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Synopsis

T h e  o ccu rren ce  o f  a  p o p u la tio n  o f  th e  s p io n id  p o ly c h a e te  M arenze lle ria  viridis (V errili 1873) in  th e  m id d le  
reach es  o f  th e  T a v  E s tu a ry  is re p o rte d . T h is  is a  new  B ritish  a n d  E u ro p e a n  re co rd  o f  a  N o r th  A m erican  
species, a n d  its  p rin c ip a l c h a rac te ris tic s  a re  d e sc rib e d  a n d  c o m p a re d  w ith  e a r lie r a c c o u n ts . Size freq u en cy  
analysis  o f  th e  p o p u la tio n  sh o w e d  it  to  be d o m in a te d  by  ta rg e  a n im a ls  fro m  Ju ly  1984 to  M ay  1986. T h e  
p o p u la tio n  m a tu re d  coelom ic  gam e tes  d u r in g  w in te r  1985-86  a n d  sp aw n ed  in  M a rc h  1986 to  p ro d u c e  a  
h eavy  se ttlem en t in  M ay , w h ich  su b se q u e n tly  g rew  rap id ly . T h e  d is tr ib u tio n  o f  M . viridis  in  re la tio n  to  
o th e r  species, sed im en t a n d  o th e r  eco lo g ica l p a ra m e te rs  is d esc rib ed  fro m  a  s ing le  su rv e y  o f  th e  In v e rg o w rie  
B ay m u d fla ts . M arenze lleria  p o p u la tio n  d en sities  o f  u p  to  1500 m “2 w ere  n egatively  c o rre la te d  w ith  all 
o th e r  species o f  a low  d iv e rs ity  m a c ro fa u n a l c o m m u n ity  d o m in a te d  by  p re d a to ry  p o ly ch a e te s  a n d  filter 
feed ing  b ivalves. M arenze lleria  w as a b u n d a n t d o w n  to  sed im en t d e p th s  o f  2 0 -3 0  cm . T h e  sign ificance  a n d  
o rig in  o f  th is  p o p u la tio n  is d iscussed .

Introduction

T h e  b io log ica l c h a ra c te r is tic s  o f  th e  T a y  E s tu a ry  h av e  been  d e sc r ib ed  by  K h a y ra lla h  
&  Jo n e s  (1975). D u rin g  a  su rv ey  o f  th e  in te r t id a l  sa n d  a n d  m u d fla ts  o f  In v e rg o w rie  
B ay  in  1984, th e  ty p ica l e s tu a r in e  c o m m u n itie s  w ere  fo u n d  to  c o n ta in  a  p o p u la t io n  o f  
a  la rg e  sp io n id  p o ly c h a e te  n o t  p re v io u s ly  re c o rd e d  fro m  B rita in . T h e  species 
M a ren ze lle ria  viridis (V errili 1873) h a s  b een  re c o rd e d  o n ly  f ro m  th e  n o r th e a s te rn  
c o a s ts  o f  A m erica  (M ac io le k  1984) a n d  th is  p a p e r  d esc rib es  th e  m o rp h o lo g y , life cycle  
a n d  eco lo g y  o f  th is iso la ted  p o p u la t io n . A  v e ry  s im ila r a n im a l fro m  th e  F o r th  E s tu a ry  
w as p ro v is io n a lly  id en tif ied  as M . w iren i A u g e n e r  1913 (E llio t 1983).

M ateria ls and methods

T h e  eco lo g ica l su rv ey  w as b a se d  u p o n  six  tra n se c ts  sam p led  in  Ju ly  1984 ra d ia tin g  
o u t fro m  a ce n tra l p o in t  ( th e  d isc h a rg e  p o in t  o f  a m a jo r  sew age o u tfa ll)  as sh o w n  in  
F ig u re  1. S ta tio n s  w ere e s ta b lish e d  a t  25  m  in te rv a ls  on  each  tra n se c t a n d  a t  each  
s ta tio n  a  s ing le  co re  w ith  a  su rfa c e  a re a  o f  0-05 m 2 w as ta k e n  to  a d e p th  o f  30 cm . T h e  
co re s  w ere sieved in s e a w a te r  o n  site  u s in g  a  1 m m  m esh  d ia m e te r  sieve a n d  th e



312 S . M . A  tk in s , A . M . Jo n es  a n d  P . R . G arw ood

5 0 0  m.

BAYINVER GO W RIE

NW

100,100'
300

400

.300

,400

•500

F igure  1. M ap  o f  in v e rg o w rie  B ay in  th e  T a y  E s tu a ry , sh o w in g  th e  sew age o u tfa ll,  tra n sec ts  a n d  sam pling  
s ta t io n s .

re ta in e d  m a te ria l fixed in 10%  b u ffe red  fo rm a ld e h y d e  so lu tio n . T h e  fa u n a  w as h a n d -  
so r te d  in th e  la b o ra to ry  a n d  species id en tif ied  a n d  c o u n te d  u sin g  a  b in o c u la r  
m icro scope .

T h e  se d im e n t d a ta  c o n s is te d  o f  g ra n u lo m e tr ic  an a ly s is , o rg a n ic  c a rb o n  c o n te n t an d  
levels o f  shell m a te r ia l c o m p u te d  a c c o rd in g  to  B u ller &  M c M a n u s  (1979). G ra n u lo 
m e tric  an a ly s is  w as d e te rm in e d  fo r  sam p le s  co llec ted  a t 25 m  in te rv a ls  a lso , w h ile  
o rg a n ic  c a rb o n  a n d  shell c o n te n ts  w ere  m e a su re d  a t  a lte rn a te  s ta tio n s  o n ly  (i.e. every  
second  m a c ro fa u n a l s ta tio n )  o n  e a c h  tra n se c t.

