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K e y  w o rd s :  m acro b cn th o s . o rg a n ic  m a tte r , ac id -v o la tile  su lfid e , tid a l estuary

A b s ta c t :  T h e  p h y sico -ch em ica l c h a ra c te r is tic s  o f  eb b in g  tid a l-c reek  a n d  em erg ed  sed im en ts  a lo n g  a  tra n se c t lin e  s e t  betw een 
th e  L W L  (lo w  w a te r  lev e l)  a n d  th e  E L W L  (ex trem e  low  w a te r  level) w 'ere m o n ito red  m o n th ly  fo r a  y ea r. A t th e  sam p ling  
s ta tio n s , th e  seaso n a l c h a n g e s  o f  th e  m acro b en th ic  co m m u n itie s  w ere  in v e s tig a te d  sim u ltaneously . A  s im ila r  su rv ey  on  the 
c h e m ic a l c h a ra c te r is tic s  o f  th e  se d im e n ts  a n d  th e  m acro b cn ih ic  co m m u n itie s  w as c a rr ie d  ou t o n  a n  ad jacen t su b tid a l station 
(w a te r d e p th  ca . e ig h t  m e tre s , a t  low  tid e ). In  sp r in g  a n d  su m m er, b o th  p r im a ry  a n d  secondary ' p ro d u c tio n  o n  th e  in te rtida l 
fla t w e re  ex tre m e ly  h ig h . M in im u m  a m m o n iu m  co n cen tra tio n s  a n d  o v e rsa tu ra tcd  oxygen  co n cen tra tio n s  in  th e  w a te r colum n 
re la ted  to  th e  d ev e lo p m en t o f  a  co n sp icu o u s  b io m ass  o f  th e  m acro a lg ac  U lva  s p .,  w h ic h  co v e red  la rg e  a e ra s  o f  th e  tid a l flat. 
D u r in g  th e  sam e  p e rio d , th e  b io m ass  o f  tw o  d o m in a n t b ivalves, R u d ita p e s  p h il ip p in a ru m  a n d  M u sc u lis ta  senhousia , 
in c reased  sh a rp ly  f ro m  60 .1  ±  3 4 .9  gW W  m ‘2 (A p ril 1994) to  1032 ±  189 gVAV m '2 (A ugust 1994). H o w ever in  early  
a u tu m n , th e  ra p id  deco m p o sitio n  o f  th e  m acro a lg ae , en h an ced  by  th e  d e te r io ra tio n  o f  m eteo ro log ica l co n d itio n s , led  to  a 
d is tro p h ic  c ris is . A  s h a rp  in c rea se  o f  am m o n iu m , p h eop igm en ts  a n d  p a rtic u la te  o rg a n ic  ca rb o n  (P O C ) in  th e  eb b in g  w ater, 
a n d  p h eo p ig m en ts , to ta l o rg an ic  ca rb o n  (T O C ) a n d  ac id -v o la tile  su lfid e  (A V S ) a t  th e  su rface  se d im e n ts  co in c id ed  w ith  the 
c a ta s tro p h ic  m ortality ' o f  R . p h il ip p in a ru m . T h e  b io m ass o f  th is  b iv a lv e  sp ec ie s  c ra sh ed  from  563 ±  163 g W W  m '2 (Septem ber 
1994) to  7 7 .0  ±  61 .2  g  W W  m ' 2 (O c to b er 1994). In  co n tra st, P o ly ch ae ta  p ro fited  f ro m  the in c re a se d  a m o u n t o f  d e a d  organ ic  
m a te ria ls  a n d  in c reased  b o th  in  d e n s ity  a n d  b io m ass th ro u g h  th e  n ex t m o n th s . A t th e  ad ja c e n t su b tid a l s ta tion , th e  organ ic  
load  from  th e  in te r tid a l z o n e  s im u ltan eo u sly  caused  a n o x ia  a t th e  b o tto m  sed im en ts . U nfav o u rab le  b c n th ic  co n d itio n s had  
d e le te rio u s  a n d  s im ila r  effec ts o n  th e  su b tid a l m acro b en th ic  com m un ities . P o ly ch ae ta  in c reased  in  d ensity , w h ile  B ivalves did 
no t su rv ive  a n d  th e  to ta l b io m ass d ra s tic a lly  d ec lin ed  f ro m  179 g W W  m ‘2 (Ju ly  1994 ) to  1 1.3 g W W  m *2 ¡O c to b e r  1994). T h is  
w ork  rep resen ts  th e  f irs t d o cu m en ted  c a se  o f  how  in te rtid a l a n d  su b tid a l co m m u n itie s  o f  th e  m acro b em h o s in  a  tid a l estuary 
o f  th e  S e to  In la n d  sea  a re  a ffec ted  by  th e  d ra s tic  sh ift from  a n  h y p ertro p h ic  to  a  d is tro p h ic  period .

