveT, C. ciLiatun was not included as a dominant species

for  Group IV .  The 3  spec ies  se lec ted  as  dominants  occur  aE 7 ,  L2 ,  and

11,  respec t ive ly ,  o f  Ehe 13  to ta l  s taE ions .  F i f t y - th ree  o f  the  89  in -

dicator species occur within Group IV. A11 3 dominant speeies within

th is  g roup are  se lecE ive  de t r i tus  feeders  (KuzneCsov,  L964) .  In  add i -

t ion to these 3, 14 other species achieve a share in dominance on the

1oca1 leve1 (Table 5; APPendix 9) .

The mean densitY (a11 sPeeies) for

the  mean organ ic  carbon b iomass is  3 .3
.)

biomass is 102 !  L25 g/m-, and Ehe mean

0 . L 2 4 .  O n  t h e  a v e r a g e ,  2 7  !  6  s P e c i e s

Group IV is 634 !  l9B indiv/m2,

!  2 .5  g / *2 ,  che  mean wet  we igh t

s ta t ion  d ivers i tY  is  0 .901 t

occur  a t  each s ta t ion  w i th in

t h i s  g r o u p  ( T a b t e  6 ) .

The mean depth  o f  s ta t ions  w i th in  Group IV  is  49  I  l0  m,  rang ing

f rom 20 to  66  rn .  Wigh in  Ehe major  a rea l  c lus te r  o f  B  s ta t ions ,  depth

is  less  er ra t i c ,  rang ing  f ron  52  to  66  m,  w i th  a  nean o f  51  1  9  n '

T h e  m e a n  s e d i m e n t  p a r t i c l e  s i z e  i s  3 . 1 1  i  0 . 9 7  p h i ,  r a n g i n g  f r o m  - l ' 0 0

ph i  to  4 .00  ph i .  As  w iEh depch,  rhe  pare ic le  s ize  rv i th in  the  rna in



d is t r ibu t ion  is  more  un i fo rm,  rang ing  f ro rn  2 .75  to  4 .00  ph i  w i th  a  mean

of  3 .54  t  0 .43  ph i  (Tab le  7 ) .  A t  one o f  the  area l  e r ra t i cs  (S ta t ion

170)  rocky  subs t ra te  p revented 'co l lec t ion  o f  a  su i tab le  sed iment  sample .

Group V, the Norton Sound-tr Ialrus Is land complex, possesses a min-

inum between-stat ion aff in i ty value of 0.17. This group is composed of

20 stat ions, including one areal errat ic.  The main distr ibut ion of

stat ions forms a broad nearshore band stretching across western Norton

Sound and south along the Alaska mainland to Sust north of Nunivak Is-

land (F ig .  4 ) .  F i f teen s ta t ions  l ie  w i th in  th is  band.  Four  o ther  sEa-

t , ions form a sirni lar nearshore enclave in the Walrus Is land region of

northern Bristol  Bay. No nearshore stat ions were Eaken from Nunivak

south to BrisLol Bay, but i t  is conjectured thaC the faunal courplex

character i-z irng Group V probably is cont inuous along the ent ire Bering

Sea coast from the Seward Peninsula south to E,he Alaska Peninsula and

that the Norton Sound and Walrus Is land stat ions do not represent dis-

t j -nct subgroups in terms of areal distr ibut ion. The one areal errat ic,

S ta t ion  169,  l ies  fa r  nor th  o f  the  main  body  o f  s ta t ions ,  in  the  south-

ern  Chukch i  Sea.  Group V shows an a f f in i t y  assoc ia t ion  o f  0 .14  w i th

Groups. IV ,  V I ,  V I I ,  and VI I I ,  none o f  wh ich  share  w i th  i t  a  contmon

b o r d e r .

Of  the  89  ind icaEor  spec ies ,  54  occur  w i th i -n  Group V.  F ive  o f

these 64 species, Senz, ipes gtoenlanCicus (bivalve) ,  i |yz 'LocheLi heez'L

(polychaete), Diatnohiodia cz"aterodmeta (ophiuroid), and Gorgonoeephalus

cargi  (ophiuroid),  cornprise 657" of.  the mean densiry and 48i i  of  the

organic carbon biomass for the group. One of these (S. groenlendicus)

is  an  obv ious  f i l te r  feec ie r .  Bo th  po lychaetes  are  c lassed as
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non-se lec t ive  de t r i tus  (depos i t )  feeders ,  wh i le  bo th  op iu ro ids  a re

select ive detr i tus feeders (Kuznetsov, L964) making thi-s a rather di-

verse group in terms of t rophic forms and resource ut i l izat ion. The

mean density encountered at stat ions comPrising Group V is 702 !  208

) , ?
indiv/rn' ,  the mean \^Iet,  weight biomass is 193 t  111 E/m-, the mean

organic carbon biomass is 7.5 !  4.0 g/^2, and the mean diversicy index

is  0 .891 t  0 .106 (Append ix  7 ) .  I t  appears  tha t  there  may be  a  t rend

toward increasing biornass from souEh to north within this group. The

)
W a l r u s  I s l a n d  s t a t i o n s  a v e r a g e  o n l y  3 . 0  t  1 . 5  g / n ' ( o r g a n i c  c a r b o n ) ,

.)
wh i le  those in  Nor ton  Sound average 7 .5  !  4 .7  g /n ' .  Th is  t rend is ,

however,  not str ict ly supportable on stat ist ical  grounds as Ehe mean

conf idence intervals do overlap (Table 6).  The one Chukchi Sea sLat ion

.t

( f69) averages 25.4 g/m' (organic carbon) largely due Eo the consider-

able biomass of G. carAi encountered at this stat ion. GorgonocephaLus

cargi  occurs at only 4 other stat ions, making i t  marginal ly accepEable

as  a  dominant  spec ies .  The o ther  dominants  occur  a t  B '  18 ,  13 ,  and 18

of  the  20  to ta l  s ta t ions ,  respec t ive  Eo the  order  in  wh ich  they  are

named.  above.  On the  loca l  leve l ,24  o ther  spec ies  a t  t imes share  th is

dominance (Table 5; Appendix 9) .

The mean stat ion depth encountered in Group Y Ls 27 t  6 m, ranging

f r o n  1 8  n  ( S c a c i o n  6 )  t o  7 3  n  ( S t a t i o n  1 6 9 ) .  E x c e p t i n g  S E a t i o n  1 6 9 ,  t h e

greatesE depth  encounEered is  34  in .  The sed iment  par t i c le  s ize  ranges

f r a m  2 . 0 0  t o  5 . 0 0  p h i ,  w i E h  a  m e a n  v a l u e  o f  3 . 4 7  t  0 ' 4 9  p h i .  A t  3  o f

the  nearshore  s ta t ions  jus t  sou th  o f  Ehe Seward  Pen insu la ,  rocky  sub-

s t ra te  p revenE,ed sed is lenc  co l lec t ion .  The er ra t i c  d is t r ibu t ion  o f

sed imenEs encountered  w i th in  th is  g roup is  p robab ly  a  resu l t  o f  i t s
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nearsho re  pos i t i on .  Such  d i ve rs i t y  o f  subs t ra tes  may  a l so  accoun t  f o r

the d i .vers i ty  of  feeding types found wi th in the major  faunal  e lemenEs

of  th is  g roup.

Group VI,  the northern Pribi lof-easE.ern Chukchi group, includes 12

s ta t ions  sp l i t  in to  2  de f in j - te  a rea l  subgroups ,  w i th  no  area l  e r ra t i cs .

Subgroup A, the eastern Chukchi subgroup, includes B stat ions forming a

broad band along the Alaska mainland fron Point Barrow south to KoEzebue

Sound. Subgroup B, the northern Pribi lof  subgroup, forms an elongate

band o f  4  s ta t ions  ly ing  nor th  and west  o f  the  Pr ib i lo fs  (F ig .  4 ) ,  The

min imum sEat ion-s ta t ion  a f f in i t y  w i th in  Group VI  i s  0 .2L .  Whi le  there

is clear areal dist inct ion between Subgroups A and B, the dist incEion in

te rns  o f  s ta t ion-s ta t i -on  a f f in i t y  i s  less  c lean-cu t ,  v i i th  one s ta t ion

(176) of Subgroup A having closer aff in i t ies with Subgroup B Ehan with

i ts  own subgroup s taE ions  (F ig .  3 ) .  As  a  g rcup,  Group VI  shor , rs  a f f in : - ty

at the 0.14 leve1 with Groups IV, V, VII ,  and VII I ,  and shares a cof iunon

boundary  w i th  a l l  bu t  GrouP V.

The species of major importance within Group VI,  in terms of popu-

lat ion densigy and standing stock bj-omass'  are Astavte boreaLis (bi-

vaIve, also dominant in Group l) ,  I4aLdane sa"si  (polychaete),  }pniut i

sa"si (ophiuroid), and. GoLiingia naTgaI'itaca (sipunculid) . tr'ourteen

addj- t ional species share this dominance aE some stat ions, ?phitu ' i

Sars i  i s  cons idered a  se lec t ive  d .e t r i tus  feeder ,  A .  boreaL is  Ls  a

f i l ter feeder,  ar,d,  I , l .  sa"s;.  and G. mq.Tgagi iGca are deposit  feeders'

One of each feeding type is local ly dorninanc in each subgroup. Together,

these 4 species account f .ot  49i l  of  the mean group density a1;.d 537" of the

mean o . rgan ic  carbon b io rnass .  They  occur  a t  5 ,  B ,  7 ,  and 7 '  resPect i -ve iy '



of  the  12  to ta l  s taE ions .  S ix ty -seven o f  the  89  ind ica tor  spec ies

occur within Group VI.  The mean density rvi thin Group VI is 496 !  200

)  .  ^  .  
'

indiv/m-, the mean r\ iet  rveight biomass is 305 !  L64 g/^",  the mean organ-

ic carbon biomass is 11 .L !  4.9 g/*2, and Lhe mean stat ion dl-versi ty

index  is  1 .005 t  0 .152.  The nean organ ic  ca . rbon b iomass o f  L4 '6  t  5 'B

,  -  1  n  r  - ,  n  - l ^ a
g/nr -  encountered  w i th in  subgroup A,  as  opPosed to  4 .0  i  1 .9  g /n 'w i th in

subgroup B, indicates a south to north trend of increased standing

s t o c k ' a s a l s o a p p e a r e d t o b e t h e c a s e f o r G r o u p V . l n t h e c a s e o f

Group VI this t , rend is supportable at the 957" conf idence level (Tab1e

6) .  On the  average,  36  t  13  spec ies  occur  a t  each s ta t ion  w i th in

Group VI .

T h e m e a n d ' e p t h f o r G r o u p V l o v e r a l t i s 6 3 + l T m , w i t h S u b g r o u p A

h a v i n g a m e a n d e p t h o f 4 5 l 4 m ( r a n g i n g f r o r n 3 3 t o 5 0 ) a n d S u b g r o u p B

having a mean depth of 98 t  10 m (ranging from 90 to 105) '  The sedi-

ment  par t i c le  s ize  ranges  f rom 2 .50  to  6 .50  ph i  w i th in  subgroup A,  w i th

a  m e a n  o f  4 . 6 6  !  L . 3 3 ,  a n d  f r o m  5 . 0 0  t o  6 . 5 0  p h i ,  w i t h  a  m e a n  o f  6 ' 1 3  t

1 .19 ,  ra i th in  Subgroup B.  The overa l l  par t i c ie  s ize  mean fo r  Group VI

i s  5 . 1 5  t  0 . 9 6  p h i  ( t a b l e  7 ;  A p p e n d i x  8 )  '

Group VII ,  the Savoonga-Pribi lof  group, is a smal l  cfuster grouP

composed o f  t l ro  d is t incE area l  subgroups  (Frg ,  4 ) ,  w ich  B to ta l  s ta -

t ions .  The min imum s ta t ion-s ta t ion  a f f in i t y  o f  Group v I I  i s  0 '3 r '

There  are  no  area l  e r ra t i cs ,  and no  d isC inc t ion  in  a f f in i t y ,  desp i te

the  area l  separa t ion ,  be t rueen subgroups .  subgroup A,  the  savoonga sub-

g r o u p , i n c l u d e s 6 S t a t i o n s f o r m i n g a t i g h t e n c i a v e j u s t n o r t h o f S t '

Lawrence Is land.  Far  south  o f  th is  l ies  subgroup B,  the  Pr ib i lo f  sub-

group,  wh ich  inc ludes  on ly  two s ta t ions  jus t  nor th  o f  S t '  Pau l  Is land
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(F ig .  4 ) .  Group VI I  shows a f f in i t y  a t  the  0 .17  leve l  w i th  Groups  VI

and VII I ,  and at the 0.14 level with Groups IV and V.

Group VII is characterl-.zed by the species Macoma ealcarea (bivalve,

also dominant in Groups I  and VII I)  and Chone duneri  (polychaete),  which

together comprise 627" of the density and 607. of.  the mean organie carbon

biomass of the group. Macoma caLcatea is present at al l  B stat ions;

C, duneri  is present only at 2,  both in Subgroup A. Both species are

select ive detr i tus feeders. Local dominance is shared between these

and 11  o ther  spec ies  (Tab le  5 ) .

only 39 of the 89 indicator species occur within Group VII .

average of only 17 t  8 species occur at stat ions within this group.

Mean wet weight biomass is 2I9 !  L25 g/^2, mean organic carbon biomass

is 9.5 t  5.2 g/n2, mean density Ls 4I4 !  ]  49 indiv/1112, and mean diver-

s i ty  index  is  0 .738 !  0 .138.  As  w i th  the  prev ious  groups  where  there

are dist inet areal separat ions by lat i tude, the more northerly stat ions

possess much great,er standi-ng stock biomass than do the southerly ones.

In this case, Subgroup A has a mean organic carbon standing stock bio-

rnass  o f  L2 .0  !  5 . I  g /nz  as  compared to  2 .0  !  6 .4  e / *2  fo r  Subgroup B '

Though not str lct ly supportable at the 95% conf idence le 'rel ,  I  consider

that this dj- f ference is probably real,  t ,he large conf idence interval

for Subgroup B being a funct ion of smal l  sample size rather than within-

group var iance (Tab le  6 ) .

The mean depth  o f  s ta t ions  w i th in  Group v I I  i s  43  r  13  m.  Subgroup

B,  w i th  a  inean depth  a t  69  +  12  m,  i s  d isc inc t l y  deeper  than subgroup A '

Depth  a t  subgroup A averages  35  t  4  m,  rang ing  f rom 3 l  to  40 .  The sed i -

menL par t i c le  s ize  w i th in  the  grouP is  more  cons is tan t ,  averag ing

d l l
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3.00  t  0  ph i  fo r  Subgroup B,  3 .80  i  0 .27  fo r  Subgroup A ( rang ing  f ro rn

3 . 5 0  t o  4 . 0 0 ) ,  w i t h  a n  o v e r a l l  g r o u p  m e a n  o f  3 . 5 7  !  0 . 3 7  p h i  ( T a b l e  7 ) .

Group VII I ,  known as the Central  Bering Supergroup, is che least

discreet and, conversely,  the most complex of al l  the Bering/Chukchi

c lus te r  g roups .  I t  possesses  a  min imum s ta t ion-s ta t ion  a f f in i t y  o f

0 .31 ,  and i -s  composed o f  4  d is t inc t  assoc ia t ion  subgroups  on  the  bas is

o f  s ta t ion-s ta t ion  a f f in i t y  (F ig .  3 ) .  Three o f  these assoc ia t ion  sub-

groups are themselves composed of dist inct areal subgroups (Fig. 4) .

Al l  4 of the major subgroups form, toget.her,  a large complex on the

cent ra l  Ber ing  she l f  f rom St .  Lawrence Is land to  south  o f  S t .  Mat thew

ls land (F ig .  5 ) .  Three o f  these major  assoc ia t ion  subgroups  a lso  pos-

sess areal subgroups in the Chukchi Sea. Overal l ,  Group VII I  shows

af f in i t y  a t  the  0 .17  leve l  w i th  Group VI I ,  a t  the  0 .14  leve l  w i th  Group

VI ,  and a t  the  0 .10  leve l  w i th  Groups  IV  and V.  Assoc ia t ion  subgroups

ruiLhin Group VII I  possess aff in i ty rv i th one another at the 0.24 leveL.

The Central  Bering SupergrouP is,  overal l ,  character ized by the

species M. caLcarea (bivalve, also dominant in Groups I  and VII) .

Nucula tenuis (bivalve), Ioldia hyperborea (biva1ve, also dominant 1n

Group IV),  and Pontopo"ea femoz'aia (amphipod).  A11 are classed as

se lec t ive  de t r i tus  feeders .  Jo in t l y ,  these 4  spec ies  account  fo r  647.

of mean Group VII I  density and 49. l  of .  the organic carbon biomass.

Seventy - th ree  o f  the  89  ind ica tor  spec ies  occur  w i th in  Group VI I I ,

uraking i t  the most dirrerse of al l  Ehe cluster groups in terms of major

spec ies  inc luded,  wh ich  is  noE surpr is ing  g iven the  group 's  complex i ty

and areal distr ibut ion. Average<i over al--L st ,at ions within aIL 4 major

a f f in i t y  subgroups ,  Ehe overa l l  supergroup mean dens i ty  i s  934 X 42 /+
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. 2  , 2
indiv/m',  mean wet weight biomass is 239 x 54 g/m-, mean organic carbon

b i o m a s s  i s  t 0 . I  !  2 . g  g / * 2 ,  a n d  m e a n  s t a t i o n  d i v e r s i t y  i s  0 . 8 5 3  t  0 . 0 5 4

(Tab le  6 ) .  The overa l l  mean s ta t ion  depth  fo r  the  suPergroup is  56  t

5  m,  and the  mean sed iment  par t i c le  s ize  is  4 .10  t  0 .36  ph i  (Tab le  7 ) .

Subgroup A o f  the  Cent ra l  Ber ing  Supergroup,  possess ing  an  in te rna l

s ta t ion-s ta t j .on  min imum af f in i t y  o f  0 .42 ,  i s  composed o f  16  s ta t ions

foming 2 dist inct areal subgroups with one areal errat ic.  The major

areal subgroup withi .n Subgroup A is a cluster of l l  stat ions formi.ng a

broad c rescent -shaped d is t r ibu t ion  jus t  souEh o f  S t .  Lawrenee Is land

(F ig .  5 ) .  The second area l  subgroup,  composed o f  4  s ta t ions ,  i s  locaEed

north of Bering Strai t  in Lhe southern Chukchi Sea. In addit ion to the

4 species character i-zLng the SupergrouP as a whole, Subgroup A is char-

acgerized by strong complements of Ophiuz'a sarsi  (ophiuroid, also domi-

nant in Group Yit), Pelonia coz'z'ugata (tunicate), and Cistenides hyper'-

borea  (po lyehaete) .  Th is  spec ies  charac ter iza t ion  ho lds  fo r  bo th  a rea l

subgroups. The standing stock biomass of the southern (Bering Sea)

. 2  , 2
area l  subgroup averages  L79 !  70  g /n 'wet  we igh t  and 7 .7  !  3 .1  g /m-

a

organ ic  carbon as  compared to  568 t  6L4 g /m 'wet  we igh t  and 26 .6  !  23 '3

g/m' carbon for the northern (Chukchi)  subgroup, again support ing'

though no t  , ; i th in  r igorous  s ta t i s t i ca l  l im i ts  (Tab1e 6) ,  the  t rend o f

northerly increase j .n standing stoclc.  The overal l  mean depth of sta-

t ions i . r i th in Subgroup A is 57 !  6 m, averaging 59 i  11 m for the Bering

stat ions and. 46 !  7 fot  Ehose in the Chukchi.  The mean sedimenE par-

r i c l e  s i z e  j - s  4 . 2 5  !  0 . 6 1 -  p h i ;  4 . 0 9  i  0 . 8 7  p h i  f  o r  t h e  B e r i n g  s e a  a n d

4 . 5 0  t  1 . 1 2  p h i  f o r  c h e  C h u k c h i  S e a  ( T a b l e  7 ) .
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Subgroup B of the Central  Bering Supergroup includes 8 stat ions and

possesses  a  mi -n imum s ta t lon-s ta t ion  a f f in i t y  o f  0 .46 .  The major  d is t r i -

but ion of this subgroup l ies just northr ' rest of  st '  Matthew rsland and

jus t  sou th  o f  Subgroup A (F ig .  5 ) .  There  are  t r ^ to  a rea l  e r ra t i cs  -

Stat ion 34 to the southeast (within the bounds of Group VI) and Stat ion

7I to the northeast.  In addit ion to the dominant species for the Cen-

tral  Bering SupergrouP as a whole, Subgroup B is characEetized by the

speeies Nuculann z.adiata (bivalve) and Ophiuz'a sarsi (ophiuroid), with

st,rong complements of MaLdane sarsi (polychaete). Pontoporea iemorata

(amphipod) does not appear to exert  dominance within this subgroup.

The mean density for Subgroup B is 390 t  218 indiv/m2, the mean wet

weight biornass Ls 206 !  LOZ g/^2, mean organic carbon biomass is 9'0 t

)
4 ,2  g /mz,  an6 mean d ivers i ty  index  is  0 .857 !  0 .054 (Tab le  6 ) ,  w i th  an

average o f  2L  t  5  spec ies  Per  s ta t ion .  The mean depgh o f  Subgroup B is

7 8  !  L 4  m ,  m e a n  s e d i n e n t  p a r t j . c l e  s i z e  i s  3 . 8 7  t  1 . 0 3  p h i  ( T a b l e  7 ) '

Subgroup C of Group VII I  (Central  Bering Supergroup) is a cluster

of L7 stat ions having a minimum aff ini ty of 0.31, the lowest of al l  the

Cent ra l  Ber ing  subgroups .  Cor respond ing ly ,  the  area l  d is t r ibu t ion  o f

sEat, ions within this subgroup is indiscreet,  forming at least two areal

subgroups, one in the Bering and one in the chukchi,  with 6 areaL er-

ra  t i cs  .

The main  area l  subgroup,  cons isE ing  o f  9  sEat ions ,  l ies  jus t  sou th-

eas t .  o f  s t .  Lawrence Is land (F ig .  5 ) .  A  minor  subgroup,  o f  on ly  2  s ta"

t ions, l ies in the northeastern Chukchi within the boundaries of Group

VI  .  The area l  e r raE ics  a re  sca t te red  f rom Ber ing  St ra i t  a lnos t  to  E ' : ]e

nort t lern l i rni ts of the Chukchi Sea, forming no distr ibut ional patEern
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that is readi ly discernable. The mean overal l  depth of stat ions within

Subgroup C is 44 t  5 m, ranging from 29 to 56 n. Mean depth for the

Bering subgroup is 46 + 8 m, that for the Chukchi is 37 t  19 rn. Sedi-

ment  par t i c le  s ize  averages  3 .77  !  0 ,67  ph i  over  a l l  Subgroup C sEaEions ,

w i th  a  mean o f  4 .00  t  0 .98  ph i  fo r  the  Ber ing  and 3 .00  t  0  ph i  fo r  the

Chukchi (Table 7).

Whi le aIL 4 of the Central  Bering Supergroup dominant species occur

withln this subgroup and exert  dominance at at  least some stat ions, the

dominance of l.4. calcayea and, particularly, fl. tenuis seems accentuat,ed

whi le that of  P. femorata is much reduced. Corresponding to Ehe gener-

a l l y  unconso l ida ted  na ture  o f  th is  subgroup,  a  to ta l  o f .23  o ther  spec ies

shares dominance hr i th the 4 supergroup dominants in at least one stat ion

wichin the subgroup. I t  is of  interest that at  one stat ion ( f12) Macoma

LoUeni replaces Macoma calceyea as a dominant whi le at another ( f55)

Ioldia scissuvata replaces loldia hypez'borea.

)
The mean density within Subgroup C is 451 t  131 indiv/m-, mean wet

a

weight  b iomass is  200 t  55  g /m ' ,  and mean organ ic  carbon b iomass is  8 .5

)
!  2 .4  g /^ ' .  The s tand ing  s tock  mean fo r  the  area l  e r ra t j -cs ,  4  o f  wh ich

I

l i e  in  the  Chukch i  Sea,  i s  9 .4  g /n '  carbon.  The mean s ta t ion  d ivers i ty

f o r  S u b g r o u p  C  i s  0 . 8 6 3  t  0 . 1 0 5  o v e r a l l  ( T a b l e  6 ) .

Subgroup D,  the  las t  ma jor  subgroup encompassed by  the  Cent ra l

Bering Supergroup, includes 5 stat ions forrning 2 atea| subgroups. Three

of  these s taL ions  l ie  in  the  Ber ing ,  fo rming  an  e longate  d is t r ibu t ion

n o r t h e a s t  o f  S t .  M a C t h e w  I s l a n d  ( F i g . J ) ,  w i t h  g h e  o t h e r  E w o  i n  t h e  f a r

norLheasLern  Chukch i  Sea.  The mean depth  o f  the  Ber ing  s ta t ions  is
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60 t  10 rn; Ehat of the Chukchi stat ions is 5l  t  0 m. The mean sediment

par t i c le  s ize  is  4 .08  t  1 .99  ph i  fo r  the  Ber i -ng  and 6 .50  t  0  ph i  fo r

the  Chukch i  (Tab le  7 ) .

In addition to the 4 dominant supergroup species, Nuculana. z'a&Lata

(bivalve) appears t ,o be strongly dominant wiEhin Subgroup D in both the

Bering and Chukchi seas. Pontoporea femorata, conversely, is not a

major element within this subgroup (tal te 5).  The sipuncul id GoLfingia

twrgavitaca appears to be a rnajor species for the Chukchi staEions,

though not for the Bering. The mean overal l  biomass for the subgroup

is  338 t  2Lg g /^2  wet  we igh t  and 10 .7  !  5 .0  g / *2  carbon '  The mean s ta -

t i o n  d i v e r s i t y  f o r  S u b g r o u p  D  i s  0 . 7 8 5  t  0 , 1 - 6 6  ( T a b l e  6 ) .

More va.gue results were produced when a staLion-stat ion cluster

analysis was performed using the results from the 108 f ine fract ion sam-

p les  ana lyzed. .  For  th is  c lus te r  ana lys is ,  the  44  spec ies  se lec ted  f rom

the f ine sieve fract ion ranking program were implemented as indicator

spec ies .  I t  appears ,  f rom the  genera ted  c lus te r  dendogram,  tha t  a l l  o f

the f ine fract ion stat ions fal l  into two major groups, each having a

min imum s ta t ion-s ta t ion  a f f in i t y  o f  no  be t te r  thar r  0 .22 .  Th is  a f f in i t y

level is at  least as good as that indicated for some of the coarse frac-

t ion cluster groups; however,  when considering che areal distr ibut ion of

these f ine . f rac t ion  c lus te r  g roups ,  the  s ta t ions  do  no t  fa1 l  in to  d is -

c ree t  a rea l  pa t te rns  as  d id ,  fog  the  most  ParE '  t .he  coarse  f rac t ion

c lus ters ,  bu t  appear  to  be  d is t r ibu ted  more  or  less  a t  random over  the

s tudy  area .  Th is  resu l t  rnay  be  a  re f lec t ion ,  o r  an  ind ica t ion ,  o f  the

more  ub iqu i tous  na ture  o f  the  f ine  f rae t ion  ind ica tor  spec ies ,  o r  i t  may

be a  re f lec t ion  o f  more  pronounced c lumping  tendenc les  on  the  par t  o f
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the f i -ne-fract, ion species. I t  r+ou1d be possible to break these tr tro

large cluster groups dor.m into smal ler stat ion groups possessing some

degree of areal integri ty,  but such effort  would result  in a large num-

ber of qui te smal l  c luster groups of low aff in iEy and doubtful  rel iabi l -

i ty.  Consequent ly,  analysis of the f ine fract ion results was suspended

at this poinC and effort  concentrated on the coarse sieve fract ions,

where the bulk of the biomass is contained and where further analvsis

seemed more feasible.

Spee ies  C lusEer  Ana lys is

For the 89 indicaEor species selected for the coarse sieve fracEion

s ta t ion-sEat ion  c lus t ,e r  ana lys is ,  spec ies-spec ies  c lus te r  ana lys is  was

also performed, with inconclusi .ve results.  Though a total  of  8 rnajor

speeies clusters, corresponding vaguely to the B major stat ion clusters,

did appear to be discernable, the minimum species-species aff in i ty level

w i th in  these major  g roups  was qu i te  low ( less  than 0 .10) ,  so  Ehat  conf i -

dence in their  rel iabi l i ty is l imited. The probable cause for this

disappoint ing species cluster resulE is the Latge area included in the

cluster analysis -  in this case most of the conLinental  shelf  of  the

Bering and Chukchi seas.

In an attempt to circumvent thj-s problem, cluster analysis was next

per fo rmed on E.he  B9 ind ica tor  spec ies  rv i th in  s ta t ion  c lus le r  g roups ,  a

separa te  spec ies-spec ies  c lus te r  be ing  genera ted  fo r  each o f  the  8  major

s ta t ion  groups .  Th is  ana lys is  compared presence/absence and rea l  ( ind iv /

(,
m ' )  dens i ty  by  s ta t ion  ra ther  than re la t i ve  dens i ty .  The resu lcs  were

somewhat.  more sat is iaci-ory than those produced rchen cluster ing species
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over the study area as a whole, though more quest ions seemed to be posed

than so lved by  these resu l ts .  A t  the  0 .50  or  h igher  a f f in i t y  leve l ,  83

species clusters or aff in i- ty groups were generated over al1 8 stat ion

groups ,  rang ing  f rom 2  to  7  spec ies  per  spec ies  c lus te r  g rouP and f rom

5 to  15  spec ies  c lus te r  g roups  per  s ta t ion  group (Append ix  10) .  The

curious thing is,  that whi le the same major species re-occur frequent ly

w i th in  s ta t ion  groups ,  the  same sPec ies  c lus te rs  do  no t  reaPpear  w i th in

d i f fe ren t  s ta t ion  groups .  Not  on ly  a re  d isc re te  spec ies  c lus te rs  no t

repeated  w i th in  d i f fe ren t  s ta t ion  groups ,  the  same sPec ies  appear  to  fo rm

di f fe ren t  spec ies-spec ies  a f f in i t ies  w i th in  d i f fe ren t  a reas .  The reasons

for such shif t ing al l iances are not apparent,  but would seem Eo indicate

tha t  d is t r ibu t ions  are  genera l l y  no t  a  resu l t  o f  in te rspec i f i c  b io log ica l

int ,eract ions but are probably deCerrnined by the physical  character ist ics of

the microhabitat .  As each species probably react,s to not one but a sui te

o f  hab i ta t  de terminants ,  these d is t r ibu t iona l  re la t ionsh ips  are  apparent ly

qu i te  complex .  One in te res t ing  observa t ion  is  tha t  wh i le  re la ted  spee ies

of the same genus frequent ly co-occur \^I i th in the same staEion cluster group

and even at the same stat ion they do not,  with one notable excepEion

(IoLdia hyperborea and. IoL&La scissula.ta, Species Group B, Station ClusEer

Group VI I ) ,  fo rm a f f in i t y  c lus te rs  w i th  one another .  Th is  resu l t  wou ld

seem t .o  suppor t  a  mic rohab i ta t  theory  o f  spec j -es  d is t r ibu t ion '  assuming

tha t  re la ted  spec ies  o f  Ehe same genus are  adapted  Uo and seek  ou t  s l igh t ly

d i f fe ren t  eco log ica l  n iches .
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Environmental  Correlat ions

The nex t  approach,  upon comple t ion  o f  the  s ta t ion  and spec ies  c lus te r

ana lys is ,  was  to  a t tempt  s tepwise  nu l t ip le  regress ion  ana lys is  (BMD02R) ,

relat ing major speci.es density distr ibut ion ( indiv/rn2) to environmental

fac to rs  ( la t i tude ,  long i tude,  depth ,  sed iment  mode parE ic le  s ize) .  The

89 ind iea tor  spec ies  (coarse  f rac t ion)  were  used fo r  th is  ana lys is .

TemperaEure, sal ini ty,  and oxygen distr ibuEj-ons were not ut i l ized in

this correlat ion, for reasons explained above. I  recognized thaE the

results of such a l in i ted analysis would not necessari ly def ine the causes

of  observed d is t r ibu t iona l  pa t te rns ,  bu t  fe l t  tha t  such eor re la t ions  v rou ld

at least,  provide predict ive capabi l i ty and would permit  speculat ion as co

causes  and reasons  fo r  d is t r ibu t iona l  var iab i l i t v .

This correlat ion analysis provided rather grat i fy ing, Ehough not

par t i cu la r ly  s ta r t l ing ,  resu lE ,s .  0 f  the  89  spec ies  assessed,  50% or

bet te r  o f  the  dens i ty  d is t r lbu t iona l  var iab i l i t y  o f  26  spec ies  cou ld  be

accounted  fo r  (Tab le  8 )  by  the  4  env i ronmenta l  fac to rs  u t i l i zed .  0 f

,
these 26  spec ies  cor re la ted  a t  the  grea ter  than 0 .50  ( inc rease in  R- )

leve1, 21 indicat.ed a dominant distr ibut ional relat ionship with sediment

par t i c le  s ize .  Two o f  Ehe remain ing  5  cor re la te  most  s t rong ly  w i th  long-

i rude.  3  w i rh  la r i tude.

At  the  grea ter  than 0 .75  cor re la t ion  leve l ,  18  spec i -es  ind ica te  a  dom-

inant  re la t ionsh ip  w iEh sed iment .  t ype  and 2  w i th  la t i tude  and long i tude.

A t  t h e  0 . 9 5  o r  b e L t e r  l e v e l -  t h e  d i s t r r - b u t i o n a l  v a r i a b i l i t y  o f  a L L  L 2

spec ies  cor re laEes mosE s t rong ly  w i th  sed iment  type .  V ie r . r ing  the  resu l ts

f rom a l l  89  spec ies ,  sed iment  par t i c le  s ize  seerned to  be  the  major  cor re -

la t ing  facE.or ,  o f  Ehe 4  var iab les  app l ied ,  fo r  Ehe < i i s t r ibu t ion  o f  3 l



Table B. Major species whose density distr ibut ion
above the 0.50 increase in Rz leve1 with
environment,al  factors at stat ions on the
s h e l f .

Maj or
Environmental

Correlat ion

6 B

eor re la tes  a t  o r
d is t r ibu t ion  o f
Bering/Chukchi

Inerease
in R2Species

M. dentata

S. droebachiens'is

G. earyi

P. etnni

0. maeuLata

N. uenustala

C, ealeigena

E. emargiru,ta

E. folLi

E. eehiuris

M. quadrispinosa

T. Lutea

N. minuta

M. Loueni

C. infundibuLiforrnis

!'. arrLn'1g

M. niger

N. z,adiata

P, rugifera

M. siphnnaLis

sediment

sediment

sediment

sediment

sediment

sediment

sediment

sediment

sediment

sediment

sediment

sediment

lat iEude

sediment

lat i tude

sediment,

la t iLude

sediment

longitude

sediment

longitude

sedinrent

la t i tude

sediment

la t i tude

sediment

la t i tude

sedirnent

depth

n 0 7

0 . 9 7

0 .  9 s

0 . 0 5

0 . 9 5

0 . 9 4

0 . 9 4

0 . 8 7

0 .  8 7

0 . 7  6

0 . 5 1

0  . 4 7

0 . 2 3

0 . 4 7

0 . 2 3

0 . 4 7

0 . 2 3

0  . 4 6

0 . 2 7

0 . 4 6

0 . 2 7

0 . 4 2

0 . 2 7

o . 3 7
n t n

n ? 7

0 . 2 0

0 , 3 5

V .  J L
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Table 8. Continued

Species

Major

Environmental
Correlat ion

Increase
in R2

N. LwnbrLcalis

A. boreali.s

I. erosus

B. ochotensis

C. crebz,icostata

Y. scissutata

sediment

depth

lat i tude

longitude

lat i tude

lat i tude

longitude

lat i tude

depth

longitude

lat i tude

sediment

lat i tude

longitude

depth

0 . 5 1

o . 2 5

0 . 2 4

0 .  3 3

0 . 2 4

0 . 2 9

0 . 2 6

0 . 3 2

0 . 3 0

0 . 3 0

0 .  1 4

0 . 1 1

0 . 2 4

0 . 1 6

0 . L 2



spec ies ,  la t i tude  fo r  25 ,  long i tude fo r  L4 ,  and depth

uncertain correlat ion, relat ing equal ly to two or more

for

o f

1 n
T V

11 .  F i ve  exh ib i t ed

the 4 environmental

f a c t o r s  ( T a b l e  9 ) .

The results of this correlat ion analysis indicate that sediment type

is the most strongly related of the 4 assessed environmental  factors to

variabi l i ty in species densit ,y distr ibuCions. As stated above, however,

and as wi l l  be discussed at grea6er length later on'  this may be (and in

some cases almost certainly is) an indirect rather than a direcE correlat ion,

ref lect ing condit ions vrhich determine both sediment tyPe and species dis-

t r ibu t ion  ra ther  than ind ica t ing  a  d i ree t  spec ies /sed iment  re la t ionsh ip .