S u b se q u e n t s a m p lin g  fo r s tu d ie s  o f  p o p u la t io n  s tru c tu re  a n d  life cycle w as ca rr ied  
o u t d u r in g  1985 -86  u s in g  a n  id e n tic a l sa m p lin g  p ro c e d u re  a t  th e  200 m  s ta tio n  o n  th e  
so u th e a s t tra n se c t (F ig . 1), a  re g io n  o f  m a x im u m  a b u n d a n c e  o f  M arenze lleria . A t 
a p p ro x im a te ly  tw o m o n th ly  in te rv a ls  tw elve  rep lic a te  sam p les  w ere  ta k e n  fo r  local 
a ssessm en t o f  d en sity  v a ria tio n s , tw o  o f  w h ich  w ere d iv id ed  in to  3 x  10 cm  sec tio n s  fo r 
s tu d ies  o f  th e  v e rtic a l d is tr ib u tio n  o f  th e  p o p u la t io n . S a m p lin g  freq u en cy  w as 
in c reased  to  fo r tn ig h tly  in te rv a ls  d u r in g  th e  sp a w n in g  a n d  se ttle m e n t p e rio d  w hen  
tw o  m e io fa u n a  sam p les  w ere a lso  co llec ted  to  o b ta in  firs t in d ic a tio n s  o f  a  new  
re c ru itm e n t. T h e  la t te r  w ere  co llec ted  u s in g  a  5 cm  d ia m e te r  co rin g  tu b e  to  a  d e p th  o f
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15 cm , a n d  m e io fa u n a  w as e x tra c te d  a f te r  s ta in in g  w ith  ro se  b en g a l by  sw ir lin g  a n d  
d e c a n tin g  th ro u g h  a  63 p m  m esh  (G ra y  & R e ig e r 1971). P o p u la t io n  s tru c tu re  w as 
d e te rm in e d  fo r  e a c h  sam p le  b y  m e a su rin g  th e  b o d y  w id th  o f  th e  te n th  se tig e r o f  each  
a d u lt  in d iv id u a l a n d  th e  m a x im u m  b o d y  w id th  o f  ju v e n ile s  w ith  less th a n  fifty  se tigers , 
u sin g  a n  eyep iece  g ra tic u le  in  an  O ly m p u s  Z o o m  s te re o m ic ro s c o p e . T h is  p a ra m e te r  
h a s  been  sh o w n  to  b e  very  h ig h ly  c o rre la te d  w ith  a sh - f re e  d ry  w e ig h t fo r  a  ra n g e  o f  
p o ly ch ae te  spec ies in c lu d in g  sp io n id s  (W arw ick  e t al. 1978; R ees 1983; A tk in s  1985).

S h a n n o n  d iv e rs ity  (H ) a n d  th e  re la te d  evenness in d e x  (J) w ere  c a lc u la te d  fo r  each  
sam p le  a f te r  lo g  tr a n s fo rm a t io n  o f  th e  d a ta . S ta t is tic a l a n a ly se s  in c lu d in g  P e a rso n s  
c o rre la tio n  coeffic ien t (r) w ere ca lc u la ted  o n  a  B B C  m ic ro c o m p u te r  u s in g  th e  
U N IS T A T  p ro g ra m m e  (U n iv e rs ity  so ftw are ).

Results

S ite  description

In v e rg o w rie  B ay  is lo ca ted  in  th e  in n e r  re ach es  o f  th e  T a y  E s tu a ry  (F ig . 1). T h e  
b each  in th is re g io n  c o n sis ts  o f  a lm o s t level sa n d  a n d  m ud  fla ts  a t  a b o u t  m e a n  tid e  
level (M T L ); th e  se d im e n t is co m p o se d  o f  v a r io u s  m ix tu re s  o f  m u d , sa n d  a n d  g rav e l, 
a n d  sed im en t p a ra m e te r s  a re  su m m a rise d  in  T a b le  1. A ll tra n se c ts  b eg an  in  a  loca lised  
a re a  o f  m u d d y  g ra v e l s u r ro u n d in g  th e  sew er o u tfa ll  p o in t ,  th e re a f te r  ra p id ly  g ra d in g  
in to  m o re  ty p ica l fine  sa n d s  a n d  m u d s  w ith  in c re a s in g  d is ta n c e  f ro m  th e  o u tfa ll . T h e  
sed im en ts  o f  th e  w est, n o r th w e s t a n d  n o r th e a s t  tr a n se c ts  w ere  m u d d y  th ro u g h o u t  
th e ir  len g th , w ith  in c rea sed  p ro p o r t io n s  o f  fine g ra d e s  to w a rd s  h ig h  w a te r  m a rk . T h e  
so u th , so u th e a s t  a n d  e a s t tr a n se c ts  b ecam e  p ro g re ss iv e ly  c o a rs e r  a n d  c o m p rise d  well- 
so r te d  co a rse  s a n d  to w a rd s  th e  m a in  c h an n e l. D e sp ite  th e  p ro x im ity  to  a m a jo r  
sew age o u tfa ll o n ly  m o d e ra te  levels o f  o rg a n ic  m a t te r  w ere  re c o rd e d  (T a b le  1) a n d  th e  
sed im en t in  th e  M a ren ze lle r ia  p o p u la t io n  a re a  w as c h a ra c te r is e d  b y  th e  ab se n c e  o f  a 
tru e  b lack  lay e r. A  u n ifo rm  g ra y in g , o n ly , o f  th e  se d im e n t w as  p re se n t, in d ic a tin g  
sig n ifican t in te rs t it ia l c irc u la tio n .

T able 1. G ra in  size p a ra m e te r s  o f  In v e rg o w rie  B ay  sed im en ts  (d a ta  su p p lied  by 
J. M c M a n u s)

M ean S .D . M in M ax n

P e rc e n t s ilt an d  c lay  ( <  63 ¿¿m) 7-46 5-29 0-3 17-8 86
M ed ia n  g ra in  size 143-9 11-65 123 178 86
P e rc en t o rg an ic  m a tte r 3-98 2-44 0-1 10-3 36
P e rc en t shell m a te ria l 5-27 5-22 1-04 34-3 44

System atics and external m orphology

A  fu ll review  a n d  d iag n o s is  o f  th e  g en u s  M a ren ze lle ria  w as c o n d u c te d  by  M ac io lek  
(1984) in w h ich  Sco leco lep ides viridis  (V errili) w as  tra n s fe r re d  to  th e  g en u s  M a re n ze l
leria  on  th e  b asis  o f  th e  ab se n c e  o f  v e n tra l a c ic u la r  c h a e ta e  in  a n te r io r  se tig e rs  w h ich  
a re  p re s e n t in  th e  g en u s  Sco leco lep ides. O f  th e  th re e  spec ies o f  M a ren ze lle r ia  d esc rib ed  
by M ac io lek  (1984) th e  In v e rg o w rie  sp ec im en s m o s t c losely  re sem b le  M . viridis. T h e  
d e sc r ip tio n  be low  re c o rd s  th e  p rin c ip a l s im ila ritie s  a n d  d iffe ren ces a n d  is, th e re fo re ,
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n o t a  c o m p le te  ta x o n o m ic  tr e a tm e n t. F u r th e r  ta x o n o m ic  s tu d ies  o f  th e  S co ttish  
M a ren ze lle r ia  sp ec im en s a re  c u rre n tly  b e in g  u n d e r ta k e n  by  o n e  o f  th e  a u th o r s  (P R G ).