R É P O N S E S  D E S  C O M M U N A U T É S  M A C R O B E N T H IQ U E S  IN T E R T ID A L E S  E T  SU B T I- 
D A L E S  À  U N E  C H A R G E  O R G A N IQ U E  E T  À  U N E D É S O X Y G É N A T IO N  D A N S L A  M E R  
IN T É R IE U R E  D E  L ’ÎL E  D E  S E T O , JA P A N

M o ts  c lé s  : m a cro b en th o s , m a tiè r e  o rgan ique . su lfu re  d 'h yd ro g èn e , e s tu a ire  tid a l

R é su m é  :  L e  lo n g  d 'u n  tr a n se c t co m p ris  e n tr e  le s  b a s  n iv e a u x  d e  m a rée  m o y e n n e  (LW L) e t  d e  v iv e s -e a u x  (ELW L), les 
c a ra c té r is tiq u es  p h y s ic o -c h im iq u e s  d e  sé d im e n ts  ém erg és  e t  c e u x  d ’un  c h e n a l d e  ju s a n t  fu r e n t  en reg is tré s  m en su e llem en t 
p e n d a n t u n e  année . A u x  s ta tio n s  é tu d iée s , le s  ch a n g em en ts  sa iso n n ie r s  d e s  co m m u n a u té s  m a c ro b en th iq u es  fu r e n t  su ivis. I l  
e n  a  é té  d e  m ê m e  p o u r  le s  c a ra c té r is tiq u e s  c h im iq u e s  d e s  sé d im e n ts  e t  le s  c o m m u n a u té s  b e n th iq u e s  d 'u n e  s ta tio n  sub tida le  
a d ja cen te  (p ro fo n d eu r  h u i t  m è tr e s  à  b a sse  m er). A u  p r in te m p s  e t  e n  é té , le s  p ro d u c tio n s  p r im a ire s  e t  se c o n d a ire s  d e  la  zone  
in te r tid a le  f u r e n t  e x tr ê m e m e n t fo r te s .  D a n s  la  co lo n n e  d 'e a u , l e s  c o n c e n tra tio n s  m in im a le s  d ’a m m o n iu m  e t les 
su rsa tu ra tio n s  d 'o x y g è n e  p u r e n t  ê tre  r e l ié e s  a u  d éve lo p p em en t d 'u n e  fo r te  b io m a sse  d e  la  m a cro a lg u e  U lv a  sp. q u i co u vra it 
d e  g r a n d e s  su r fa c e s  s u r  l 'e s tr a n . P en d a n t la  m êm e  p é r io d e , la  b io m a sse  d e s  d e u x  B iv a lv e s  d o m in a n ts .  R uditapes 
p h il ip p in a ru m  e t  M u scu lis ta  s e n h o u s ia  a u g m en ta  b ru sq u em en t d e  60 .1  ±  3 4 .9  g U 'W  m '  (a v r il  ¡9 9 4 ) à  1 0 3 2  ±  1 8 9 g W W m : 
(aoû t ¡994 ). C ep en d a n t, a u  d é b u t d e  l ’au tom ne, e n  ra ison  d e  la  d é té r io ra tio n  d e s  c o n d itio n s  c lim a tiq u es , la  rap ide  
d éco m p o s itio n  d e s  m a c ro a lg u e s  c o n d u is it à  u n e  c r ise  d is troph ique . E n  m êm e  te m p s  q u e  la  m o r ta lité  ca ta s tro p h iq u e  d e  R. 
p h ilip p in a ru m , i l  s e  p ro d u is it  u n e  f o r te  a u g m en ta tio n  d e  l'a m m o n iu m , d e s  p h é o p ig m e n ts  e t  du  c a rb o n e  organique  
p a r tic u la ire  (PO C ) d a n s  l 'e a u  d e  re flu x , e t  c e lle  d e  p h éo p ig m en ts . d u  c a rb o n e  o rg a n iq u e  to ta l  (TO C ) e t  d u  su lfu re  
d 'h y d r o g è n e  (A V S) à  la  su r fa c e  d e s  séd im en ts . L a  b io m a sse  d e  ce  B iva lve  c h u ta  d e  5 6 3  ±  163 g W W m 2 (sep tem bre  1994) à 
77 .0  ±  6 1 .2  g  W W  m '  (o c to b re  1994). A  l ’opposé , le s  P o ly c h è te s  p r o f i tè r e n t d e  c e t  a p p o r t d e  m a té r ie l o rg a n iq u e  m o r t et 
a u g m e n tè re n t à  l a  f o i s  e n  d e n s ité  e t  e n  b io m a sse  le s  m o is  su ivan ts . A  la  s ta tio n  su b tid a le  a d ja cen te , la  ch a rg e  organique  
is su e  d e  la  z o n e  in te r tid a le  p ro v o q u a  s im u lta n ém en t l 'anoxie  d e s  séd im en ts . D e  te l le s  co n d itio n s  b e n th iq u e s  d é fa vo ra b les  
eu ren t u n  e f fe t  s im ila ire  s u r  le s  co m m u n a u té s  m a c ro b en th iq u es  su b tid a les . L e s  P o ly c h è te s  a u g m en tè ren t e n  d e n s ité  a lo r s  que  
le s  B iv a lv e s  n e  su r v é c u re n t p a s  e t, d e  ce  fa i t ,  la  b io m a sse  to ta le  d é c lin a  b ru ta le m e n t d e  179  g W W  m 2 ( ju in  1994) à  11.3 
g W W  m  * (o c to b re  1994). D a n s  u n  e s tu a ire  d e  la  m e r  in té r ieu re  d e  Seto , c e  tr a v a il  e s t  la  p re m iè re  é tu d e  d 'u n  c a s  de  
f lu c tu a t io n s  d e s  co m m u n a u té s  in te r tid a le s  du  m a cro b en th o s  e n  lia iso n  a v e c  l e  p a s s a g e  b ru ta l d 'u n e  p é r io d e  hypertroph ique  
à  u n e  p é r io d e  d is troph ique .