Seasonal and Annual Fluctuat ions

The f ina i  s ta t i s t i ca l  approach app l ied  to  the  quant iEat ive  d is t r ibu-

t ional data was a ser ies of 20 separate analysis of var iance programs

(Geist-Ul l r ich-Pitz,  ANOVAR) intended to assess seasonal and annual var-

iat ion in density and standing stock (carbon) biomass'

The f i rs t  such ana lys is  assessed poss ib le  var ia t ions  in  to ta l  s tand-

ing stock carbon biomass between sunmer and winter over the 5 years during

which sampl ing took place. The rather errat ic areal and Eemporal dj 'str i -

but, ion of samples made discrete seasonal evaluat ion of f luctuat ion within

s ta t ion  c lus te r  g rouPS inadv isab le ,  necess i ta t ing  a  Zx l -  sp l i t  p lo t  fac to -

r ia l  des ign  w i th  N=3,  us ing  poo led  seasona l  da ta  over  a l l  s ta t ions '  no t

Ehe most  des i rab le  c i rcumstance.  I ' i i th  3 / l  degrees  o f  f reedom'  th is  ana ly -

s is  y ie lded an  F- rac io  o f .  L2 .846,  ind ica t ing  no  s ign l f i can t  summer /w in te r

var ia t ion  in  toEa l  s tand ing  s tock  over  the  s tudy  a tea '
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Table 9. Correlat ion of major species density distr ibut j .on with
distr ibut ion of environmental  factors at stat ions on Ehe
Bering/chukchi shelf

Degree of Correlat ion ( increase in Rz)
Spec ies Sedi.ment Depth Lat i tude Longitude Sum

Molluska

Bivalvia

A. boreaLis

A. montagui

C. ciLiatun

L. fLucttnsa

M. brota

M. eaLearea

14. Loueni

M. niger

N. tenuis

N. minuta

N. radiata

P. rugifera

S. groenLandicus

f. Lutea

T. fLentosa
C. erebv"Lcostata

Y. hgpenbonea

Y. scissz,rcata

Gastropoda

C. nueleola

T. erosus

Annellida

D n ' l  r r n h e o F a
r  v * J  e ^ ^ e v e s

A. acutifrons

A. redueta

A. groenLandica

0 .  1 6

0 .  0 0

0 .  02

0 .  0 2

0 . 4 7

0 . 4 2

0 . 0 2

0 . 4 7

0 . 3 7

0 . 3 7

0 .  05

0 . 4 7

0 . 1 0

0 .  1 1

0 .  0 2

0 .  0 B

0 . 1 0
n  1 / ,

0 . 0 1

0 . 0 0

0 .  0 0

0 .  0 0

0 .  0 1

0 .  0 9

0 . 0 3

0 . 0 2

0 .  14

0 .  05

0 .  0 3

0 . 1 4

0 .  0 5

0 .  04

0 .  0 4

0 . 2 9

0 .  05

0. .01

0 .  04

0 .  1 4

0 . L 2

0 . 0 1

0 .  1 0

0 . 0 0

0 .  0 6

0 . 2 4

0 .  0 5

0 .  0 0

0.  0 l_

0 . 2 3

0 . 2 7

0. 01_

0 . 2 3

o . 2 0

0 .  2 0

0 .  0 0

0 . 2 3

0 .  05

0 .  1 4

0 .  0 1

0 . 2 4

0 . 0 5

0 . 2 9

0 . L 2

0 .  0 L

0 . 1 1

0 .  14

0 .  r 6

0 . 3 3

0 . 0 3

0 . 2 5

0 .  0 0

0 . 0 5

0 .  0 3

0 .  0 0

0 . 0 s

0 .  0 1

0 . 0 1

0 .  o 0

0 . 0 5

0 . 0 7

0 .  3 0

0 .  0 0

0 .  1 6

0 . 0 7

0 . 2 6

0 . 0 0

0 . 1 8

0 .  0 0

0 .  0 l

n n q

0 .  B 2

0 .  1 1

0 . 2 9

0 . L 7

0 .  B 0

0 . 7 5

0 . L 7

0 .  B 0

0 . 6 2

0 . 6 2

0 . 3 4

0 , 8 0

0 . 2 3

0 .  5 9

0 .  L 7

U .  O U

0 . 2 3

0 . 7 9

0.  1_3

0 . 2 5

0.  11_

0 .  t 7

0 . 2 3

0 . 0 0

0 .  0 2

0 . 0 1
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Table 9. Cont i-nued

Species
Desree of Correlat ion ( increase in n2)

Sddinent Depth Lat i tude Longitude Sum

A. gnoenlandiea

A. savsi

A. anticostiensis

A. proboseidea

A, catenata

B. oehotensis

B. ui lLosa
n ami *n*n
v .  v q y  v  v q u v

C. setosa

C. &,arcri

C. infwrdibuliiormis

!'. arrLnLs

G. uiireni

H. eLongatus

H. imbricata
|  + t n - 4  t 4  4

u .  J l w Y v v v v

M. sarsi

M. heeri

N. cq,cea

^ I  4 4  t 4 n + n

N. Longasetosa

N. rickettsi

N. LtunbricaLis

N. uenustuLa
n n"n* , ,7  a*n
V .  S t q t L q U e v q

C. hyperborea

P. minuta

P. negLecta

P. praeterrn'issa

P. entni

0 .  01

0 .  03

0 .  0 0

0 .  00

0 .  0 1

0 . 0 0

0 .  0 2

0 .  0 0

0 . 0 2

0 .  0 0

0 . 4 6

0 .  0 3

0 .  0 1

0 .  0 0

0 .  0 0

0 .  0 0

0 .  0 0

0 .  0 1

0 .  0 1

0 .  0 1

0 .  0 1

0 .  5 1

0 . 9 4

0 . 0 5

0 .  0 3

0 . 0 1

0 .  0 6

0 .  0 0

0 .  9 5

0 . 1 0

0 .  0 1

0 . 1 5

0 .  0 5

0 . 3 0

0 . 1 8

0 . 0 2

0 . L 7

0 . 0 6

0-117

0 .  0 6

0 . 1 8

0 .  0 L

0 .  0 0

0 .  0 3

0 . 0 1

0 .  0 0

0 .  0 2

0 .  1 8

0 .  0 0

0 . 0 1

0 .  0 1

0 . 2 5

0 . 0 0

0 .  0 4

0 .  0 1

0 . 0 0

0 . 0 4

0 . 0 0

0 .  0 0

0 .  0 1

0 .  1 6

0 .  0 5

0 . 0 1

0 . 3 2

0 . 0 2

0 . 1 4

0 . t 2

0 . 0 2
n  l t

0 . o 2

0 .  0 6

0 . 0 9

0 . 0 4

0 . 0 2

0 .  0 9

0 .  1 0

0 .  1 0

0 . 0 1

0 .  0 4

0 .  1 6

0 .  1 6

0 . 2 4

0 .  0 5

0 . 0 2

0 .  0 0

0 . 0 4

0 .  0 3

0 .  0 2

0 .  0 0

0 .  0 2

0 .  05

0 .  0 1

0 . 1 8

0 .  0 0

0 .  0 1

0 .  0 1

0 . 0 2

0 . 0 0

0 . 0 2

0 .  0 0

0 . 2 7

0 . 0 0

0 .  0 0

0 . 1 5

0 . 0 0

0 .  0 0

0 .  0 3

0 . 0 2

0 . 0 1

0 .  0 5

0 .  0 4

0 .  0 0

0 .  0 0

0 . 1 1

0 .  0 3

0 . 0 1

0 . 1 1

0 .  00

0 .  0 4

0 . 0 7

0 . 2 3

0 . 2 4

0 . 2 4

o . 6 2

0 . 2 2

0 . 1 7

0 . 3 3

0 . 0 8

0 . 3 3

n n Q

0 . 9 7

0 .  L 3

0 .  0 5

0 .  2 0

0 .  1 0

0 .  t 0
n  1 q

0 . 2 2

0 .  0 6

0 .  2 3

0 . 2 2

1 .  0 0

0 .  9 9

0 . 2 2

0 .  0 7

0 .  0 6

0 . 2 5

0 .  0 2
n o o

0 . 2 0
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Table 9. Cont inued

Species Sediment
Degree of CorrelaEion (inc,rease ifr=81-

Dep th Lat i tude Longitude Sum

P .  U ( b J  w v w l L

Q  A n - A q ' a
9 .  U V t t a U g &

S. scutata

T. stroemi

!. forbesii
P. canadensis

Crustacea

Anphipoda

A. birulai

A. macz,ocepVnla

A. nugon paeifiea

B. gaimudL

E. foLl i

H. Laeuis

L. arcticus

M. dentata

M. formosa

M. qundrispinosa

H. NTLLLETL

D fnmnnn*nL .  J a t t t v L q u u

D €nona*nL  .  J  s u v q q *

P. grandimana.

Cumacea

E. emozgiiu,ta

Echinodermata

Echinoidea

E. parrna

,5. droebachiensis

0 .  8 7 0 .  0 0

0 .  0 6

0 .  0 3

0 .  0 1

0 .  L 0

0 .  0 6

0 .  0 6

0 .  0 0

0 .  0 1

0 .  0 0

0 .  0 0

0 . 8 7

0 .  0 4

0 . 0 5

0 . 9 7

0 .  0 4

0 .  5 1

o . 0 2

0 . 0 0

0 .  0 3

U .  I U

0 .  0 1

0 . 9 7

0 .  04

0 .  0 0

0 .  0 0

0 .  0 1

0 .  0 3

0 .  0 3

0 .  0 0

0 .  0 4

0 .  0 0

0 .  0 0

0 .  0 0

0 .  04

0 .  0 0

0 . 0 0

0 . 0 2

0 .  0 4

0 .  0 4

0 .  0 0

0 .  0 0

0 .  0 1

0 .  0 4

0 .  0 0

0 .  03

0 .  0 0

0 . 0 3

0 .  0 1

0 .  05

0 . 0 4

0 . 0 2

0 .  0 1

0 .  0 2

0 . 0 2

0 .  1 0

0 .  0 3

0 .  0 6

0 .  0 2

0 .  0 7

0 .  0 0

0 .  0 7

0 .  0 3

0 .  0 0

0 . 0 2

0 .  l 0

0 . 1 1

0 .  0 3

0 .  0 1

0 .  0 7

0 . t 2

0 . L 2

0 .  0 0

0 .  0 4

0 .  0 0

0 .  0 0

0 . 0 0

0 . 7 4

0 . 1 1

0 . 0 0

0 . 1 1

0 . r 2

0 . L 2

0 . 0 0

0 . 0 2

0 .  0 6

0 .  0 0

0 .  0 4

0 .  0 0

0 . 2 4

0 .  0 6

0 .  0 5

0 . 1 _ 9

0 . 2 6

o . 2 5

0 .  0 1

0 .  0 3

0 .  0 2

0 .  t 0

0 . 0 2

0 .  0 2

0 . 9 7

0 . 2 5

0 . 2 2
n o o

0 . 2 4

0 . 6 7

0 .  2 5

0 .  0 3

0 .  0 5

0 .  1 9

0 . 9 7

0 .  1 0

I .  U V
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Table 9. Cont inued

Speeies
Degree of Correlat ion ( increase in n2)

Sedj-ment Depth LaLitude Longitude Sum

Holochurida

/ 1  n n 1 n i n o m . y  0 . 9 4  0 . 0 0  0 . 0 5  0 . 0 0  0 . 9 9w .  e q u v v J ? t w

Ophiuroidea

D,  cnatez ,odneta  0 .03  0 .01  0 .00  0 .03  0 '07

G .  e a r n J i .  0 . 9 5  0 - 0 0  0 . 0 0  0 . 0 4  0 . 9 9

0 ,  n a e u l a t a  0 . 9 5  0 . 0 0  0 . 0 0  0 . 0 4  0 . 9 9

0 .  s o r s i  0 . 1 0  0 . 0 1  0 . 0 2  0 . 0 7  0 . 2 0

Sipunculida

G .  m a r g o t i t a e a  0 . f 0  0 . 0 1  0 . 0 2  0 . 0 7  0 . 2 0

PriapuLida

P.  caud.a tus  0 .10  0 .01-  0 .01  0 .06  0 .18

Echiur ida

E .  e c h i t a i s  0 . 7 6  0 . 0 0  0 . 0 0  0 . 0 7  0 . 8 3

Chordata

TunicaLa

M .  s i p h o n a l i s  0 . 3 5  0 . 3 2  0 . 0 7  0 . 1 6  0 . 9 0

P .  e o r m n a t a  0 . 0 3  0 . 1 8  0 . 0 6  0 . 0 1  0 . 2 8

M e a n  0 . 1 9  0 . 0 5  0 . 0 7  0 . 0 6  0 . 3 7
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The second analysis assessed annual var iat ion in total  carbon sEand-

ing stock over the ent ire area in which winter sampl ing took place, using

s tar ion  da ta  f rom the  years  L970,  L97L,  and L972.  Wi th  2 /4L  degtees  o f

freedom and a 3x1 spl i t  plot  factor ial  design 1.7i th N=lBl '  th is analysis

resu l ted  in  an  F- ra t io  o f  0 ,617,  insu f f i c ien t  Eo ind ica te  any  s ign i f i can t

var iat ion. A simi lar analysis of annual var iat ion in summer sLanding

stock over the study area for the years 1973 and L974, using a 2x5 design

wi th  N=20,  a lso  ind ica ted  no  s ign i f i canE var ia t ion '

Fai l ing to discern any signi f icant seasonal or annual-  var iat ion in

overal l  standing stock carbon biomass within the ent ire study area'  anal-

ysis of var iance was performed on density and'  standing stock of selected

rnajor species r+ighin selected cluster groups. The f i rst  run of Ehj-s type

evaluaEed annual density ( indiv/n2) var iat ion between sunmer stat ions

(1973,  :J 'g74)  w i th in  s taE ion  c lus te r  Group I .  No var iaE ion  was d iscernab le

for Arnpel i ,sca nwcrocephaLa. (23/L degrees of f reedom, F-rat io 0'007),

Ampel isca biz,ulai  (L/23 degrees of f reedom, F-raLio 0.869) ,  BybLts gaimardi '

(L /23  degrees  o f  f reedom,  F- ra t io  0 .532)  ,  o r  l4aeoma ca lcarea  (L /23  degrees

of  f reedom,  F- ra t io  0 .001) ,  thus  ind ica t ing  tha t  there  was no  s ign i f i can t

var iat ion in density for t ,hese species, within cluster Group I ,  betr ' ' reen

Ehe summers of 1973 and Lg74. Simi lar ly,  no si-gni f icant f luctuat ion in

standing stock carbon biomass was discernable for I ' I '  cALcAYea or for

Astarte boreeLis ber,nreen the summers of L973 and L974 (L/23 and L/23 de-

' g r e e s  o f  f r e e d o m ,  F - r a t i o  0 . 5 8 8  a n d  0  . g L | ,  r e s P e c t i v e l y )  w i t h i n  t h i s

c luster  group.

The echin oid. Echirnnachnius

f r e e d o m  a n d  a n  F - r a t i o  o f  7  . 5 9 4 ,

parna, however,  with Ll22 degtees of

d id  appear  Eo vary  s ign i f i can t ly  in  dens l ty
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within cluster Group I I  between the sununers of L973 and L974 at xhe 952

conf idence level.  At the 997" conf idence level,  this var iat ion is not

signi f icant.  Analysis of seasonal var iat ion (summer/t ' inter)  of  E. paYma

density wiEhin this cluster group, however,  did not indicate signi f icant

var ia t ion  w i th  1 /31  degrees  o f  f reedom and an  F- ra t io  o f  0  '649  '

MaLdane sa?si,  within cluster Group VI,  exhibi ted no signi f icant

seasona l  var ia t ion  in  dens i ty  (L /9  degtees  o f  f reedom,  F- ra t io  1 '985) '

The bivalves l1ucula tenuis, Macon'a calcanea.' and Ioldia hypez'boz'ea

did not exhibi t  s igni f icant annual f luctuat ions in density between the

winters of.  L97O, L97L, and L972 wit ] ;1in cluster Group VII I  ( f /18, L/LB,

a n d  1 / 1 8  d e g r e e s  o f  f r e e d o m  a n d  F - r a t i o s  o f . 0 . 2 3 6 , 0 . 7 3 9 ,  a n d  0 . 0 3 7 '

respect ively),  though within this same cluster grouP the Amphipod Ponto'

poTea, femorata did seem to f luctuate signi f icant ly in density between the

winters of L970, Ig7L, and L972 at t } .e 951l conf idence level,  Ehough noE at

the  99% leve l - ,  w i th  l /18  degrees  o f  f reedom and F- ra t io  3 '407 '  The dens i ty

of M. ealcalea did noL vary signi f icant ly from summer to winter within Lhis

c lus te r  g roup (7 /24  degrees  o f  f reedom,  F- ra t io  2 .660) ,  nor  d id  the  s tand ing

s tock  carbon b iomass (L /24  degrees  o f  f reedom,  F- ra t io  0 .17 f ) '  Annua l  w in te r

var iat ion in standing stock carbon for M. calcavea within this cl-uster group

r ras  a lso  ins ign i f i can t  w iE ,h  1 / lB  degrees  o f  f reedom and F- ra t io  0 '062 '

within cluster Group vIT, M. ealceTea did not exhibi t  s igni f icant

var ia t ion ,  in  e iEher  dens i ty  o r  s tand ing  s tock  carbon b iomass,  be tween the

suulmers of.  L973 and L974 ( l /4 and L/4 degrees of f reedorn and F-rat io 0'647

a n d  0 . 0 5 8 ,  r e s P e c t i v e l Y )  .

Al l  of  Ehe above species within-group anal-yses amployed a 2xl  spl ic

p l o t  f a c t o r i a l  d e s i g n .
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Viewing the study region as a whole then, and looking at selecL,ed

species and, cluster groups, there appears to be l i t t1e discernable f luc-

tuat ion, seasonal ly or annual ly,  in ei ther density or standing stock.

The only stat ist ical ly s igni f icanE variat ions appear to be annual density

fluctuations for the echinoLd Echirnva.chnius parma within eluster Group

II, and for the anphipod Ponteporea femoz'afu. within cluster Group VIII'

betrveen the summers of 1973 and L974 and between the winters of L970,

Lg7L,  and.  L972,  respec t ive ly .  These resu l ts  a re  s ta t i s t i ca l l y  va l id  a t

the 957" but not at the 997" confLdence level.

This apparent seasonal and annual populat ion stabi l i ty may be a real

s iEuat lon ,  o r  may be  an  ar t i fac t  re f lec t ing  sampl ing  t .echn ique.  Resources

and logist ics were not such as to supPort a sarnpl ing program, in ei ther

areal or temporal terms, designed around the nul l  hypothesis of such

seasonal and annual stabi l i ty.  The sarnpl ing pattern, therefore, lef t  much

to be desired and these l imitat ions may be ref lected in the results re-

gard ing  popu la t ion  f luc tua t ions .  Popu la t ion  d is t r ibu t ions  tend to  be

ex t remely  pa tchy ,  (Rowland,  L972;  S toker ,  L973)  par t , i cu la r ly  in  the  cenLra l

Bering Sea, further compromising this analysis.

On the  pos iE ive  s ide ,  however ,  s tab i l i t y  in  te rms o f  bo th  dens i ty  and

b iomass seems to  be  supPor ted  by  the  produc t iv i t y  assessment  fo r  the

bivalve Macoma cALcaTea, discussed later on'  where mortal i ty is seen to be

a lmost  per fecr ly  ba lanced by  growth  and recru i tment ,  ind ica t ing  a  s teady-s ta te

sys tem.  In  any  event ,  th is  p rob le rn  o f  annua l  and seasona l  f luc tua t ion  (o r

l a c k  o f  s u c h )  d e s e r v e s  f u r t h e r  a t t e n t i o n .
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Nutr ient Analysis

Dry /wet  we igh t  ra t ios ,  o rgan ic  carbon,  o rgan ic  n i t rogen and ca lo r ic

analyses were obtained for 68 of the more conmon taxa encountered. These

resu l ts  (Tab le  10)  y ie lded overa l l  means o f  d ry  we igh t  L6 .3  !  2 .L7"  wet

we igh t ,  o rgan ic  carbon 5 .8  t  0 .6% wet  we igh t ,  and organ ic  n i t rogen 1 .3

! O.f /"  wet weight averaged over al l  taxa considered. The overal l  carbon/

n i t , rogen ra t io  was 4 .5  t  0 .8 ,  and the  overa l l  ca lo r ic  conten t  7 l -4  !  6L

caL/g wet,  weight.  Ash content for the taxa analysed averaged L9 !  47..

Resu l ts  by  spec ies ,  c lass  and phy lum are  presented  in  Tab les  10  and 11 .

A11 echinoderm and decapod crustacean values were from acidi f ied

samples. Due to the extremely high inorganic content of echinoderm sam-

ples, calor ic analysi-s proved general ly unrel iable and was disregarded

exeept  fo r  a  few spec ies .  A11 o f  the  above va lues  are  based on  ana lys is

of formal in-preserved samples.

Organic carbon and ni trogen results from this analysis are sl ight ly

a t  var iance w i th  resu l ts  o f  a  p re l im inary  s tudy  (S toker ,  L973) .  Organ ic

carbon va lues  per  wet  we ighe run  l .62  h igher  fo r  po lychaetes ,0 .37"  h igher

fo r  b iva lve  mol lusks ,  1 .12  h igher  fo r  amph ipods ,  and 0 .77 .  h igher  overa l l

than  ind ica ted  by  the  prev ious  s tudy ,  wh i le  n i t , rogen va iues  run  0 .5%

higher  fo r  po lychaeres ,  the  same fo r  b iva lve  mol lusks ,O.L i (  lower  fo r  am-

phipod.s, and 0.2"1 hLgher overal l .  l lethods anci equipment employed for

bo th  s tud ies  were  ident ica l  buE,  no  ca lo r ic  ana lys is  was done fo r  the

prev ious  s rudy .  A  poss ib le  exp lanat ion  fo r  ch is  d i f fe rence might  be

seasona l  var iaE. ions  in  the  cond i t ion  o i  the  organ isms.

Ana lys is  was a lso  per fo rmed on f rozen samples  o f  t9  Laxa and resu l ts

compared.  w i th  those fo r  fo rmal in -preserved samples  (Tab les  L2 ,  13 ,  14) .
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For bivalve mol lusks (9 species compared),  dry lweE weight values averaged

2.37" higher for f tozen samples than for formal in samples, organic carbon

values averaged L.27" ihj .gher (per wet weight),  organic ni trogen values

averaged 0 .2%hj -g ' i rex  (per  wet  we igh t ) ,  and ca lo r ic  va lues  averaged 66  ca ] . lg

higher (per wet weight).  For a1l taxa compared, dry/rvet weight values

averaged 3.27" ]nigt .er for f rozen than for formal in samples, organic carbon

va lues  averaged 0 .9% h igher  (per  wet  we igh t ) ,  o rgan ic  n i t rogen vaLues 0 '22

h igher  (per  we1 we ighu) ,  and ca lo r ic  va lues  t00  ca l /g  h igher  (per  wet  we igh t )  '

The analysis of dry t issue samples yielded very simi lar results for f rozen

and formal in-preserved samples, the pr imary di f ference ly ing in the dry/ lvet

weight rat ios, Presumably as a result  of  ruater loss due to fxeez|ng or gain

due to  fo rmal in  p reserv ing ,  p robab ly  the  fo rmer  (Tab les  12 ,  13 ,  f4 ) .  In

any  case,  I  dec ided tha t  though these d i f fe rences  may be  rea l  and deserve

further invest igat ion, the present sample was Eoo smal l  in terms of species

eompared and the di f ferences not signi f icant ly great.er than Ehose observed

between formal in samples of Chis and previous analysis (Stoker,  L973) '

Accordingly,  al l  carbon, ni t rogen, and calor ic values appl ied Ehroughout

this study are based on formal in preserved samples '

Analysis was also run on B taxa for comparison between acidi f ied

Uersus non-acidi f ied samples. Overal l ,  results indicate Ehat the non-

ac id i f ied  samples  conEa in  3 .0% rnore  carbon and 0 .5% more  n i t rogen conten t

(per  wee we igh t )  rhan do  the  ac id i f ied  ones  (Tab le  15) .  Th is  fo l lows

expecta t ions ,  the  purpose o f  Che ac id i f i ca t ion  be ing  Eo remove inorgan ic

carbonaces .  Accord ing ly ,  fo r  those spec ies  possess ing  la rge  quant i t ies

o f  carbonate  mater ia l ,  such  as  ech inoder ins  and decapod c rus taceans '  ac id i f ied
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sample results were used in the organic carbon, ni t rogen, and calor ic

computat ions throughout the study.

For species wiLh adequate data, comparisons were also made betr,reen

organic carbon content and calor ic value. These results indicate that

organ ic  carbon/ca lo r ie  va lues  are  qu i te  cor re la tab le ,  there  be ing  on ly

sl ight var iance within taxonomic groups (Table 16).  For polychaetes,

the mean comparat ive value r,ras l l0 + 3 calor ies per gram wet weight per

organi-c carbon percent wet weight,  with a range of f rom 100 to 125. Bi-

valve mol lusks averaged l l8 t  4 calor ies per earbon percent,  ranging from

111 to 133, with gastropods ranging from l0B to 113 and averaging 109 t

3 caI/e%. Arnphipods averaged 110 t  4 eaLle%, with a range of f rom 104

to 133, and decapocis averaged I42 !  22 caL/c7",  ranging from l l2 to 158.

0vera11, the mean conversj .on value, for al1 species considered, r+as 117

!  4  ca lo r ies  per  carbon percent  (wet  we igh t ) .  Due to  the  d i f f i cu l ty  in

obtaining calor ic values for echinoderms as a result  of  the large percent-

age o f  non-combust ib le  carbonates ,  no  compar isons  were  poss ib le  fo r  th is

phylum.

Ca lor ic  resu lEs  seem compat ib le  w ich  those o f  a t  leas t  one prev ious ly

pub l ished s tudy  (Brawn,  e t  aL .  1968) ,  whrch  y ie lded mean va lues  o f  656 ca I /g

wet weight for polychaeLes as opposed to Ehe 7L5 cal/g mean of this study. By

species, Bravrn's esr imate of L059 caLlg for Lwnbrinereis i ragiZis compares

wel l  w i th  the  1037 caL/g  va lue  o f  th is  s tudy ,  as  do  h is  es t imaEes fo r

Nephtys  c i l ia ta  (747 as  opposed to  779 ca l lg )  ,  C is ten iaes  @ect inax ia )

hyperborea (554 as  opposed xo  5 I7  ca l /g )  ,  Nat ice  c lause (791 as  opposed

to  825 caL l  g ) .  A l l  o f  these va lues  are  ca lo r ies  per  g ram Eota l  rue t  ( l i ve )

w e i e h t .
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Table 16. Conversion
of selecEed

factors for organic carbon and calor ic content
species, f rom the Bering/chukchi shelf .

Organic
Carbon
% Wet Wt

CaL/g
Wet Wt

Ratio
i (  C/CaL

Polychaeca
AtnpVntete sp.
Artaeana sp.
Brada sp,
E. nodpsa
Gattyana sp.
H. elongatus
Lwnbri.nereis sp.
Mal-dani.dae
M. sarsi
Nephtys sp.
C. hyperborea
Arnitides sp.
P. pnaeterTnLssa
Sabell idae
,5. seutata

Mean
957.  C.L ,

6 . 8
6 . L
4 . 4
7 . 3
6 . 9
6 . 1
9 . 3
7 . 0
6 . 9
1 r ,

4 . 5
8 . 7
1 . 4

7 , 5
4 . L

6 . 7
r  0 . 8

7 6 2
666
523
804
789
657

L037
754
7 7 9
7 7 9
5L7
970
7 7 3
815
410

736
+ 9 1

l lz
109
119
110
t-14
108
LIz
108
113
108
L15
111-
104
l_09
100

110
t 3
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Table 16. Cont inued

Taxa

Organi-c
Carbon
Z Wet Wt

CaI/ e
Wet lrit

Ratio
% C/CaL

Molluska
Bivalvla

A. borealis
C, ciLiatun
L. fluctuosa
L. noruegica
M, eaLcanea
M. niger
N. tenuis
N. z.adi,a.ta
S. groenLandicus
J'.  LUE4A

C. eyebrLeostata
Y. hyperboz,ea

Gastropoda
Buccinum sp.
Colus sp.
Margatites sp.
N. eLausa
Neptunea sp.
Poliniees sp.

Mean
957"  c .L .

c .  L .

1 . 5
2 . 2
2 . 8
1 . 8
3 . 5
2 . 5
J . v
1 0

J . J

J . O

L . 4
4 . 7

2 . 8
r  0 . 6

8 . 5
5 . 7
? n

t . J

4 . 8
8 . 7

6 . 3
=  z . J

L70
268
329
L99
J d v

282
46r
233
438
433
L74
551

327
t 8 0

915
606
337
825
520
950

6 9 2
256

L13
L22
118
111
111
1-r_3
118
L23
133
LL4
L24
]..77

1l_8
! 4

r.08
106
1.L2
1r-3
108
109

109
r 3

Mean
957"
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Table 16. Cont inued

Taxa

0rgani-c
Carbon
Z Wet Wt

CaLl g
Wet I^It

Rat io
% C/CaI

Mi.scellaneous
B. ouifera
Nemertinea
Sipuncul-ida
Anthozoa
Echiuridae
Nudibranchiata
P. corrugata
Balartus sp.
E. xubiformis

Mean
957.  C.L .

0vera11 Species Mean
957"  C.L ,

4 . L
9 . 3
4 . 5
6 . 1
5 . 1
5 . 1

L . 4
1 - .1
4 . 0

4 . 4
+ 1 n

5 , 6
r  0 . 6

377
904
544
687
563
648
220
r-i-9
556

513
185

638
6 2

9 2
9 7

lzL
113
l_L0
L75
L57
r08
139

L24
t 2 2

lr7
! 4
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While these carbon, ni t rogen, and calor ic results are employed in

this study only for standing stock biomass and, in the case of Macoma

caLCatea, for growth and product iv i ty est j -mates, i t  is hoped that con-

t inued appl icat ion wi l l  be found as knor,r ledge of food webs and trophic

energet , i cs  inc reases  in  soph is t i ca t ion  and deca i l .

Growth, Mortal i ty,  and Recrui tment:  Maeoma eaLcaYea

From the quant i tat ive benthi-c samples, a totaL of 2rBB1 specimens of

Macoma ealcanea were analysed as described above for growth rates, shel l /

t i ssue ra t ios ,  and nu t r ien t  va lues .  Unfor tunate ly ,  da ta  rePresent ing  the

younger year classes (below age 3) are missing or considered unrel iable in

this sample due to sampl ing technique and preserving methods. In general ,

specimens analysed rarely exceeded 30 mm in length and 9 years of age.

Only 15 specimens older than 11 years were encountered in the samples. The

largest,  individual had a shel l  length of.45.8 mm, with l -8 annul i .

App ly ing  rhe  techn ique o f  Gru f fydd  (L974) ,  morEa l i t y  es t imates  \4 /e re

ar r ived  a t  fo r  age c lasses  5  th rough J -O (Tab le  17) .  As  may be  seen,  these

nor ta l i t y  es t imates  ind ica te  tha t  the  o lder  year  c lasses  (above 6)  a re

increasingly subject Co removal f rom the populat ion by predaLion or other

fo rms o f  mor ta l i - t y .

Only snal l  numbers of.  14. calcayea were general ly present from individ-

ua1 s taE ions ;  as  a  resu l t ,  l i t t le  can  be  deduced about  annua l  recru i tmenE

be s ta t ion .  L ikewise ,  w i th in  the  9  s ta t ion  grouPS arb i t ra r i l y  par t i t ioned

f rom souEh to  nor th  in  o rder  to  es t imate  laE i tud ina l  e f fec ts ,  su f f i c ienL

numbers  fo r  ana lys is  o f  recru i tment  were  no t  ava i lab le  fo r  a l l  g roups '

onlv when totals frorn al l  stac. icns and lat i tudinal groups were lumped vere
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TabLe 17.
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actual and predicted age distribution of Macoma caleavea
estimat,ed natural mortali.ty on the Bering/Chukchi shelf.

Age
(yrs)

Actual Number
of Individuals

at Each Age

Predlcted Number
of Individuals

at Each Age

Estinated Natural
MortalitY

(% aee class/yr)

)

3

4

)

6

7

8

9

10

7 3

464

687

665

493

232

89

47

39

698

587

477

222

L54

. 6 0

35

t5 ,9

L8 ,7

53 .4

3 0 .  6

6 1 . 0

4L.6
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suff ic ient numbers avai lable for est imation. Analysis of recruiEmenE

success was further inpeded by inadequate data regarding the younger year

classes and by the apparent ly heavy mortal i ty suffered by age classes older

than 6, leaving only anj-mals in the year classes 3 through 6 representat ive

of their  or iginal  year class st .rength. Examinat ion of the relat ive abun-

dance of these year classes, however,  indj-cated relat ively sEable annual

recrui tment over the sample area.

For  the  d i f fe ren t  age c lasses ,  mean va lues  fo r  she l l  leng th ,  to ta l  wet

weight (e/ inaiv; ,  shel1 weight (g/ inaiv),  shel l  weighr % totaL wer weight,

t i ssue wet  we ighE (g / ind iv ) ,  t i ssue wet  we igh t  7"  to taL  wet  we igh t ,  o rgan ic

carbon weight (mg/indiv),  and growth rate (mm/year shel1 increase and

ngC/indiv/yr increase) are l isted in Tables lB and 19. In Eerms of organic.

carbon, growth rates seem to decl ine gradual ly from a peak value of 707"

annual increase at year 6 to 32%/yr at years L4-L5. Scmewhat surpr is ingly,

growt,h rates do noE appear to be greaEly inf luenced by lat i tude, varying

l i t t le over the sample area except perhaps within lat i tudinal Groups 2 and

9 (Tab le  19) .  The 1ow va lues  observed fo r  these 'g roups ,  however ,  a re  qu iEe

probably a sampl ing arE, j- fact,  s ince the older,  fasEer growing age classes

are  absenE f rom Lhese areas .  Wi th in  a l l  9  s taL ion  groups ,  the  major i t y  o f

the mean she11 lengths fa1l  rr i th in the standard deviat ions calculated for

that age class. Mean shel l  growth calculated over al l  ages and stat ion

groups  was 3 .0  nm/yr .

D: is t r ibu t ion ,  S tand ing  Stock ,  and Produc t iv i t y :  M.  caZcaraa

From the resulcs of the benthic sarnpl ing program, M. caLeatea

is  one o f  the  nore  ub iqu i . t ,ous  spec ies  o f  the  Ber ing /Chukch i  she l f ,  occur r ing
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at  l l -5  o f  the  176 quant i ta t i ve  s ta t ions  and rang ing  f rom Br is to l  Bay  in

the southern Bering to the northern extremes of the Chukchi Sea. The mean

density for M. calca"ea over this area is 51 indiv/m2, wi- t ,h a mean wet weight

biomass of 34 . t2 g/nz and mean organic carbon biomass of l .  L9 g/nz. The

highest standing stock est imates occur in stat ion Cluster Group VII ,  the

Savoonga Group, with mean values (within group) of 163 indiv/s1z, L3B g/mz

vret weight,  and 4.8 g/n2 organic carbon biomass. Applying these est imates'

along with the age composiEion, growth, and mortal i ty f igures described above'

to the product iv i ty equat ion Pa = P* * Pg, a mean value over the total  area

sampled of 37.75 rngC/rn' / r t  *^" obtained, indicat ing that the annual net

product, iv i ty,  for the age classes considered (5-10) ,  Ls 327" of the mean

stand ing  s tock .  In  te rms o f  to ta l  spec ies  produc t iv i t y ,  th is  32% es t imate

is probably too low, perhaps to a considerabl-e degree, due to the exclusion

f rom the  eva lua t ion  o f  the  f i rs t  four  year  c lasses .  For  s ta t ion  Group VI I ,

the  Savoonga group,  th is  ne t  p roduc t iv i t y  es t ina te  reaches  t ,5  gCln2  ly r '

Vowt]n Ratesz CLinocardiun ciliatum

The sarnple of C. ci l iatwn avai lable fox age/growEh analysis was ex-

t .remely smal l ,  consi-st ing of only 9 anlmals. Therefore'  no est imate could

be made as  to  age compos i t ion  o f  the  popu la t ion ,  mor ta l iEy  raEes,  ta -

c ru i tment ,  o r  p roducCiv i ty .  An add i t iona l  p rob lem was the  lack  o f  re l iab le

sizefweight dat.a,  leaving mean growth in terms of shel1 length increase as

the only permissabie est imate. Animals were aged in the same manner as

fox M. eaLcanea, by count ing grorvth annul i '

The resu l rs  o f  th is  age/s ize  ana lys is  ind ica tes  thac  the  sample ,

though smal l ,  does  prov ide  a  va l id  g rowth  curve  (F ig '  6 ) '  As  may be
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CLINOCARDIUM CILIATUM
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Rela t ionsh ip  o f  she l l
Clinoeardit un ciliatun
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standard  dev i .a t ion  bv
v e r E i c a l  1 i n e .

length to age class for
on  Ehe Ber ing /chukch i  she l f .

by  rhe  hor izon ta l  l1ne ,
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seen, standard deviaEions do not overlap except for ages B and 9. fhe

mean growth rate is 6.77 nrn/yr,  more chan double that for M. caLcarea,

rang ing  f rom 1 .71  mm/yr  a t  age 2  to  10 .4  nm/yx  a t  age 10 .  V iewing  grorv th

as  percentage increase in  she l l  leng th  (Tab le  20) ,  ra tes  appear  to  dec l ine

from a high of 47% annual ly at age 3 to L47" at,  age 9. At age l0 the

animals are st i l1 growing with no reduct ion in rate of actual she1I in-

c r e a s e  ( F i g .  6 ) .

Growth Ratgs; Sert'ipes gpoenLandicus

As f or C. eiliatun, the sample size of ^5. groenlandicus and the si,zelage

d is t r ibu t ion  o f  the  samples  ob ta ined prec luded es t imates  o f  age compos i t ion

o f  the  popu la t ion ,  mor ta l i t y  ra tes ,  recru i tment ,  and produc t iv i t y  ra tes-

Part  of  the problem encountered wlth both this species and C. ci l iatum

is the segregaEed nature of age/sLze distr ibut lons whereby, as discussed

previously,  only one age/size class of the species is apC to be found in

any given area. This probably results ei ther due to int ,erspecif ic predat ion

(spat consumption by adults) or substrate condit ioning which precludes spat

sett lement in an area alread.y colonLzed,.  Unl ike the case with M. calcarea,

where ur ixed age elasses occur,  a very large number of sarnples would be re-

qu i red .  in  o rder  to  Preseng a  sag is fac lo ry  age compos i t ion  es t imate  fo r  ehe

popu la t ion  as  a  who le  when cons ider ing  e i iher  o f  these o ther  spec ies '

The mean growth rate for 5.  groenLand'Lcus in terms of shel l  length

i n c r e a s e  i s  e s t i m a t e d  a t  4 . 3 4  m m / y r , 1 o w e r  t h a n  f o r  C .  c i l i a t t a m b u t '

appreciably higher rhan for i '1.  calceTea. The range of this shel l  growth

ra te  fo r  5 .  gycen land icus  (Tab le  21) ,  i . s  f rom 2 ,56  to  6 .35  mm/yr .  Th is

gro \ . / th  ra te  appears  E ,o  dec l ine  a f te r  age 3 ,  though the  sample  s ize ,



Table 20. The relationship
for CLirneediun

of shell length
ciLiatun on the

108

to age class and growth raLes
Bering/chukchi shelf .