T h e  w o rm s  a re  c re a m  to  d a rk  g reen  in  c o lo u r  a n d  a re  ty p ica lly  d a rk e r  a n te r io r ly . 
T h e y  a re  la rg e  w o rm s  u p  to  68 m m  lo n g  a n d  2 m m  w ide  a n d  w ith  m o re  th a n  200 
se tig e rs  in  th e  la rg e s t specim ens. T h e  p ro s to m iu m  h a s  a  s lig h tly  cu rv ed  a n te r io r  edge, 
so m e tim es  w ith  a  sm a ll m ed ian  n o tc h , a n d  is e x p a n d e d  la te ra lly  to  g ive a  b e ll sh a p e  
(F ig . 2A ). T h e  p ro s to m iu m  ex ten d s  b a c k  to  se tig e r  1 m ed ia lly , b e a rin g  fo u r  eyes in  a 
tra p e z o id  a r r a n g e m e n t a n d  on  each  side a  n u c h a l e p a u le tte  ex ten d s  fro m  th e  p o s te r io r  
m a rg in  o f  th e  p ro s to m iu m  to  se tig e r 2. T h e  n u c h a l o rg a n s  a re  o fte n  w ell p ig m e n te d  
a lth o u g h  in so m e  fixed spec im ens th ey  m ay  be  d ifficu lt to  see. T h e  p e r is to m iu m  is 
d is tin c t a n d  s lig h tly  e x p a n d e d ; th e  p a ir  o f  s h o r t  p a lp s  b e a r  p ig m e n t sp o ts  a n d  in  fixed 
sp ec im en s re a c h  b a c k  to  se tig e r 5, as c o m p a re d  to  se tig e r 8 -1 0  in  M a c io le k ’s 
sp ec im en s. T h e  b ra n c h ia e  beg in  o n  se tig e r 1 a n d , in  a n te r io r  se tigers , th ey  a re  lo n g  
a n d  s t ra p lik e  a n d  c o lo u re d  red  to  d a r k  b ro w n . T h e y  a re  b e s t d ev e lo p ed  in  th e  first 
fo r ty  to  fifty  se tig e rs , e x te n d in g  w ell b e y o n d  th e  m id lin e  fo r  a p p ro x im a te ly  te n  se tigers  
a n d  a re  th u s  la rg e r  th a n  d e sc rib ed  b y  M ac io lek . T h e y  a re  b a sa lly  fu sed  to  th e  
n o to p o d ia l  p o s t-s e ta l lam e lla  (F ig . 2 C ,D ) , d ec re a s in g  in  size fro m  se tigers  4 0 -5 0  u n til 
th ey  d is a p p e a r  a t  a b o u t  se tiger 100.

N o to p o d ia l  p o s t-s e ta l lam e llae  a re  b ro a d ly  o v a l, e x te n d in g  o n  to  th e  d o rsu m ; 
n e u ro p o d ia l  p o s t-s e ta l lam e llae  a re  o f  a  s im ila r s h a p e  a n te r io r ly . B o th  a re  re d u c e d  in  
p o s te r io r  seg m en ts . P re -se ta l lam e llae  a re  p re s e n t as d is tin c t ridges, a t  le a s t a n te r io r ly . 
E ach  se g m e n t is b ia n n u la te  w ith  tw o  ro w s o f  d is tin c t cells p ro b a b ly  b e a rin g  c ilia . T h e  
p o s itio n s  a n d  ty p es  o f  c a p illa ry  c h a e ta e  a re  b ro a d ly  s im ila r  to  M a c io le k ’s d e sc r ip tio n  
w ith  m in o r  d iffe rences . T h e  firs t se tig e r b ea rs  c h a e ta e  o f  tw o  ty p es , a n  a n te r io r  ro w  o f  
re la tiv e ly  s h o r t  l im b a te  g ra n u la r  c a p illa r ie s  a n d  a  p o s te r io r  ro w  o f  lo n g e r  th in  
c a p illa r ie s . D o rsa lly  on  th e  n o to p o d iu m  is a  g ro u p  o f  five to  six  lo n g  c ap illa r ie s  w h ich  
a re  a n te r io r ly  d irec ted . O n  all se tigers  a  g ro u p  o f  c ap illa r ie s  is reco g n isab le  in  th is 
d o rsa l p o s itio n . S tro n g ly  cu rv ed  g ra n u la r  sa b re  c h a e ta e  a re  p re s e n t fro m  se tig e r 4, 
n u m b e r in g  tw o  to  fo u r  p e r  p a ra p o d iu m . B id e n ta te  h o o d e d  h o o k s  (F ig . 2E ) b eg in  o n  
th e  n eu ro p o d iu m , fro m  se tigers  3 0 -5 0  a n d  on  th e  n o to p o d iu m  fro m  se tig e rs  5 0 -6 0  in 
a d u lt  a n im a ls . O n e  to  tw o  h o o k s  a re  p re s e n t a n te r io r ly , in c re a s in g  to  a m a x im u m  o f  
e ig h t d o rs a lly  a n d  tw elve  v en tra lly . T h e y  a re  th u s  p re s e n t m o re  p o s te r io r ly  a n d  in  
g re a te r  n u m b e rs  th a n  in  M a c io le k ’s spec im ens. B o th  th e  se tig e r o n  w h ich  th e  h o o d e d  
h o o k s  firs t a p p e a r  a n d  th e  n u m b e r  o f  h o o k s  in e a c h  p a ra p o d ia l  ra m u s  a re  d e p e n d e n t 
o n  the  size o f  th e  sp ec im en . T h e  n u m b e r  o f  h o o k s  dec lin e  in  p o s te r io r  se tigers  a n d  a re  
a b se n t fro m  th e  la s t six to  e ig h t, w h e re  o n ly  ca p illa r ie s  a re  fo u n d . T h e  p y g id iu m  is 
b lu n tly  ro u n d e d  a n d  b e a rs  a b o u t  ten  s h o r t  c irr i; th e  p o s te r io r  end  o f  th e  a n im a l is 
ex trem e ly  frag ile  a n d  few  in ta c t  sp ec im en s w ere  co llec ted .