Age
Sheli- Length

(mr)
Shell- Growth

(nrn/yr)
Shel1 Growth (Z
tocaL length/yr)

I

L

2

3

4

)

6

I

8

9

10

Mean

2 . 5 4

4 . 2 5

8 . 1 3

L 2 . 7 5

1 9 .  8 1

2 7 . I 2

5 0 . t )

45 .37

5 3 ; 1 0

63 .  50

T . 7 I

3 .  8 8

4 . 6 2

7 . 0 6

7 . 3 r

9 . 6 3

8 . 6 2

7 . 7 3

l_0.  40

6 . 7 7

40

4 7

36

35

26

26

18

t4

L6

29



The
f o r

relat,ionship of sheIl length
Sez,r,ipes groenluzdicas on the

1 0 9

to age class, and growth rates
Bering/chukchi shel-f .

Tab1e 21 .

She1l
Length

Age (nm)

Shel1 Shel1
Growth Growth
(truo/yr)  (Z total)

Organic Growth
Carbon (mgc/

(e/ inaiv) indiv/yr)

0rganic
Carbon
Growth

(% total
wt /y r )

Sample
S i .ze

1  3 , 4 0

2  5 . 9 6

3  10 .72

4  L 7  . 0 7

5  2 1 . 8 8

6  2 6 . 0 3

Mean

2 . 5 6

4 . 7  6

6 . 3 5

4 .  8 1

4 . 1 5

4 , 3 4

I .  J O

q 7 0

4 . 3 5

J .  O J

43

44

J I

n a
L L

I O

2 . 0 7

3 . 4 3

9 . 2 2

L 3 . ) t

39

62

J Z

B5

83

85

83

52

11

4432



part icular ly in Eerms of the older age classes, is probably too sma1l to be

certain that this is a real c ircumstance.

The organ ic  carbon growth  es t imate  o f  3 .83  mgC/ ind tv /y r ,  cons iderab ly

lower than the mean value of 5.73 mgC/indiv/yr for 14. eaLcarea is probably

much too low, compromised as i t  is by a dist incE lack of data regarding

the older age classes. As may be seen from the Maeona daEa (Table 18)

elevated carbon growth rates are observed in Ehese older age classes. The

oldest specimen of S. groenlan&icus reeovered, a sol i tary individual cap-

tured in a bottom trarul ,  appeared to be in excess of 15 years of age.

DISCUSSION

Standing Stock

Quantirat ively,  Ehe 300 x 5L g/mz benthie standing stock (wet weight)

averaged over the eastern cont inental  shelf  of  the Bering and Chukchi seas

from the result ,s of ehis study seems to conform fair ly wel l  to quant i tat ive

assessmentg of oEher high lat i tude North American and Asian benthic faunas.

The est i rnates of 20-400 g/*2 t" t  weight for the EasE Greenland region

(Thorson ,  L934),  160-387 g/*2 *"t  weight for Northrsest Greenland (Vibe,

1 9 3 9 ) ,  2 0 0 - 3 0 0  g / ^ 2  * " t  w e i g h t  f o r  t h e  B a f f i n  I s l a n d  r e g i o n  ( E l l i s , 1 9 6 0 )

and 200 g / *2  * " t  we igh t  fo r  the  Sea o f  Okhotsk  (Zenkev i tch ,  1963)  a l l  fa l t

w i th in  th is  range.  Even the  very  h igh  s tand ing  s tock  es t imates  o f '  L ,48L

g/^2 *"t  weight and 3 ,5OO g/mz wet weight for bivalve (Set 'x ipes groen"Lan-

d. icuS) communiE, ies of Che Northwestern and Eastern Greenland regions '

r e s p e c E i v e l y  ( v i l e ,  1 9 3 9 ) ,  a r e  n o t  g r e a t l y  i n  e x c e s s  o f  t h e  1 , 0 0 0  t o  m o r e

)
Ehan 2 ,000 g /urz  va lues  observed a t  severa l  s ta t ions  in  the  nor thern

Ber ing  sea and Ber ing  SLra i t  reg ion  (Append ix  4 ) .  The esEimaEes o f  20

1 1 0
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, 2  ^  )
g/m- wet weight for the White Sea and 33 g/n'  for the Balt ic (Zenkevitch,

1963) indicate that these regions are, on the other hand, quant i tat ively

depauperate as compared to the Bering/Chukchi shelf .

The mean value of 300 t  5L g/mz, whi le somewhat higher than previous

es t imates  fo r  the  eas tern  Ber ing  she l f  (Neyman,  1960;  S toker ,  L973)  re -

unins stat ist ical ly within the bounds of those est imates. The higher

mean value obtained by this study largely ref lects the very high benthic

standi-ng st ,ock values observed in the Bering Strai t  region, which vras not

included in the sampl ing schemes of previous studies.

The most  apparent ,  o r  most  read i l y  recogn izab le ,  cor re la t ion  o f

standing stock distr ibut ion over the study area is with lat iEude. When

p lo t ted  ou t  aga ins t  degrees  o f  lac i tude,  the  s ta t ion  means (o rgan ic  carbon

,)
e/m'1 averaged over each degree of lat i tude rvould, i f  smoothed, come close

to descr ibing a normal,  bel lshaped curve (Fig. 7) with the mode in Bering

St ra i t  a t  65o-68o N.  la t j - tude.  As  may be  seen,  horvever ,  the  s tandard  de-

viat ions and 957" conf idence l in i ts associ-ated with these mean values are

often quice large, most ly as a result  of  the smal l  number of stat j .on avai l -

ab le ,  par t i cu la r ly  nor th  o f  Ber ing  St ra j - t .

Based on information and observat ions avai lable, i t  seems probable

that this rapid r ise in benthic standing stock in the Bering SErait  re-

gion, and the relat ively high maintenance of such standing stock levels

cons iderab ly  nor th  o f  the  s t ra i t ,  i s  the  resu l t .  o f  severa l  augment ing

cond iE ions .  One o f  these cond i t ions  is  the  qu i te  h igh  pr imary  p roduc t iv -

i t y  ra te  observed in  Ehe Ber ing  St ra ig  reg ion  in  ear ly  to  la te  spr ing

(McRoy e 'b  aL . ,  Ig72) .  Whi le  d i recE cor re la t ions  be t r . reen benth ic  b iomass

and. the pr imary producE.iv i ty of the overly ing wat.er have not been f i rmly
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establ ished for this region, they have been for other areas (Rowe, L969i

Mc ln ty re ,  1961)  and are  assumed Eo app ly  here  as  we1 l .

A second. major faetor whieh seems l ikely to be inf luent ial  in this

standing stock dj-str ibut ion is the terrest ial  detr j - tus input of the Yukon

and Kuskokwim r ivers. Whi le the actual contr ibut ion of Lhese r ivers, in

terms of part iculate det,r i tus ut i l izable by benthic organisms, is open to

quest ion (McRoy and Goering, L976),  i t  is assumed to be substant ial .

A Chird factor,  or mechanism, which is probably decisive to this

benthic st ,anding stock distr ibuEion is the current structure of the Bering

and Chukchi Seas. Near-surface currents, which l ikely extend to botEom

over much of the shelf ,  move north along the eastern side of the shelf '

of ten at,  a eonsiderable rate. They are bott , lenecked at Bering Strai t  where

the veloci ty of this northward f low is increased great ly,  and subsequent ly

fan out over the Chukchi shelf  at  reduced veloci t ies. Much of the near-

surface pr imary product i-v i ty of the northern Bering may be swept north,

concenEra ted  in  Ber ing  St ra i t ,  and passed ' in to  the  southern  Chukch i  where

red.uced. current veloci t ies permit  sett l ing to bottom. Liker,r ise, Ehe

detr i tal  input of the Yukon and Kuskokwim r ivers may be entrained in this

norLhward f low and held ro the eastern side of the Bering by the cor iol is

e f fec t .  Near  igs  source  th is  r i ver ine  de t r l ta l  inpu ;  may be  a  de ter ren t

to benthic fauna, eonsist ing in large part  of  coarser and heavier inor-

ganics which leave a smoChering wake. The more readi ly suspended part ic-

u la tes ,  however ,  inc lud ing  f ine  organ ic  de t r i tus ,  maY be mainEa ined in  the

cur renE,  sEream un i i l  Ehe cons t r i c tu re  o f  Ber ing  s t ra iE  is  passed and the

decreas ing  ve loc iEy  a l lows se tE l ing .  some o f  th is  deEr iEus  o f  course ,

perhaps  a  g rea t  par t  o f  i t ,  may se t t le  ou t ,  a long the  way t .o  Ber ing  SCra iE ,



rl- 1+

notably in  the centra l  Chir ikov Basin between St .  Lawrence Is land and the

s t ra i - t .  
;

Ttre trophic ( feeder) Lypes encountered over the study area seem to l ' r t !+s:

. : : ! lot t  
thi-s view of a detr i tal-based benthic food web. As may be seen

(Appendix 9) the major i ty of species exhibir ing dominance in any given

area are  de t r i tus  feeders ,  e i ther  se lec t i ve  de t r i tophages or  subs t ra te

feeders, with a complement of f i l ter feeders, nost ly bivalve mo11usks.

The dist inct ion between select. ive detr iLus feeders, which in some cases '

such as bivalve mol lusks and tubiculous amphipods, may also act as facul-

ta t i ve  f i l te r  feeders ,  and pr imary  f i l te r  feeders  wh ich  are  in  fac t  p ro-

bably f i l ter ing and feeding on decri tus, seems more than somewhat vague

and may in fact be meaningless in this instance. A1so, the virEual ex-

clusion from E,he benthic samples of the large bivalves of the genera

Mga and SpisuLa, both f i l ter feeders, may have compromised somervhat the

present,  as wel l  as past,  v iews as Lo the trophic structure of the Bering/

Chukchi shelf .

A fourth considerat ion, possibly a major one, which should be taken

i n t ' o a c c o u n t w h e n v i e w i n g t h e q u a n E ' j - t a t i v e d i s t r i b u t i o n o f b e n t h o s o v e r

the Bering/Cfrukctr i  shelf  is Ehe dist .r ibut ion of predators. Benthic- ,pf l i t t . , :
,1r i  ,1. i  1.1,, ;  

I

feeding f ish popular ions seem to be largely excluded frorn the ent ire re- - '4 '1" i" . ' .  " ,
-  ' i ' : ! ' i ' '

,  v ) '
gion north of St.  Lawrence Island by. ] ,ow bottom temPeraEures, i  rvhich may

he lp  to  account  fo r  the  la rge  benth ic  inverEebra te  s tand ing  s tock  observed

in this area as opposed Eo the relat ively low standing stock of northern

Brisrol  Bay, which is heavi ly ut i l ized by benthic-feeding f ishes in the

sunmer months ( l leyman, f960) .
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Likewise, predat ion pressure from the Pacif ic walrus populat ion, some

150,000 an imals ,  i s  concent ra fed  on  the  southern  and cent ra l  Ber ing  she l f '

A large cornplemenE of this walrus populat ion, some tens of thousands of

animals, resides year-round and exerts year-round predat ion pressure in

the northern Bristol  Bay region. During the ice-bound winter months the

bulk of the ent ire populat ion resid,es along the ice edge on the southern

shelf  and in the area between St.  Laru"rence Island and St '  Matthew Island'

where ice condit ions are favorable (F. H. Fay, UniversiLy of Alaska,

personal communicat ion).  Most of this r^ralrus populat ion does migrate back

and forth across the northern Bering and southern and central  Chukchi,

though residence t imes on this part  of  the shel- f  are much less than on the

more southern winter ing grounds. During the summer months when the Bering

and Chukchi are largely ice-free this populaEion maintains i tsel f  along

the edge of the permanenE pack ice in the northern Chukchi Sea'

The Cal i fornia gray whale populat ion, on the other hand, seeks out

for their  sunrner feeding grounds the r ich arnphipod populat ions of the

Chir ikov Basin, Bering StraiE, and souEhern Chukchi Sea' No quant i tat ive 
'

f igures are avai lable to indicate what this predat ion pressure from gray 
__

whales al trounts to,  but i t  inust be considerable. I t  is of  interest Ehat :1"/ ' i , , ' '

each t ime feeding gray whales were observed in this northern Bering-

southern Chukchi region, very large amphipod populat ions were evident in

the  grabs  f rom t .ha t  a rea .

The d is t r ibuc ion  o f  la rge  inver tebra te  p redators  i s  p robab ly  more

uniforn over the study area than is the case for benthic-feeding f ish and

marine mammars. Tanner crabs (Chionoecetes baiz 'Ci.  and C. opiLic),  spider
L

\

| /

crabs (Hgas coaYtatus),  k ing crabs (Paral i thod-es camtscVntt fa),  and hermit
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crabs (Pagurus sp.)  are found in considerable numbers over the ent ire

study region at least as far north as the high standing stock area of the

southern Chukchi.

In addit ion Lo natural  predat ion, commercial  f isheries ut i l iz ing the

cont inent,al  shelf ,  part icular ly of the Bering Sea south of St.  Lawrence

Island, are undoubtedly effect ing the benthos of the region to some degree,

though the extent,  and type of impact is uncertain. The extensive trawl

f ishery existant over the southern Bering shelf  is bound to result  in some

degree of perturbat ion both through species removal and substrate dis-

turbance. The disturbance effect could conceivably result  in increased

faunal diversi ty,  and night resulL in increased water column and benthic

product iv i ty Ehrough accelerated recycl ing of benthic nut,r ients.  The re-

mova l  e f fec t ,  d i rec ted  pr iunr i l y  a t  benEh ic - feed ing  f i sh ,  migh t  resu l t  in

increased standing stock of benthic invertebrates through lowered predat ion

pressure. In addit ion to the trawl f ishery, a large pot f ishery exists in

E,he southern Bering directed 
i , : ,Ut l i  .crab 

(ParaLithodes),  snow crab
y _  _  "  ' -  J

(CVtionoeeetes) and neptunid 
-gas_tropods 

(Nagai,  L974),  al l -  of  which may be

considered predator/scavengers. A subt idal  c lam-dredge f ishery proposed

for the southern Bering Sea-BrisEol Bay region could resulE in great ly

increased benthlc disturbance and species removal in the future, and would

probably come inco direcL resource competi t ion with populat ion of marine

nammals ,  par t i cu la r ly  wa l rus ,  wh ich  w in te r  in  tha t  a rea  (S foker ,  L977) ,

The curve  generared  by  p to r r ing  s rar io "  d i " ; ; ; ; ; taga ins t  laL i tude

seens t ,o supporE Ehe idea that EIr-e- standing stock t io*"""  of  the Bristol

Bay-southern shelf  region rnay be depressed by predat ion. As may be seen

( F i g . 8 ) ,  d i v e r s i E y  i s  h i g h e s r  i n  c h e  s o u t h e r n  B e r i n g  S e a  r e g i o n  o f  l o w
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standing stock and in the northern Chukchi Sea, possibly indicat ing that,

whi le the product iv i ty may be high, in the southern Bering Sea at least,

the standing stock remains reduced by predat ion (Pianka ,  L966; Sanders,

1968).  Diversi ty seems to decl ine in the Chir ikov Basin region, r^rhere

most of the large st,anding stock is composed of a few dominant arnphipod

and bivalve mol lusk detr icophages, then r ises again in the southern and

central  Chukchi to about the same level as in the southern BerLng. This

northward increase in diversi ty beyond Bering Strai t ,  somewhat at,  odds

with nrost,  theories of high lat i tude faunas, is perhaps a ref lect ion of

the large input of food into rhis area. Apparent ly this input is

rel iable and constant enough Eo permit  competi t ion and diversi f icat ion

of feeding techniques, result ing in j -ncreased species diversi ty in a

region where the physical  sEress of the environmenE, would normal ly have

the opposite effect.  This increased diversi ty in the northern Chukchi

may also be in part  a result  of  predat ion, in this instance by marine

m:mmals (walrus and bearded seals),  which 
".ro*"t  

along the edge of the

Arc t ic  pack  ice .

Plott ing of mean standing stock (organic carbon) and diversi ty

aga ins t  depth  (F igs .  9 ,  10)  p roduced less  de f in i te  cor re la t ion  than

appeared to  be  t ,he  case fo r  la t ieude.  S ince  depth  is ,  over  the  sample

area,  qu iEe s t rong ly  re la ted  to  la t iEude,  however ,  i t s  in f luence is  un-

cerga in .  The la t i tude-b iomass curve  cer ta in ly  seems to  ind ica te  Ehe

st ronge l  cor re laE ion ,  and is  p robab ly  dominant .  In  ne i ther  case,  o f

course ,  a re  the  cor re la ted  facEors  themse lves  o f  p r imary  in f luence.

La t i tude re f lec ts ,  t ,o  a  s l igh t  degree,  lempera ture  grad ien ts ,  bu t  more

i .mpor tan t ly  1 t  re f lec ts  p r inary  p roducc iv i ty  1eve1s  and food ava i lab i l i t y '
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as discussed above. Depth ref lects sediment Elpe, current veloci t ,y to

some degree and, coincidental ly,  lat i tude.

Likewise, the correlat ion of standing stock biomass with sediment

type was fel t  Eo be of uncertain appl icabi l i ty.  The high standing stock

va lues  occur  fo r  the  most  par t  on  sand or  muddy sand subs t ra te  (2 .00-3 .50

mean phi s ize),  tho'ugh so do some of the low standing stock values en-

count,ered j-n northern Bristol  Bay. Substrate tyPe does correlate

strongly,  however,  with qual i tat ive (species) distr ibut ion and with

feeder  type .

As an overview, the indicat ion is that,  quanEitat i .vely,  benthic stand-

ing stock levels on the Bering/Chukchi shelf  are determined by pr imary

product iv i ty leve1s, by current structure and veloci ty (both of these

fac tors  d ic ta t ing  food ava i lab i l i t y ) ,  by  benth ic - feed ing  f i sh  and mar ine

mammal l redl t ion, and only coincidental ly by depth, sediment type, and

lat i tude. Sal ini ty,  except perhaps near Ehe outPuc of the Yukon and

Kuskokwirr  r ivers, is probably never var iable enough to be a major factor,

nor is dissolved oxygen content,  which everywhere seems near maximum.

Winter temperatures near boE,tom are probably not important as a distr ibu-

t ional inf luence, being always near mininum over the study area.

During the summer, hoicever,  these bottom temperatures may be importanE

as a mechanism regulat ing the distr ibut ion of benthic-feeding f ish and

may e f fec t  the  reproduc t ive  pocenEia l ,  though no t  the  adu l t  we l fa re ,  o f

a t  leasE some benth ic  b iva lves  (Ha l1 ,  1964) .

Over  most ,  o f  the  s tudy  reg ion  the  d is t r ibu t ion  o f  benthos ,  bo th

quant i taEive and qual i taE, ive, j .s observed from Chis and from past studies

(Rowland ,  L972;  S toker  ,  Lg73)  to  be  ex t rene ly  pa tchy .  Th is  i s  par t i cu la r ly
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t rue regarding the central  Bering shelf  f rom St.  Matthew and Nunivak

is lands  to  jus t  nor th  o f  S t .  Lawrence Is land.  The reasons  fo r  such pa t -

ch iness  are  uncer ta in  bu t  a re  thought  to  be  la rge ly  the  resu l t ,  d i rec t l y

or  ind i rec t l y ,  o f  var iab le  subs t ra te  cond i t ions .  Such subs t ra te  cond i -

t j -ons  may themse lves ,  o f  course ,  re f lecE o ther  var iab les  such as  cur ren t

vei-oci ty.  Predat ion, part icular ly walrus predat ion, f ra;y also be a factor

S ince  th is  Cent r " l  Rcr ino  eha ' l€  aTea,  where  such pa tch iness  is  most  p ro-

found, const i tut ,es the main winter range for the bulk of the walrus pop-

, , 1  - + - i ^ -
U ! 4 L M l  .

0ther  p robab le  causes  o f  pa tch iness  are  in t raspec i f i c  in  na ture .  The

bu lk  o f  h igh  la t i tude  spec ies  re ly  on  d i rec t  deve lopmenE o f  la rvae ra ther

than on  pe lag ic  d ispersa l  lThot "o . t ,  1950) ,  wh ich  wou ld  seem to  d iscourage

uniformity in distr ibuEion. Many of the non-dominant species, for this

or other reasons, do appear to be clumped rather than uniform in distr i -

bu t j -on ,  as  has  been observed e lsewhere  (Ha i rs ton ,  1959) .  In  the  la rge

f i l ter- feeding bivalve mol lusks (which do produce pelagic larvae),  par-

t , icular ly CLinoeatCiwn, this clumping t ,endency is also str ik ing, result ing

not  on ly  in  a rea l  pa tch iness  buE a lso  in  qu i te  d is t inc t  age/s ize  c lass

segregat ion .  In  no  ins tance,  in  fac t ,  were  rBore  than one age c lass  o f

CLtnocozdium observed at the same sample location. This trend, toward

agef  sLze segregat ion  is  a lso  apparent  fo r  oEher  f i l te r - feed ing  b iva lves

such as Cyclocardia c?ebricostata, Hiaxella arettce, and Servipes gvoen-

Landicus, though not so absolutely so. This phenomenon was also observed

by V ibe  (1939)  in  Green land mol lusk  popu laE ions ,  and is  p robab ly  the

resu l t  o f  cann iba l i sm,  the  adu lc  f i l te r - feeders  ind isc r im ina te ly  consuming
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Ehe larvae and set t l ing spat ,  or  of  condi t ion ing of  the substraEe by the

adul ts  so as to render i t  unfavorable for  spat  set t lement .

Taxonomy

Over  the  sample  area ,  a  to ta l  o f  47  2  spec ies ,  292 genera ,  and 16  phy la

were ident i f ied. These results,  in terms of numbers of taxa present over

this area, are almost certainly too lor,r .  Several  rnajor taxa'  notably the

nemert inea, por i fera, and most of the anthozoa' were found to be di f f icul t

i f  not iurpossible to ident i fy in the preserved condit ion. The same was

t rue  fo r  a t  leas t  some o f  the  tun ica tes  and ho loEhur ians .

In addit ion Lo these outr ight gaps in taxonomy suffered by the pre-

Senf.  Study, numerous other taxonomic problerns were encountered, which wi l l

be summarized below.

In  the  ear ly  (Nor thwind- lg70)  co l lec t ions ,  adequate  l i te ra tu re  and

expert ise was not,  avai lable for the ident i f icat ion of the amphipods and

cunaceans.  Consequent ly ,  fo r  th is  p re l im inary  s tudy  (Sroker ,  L973)  these

were separated into apparent taxonomic uniEs upon the basis of gross mor-

phology and assigned alphabet ic designat ions. RepresentaEive samples were

preserved fo r  fu tu re  ident i f i ca t ion ,  bu t  by  the  t ime such ident i f i ca t ion

was possible some of the smal ler and mofe fragi le specimens were beyond

recognit ion, thus account ing for the someLimes large numbers of amphipods

and cumaceans l isced as unident i f ied.

Even a f te r  idenEi f i caE ion  became feas ib le ,  numerous  doubts  and pro-

blems arose with several  of  the amphipod and cumacea genera'  I ' I i th in the

amphipod genus Arrpel iSca, for lnscance' two very sirni- lar species, '4 '

macyocephnla and. A. eschricht i  are recognizeci .  As is not uncommonly the
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case fo r  Ber ing /Chukch i  spec les ,  these seem to  be  d is t inc t  and recogn izab le

at the ends of the morphological  spectrum but over the large middle ground

appear to blend together,  lending doubt as to whether the two are in fact

sepera te  spec i -es .  Th is  doubt  i s  augmented,  in  th is  case,  by  the  fac t  tha t

the two seem to invariably occur together.  
$: t .Ouent ly,  

no attemPt was

made to separate the tr"ro, both being lumped together as A. macrocephaLa,

which seemed the numerically dominant form.

Simi lar doubts were encountered within the amphipod genera Annnyt,

Eriehtonius, Hipponedon, Monoculodes, Paraphorus, Photis, Pnotomedeia,

and Haz,pinia. Whi le ser ious and, i t  is fel t ,  usual ly successful  at tempts

were made to ident j- fy members of these genera to the species level,  some

confusion r, /as apparent and the resulEs are noE, above doubt.

The cumaceans seemed less of a problem except for one form, referred

to as LeueOn l l2.  This is a conmon form, obviously of the genus LeueOn

but conforming to none of the avai lable species descr ipt ions for that

genus.  The c loses t  f i t  was  .L .  rns ica ,  bu t  th is  seemed unsat is fac to ry .

Some troubles were also encountered among the polychaetous annel ids.

In  the  ear ly  co l lec t ions  (Nor thwind- lg70)  in  par t i cu la r ,  there  may be

some confusion among species r,rithin the genera Annitides, Bz'aCa, Eteone,

GLycinde, Lwnbrinereis, and. Nephtys. In all of the collections, Btad.a'

sacchalins. may in fact be BraCa ochotensis, CapttelLe capitaf'a may include

a second species or even a second genus (BranchimalCnne?),  Hc?LoseolopLos

pantnmensis are probably all ,?. eLongatus, ?nuphis paz'ua-striata arrd 0.

geophiliformis are probably Ehe same species, and Lunbri,neteis fragilis

may in facr be a species conplex. The idencif icat ion IVnryt muLti f iL is

is  p re t ty  much a  guess ,  as  a re  the  d is t inc t ions  becween Glyc ind 'e  u i ren i
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and G. aTmigeTa, which may be the same species. Doubt also appl ies to

the identificarion Ayicidea uschakoui and to Ehe genus Eteone, which may

be represented by several  more speeies Ehan are here included. Within

the genus Nephtys, N. fetntginea and N. paradoea may not be real species,

/y. zo1lcrta probably represent,s a species complex, and il. eilLata and /['

LOngasetosa aTe probably synonymous. NephtyS coz-rnlta is a new species

record for this area, as are Disoma rruLtisetosa and PionosgLLis magnifica'

Within the bivalve mol lusks, there may exist  some confusion within

the gener a Macoma, Nuculana., Ioldia, and Pseudopythirn. A11 of the

Maeoma ident j- f ied seem to be good species with the possible except ion of

brota/ealca.Tea. As was the case with AnrpeLisca nwcrocephala and escht'iehtL,

these Evo Maconw species seem dist inct aE ends of the spectrum but are

frequent ly found to intergrade, cast ing doubts uPon lheir  val idi ty '  Of

the two, M. cAlcayea seems clearly dominant.  These two species were

segregated rnrhenever possible, though not wiEhout some skept ic ism' A sim-

ilar case applies to Nuculann. vadiata and N. mint'fta. While relatively

d is t inc t  in  s ize  and she11 scu lp tu re ,  the  ques t ion  ar ises  as  to  whether

N, minuta is not. merely the iinmature form of l/. r'adfata. These tlvo forms

are normal ly co-occurreng, and no immaEure forms ident i f iable as lV'

radLata are ever found, giv ing r ise to such doubts. Wighin this genus,

problems may also exisE in the segregat ion of iY. radiata, N'  foSsa' N'

bueeata, and i i .  per";zula. Soviet invest igat ions in the Bering (Neyman'

1960; Fi latova and Barsanova, f964) a1l l isc NucuLarw (Ledn) pernula as

the  dominant  spec ies  o f  th is  genus ,  yeE no spec imen c lass i f iab le  as  f f '

penruLa was discovered by this study. The ident j- f  icat ion IoLdieLLa

in te tmed. ia ,  a  s ing le  occur rence,  i s  doubt fu l .  Confus ion  may ex is t
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between Pseudopythina rugifera and P. cotrrp?essa in some cases since these

smal1 and fragi le bivalves l iere often badly eroded from the formal in pre-

servat ive. Within the genus loLdia, there rnay be some ident i f icat ion

problems between Y. hypez,boz'ea, I. atnygdalea, and I. myaLts, particularly

in the immature forms. I t  is fel t  that Y. hyperborea is much the most

dominant despite possible confusion. Asthenothaerus adansi,  an uncommon

species, rras previously classi f ied as Thracia adansi (MacGini t ie,  1959).

Within the gastropod mol lusks, a st ,ate approaching general  confusion

seems to reign withj-n Ehe genera Buccinum, CoLus, Trophonopsis, Polinices,

Natica, lfuaz,garites, SoLarLeLLa, and VeLutirw. In the case of Natica, all

specimens were classi f ied i l .  e lausa, though mult iple species may exi-st .

The same is true for Pol inices, most of which are referred to as P. paLLidus.

The bes t  poss ib le  job  was done to  ident i f y  and segregate  the  var ious  and

often confusing species of Bueeinum, Colus, Trophonopsis, l4argaz'ites, and

SoLar ie l la ,  bu t  fe rv  such ident i f i ca t ions  are  abso luLe ly  above susp ic ion .

The same i-s true, perhaps with an even greater degree of doubt ' ,  for VeLu-

t inn and, CyLic\vta. In the case of CyLichna, the quest ion again ar ises as

to whether C. alba may in fact be only the innnature form of C. nucleoLa.

In  most  cases ,  no  a t tempE was made to  ident i f y  nud ib ranch mol lusks ,

and those ident i f i ca t ions  iha t  a re  made are  sub jec t  to  cons iderab le  ques-

Among che mysids, the ident i f  icat ion I ' leomysis rayi i  is quesLionable,

as  is  the  spec ies  d is t inc t ion  in  che brachyurans  be tween Ch ionoecetes

bairdi  and opiLio, which frequent ly seem to intergrade'

Among the asteroids, PterAStey ObSctga rnay in fact consist  of  several

s p e c i e s .
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The holotur ian ident i f ied as Leptosynapta sp. f rom an early sampl ing

is probabLy Chiz 'oCota sp.,  possibly C. diseolot.

As a general  overview, i t  is fel t  that numerous problems and confu-

sions exist  relat ive to the species taxonomy of many such high-lat i tude

fonns. These di f f icul t ies may ar ise through the reproduct ive behavior

of such forms, and through the patchy character of the faunal distr ibut ion'

Many of these forms, part icular ly the genera within which confusion is

most prevalent,  exhibi t  brooding behavior.  This,  coupled I '7 i th the observed

patchy distr ibut ion (presurnably ref lect ing var iabi l i ty in one or more envi-

ronmental  parameters) would seem to diseourage genet ic uniformity over the

populat ion as a whole and would tend to promoEe the generat ion of regional

popul-at ions vrhich may in some instances be nistakenly classi f ied as seParate

spec i -es .

Since i t  was not the pr imary Purpose of this study to become engaged

in taxonomic exercises, the tendency'  as is probably apparent '  was to 1-ump

species when in doubt.  A good spl i t ter could almosE certainly go through

the same col lect ion, as they are welcome to do, and come up wiEh many more

species in aknost any category.

Th is  to ta l  l i s t  o f  472 spec ies  fo r  the  area  is  ap t  to  be  on  the  low

side due to the sampl ing technique as wel l  as to Ehe taxonomic phi losophy

ernployed. AL 50 of the quant i tat ive stat ions only the coarse (3 rnm)

sieve fract ion was retained. for faunal analysis,  and at 108 of the remain-

l :ng L76 stat ions only one of the f ive f ine samples was analyzed' For

quant i ta t i ve  (b iomass)  es t ina t ion  i t  i s  ie l t  tha t  th is  p rocedure  is  jus -

t i f ied, something over 907" of.  the total  mean areal-  biomass (76 !  LL7" per

s ta t ion  mean)  be ing  reE.a ined on  the  3  mm mesh.  S imi la r  resu l ts  f rom o ther
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rel iance on the 3 nrn sieve, however,  is certain t .o have resulted in the loss

of many, perhaps the bulk,  of  indj-vidual organisrns and perhaps as nnny as

507"  o f .  the  spee ies  present .  Th is  loss  is  perhaps  dep lorab le ,  bu t  was

considered a necessary sacr i f ice considering the t ime and effort  which

would have been required to Drocess al l  of  the f ine fract ions.

I t  should be pointed out thaE this relat ive neglect of  the f ine

f rac t ion  fauna is  based so le ly  on  s tand ing  s tock  b iomass ra t ios ,  and

does not inply Ehat Lhis f ine fract ion fauna is unimportant in the eco-

system. As information becomes avai lable i t  may in fact prove to be the

the case that this is where the base of the benthic food web l ies and

that within this smr11 and presurnably short- l ived fauna the greater por-

t ion  o f  benth ic  p roduet iv i t y  takes  p lace .

A more ser ious f law in the sarnpl ing technique was the inabi l i ty of

the grabs, or t rawl,  to sample the deep-burrowing large bivalve popula- I
__J

tions of the genera Mya and SpisuLa. These bivalves are knor'rn to make

up a very large parc of the diet of  the Pacif ic walrus in the northern

Ber ing  Sea and Ber ing  St ra i t  reg ion  ( Iay  and Stoker ,  in  p repara t ion)  '

buE, are rarely obcained in samples from Ehis area. When they are obuained

by the grab, general ly only part  of  the severed sipon is retaj-ned. Th:-s

prob lem has  p lagued o ther  inves t iga tors  in  the  pas t  (Lukshenas,  1968;

E l l i s , 1 9 6 0 ) ,  b u t  c o u l d  n o E  b e  o v e r c o m e  a t  E h i s  E i m e  d u e  E o  s e v e r e  s h i p

and gear  l im i ta t ions .  I t  seems probab le ,  f rom the  ev idence o f  the  wa l rus

s tomachs,  thaE t .hese Large b iva lves  may compr ise  a  cons iderab le  par t  o f

the  benth ic  s tand ing  s tock  over  the  s tudy  area '  Ehough whaE Percentage is '

a E  c h i s  E i m e ,  i m p o s s i b l e  E o  e s t i m a t e .
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These large bivalves, as wel l  as the other pr incipal walrus prey

genera (SpisuLa, Hiatella, and Clinocardiun) are also somewhat unique in

that they are al l  obvious f i l ter- feeders in a trophic si tuat ion apparent-

- ly 
dominated by detr i tus feeders. Also, such evidence as is avai lable

seems to indicate that the growth rates, and probably the net product iv i ty

rates, of  these f i l ter- feeding bivalves may be considerably higher than

for the one detr i tal- feeding bivalve assessed (ILacoma caLcmea). Such

apparent ly increased rates may be a result  of  the feeding behavior,  PeE-

haps due Eo shortening of the food chain. Whatever t .he reasons, such

elevated rates are probably benef ic ial  to both walrus and prey in this

t roph ic  re la t ionsh ip .

Feeding Type

As menEioned previously,  and as may be seen from the table of dominant

spec ies  (Tab le  5 ) ,  the  Ber ing /Chukch i  benth ic  t roph ic  sys tem is  heav i l y

dominated by decri tus feeders, though this view may be overernphasized due

to the inadequate sampl ing of the large f i l ter feeding bivalves. Most

o f  the  s tag , ion  c lus te r  g roups ,  as  w i l l  be  d iscussed la te r  on ,  possess  e le -

menrs  o f  a l l  4  t roph ic  ( feeder )  Eypes  recogn ized fo r  th is  s tudy  ( f i l te r -

feeders ,  se lee t ive  deE, r i tus  feeders ,  subs t ra te  feeders ,  and carn ivore /

scavengers) .  As  a  genera l  t rend,  the  d is t r ibu t ion  and re la t i ve  c iominance

of  these t roph ic  types  is  de termined by ,  o r  i s  cor re la tab le  w i th ,  subs t ra te

cond i t ions ,  as  has  been observed f rom prev ious  inves t iga t ions  (Rhoads and

young ,  1 'g7Ol  Neyman,  1970) .  F i l te r - feeders  seem more  inc l ined ,  fo r  obv ious

reasons,  toward .  a reas  o f  coarse  subSt raEe,  re la t i ve ly  low sed imenta t ion

ra tes ,  and increased cur renE in tens i ty  such as  preva i l  in  the  nor thern
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Ber ing  Sea-Ber ing  St ra i t  reg ion .  Se lec t ive  de t r i tus  feeders  seem Eo pre-

fer areas of sand or sandy mud at interuediate depths, whi le substrate

feeders tend E,oward deeper areas of f iner sediments r ich in organi-cs.

The scavenger /carn ivores  are ,  o f  course ,  d is t r ibu ted  independenf ly  o f

such cons idera t ions .

Dominant Species

Of the 472 totaL species ident i f ied, i . t  was discovered that 113 spe-

c ies ,  a long w i th  25  Eaxa no t  iden t i f iab le  to  the  spec ies  leve1,  accounted

f .o r  95% o f  bo th  to ta l  s tand ing  s tock  (o rgan ic  carbon)  and toca l  dens i ty  o f

the coarse fract ion samples, which accords vrel l  wi th Sanders (1960) study

of Buzzatds Bay j-n which very simi lar rat ios were observed. Of these 113

spec iesr  Sg were  then se lec t .ed  and u t i l i zed  as  ind ica tor  spec ies  fo r  purposes

of  c lus te r ing  s ta t ions  and spec ies  and fo r  cor re laE ion  o f  spec ies  d is -

tr ibut ion with environmental  factors. I t  is of  interest that of  these 89

ind icacor  spec ies  (Tab le  3 ) ,  49  are  cons idered se lec t ive  de t r i . tus  feeders ,

9  a re  subsEra te  feeders ,  16  are  f i l te r  feeders ,  and L4  are  earn ivore /

scavengers  (Kuznetsov ,  L964) .  Of  83  o f  these same 89 spec ies ,  28  a te

considered t ,o exhibi t  ei ther brooding behavior or rapid, direct developmenE

of  eggs  and la rvae wh i le  55  re ly  on  pe lag ic  la rva l  fo rms (S tan ley ,  L970;

G.  M.  Mue l le r ,  D iUa UOce) .  Fur thermore ,  o f  Ehese 89  spec ies  27  are

cons idered to  be  Pan Lor^ r  Arc t i c  Borea l  in  o r ig in ,  2L  are  cons idered

Arc t ic  Borea l  Pac i f i c ,  L7  are  cons idered to  be  Pan H igh  Arc t i c  Borea l ,  9

are  cons idered Pan Arc t ie ,  l0  a re  cons idered B ipo la r ,  4  a te  cons idered

Borea l  Pac i f i c ,  and on ly  I  i s  cons idered ArcL ic -At lanEic  (Ushakov ,  1955;

Guryanova,  1951) ,  lend ing  a  sgrong ly  Borea l -Pac i f i c  a tmosphere  to  the
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overal l  fauna of the region as was previously postulated to be the case

(Sparks and Pereyra, Lg66).  I t  is also possible, though unProven' that

the cold summer bottom temperatures in the Chukchi Sea and perhaps over

some of the northern Bering Sea may necessitaEe recrui tment into these

areas ,  fo r  a t  leas t  some o f  those spec ies  produc ing  pe lag ic  la rvae,  f rom

warmer waters to the south (Sparks and Pereyra, L966).  Tf.  Chis is found

to be the case, then the Chukchi Sea is dependent on the Bering not only

as a major food source but as a spavming ground as r ' rel l  .

Cluster Groups

Us ing  the  quant i t ,a t i ve  da ta  per ta in ing  to  the  B9 ind ica tor  spec ies  '

a staEion cluster dendogram was generated based on simi lar i ty of species

composit j -on and species relat ive density.  This cluster analysis resulted

in 8 major cluster groups, several  of  which are composed of at  least two

subgroups  w i th  d isc re te  a rea l  d is t r ibu t ion .  These c lus te r  g rouPs may be

considered as faunal communit ies or assemblages, though caut ion should be

exerc ised in  th is  approach fo r ,  as  w i l l  be  d iscussed la te r  on ,  the  spee ies

themse lves  do  no t  appear  to  exh ib iE .  sErong assoc ia t ion  a f f in i t ies  w i th  one

another.

The f i rs t  and most  c lose ly  assoc ia ted  o f  these s ta t ion  c lus te r  g rouPs

is  re fe r red  co  as  Group I ,  che  Ch i r i kov  Bas in  Group.  Th is  g rouP occup ies

a lmost  a l l  o f  the  cent ra l  Ch i r i kov  bas in  (F ig .  3 ) ,  ex tend ing  in to  Ber ing

St ra iE .  A  second-area l  subgroup rnay  be  cons idered to  ex is t  o f f  the

western  end o f  S t .  Lawrence Is land,  composed o f  4  s ta t ions ,  though th is

is  someth ing  o f  a  moot  po in t ,  the  area l  d is t r ibuUion  be ing  cont iguous  fo r

a l l  p rac t ica l  purposes .  Th is  i s  p r imarLLy  a  deCr i tophagous communi ty ,
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four of the f ive group dominants (Table 5),  three amphipod and one bi-

valve species, being considered selecEive detr i tus feeders. Consid-

ered by stat ion, however (Appendix 9),  a fair ly strong eomplement of

f i l ter feeders appear as local ly dominant species, as does one sub-

strate feeder.  I t  should be kept in nind also thaE f i l ter feeders are

in fact probably more dominant in thj.s clust,er group Ehan appears to

be the case since the large bivalves Mya and SpisuLa, which were

virLual ly excluded from the samples as discussed above, appear to

exist  in large populat ions in this region from the evidence of walrus

s tomach ana lyses .  A lso ,  most  o r  a l l  o f  the  spec ies  l i s ted  as  se lec-

t , ive detr i tus feeders may also be facultat ive f i l ter feeders.

This trophic sEructure is what would be expected on the basis of

substrate type, which consists of very uniform, hard-packed sand over

the ent ire area, swept by relat ively vigorous currenEs. I t  is of  int-

e res t  tha t  the  subs t ra te ,  in  te rms o f  par t i c le  s ize  (Tab1e 7) ,  i s  the

most uniforrn within this of any of the cluster groups. Corresponding-

Ly, this group shows Ehe highest aff in i ty,  in terms of faunal cohe-

siveness, of  any of the cluster groups, lending strong support  to the

argument,  discussed later on, that sediment part ic le size is the dom-

inant,  environmenEal factor inf luencing, or correlat ing with,  species

distr ibut i .on over the scudv area.

The mean carbon standins stock of

g/m", is the highest of any observed,

A . 6 L Z  t  0 . 0 8 4 ,  i s  b y  f a r  t h e  l o w e s t .

dence,  suppor ted  by  Ehe phys ica l  da ta

t h i s  c l us te r  g roup  ,  23 .7  !  5 ,

though the index of  d ivers i ty ,

The inference f rom t ,h is  ev i -

and  by  t he  s ta t i on  b io log i ca l

b 1
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results,  i -s that this region is one of very uniform habitat  and high

food input to the benthos, probably from both pr imary product iv i ty

and from terrest ial  (r iver ine) detr i tus.

The second najor cluster group, Group I I  (Fig. 3) '  forms what ap-

pears to be a broad band offshore from the Alaska mainland in the Bering

Sea stretching from northern Bristol  Bay almost to Bering Strai t .  This

group may consi-st  of  two areal subgroups, one in northern BrisLol Bay

and another to the north, along western Norton Sound, though this dis-

tr ibut ion is probably the result  of  inadequate stat, ion coverage and

nay noE. be a real condit ion. This is a much more heterogenous faunal

assemblage in terms of t rophic type (Table 5; Appendix 9).  The grouP

dominant species, the bivalve TeLLiiu. Lutea and the echinoid Eehinan-

acVznius panna, are consi.dered to be select ive detr i tus f  eeders. The

local,  stat ion dominants, however,  rePresent al l  four trophic types

in approxinately equal proport ion. This group is considerably more

complex, in teros of both species distr ibut ions and trophic charac-

t e r i s t i c s , t h a n G r o u p I , p r e s u m a b 1 y a s a r e s u 1 t o f 1 e s s u n i f o r u i - t y ;

in the habitat ,  as evidenced in part  at  least by the more var iable

subsEra te  charac ter is t i cs  (Append ix  8 ) .  The mean depth  o f  th is  g roup,

32 !  4 m, is signi f icant ly shal lower than the mean of 43 !  3 m for Group

T, though Ehe dominant inf luence is fel t  to be sediment type, which is

boEh coarser and more var iable within Group I I  (Table 7),  rather than

depth  as  such.

The mean s tand ing  s tock  o f  Group I I  i s  4 .4  !  t ,4  g /n2  carbon or

')
265 !  140 g/m' wet weighE, sl ight ly below Ehe :nean for the study area as

a whole. Support ive of the previous opinion regarding south to norEh
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increase in benthic standing stock, t ,he mean standing sEock of the

northern staEions is considerable elevated over that of  the southern

ones. The diversi ty evidenced by this group is quite var iable, averaging'

over  a1 l  s ta t ions ,  an  index  o f  0 .882 1  0 .096,  near  med j -an  fo r  the  s tudy

area as a vrhole.

One curious aberrat ion of this cluster group is presented by a third

smal l  subgroup, consist ing of only two stat ions, ly ing just of f  the south-

west end of St.  Lawrence Island far f rom the rnain distr ibut ion (Fig .  4) .

This subgroup l ies at a somewhaE greater depth (55 n) than the 32 n group

average.  The sed iment  mean par t i c le  s ize ,  2 .BB ph i  cor responds c lose ly  i

to the 2.61 mean phi value for the group as a whole, however,  1-ending

even more support  Eo the argument that sediment EyPe, not depth, is the

prirnary correlat ive.

Group I I I  is character ized by Ewo obviously dist inct areal subgroups,

one ly ing in Bering Strai t  and the other in Anadyr Strai t  (Fig. 4).  Lj-ke

Group I ,  which i t  overlaps in distr ibut ion in Bering Strai t ,  this is a very

surongly decri tophagous assemblage. Almost,  al l  of  the donj-nant species at

stat ions within this group (Appendix 9) are select ive detr i tus feedersn

this homogeneity being disturbed only by Ehe presence of two carnivoref

scavengers and Ewo substraEe feeders. For the group as a whole, the

three dominant,  species, one ophiuroid, one echinoid, and one polychaetous

annel id,  are al l  considered select ive detr i tus feeders, though the echi-

noid, Strongylocentrotus a.yoebachiensis,  maY also be considered a grazer

on l ive attached algae. As with Group I ,  however,  this view of the pre-

vai l ing trophic si tuat ion is probably misleading since the evidence. pro-

dueed from walrus stomach analysis is t,hat Large populations of lulya and

SpisuLa occur in Ehese regions'



The standing stock carbon biomass of this group is the second high-

highest,  though also one of the most var iable (Table 6),  of  any encoun-

tered over Ehe study area, averaging 673 !  532 g/nz wet weight or 14.1 +

,
8.1 */*-  carbon. 0f the Ewo subgroups, the Bering Strai t  distr ibut ion

possesses both the highest mean standing stock va1ue, 903 g/nZ wet,  weight,

and the highest index of di-versi ty,  L.235. The mean index of diversi ty

fo r  the  group as  a  who le ,  1 .105 10 .222,  i s  the  h ighes t  exh . ib i ted  by  any

cluster group. This combinat j .on of very high standing stock coupled with

very high di-versi ty would seen to infer a habitat  of  considerable var ia-

bi l i ty suppl ied by a large nutr ient input.  The extremely var iable depth

and substrate type exhj-bi ted within rhis group, ranging frorn 25 to 90 m

and from medium sand to rock and gravelr certainly supports the inference

of var iable habitat ,  whi le other indicat ions -  pr imary product iv i ty rates

and current strength and direccion - support ,  the premise of a large nutr ient

input from priurary productivity and rj-verine detritus.

Cluster Group IV is the most depauperaEe and most var iable of any

group in terms of standing stock, averaging only 102 ! L25 g/mz w"t weight

or 3.3 !  2.5 g/nz carbon, with an approxiraately average diversi ty index

of  0 .901 1  0 ,L24.  The main  d is t r ibu t ion  o f  th is  g roup fo rms another

broad band offshore from the distr ibut icn of Group I I ,  stretching from

nort,hern Bristol  Bay to southeast of St.  Matthew Island in the Bering

Sea (F ig .  4 ) .  Though no  area l  subgroups  are  apparent ,  th is  g roup does

include f ive scat ions classed as areal errat i -cs which are scattered from

eastern Briscol Bav to Ehe southern Chukchi Sea.

The species exhibi t ing overal l  dominance within this group,

amphipod, one polychaetous annel id,  and one bivalve mol lusk, are

one

al l
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se lec t ive  de t r i tus  feeders ,  though the  s ta t ion  resu l ts  (Append ix  9 )  in -

clude dominant species from al l  four trophic types, f i l ter feeders being

t,he mosE poorly represented. The mean depth of stat ions within this group

is  49  t  10  m,  cons iderab ly  deeper  than ne ighbor ing  Group I I ,  Ehough these

depths  range f rom 20 to  66  m.  The subs t ra te  type  w i th in  th is  g roup is

l i kewise  var iab le ,  ph i  s ize  rang ing  f ron  -1 .00  to  4 .00 .  I t  i s  d i - f f i cu l t '

in fact,  to ascr ibe any unify ing character ist ic to thj-s group other than

its faunal composit ion, which is i tsel f  rather complex.

Cluster Group V, forming a nearshore band fron Bristol  Bay to the

sout,hern Seward Peninsula, is s imi lar ly complex. This group may consist

o f  two area l  subgroups ,  one nearshore  in  nor thern  Br is to l  Bay  (F ig '  4 ) ,

the other to the norEh, st ,retching from near Nunivak Is land through Norton

Sound.  As  fo r  Group I I ,  hor . rever ,  th is  d is t r ibu t ion  is  fe l t  to  be  the

resu l t  o f  incomple te  s ta t ion  d is t r ibu t ion  and no t  re f lec t i ve  o f  rea l iEy .

This is another relat ively depauperate group, rui th a mean standing

4 . 0  g / ^ 2  c a r b o n .  T h i s

s tand ing  s tock  var ies  cons iderab ly  w i th in  the  group,  as  does  the

d ivers i ty  inc iex  wh ich  averages  0 .891 f  0 .106 fc r  the  group as  a  who le '

The trophic status of this grouP is equal ly mixedn including al l  four

t roph ic  types ,  though f i l te r  feeders  a re  aga in  (apparent ly )  poor ly  re -

presented. The overal l  group d.ominants include two substraEe feeciers

( p o l y c h a e r o u s  a n n e l i d s ) ,  t w o  s e l e c t i v e  d e t r i g u s  f e e d e r s  ( o p h i u r o i d s ) ,

and one f i l te r  feeder ,  (b iva lve  mol lusk) .  In  genera l ,  subs t raEe

feeders seem to be more strongly represented in this than in any

other  g roup,  poss ib ly  re f lec t ing  i t s  nearshore  d is t r ibu t ion  wh ich  wou ld

make i t  Ehe ru jo r  rec ip ien [  o f  coarse  degr igus  dumped f rom the  Yukon and



l-37

Kuskokwim r ivers. Such rapid sedimentat ion rates could tend Eo dis-

courage f i l te r  feeders  and co  encourage subs t ra te  feeders ,  as  seems

to  be  the  case.

The habitat  encompassed by Ehis group seems as var ied as i ts faunal

and Erophic composit , ion, with sedi-ment parEicle rnode size ranging from

2.00 to  5 ,00  ph i  (Append ix  8 ) .  Three s ta t , ions  jus t  o f fshore  f rom Nome,

on the Seward Peninsula, l rere found to have a mixed mud, rock, and gravel

substrate. The mean depth of stat ions in this group is relat ively sha11ow,

27 + 6 m, ranging, with one except ion, f rom 16 to 40 m. The one except ion

is  S ta t ion  169,  an  area l  e r ra t i c  l y ing  jusE nor th  o f  Ber ing  St ra i t ,  wh ich

has  a  depth  o f  73  rn .  Wi th  the  except ion  o f  th is  one er ra t i c ,  the  fac t ,o r

unify ing or character iz ing this aggregat ion is probably i ts nearshore pre-

sence and the resultant sedimentat ion regime, and possibly summer bottom

EemPerature.

Cluster Group VI represents the f i rst  dist inct div is ion of a group

or assemblage into norE,h and south componenEs or areal subgroups. In this

case one subgroup forms an elongate distr ibut ion in the south-central

Bering Sea, bet. , reen St.  Matthew Island and the Pribi lof  Is lands, whi le

the second subgrcup forms a nearshore band along the eastern Chukchi coast

from Kotzebue Sound to Point Barrow. I t  is di f f icul t  to f ind a conmon

e lement  un i t ing  these subgroups  as ide  f rom the i r  fauna l  s im i la r i t ies .

Subgroup A,  in  the  Chukch i ,  l i es  a t  an  average depth  o f  45  t  4  m,  rang ing

f rom 38 to  50 ,  wh i le  Subgroup B,  the  Ber ing  subgroup,  l ies  a t  an  average

depth  o f  98  i  10  m,  rang ing  f rom 90 to  105.  The mean sed iment  mode s ize

o f  r h e  C h u k c h i  s u b g r o u p  i s  4 . 6 6  !  I . 3 3  p h i ,  r a n g i n g  f r o m  2 . 5 0  t o  7 . 0 0
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ph i ,  wh i le  Ehat  o f  the  Ber ing  subgroup is  6 .13  t  1 .19  ph i ,  rang ing  f rom

5 . 0 0  t o  6 . 5 0  p h i .

In terms of standing stock the subgroups are equal ly dissimi lar '

The Chukchi subgroup possesses a mean biomass of 416 !  209 g/mz wet

1

w e i g h t ,  1 4 . 6  !  5 . 8  g / m ' c a r b o n ,  w i t h  a  d i v e r s i r y  i n d e x  o f  1 . 0 9 8  t  0 . 1 6 3 ,

one of the highest encountered for any subgroup or group, whi le the

a

Bering subgroup displays a very low biomass, 83 !  62 g/nr- wet weight,

,)
4 . 0  1  L . 9  g / m ' c a r b o n ,  a n d  o n l y  a n  a v e r a g e  d i v e r s i t y  i n d e x ,  0 . 8 1 7  !

0 .  3 6 0 .

Sini lar i t ies are apparent,  however,  when reviewj-ng the trophic struc-

ture of the two subgroups, both of which are composed almost equal ly of

subs t ra te  feeders  and se lec t ive  de t r i tus  feeders ,  w i th  a  few f i l te r

feeders and carnivore,/scavengers appearing as 1oca1, stat ion, dominants.

As a whole, the group is charact.er ized by 4 dominant species, two of

wh ich ,  a  po lychaete  and a  s ipuncu l id ,  a re  subs t ra te  feeders ,  a  b iva lve

mol lusk which is a f i l ter feeder,  and an ophiuroid which is a select ive

det r i tus  feeder .

Desp i te  some d iss imi la r i t ies ,  iE  nus t  be  assumed,  parE icu la r ly  w i th

the evidence of the simi lar t rophic strucEure in mind, that these Lr ' /o

widely separated subgroups have sedimenE type, or sedimentaEion regime,

as the common factor.  Even though t ,he mean part ic le sizes of Lhe two

subgroups are somevrhat aE odds, both fal l  wi thin approximately the same

s ize  ranges .  I t  i s  a lso  en t . i re ly  poss ib le ,  o f  course ,  tha t  the  un i t ing

denominator iS somethj-ng al together unassessed, such as temPerature or

sal ini ty.  Thi-s puzzl ing lack of an obvious conmonal i ty is even more

apparent  fo r  subgroup d j -v is ions  o f  c lus te r  Group VI I I ,  as  w i l l  be  d iscussed
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later on. Inlhatever the reasons underly ing this spl i t  distr ibut ion of

Group VI,  i t  does present a pr j .me i l lustrat i -on of the tendency discussed

previously of northerly increase in standing stock and' in this case'

diversi ty as wel l .  I t  seems probable in this instance that the increased

diversi ty is the result  of  less uniform habitat  in the northern group

as evid,enced from the sediment data ( table 7; Appendix 8),  someching which

rnight be expected in such a nearshore environment.

Group VII  is also composed of two dist inct areal subgroups, though

both  l ie  l t i th in  the  Ber ing  Sea.  The ' f i rs t  o f  these subgroups  is  a  t igh t

cluster of stat ions ajoining the northern coast of eastern St.  Lawrence

Is land (F ig .4 ) ,  wh i le  the  second subgroup cons is ts  o f  on ly  two s ta t ions

just north of the Pribi lofs.  Here again the mean depEhs of these Ewo

subgroups  are  qu i te  d i f fe ren t ,  69  t  12  m fo r  the  southern  and 35  t  4  m

for the northern, though the sedirnent mean part ic le sizes are more simi lar,

3 .00  t  0  and 3 .80  t  0 .27  p :h i ,  respec t ive ly  (Tab le  7 ;  Append ix  B) .  The

trophic structures of the two subgroups is also sj-mi lar,  boEh being dom-

j-nated by select ive deEri tus feeders with a strong complement of substrate

feeders and carnj-vore/scavengers. Only in the northern subgroup do f i l ter

feeders share local dominance in a couple of instances. The overal l  grouP

dominants consist  of  a polychaetous annel id and a bivalve rnol lusk, both

se lec t ive  de t r i tus  feeders  (Append ix  9 ) .

In  te rms o f  s tand ing  s tock ,  nor ther ly  inc rease is  aga in  aPparent .

The northern subgroup cf Group VII  has a mean standing sEock of 28L t

t , ?
LL7 g /nz  wet  we igh t ,  12 .0  t  5 .L  g lm"  carbon,  wh i le  tha t  o f  the  souEhern

s u b g r o u p  a v e r a g e s  o n l y  3 l  ! .  L L 4  g / r n 2  w e t  w e i g h t , 2 . 0  !  6 . 4  g / m 2  c a r b o n ,

Ehe lowest  o f  any  subgroup or  g roup.  The d ivers i ty  Erend is  here
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reversed, however,  with the southern subgroup having a mean diversi ty

i n d e x  o f  0 . 9 4 8  !  0 . L 2 6 ,  q u i t e  h i g h ,  a s  c o m P a r e d  t o  0 . 6 6 8  !  0 . L 6 4  f o r  t h e

northern subgroup. This might indicate that the depressed standing stock

of the southern subgroup is the result  of  predat ion rather than decreased

product iv i ty.  Again, i t  seems probable that substrate type is the common

factor unit ing the spl i t  di-str ibut ions of this group.

Group VI I I ,  re fe r red  to  as  the  Cent ra l  Ber ing  SupergrouP '  Presents

.a picture of considerable complexi ty.  This supergrouP is composed of 4

major subgroups loosely al l ied in faunal eomposit ion, three of which

possess dist inct areal distr ibut ions in the Chukchi Sea as wel l  as in the

central  Bering Sea.

The f i rst  of  these major subgroups, Subgroup A, Posses-ses such a

spl i t  distr ibuCion. The soufhern component of this subgroup forms an

elongate distr j -but ion from souE,hviesE to northeast below St.  Lawrence

Island (Fig. 4),  whi le the northern comPonent forms a t ight c lusEer of

stat ions in Ehe southern Chukchi Sea. 
.  

Again, the trend toward northerl-y

increase in standing stock is evidenced, the northern component Possessing

a much larger mean biomass, 568 g/nz wet weight,  than the southern with

)
L79 g/mz wet weight,  though the conf idence l imits do overlap due to the

smal l  sample  s ize  o f  the  nor thern  group (Tab le  4 ) .  Th is  resu l t ,  as  pos-

tulaged earl ier,  maY be due Eo the presumably vasE benthic food supply

dumped into the southern and cenEral Chukchi Sea from the Bering as a

resu l t  o f  the  cur ren t  g t ruc tu re .

Both components of this subgroup are dominated almost exclusively

by  se lecCive  de t r i tus  feeders ,  w iEh one f i l te r  feeder ,  the  tun ica te

Pelonaia eor ' : tugata sharing dominance wiCh a hosE of select ive deEri tus
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feeders within the souEhern comPonent.  The mean depths of these compon-

ents may be somewhat at var iance, 59 t  1l  m for the southern as opposed

to 46 !  7 m for the northern, though the sedinent mean sizes are very

s i m i 1 a r , 4 . o g t 0 . B 7 p h i a n d 4 . 5 0 t l . 1 2 p h i ' r e s p e c t i v e l y .

T h e s e c o n d s u b g r o u p , s u b g r o u p B , i s t h e o n l y s u b g r o u p o f t h e C e n t r a l

Bering supergroup conf ined in distr ibut ion to the Bering sea'  This sub-

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

Matthew Island, with two areal errat ics '  one to the north and one to the

south .  The mean depth  o f  th is  subgroup is  78  t  14  m,  the  deepest  o f  any

w i t h i n t h e s u p e r g r o u p , a n d t h e m e a n p h i s i z e i s 3 . B T t l . 0 3 , s l i g h t l y

coarser,  which is surpr is ing considering the greater depth, than for the

components of SubgrouP A. 
. ,

The inean standing stock of Chis subgroup is 206 !  L02 g/m' wet

.2  g /^2  carbon,  and the  mean d ivers icy  index  0 '857 t

0.054, both of which are somewhat,  below average for che study region

as a r^rhole. The trophic structure, as for subgroup A, is dominated

almost exclusively by selecEive detr i tus feeders '  nost of  which are

bivalve mol lusks ( tabte 5; Appendix 9) '

S u b g r o u p C o f t h e C e n t r a l B e r i n g S u p e r g r o u p a g a i n c o n s i s t ' s o f t r . r o

d is t inc i  a rea l  components ,  one fo r in ing  a  la rge  d is t r ibu t ion  southeas t

o f  su .  Lawrence Is land,  the  o t .her  composed o f  two iso la ted  s ta t ions  jus t

o f fshore  f rom Icy  cape in  the  nor theas t  chukch i  sea '  The laEEer  a re

eompletely surrounded to seaward by stat icns of c luster Group VI '  In the

case of these two areal components, both depth anci sedinent type apPear to

be qu iEe s imi la r .  Boch are  < iominated  heav i l y  by  se lec t ive  de t r iEus  feeders '

t h o u g h b o t h i n c l u d e a f a i r l y l a r g e p r o p o r t i o n o f s u b s l r a t e f e e d e r s , n o t
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in  ev idence in the previous subgroups,  which share local  dominance.  In

Ehe case of  Che southern d is t r ibut ion,  f i l ter  feeders are a lso prominent

(Tab le  5 ;  Append ix  9 )  .

In the case of this subgroup, the trend toward northerly increase in

standing stock may be reversed, the southern component exhibi t ing a mean

b iomass o f  197 g1*2  r " twe igh t ,  8 .3  g /^2  c^ tbor . ,  as  compared to  t56  g /n2

wet weight,  6.6 g/n2 carbon for the northern (Appendix 7).  Thi.s view is

no t  s t , r i c t l y  suppor tab le  on  s ta t i s t i ca l  g rounds (Tab le  5 ) ,  aga in  due,  in

part  at  least,  to the smal l  sample sj 'ze of the northern comPonent.  This

is the f i rst  t ime this reversal has been seen, and is perhaps evidence of

the decreasing food supply and increasing environmental  stress in the far

northern Chukchi Sea, though comparison of the mean diversi ty indices

for the Lwo components ,  0.842 for the southern and 1.L82 fot the north-

ern, tends to shed doubt on Ehis approach si-nce environmencal stress

shou ld ,  theore t icaLJy ,  reduce d ivers i ty  (Sanders ,  1968,  L969) .  As  men-

t ioned earl ier,  this decreased standing stock in conjunct ion with in-

creased diversi ty may also be the result  of  increased predat ion pressure

as is hypothesized fot Ehe southern Bering shelf  -

The las t  subgroup o f  the  Cent ra l  Ber ing  Supergroup,  Subgroup D,  i s

also composed of a central  Bering and a northern Chukchi component '  The

Bering component in this case consists of 3 stat ions ly ing along a south-

easL-northwest a:<is just northeast of St.  l ' fat thew Island. The mean stand-

ing stock of this component is 405 !  52g g/^2, and the mean diversi ty

0 .731 !  0 .328.  The Chukch i  component  i s  made up  o f  on ly  two s ta t ions  in

rhe far norrhern Chukchi with a mean biomass of 238 i  58 g/n,2 I ' ret  \ ' /e ighL '

oddly,  as was t ,he case for Ehe components of the previous subgroup, Ehe
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Chukchi distr ibut ion has the higher index of diversi ty,  0.865 as com-

pared to  0 .731,  though aga in  Eh i -s  resu l t  i s  s ta t i s t i ca l l y  open to  quesEion

(Table 5).  This is a puzzl- ing circumstance, contrary to most views of

high lat i tude faunal character ist ics.  I t  would seem to indicate, i f

cur renE Eheor ies  o f  d ivers i ty  a re  cor rec t ,  tha t  e i ther  hab i ta t  cond i t ions

are more diverse and environmental  stress less severe in the northern

Chukchi than in the central  Bering, l0 degrees of lat i tuCe to the south,

or Ehat predat ion pressure in this northern Chukchi region is increased,

probably as a result  of  the walrus populat ion which surtrners in this area.

A possible al ternat ive to the theory that diversiEy is control led in

th is  reg ion  by  hab i ta t  var iab i l i t y ,  env i ronmenta l  s t ress ,  o r  p redat ion

is that perhaps here, in the norEhern reaches of the Chukchi Sea, the

boreal-Pacif ic fauna of the Bering and central  Chukchi is at  last being

compet,ed with and Part ial ly replaced by an Arct ic-At lant ic fauna, r€-

sul t i -ng in diversi f icat ion of species.

Another,  though improbable, explanat ion for the increased diversi ty

observed on t .he southern and northern extremes of the Bering/cnutctr i  shelf

is that these regions are simply older and more mature marine environments.

During the last Wisconsin glaciat ion vir iual ly al l  of  the Bering/Chukchi

shelf  was emergenE as a terrest ial  environment due to lowered sea level '

Toward  the  end o f  th is  las t  g lac ia l  age,  subsequent  to  25 ,000 years  ago,

this shelf  was once more re-f looded by the sea, wiEh the southern and

northern extremes being the f i rst  regions to becorne again submergent and

mar]-ne.

In  th is  las r  subgroup o f  the  cent ra l  Ber ing  Supergroup more  Ehan

in any other insEance encountered, lhe common element uniging the two
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widely separated areal components is di f f icul t  Eo perceive. The average

depths of the two components are not radical ly di f ferent,  60 t  10 m

for the southern and 5l  + 0 for Ehe northern component,  though the sedi-

meng means are  qu i te  var ian t ,  4 .08  t  1 .99  ph i  fo r  the  southern  comPonenE

and 6 .50  t  0  ph i  fo r  the  nor thern .  For  the  f i rs t  t ime,  i t  appears  tha t

sediment type may not be the dominant.  correlat ing inf luence but that

some unassessed fac to r  may be  ascendent .

Both of these areal components of Subgroup D are tot ,al ly dominated

by  se lec t ive  de t r iEus  feeders ,  la rge ly  b iva lve  mol lusks ,  w i th  no  o ther

trophie types sharing dominance even on the local 1evel.

This observed tendency for stat ion groups and faunal assemblages Eo

be repeared in both the Bering and Chukchi Seas i l lusErates graphical ly

the sirni lar i t ies and interdependenE nature of the Ewo regions. The

original  organizat ion plan for this study was to eonsider Ehe trwo regions,

6he cont inental  shelf  of  the Bering Sea and Ehat of Ehe Chukchi Sea, as

separate ent, i t ies. As data and infornat ion became avai lable, however,

i t  became increasingly apparent that such a dist inct ion was art i f ic ial

and that this ent i re cont inental  shelf  should be considered as one integral

b io log ica l  sys tem.

Environmental  Correlat ions

In  add i t ion  to  the  ind ica t ions ,  d iscussed above,  the  resu l ts  gen-

era ted  f rom cor re la t ion  (BMD-02R)  o f  spec ies  d is t r ibuE, ions  w i th  env i - ron-

mental  var iables srrongly suPPorts the view that sedimenE is in facE the

var iab le  mosE d i rec t l y  cor re la tab le  w iEh the  d isCr ibu t ion  o i  spec ies

over  th is  cont inenta l  she1f .  As  de ta i led  in  the  resu l ts  sec t ion '  Ln  2L



of  the  26  spee ies  cases  cor re la tab le  a t  the  0 .50  ( inc rease in  R2)  leve l

with environmental  factors, sediment assumes dominance (Table B).  At

the 0.75 level,  sediment is dominant in 18 out of 20 cases, and aL the

0.95 leve1 sediment is dominant in aLL L2 cases.

As mentioned, ear l ier,  i t  should be kept in ruind thaE this environment/

spec ies  re la t ionsh ip  i s ,  w i t .h in  the  contex t  o f  th is  d iscuss ion ,  jus t  whaE

it  is purporEed to be - a distr ibut ional correlat ion, nothing more and

noth ing  less .  For  p red ic t i ve  purposes  i t  i s  hopefu l l y  qu i te  app l i cab le .

I t  does  no t  necessar i l y ,  however ,  de f ine  a  d i rec t  cause-and-e f fec t  teLa-

Cionship. In some instances organisms may seek out a dist inct substrate

type for i ts own pecul iar i t ies -  for at tachment, ,  fot  burrowing or Eube'

bu i ld ing ,  o r  as  a  nuEr ien t ,  source  in  the  case o f  subs t raEe feeders  -  bu t

more often iE seems probable E,haE these distr ibut ions, faunal and geolo-

g ica l ,  a re  mutua l l y  d ic ta ted  by  some o ther  agency  or  agenc ies  such as

cur ren t  ve loc i ty  and d i recc ion  (a lso  re la tab le  to  depth ,  laE i tude and

long i tude,  e tc . )  and sed imenta t ion  ra tes  and sources .

The second most  s t rong ly  cor re la tab le  env i ronmenta l  fac to r  aPparent

f rom Ch is  s tudy  is  la t i tude ,  w i th  long i tude no t  fa r  beh ind .  In  these

cases ,  o f  course ,  th is  i s  eer ta in ly  no t ,  a  d i rec t  cause-and-e f fec i  re la -

t ionsh lp ,  bu t  i s  re f lec t i -ve  o f  o ther  fac to rs '  paramount  o f  wh ich  are

probab ly  bo t tom tempera ture ,  p r imary  p roduc t iv i t y  d is t ' r ibu t ions ,  d is tance

f rom shore ,  and cur ren t  reg ime.  The same is  p robab ly  t rue  o f  depfh ,

wh ich  does  no t  appear ,  f rom e i ther  the  sPec ies /env i ronmenta l  cor re la t ions

or  the  c lus te r  g roup d is t r ibu t ions ,  to  be  a  par t i cu la r ly  in f luent ia l  fac -

r o r  i n  i t s e l f .
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I t  is highly probable that the ocher environmental  var iable which

would, rr /ere suff ic ient data avai lable, prove to be strongly correlatable

with faunal (species) distr ibut j -ons is summer bottom temperature (Neyman,

1960; Fi latova and Barsanova, L964).  This temperature effect is probably

a  d i rec t  one,  E f fec t ing  the  reproduc t ive  capac i ty  o f  the  spec ies .  In  the

case of those forms having pelagic larvae this temperature effect may not

be  so  c r i t i ca l  s ince  recru i tment  i s  poss ib le  f rom oEher  a reas ,  as  d iscussed

previously regarding the fauna of the Chukchj-  and northern Bering. In the

case of those forms exhibi t ing direct development or brooding behavior,

however,  this factor may be very cr i t ical  in determining their  distr ibu-

t ions, as is posLulated to be the case for the ophiuroid 0phiura sa."si

(Neyman,  1960) .  As  more  da ta  becomes ava i lab le ,  the  present  p red ic t ion

is that these two factors, sediment type and sunmer bottom temperature'

wi l l  be found to be overr idingly dominant in correlat ions, for predict ive

purposes ,  w i th  fauna l  d is t r ibu t ions .

Regard ing  fauna l ,  inEer -spec i f i c ,  assoc ia t ions ,  i t  must  be  re iEeraEed

that caut ion should be exercised in ascr ibing "community" character ist ics

to the dominant speci.es assemblages apparent from the stat ion cluster

ana l -ys is  resu lEs  (Tab le  3 ;  Append ix  9 ) .  In  per fo rming  c lus te r  ana lyses

on ind ica tor  spec ies ,  e i ther  w i th in  s t .a t ion  c lus te r  g rouPS (Append ix  l0 )

or  over  the  area  as  a  who le ,  no  sE, rong and repeated  in te rspec ies

a f f in i t ies  \ re re  perce ived though loca l  in te rspec i f i c  a f f in i t ies  were

someEimes qu i te  s t rong.  I t  seems not  en t i re ly  c lear  r ' zha t  th is  ind i -

ca tes ,  though the  in fe rence is  tha t  b io log ica l  j .n te rac t ions  be tween spec ies ,

w i th  the  except ions  o f  poss ib le  p redator -p rey  re la t j -onsh ips '  a re  no t  par -

t i cu la r ly  s t rong and thac  w i th in -group d is t r ibu t iona l  p re fe rences  are
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probably dictated by var iat ions in the physical  environment,  by micro-

hab i ta ts .  As  d iscussed above,  spec ies  d is t r ibu t ions  may be ,  and probab ly

are, control led by not one buL a sui te of such environmental  var iables,

vhich would account for the lack of constancy in species associat ions with-

in the var ious groups or areas. For instance, the combinat ion of sedinent

type, temperature, and current structure which rnight br ing together muEual

concentrat, ions of two or more species in one area might prevent such muEual

concentrat i -ons in another area where one or more environmental  var iables

were al tered s1ight1y.

This view seems further supported by the cur ious and repeated co-

occurrence wiEhin the same group, and often within the same stat ion, of

related species of the same genus. Whi le such closely related species

do not appear to be mutual ly exclusive through competi t ion withj-n

c lusEer  g roups ,  s ta t ions ,  o r  fauna l  assemblages ,  Lhe ev idence o f  Ehe

within-group species cfuster analysis is that in fact such related spe-

cies seldom indicate any distr ibut ional af f in i ty for one another,  whi-ch

aga in  leads  to  the  in fe rence tha t ,  a l though concur ren t ,  these c lose ly

related species are in fact seeking out sl ight ly var iant micro-habitats

where sl ight ly di f ferenc l i fe-styles enable them to co-exist  withouE

recourse to exclusive competi t , ion. Indirect support  of  this argument is

also enl isted from previous observat ions as to Ehe extremely patchy char-

acter of the benthic fauna of the central  and northern Bering shelf

(Rorv land,  L972;  S toker ,  1973)  wh ich  wou ld  seem to  ind ica te  such var iab le

micro-habitat .
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Growth and Product iv i ty

While the sample size for C. eiliatun and 5. groenlandicus is too

sma11 to permit  val id judgernents regarding age composit ion and produc-

t iv i ty rates for these species, certain Erends do seem apparent when the

Ehree species, Ehese two and M. caLcanea, ate compared

For M. ealcaxea, pr imari- ly a select ive detr iEus feeder,  growth rat 'es

seem to be relat ively slow, wit ,h a mean she11 lengEh increase of only

3.3 urnr/yr,  though overal l  net product iv i ty is somewhat higher than might

be expected, est imated at 327" standing stock per year for the populat ion

sampled, based on growth and morLal i ty rates. This is somer'rhat higher

than the 25% stand, ing stock per year est imate arr ived at by other authors

for the benthos as a whole in this (Neyman, 1963) or other comparable 
-

areas (Zenkevich, 1963).  This rnay be an indicat ion of a true elevat ion

in benthic product iv i ty overal l  for this area, probably due to the rnag-

ni tude and diversi ty of the food supply,  or i t  may simply be a ref lect ion

of this part , icular species.