O f  th e  th re e  d e sc rib ed  species o f  th e  g enus M a ren ze lle r ia  (M a c io le k  1984) th e  T ay  
sp ec im en s m o s t c lo se ly  a g re e  w ith  M . viridis. T h e  d iffe ren ces b e tw een  M . viridis an d  
M . w iren i a re , h o w ev e r, sm a ll a n d  fu r th e r  w o rk  is p la n n e d  to  e s tab lish  w h e th e r  o r  n o t 
th e  tw o  a re  sy n o n y m o u s .

A  h e a v y  re c ru itm e n t o f  ju v en ile s  w as  o b se rv ed  in  ea rly  M a y  1986 a n d  th e  sm a lle st 
a n im a ls  w ere  v e ry  recen tly  se ttled  (see below ). T h e y  w ere  ty p ica lly  te n  to  tw en ty  
se tigers  in  le n g th  (2 -3  m m ) a n d  c lose ly  re sem b led  th e  a d u lts  in m o s t im p o r ta n t  
respects. T h e  c h a ra c te r is tic  b e ll-sh ap e d  p ro s to m iu m  w ith  m e d ia n  n o tc h  is consp i-
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F ig u re  2. M . viridis
(A ) P ro s to m iu m  an d  a n te r io r  se tig ers  w ith  ep au le tte s , a n te r io r ly  d ire c te d  se tae  a n d  large 
b ran ch iae .
(B ) S even teen  se tig er ju v en ile , d ra w n  fro m  s lid e  sh o w in g  h o o d e d  h o o k s .
(C ) A n te r io r  view  o f  th e  rig h t p a ra p o d iu m  a t  se tig e r  30 (n o te  ab sen ce  o f  h o o d e d  h o o k s).
(D ) A n te r io r  view  o f  r ig h t p a ra p o d iu m  a t  se tig er 60, sh o w in g  sm all b ra n c h ia e  a n d  h o o d e d  
hooks.
(E ) D etail o f  h o o d e d  h o o k  w ith  b ifu rc a te  tip.
(A , B, C  an d  D , b a r  =  0-5 m m ; E, b a r  =  0-015 m m ).

c u o u s , as a re  th e  la rg e  b ra n c h ia e  d ec lin in g  in  size p o s te r io r ly  (F ig . 2B). S h o r t cu rv ed  
s a b re  c h a e ta e  a n d  lo n g  th in  c ap illa r ie s  a re  p re s e n t o n  a n te r io r  seg m en ts , w hile 
b id e n ta te  h o o k s  co m m en ce  in  p a ir s  in  th e  n e u ro p o d iu m  o n  se tigers  8 -1 0  an d  
c o n tin u e d  to  the  la s t w ell dev e lo p ed  se tig e r. T h e re  a re  fo u r  to  six c irri on  th e  
p y g id iu m .
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Population structure

S ize -freq u en cy  an a ly s is  o f  th e  M . viridis p o p u la 
tio n  in Ju ly  1984, an d  from  M ay  1985 to  A p ril 
1986, sh o w ed  a  s ta b le  u n im o d a l p o p u la t io n  o f  
la rg e  a d u l t  a n im a ls  (F ig . 3). M ean  b o d y  w id th  in 
Ju ly  1984 w as 1-78 m m  a n d  w as 2-07 m m  in  Ju ly  
1985. T h e  size ra n g e  (1-2 m m -3 -0  m m ) w as s im ila r 
th r o u g h o u t  th is  p e rio d , a lth o u g h  a  few  sm a lle r  
a n im a ls  w ere  co llec ted  in Ju ly  1984. T h e re  w as  no  
e v id en c e  o f  a  s ig n ific an t re c ru itm e n t in  an y  o f  these  
sam p le s . E x a m in a tio n  o f  th e  co e lo m ic  fluid 
rev ea led  no  ev id en ce  o f  g am eto g en esis  in a n y  spec i
m en s  p r io r  to  S e p te m b e r 1985, b u t d e v e lo p m e n t 
a p p e a re d  to  h av e  b eg u n  in  so m e sp ec im en s c o l
lec ted  in la te  O c to b e r  1985. By 29 J a n u a ry  1986, 
a p p ro x im a te ly  7 0 %  o f  b o th  m ales  a n d  fem ales 
w ere  m a tu r in g  co e lo m ic  gam etes, a n d  th e se  p e r 
ce n ta g e s  h a d  in c rea sed  to  7 8%  a n d  8 5 %  re sp e c t
ively by  13 M a rc h . M o s t an im a ls  w ere  g rav id  o n  
th is  d a te  a n d  o o cy te s  a n d  sp e rm a to c y te s  a p p e a re d  
m a tu re ,  m o s t o f  th e  la tte r  n o t c lu s te red  in  sp e rm  
m o ru la e  b u t free  sw im m in g  in th e  co e lo m . O n  31 
M a rc h , 8 0 -9 0 %  o f  in d iv id u a ls  h ad  sp a w n e d  all o r  
p a r t  o f  th e ir  co e lo m ic  gam etes, th e  m a jo r ity  
a p p e a r in g  s p e n t w ith  th e  excep tio n  o f  a few  m ales 
re ta in in g  sm a ll q u a n ti tie s  o f  sperm . N o  ju v en ile s  
w ere  fo u n d  in  m e io fa u n a  o r  0-5 m m  m esh  sieved 
sam p le s  o n  31 M a rc h . S im ila r re su lts  w ere 
o b ta in e d  fro m  24  A p ril sam p les. T h e  firs t ju v en ile s  
o f  a new  s e ttle m e n t w ere d e tec ted  on  12 M a y  a t  a 
d e n s ity  o f  a p p ro x im a te ly  1000 m -2 . D e sp ite  the  
sm all size o f  th ese  in d iv id u a ls  (2 -3  m m  len g th  fo r 
te n  se tigers) th ey  w ere  co llec ted  in s im ila r n u m b e rs  
b y  b o th  th e  1 m m  and. th e  0-5 m m  sieves, the  
sm a lle s t sp ec im en s b e in g  re ta in e d  by th e  c o a rs e r  
m esh . T h e  m a x im u m  reco rd ed  n u m erica l d e n s ity  o f  
th e  new  c o h o r t  w as  on  28 M ay , in d ic a tin g  th a t  
se ttle m e n t h a d  c o n tin u e d  b ey o n d  12 M ay , 
a lth o u g h  few  in d iv id u a ls  o ccu p ie d  th e  tw o sm alle st 
size c lasses b y  th e  la te r  d a te  (F ig . 3). T h e  m ean  
b o d y  w id th  in c rea sed  by 50%  (0-40-0-59 m m ) d u r 
ing  th e  sam e  p e r io d , d e m o n s tra t in g  a  h igh  in itia l