As seems apparent from the data (Table 2O), the l inear she11 growth

rates for both d. ctLiatun and 5. groenlandLcLls are considerably higher,

perhaps as much as twice as high in the case of C. ciLiatum, as for

M. cal .caz,ee. Though such sirei l  growt-h rates do noi necessari ly ref lect .*

increased. net producCivi ty,  i t  seems l ikely that such is the case'

S ign i f i can t ly ,  bo th  these spec ies  are  obv ious  f i l te r  feeders .  The reasons

why grorut,h rates for such f i l ter feeders should be elevated over those for

a  p r imar i l y  se lec t i ve  de t r i tus  feeder  a re  no t  en t i re ly  c lear ,  though

shor ten ing  o f  the  food cha in  ma) '  be  a  cont r ibu tory  iac to r
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In addit ion to the increased growth rates est i -mated for the f i l ter

feed,ers Seryipes and CLinocardiun, a curious age segregation is observed

in thej-r  distr ibut ions, no admixture of age/slze classes occurr ing in the

samples retr ieved. Since the populat, ion distr ibut ions of these two species

is extremely patchy over this study area, this age segregat ion lends con-

siderable di f f icul ty to any attempt at making a val id age structure or

urortal i ty est imate for these populat ions. The reasons for such age seg-

regat ion are somewhat unclear but are thought to be rhe result  of  canni-

bal ism, the adults indiscr irninaEely f i l ter ing out and consuming their  ovrn

larvae and spat along vr i th other organisms from the water column, and

perhaps  subs t ra te  cond i t ion ing ,  p robab ly  th rough feca l  p roduc t ion  o f  the

adu l ts  (Raymont ,  1963) ,  wh ich  prec ludes  spat  seEElement .

Another somewhat surpr is ing result  of  the growth analysis for al l

th ree  spec ies  is  tha t  there  do  no t  appear  to  be  s ign i f i can t  la t i tud ina l

var iat ions in these growth rates, as rnight be expected from the tempera-

ture regi-me. The indicat ion frour this resulL would seem to be that

nutr ient supply is the overr iding factor determining growth. As Postu-

lated previously,  this supply of nuE,r ienEs is thought to increase and

to be concentrated in the north Bering Sea-Bering StraiE,-south Chukchi

Sea region, where standing stock also reaehes i ts maximum.

Based on the l imited daga and conclusions avai lable regarding benthic

producCiv i ty  over  the  s tudy  area ,  i t  wou ld  apPear  tha t  neE produc t iv i t y

rates are sonewhat higher for the Bering/Chut<ct i i  than previously postu-

la ted  by  Neyman (1963)  fo r  the  Ber ing  or  by  Zenkev ich  (1963)  fo r  the

Barents  Sea.  Annua l  p roduc t iv i t y  ra tes  in  bo th  these cases  were  es t imated

at 25' l  sEanding stock, overal l  ,  as comPared to t} .e 327" esEinate fot  l4acoma
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Seasonal and Annual Stabj- l i ty

Somewhat inore surpr is ing than this net product iv i ty est i -mate is

the great d.egree of seasonal and annual stabi l i ty evidenced by the benthic

populat ions of the region, both on the overal l  standing stock level and

on the regional specj-es level.  A totaL of.  20 seParate analyses of

var iance were performed in order to evaluaie possible seasonal and annual

f luctuat ions, and only in the case of two species, EchirnrachniuS paTma

and, Pontoporeia femotata, were any significant statistical fluctua-

t , ions indicated. These f luctuaEions were both density ( indiv/n2) var ia-

t ions rather than biomass ehanges, both were val id for only one area

(sgatron cluster group) and at the 957" conf idence level but not at  the

997. IeveL. Admittedly,  the sampl ing program as i t  was implemenEed was

not designed around the nul l  hypothesis of such variabi l j - ty and so neces-

s i ta ted  severe  s ta t i s t i ca l  cons t ra inEs.  Even so ,  the  obv ious  in te rpre ta-

t ion of these analyses is that the Bering/Chukchi benthic sysEem' for al l

i ts distr ibut ional compiexi ty and variabi l i ty,  does exhibi t  a populat ion

stabi l i ty rather remarkable for such a high lat i tude fauna (Sanders'

f 9 6 8 ;  H o l m e , 1 9 5 3 ) .  I n  a  s e n s e ,  h o w e v e r ,  t h i s  i s  n o t  e n t i r e l y  s u r p r i s i n g

(MacArthur,  f955) given the rather high species diversi ty exhibi ted over

m u c h o f E h i s a r e a l - n r h i c h i n i t s e l f s e e m s u n c h a r a c t e r i s t i c f o r s u c h l a t i -

tudes .  Th is  e levaEed d ivers i ty  and s tand ing  s tock  sEPbi l i t y  may a lso

ind ica te  a  re l iab le  and re la t i ve ly  un i fo rm benth ic  fopd supp ly '

The results of rhe l / .  caLcarea growt,h and producl iv i ty analysis are

a lso  suppor t i ve  o f  rh is  s tab i l i t y  in  UhaC'  over  a l l  a f ra i lab le  year  c lasses

luraped orzer the sample area, grolJth and morcal i fy arei  seen to balance out



a lmos t  pe r fec t l y ,  f u r t he r  i nd i ca t i ng  a  s teady -s ta te  sys tem r . I i t h  l i t t l e

annual  f luctuat ion.

Another possible reason for thj-s populat ion stabi l i ty may l ie in the

reproduc t ive  na ture  o f  the  fauna i t se l f .  Many o f  the  spec ies  compos ing

this fauna exhibi t  direct larval  development or brooding behavior,  and

are thus less prone to annual recrui tment.  fai lures than are those forms

ind ica t ing  pe lag ie  la rvae (Thorson,  1950;  Feder  and Pau1,  L973) .

CONCLUSION

The overal l  picture which emerges regarding the benthic fauna of

the Bering/Chuicctr i  shelf  is one of a dynamical ly stable, though distr ibu-

t iona l l y  complexrsys tem o f  cons i .derab le  d ivers i ty .  Th is  d ivers i ty  re la tes

both  Co hab i ta t  an{  fauna l  assemblages ,  to  spec ies  d ivers i ty  w iEh in  these

assemblages, and perhaps to sources of food supplying these assemblages'

The fauna l  assenb lages ,  o f  wh ich  there  appear  to  be  B major  ones ,

each composed of several  subgroups, forms a distr ibut ional mosaic within

the  s tudy  area .  These PaEterns  o f  d is t r ibu t ion ,  a t  f i r s t  g lance d is -

heartening in thej-r  complexi ty,  aPPear upon inspect ion to correlate

strongly with substrate Eype as the dominant factor determining mosE of

the  group d is t r ibu t ions .  Th j -s  a lso  seems Eo be  the  case regard ing  spec ies

d is t r ibu t ions ,  though i t  i s  suspec ted  tha t ,  surnner  bo t tom temPera tures  a lso

in f luence bo th  spec ies  and assemblage d is t r ibu t ions .  The v iew o f  sub-

strat,e type as deterrnining faunal distr ibut ions is not to be Eaken 1i t-

e ra l l y  as  a  cause-and-e f fec t  re laE, ionsh ip .  IE  is ,  in  many cases  a t

leas t ,  mere ly  a  re f lec r ion  o f  oE,her  env i ronmenta l  cond i t ions  wh ich  d ic faCe
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both faunal and sediment distr ibut ions. In this regard i t  serves

a predict ive, though not necessari ly a determinant role.

The benthic fauna of this shelf  in general  appears to maj-ntain a

fair ly high standing stock leve1, though noL abnormal ly so when related

to comparable areas in Ehe high-lat i tude At lancic and Asian Pacif ic '  Th:

features of this Bering/Chukchi fauna which do seem somewhat at var iance

with such eomparable regions are i ts relat ively high faunal diversi ty,

produet, iv i ;y,  dynamic stabi l i ty,  and lat iEudinal distr ibut ion of standing

stock. BoCh diversiEy and standing stock tend to increase rather

dramatical lY fron south to north.

Clues to Ehis si tuat ion are fel t  to be found in the physical /biolog-

ical  systern r ,rhich suppl ies food to this benthic fauna, and in Lhe charac-

ter of  the fauna i tsel f .  The nutr ient input to the benthic ecosystem is

thought Eo consist  of  two main sources - pr imary product iv i ty and r iver ine

detr i tus. The dependabi l i ty and diversi ty of the nutr ient sysLem probably

accounts in large Part  for the dynamic stabi l i ty of  the benthic populat ion

and for rhe faunal diversiry and elevated product iv i ty of the system'

The phys ica l  t ransPor t  sys tem o f  ocean ic  cur ren ts  assoc iaEed w i th

this nutr ienE sysEem tends to sweep the bulk of this food supply across

the shelf  northward, where i t  is probably concenErated in the north Bering

sea and Bering strai t  region and consequenE.ly dumped, by decreasing cur-

rent velocl ty,  i -nto the souEhern and central  Chukchi sea'  account ing for

the remarkable increase in standing stock seen in this region'

The fauna l  sys tem i tse l f  i s  la rge ly  dominated  by  de t r i tus  feeders  '

w i th  a  cons iderab le  complement  o f  f i l te r  feeders ,  and so  is  geared to

Eake advantage o f  th is  d ivers i ty  in  nu t r ien t  source .  Th is  fauna is  a lso



composed, to a large extent,  of  forms exhj-bi t ing direct larval  development

and so is less subject to the populat ion (reerui tmenE) f luctuat ions suf-

fered by forms producing pelagic larvae.

In the southern Bering and in the Northern Chukchi,  the lat i tudinal

extremes of the system, a si tuat ion is exhibi ted of decreased standing

stock and increased diversi ty,  perhaps for s inr i lar reasons. In the southern

Bering i t  is fel t  that standing stock is probably reduced through preda-

t , ion, though product iv i ty and diversi ty are maintained aE high levels as

a result  of  food avaj- labi l i ty and decreased environmental  (physical)

stress. In the northern Chukchi,  the si tuat ion seems possibly one of

decreased food avai labi l i ty and increased environmental  stress '  account-

ing for the low standing stock (and probably low product iv i ty) but with

the diversi ty heightened ei ther by competiEion/replacement of the boreal-

Pacif ic forms which are seen to dominaE,e Ehe faunal composit ion over

most of the region by Arct ic-Al lant ic forms, or by rnarine mammal preda-

t i o n .

In viewing the faunal assemblages and species associat ions of this

Bering/Chukchi shelf ,  the evidence seems t ,o indicate EhaE faunal assem-

blages are dictated by physical ,  environmental ,  var iables and are not

strongly inter-rel ,ated biological ly.  In this sense they are not true

b io log ica l  communi t ies  bu t  cons is t  ra ther  o f  f lex ib le  confedera t lons  o f

species loosely a11ied by simi lar environmengal requirements.

Based on the daEa avai lable, Maccna calcarea is seen to be a rela-

L ive ly  s lo r^ r  g rowing  spec ies  wh ich  a t ta ins ,  desp i te  th is  s low grovTEh '  a

faLrLy  subs tan t ia l  ne t  p roduc t iv i t y .  Th is  p roducEiv i ty  es t imaEe,  327"



155

standing stock carbon biomass per year,  whi le probably in i tsel f  too low,

is somewhac higher than previous esLimates for the benchos as a whole.

I t  is conjectured that this elevated product iv i ty inay be a ref lec-

t ion of feeding methods. Macoma calcavea, whi le pr imari ly a select ive

detr i tus feeder,  mdy also perform aL t imes and in part  as a facultat ive

f i l ter feeder,  which may serve to increase i ts growth and, presumably'

product iv i ty rates. This si tuat ion seems to be indicated at least f rom

the other trvo species assessed, Serripes grodnlan&teus ar.d ClinocaYdiurn

eiLiatun. Both of these species are obvious f i l ter feeders and both

appear to have growth rates considerably elevated over M. eaLcatea. Due

to ghe smal l  sample sizes avai lable for these two species, and to their

age segregated  d is t r ibu t ion ,  no  es t imates  are  ava i lab le  as  to  the  age

eompos i t ion ,  morEa l iEy  ra tes ,  o r  p roduet iv i t y  ra tes  fo r  the i r  popu la t ions .

In  a l l  rh ree  spec ies ,  no  cer ta in  la t i tud ina l  var iab i l i t y  i s  observed

in growth rates, indicat ing that food supply and not temPerature may be

the overr iding concern.

Perhaps the most important conclusion developed from this study, in

terms of possible perturbat. ion effects,  is 
_th1 

seerningly very strong

dependence of the Chukchi system on the i l t ing Sea as a nutr ient source

or souicbs and, possibl1 as a spawning ground providing recrui tment.

The Chukch i  i s ,  in  th is  sense,  somewhaE o f  a  saprophyEic  sys tem and is

ap t  Eo re f lec t  s t rong ly ,  even magn i fy '  even;s  t+h ich  a f fecr  the  Ber ing

S e a  i t s e l f .
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APPENDIX 1

Locat ion and Col lect ion Dates for

on rhe Bering/chukchi

Benthic Stat ions
Shelf

Pos i t ion
Stat i .on

No. 
,rlf lhl,.*, 

Latitude Loneitude
' t

1  0  5 / 0 8 / 7 3  5 7 ' 5 9 . 4 ' N  1 5 8 " 5 6 . 5 ' W
2
3
4
5
6
1

I

L3 /07  /74
0 4 / 0 8 / 7 3
L3107  /74
T3 /07  /74
04  /08  /7  4
0 4 / o B / 7 3
0 4 / 0 8 / 7 3
13 /07  /74
L 2 / 0 7  / 7 4
L 2 / 0 7  / 7 4
L 2 / 0 7  / 7  4
L 2 / 0 7  / 7 4
LZ /07  /74
02 /08  /7  3
02 /  02 /  7  0
rL /07  /74
0 r / 0 2  / 7  0
0 2 / 0 8 / 7 3
0L /08 /73
t r /07  /74
3r /0r /70
0 3 / 0 2 / 7 0
0 3 / 0 2 / 7 0
17 /07  /74
2 6  / 0 3  / 7  2
04  102 /7  0
L 7  / 0 4 / 7 L
0 4 / 0 2 / 7 0
L 6 1 0 4 / 7 r
.  -  l ^ ,  t ' 1

L ) / v L + /  l L

14  /04  /7L
L 4 / 0 4 / 7 L
L 2 / 0 4 / 7 L
L r / 0 4 / 7 L
L 0 / 0 4 / 7 L
0 5 1 0 2 / 7 0
o s / 0 2 / 7 0
0 6 / 0 2 / 7 0
0 8 1 0 4 / 7 L
0 8 1 0 7  / 7 4
0 9 / 0 2 l t o

5 8 o 0 9 .  5 ' N
5 8 "  2 B  .  0 ' N
5 8 " 2 2 . 5 r N
5 8 0  3 5  .  0 ' N
5 g ' 4 1 .  3  ' N

5 B ' 4 6 .  5  |  N
5 8 ' 5 7 .  0 ' N
5 8 o 0 5 . 0 ' N
5 B ' 2 5 . 0  I  N
5 8 0  1 3 .  0 ' N
5 7 " 5 7 .  0 ' N
5 8 ' 0 8 .  0  I  N
5 7 " 4 5 . 0 ' N
5 8 " 4 1 . 4 ' N
5 8 ' 1 9 .  5 ' N
5 B ' 0 2 .  0  '  N
5 7  "  3 9 .  0 ' N
q Q o / , Q  ?  l \ T

J V  a V . J  l t

5 9 ' 1 3 .  0 ' N
5 B ' 2 6 . 0 ' N
5 7 " 5 8 . 0 ' N
5 7 0 0 5 . 0 ' N
5 7 " 0 7 . 0 ' N
5 8 " 3 4 . 0 ' N
5 7 " 2 1 . 0 ' N
5 8 "  1 4 .  0 ' N
5 7 0 4 1 . 0 ' N
5 B ' 3 0 . 0 r N
5 7 ' 4 6 .  3 ' N
5 7 ' 4 8 .  0 ' N
5 7 " 4 6 . 0 ' N
5 7 " 5 3 . 0 r N
5 8 " 1 3 . 0 ' N
5 9 o 2 2 . 0 ' N
5 8 " 4 4 . 0 r N
5 9 ' 0 5 . 0 r N
5 9 0  3 1 .  0 ' N
5 g ' 4 5 . 0 ' N
5 9 " 5 6 . 0 ' N
6 0 " 4 1 . 5 ' N
6 0 " 4 2 . 5 ' N

1 5 9 " 2 6 . 5 ' W
1 5 9 ' 3 9 . 0 ' W
1 5 9 ' 5 6 . 5 ' W
1 5 9 ' 4 9 . 0 r W
1 5 9 ' 4 4 . 0 ' W
1 6 0 " 1 2 . 5 ' W
1 6 0 ' 2 5 . 8 ' l ' l
160 "21 .0 r t r ^ I
1 6 0 " 4 6 . 5 ' t r {
1 6 1 0  2 6  .  0 ' W
1 6 1 "  1 8  .  0 ' W
1 6 2 0 0 6 . 0 f W
1 6 2 ' 0 6 .  0 ' W
1 6 2 0 3 1 . 0 r W
1 6 2 "  5 7  . 0 ' W
1 6 2 "  5 5  .  0 ' W
1 6 2 " 5 8 . 0 r i ' I
1 6 3 " 3 8 . 0 ' W
164 '17  .  0 ' l ^ l
L 6 4 "  2 2 . 0 1  W
L64"  45  .0 !  rn t  1 ,1
L64e '7 , J .0 'w
1 6 5 " 1 5 . 0 r W
1 6 6 " 1 2 . 0 f 1 ' l
1 6 7 " 2 3 . 0 r I , I
L67 "  26  .01 l i
l 6 B ' 0 3  .  0 ' I ' 7
1 6 8 o 1 6 . 0 ' W
16 9'  45. 0 '  I^I
1 6 9 ' 5 6 . 0 ' W
1 7 0 ' 5 8 .  0 ' W
1 7 0 ' 5 5  .  0 ' W
1 7 1 ' 2 3 . 0 r I J
L 7 L " 2 7 , 0 ' \ l
L 7 2 ' 3 1 . 0 f W
1 6 9 0 5 8 . 5 ' ' t ^ l
1 6 9 ' 5 3 . 0 t i ^ l
L 7  L "  2 2 . 0 ' \
1 7 3 " 5 1 . 0 ' l . l
171 '25  .  0 '  t r , i
1 7 5 ' 0 0 . 0 ' w

9
l-0
11
12
13
l-q

15
l_o

L7
1B
L 9

20
2 L
22
23
2 4
25
2 6
2 7
' Q

/ .>
3 0
31
3 2
J J

J O

3 7
J O

3 9
4 U

4 L

4 2
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APPENDIX 1. Continued

Pos i t ion
Sta t i on

N o . Da te Lat i tude Longi tude

4 J

44
45

47
48

5 0
51
5 2
53
54
55
5 6
5 7

5 9
O U

61
o z
O J

64
65
66
6 7
6B
o v

/ U

7 L
7 2
T J

74
7 5
t o

7 7

I Y

BO
BI
6 Z

8 3
B4
8 5
86
o l

06  /04  /7L
0 8 / 0 7  / 7 4
0 2 / 0 4 / 7 4
0 2 / 0 4 / 7 4
3 r /07  /73
3u07 /73
L4  /08  /7  3
3 r /07  /73
or l  04 /  7r
3 L / 0 3 / 7 L
0 8 / 0 7  / 7 4
0 3 / 0 4 / 7 L
0 6 / 0 4 / 7 L
2 9  / 0 2 / 7 2
0 ! /  03  /7  2
2 r / 0 3 / 7 2
2 0 / 0 3 / 7 2
06  /  04 /  7 r
0L /03  /7  2
0 4 / 0 4 / 7 r
0 2 / 0 3 / 7 2
0 2 / 0 3 / 7 2
1 2 / 0 2 / 7  0
1 2 / 0 2 / 7 0
1 8 / 0 3 / 7 2
0 3 / 0 3 / 7 2
t -2 /03 /72
L 3 / 0 2 / 7 0
L7 /  03  /  72
0B/07  /74
1 3 / 0 2 / 7 0
3L /03 /7 r
3 r /03 /7L
3 r / 0 7  / 7 3
L 4 / 0 8 / 7 3
1 4 / 0 8 / 7 3
L 5 / 0 8 / 7 3
0 7  / 0 7  / 1 4
3 0 / 0 3 / 7 L
2 e / 0 3 / 7 L
2 9  / 0 3  / 7 L
3L /07  /73
3 7 / 0 7  / 7 3
0 7  / 0 7  / 7 4
0 7  / 0 7  / 7 4

6 1 " 1 0 . 5 r N
6 1 ' 2 2 .  0  '  N
6 1 0  4 0  .  0 ' N
6 1 "  4 5 .  4  ' N

6 1 0 1 1 . 5 ' N
5 1 0 4 0 . 0 r N
6 1 ' 5 2 . 0 r N
6 2 ' 0 8 .  0  I  N
6 2 " 0 9 . 0 ' N
6 2 " 0 6 . 0 ' N
6 2 " 0 5 . 0 ? N
6 1 ' 5 7  .  0 ' N
6 1 ' 1 5 .  0 ' N
6 1 ' 0 9  .  0 ' N
6 1 ' 2 2 .  0 ' N
6 1 0 2 6 . 5 ' N
6 1 0  2 6 .  0 ' N
6 1 0  3 7  .  0 ' N
6 1 " 4 4 . 0 ' N
6 1 " 5 4 . 0 ' N
6 1 ' 5 6 .  0 ' N
6 2 " 1 3 . 5 ' N
6 2 " 1 9 . 0 r N
6 2 0 2 7 . 0 1 N
6 2  0  4 1 .  0 ' N
6 2 0 3 9 . 0 ' N
6 2 " 3 7 . 0 r N
6 2  "  3 5 ,  0 ' N
6 2 0  2 9 .  0 ' N
6 2 ' 3 0 . 5 r N
6 2 0 2 5 . 0 r N
6 2 "  2 6  . 0 ' N
6 2 " 3 6 . 0 r N
6 2 " 3 5 . 5 r N
6 2 " 3 5 . 5 r N
6 3 0 0 3 . 0 ' N
6 3 ' 3 8  .  0 '  N
6 3 0 2 6 . 0 r N
6 3 0 0 4 . 0 ' N
6 3 " 1 9 . 0 ' N
6 3 ' 2 8  .  5  ' N

6 3 ' 1 4 . 9 ' N
6 3 0 1 4 . 9 f N
6 3 " 0 4 . 0 ' N
6 2 " 5 1 . 5 r N

L 7 3 " 4 7 . 4 t W
1 7 1 ' 5 3 .  0 ' W
1 7 1 ' 1 0 . 0 r W
L 6 g "  4 4  . 0 t  t , I
1 6 6 ' 5 9 . 5 r W
]-67  "  26  .0 t  W
1 6 6 0 5 8 . 0 t W
1 6 7 0 5 3 . 0 ' W
1 6 8 " 0 8 . 0  ' W

1 6 8 ' 2 3 . 0 ' W
171"  20  .  0 ' l ^ I
1 7 1 "  4 5  .  0 ' W
L 7  4 "  0 2  . 0 t  u
L 7  5 0  L 2 . 0 ' W
1 7 5 ' 0 3  .  0 ' W
L 7  4 "  2 7  . 0 ' t ,
1 7  4 0  2 4  , 0 t  W
L 7  4 0  2 4  , 0 t W
1 7 3 "  5 0 .  0 ' W
L73"25.Ot I i
L7  3 "  2L .0 ' v t r
L 7 2 "  3 9  , 0 ' W
1 7 5 " 0 4 . 0 r w
L 7 3 " 2 7 . 0 ' W
L7  2 "  36  .0 '  t i t
L 7 2 " 2 0 . O t V l
1 7  2 "  0 6  . 0 ' \ l
171"  53 .  0 ' I , l
1 7 2 " 1 0 . 0 ' W
1 7 1 ' 0 6 . 0 ' W
1 7 0 0 0 0 . 0 ' w
1 6 8 ' 0 5  .  0 ' W
1 6 7 " 5 9 . 0 t I , i
1 6 8 ' l _ 9 . 5 ' W
1 6 6 ' 0 4 . 0 ' [ , I
L65"  24  .0 ' \ l
1 6 5 " 0 1 . 6 ' W
1 6 6 " 0 4 . 0 r W
1 6 7 ' 3 1 .  0  '  W
1 6 7 " 2 8 . 0 r W
167 '20 .  0  r  l , l
r  / o O n -  n  l r t
L O O  L / . U  W

1 6 8 " 1 1 . 0 ' l ' l
1 6 8 ' 1 9  .  0 ' W
1 6 9 ' 1 0 . 0 ' I . I
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APPENDIX 1. Cont inued

Pos i t i on

Sta t ion
N o . Date Lat i tude LongiEude

88
8 9
90
91
92
93
94
9 5
9 6
97
9 8
9 9

100
101
r02
IUJ

l-04
105
106
L07
108
109
110
111
112
113
114
115
116
L77
118
119
L20
L2L
L22
L23
L Z +

L25
L L O

L27
L Z 6

l , / v

1 ' l n
I J V

13r
L32

0 7 / 0 7 / 7 4
o B / 0 7  / 7 4
0 B / 0 7  / 7  4
L 6 / 0 3 / 7 2
05 /  03/  72
0 8 / 0 3 / 7 2
0 6 / 0 3 / 7 2
0 r /07  /74
3 0 / 0 6 / 7 4
0 4 / 0 3 / 7 2
0 4 / 0 3 / 7 2
0 L / 0 7  / 7 4
30 /06 /7  4
3 0 / 0 6 / 7 4
28 /07  /7  4
0 \ /07  /74
01/07 /7  4
3 0 / 0 6 / 7 4
28 /07  /7  4
3 0 / 0 6 / 7  4
3 0 / 0 6 / 7 4
3 0 / 0 6 / 7 4
2 e / 0 7  / 7 3
0L /07  /74
3 0 / 0 6 / 7 4
2 9 / 0 7  / 7 3
0 L / 0 7  / 7  4
oL /07  /74
3 0 / 0 7  / 7 3
0L /07  /74
0 2 / 0 7  / 7 4
30107  /73
L9  /06  /7  4
0 3 / 0 7  / 7 4
0 7  / 0 9 / 7 4
^ ^  t ^ ^  l - .
z 6 l v J l  t  r

0 4 / 0 7  / 7 4
L 7  / 0 2 / 7 0
0 7  / 0 9  / 7 3
7 5 / 0 8 , t 1 3
L s / 0 8 / 7 3
ts  /08  /7  3
0 7  1 0 9 / 7 3
0 7 / 0 9 / 7 3
o 7  i 0 9 / 7 3

6 2 "  4 5  .  0 ' N
6 2 " 5 4 . 0 r N
6 3 " 1 1 . 0 ' N
6 3 0  1 0 .  4 ' N
6 2 " 5 7 . 0 ' N
6 2 ' 5 5 .  0 ' N
6 2 ' 5 9 .  0 ' N
6 3 ' 1 5  .  5 ' N
6 3 " 2 7 . 0 ' N
6 3 ' 2 9  . 0 ' N
6 3 ' 2 6 . 0 r N
6 3 ' 3 6  .  0  ' N

6 3 0 4 7 . 0 ' N
6 4 " 0 1 . 0 r N
6 3  0  5 2 .  0 ' N
6 3 " 4 5 . 0 ' N
6 4 ' 0 1 .  5  ' N

6 4 "  1 2 .  0 ' N
6 4 " 1 8 . 5 ' N
6 4 0 0 9 . 5 r N
6 4 ' 2 1 .  0 ' N
6 3 "  0 3 .  5  ' N

6 3 " 5 4 . 0 r N
6 3 "  5 3 .  0 ' N
6 4 "  2 3  .  0 ' N
6 3 ' 5 0 . 5  t N

6 3 " 4 7 . 5 ' N
6 3 " 5 2  "  0 ' N
6 3 " 4 9 . 5 ' N
6 3 ' 4 1 .  5  I  N
6 3 " 3 5 . 0 ' N
6 3 "  3 7 .  0 ' N
6 3 " 5 2 . 2 ' N
6 3 "  4 3  .  5 ' N
6 4 ' 0 7  .  5 ' N
6 3 0 5 3 . 0 ' N
6 3 0 4 8 . 5 ' N
6 3 " 5 9 .  0 ' N
6 4 0  1 2 .  7  ' N

6 4 "  2 4  , 5 t N
6 4 " 2 3 . 0 ' N
6 4 ' 2 5 .  B ' N
6 4 "  2 6 . 7 ' , N
6 4 " 2 9 . 0 ' N
6 4 "  2 5 .  5 ' N

1 7 0 ' 0 3 . 0 r w
170" 59 .  0 ' I^ I
1 7 1 "  0 0 .  0 ' w
1 7 1 o 3 3 . 0 ' W
L 7 2 0 L 2 . 0  ' W

1 7 2 " 1 1 . 0 ' W
L 7 2 " 3 6 . 0 ' W
1 7 2 ' 0 3 . 0 ' I ^ I
L 7 2 " 3 6 . 0 ' W
1 7 1 ' 5 4  .  0 ' W
L 7 2 " 0 9 . 0 ' W
1 7 2 " 0 8 . 5 ' W
1 7 2 ' 3 5 . 0 ' W
1 7 2 0 0 3 . 0 ' W
1 7 1 ' 4 5  .  0 ' W
1 7 1 ' 2 1  .  0 ' W
1710 41.  0 ' t r^ I
1 7 1 " 4 1 . 5 r W
1 7 1 " 0 8 . 0 r W
1 7 1 ' 1 5  .  0 ' W
1 7 0 0  4 2 .  0 ' W
1 7 0 " 4 6 . 0 r i l -
1 7 0 ' 5 1 . 0 ' W
1 7 0 ' 3 6  .  0 ' W
170"04 .0 r I . I
1 6 9 0 5 4 . 3 ' W
1 6 9 o 5 1 . 5 ' W
1 6 8 "  5 5  .  0 ' W
169 '06  .  0 ' t r l
1 6 9 " 1 9 . 0 ' I n ]
1 6 8 "  5 0 .  0 ' W
1 6 8 " 2 8 . 0 " t l
1 6 7 ' 5 7  .  0 ' W
L67 "  28 .  0 '  \ ,1
1 5 7 ' 1 0 . 0 ' W
1 6 6 ' 4 6  .  0 ' t I
L 6 6 "  2 3  . 3 ' [ t
1 6 5 ' 3 8 .  0 ' W
L66"  L2  .0 ' \ i l
165 '34 .  5  ' I . l

1 6 5 " 2 5 . 5 ' W
1 6 5 ' 2 3  .  3  ' W

1 6 5 ' 5 2  ,  0  ' t I
. . r o - ^  ^ 1 f i
t o . f  f u . J  w

1 6 5 " 4 5 . 3 r I / i

. \ "
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APPENDIX l. Conti-nued

Pos i t ion
S tat i -on

N o . Date Lat i-cude Longitude

133
134
135
136
137
138
139
140
141
L + L

r43
L44
L45
L46
].47
r 4 d

l-49
150
151
l.52
I ) J

L54
l _ )J

156
L57
r.f 6

159
160
ro r
L O L

I b J

L o 4

l-65
L66
L67
1 6 8
l n v

r70
L7L
L72
L73
]-74

t /  o
L77

2 7  / 0 3 / 7 L
2 e  / 0 6  / 7  4
0 7  / 0 e / 7 3
L 9  / 0 6 / 7  4
2 9 / 0 6 / 7 4
t 9 / 0 6 / 7 4
te /06 /74
29  /06  /7  4
29 /06 /74
2 9 / 0 6 / 7 4
0 7  / 0 9 / 7 3
2 e / 0 6 / 7 4
2 9 / 0 6 / 7 4
2 8 / 0 7  / 7 3
2 9 / 0 6 / 7 4
2 8  / 0 6  / 7  4
2 8 / 0 6 / 7 4
2 8 / 0 6 / 7 4
0 7  / 0 9 / 7 3
L e / 0 6 / 7 4
L e / 0 6 / 7 4
L5  /08  /7  3
1 8 / 0 8 / 7 3
rB /L0 /73
L 9  / 0 6  / 7  4
2 8  / 0 6  / 7  4
0 6 / 0 e / 7 3
2 8 / 0 6 / 7 4
L B / o B / 7 3
LB/08 /73
2 8 / 0 6 / 7 4
L 8 / 0 8 / 7 3
2 8 / 0 6 / 7 4
2 8  / A 6  / 7  4
-  ^  l ^ ^  l - ^

L 6 l  U 6 /  t  J

2 8 / 0 6 / 7 4
2 8 / 0 6 / 7 4
2 0 1 0 6 / 7 4
2 7  / 0 7  / 7 3
0 6 / 0 9 / 7 3
0 6 / 0 9 / 7 3
2 0 / 0 6 / 7 4
2 2 / 0 6 / 7  4
2 2 / 0 6 / 7 4
2 L / 0 6 / 7 4

/ ,  O i  t  n  f  \ r0 4  r + .  u  t \

6 4 " 2 5 . 0 r N
6 4 ' 1 1 .  0 ' N
6 4 " 1 6 . 0 ' N
6 4 " 1 8 . 0 ' N
6 4 "  3 5  .  0 ' N
6 4 " 4 6 . 0 ' N
6 4 ' 4 1 .  5  ' N

6 4 ' 4 9 .  5 ' N
6 4 0 3 7 . 0 ' N
6 4 0  3 4 .  0 ' N
6 4 ' 3 5  .  5 ' N
6 4 0 4 9 . 0 ' N
6 4 "  4 2 , 2 1 N
6 4 ' 4 9 .  0 ' N
6 5 ' 0 2 .  0 ' N
6 5 " 0 8 . 0 ' N
6 5  "  0 1 .  0 ' N
6 4 "  5 8 .  0 ' N
6 5 " 5 9 . 0 r N
65"L2 .2 'N
6 5 " 1 7 . 0 ' N
6 5 " 1 9 . 1 ' N
6 5 " 2 1 . 8 ' N
6 5 "  2 2  . 0 '  N
6 5 " 1 7 . 5 ' N
6 5 ' 2 8 .  0 ' N
6 5 ' 3 3  .  0 ' N
6 5 0 3 2 . 5 ' N
6 5 0 4 7 . 0 r N
6 5 ' 4 9  .  5  ' N

6 5 0 5 2 . 0 ' N
6 6 " 0 2 . 8 ' N
6 6 " 0 2 . 8 ' N
6 6 " 0 5 . 8 ' N
5 6 " 0 6 . 5 ' N

' 6 6 0 1 6 . 7 ' N
/ / O ^ t  4 t i t
O O  J 4 .  Z  I \

6 6 ' 4 7 . 5 ' N
6 6 ' 4 2 .  5  ' N

6 6  "  1 0 .  0 ' N
a - O 1 .  ^ f  r r
O /  I J . J  I \

6 7 " 2 7 . 5 ' N
/ t O a a  n f  \ t
O /  J J . U  I \

6 7 " 3 5 . 0 r N

1 6 6 " 0 0 . 0 r w
l - 6 7 ' 3 4  ,  0 ' W
1 6 8 ' 0 5  .  5  ' W

1 6 9 " 1 8 . 0 f W
1 6 8 0 3 6 . 0 ' W
1 6 7 " 5 5 . 0 ' t r I
1 6 7 ' 3 6 . 0 t W
1 6 8 ' 0 3 .  0  I  W
L68027 .0 'W
1 6 8 0 3 0 . 0 r W
1 6 8 ' 3 0 .  0 ' W
1 6 9 ' 1 9 . 0 ' W
1 6 9 " 1 2 .  0  |  W
1 7 0 ' 4 0 . 0 ' i ^ I
1 7 0 " 0 4 . 0 ' I ^ I
L69"20 .0 t ' n i '
1 6 8 " 5 3 . 0 ' W
168"25 .3  r \ . I

1 6 8 ' 1 1 .  0 ' W
1 6 7 0 3 6 . 0 f W
1 6 8 ' 0 6  .  0 ' W
1 6 6 ' 3 0 .  0  ' W

1 6 7 ' 5 0 . 9 r I {
1 6 B ' 1 8  .  5  ' W

L68" 22 ,0t tr l
1 5 9 " 1 5 . 5 ' W
168 '30 .  0  '  i {
1 6 8 ' 5 4 . 0 ' I {
L 6 B "  2 6  . 4 t  W
1 6 8 " 3 0 . 0 f W
1 6 8 " 3 5 . 0 ' I f
L6BO 32.2'T, ' I
l -67 "  57 .0 t  \ i
1 6 8 " 2 4 . 5 ' t I
L68"  42  .0 'W
1 6 8 " 4 7 .  0 ' W
1 6 9 ' 2 2 . 5 ' W
1 6 8 ' 3 2 . 0 ' W
168 '30 .  0  I  t , I
1 6 8 o 3 4 . 0 ' W
1 6 8 " 3 5 . 0 r W
1 6 8 " 2 5 . 0  ' W

1 6 5 " 4 6 , 0 ' W
1 6 5 ' 5 6  .  0  ' W

1 6 7 " 4 0 . 6 ' H
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APPENDIX 1. Continued

Pos i t ion
Stat ion

N o . Dat.e Lat i tude Longitude

178
L79
180
181
L82
183
184
LBs
r-86
L87
188
189
190
191
L92
193
L94
195
L96
L97
198
t99
200
20L
202
203
204
205
l v o

207
208
209

2L /06 /74
0 6 / 0 e / 7 3
0 6 / 0 9 / 7 3
0 6 / 0 e / 7 3
L9 /08 /73
79  /08  /7  3
24  /08  /7  3
1 9 / 0 8 / 7 3
0 s / 0 9 / 7 3
0 5 / 0 e / 7 3
0s  /0e  173
05 /0e /73
0 5 / 0 e / 7 3
2 3 / 0 8 / 7 3
22 /  08  /  73
2 2 / 0 8 1 7  3
2r /  08/  7  3
2L /08 /73
20 /08 /73
20 /08  /7  3
2s  /06  /73
2 s / 0 8 / 7 3
2 6 / 0 8 1 7 3
2 6 / 0 8 / 7 3
2 7  / o B / 7 3
28  /08  /73
2B/08  /73
2 e / 0 8 1 7 3
0s/0e/73
0 4 / 0 9 / 7 3
2 9 / 0 8 / 7 4
3L/  08/  7  3