F igure  3 . Size freq u en cy  d is tr ib u tio n s  o f  M . viridis o b ta in e d  
f ro m  b o d y  w id th  m easu re m e n ts  o f  a ll a n im a ls  co l
lected  o n  each  d a te  from  a  sam p lin g  a re a  o f  0-6 m 2.
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Table 2. N u m b e rs  o f  a d u lt  M  .v ir id is  a t th re e  se d im e n t d e p th s  in p a ire d  co re s  o n  
seven  d iffe ren t o ccas io n s

D ate 4-7-85 28-8-85 29-1-86 13-3-86 24-4-86 12-5-86 28-5-86 T o ta l
D ep th 1 2 1 2 1 2 1 2 1 2 1 2 1 2 %

0 -1 0 0  m m 6 9 8 17 1 1 0 3 0 2 2 12 1 3 24-2
100-200 m m 5 15 6 13 9 2 8 4 8 12 9 7 5 6 40-5
2 0 0 -3 0 0  m m 0 4 1 2 10 9 17 4 8 5 5 8 8 12 35-3

g ro w th  ra te . T h e  a d u lt  p o p u la t io n  re m a in e d  s ta b le  n u m e ric a lly , d e sp ite  th e  a p p e a r 
an ce  o f  th e  ju v e n ile  c o h o rt .

R esu lts  fro m  th e  sam p les  d iv id ed  in to  v e rtic a l se c tio n s  a re  sh o w n  in  T a b le  2. T h is  
sh o w s th a t  7 5 %  o f  th e  a d u lt p o p u la t io n  w as c o n s is te n tly  fo u n d  a t  d e p th s  g re a te r  th a n  
10 cm  a n d  35%  w ere  m o re  th a n  20 cm  deep . S m all n u m b e rs  o f  N ere is  d iversico lor  
( a b o u t  5%  o f  th e  p o p u la t io n )  a n d  o c c a s io n a l la rg e  M y a  arenaria  w ere  a lso  fo u n d  
d o w n  to  20 cm  b u t, th ese  ex cep ted , n o  o th e r  m a c ro fa u n a  o ccu rred  b e lo w  10 cm . 8 0 -  
9 0 %  o f  th e  ju v en ile  c o h o r t  o f  M a ren ze lle r ia  w ere c o n s is te n tly  fo u n d  in th e  u p p e r  
10 cm  o f  sed im en t.

E cology

T a b le  3 gives th e  m e a n  d en sitie s , s ta n d a rd  d e v ia tio n s  a n d  va lue  ra n g e s  o f  th e  e ig h t 
co m m o n  m a c ro fa u n a l ta x a  fo u n d  in  th is  h a b ita t  d u r in g  th e  1984 su rvey . T h e  
c o m m u n ity  w as d o m in a te d  n u m e ric a lly  by  C oroph ium  voluta tor, N . d iversico lor  an d  
O lig o ch ae tes , these  g ro u p s  b e in g  a n  o rd e r  o f  m a g n itu d e  m o re  a b u n d a n t  th a n  th e  
o th e rs . O ccasio n a l o r  ra re  spec ies a lso  fo u n d  a re  lis ted  in  T ab le  4. N u m b e rs  o f  a ll th e  
p o ly ch ae te  species excep t M . viridis, o f  O lig o ch ae te s  a n d  o f  C. vo lu ta to r  all te n d e d  to  
reach  a p eak  a s h o r t  d is ta n c e  (5 0 -1 5 0  m ) fro m  th e  sew age  o u tfa ll. T h is  b asic  p a tte rn  
w as  co m p lica ted  o r  o b sc u re d  fo r  so m e  spec ies a n d  on so m e  tra n se c ts , h o w ev er, by  th e  
h ig h  levels o f  o rg a n ic  m a t te r  p re s e n t a lo n g  th e  e n tire  tra n se c t le n g th s  a n d /o r  by 
v a r ia tio n s  in th e  sed im en t c h a ra c te r . T h e  to ta l  n u m b e rs  o f  in d iv id u a ls  a lo n g  each  o f

T able 3. S ta tis tics  o f  c o m m o n  spec ies a b u n d a n c e s  a n d  c o m m u n ity  p a ra m e te rs  
c a lc u la ted  u sin g  d a ta  f ro m  all e igh ty -six  m a c ro fa u n a l sam p les

M ea n s M in. M ax . P a tch in e ss

M arenze lleria  viridis  V errili 11 93 15-26 0 76 19-51
P ygosp io  elegans  C la p a rèd e 10-98 14-05 0 66 17-97
O lig o ch a e ta 84-26 93-06 0 397 4-71
N ere is  diversicolor  O .F .M ü lle r 111-56 87-95 0 356 69-34
E teone  longa  F ab ric iu s 6-97 7-01 0 35 7-24
C orophium  vo lu ta tor  (P allas) 183-5 297-7 0 824 4-49
M y a  arenaria  L innaeus 7 41 6-41 0 24 3-24
M a co m a  balth ica  (L in n aeu s) 6-36 4-15 0 17 2-67