6 7  "  4 1 .  0 ' N
6 7 "  3 6 .  0 ' N
6 g ' 0 2  .  0 ' N
6 8 o 1 6 . 0 ' N
6 7  "  5 0 .  0 ' N
6 8 0 3 6 . 0 r N
6 8 "  3 8 .  0 ' N
5 9 " 0 3 . 0 r N
6 8 0 4 8 .  0  '  N
6 9 " 5 9 . 0 ' N
6 9 " 5 1 . 0 ' N
6 9 0 5 3 . 0 r N
6 g ' 2 9 . 0 ' N
6 9 "  3 8  . 5 ' N
7 0 "  1 9  .  0 ' N
7 0 0 1 9 . 0 r N
7 0 0  5 6 .  0 ' N
7 1 "  1 3 .  5  ' N

7 1 0  3 6 .  0 ' N
7 1 " 1 9 . 0 ' N
7 1 " 1 0 . 0 ' N
7 1 " 0 0 . 0 ' N
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APPENDIX 3

Taxa and Species of InvertebraEes ldentified from
Benthic Stat ions on the Bering/Chukchi Shelf

MOLLUSCA

Bivalvia
Astarte bov'eaLis
Astarte montag:ui
Astatte roLLandi
Asthenothaerus adansi
Aninopsidn. sericata
ChLanys islmz&icus
CLinoeardium ciLiatwn
C Lino capdiwn rutttaLlii
Cy clo catdia crebrieo s tata
C y cLo eatdi.a ev'as s idens
DipLodonta aLeutica
HiatelLa arctiea
T,'r' nnt tmn fl.trctt 1OSAu u v v g t r L q  J  v q

Lyonsia noruegica
Macoma bz,ota
Macoma caLcatea
Macoma erassuTa
Macoma elinata
Macoma Lana
Maeoma Li.para
Maeoma Loueni
Macoma middendonfi
Maeoma moesta
Macoma obLiqt'ra
Musculus niger
Mga priapus
Mya truneata
MyseLLa twnida
Iulgtilus eduLis
Nucula tenuis
NucuLqrn minuta
Nuculqna radiata
Nuculqn fossa
NucuLqna buecata
Pwtomya sp.
Periplona alaskana,
PortLandia atctica
P s etd.opy thina comp?e s s a
P s eudopy thina nug i f era
S enrip e s gro enLandi cus
Serripes Laperotnii
Siliqua, aLta
e - - ' ^ " , 7  -  ^ ^ 7DpLsuLq PoLgnama
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l',eLLLrat LuXea
TeLLina modesta
Tlrcaeia nryopsis
TVrcacia ctuta
Thyasira fLeruosa
v^7 2. ' -  - * , -saLeA
l V  U q u q  q t . g g @

Ioldia hyperboz,ea
IoLdLa nryalis
Ioldia scisswata
Ioldta seetmda
I o Ldi^a. tVw aciae forwt s
IoLdieLLa intewnedLa

Gastropoda
A&nete eoutVnugi
Adtnete c.f. A&nete regina
funt-cuLa paLlasi.i
Antphissa sp.
Assinrtnea sp.
Beringius kennieotti
Buccinum mtgulosum
Bueeinurn eiliatwn
Buccinum fringilLun
Buceinum glaciaLe
Buecinwn poLote
Bueeinum s ealori forT ne
Colus aphelus
CoLus dautzenbergii
CoLus haLLi
Colus maytensi
CoLus ombnonius
CoLus roseus
CoLus spitzbergensis
Cz.epidula grandLs
Ctyptobrarzehia aLba
L'U L'LCNTrcI ALDA

Clyttclma nueleoLa
Cylichna oeculta
CyLichnina sp.
Diap\taru sp.
Ep i tomiwn gr o enlandi cum
Lepata caeea
Leucosyrin"n sp.
Lora albreehti
Lora eLegans
Lora rugulata
Margatites costaLis
Margorites helicinus
Margarites giganteus

Continued



L 7 2

APPENDIX

i,tm g arL te s u ot' ti ci f era
Mohnia sp.
Natica cLausa
Neptunea heros
Nepk'tnea Lyz'atus
Nept-unea DenwLcosa
1b'esitoma sintPLen
)dostomia cassandYa
)enopota bicaYLnata
1enopota decussata
)enopota TtatPa
)enopota harPuLarLa
)enopota intPz'essa
)enopofu, na,zanensis
0 enop o ta py z'arrLdn Li s
)enopota quadYa
1enopota hnrLcuLa
Piliscus comnodum
Plieifusus l<roYeri
Plieifusus ui'z'ens
PoLini,ces rlattLts
Polinices paLLidus
fuopebeLa rosea
Propebela teniuLarata
PropebeLa uirLdula
PnettneLLa noachirn

furulofusus deforTnLs
Retasa semem
SoLarLeLLa micz'aulas
SoLaz"LeLLa obseura
SoLart.eLLa uaYicosa
Suao o dri.LLa kennie o ttL
Tachyrhychus erosus
T aehy z'hy chus r eti cuL ati's
Tri eho troPi s bicatinafu'
Iz'L cho tr opi s b o t' e aLi s
Tz,i chotroPi s corona.ta

Tz'ophonop sis truneatus
TuritelLa sp.
Tuz,rit sp.
VeLutirn Leauigata
VeLutirn PLicataLis
VeLutina, undatu

3. Cont inued
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Polyplacophora
Ishnoehiton aLba

Aplacaphora
CLnetodetTna tobusta

Nudibranchiata
Dend.ronotus frondo sus
TrLtonia e.f. WLtonia diomedLa

Cephalopoda
0ctoPoda

A}INELIDA

Polychaeta
Aero ciz'rus het ero chaetus
Anage sp.
Anrnotz'yP ote aul o g as t er
Anrnotryp ane rruLiiPaP iLLa
hnpVnz'ete acutifrons
knphanete arctica
ArnpVnrete goesi
knphtarete Lindstromi
Anrpltar e t e L ong oPale o Lata
hnphaz'ete Y'educta
Antphitrite ciz'Yata
Arnitide s gzoenlandLca
Anaitides maetflaia
Anaitides ttaeosa
Antinoella badia
Antinoella sarsi
Ar cto eb ea antieo stiensi s
Aretonoe uittata
ArLcidea usehakoui
Ay,tacana pyoboscidea
Asabellides sibirLea
Audowtia tentaculata
A - , + ^ 7  . , + " , ^  -AUTOLAYU8 sp.

AdotheLla cateYtata
Boceardia natrit
Brad.a, granuLata
Brad.a inTnbiLis
Brada nuda
Brads. ochotensis
Bz'aCa saeeVnLi-tuz
Brada uiLLosa
Capitella caPitata
C er atoneri e s P auc i dent at a

Continued
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C'haetozone setosa
Chone eincta
Chone durteri
C'ltone inftmdibuLifornrt s
Cistenides granulata
Ci,st eride s hyp erbonea
Cosstna setosa
Demonas sp.
Desoma rmtltisetosum
Ephesia graeilis
Eteone barbata
Eteone flaua
Eteone Longa
Eteone spitsbergensis
Euehone anaLis
Eunoe depressa
Ewpe nodosa
Eusyllis blomstrmzdi
Erogone sp.
FLabelligera affinis
FLah eLLig eya mas tigopLnra
Gabz-ieta paeifica
Gattyarn anondseni
GattyaYn eilia.ta
Gatfuaru, eiz,rosa
Glyeera eapitata
GLyeinl,e az,ndgera
GLycinde uti.z,eni
Haplo seolopLo s elongatus
Hq Lo s co Loplo s panamensi s
Hazmothoe ertenuata
Hannothoe imbricata
Hm,rnotho e rruLti seto sa
Hespez,one eornplunta
Heteromastus fiLiformis
Jasmineina pacifiea
Lanassa nordenskioldi
Lutnssa uenusta
Laonome sp.
Lwnbrinerei s fz,agilis
Lumbz,inerei s heteropo da
Lwnbrinereis L. japonica
Lysippe Labiata
Magelona iaponica
MageLorn pacifica
Maldane saxsi
lhelaenis Loueni
I,leLinrn crisiata
Myriochele heetri

3. Cont inued
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MyricoLa infwzdibuLwn
N eo anphitrite gro enlandica
Nephtys caeca
Nephtys eiLiata
Nephtys contuta
Nephtys discors
Nephtys fenruginea
Nephtys Longasetosa
Nephtys paradona
Nephtys ptmetata
Nephtys riekettsi
Nez,eis pelagtca
Nereis zonata
Nicomaehe Lrmbriealis
NicoLea uenustula
NicoLea zosterieola
)nuphis g eophiLi formis
)rwphis parua-stniata
?pheLia Limacina
)pistobz,anchus sp.
)wenia fusiforrnis
P atahq,L o s y dn a kra s s ini
Paranois gz.aeilis
Pherusii pLunosa
PhLoe minuta
Pionosyllis magnifica
Pista cytstata
Pista eLongata
Pista macuLata
Polyeiz.nus medusa
PoLydora flaua-flaua
Polgdora quadrtLobata
PoLgnoe canadensis
Polynoe graciLis
PoLynoe toryeLL
PotoniLLa neglecta
PrasiLLeLLa araeilis
P ro*i LL e L L a 

-p 
rae t e rrni s s a

Prionospio malsngreni
Proclea enrni
ProcLea gnaffi
P s eudop otanilLa neni iorrni s
Pygospio sp.
Rhodine graeilior
Rhodine Loueni
SaheLTa ez.es sicov,nis
SabeLLa maculata
ScoLeLepis fuliginosa
Scoloplos arrnigen

Continued
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Spaero dorop sis rtrtnutum
Sp aero dorop si s sphaeruLi fer
\  4 ^  + 4  t 4 n a T r n L su E u v  J

Spiophartes bombyr
fuiophntes l<zoyerL
Stemzaspis scutata
TerebeLlide s s tv,o enrti
Thoryr rruLtifilis
Timavete japoniea
Tratisia forbesii
Tnat)q'  cq'  n nt-* rJpa
Trtchobrqt chus glaeialus
m.,^^  ̂. ,7 1 :  ^ ALternatat y y u o U  u b u o

1 4 .
, t 4 ^ ? n o m d t n

tgyvDg t  t /  uD J  (J ,DU uuuu

Typosyllis hotti
Igp o sy LLis LantgerTtmsia

ARTHROPODA

Amphipoda
A e antho s t ephe ia b ehrLng i ens i s
Acmt tho s tepheia maLmgr eni
Aceroides Latipes
Ampelisca biz,uLai
tunpeLisea deritqini

' " Antp eLis ca e s cVtyichti
Antp eli s ca macn o c epVtaLa
Anonya nWffi pacifica
Anonyn oehoticus
Annnyr seVnl<aLaskii
Arrhis Luthkei
Atylus bruggeni
AtyLus colLingi
BatVtyme don L ongimanus
Bathgmedon nnnseni
Bo e eko sirm,ts l<tas sini
Boeckosirmts plautus
BybLis gaimardi
Ceradocus toveLLi
Corophiun cras sieorrze
DuLiehia ayetiea
Dulichia bispina
Duliehia wtispina
Ez'i eht onius grebni t zki i.
Ev"Lchtonius hwtteri
Ez'ichtonius tolLi
Eusirus cuspidztus
Gatrmatus setosa
HaLirages niLssoni
HapLoops Laeuis
lJnmt'nt 'n -  tY.'r'J6(ZOUA.e
IJnnnt"ni n itnh.i nLntsnat \ v v l J  q t \ v  v e v

ConEinued
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Harpinia saLabeosa
Hotpinia tatasooi
Haus toz"ius atenaz'ius
Haustoz,Lus eous
Hi,pponedon abyssi
Hippomednn kurLlieus

"icusH't ppomeopn pacLj
Hippomedon propinquus
Hipponedon wirketis
fschyroceros mtgzipes
Ischerodaeus sp.
I s ehgro eero s corrnens ali s
Isehyroeez,os Latipes
Lembos atetieus
Maera Loueni
Maera prionochira
MeLita dentata
Melita formosa
MeLita quadrispinosa
MonocuLodes diamesus
MonoeuLodes h.utseni
Monoculodes zewloui
Mono eulop si s Longicozmi s
Neopleustes puLchellus tgpieus
2rehemene Lepidula
PavanrLthoe poLy acotta bzwggen
Pataphorus alderL
Paraphoxus eLypeata
Paraphorus gLacialis
Paraphorus miLleri
Paraphorus oeuLatus
Paraphortts sirnpler
Patoe&Lceros Lyneeus
Photis fiscltnmmi
Photis spasskii
Photis uinogradnui
Podoceropsis sp.
Pontoponeia femoz,ata
Pz,iscilLina ayrnata
Protomedeia faseata
Pyotome deia grandimmta
Rh.a,cho tropis aculeata
Rhach.otropis oculata
Ste go c ephalus in ilatus
Stenopleustes gLabez'
Tiron sp.
Weyprechtia pinguis

Cont.inued
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Cumacea
Brachy di.asty Lis z'e sima
CanpyLaspis wnbensis
DiasfuLis aLaskensis
DiastgLis aspera
DiastyLis bidentata
^:  -  ^L. ,1 - '  ^  -7 lbXAU U{JO t/g u uo g uu

DiasfuLis goodsiri
DiasfuLis suleata
Eotd,or eLLa emarg inai a
fid.oreLLa paeLfica
EudorelLop s i s bipLicata
Eu.d,orelLop si s de formL s
Eufoz,ellopsis integra
Latnpz'ops fuscata
Leucon nnsica
Leucon nasicoides

Isopoda
Janiz,a trieozttis
PLeutoprLon rmpdochi
Sgnidotea bicuspida.
Sgnidotea Laeuis
Syrodntea picta
Iecticeps sp.

Anomura
Labido chizas splende sc ens
LopVtolithodes sp.
Paqnws eaneVwtica
Pagtnus capiLLatus
Paguuws ochotensis
Paguus tousertdi
Pagurus trigono cheirus
Pagtnus und,osus
PozalitTnd.e s camtscVntica

Brachyura
Chionoeeetes bairdi
Chionoecetes opiLio
Hyas cootetatus
2regonia gnacilis
T elme s sus eheiz'agonus

Carldea
Az,gis c?a,ssa

Continued
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Az.gis dentata
Argis Lat
Cz.artgon eotrutntrzis
Crangon daLLi
Cz'mtgon interrnedia
EuaLus fabricii
Eus,Lus gaimardi belcheri
Etnlus macilenta
Eualus sukleyi
Lebbeus groenlandLca
Putdnlus bov,eaLis
PandaLus goniw,us
PqtdnLus hypsinotus
Sabinea s eptemcarinnta
SeLerocrangon alata
Selerocrszgon boreas
. Q n a ' n a n * n a a v . ' *-'L8 Sp1'nA

Cirr ipedia
BaLattus balanus
BaLanus crennius
BaLanus rostz'atus

Pycnogonidae
Anrnothea boreaLis
NyrnpTnn grossipes
Nyrnplnn Longitatse
Pyenogonum eircuLatis

Mysidacea
Mysis ocuLata
Neonrgsis nagii

Nebalacea

Tanaidacea

0stracoda
Philomedes alobosus

ECHINODERI'IATA

Astero idea
AsterLas amttensis
Crossaster papposus
Ctenodiscus crispetus
Euasterias tnoschelli
Herwicia tumida
Leptasterias arctica
Leptasterias groenLandica

Continued
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Leptasteris hgLodes
Leptasterias polatis acervata
Le tVtas terias nmtimenst s
Ptenaster obsczuas
Solaster parLLLatus
Urasterias Linckii

Echinoidea
Echirwrachnius pazma
Strongy Lo eentrotus d.ro ebachi ensis

Holothuroidea
CaudLrn sp.
Chirodpta diseoloz'
Cuewnaria ealcigena
Leptosynapta sp.
Ihyz"L oh:o chus z,inkii
PsoLus fabrieii

Ophiuroidea
ArnphiphoLis squonata
Diarphiodt a eraterodnteta
Gorg ono c epVnLus cotyt)
Monantphit ua sundeualLi
N uLL anphiut a p s i L op o r a
OphiopLtolis acuLeata
Ophiopus aveticus
Ophiwa flagelLata
Ophiwa macuLata
Ophiwa savsi
Stegaphiwa nodpsa

SIPUNCULIDA
t'1n7 €i.nna' n -nvnnnq' *nnnvv  uJ  urLv  tu  t ILw Yw v  wvs

GoLfingia uuLgarts
PVtascoLion strombi

PRIAPULIDA

PrLapulus eaudztus

ECHIURIDA

Echiwus echittrus

COELENTERATA

Anthozoa
Eunephthya rubiformis
MyriotheLa plwygia
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Tubulari.a

Ectoprocta
ALcy oni&Lttn diseiforT ne
Bidenl<apia sp it zb ez'g ensi s
Catbasea carbasea
Eucratea LorLeata
FLustrella sp.
Hippothoa hyaLina
Myriozoum subgraciLe

BRACI{IOPODA

Hemithyris psittacea
Wildheinia ez'urLun

Nn.fERTINEA

CerebratuLus .sp.
Lineus torquatus

PORIFERA

Hexactinel-l-ida

NEMATODA

PI,ATYHELMINTIIES

Polycladida

PLATYHELMINTHES

Cestodea

PROTOZOA

Foraur-inif era

CHORDATA

Ascidiacea
AsaLdia calLosa
Boltenia ouifera
Chelyosoma inequnle
CheLysoma macloayutum
HaLoegnthia anrantium
MoLguLa gz'ifiithsii
MoLguLa z'etoz'ti forT ni s
MoLguLa siphonaLis
Pelornia eorz,ugeta
Styela rustica

ACANTHOCEPHALA
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a .

Comparison of Fine to
Benthic Stat ions

I mm Fraction

APPENDIX 5

Coarse Sieve Sample Results from
on the Bering/Chukchi Shelf

S ta t ion
and

Sarnple
N o .

Spec ies
Density

( inaiv/m2)

0rganic
Carbon
(g / * t  )

S ta t ion
DiversiEy

003-3
005-2
006-3
009-2
0t2-2
0L4-2
0L7 -2
019- l
020-1
021-1
025-2
028-2
030-1
032-2
034-4
03s-r
036-3
040-4
04r-2
043-3
044-2
045-3
046-1
047-3
049-3
053-3
054-3
056-s
057 -5
058-5
059-2
060-1
06L-4
062-4
063-5
064-L
067 -4
068-3
069-5
071-1

20
11
22
11
5
5

13
10
10
16
1 ?

t 5
4
9

L0
1

8
15
10
I U

11
6
5
5

16
15

1

3
6

10
11
11

8
10
8

L7
16
19

6
5

720
910

1830
L70

90
9 0

260
150
300
320
400

68
60

220
511
190
110
500
220
2L0
370
210
J ) U

230
500
530
170

40
130
440
530
990
3 3 0
411
650
7 5 0

1060
440
90

110

4 . L 7
1 .  3 8
2 . 2 6
1 .  0 0
0 .  3 5
0 .  7 1

1 4 . 1 8
10 .  96

5 . 4 9
1 . 1 4
1 .  84
t c ?

0 .  4 1
0 .  84

LL.67
3 . 1 8
5 .  06
6 .  B 8
3 .  05
6 . 0 6
6 . 4 4
6 . 8 9
6 .  1 0
0 .  4 5
L .  Z +

7  . 3 9
2 . 9 8
L . 2 5
3 .  11

L5.22
8 .  4 3

16 .  3 r
6 . 8 7
2 . 9 0

L4 .82
8 . 7 L
4 .  8 3

16 .  10
0 . 3 6
0 . 3 3

1 .  1 7 8
0 . 5 4 8
L .  038
L . O Z 4
0 .  8L3
1_.  007
L . 2 2 L
r . 0 5 9
L . 0 2 4
L . T 4 5
1_ .093
0 . 9 3 7
0 .  9 5 8
0 . 9 4 5
0 .  819
0 . 5 3 7
L . 0 4 6
0 . 7  4 0
0 . 8 7 6
1 . 0 8 7
0 .  806
0 .  8 3 5
o . 7  0 7
0 . 7 7 2
0 .  8 3 9
0 . 9 r 4
0 . 9 3 3
0 . 8 7 7
0 .  8 6 8
0 . 8 9 2
0 . 9 3 9
0 . 7 3 6
0 .  8 9 3
0 . 7 0 0
0 . 6 1 8
0 .  864
0 . 8 4 8
1 . 0 3 3
0 .  8 9 9
0 .  8 9 6



Scation
and

Sample
N o .

Speci.es

Organic
Carbon
Gln21

190

Sta t ion
ur-versr-Ey

APPENDIX 5a. Continued

Density
( indiv/m2)

072-2
07 5-5
077-5
078-5
079-Z
080-2
08r_-5
082-2
083-3
086-3
087-2
088-2
089-2
09L-4
092-4
093-3
094-2
095-3
096-3
097-4
098-4
103-2
111-3
113-3
LI4.2
tts-2
tt7-3
rl_6-4
119-3
120-1
Lzt-2
L23-2
L24-2
t _JJ - )

136-1
r37-4
139-1
140-3
L42-4
l  ILtr-2

L45-2
L46.L
t47 -3
148-3
149-3

72
5

11
10

5
4
5
1
8

L1
11
20
16
L6
L4
1"2
15
l o

22
L2
l-J

15
L7
15

6
10
3
4

13
19
10
8

10
2 0
27
26
6

L2
3 7
2 5
16
l-v
20
26
/.4

620
L30
300

1010
150
40

L00
190
lou

3010
1700
2L70
580
310

1010
320
390
360

2290
3660
390
940

1550
1630

610
2950

43
80

1430
49L0
zLO
430
9ZO
980

4310
4000

100
I b U

5720
6440
J I L U

2350
5430
697 0
4570

8 . 8 1
1 . 5 6
T . 2 B
4 , 6 5
0 .  6 0
T . 7 L
6 . 5 2

LL.37
0 . 8 8

l_3 .16
6 . 2 3

L 7 . 9 3
5 . 2 2
, 9 4

]-8.47
0 . 7 0
2 . L 9

L 2 . 2 8
35 .L2
9 . L 4
2 . 0 8
6 . 4 4

2 7 . L 9
3 0 . 5 0
1 3 .  B 6

5 . 4 3
8 . 2 7
z .  ) 4

L 6 . 4 2
2 6 . L 6
1 . 7 B

L3.32
20 .66

1 </ ,

2 L . 7  6
1 4 . 6 8

1 .  5 8
2 . 7 7

J L . L +  I

3 r . 0 5
2 2 . 7 6
J Z .  ) O

4 2 . 4 2
3L.24
1 ' t  Q O

0 .7 ] -3
0 . 7 2 8
o . 9 0 7
o . 7 3 L
0 .  9 5 8
0 . 7  4 5
o . 7 7 9
0 . 0 9 3
O . 7 B B
0 . 4 2 0
0 . 3 8 1
1 . 0 2 3
l_ .148
L . 2 3 3
0 , 8 4 4
r . 0 9 7
L . 0 9 3
1  2 6 7

0 . 9 2 4
0 .  633
0 . 8 7 8
0 . 5 9 4
0 .  5 0 4
0 .  7 8 9
0 . 5 9 2
0 . 1 8 4
0 . 3 8 4
0 . 7 7 L
0 . 7 3 2
0 . 4 7 9
0 .  8 5 3
0 . 8 6 0
0 .  6 8 0
0 .  915
0 . 5 6 1
0 . 5 7  4
0 . 6 2 9
0 .  8 6 6
0 . 3 9 6
n  t ' ) \

0 .  413
0 . 8 4 2
0 . 5 6 6
0 .  5 8 9
0 . 5 9 3



Stat ion
and

Sample
N o .

Specj .es

Organic
Carbon
Gln21

1 9 1

Sta t ion
Diversi ty

APPENDIX 5a. Continued

DensiEy
(indiv/nr2)

150-3
155-4
l-)o-r
165-3
171-1
172-3
L73-3
L7 5-2
L7B-1
L79-4
L80-l_
186-L
L89-4
190-1
200-1
201-1
202-5
203-L
204-5
205-L
206-2
208-1
209-L

Mean

Standard
Deviation

95z CL

L7
11

o

9
18
31

8
20
Z J

13
4

L6
L2

7
10
TO
13
L2
2t
r{+
23
3 9

13

1

l-790
540
130
150
520

1530
8830
350

1810
48s0

310
90

l-180
540
1 9 0
)ou
460
180
360

1070
270
600

1150

L\34

1660

r  313

a ? n

2 . B L
6  1 R

0 .  9 8
1 . 8 1

30 .37
7 2 . 7 6
L0.24
L8.26
23 .86
20 ,9L
2 . 9 3

L O . L I

8 . 8 5
3 .  9 8
3 . 0 7

l _J  .  )o

L4 .92
B .  8 4

L5 .69
4 . 2 L

L 7 . 4 9
2 8 .  B 3

L0 .7  4

L I  . 4 4

!  2 . L 6

0 . 5 4 6
0 .  6 0 4
0 .  8 8 6
0 . 5 5 1
1 . 0 9 3
L . 0 3 7
0 . 7 8 2
0 . 7 7 I
0 .  9 5 6
0 . 6 7 7
1 . 1 0 1
0 .  918
L . 0 9 2
1 .  055
0 .  9 5 3
0 . 8 0 3
0 . 7 7 7
L.T27
1 . 0 6 8
L . 2 3 4
L . 2 7 2
L . 4 L 4
1 . l_93

0 . 8 3 4

0 . 2 4 2

0 .  0 4 5



b. 1 mm Fract ion

Stat ion
and

Sample
Density^

(indiv/rnz)

L92

Sample
DiversiEy

APPENDIX 5. Continued

N o .
Species

Organic
Carbon
G/^2)

003-3
005-2
006-3
009-2
0L2-2
0L4-2
0L7-2
019-1
020-L
021-1
025-2
028-2
030-1
032-2
034-4
035-1
036-3
040-4
04L-2
043-3
044-2
04s-3
046-L
047-3
049-3
053-3
054-3
u)b-)
057-5
058-5
059-2
060-1
uor-1+
062-4
063-5
064-1
067-4
068-3
069-5
071-1
072-2
075-5
077-5

J U

18
3 2
L4
10
L4
1B
10
L7
25
t_5
32
35
23
2L
22
23
13
23
27
29
20
1_5
I4
22
31
19

8
16
15
16
L7
L6
2 0
23
2 2
24
2 B
2 2
2 0
L 2

6

23

8180
2100

22240
520
220
510

1370
920

27  30
1190

? o n
t L v

3920
8430
L920
L880
2840
L290

570
1850

980
2000
960

1020
10780
181_0
3140

920
220

1160
510
950

1170
480

1340
2050
2570
3590
67  40
3080
27  20
460
630

57  90

1 . 5 9
0 . 3 5
3 . 3 8
o . L 2
0 .  0 7
0 . 1 1
0 . 2 5
0 . 1 7
0 . 5 8
0 , 2 L
0 .  1 5
0 . 6 3
1 .  5 4
0 . 6 5
0 , 6 4
0 . 4 9
o . 2 7
0 . 2 2t  o . 6 0
0 . 5 1
0 . 5 r
0 . 3 5
0 .  3 8
1 .  8 5
0 . 4 8
0 . 9 5
0 .  4 5
0 .  04
0 . 2 3
0 . 3 1
0 . 4 8
0 .  9 9
0 . 2 6
0 .  s 4
0 . 5 1
n  7 ?

1 . 1 5
L . 0 2
0 .  3 7
0 .  3 4
0 .  0 9
u . L / -
1  1 1

0 . 9 2 6
0 . 8 3 4
a . 6 2 0
0 .  9 8 5
0 . 7 9 4
0 .  9 s 6
0 . 7 8 3
0 . 4 4 0
0 . 5 2 5
0 .  99s
0 . 8 9 3
1 . 1 1 8
0 . 8 5 6
L .L67
0 . 7  6 4
0 . 6 6 6
L . L O 7
0 .  8 8 9
0 . 8 2 3
1 .  0 2 5
1 . 0 9 5
L .O25
0 . 6 4 5
0 . 1 6 6
0 .  915
1 .  0 3 8
1 .  0 7 3
0 .  7 5 3
0 . 9 5 2
0 .  9 5 0
0 . 9 3 7
0 . 9 8 7
L . 0 0 2
L . O L z
0 . 9 2 4
0 . 8 9 5
1 . 0 1 5
1 . 0 9 0
L . L O z
L . L z Z
0 .  9 3 4
0 .  3 4 1
0 . 3 2 6



Stat ion
and

Sanple
N o .

Spec ies
Densi-ty

( indiv/nz)

0rganic
Carbon
Gln2)

L 7 J

Sarnple
Diversi ty

APPENDIX 5b. Continued

078-5
079-2
080-2
081-5
082-2
083-3
086-3
087-2
088-2
o89-2
091-4
092-4
093-3
094-2
095-3
096-3
097-4
098-4
r03-z
111-3
113-3
LL4-2
lL5-2
1.t7-3
1 18-4
119-3
T2O.L
TzL.2
r23-2
L24-2
133-5
l_Jo-r

L37-4
139-1
l -4U-J

L42-4
L44-2
L45-2
146-1
L47-3
IZ+O-J

L49-3
150-3
r ) ) -4

z +

L4
15
19
10
2o
18
3 1
22
2 0
13
23
1 Q

24
25
I O

z3
2 6
26
3 3
L9
/ .6

28
25
L6
24
25
,, |,
, \
t o
J >

J 4

3 3
L6
2 2
a ?

J I

24
L +

2 5
3 0
J I

3 0
18

6260
3260
1060

890
270

1450
t440

Ll170
7380
]'420

260
1500
L070
2790
77  50
330

9080
2550
3720
3860

24960
3860

11390
1480

340
6030
2100
8370
2t40
930

13110
6840
8410
560

1560
4510
4180
3 5 6 0
3950
1800
3490
6250
3450
2350

1 . 1 3
0 . 5 4
0 . 1 1
0 . 2 3
0 . 0 5
0 . 1 3
0 . 1 7
1 .  9 5
2 . 0 8
0 . 4 1
0 .  0 5
0 . 6 4
0 . 3 7
0 .  9 1
1 .  9 1
0 . 1 1
2 . 8 3
0 . 4 7
0 , 7 3
r . 1 0
4 . 2 2
0 . 8 0
2 . 7 8
0 .  2 B
0 . 1 1
1 . 0 1 _
o . 3 7
0 .  8 L
0 .  8 2
o . 2 0
2 . 2 0
r .  + r
1 .  8 5
0 . 0 7
0.  l_B
o . 6 9
0 .  8 9
0 .  7 0
0 . 7  4
0 .  B 1
0 .  8 3
'r on

1_.  06
U .  J O

0 . 6 2 0
0.  20 i_
0 . 9 9 4
1 . 0 1 6
0 . 8 8 6
0 .  9 8 7
o . 9 2 7
0 .  7 8 6
0 .  831
1 . 0 3 3
0 . 9 6 4
0 .  9 8 0
1 .  0 3 0
L .028
0 .623
0.  915
0 . 5 8 4
L . 0 6 4
0 . 8 5 2
1 . 0 3 4
0 . 4 9 3
0 .  9 5 4
0 .  9 0 6
o . 9 7 t
L .026
0 .92L
1 .  151
0 .  8 1 6
1 .  1 3 1
1 .  0 3 6
0 .  7 8 0
L.L22
L . 0 4 4
1 . 0 0 5
0 .  710
1 . 0 8 0
1 . 1 1 6
1 . 0 5 4
0 . 7 4 0
L . 2 0 6
1 . 1 4 3
1 . 1 0 3
l .  050
o . 9 2 5



Stat ion
and

Sarnple
N o .

Species
Density

(indivlm2)

Organic
Carbon
Gl^2)

L94

Sample
Diversi ty

APPEIIDIX 5b. Continued

I J O - I

165-3
171-1
L I  Z - J

L73-3
L75-2
178-1
L79-4
180-1
186-1
189-4
190-1
200-1
?n ]  -1

202-5
203-L
204-5
205-L
206-2
208-1
209-r

Mean

Standard
Deviation

957. CL

L6
t J

20
J J

35
l_9
2 7
30
30
18
2 8
3 2
T2
20
1B
2B
20
2 0
33
/ , ,
35

23

7 . L 3

t 1

660
8 7 0

9670
5770

L6970
1030
27LO
5950
1730
1050
4100
2335
650
950
800
970
680

1570
1560
1690
L420

J + I L

4203

!  792

0 . 1 0
0 . 1 9
1 . 6 2
1 . 5 5
4 .  s B
0 . 1 5
0 .  8 5
3 . 7 5
0 . 4 9
0 .  3 8
L . 4 5
1 .  5 0
0 , 2 8
0 . 4 1
0 . 3 5
0 . 4 1
0 . 5 2
1 . 1 3
0 . 4 4
0  . 5 7
1 . t  1

0 .  8 2

0 .  8 6

0 .  15

L . 0 6 7
0 .  9 3 8
0 . 4 8 9
0 . 9 7 3
0 . 8 3 3
0 . 9 7  9
n  a 1 0

0 . 8 7  6
L .2L5
0 . 8 5 8
0 . 9 6 7
l_. r.31
0 , 7 L 4
0 . 9 6 4
1 . 0 7 7
L . 2 6 0
1 .  L35
o . 9 9 3
L .L69
1 " . 2 7  3
L.2L9

0 . 9 2 0

0 .212

0 .  040+



L95

c .  1 m n % 3 r u n F r a c t i o n

APPENDIX 5. Continued

Density

S Eat ion
and

Sanple
N o .

Species

0rganic
Carbon

003-3
005-2
006-3
009-2
0t2-z
oL4-2
0t7-2
019-1
020-1
021_-t
025-2
028-2
030-1
032-2
034-4
035-1
036-3
040-4
04L-2
043-3
044-2
045-3
046-L
047-3
049-3
053-3
054-3
056-5
057-5
058-5
059-2
050-1
UOI -q

062-4
063-5
064-L
067-4
068-3
069-5
071_-1
072-2
075-5
077-5

150
L64
L45
L27
200
280
138
100
] . 7 0
156
125
+ t L

875
256
2L0
3L4
288

A 7

230
270
264
3 3 3
300
280
138
207
271
267
267
150
L45
155
200
200
288
LZ9
150
Lt+ I

3 6 7
400
100
160
209

1136
23L

].215
365
244
) o t
527
613
910
3 7 2
180

57 65
]-406

873
3 5 8
L49

LL73
L74
84L
467
547
457
29L

4687
362
< o ,
54r
550
892
I I O

L79
118
14s
326
315
343
339
153

5 4 L Z

247
7 4

485
1930

38
25

150
12
20
15

2
2

1l-
18

8
25

376
7 7

5
15
5
3

20
8
I
5
6

4LL
2I
13
t 5

J

1

2
6
A

4
1 9

J

6

,1 ,

6
103
103

< 1
e

8B
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Stat ion
and

Sample

APPEMIX 5c.

N o .
Species

Continued

Density
0rganic
Carbon

078-5
079-2
080-2
081-5
082-2
083-3
086-3
087-2
088-2
089-2
091-4
092-4
093-3
094-2
095-3
096-3
097-4
098-4
103-2
11_l--3
113-3
LL4.2
LIs-2
r-17-3
118-4
119-3
120-1
LzL-2

L24-2
133-5
I J O - I

L37-4
139-1
140-3
r42-4
L44-2
t45-2
L46-L
I47-3
r.48-3
L49-3
150-3
J-))-1+

156-1

240
280
375
3 8 0

1000
250
L64
282
110
L25
81

L64
150
l_60
L56

I J

192
200
t73
L94
t27
q o l

280
833
400
185
132
240
313
200
195
126
L27
2 6 7
183

A A

L24
150
L26
L25
l_15
L29
1 1 r .

L64
1 7 8

620
2L7

2650
890
].42
906
48

657
340
24s
84

L49
334
7L5

21,53
r1+

248
654
396
249

1531
633
3 8 6
344
425
422
43

3986
498
1-01

1338
L59
2r0
560
975
7 9
65

168
J J

.fu
L37
193
435
508

24
90
5
4

<1
15

I
31
L2

I
2
J

53
4 2
L6
<l_
31
23
11

4
L4

6
51

3
4
6
1

46
6
1

29
6

13
4
6
2
3
J

2
2
3
6

L2
13

2



L97

Stat ion
and

Sample
N o .

Spec ies

APPEMIX 5c. Continued

Density
0rganic
Darbon

165-3
a  t a  a
L I  L - L

L72-3
L I  J . 5

t75-2
r_78-1
L79-4
180-1
L86-L
189-4
L90-1
200-l_
2OI-L
202-5
203-L
204-5
205-L
206-2
208-1
209-L

Mean

Standard
Deviation

957. cL

433
222
183
113
238
135
L30
23L
450
L75
267
77r
200
180
21.5
t67
95

236
183

90

224

L45

t 2 7

580
LB60

3 7 7
t92
294
150
L23
5 5 8

tL67
347
432
342
L70
L74
539
1 8 9
L48
578
282
L22

633

901

170

23.8

5 5 . 9

1 0 . 7

L9
90
5
6
L
5

L 6
2

13
9

L7
7

13

3
6
7

L0
3
4



APPEMIX 6

198

% Spec ies
in Common

Comparison of Fine to Coarse
from Benthic Stat ions

Sample Species Composit ion
Bering/Chukchi Shelf

To ta l
Spec ies

Sieve
on the

Sta t ion
and

Sample

Species
in

Coumon
Spec ies

Di f ferent

003-3
005-2
006-3
o09-2
0L2-2
0t4-2
0L7-2
019-1
020-1
O2L-]..
025-2
028-2
030-1
032-2
034-4
035-1
036-3
040-4
04L-2
043-3
044-2
04s-3
046-t
047 -3
049-3
053-3
054-3
056-5
057-s
058-5
059-2
060-r
061-4
062-4
063-5
064-L
067-4
068-3
069-5
071_-1
072-2
075-5

l3
6

L7
2
t
2
2
,
3
7
2
9
J

3
8
J

6
3
4
5
6
1
2
4

L2
9
2
0
J

4
5
4
3
J

6
9
8
7
4
5
0
I

23
L7
20
2L
13
15
27
L6
2T
27
2 3
2 9
33
26
15
23
1 9
22
25
27
28
24
I6
1L
T4
28
22
11
z o
17
L 7
20
1 8
L 4

19
2L
) L

J J

20
15
,, |'
L '

l_1

3 6
23
37
23
L4
L7
29
L8
z+
34
25
38
36
29
23
26
25
25
29
32
34
2 5
18
15
26
J I

24
11
29
2L
22
./.(+
ZL
27
25
30
32
40
t / ,

20
24
L2

J O

26
46

9
7

L2
7

1l_
13
2I
8

24
B

10
35
L2
24
L2
I4
L6
18
4

11
2 7
46
L +

8
U

10
L9
23
L7
I 4

11
24
J U

25
18
L7
25
0
x



Sta t ion
4 t l u

Sarnple

Species
in

Coumon
Total

Spec ies

L99

Z Spec ies
i.n Common
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Species
Di-f f erent

077-5
078-5
07 9-2
080-2
081-5
o82-2
083-3
086-3
o87 -2
088-2
089-2
09L-4
092-4
093-3
094-2
095-3
096-3
097-4
098-4
L03-2
111-3
113-3
lL4-2
]-Ls-2
LL7-3
T I6 -4

119-3
LzO-L
1 4 A  a

L L J -  Z

L24-2
133-5
136-1
r37-4
L39-1
140-3
L42-4
I44-2
L45-2
I 4 O - I

L 4 / - 5

148-3
t49-3
150-3
155-4

6
9
4
I
2
0
3
3
5
7
1
I

6
I

6
7
6
6
8

t_l-
5

10
6
4
7
1
2
9
a

5
5

10
13
LL+

J

11
l )

4

B

o

l - J

6
6

2 2
I O

11
L7
20
l_1
2 2
23
32
28
2 2
T7
23
1B
25
29
26
19
L7
31
J U

22
26
24
26
J-O

19
28

z )

2 2
) >

J )

3 1
26
t / ,

47
J O

3 2
2 7
31
4 2
2 9
35
I7

2B
25
15
1_8
22
l-1
25
L O

J I

35
29
23
3 0
24
2 ,1

35
32
27
28
36
40
2B
30
31
27
18
2B
J O

2 9
2 8
z o
t ,o

4B
45
29
2 9
58
4L
36
35
3 B
4 B
I L

4 L
23

2L
J O

27
6
9
0

L2
1 )

L4
2 0
24
2 6
23
? q

22
L7
19
30
39
L4
25
2L
13
23
4

L1
3 2
22
L 7
1B
l5
20
2 7
31
10
1 7
L9

1 l
23
1B
1 7
31
15
L O
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Species
in
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Tota l

Spec ies
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Z Spec ies
in Cornmon
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Spec ies
D i f f e ren t

I )O - I

165-3
171-1
172-3
L73-3
L7 5-2
178-l_
L79-4
180-1
186-1
r_89-4
190-1
200-1
201-1
202-5
203-L
204-5
205-L
206-2
20B-1
209-t

Mean

Standard
Deviation

952 C\,

L9
L4
2 6
28
2 2
17
2L
33
19

5
z2
22

6
20
L2
L4

7
2L
L2
10

9

19

4

2
6

1i.
12
4
d

13
7
1
8
8
I
5
3

5
2
7
5
6
6

) . t

3 . 5

0 . 7

L7
L2
L7
, o

42
L9
31
27
29
20
28
28
17
20
22
31
28
27
37
) J

6 2

24 .2

8 . 5

1 A

2L
L4
23
40
) 4

23
39
40
36
2t
36
J O

l_6

25
25

30
5t+
q z

5 9
68

29 .9

L0 .2

!  1 . 9

9

! 2



Subgroup
& Stat ion

Dens i ty
( indiv.  /m2)

Wet I^I t .
Biomass

Gl*27

Carbon
Biomass

G/n21

20L

Divers i ty
Index

0bserved Biological
Cluster Groups

Mean No.
Spec ies

APPENDIX 7

Character ist ics of Benthic Stat ion
on the Bering/Chukchi Shelf

Group I

086

Subgroup A
103
1t t
u5
t20
135
I J O

L37
L4I
L42
]-43
L44
L45
].46
L 4  I

148
1 / , O

150
151
153
156
L57
160
L63

Mean
957" CL

Subgroup B
0 9 6
097
0 9 8
0 9 9

Mean
95"l CL

Group Mean
957" CL

2 B

44
2 7

2 3
30

r15

/ , ,
r5

3204

L Z 4 4

L218
J Z O Z

4066
83L2
4078
407 0
5980
4s42
4044
8760
4650
L940
5506
5206
385  2
2970
4926

7 7 8
198

2540
4498
5190
3989
!922

/ . ) t o

4L7 4
430

1050
2058

! 2 6 6 3

36BB
!823

229

216
682
I49
340
705
340
6 5 7
486
553
311
q q R

2 7 2
99L
978
634
5 3 8
651
533
226
260
2 6 0
543
936
5 3 3

!115

7 2 5
L26

J J

L Z 4

Tfr
r506

L+6 !

i 111

1 4 . 0

1 0 .  6
L3.7
9 . 5

t9 .6
3 0 . 9
1 8 .  4
29 .2
2 7  . 0
28.7
1 8 . 8
5 3 . 1
32.5
40 .7
. + l . J

25 .2
2 r . 3
, a  <

8 . 4
7 . L

1 5 . 0
3 4 . 0
4 7  . 4
2 6 . r
! 5 . 6

7 . 7
1 . 6
o . u

LL7
! 2 4 . 5

23.r
! 5 . 6

0 . 4 2 0

0 . 5 9 4
0 . 6 0 4
0 . 1 8 4
0 . 4 7 9
0 . 6 5 6
0 . 5 6 1
0 . 5 7 4
0 .  3 9 5
0 . 3 9 6
0 .  3 9 5
0 . 2 2 s
0 . 4 r 3
0 , 9 4 2
0 , 5 6 6
0 .  s 8 9
0 .  6 9 3
0 . 5 4 6
0 .  6 5 0
L . L 3 4
0 .  8 8 6
0 .  5 0 7
o . 7 9 0
o . 7 L 4
0 .  5 8 2

r 0 . 0 9 0

0 . 9 2 4
0 .  6 3 3
0 . 8 7 8
0 . 9 0 8
0 .  8 3 6

! 0 .  2 1 3

o . 5 L 2
!0 .  084

38
4 3
2 7
5{+

4 7
.42

5 5
4 3
64
5 7
5 9
J(+

50
4 )

45' 3 9

q U

6T
5 5
.,.7

4L
60
30
4 5
! 7



Subgroup
& Sta t ion

Mean No.
Spec ies

Carbon
Biomass

G/n21

202

Diversi ty
Index
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Wet  Wt .
Biomass

G/n27

Subgroup A
001
002
004
008
009
01.1
0L2
013
0L4
015
016
0L7
019
020
02L
025

Mean
957" CL

Subgroup B
048
050
051
052
075
080
082
08.3
085
L22
134
138
139
L40

Mean
957" CL

Subgroup C
091
095

Mean
957" CL

110

Group Mean
957" CL

0 . 5 3 5
0 . 7 7 l .
0 . 6 3 7
1 . 0 5 3
L . A 2 4
0 . 6 8 4
0 .  8 1 3
1 . 0 3 8
L ,007
1 .  1 3 4
0 .  8 8 7
L . 2 2 L
1 . 0 5 9
7 . 0 2 4
1 .  1 4 5
1 . 0 9 3
offi

t 0 .  107

1 . 2 0 0
0 . 6 7  5
1 . 0 4 0
0 .  7 1 8
0 . 7 2 8
0 . 7  4 5
0 . 0 9 3
0 .  7 8 8
0 .  8 9 3
1 . 1 3 1
0 . 2 9 0
0  . 4 7 r
o . 6 2 9
0 . 8 6 6
0 .  7 3 3

l o  . L 7  6

L .  Z J J

I . 2 6 3
L . 2 t + 8

t 0 .  1 8 8

I . 2 2 6

0 .  8 8 2
i 0 .  0 9 6

1B
19
L2
29
t / ,

11
19
24
20
25
34
32
2 2
2 6
30
z )
n
r 3

2 6
t 1

36
3 6
19
13
4

15
26
J +

10
6

24
2L
2 I
! 6

J I

4 )
;;
J 6

tB9

3 2
, ) ?

+ . {

4L2
116
2 7 4
984
L44
58

116
L22
L22
748
952
258
2L2
374
322
zL.+

302
!t49

I J O

380
r096
L234

492
LI2
170
L46
396
236
488
L L O

228
L78
387

!205

L L +

457
J1+ -L

i 1 4 8 1

292

J{+U

r t0 3

308
64

50,0
40
5 5
L2
7 4
15
85

116
, a

L29
L46
170

24
32

113
168

29
98
28
L2

104
18

1098
7 4

161
' 7  1 ,1/ - r

L826
L U I O

l-94
7 7

395
+ 2 , , 6

L27
408
268

1 1 7 8 5

864

265
r140

L2.0
2 . 5
6 . 8
2 . 2
L . 6
0 . 3
1 . 6
o . 7
1 . 5
5 . 5
L . 4
5 . 4
7 . 3
t . L

1 . 3
1 . 1
3 . 6

1 1 . 8

1 . 3
1 . 8
0 . 6
0 . 5
1 . 1
0 . 9
8 . 8
1 . 6
3 . 7
9 . 8

I J .  J

9 . 3
3 . 9
2 . 4
4 . 4

! 2 . 6

t, 1

1 0 . 8
7 . 8

! 3 8 . 6

1 0 .  7

4 . 4
l L . 4



Subgroup
& Stat ion

Mean No.
Spec ies

Density
( indiv.  /m2)

W e t  W t .
Biomass
(g /n2)

Carbon
Biomass

G/*2)

203

Diversi ty
Index

APPENDIX 7. Continued

Group I I I

090

Subgroup A
L04
105
106
108
109

Mean
957" CL

Subgroup B
r)d
L6L
]-66
168

Mean
95"/" CL

Group Mean
95i( CL

L . 2 9 6

0 . 6 0 6
0 . 6 3 0
L . 2 9 3
0 .  8 8 5
1 .  3 9 8
0 . 9 6 2

1 . 4 1 0
L . L 4 7
1 .  3 8 6
0 . 9 9 7
1 . 2 3 5

t0. ,315

1 . 1 0 5
! 0 . 2 2 2

31

10
L6
48
37
5 3
33

t 1 a

58
52
t , <

2 2
44

!25

3 7
lL2

780

360
7C0
J t / .

454
734
524

T  Z / .+

4 7 6
478
180
2 7 5
352

!237

481
!L43

L54

634
LI7
L46

L832
236
593

1898

L Z J L

5 6 2
470
347
903

r1416

6 7 3
!532

9 . 3

8 . 3
4 . 9
3 . 5

2 2 . 0
I J .  )

1 0 . 4
+ o ?

4 2 . 4
L4.9
].4.2
8 . 3

20.o

1 t ,  1

1 8 . 1



Subgroup
& Srat ion

Mean No.
Spec ies

204

Diversi  ty
Index
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I, let  Wt.
Biomass
G/^2)

Carbon
Biomass
G/n21

Subgroup A
018
022
023
024
027
029
037
038

Mean
957" CL

ErraEics
010
070
v t J

L25
j . 7 0

Group Mean
957. cL

0 . 9 3 8
0 .  8 4 5
L .029
1 . 1 6 8
1 . 0 3 0
0 . 9 2 9
1 . 0 1 1
0 .  8 5 9
0 . 9 7 6

1 0 . 0 8 9

0 .  6 0 5
0 .  8 2 0
0 .  4 0 5
1 . 0 5 6
L . 0 2 2

0 . 9 0 1
! 0 . L 2 4

) a

2 7
31
28
30
2 7
22
10
/ 6

! 6

824
654
622
4]-2
460
810
410
330
t o )

i159

80
874

L'+ LZ

7 9 6
558

634
r198

50
5 1
21

786
35
65
5 3
6 6

L4L
!2TB

9
39
23
3 3
9 0

I02
1125

2 . 7
1 . 1
r . 4

L 6 . 6
L . 7
3 . 4
2 . 8
3 . 3
4 , 7

! 4 . 3

0 . 3
2 . 0
L . 2
1 . 6
4 . 4

3 . 3
! 2 . 5

5
30
, a

43
38

2 7
r6
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Mean l{o.
Species

Wet l l t .
Biomass
G/n2)

Carbon
Biomass
G/^27
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Diversi ty
Index
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Subgroup A
047
049
077
078
079
L23
]-24
L26
L27
L28
r29
130
131
132
133

l"Iean
957" CL

Subgroup B
003
00s
006
o07

Mean
957" CL

r69

Group Mean
95z CL

0 . 7 7 2
0 . 8 3 9
0 . 9 0 7
0 .  7 3 1
0 .  9 5 8
0 .  8 6 0
0 .  5 8 0
0 . 8 5 7
0 .  9 8 5
0 . 5 9 4
L . 2 2 4
1 .  0 2 0
0 . 4 0 3
0 . 9 3 6
0 . 9 1 5
o3E

r 0 . 1 0 1

1 . 1 7 8
0 . 5 4 8
1 . 0 3 8
1 .  1 0 5
0 . 9 6 7

! 0 . 4 5 4

L . t t 4

0 . 8 9 1
r0 .  106

16
3l-
2 6
28
2 7
2 8
20
46
44
2 6
45
t / ,

22
39
3B
J I

J J

26
3 3
4 2
J4

t10

/. 1

250
438
400
664
256
570
844

L844
870
7 7 0
570
228
3L2
5 2 6

l_040
639

!230

582
1254
I i + J d

1004
L07 2
+ q q ?

l_60

702
= z v o

10
35
L7
64
7 2

203
665
7 2 6
231
L76
161
151
6 9

138
L46
191

iL20

o)
3 6
5 5
6 6
5 6

!22

7 7 0

193
1111

0 . 8
1 . 7
0 . 8
3 . 2
2 . L
9 . 2

29 .9
2 4 . 5

7 . 2
7 . 0
5 . 2
1 . 3
5 . 5
o  . l -
-
t . )

! 4 . 7

3 . 8
r . 6
3 . 3
3 . 2
3 . 0

1 1 . 5

25 .4

7 . 5
! 4 . 0

32
!4
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Carbon
Biomass
G/n2)

Subgroup A
175
186
190
203
204
205
208
209

Mean
957. CL

Subgroup B
032
03s
036
040

Mean
957" CL

Group Mean
951l CL

26 (.:" '  '

1g ,  ' { .
264
1.64
835
362
532

570
l_218

596
!27  6

5 Z O

190
L46
518
295

!266

496
!200

267
94

160
t600
35s

-l+Zt'zt't' t
838
589
416

!209

51
58

r37
8 7
8 3

!62

7 . 3
4 . 3
9 . 4

1 8 . 7
L 4 . 6
1-f-4 t t , '1
L t . -  ,  

/

23 .0
2 2 . L
u . 6
1 5 . 8

2 . 9
3 . 2
5 . 6
4 . 3
4 . 0

+ 1  0

,-."'--'.\ o,
/  t  t  t  -<!-  t l , .  f
I  r H -  l \  t .  ' '-

0 . 7 7 8
0 . 9 1 8
1 . 0 5 5
L . L 2 7
1 . 0 6 8
r . 2 3 4
L . 4 L 4
1 . 1 9 3
1 . 0 9 8

1 0 . 1 6 3

0 . 9 4 5
0 . 5 3 7
L . 0 4 6
0 . 7 4 0
OF

r0 .  360

1 . 0 0 5
1 0 .  1 5 2

37
33
39
49
58
8 2
4 3

! I7

23
7

20
3 2
2T

116

35
r13

305
!L64



Subgroup
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Mean No.
Spec ies

Carbon
Biomass
G/n27

L V I

Diversi ty
Index
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Group VII

Wet  Wt .
Density Biomass

(indiv.  /m2) (z/n21

Subgroup A
113
Lt4
116
1,L7
118
119

Mean
95Y. CL

Subgroup B
028
030

Mean
957" CL

Group Mean
957" CL

0 .  7 8 9
0 . 5 9 2
0 . 7 4 2
0 . 3 8 4
0 . 7 7 L
0 . 7 3 2
0 .  6 6 8

!0. l -64

0 . 9 3 7
0 . 9 5 8
0 .  % 8

lo .L26

0 .  7 3 8
1 0 . 1 3 8

34
22
9
J

11
23
L 7

!L2

15
16
I O

! 6

L 7
r8

1L36
s34
38
4 3

116
1310

428
328
1 1t ,

2L8
227
361

L 7 . 4
]-3.2
5 . 3
8 . 3

1 0 .  6
L 7 . 2
t 2 . 0

2 . 5
1 . 5
2 . 0

! 6 . 4

9 . 5
! 5 . 2

530
+  q o o

6 8
6 6
o t

113

/ ,  , ' 7

!4L4

28L
!Lt7

q U

22
31

+ 1  1 / ,
: ! f -

) 1 q

+ 1 2 q
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Group VIII

Central  Bering Supergroup

Cluster Subgroup A

039

Subgroup A-1
057
065
066
067
068
069
088
089
092
093
094

Mean
957" CL

Subgroup A-2
L I J

L74
L78
L79

Mean
Q <o/ t-7
J  J t O  V U

Subgroup Mean
957" CL

15

T6
34
5 4

2 9
2 B
1 / ,
I -

J Y

35
26
2 7
J )

29
T A

1+J

44
.+J

4 2
+ J

r1

698

116
3706
44r4
7 6 4
468
L56

l ) ) d

642
968
370
580

L249
! 9 7 7

8190
L440
IB32
.+ JIU

3943
!4936

1888
!L77 4

, o

7 7
28L
t57
107
165

7
362
245
290
140
r37
L79
!70

1085
153
547
488
f b d

!514

267
! ]42

t . 6

J . )

1 3  . 0
6 . 6
4 . 8
8 . 1
0 . 5

1 5 . 8
1 0 .  6
1 1 . 5
5 . 0
5 . 0
7 . 7

4 5 . 3
o 1

2 4 . 3
2 7  . 6
9 A A

! 23 .5

1 2 . 0
! 6 . 2

0 . 4 0 9

0 . 8 6 8
0 . 6 6 7
o . 4 0 7
0 .  8 4 8
1  . 0 3 3
0 . 8 9 9
1  n r ?

1 . 1 4 8
o . 8 4 4
r . 0 9 7
1 . 0 9 3
0 . 9 0 2

1 0 . 1 4 6

0 . 7 8 2
1 . 0 5 0
0 . 9 5 6
0 . 6 7 7
0 . 8 6 6

! 0 . 2 6 7

N  R A ?

t 0 .L22
3 2
r5
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Mean No.
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Group VII I

Central  Bering Supergroup

Cluster Subgroup B

Wet  Wt .
Densitv Biomass

(indiv.  / ;2) G/*2)

034

Subgroup B-1
o43
0 5 6
058
059
060
061

Mean
957" CL

07L

Subgroup Mean
95z. CL

19

2 7
13
2 2' 2 2

2 3
28
n
!6

13

368

238
50

436
580
834
520
443

!287

9 6

390
r218

283

L44
34

22L
2 7 7
308
) + t

2n
!L22

34

206
!102

1 3 . 1

7 . 3
1 . 9

1 0 . 0
1 0 . 9
]-4.9
L 2 . 3
T
! 4 . 7

l _ . 5

9 . 0
+1, ,

0 . 8 1 9

0 . 8 0 6
o . 8 7 7
o . 8 9 2
0 . 9 3 9
0 . 7 3 6
0 . 8 9 3
ffi7

! 0 . 0 7 7

0 . 8 9 6

0 . 8 5 7
1 0 . 0 5 4

2L
f t



Subgroup
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Mean No.
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Carbon
Biomass

G/n21
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Diversi ty
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Grouo VII I

Central Bering Supergroup

Subgroup C

Wet  Wt .
Density Biomass

(indiv.  /m2) G/n21

Subgroup C-l
044
045
046
053
054
064
072
076
081

Mean
951l CL

Subgroup C-2
189
206

Mean
957" CL

Errat ics
LL2
155
165
L7L
r80
201

Subgroup Mean
95:l CL

15
19
L6
3 2
23
20
24
J I

\2
n

35
3s
35
t0

350
234
340
602
L82
) 6 2

856
9s4
116
46e

+ ) r q

6s8
2L0
434

!2849

398
742
230
3L6
250
640

45L
!131

L94
140
151
290
2 7 9
L42
238
284
5 9

]-97
!62

250
6L

156
lI402

L20
L97
4 7

450
330
L73

200
155

l . +

5 . 0
7 . 4

]-5.7
9 . 2
6 . 1
9 . 5

1 0 . 6
. + . L

8 . 3
! 2 . 7

1 0 .  3
2 . 8
6 . 6

! 4 7  . 6

4 . 8
6 . 9
2 . 2

1 8 . 0
L 6 . 4

8 . 2

8 . 5
+, / ,

0 . 8 0 6
0 . 8 3 5
0 . 7 0 7
0 . 9 1 4
0 . 9 3 3
0 . 8 6 4
0 .  7 1 3
1 .  0 3 1
o . 7 7 9
ffi

r 0 . 0 8 1

r . 0 9 2
L . 2 7 2
I .L82

1 1 . 1 4 1

o . 5 7  5
0 . 6 0 4
0 . 5 5 1 -
1  . 0 9 3
t_ .101
0 .  p 0 3

0 .  8 6 3
r 0 . 1 0 5

19
2 7
L2
J J

zt+

J O

L +



Subgroup
& Stat ion

Mean No.
Species

Density
(indiv. /rn2)

Wet  Wt .
Bi-omass

G/n21

Carbon
Biomass

G/nz1

2TL

DiversiEy
Index

APPENDIX 7. Continued

Group VTII

Central Bering Supergroup

Subgroup D

Subgroup D-l
041
062
063

Mean
957" CL

Subgroup D-2
200
202

Mean
957" CL

Subgroup Mean
95"^ CL

Supergroup
Mean

957" CL

2L
24
L7
2L
lg

22
25
z q

t19

2 2
!4

26
t3

266
522
594
46L

!427

L96
388
292

lL222

tre3
! 207

934
t424

160
533
5?3
405

t529

242
ry
238
t58

338
!2L9

239
r )4

4 . 6
L 4 . 3
L 4 . 3
1 1 . 1

r 1 3 . 0

o q

1 0 . 8
n 3
1 8  . 1

r0 .7
1 5  . 0

1 0 .  I
! 2 . 9

0 . 8 7 6
0 . 7 0 0
0.  6 l -8
0 .  7 3 1

r 0 . 3 2 8

0 .  9s3
0 . 7 7 7
0 . 8 6 5

1 1 . 1 1 3

0 .  7 8 5
10 .  166

0 . 8 5 3
1 0 . 0 5 4

t-/0
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APPENDIX 8

Observed Physical  Character ist ics of Benchic Stat ion
clusrer Groups on Ehe Bering/chukchi shelf

Subgroup
& Stat ion

Pos i t ion
t r < l L r I \ r Long.W.

Group I

DepEh
(n)

Sedi.ment
Mode

(phi s ize) Comments

086

Subgroup A
103
111
115
L20
1.50
135
136
L37
141
L42
r43
L44
145
]-46
L47
148
L49
151
153
156
L57
160
163

Mean
957" cL

Subgroup B
) 9 6
097
098
099

Mean
957! cL

Group Mean
957" cL

1 6 8 o 1 g  I

17Lo2!l
1 7 0 ' 3  6  '

1 6 8 ' 5 5 ,
167" 57' ,
768"25'
1 6 8 0 0 7 '
1 6 8 0 1 8  '

1 6 8 0 3 6  r

!680 27  '

1 6 9 o 3 0 '
1 6 8 0 3 0 '
1 6 g o 1 g '
L6g" r2 l
77 00 401
1 7 0 0 0 4 '
L6g"  201
1 6 8 " 5 3  r

1 6 9 " 1 1 '
1 6 9 " 0 5 '
1 6 8 "  1 g '
L68"22' ,
L6B" 54'
l - 6 8 0 3 5 '

Areal errat ic63" 041

63 045 |

6 3 0 5 3 '
63" 52'.
630 52'
6 5 0 0 1 '
6 4 O L L '
640t61
6 4 0 1 9  r

6 4 0 5 0 '
64"37 |

64"34' ,
64"361
6 4 0  4 g l
640 42'
640 49',
65" 02'
6 5 0  0 B  '

64" 5gl
65"12 '
65"  22 ' ,
65"22' ,
6 5 0 3 3  |

6 5 0 5 0  |

3 9

2 5
29
J I

3 3
4 5
40
3 8
3 8
42
3 9
44
43
43
44
47
q l

4tt

4 2
48
58
5 6
55
22
4J

5 5
27
4 t

3 9
4 2

11g

+ J

3  . 0 0

3  . 0 0
3 . 5 0
3 .  s 0
3  . 0 0
3  . 0 0
3 . 0 0
3  . 0 0
3  . 0 0
3 . 0 0
3  . 0 0
3 . 0 0
3  . 0 0
3  . 0 0
3  . 5 0
3 . 5 0
3  . 0 0
3 . 0 0
2 . 7  5
2 . 5 0
z . t )
3 . 0 0
':lo

63" 27 ',

63 "  29 '
63"26 ' ,
63036'

r7 2036'
17 L"  54 '
L7 20 09',
1 7 2 0 0 8 '

3  . 0 0
! 0 . I 2

3  . 5 0
3 . 5 0
3  . 0 0

3  . 3 3
! 0  . 4 6

3  . 0 0
r0 .  11
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Subgroup
& Station

APPENDIX 8. Continued

Group II

PosiEion Depth
Lat .N.  Long.W.  (m)

Sediment
Mode

(phi s ize) Comrnents

Subgroup A
001
002
004
008
009
0l-1
0r2
013
0r_4
015
016
0L7
019
020
02L
025

Mean
95z. CL

Subgroup B
048
050
051
052
075
080
082
083
0Bs
122
L34
138
139
140

Mean
957" CL

Subgroup C
091
09s

1 5 8 " 5 7 '
r5go 27 '

1590 57 '

L60"261
L60"LLl
r6L"26'
1 6 1 0 1 8 '
1 6 2 " 0 6 '
L 6 2 " 0 5 '
L 6 2 0 3 1  '

1 6 2 "  5 7  |

L620 551
1 6 3  0 3 8 '

L64"L7 ' ,
L640 22 '
L 6 6 0 L 2 '

167 0  26 '
167 053 '

1 6 8 0 0 8 '
1 6 8 o 2 3  I

L67 0 59'
L66"  041
L67 "28',
L67 0 20'
1 6 8 o 1 1 '
157 010 I

L67 "34',
L67 0 55'
L67 036'

1 6 8 0 0 3 '

1 7 1 0 3 3  |

L7 2"Lz',

5 7  "  5 9 '
580  10  t

5 8 0 2 3  I

58"57  '

5 8 0 0 5 '
5 8 0 1 3  I

5 7  0  5 7 '
5 8 0 0 8 '
57  "  45 '
5 8 0 4 1 f
5 8  0  2 0 '
5 8 0 0 2 r
5 8 o 4 3 '
5 9 " 1 3 '
5 8 " 2 6 '
5 8 0 3 4  |

6 1 " 4 0 '
6 2 0 0 8 '
62009'
62006'
62"36'
63026'
6 3 0 1 9 '
63"29'
63  015 '

6 4 0 0 8 '
64" 25',
64"35 '
6 4 "  4 6 1
64" 42'

6 3  0 1 0 '

6 2 "  5 7  |

2 .  0 0
2 . 5 0
2 . 5 0
3  . 0 0
3  . 0 0

2 . 5 0
2 , 5 0
2 . 5 0
2 . 0 0
2 . 7  5
3  . 0 0
2 . 5 0
2 . 5 0
3 . 0 0
3  . 0 0
2 . 6 2

1 0 . 1 9

3 . 2 5
3  . 5 0
3  . 5 0
3  . 5 0

- 0 . 3 1
4 . 0 0
2 . 7  5
3 . 2 5
3  . 0 0
2 . 7  5
2 . 5 0
2 . 5 0
2 .  0 0

2 . 7  5
r 0 . 6 5

2 . 7  5
3  . 0 0
2 . 8 8

l L . 6 2

3  . 0 0

2 . 7  2
l o . 2 6

5 1
5B
5 5

: ? t

? n

3 8
3 1
20
06
43
3 B
4 Z

4 0
43

4 2
L+

3 7
24
ZJ

3 B
3 9
33
!6

22
25
25
3 4
23
23
27
28
L6
J U

3 0
3 5
3 5
3_5.
2B

Mean
957" CL

110 63"54 '

Group Mean
952 CL

1 7  0 "  5 1 ' Area l  e r ra t i c
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APPENDIX 8. Conti-nued

Subgroup

GrouP I I I
Sedinent

Posit ion DepEh Mode
& Sta t ion  La t .N.  Long.W.  (m)  (ph i  s ize)  Comment ,s

9 0  6 3 o 1 1 r  l - 7 1 o 0 0 '  9 0  A r e a l  e r r a t i c ,
rocky

Subgroup A
104 64"02t LTIo4Lt 39 Rock and gravel
105 64"L2' 17L"42t 49 Rock and gravel
1 0 6  6 4 " 1 9  '  1 7 1 0 0 8 '  4 L  2 . 0 0
108 64021 ' ,  L70"42 ' ,  36  3 .00
1 0 9  6 3 " 0 4 '  L 7 0 " 4 6 '  2 5  - 1 . 0 0

Mean
951l CL

3 8  1 . 3 3
t l I  ! 5 . I 7

4 8  0 . 2 5
! I 2  1 4 . 3 8

Subgroup B
158 65o18 I  l -69o16 '  40  Rock  and grave l
1 6 1  6 5 " 3 3 ' ,  L 5 8 0 2 6 t  5 2  - 3 . 0 0

L66 66 '03 '  L68o25 '  56  Rock  and grave l
1 6 8  6 6 o 0 7 '  L 6 g o 4 7 '  t 3

Mean 50 -3 .00

957" CL r11

Group Mean
957" CL
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APPENDIX 8. Continued

Group IV

Subgroup
& Sta t ion

Posit i .on
L a t .  N . Long.W.

Sedirnent
Mode

(ph i  s ize)
Depth

(n) CommenEs

Subgroup A
018
n t ,

023
024
027
029
037
038

Mean
957" CL

010
070
073
t25
170

Group Mean
95i4 CL

57 "  39 '
5 7 0 5 8 '
5 7 " 0 5 '
57 "07 '
5 g ' 1 4  r

5 8 0 3 0 '
5 9 " 0 5 '
5 9 " 3 1 '

5 8 0 2 5 '
62"35 '
62 "251
6 3 " 5 9 '
66"  34 ' ,

1 6 2 0 5 8 '
1640 45'
164"77  |

16501_5 '
167 " 26'
1 6 8 " 1 6 '
169"15  '

1 5 9 o 5 3 '

]-600 47'
1 7 1 0 5 3 '
1 7 0 0 0 0 '
1 6 5 0 3 9 '
L 6 9 " 3 2 '

5 2
6 6
3 3
63
63
6 2
63
) 4

57
!9

20
54
45
20
4 2

2 . 7  5
3 . 7 5
4 . 0 0
3 , 7 5
3 , 7 5
3  . 0 0
I  7 q

4 9
!10

3 . 5 4
! 0  . 4 3

- 1 . 0 0
3 . 7  5
2 . 7  5
o_90

3 .  1 1
! 0 . 9 7

Areal erraLic
Areal errat ic
Areal errat ic
Areal errat ic
Area l  e r ra t i c ,
rocky
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Subgroup
& Sta t ion

Pos i t ion
L a t .  N . L o n g . W .

APPENDIX B. Cont inued

Sediment
Mode

(phi s ize) Comments

Subgroup A
047
o49
077
078
079
1,23
]-24
L26
r27
L28
L29
130
131
L32
133

Mean
9 5 7 . C L

Subgroup B
003
005
006
007

Mean
952 CL

L69

Group Mean
957" CL

6L"L2 '
6L"  521
62"36',
63003  r

63  039  '

6 3 " 5 3 '
63" 49',
64"L3',
64"25 '
64"231
64"26 ' ,
64"27 |

64"29',
640 261
64"L4'

5go2gl
5 8 " 3 5  |

5 8  o 4 1 '

58" 47 ',

1 6 7 ' 0 0 '
166"58  '

L660 04'
L650 241
165"02'
L660 46'
L66023'
L 6 5 0 r 2 l
1 6 5 0 3 5 '
L65"26 '
L65"231
L65"52'
1 6 5 0 5 0 '
L65" 45',
1 6 6 0 0 0 '

1 5 9 " 3 9 '
L59" 49',
L59" 44',
1 6 0 0 1 3 '

3 . s 0
3 . 7 5
3 . 7 5
4 . t )

4 . 2 5
4 . 2 5
5 . 0 0
5 . t )

2 . 5 0
2 . 5 0
',_:t

4 . 2 5
z-t t

! 0 . 5 7

3 . 0 0
3 . s 0
2 . 5 0
2 . O O
2 . 7  5

r 1 . 0 2

3 . 4 7
r 0 . 4 9

Rock
Rock
Rock

gravel
gravel
gravel

t 9
2 2
18
20
20
30
/.4

22
3 2
34
22
22
L6
3 0
27
24
t3

27
40
18
25
2B

rl5

7 3

27
! 6

and
and
and

6 6 " L 7 ' 1 6 8 ' 2 3 ' Area l  e r ra t i c ,
rocky
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Subgroup
& Sta t ion

APPENDIX B. Cont inued

Group VI

Posit ion Depth
Lat .  N .  Long. t r I .  (m)

Sediment
Mode

(phi s ize) Comments

Subgroup
L75
186
190

95
an
7. CL

67 "29 ' ,
69 "49  |

69 "  29 l
710  03  '

7 L o L z l
7 r "L2 l
7 1 0 1 0  t

7 L o 2 3 '

57 "  46 '
58 "221
58" 44',
5 9 " 5 6 '

L 6 5 "  4 6 '
L67 "  46 '
L66"24 '
)-64" 57 ' .

L64"L2 ' ,
1 6 3 0 0 5  r

76L" 57 |

1 6 0 0 1 5 '

1 7 0 " 5 9 '
17L"27 '
1 7 2 e 3 L '
1 7 3 " 5 1 r

3 8
50
40
45

50
45
50
45
!4

9 0
r05
100

9 5
9B

110

63
!L7

7  . 0 0
6 . 5 0
3 . 5 0
t+ .  z . )

5 . 7  5
4 . 2 s
3 . 5 0
2 . 5 0
4 . 6 6

1 1 . 3 3

5 . 0 0
o .  ) u
6 . 5 0
6 .  5 0
6 .  1 3

1 1 . 1 9

5. r.5
! 0 . 9 6

Subgroup B
032
035
036
040

Mean
957" CL

Group Mean
95% CL



2LB

SubgrouP
& Sta t ion

Posit , ion
L a t . N . Long.\^1.

APPENDIX 8. Continued

Group VII

Depth
(m)

Sediment
Mode

(phi s ize) Comments

SubgrouP A
113
LL4

116
LL7
118
1r9

I"lean
957. CL

SubgrouP B
028
030

Mean
95z CL

Group Mean
95% CL

L69" 54'
L69" 52'
l - 6 9 0 0 6 '
1 6 9 o 1 9 '
1 6 8 0 5 0 r
L68"28'

6 3  0  5 1 '
5 3 " 4 8 '
6 3 " 5 0 '
63"42'
6 3 " 3 5 '
63"37 '

57 0 4L'
57  "  46 '

J O

40
3 6
3 5
3 1
3 1
3 5
:-

7 0
68
6 9

+ 1  t

43
t13

3  . 5 0
3 . 5 0
4  . 0 0
4  . 0 0
4 . 0 0
4 . 0 0
3 . 8 0

! 0 . 2 7

3  . 0 0
3  . 0 0
3  . 0 0

3 . 6 3
l o . 3 7

1 6 8 0 0 3  I

L690 45'
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APPENDIX 8. Continued

Group VII I

Central  Bering SupergrouP

Subgroup
& Sta t ion

Subgroup A

Posit ion Depth
LaE.  N.  Long.W.  (m)

Sediment
Mode

(ph i  s ize) Comments

039

Subgroup A-l
057
065
066
067
068
069
088
089
092
093
094

Mean
957" CL

Subgroup A-2
L73
L t 4

178
L79

Mean
957" CL

Subgroup Mean
95i( CL

L 7 l o 2 2 t  7 5590 45'

6r"22 ' ,
62"L9 '
620 27 |

620 4L'
620 39'
6 2 " 3 7  |

620  45 '
62" 54'
6 2 "  5 7 '
52"  55 ' ,
62" 59'

6 6  0 1 0 '

67  "L3 '
6 7 " 4 L
67  "36 '

1 7 5 0 0 3 '
1 7 5 " 0 4 '
L73"27 |

L7  2 "36 '
172020'
L7  20  06 '
170"03  |

1 7 0 0 5 9 '
L 7 2 0 L z l
L7 ZOTL'
L7  2036 '

1 6 9 o 3 5 '
L 6 B o 2 5 '
1 6 8 0 0 0 '
1 6 8 ' 4 0 '

5 . 0 0

7  . 0 0
6 . 0 0
5 . t )

4 . 0 0
3  . 5 0
2 . 7  5
3 . 0 0
3 . 0 0
4 . 0 0
4 . 0 0
4 . 0 0
4 . 0 9

1 0 . 8 7

3  . 5 0
5  . 0 0
5 . 0 0
4 . 5 0
4  . 5 0

l L . L 2

4 . 2 5
t 0 .  6 1

Areal errat ic

8 6
90
7 0
56
4B
5 2
+ z
43
55
58
54
5 9

t11

4 5
4 L
4 5
5 2
46
!7

5 7
r8
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Subgroup
& Stat ion

APPENDIX 8. Continued

Group VIII

Central  Bering Supergroup

Subgroup B

Sediment
Posit ion Depth Mode

Lat .N.  Long.W.  (m)  (ph i  s ize) CommenEs

034

Subgroup B-1
043
056
058
059
050
061

Mean
95i., CL

071

Subgroup Mean
957. Cr.