N u m b e r  o f  species 7-98 1-19 5 12
N u m b e r  o f  ind iv idua ls 619 449 18 2655
D iv ers ity  (H ) 1 1 2 0-27 0 19 1-84
E venness  (J) 0-55 0 13 0-28 0-86
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Table 4. O c c a s io n a l species co llec ted  in  In v e rg o w rie  sam p les
Crangon vulgaris (L in n aeu s)
G am m arus  sp.
B athypore ia  sp.
C erastoderm a edu le  (L in n aeu s)
H yd ro b ia  u lvae  (P en n a n t)
L ep idoch itona  cinereus  (L .)
A renicola  m a rin a  (L in n aeu s)
C apite lla  cap ita ta  (F ab r ic iu s)
N e m a to d a

m

i

-60
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60
i-40
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th e  six tran sec ts  (F ig . 4) reflec t th e  d is tr ib u tio n s  o f  
th e  d o m in a n t species. T h e  n u m b e rs  o f  species p e r 
s ta tio n  w ere low  a n d  w ere  fa irly  c o n s is te n t a lo n g  
each  tra n se c t, ex cep t w h ere  th e  o v e ra ll c o m m u n ity  
c h a ra c te r  ch an g ed  as a  re su lt o f  se d im e n ta ry  p a r a 
m e te rs  ch an g in g ; th u s  o n  th e  s o u th  a n d  so u th e a s t  
tra n se c ts  (F ig . 1), a  s h a rp  d ro p  in  to ta l  n u m b e rs  
a n d  n u m b e r  o f  species w as re c o rd e d  so m e 150 m  
fro m  th e  o u tfa ll as a  re s u lt o f  an  a b r u p t  d ec rease  in 
th e  levels o f  silt a n d  c lay  a n d  o rg a n ic  m a tte r  in  th e  
sed im en t.

B o th  th e  species in d iv id u a lly  a n d  th e  w h o le  
c o m m u n ity  te n d e d  to  be  w ell c o rre la te d  w ith  sed i
m e n t p a ra m e te rs  (F ig . 5 a n d  T a b le  5). Six o f  th e  
e ig h t c o m m o n  ta x a  w ere  h igh ly  s ign ifican tly  
( P < 0 0 1 )  p o sitive ly  c o rre la te d  w ith  th e  p e rcen tag e  
o f  s ilt a n d  clay  a n d  fo u r  species w ere  h igh ly  s ign ifi
c a n tly  (P < 0 -0 1 )  neg a tiv e ly  c o rre la te d  w ith  m ed ian  
g ra in  size. O n ly  M . viridis w as n eg a tiv e ly  co rre la te d  
w ith  th e  p e rcen tag e  o f  silt a n d  c lay  a n d  o n ly  M . 
viridis a n d  E teo n e  longa  w ere  p o sitiv e ly  co rre la te d  
(P  <  0-01) w ith  m e d ia n  g ra in  size. C o rre la tio n s  w ith  
o rg a n ic  c o n te n t a n d  w ith  shell c o n te n t o f  th e  
se d im e n ts  fo llow ed  s im ila r tre n d s , a lth o u g h  these  
c o rre la tio n s  w ere  n o t s ta tis tic a lly  sign ifican t 
(P > 0 -0 5 ) .  O n ly  M . viridis w as  n eg a tive ly  c o r re 
la te d  w ith  o rg a n ic  c o n te n t , w h ile  m o s t o th e r sp e 
cies w ere  negative ly  c o rre la te d  w ith  shell c o n te n t. 
T h e  species rich n ess in c reased  s lig h tly  w ith  in c re a s
in g  s ilt a n d  c lay  c o n te n t , b u t dec lin ed  w ith  in 
c reases  in  o th e r  sed im en t p a ra m e te r s , w hile d iv e r - . 
s ity  a n d  evenness w ere h ig h ly  s ign ifican tly  
(P < 0 -0 1 )  n ega tive ly  c o rre la te d  w ith  s ilt and  clay  
c o n te n t.

F igu re  4 . N u m b e rs  o f  an im a ls  a t  e ach  s ta t io n  a lo n g  each  
tra n sec t; left h a n d  scale: to ta l  in d iv id u a ls  (h u n d red s  
0 05 m “2— u n sh ad e d ); r ig h t-h a n d : num b ers  o f  M .  
viridis (0-05 n r 2— shaded ).
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F igu re  5. P e a rs o n ’s c o rre la tio n s  betw een  d o m in a n t spec ies, co m m u n ity  a n d  s ed im en t p a ra m e te rs , 
sh o w in g  re la tiv e  size a n d  sign  o f  each  coeffic ien t a n d  s e p a ra tio n  o f  M . viridis  from  o th e r  species 
(see tex t).

S h a n n o n  d iv e rs ity  va lues w ere  low , re flec tin g  th e  low  species r ich n ess  in  th e  h a b ita t ,  
a l th o u g h  evenness w as h ig h  a s  a  re su lt o f  th e  low  d o m in a n c e  in  th e  c o m m u n ity . T h e  
e ig h t c o m m o n  species w ere  all so m e w h a t u n d e r  d isp e rsed  a n d  p a tc h in e ss  ind ices (s2/x) 
ra n g e d  f ro m  2 -7 0 . T h e  v a lu es  fo r five o f  th e  species w ere  less th a n  ten  a n d  o n ly  N . 
diversico lor  w as re la tiv e ly  h ig h ly  a g g re g a te d . T a b le  5 a lso  sh o w s P e a r s o n ’s c o rre la tio n  
coeffic ien t c a lc u la te d  p a irw ise  b e tw een  species d en sities  a n d  sa m p le  c o m m u n ity  
p a ra m e te rs . A ll c o rre la tio n s  b e tw een  spec ies w ere  h igh ly  s ig n ifican t ( P < 0 0 1 )  ex cep t 
fo r th a t  b e tw een  M . viridis a n d  P ygosp io  elegans. T h ese  c o rre la t io n s  w ere  all positive  
w ith  th e  ex cep tio n  o f  th o se  w ith  M . viridis  w h ich  w as fo u n d  to  be  n ega tive ly  
c o rre la te d  w ith  all o th e r  species. C o rre la tio n s  b e tw een  th e  c o m m u n ity  p a ra m e te rs  
(n u m b e rs  o f  species a n d  in d iv id u a ls , d iv e rs ity  a n d  evenness) a n d  each  species 
p ro d u c e d  s im ila r  re su lts  w ith  M . virid is , sh o w in g  a  very  d iffe ren t c o r re la t io n  to  th a t  o f  
all o th e r  species.
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Table 5. A c tu a l c o rre la tio n  coeffic ien ts fro m  F ig u re  5, w ith  sig n ifican ce  levels: 
* =  sig n ifican t a t  p  =  0-05, * =  s ig n ifican t a t  p  =  0-01 ; n  =  86 fo r  spec ies an d  
c o m m u n ity  p a ra m e te rs , n  =  44  fo r  c o rre la t io n s  w ith  o rg a n ic  c a rb o n  levels 
a n d  n =  36 fo r  c o rre la tio n s  w ith  shell c o n te n t

—< 

X

IO'

®

2
0
-i
o N.

 
d

iv
er

si
c

o
lo

r

O'

0

3

-i

c

X

.0

X

a
02

>
•oc-A

>-AQ

o S
•o
£

a

o

I

M. v i r i d i s .14 b 33 \ . 2 l 1 -3 4 .16

P . e le g a n s .0 9 . 49 ;  .37 * - 47 b 50 * .4 3 * .4 2 I - 28 I - 51 .01 ‘ .19 .1 0

O l ig o c h a e ta ’ .44 \ I - 72 1-6 3 b 78 ; .S 6 b  47 b 27 *.81 1 -5 9 .1 0 .06

N. d i v e r s i c o l o r I • 38 \ I - 69 86 I  -59 * .4 2 * .23 ’ .9 0 i  .5 8 .12

E . lo n g a * .5 3 b  70 * .4 5 * . 3 i .17 1 -7 2 ,- 3 4 b 28 .1 3

C . v o l u t a t o r 1-49 * .6 8 * .5 9 1 -3 0 I - 98 * .5 7 .07

M. a r e n a r i a * .2 3 * .5 1 1-36 ’ .68 *.-38 .09

K. b a l t h i c a * .1 8
,

* .3 9 1 -5 6 b 29 .11 .11

No. s p e c ie s I .  34 * .2 0 .06

No. i n d i v id u a l s 1-53 \ b  6! .03

D iv e r s i t y  H .07 * .3 9 ’ .21 * .4 3 * .2 7 .09 I - 44 .84 b 33 .19 .22

E v e n n e ss  J .0 7 .12 1 -4 6 ’ .24 I - 53 .  -41 *.21 * .1 8 b  56
\

; .2 7 .24 * .3 0

S i l t - C l a y 1-43 *.32 b 28

hvedian g r a in .09 I - 38 1-45 . -40 * .34 .17 .05 Í -4 1 b s e \ I - 36

O r g a n ic  m a t t e r .2 1 .18 .04 .01

S h e l l  m a te r ia l .0 3 .0 9 .12 .01 .12 .03 .15 .12
\

D iscussion

M . viridis h as  o n ly  p rev io u sly  been  re c o rd e d  fro m  a ra n g e  o f  sites o n  th e  N o r th  
A m e ric a n  e a s te rn  s e a b o a rd  b u t n o t in la rg e  n u m b e rs  (M a c io le k  1984). R esu lts  fo r the 
In v e rg o w rie  p o p u la t io n  p re s e n t th e  first q u a n ti ta t iv e  d a ta  on  d en sity  o f  th is species, 
a n d  su g g es t th a t  th e  den sitie s  in  th e  T ay  E s tu a ry  m ay  be  a m o n g  th e  h ig h es t kno w n . 
T h e  m o rp h o lo g ic a l d ifferences reco rd ed  b e tw een  th e  th re e  species o f  th e  genus a re  
sm all a n d  th e  spec im ens fro m  th e  T a y  E s tu a ry  a lso  sh o w  su b tle  d ifferences from  th e
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p u b lish e d  d esc rip tio n s  o f  M a ren ze lle ria  species. T h e  sig n ifican ce  o f  th ese  d ifferences is 
n o t  ye t e s tab lish ed , b u t th e  a u th o r s  d o  n o t  re g a rd  th e m  as in d ic a tin g  th e  T ay  
sp ec im en s b e lo n g  to  a  new  species; in d eed , th e  s e p a ra tio n  o f  M . viridis an d  M . w ireni 
is q u es tio n ed .

T h e  p re s e n t d a ta  in d ica te  a  b reed in g  cycle  fo r  th is  species in  1985-86  in th e  T ay  
E s tu a ry  c o m m e n c in g  w ith  g am e to g en es is  in  la te  O c to b e r  w h ich  w as  co m p le ted  by  la te  
F e b ru a ry , S p aw n in g  to o k  p lace  d u r in g  M a rc h  an d  se ttle m e n t co m m en ced  in  early  
M a y . T h u s  th e  p la n k to n ic  s tag e  w as  a  m in im u m  o f  fo u r  w eeks b u t m ay  h av e  ex ten d e d  
to  a p p ro x im a te ly  e ig h t w eeks (M a rc h  a n d  A p ril) , a n d  m e ta m o rp h o s is  to o k  p lace  a t 
a p p ro x im a te ly  th e  te n  se tiger s tag e . R e p ro d u c tio n  a n d  ea rly  d e v e lo p m e n t o f  M . 
virid is  (as Sco leco lep ides viridis) f ro m  N o v a  S c o tia  w a s  d e sc r ib ed  b y  G e o rg e  (1966), 
w h o  in c lu d ed  a d u lt  a n d  ju v en ile  m o rp h o lo g y  w ith  w h ich  th e  p re s e n t o b se rv a tio n s  and  
M a c io le k ’s (1984) d e sc r ip tio n  a re  in  c lo se  ag re e m e n t. S p a w n in g  a n d  se ttle m e n t m ay  
h av e  o c c u rre d  r a th e r  e a rlie r  in  th e  N o v a  S c o tia  p o p u la t io n , a lth o u g h  th is c o u ld  be 
d u e  to  a n n u a l o r  g eo g rap h ica l v a r ia b ility . T h e  o v e ra ll re p ro d u c tiv e  cycle w as very 
sim ila r. G e o rg e ’s c o n c lu s io n  th a t  s ince  all w o rm s w ere  g rav id  a t  th e  sam e  tim e , th e  
species m u s t reach  m a tu r ity  in  less th a n  o n e  y e a r  w as  a lso  su p p o r te d  b y  the  h igh 
g ro w th  ra te  in  th e  T ay  p o p u la t io n , b u t th e  p o p u la t io n  s t ru c tu re  (F ig . 4) in d ic a te s  th a t  
su ccessfu l re c ru itm e n t has  o c c u rre d  o n ly  o n ce  in  th e  th re e  y ea rs  1984—86.