L7Lo23' 925 9 o 1 3 '

6 1 " 1 1 '
6 1 " 0 9 '
6 L " 2 7 '
6L"261
6L"37 |

6L"  441

L 7 3 " 4 7 '
L 7  5 " L 2 '
L74027 '
L7 4"24 ' ,
1 7  4 "  2 4 1
1 7 3 0 5 0 '

4 . 2 s

3 . 2 5
6 . 5 0
3 . 5 0
3 . 2 5
3  . 5 0
3 . 5 0
3 . 9 2

1 1 . 3 3

3 , 2 5

3 . 8 7
1 1 . 0 3

6 2 " 2 9 ' L7 2"L0 '

7 5
100
8 2
7 8
BO
6 6
80

!L2

4 9

7 B
r14

Areal errat ic

Areal errat ic
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APPENDIX 8. Continued

Group VII I

Central  Bering Supergroup

Subgroup C

Subgroup
& Sta t ion

Pos i t ion
L a t .  N . Long.  W.

Depth
(m)

Sediment
Mode

(ph i  s ize) Cofiments

Subgroup C-I
o44
045
046
053
054
064
072
075
081

Mean
95"1 CL

Subgroup C-2
189
206

Mean
957" CL

L r z

155
165
L7L
180
20r

Subgroup Mean
95"4 CL

1 7 1 " 5 3 '
1 7 1 o 1 0 '
1690 44'
t7Lo20'
LTLo 45'
1 7  2 " 3 9 '
1 7 1 0 0 6 '
1 6 9  o  2 0 '
1 6 7  " 3 1 '

1 6 4  0 5 9 '

1 6 3  " 3 5  '

L700041
L67 " 5L'
1 6 7 " 5 7 '
1 6 8 o 3 0 '
L67 " 52'
L 6 6 " 3 5 '

6L "22 ' ,
6Lo 40 '
6L"  45 ' ,
62"051
6L"57 |

62 "L41
62"3L1
62"36 ' ,
63"041

6 9 o 5 3 '
7  0 0  2 9 '

64"23 ' ,
6 5 0 1 9 '
66"  03 '

66" 48',
6g  o02  '

7 L " 4 7 '

56
-lJ

48
4B
5 6
53
38
3 1
3 3
4 6
rg

3 8
3 5
3 7

+ 1  q

7  . 0 0
4 . 5 0
4 . 2 5
J . ) U

3 . 5 0
3  . 5 0
3  . 0 0
3  . 0 0
3  . 0 0
4 . 0 0

1 0 . 9 8

3  . 0 0
3  . 0 0
3 . 0 0

3  . 0 0
3  . 0 0
3  . 5 0

3  . 0 0
6 . 5 0

3 . 7 7
! 0  . 6 7

43
t, ')

29
40
5 6
) U

44
15

Areal errat ic
Areal errat ic
Areal errat ic
Areal errat ic
Areal errat i .c
Areal errat ic
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APPENDIX 8. Continued

Group VII I

Central  Bering Supergroup

Subgroup D

Subgroup
& Sta t ion

Pos i t ion
L a t .  N . L o n g . W .

Sediment
Mode

(ph i  s ize)
Depth

(m) Conments

Subgroup D-l
04L 60"421
0 6 2  6 L o 5 4 l
0 6 3  6 1 0 5 6 '

Mean
95"1 CL

Subgroup D-2
200 7r"201
202 72"L9 '

Mean

Subgroup Mean
95i( CL

Supergroup Mean
957 CL

L7L"25l
L73"251
173"2L '

1 6 8  c 5 5  '

1 6 5 " 1 0  |

5 . 0 0
3  . 5 0
3 . 7  5
4 . 0 8

+ 1  0 0

6 . 5 0
6 . 5 0
6 . 5 0

5 . 0 5
l L . 7  9

4 .  1 0
r 0 . 3 6

6L
63
55
60

t10

5 1
5 1
\ l

56
!7

56
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APPENDIX 9

Dominant Species (102 total  density,  organic carbon biomass, and
frequency of occurrence) for Cluster Groups, Subgroups, and

Stat ions on Ehe nering/Chukchi Shelf ,  with Apparent Trophic
Type (FF- f i l te r  feeder ,  SDF-se lec t ive  de t r i tus  feeder ,

SSF-substrate feeder,  CS-carnivore/scavenger)

Sta t ion DominanE Species Trophic Type

SDF
FF
.E .E

SDF
S S F

SDF

SDF

SDF
SDF
SDF
FF

SDF
SDF
SDF
-t, r

SDF
SDF
SDF
FF

SDF
FF

135

103

111

115

L20

L36

L37

I 4 I

Cluster Group I, Subgroup A

Antp eli s ea macr o c ephal a
Senrip es gvo enlartdicus
Cy elo c ardia cr ebri c o s tata
IoLdia scissuvata
Iratisia forbesii

hrp e Lis ca maero c ephaLa
Cy clocardia crebrico s tata
Echinayachnius parrna

Antp eLi s ca maero e ephala

Anp e Li s c a macr o c ephal a
Bgblis gaimaz,di
Macoma ealcarea
Serrip es g ro enlandicus

funp eli s ea macz,o c ephala
hnpelisea biralai
BgbLis gaimardi
Astante bov,ealis

Atnp eL i s ca macz, o c ephaL a
AnpeLisca biralai
Byblis gaimardi

' 
Astayte boreaLis

Anp eLis ca macz,o c ephala
Astarte borealis

Anp e Li s c a mac z' o e ephal a
Anpelisca bitalai
BybLis gaimardi
I4acoma eaLcayee

SDF

SDF
SDF
SDF
SDF
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StaLion

APPENDIX 9. Continued

Dominant SPecies Trophic Type

1  / , ,

r_43

L44

L45

L46

L47

r-48

L49

150

151

Cluster GrouP I, SubgrouP A

Antp e Li s c a macr o c ephala
hnpelisea bizulai
Byblis gaimaz'di
Maeoma eaLcarea

Anp eLi s ca maeroe ePhaLa

Atnp e Li s c a macr o e ePhaLa
Macoma eaLearea

Anp e Li s e a maer o c ePhaLa
BybLis gaimatdi
Astarte boreaLis
Maeoma eaLcarea

Anp eli s e a macz'o c ePhaLa
Macoma caLeazea

Antp eLi s c a maen o e ePhala
Ifiaeoma eaLcarea
S erci.p es gro enLartdi cus

Anp e Li s e a macr o e ePhaLa
AnpeLisea bizuLai
Byblis gaimardi
Astarte boreaLis
Macoma calearea

Anp e Li s c a macz'o c ePhaLa
BybLis gaimardi
Macoma eaLcmea

Anp e Lt) s c a macr o c ePhaLa
Ampelisea birwlai
Astarte boreaLis

Anp e Li s c a maer o e ePVnLa
AmpeLisca birwLai
Astarte bonealis

SDF
SDF
SDF
SDF

SDF

SDF
SDF

SDF
SDF
FF
SDF

J U T

SDF

SDF
SDF
FF

SDF
SDF
SDF
FF
SDF

SDF
SDF
SDF

SDF
SDF
FF

SDF
J U T

FF

AnpeLisca macrocephala sDF

ayLLis gaimar&L sDF
s"tt orgyiocentrotus fuoebachiensis SDF

153
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Dominant Species Trophic Type

L63 Atnpelisca macrocephala SDF
AmpeLisca birulai SDF
^  1 1 .  .  1 .BgbLis gaimaz,di SDF
Strongy Lo e entrotu.s dt o eb aehiensi s SDF

Cluster Group I ,  Subgroup B

156

t57

160

096

097

098

099

Cluster Group I, Subgroup A

Atnp e Lis e a macr o e ephala
Astarte borealis
Cy eL o c ardi a cn ebz,i c o s t ata

Antp e Li s e a maer o c ephaLa
Serr'ipes groenlandicus

Arnp e Li s c a maer o c ephal a
AmpeLisea bizaLai
Byblis gaimardi
Lembos areticus

Anp eli s c a macz, o e ephal a
BybLis gaimardi
Maeoma ealcayea
Sez,ripes gro enlandicus

Anp e Li s c a maez, o e ephaLa
Byblis guLnardi
Liocyma fluctttosa

Arnp e Li s ca maeno e ephala
Macoma ealcarea
Pr o tomedei a gr andimana

Atnp e Li s e a macro c ephal a
Macoma caLcaz.ea
Liocyma fluctuosa
IoLdia scissurata

SDT'
SDF
FF

SDF
.rr

SDF
SDF
SDF
SDF

SDF
SDF
SDF
FF

SDF
SDF
FF

SDF
SDF
SDF

SDF
SDF
FF
SDF

Cluster  Group I ,  Areal  Errat ics

Anpelisea maeroeephaLa SDF
Maeoma ealca^rea SDF

0 8 6
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Dominant Species Trophic Type

001

002

004

008

009

011

0L2

013

014

Cluster Group II,  Subgroup A

TeLLina Lutea
Spiophanes bonbyr

TeLLina Lutea
Echinaraehnius parrna

Tz.auisia forbesii
Eehinatachnius pamna
Astarte boreaLis
Astarte montigui

Macoma Lana
GLycinde uireni
Spiophanes bonbyr
T erz'ib eLLide s stz.oemi

Cy c L o e atdia cz, ebz,i c o s t at a
Tachyrhynchus erosus
Eehinataehnius parrna

?eLLina Lutea
Eehinaraehnius panna
Nephtys ciLiata

J'ELLL|AL LU'DCA

Tachyrhychus ez.osus
Echirwraehnius parma

Tachurhuehu.s erosus
EchiharLehnius panna
Etichtonius toLli

S errip e s gro enlandieu^s
HapLos coloplos eLongaiu.s
Taehyrhgchus erosus
Nephtys y"ickettsi
Eehinataehnius panna

TeLLiia Lutea
Astarte montagui
Echinaraehnius payrna

SDF
SDF

SDF
SDF

SSF
JU I

FF
FF

SDF
cs
SDF
SDF

FF
CS
SDF

SDF
SDF
cs

SDF
CS
SDF

I I

S S F
CS
CS
SDF

SDF
FF
SDF

C S
SDF
SDF

015
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APPENDIX 9. Continued

Dominant Species Trophic Type

016

017

0r9

020

02L

025

048

Cluster Group II,  Subgroup A

Spiophanes bombyr
Eehirnraehnius pavma
Cy eloear&La erebrLcostata
HaploscoLopLos elongatus

Atnp eLis ca macro e ephaLa
Paraphorus milLer"t
Echirwrachnius panna
T4LLT,nA LUDeA

Spiophutes bombyr
Irauisia forbesii
Nephtys eLLiata

Iachyrhyehus erosus
Haplos colopLos elongatus
Echinnraehnius partna
Cy eloeardia erebnieos tata
IeLLinn Lutea

Tachyrhychus erosus
Anp e Li s c a ma cr o c ephal a
Byblis gaimardi
Echinaraehnius panna

Cyliehna, nucLeola
Iaehgrhyehus erosus
Sewipes groenlandicus
Cg eLoem&ia erebrLeo stata
Anp e Lis ca macro e ephala
Mgz"ioehele heeri
Phloe minuta

Cluster Group II,  Subgroup B

Haplosco Loplos elongatus
BybLis gaimardi
trhuscuLus niget,
Cy clocatdia crebrLcostata
Iaehyrhgchus erosus
Nephtus ciliata

cnI'
SDF
T T

S S F

SDF
SDF
SDF
SDF

SDF
SSF
CS

CS
SDF
SDF
.E .E

SDF

CS
SDF
SDF
SDF

CS
CS
- f r

SDF
SDF
CS

S S F
SDF
.E II

FF
CS
CS
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104

r-05

106

108

16r

L66

168

Cluster GrouP III ,  SubgrouP A,

Harrnothoe irnbticata
Strongy Lo e entrotus dro eb achi ensi s
Ophiwa maeuLata

hhiura macuLata
CTstenides granuLata

NieoLea uerustuLa
Cistenides granuLata
E chinaraehnius P lr'tna

CLstenides gnarntLata
Lettbos ateticus
Echiharaehnius Panma

Cluster GrouP III ,  SubgrouP B

Cistenides granulata
)phiwa macuLata
siz,ongy Lo e entr o tus dv o eb achi ens i s
MaLdnne sarsi'

Ophitaa macuLata
Sir o ng y L o e entr o tus dr o eb aehi en s i- s
Di anphio di a crat eY o dtne ta
Go L f i.ng i a mar g ori t ae a

S trongy Lo c entr otus d-to eb aehiens i s
Ioldia hyperborea

Cistenides gnmuLata
MeLita dentata
IoLdia hyperboz'ea

Cluster GrouP III ,  Areal Erratics

Nicolea uenustula
Nephtus caeee
nnpharete acutiirons

CS
SDF
SDF

SDF
SDF

SDF
SDF
SDF

SDF
SDF
SDF

158 SDF
SDF
SDF
SDF

SDF
D U T

SDF
SDF

SDF
SDF

SDF
SDF
SDF

SDF
CS
SDF

090
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018

022

023

024

027

029

o37

Cluster GrouP IV, SubgrouP A

HapLoscoLopLoI elongaht s
Protomedeia faseata
Echinataehnius Parma
Tachyrhyehus erosus

HaploscolopLos eLongakts
Protomedeia fascata
Eudprella ematgirnta
Cucwnarta caLeigera

HapLo s coLoplo s eLong atus
Protomedeia faseata
EudoxeLla emmginata
Nephtys ciliata
Stermaspi-s scutata

fuotomedeia fascata
EudorelLa emarginata
Nephtgs ei.Liata
Clinocar&iun ciLiatum

Haplos eoloplo s elongahts
Ptotomedeia fascata
Macoma caLcaYea
IoLdLa hypexborea

HapLoscoLoplos elon4atus
Protomedeia faseata
Tachyrhychus erosus
Nephtys ciLiata
fu,aziLl eLLa pr aet errni s s a
Artaeana proboscidea

HapLoscoLoplo s elongatus
fuc,niLl eLLa praet errni s s a
Sternaspis scutata
C'haetozone setosa
Ioldia httpenborea

S S F
SDF
SDF
CS

S S F
SDF
SDF
SDF

S S F
SDF
SDF
CS
S S F

SDF
SDF
cs
I I

S S F
SDF
SDF
SDF

S S F
SDF
CS
CS
S S F
SDF

S S F
S S F
S S F
S S F
SDF
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Trophic Type

038

010

0 7 0

073

L25

1 7 0

Cluster Group IV, Subgroup A

Haplos coLopLo s eLongatus
Chaetozone setosa
Ster,naspis scutata
Artacatw proboseidea

1 1  1 1 .lo La1,a naperDorea
Nueula tenuis

Cluster Group IV, Areal Erratics

EapLo s coloplo s elongatus'

Protomedeia fascata
Pontoporeia femorata
Pelonia eormtgata

Protomedeia faseata

Protomedeia fascata
Stermaspis scutata
IoL&La hgperborea

?totomedeia faseata
IoLdia hyperborea
Taheyrhgchus erosus

S S F
S S F
S S F
SDF
SDF
SDF

S S F

SDF
SDF
FF

SDF

SDF
SDF
SDF

SDF
SDF
CS
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Dominant Species Trophic Type

047

049

077

078

079

L23

L24

t26

L27

Cluster Group V, Subgroup A

Myr'iochele heerL
HapLos coloplos eLongatus

' Lunbninereis fragtlis
Nephtys eaeca

Stewtaspis scutata
IoLdia hypenborea

Myriochele heeri
Stennspis scutata

IilyrLochele heez,i
Sternaspis scutata
Dtorphi o di a erat ero dne ta
LumbyLnereis fz,agiLis

Stennaspis scutata
Lwnbriney,eis fz.agilis
Ioldia hypez,boz,ea

Siermaspis seutata
Nephtys ciliata
Nucula tenuis

Stermaspis scutata
Nucula tenuis
Nephtys ciliata
Pelonnia eozuagata

Myriochele heeri
Echinarachnius panna
Sez.rip es gz,o enlandi eus

Myriochele lzeeri
Di atnohi o dia ez, ate z, o dme i;a
Ioldia hgperborea
Astarte borealis
Macona calcatea
Macoma bz,cta

Di anplzi c di a crat e y c dtne ta
IoLdia hyperborea
Taehy'thgehus erosus t
Maccme bz.ota

SDF
S S F
SDF
CS

S S F
SDF

SDF
S S F

SDF
S S F
SDF
SDF

S S F
SDF
SDF

S S F
CS
SDF

S S F
SDF
CS
FF

SDF
SDF
FF

SDF
SDF
SDF
FF
SDF
SDF

SDF
SDF
cs
SDF

1 2 8
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Dominant Spei-ces Trophic Type

L29

r_30

131

L32

133

003

005

006

Dianphiodid c?atero&neta SDF
Chone infun&LbuLiforTnis FF
StrongyLocentrotus dtoebaehiensis sDF

Cluster Group V, Subgroup A

D i anphi o dia cr at er o dm e ta
YoLdia hyperborea
S errip es gro enlarldicus

Di anphl o di a er at er o dme ta
Ioldia hyperborea

D i onphi o di. a cz' at er o dn e t a
Ioldia hyperborea

D i anphi o di, a cr at e r o dne ta
Myr'iochele heerL
Stezmaspis scutata
Nephtys elliata
S ernip e s gz'o enlandicus

Cluster Group V, Subgroup B

HapLoscolopLos eLongatus
MyrtocheLe heeri
Pr osilL e LLa pz'aet ezT ni s s a
Ioldia saissurata
Stermaspis scutata

MyriocheLe heeni
Stermaspts seutata

Myriochele heerL
Sterrnspis scutata
fnLoe flrLnuta.
Nephfus ciLiata
TerebelLides stz'oemi
Trauisia forbesii

SDF
SDF
FF

SDF
SDF

SDF
SDF

5U.B

SDF
SSF
C S
I T

SSF
SDF
D > I

SDF
SSF

SDF
SSF

SDF
SSF
CS
n c
cnF

J J T
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007

L69

Cluster GrouP V' SubgrouP B

Ifur'iocheLe heerl
SiernasPis scutata
U *rrpfuo at a cYat er o dmeta

fu a'riLl eLL a Pr at etT nt's s a

Inlaeoma eaLcarea
YoLdia hYPerborea
TachYrhgehus etosus

Cluster GrouP V' Areal Errati-cs

PrafriLL eLLa Pr aet einni s 1a
Dt anPhio di' a ct at er o dmeua

BybLis gal,maraL
ciino c aYdLwn ciLi'atum

NePhttts YLckettsi'
CorgonocePhaLus caruL

SDF
SSF
SDF
S S F
SDF
SDF
CS

S S F
SDF
SDF
FF
CS
SDF
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Trophic TYPe

L7 5'{'

186

190

203

204

205

208

Cluster GrouP VI, SubgrouP A

Maldsne savsi
Clinocatdiwn ciliatwn
Cvcunaz"La ealcigera

MaLdmte sarsi
Nucula tentts
Sternaspis scutata
Di anphi o di a e r at eto dme t a
GoLfingia mangoritaca

Maldone saJ'si
Stewtsaspis scutata
MeLita q'adtispinosa
Nephtys eiLiata-
GoLfingia margoritaca

- Maldmte sarsi
- Ophiura sanrsi

Astavte borealis'. 
Golfingia maz'gatitaca

.-IriaLdmta sotst)
--Ophiwa satsi

fulnnnmrt nn7.nnn24
,  I . lqvv t  '  Lq'- 

c*t |r:"gia margoritaea

--Mav,dane sarsi
-Ophiwa sarsi

Nueula tenuis
, - Go L fing ia mar g arit ac a

--Ophiwa sovsi
- DLanphiodia craterodneta' 
-Mo.o-^o calcarea
-- GoL fingia margaritac a

-.Maldane sarsi
-'Astatte boreaLis

Nicomache LwnbrLealis
Chelyosoma inequale

S S F
FF
SDF

S S F
SDF
S S F
SDF
SDF

S S F
S S F
SDF
CS
SDF

S S F
CS
FF
J U T

S S F
CS
SDF
SDF

S S F
CS
SDF
SDF

CS
SDF
J U I

SDF

S S F
b u r
SDF
FF

z v t



237

SEat ion

APPENDIX 9. Continued
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032

035

036

040

Cluster Group VI, Subgroup B

Maldnne satsi
Stewzaspis scutata
Nephtys eiLiata

2phitna sarsi
Ioldia hyperborea
Nuculana minuta

Maldqte savsi
Sternaspis scutata
DL anphio di a er at er o dn e t a
Senz'ipe s groenLand.icus
Ioldia hypez,bo-t'ea
Nephtys ciliata

MaLdane sarsi
Ophiuva satsi
Ir[aeoma bz,ota
Nephtys eiliata

S S F
S S F
CS

CS
SDF
SDF

S S F
S S F
SDF
FF
SDF
CS

S S F
CS
SDF
cs
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113

114

116

t l . 7

t-Lo

119

Cluster GrouP VII ,  SubgrouP A

Macoma caLcaYea
S errLp e s g ro enLandicus
Protomedeia fascata
Luntbrinereis fragiLis

Macoma calcaYea
Sexripes groenlandicus
Cistenides hYPetbonea

Macoma caLcaYea
Serr"Lp e s gro enLandicus
Anphavete acutiftons
Nephtys eLLLaDa
PrafriLL eLLa PraeterT nis s a

Iftaeoma eaLcaz'ea
Nephtgs elLiata

Macoma eaLcatea
Nephtys ciLiata
AmphaYete redueta
fu arLLL eLL a P r ae t erT ni s s a

Maeoma caLcatea
Nucula tenu'Ls
Chone dunnet't

Cluster GrouP VII, SubgrouP B

YoLdia hyPetborea
Nephtys eiliata

Macoma caLcarea
Nephtys Lon4asetosa
Nephtys ciLiata
Pra,rtLLeLLa Praet etmi s sa
Antphatete acutifrons

SDF
FF
SDF
SDF

SDF
FF
SDF

SDF
I T

SDF
CS
c c F

SDF
cs

SDF
CS
SDF
SSF

SDF
SDF
FF

028

030

SDF
CS

SDF
CS
U D

J U T
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Trophic Type

039

043

0 5 6

058

0 5 9

060

061

Cluster Group VIII,  Subgroup A, Areal

IoLdia hyperborea
Pontopoz,eia femorata
TerribeLLides stroemi

Cluster Group VIII,  Subgroup B

Macomq calcatea
Nueula tenuis
Ioldia hyperborea
Nueulana, radiata
S e aLib z'e gma tnflaturn
TerebelLides stnoemi

Nucula tenuis
IoLdia hgpenborea
Artaeqna pz,oboseidea
Nephtys ciliata

Yn1 )"'- h.,^erborea

Maldane saysi
Ophiuta say,si

Inlacoma caLcarea
Ioldia hyperborea
Nuculana radiata
Ophiura satsi

Ioldia hyperborea
Ophiuz,a saysi
Maldane saz,si

Macoma clacayea
IoLdia hyperborea
Nucula tenuis
NucuLana radiata

Errat, ics

SDF
SDF
SDF

SDF
SDF
SDT
SDF
c c F

SDF

SDF
SDF
SDF
CS

SDF
D J T

cs

SDF
SDF
SDF
CS

SDF
CS
S S F

SDF
SDF
SDF
SDF

Cluster  Group VI I I ,  Subgroup B,  Areal  Errac ics

NucuLa tenuis SDF
Ioldia hyoerborea SDF

UJ{+
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Cluster Group VII I ,  Subgroup B, Areal Errat ics

0 7 1

044

045

046

U ) J

Macoma caleoyea
NucuLa tenuis
Ioldia hyperbonea
2phiwa sarsi
Haplos coLopLos eLongatus
Nephtys ciliata

Cluster Group VIII,  Subgroup

Nueula tenuis
NueuLana radiata
Eehiwas echiurus

NueuLa tenuis
IoLdia hyperborea
Clinoeaydiwn eiliatun

Nucula tenuis
Maeoma calcaz,ea
TerebeLlides stroemi

Nucula tenuis
AriotTzelLa eatenata
Nephtys rickettsi

Nueula tenuis
ScaLibregma inflatun
M,rceuLus nigez,

Nueula tenuis
Ioldia hypenborea
Byblis gaimordi

Nueula tenuis
Macoma caLeaz,ea
Sez,r,ip e s arc enLanCi cus
PeLonaia eorntgata

NucuLa tenuis
I4acoma caLcarea
S e z.z,ip e s g z.o enlandi cus
PeLcnaia cortttaata
Echinctachnius parma

SDF
SDF
SDF
cs
S S F
CS

c-1

SDF
SDF
SDF

SDF
SDF
FF

SDF
SDF
SDF

SDF
S S F
cs

SDF
J D I

FF

SDF
SDF
SDF

b u-r
SDF
FF
FF

S D F
SDF
FF
FF
SDF
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081

189

206

041

062

063

Cluster Group VIII,  Subgroup C-l

NucuLa tenuis
Iuiacoma eaLcavea
Pr a,riL Le L L a prae t evT ni s s a
Nephtys rickettsi

Clust,er Group VIII,  Subgroup C-2

Nueula tenuis
Sternaspis seutata
I4eLi ta qua.drispino s a
Nephtys ciLiata
GoLfingia margaritaea
Proclea ermni

NucuLa tenuis
Macoma calcaxea
LwnbrLnereis fragiLis
Nephtys ciLiata
?phiuya sav,si
N-ephtys LwnbricaLls

Cluster Group VIII,  Subgroup D-l

NucuLa tenuis
Nuculana. radiata
Sternaspis scutata

NucuT,a tenuis
Nuculaina, radiata
Macoma calcavea

Nueula tenuis
NucuLann radiatc.

Cluster Group VIII,  Subgroup D-2

NueuLarw. v'a.diata
Iilacoma calcarea
Ioldia hyperborea
P s eudopy thine rugi f era
Cn7. ft'.n ni.n mano nritacav q  ' . ' q -  

J q /

SDF
SDF
S S F
CS

SDF
q q F

SDF
CS
SDF
SDF

SDF
SDF
SDF
CS
C S
CS

SDF
SDF
SSF

SDF
SDF
SDF

SDF
SDF

SDF
SDF
SDF
FF
SDF

200
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202

Lt2

155

L65

L7T

180

Cluster Group VIII,  Subgroup D-2

NucuLann radiata
Macoma eaLcarea
Ioldia hyperbonea
Lumbrinerei s fz,agiLi s

Cluster Group VIII,  Areal ErraEj.cs

ItucuLa tenuis
Maeoma ealearea
Maeoma Loueni

NucuLa tenuis
Macoma calearea
Astotte boy.eaLis
YoLdia scisstu,ata
Nephtys ciliata

NucuLa tenuis
Sternaspis seutata
Nephtys ciLiata
Nephtys yiekettsi

Nucula tenuis
Maeoma ealcarea
Melita dentata
fuotomedeia faseata
Nephtys eiliata
Gotgonocephalus earyi

l4aeoma ealcayea
MeLita dentata
fuo tomedeia gz,a ndimana
Pontoporeia femonata
Prari LL e L L a prae i; errni s s a
PeLornia ccrzwgata

Nucula ienuis
Sieznaspis scutata
Go L fingia maz,g az,itac a

SDF
SDF
SDF
SDF

SDF
SDF
SDF

SDF
SDF
.Er

SDF
CS

SDF
S S F
cs
cs

SDF
SDF
SDF
SDF
CS
SDF

SDF
SDF
SDF
SDF
S S F
I . E

SDF
S S F
SDF

20L
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A?PENDIX 10

Species Showing Associat j .on Aff iniEy at or Exceeding the Motyka 0.50
Level Within SEation Cluster Groups on the Bering/Chukchi Shelf .

Speeies Aff ini ty Groups are Listed in Descending Order of Conf idence

Species Group Speci-es Aff ini ty Level

A

Station Cluster Group I

Nueulana radiata
Hannothoe isnbrieata

Clinoeardiun ciliakm
AntinoelLi saysi

AtnpeLisea bimtlai
BybLis gaimardi

Nephtys eiliata
Terebellides stroemi
GoLfingia nargaritaea

Astaz,te montigui
Arnphatete redueta
Areteobea antico s tiens is

Antpharete acutifrons
Anaitide s gro enlandiea
AriotheLLa eatenata
Lwnbninereis fragilis

Astarte borealis
Glycinde uireni.
Phloe minuta

0 .  96 -1 .  00

0 .  5 5 - 0 .  6 0

0 . 5 2 - 0 . s 6

0  .5  2 -0 .  56

0 . 5 2 - 0 . 5 6

0 .  5 0 - 0 .  5 2

0 .  5 0 - 0 .  5 2

B

c

D

u

J

Thyasina f leruosa 0.50-0.52
HapLo scolopLo s elongatus
fu.aniLlella praeterrni s s a

Anonyr nugon paeif ica 0.50-0.52
Lembos az.ticus

Cistenides gz'anulata 0.50-0.52
Di anphio dia ey at ex o C,tne v a

Cyclocaz'dia erebricostata 0.50-0.52
IoLdia scissurata

Nieomaene Lwnbrical is 0.50-0.52
PoLynoe canadensis
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APPENDIX 10. Continued

Species Group Species Aff ini ty Level

Station Cluster Group II

A AntinoeLLa savsi
Gorgonocephalus earyi

B Pontoporeia femorata
?phiwa sarsi

Anphmete acutifrons
Lernbos arcticus

Thyasina fleruosa
Anni ti de s gro enlandi ea

Cylichna nucLeola
Pnotomedeia faseata

IoLdia hyperborea
Anpelisea biruLai

Macoma eaLcatea
Cy eloear&La crebxico stata

Myrtochele heerL
Phloe minuta

TeLLina. Lutea
Ierebellides stroemi
Trauisia foz,besiL

Styela ru,stica
Lwnbrinez,eis fragiLis
Cistenides hyperborea

Nephtys Longasetosa
Pz, arilL e LLa pz'ae t ermi s s a

0 .  96 -1 .  00

0 .  7  6 -0 .  80

0 . 7  2 - 0 . 7  6

0 .  5 2 - 0 .  5 6

0 . 5 2 - 0 . 5 6

0 .  50 -0 .  52

0 .  5 0 - 0 .  5 2

0 .  50 -0  .  52

0 .  50 -0 .  52

0 .  50 -0 .  52

0 . 5 0 - 0 . 5 2

t

D

.E

H

K
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APPENDIX 10. Continued

Species Group SPecies Aff ini ty Level

D

Station Cluster Group III

MgrtoeheLe heeri
Cucumaria calcigera

FLabeLLigera affinis
Cistenides hyperborea
Gongonocephalus carAi

Nueula tenuis
MaLdane saz'si
Nephtys riekettsi
TenebeLLides stroemLi

Ih,tscuLus niger
AriotheLLa catenata
PotqnilLa neglecta

CLinoeedLurn eiLiatwn
Iachyrynchus erosus
Epiehtonius toLli
Pontoporeia femoreta

Anphatete acutifrons
Chone dunerL
Pv, asiLL eLLa pr ae t erT ni s s a
Atrcp eLi s c a maez'oc ep nala
Anonyr nuga.r paei.fica
Lembos areticus
Golfingia margatitaea

0 . 9 6 - 1 . 0 0

0 .  6 5 - 0 .  6 9

0 . 6 5 - 0 . 6 9

0 . 6 5 - 0 . 6 9

0 . 6 5 - 0 . 6 9

0 . 6 1 - 0 . 6 4

0 .  5 B - 0 .  6 1

F

Liocyma fluctuosa - 0.6I-0.64
Nephtys caeca
Byblis gainnn&L
P z, o t om e de i a g r andimana

Astav,te borealis
NucuLarw minuta
Thyasira fLuctuosa
Chaetozone setosa
Trauisia forbesii

Astav,te montigui
Ioldia huperbonea

0 .  5 B - 0 .  6 1
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APPENDIX 10. Continued

Speci.es Group Species Affinity Level

J

K

Station Cluster Group III .  Continued

Maeoma calcorea 0.50-0.54
Atnphorete reducta
Ar eteob ea antico stiens i s
Phloe minuta

Capitel la eapitata 0.50-0.54
HapLo s eoLopLo s eLong atus
Lwtbrinereis fnagilis
Scalibregna inilat-wn
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APPENDIX 10. Continued

Species Group Species Affinity Level

A

B

Station Clust,er Group IV

I1tyasira fLeruosa
Nephtys eaeca
Amp eli s ea maero cephn La
MeLita dentata
MeLita quadrispinosa

Taehyz,hyehus erosus
Nephfus Longasetosa
Byblis gaimardi

Pelonaia eorrugata
Macoma brota

Brada inhahiLis
Priapulus eau.d.atus

Lioeyma fluctuosa
I,fuseuLus niger

Chone dunerL
Polynoe cana.densis
Echiurus eehiunts

0 .  9 6 - 1 . 0 0

0 .  55 -0 .  58

0 .  65 -0 .  68

0 .  65 -0 .  68

0 .  5 7 - 0 .  6 1

0  .  57 -0 .  61

G CycLocordta erebrLeostata 0.53-0.57
Ioldia seisstuata
Ar ct eobea antico stiensis
Glyeinde wireni
Anonyr nuge paeiftca
D i attphi o di a c z, at er o dme ta

Nephtys e iL ia ta 0.53-0.57
Phloe minuta

NueuLa tenuis 0.53-0.57
Chaetozone setosa
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Speeies Group

APPENDIX 10. Continued

Spec ies Aff ini ty Level

B

c

St,atj-on Cluster GrouP V

MoLguLa siphonalis
Styela vustica
Lioeyma fLuctuosa
EcVrLurus echiwas

IoLdia scissuzata
Spiophanes bombgn

GLycind.e uireni
PhLoe minuta

Chone dunert
Polgnoe canndensis

Anpharete reducta
Chone in fundibuLi f orrni s
Nicomache LwnbricaLts
P r o t om e dei a g r mt dimarta
S trongy Lo e entro tus dto eb aehiensi s

Astarte borealis
Lumbrtnez,eis fnag iLi s

Pelonaia eorrugata
Nucula tenwLs

MaLdane sarsi
Nephtys ciliata
MeLita fornosa
Ophiwa sarsi

Maeoma Looent
Brada oiLlosa
Trauisia forbesii
Protomedeia fascata

Haplos colopLos eLongatus
PrariLL e LLa pr ae t e rT ni s s a

S enripes groenlandteus
Echinetachrtitts p arma

0 .  96 -1 .  00

0 .  88 -0 .  92

0 . 7  3 - 0 . 7 7

0 .  6 5 - 0 .  6 9

0 .  65 -0 .  69

0 . 6 1 - 0 . 6 5

0 . 5 3 - 0 .  5 7

0 .  5 3 - 0 .  5 7

0 .  53 -0 .  57

0  .  53 -0 .  57

0 . 5 3 - 0 .  5 7

H

T
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APPENDIX 10. Cont i .nued

Species Group Species Aff ini ty Level

L

M

StaEion Cluster  Group V.  Cont inued

CgLichrn nucleola 0.50-0.53
Asno e Li s c a ma cr o c ephal a
Bgblts gaimazdi

Lembos atet icus 0.50-0.53
Melita quadrispii,nsa
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APPENDIX 10. Continued

Species Group Species Aff ini ty Level

G

Stat ion Cluster  GrouP VI

AntinoeLla sovsi
Az. tac qna pz'cb c s cidea

AntothelLa catenata
Chone in fundib uLi f onni s

CapiteLLa eapitata
Nicomaehe LwnbrueaLis

ScaLibregma inflatwn
PoLgnoe canad.ensis
MeLita forrnosa

Anonyr nWffi paeifiea
Pontoporeia femorata

Brada uiLlosa
Haploops Laeuis

Anphotete acutifz'ons
PhLoe minuta

0 .  9 6 - 1 .  0 0

0 .  96 -1 .  00

0 . 7  3 - 0  . 7 7

0 . 6 9 - 0 . 7 3

0 .  6 5 - 0 .  6 9

0 .  65 -0 .  69

0 .  6 5 - 0 .  6 9

J

Sternaspis seutata 0.62-0.65
MeLita qwC,rispinosa

Cyelocardia crebrtcostata 0.62-0.65
Lwnbz"Lnerei s frag iLis
Cistenides hyperboz'ea
PrasiLLeLLa praeterrnis sa
Trauisia fov'besii
Golfingia margaritaea

PeLonaia eoru'ugata 0.58-0.52
Astarte montagui
Thyasiz,a fleruosa
FlabelLigera affinis
)phiuz,a macuLata

CLinoeatdiun ci l iatwn 0.58-0.62
Serripes gro enLandicus
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APPENDIX 10. Continued

Species Group Species Affinity Level

M

N

Station Cluster Group VI. Continued

Arnnyx nugan pacifi.ca 0.54-0.58
?achyrhychus erosus
Proelea enrni

lilacoma Loueni 0.54-0.58
fuiapulus eaudatus

Astarte borealis 0.54-0.58
Macoma calcatea
TerebeLLides stroemii
DL anphi o di a cr at en o dme t a

Nephtys e i l ia ta  0.50-0.54
Byblis gaimandi
Pr o t omedeia gr andimana.

o
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Species Group

APPENDIX 10. Continued

Spec ies Affinity Level

tl

Station Cluster GrouP VII

Nephtys caeca
PotanLLLa neglecta

IoLdia hyperborea
Ioldia seisst'u'ata
Pontoporeia femorata

Anaitide s groenlan&Lca
Seali.bregma infLatwn
IerebeLLides stroemii
Melita fownosa
Pz, o t omedeia gr arzdimana

CapiteLla capitata
Hannothoe imbricata

Artacqna proboseidea
PoLynoe canadensis
Dionphio dia eraterodneta

Nephtys Lorqasetosa
Steznaspis scutata

GLycinde uineni
HaploscoLoplos elongatus
knp e Li s c a macr o c ephala
Paraphorus millert

0 .  85 -0 .  87

0 . 7 7 - 0 . 8 1

0 . 7  0 - 0 . 7  4

0 . 6 6 - 0 . 7 0

0 .  66 -0 .  70

0  . 6 2 - 0 . 6 6

0 . 5 8 - 0 . 6 2c
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APPEIIDIX 10. Continued

Species Group Speeies Affinity Level

A

B

c

Statj-on Cluster GrouP VIII

Haz'rnothoe inbricata
2phiwa maculata

Astarte boreaLis
Cuettnm"La calcigera

0 . 9 6 - 1 . 0 0

0 .  7  6 -0 .  80

0 .  52 -0 .  56

0 .  52 -0 .  56

CucLocavdia crebz'tcostata 0.64-0.68
Paraphortts miLLerL

Macoma calcarea
Cistenides hyperborea

Nuculana minuta
Brada oehotensis
Phloe minuta
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