G eo rg e  fu r th e r  re p o r te d  th a t  ea rly  d e v e lo p m e n t w as  n o t a ffec ted  b y  low  sa lin ities  
(10-30% o) a n d  th e  p e rs is ten ce  o f  th is  is o la te d  p o p u la t io n  a t  In v e rg o w rie  w h e re  the  
s a lin ity  ra n g e  o f  th e  overly in g  w a te r  is 6 - 2 1%0 a n d  th a t  o f  th e  in te rs titia l w a te r  is 
8—11 %o (R . H e rb e r t , pers . co m m .) re q u ire s  th is  e u ry h a lin e  re p ro d u c tiv e  c ap ab ility . 
T h e  p e rs is ten ce  o f  th is  p o p u la t io n  in  an  e s tu a ry  w ith  a  v e ry  s h o r t  res idence  tim e  a n d  a 
v e ry  la rg e  m ix ing  ra te  (W illiam s & W e st 1973, 1975) su g g es ts  th a t  th e  life cycle  sh o u ld  
h av e  a  red u ced  o r  a b se n t p la n k to n ic  p h ase : a  g eo g ra p h ic a lly  iso la te d , e s tu a rin e  
p o p u la t io n  o f  a  s h o r t lived species w o u ld  n o t  be  ex p ec ted  to  p e rs is t if  la rv a e  w ere 
d isp e rsed  in  th e  p la n k to n  o f  a n  e s tu a ry  su ch  as th e  T ay . H o w ev e r, M a ren ze lle ria  does 
p o ssess  an  ex ten d e d  p la n k to n ic  p h a se  o f  fo u r  to  e ig h t w eeks d u rin g  w h ich  th e  
m a jo r ity  o f  la rv a e  m u s t leave th e  in n e r  a n d  m id d le  e s tu a ry . T h e  m ech a n ism  by  w hich  
a n im a ls  a re  re ta in e d  in  o r  re tu rn  to  th e  h a b i t a t  is n o t u n d e rs to o d .

T h e  p resen ce  o f  th is loca l a n d  iso la te d  p o p u la t io n  suggests th a t  it h a s  been 
in tro d u c e d . E v id en ce  o f  th is  is p ro v id e d  b y  th e  c o r re la t io n  d a ta  w hich  c lea rly  sh o w  
th a t  M a ren ze lle ria  is u n iq u e  in  th is  m a c ro fa u n a l c o m m u n ity  in  th a t  it  is n ega tive ly  
c o rre la te d  w ith  all o th e r  c o m m o n  spec ies w h ich  w ere  all o th e rw ise  positive ly  
c o rre la te d  w ith  each  o th e r . T h is  su g g es ts  th a t  M a ren ze lle ria  does n o t p lay  a n  ac tive  
ro le  in  th is  o th e rw ise  ty p ica l e s tu a r in e  c o m m u n ity . T h e  se d im e n t b in d in g  effect o f  its 
tu b e s  ev id en tly  h a d  n o  p o sitiv e  effect o n  o th e r  sed im en t s tab ilise rs  su ch  as P . elegans  
o r  C . vo lu ta to r  as d escrib ed  fo r  o th e r  sp io n id  co m m u n itie s  (A tk in s  1985) a n d  it  w as 
a p p a re n t ly  n o t ex p lo ited  p re fe re n tia lly  b y  a n y  p re d a to r . I t  a lso  sh o w ed  an  o p p o s ite  
c o r re la t io n  to  all o th e r  species w ith  re sp ec t to  sed im en t p a ra m e te r s  a n d  w as fo u n d  a t 
s u b s ta n tia lly  g re a te r  d ep th s . T h u s  M . viridis  is se p a ra te d  fro m  th e  re s t o f  the 
c o m m u n ity  b y  e ith e r o r  b o th  its  eco lo g ica l re q u ire m e n ts  a n d  its  in te rspec ific  
in te ra c tio n s .

T h e  m e th o d s  by  w hich  th is species c o u ld  h av e  been  in tro d u c e d  in to  th e  T ay  
E s tu a ry  a re  in tr ig u in g  b u t m u s t re m a in  sp ecu la tiv e . I f  th e  N o r th  A m erican  te m p e ra te , 
e s tu a r in e  M . viridis is in d eed  d is tin c t f ro m  M . wireni, a n  A rc tic  fo rm  k n o w n  from
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E u ro p e  a n d  N o r th  A m e ric a , th e n  th e  T a y  p o p u la t io n  m u s t h av e  o rig in a te d  f ro m  
e a s te rn  N o r th  A m erica . I t  seem s m o s t u n lik e ly  th a t  an y  n a tu r a l  p ro ce ss  c o u ld  h av e  
tr a n s p o r te d  it  a c ro s s  th e  A tla n t ic  O cean , y e t it  is n o t  p o ss ib le  fo r  th is  in fa u n a l species 
to  hav e  been  c a rr ie d  b y  a t ta c h m e n t  to  th e  e x te r io r  o f  m o d e rn  sh ip p in g . I t  is 
co n ce iv ab le  th a t  it  c o u ld  be  tr a n s p o r te d  in  th e  b a lla s t w a te r  ta k e n  on  b o a rd  a  vessel in  
a  N o r th  A m e ric a n  e s tu a ry  a n d  su b s e q u e n tly  d isch a rg ed  in to  th e  T a y  E s tu a ry : s u p p o r t  
fo r  th is  h y p o th e s is  m ay  b e  fo u n d  in  th e  re c o rd  o f  five sp ec im en s h a v in g  b een  co llec ted  
in  a  p la n k to n  to w  in  a N o r th  A m e ric a n  e s tu a ry  (M ac io le k  1984). If, h o w ev e r, th e  tw o  
fo rm s a re  sy n o n y m o u s , th e n  an  o rig in  in  th e  E u ro p e a n  A rc tic  is p o ss ib le  a n d  n a tu ra l  
p ro cesses  m ay  be  su ffic ien t to  a c c o u n t fo r  th e  p resen ce  o f  th e  T a y  p o p u la tio n .

A cknow ledgm ents

T h e  in itia l su rv ey  o f  In v e rg o w rie  B ay  w as  c a rr ie d  o u t as p a r t  o f  a  c o n tra c t  fro m  
T a y s id e  R e g io n a l C o u n c il. S e d im e n t d a ta  w ere  p ro v id e d  by J . M c M a n u s  a n d  field  
w o rk  a ss is tan ce  w as p ro v id e d  b y  A . R a m sa y , I. T e n n a n t,  S. N o b le , S. E a rn sh a w , O. 
B ragg  an d  J. B ax te r.
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