mailto:mor.uni@ag.kagawa-u.ac.jp


48

IN T R O D U C T IO N

0 \ c r  th e  la s t fe w  decad es, e s tu a r ia e  a n d  co as ta l a rea s  
th ro u g h o u t J a p a n  h a v e  b eco m e  se r io u sly  e n d a n g e re d  by  
d ras tic  b io g co ch cm ica i c h a n g e s  caused  by  a n  excess ive  
ex p lo ita tio n  o f  la n d  fo r  h u m a n  ac tiv itie s  (M urakaw a. 
1987), d ep o sitio n  o f  te r r ig e n o u s  m a te ria ls  (H o sh ik a  e t  a i ,  
1991) a n d  tid a l f la t  re c la m a tio n  (A be , 1981). A n increa­
s in g  o r  a lte re d  (as a  ra tio )  load  o f  n u tr ie n ts  (U k ita  & 
N ak an ish i, 1986  ;  N a k a n ish i e t  a l.,  1991, 1992) and  
o rg an ic  m a tte r  (M o n tan i e t  a í.,  1991; O g a w a  &  O g u ra .
1997) from  th e  in la n d  h a v e  w eak en ed  th e  self-pu rify ing  
a n d  se lf-b u ffe rin g  p o te n tia l o f  th e  in te rtid a l zo n es  and  
acce le ra ted  th e  p ro cesses  o f  b en th ic  m e tab o lism  (Y am ada  
e t a í.,  1993).
W orldw ide , m a n y  s tu d ie s  h a v e  sh o w n  th a t th e  s tru c tu re  o f  
th e  m acro b en th ic  co m m u n itie s  is  stro n g ly  a ffec ted  b y  b o th  
th e  v ic in ity  o f  a  so u rc e  o f  o rg a n ic  e n r ic h m e n t (R hoads, 
1974; P ea rso n  &  R o sen b erg , 1978) a n d  lo n g  p e rio d s  o f  
eu tro p h ica tio n  (B e u k e m a , 1991, 1992). In  o rgan ica lly  
p o llu ted  sed im en ts , an n e lid s  sh o u ld  b e  th e  d o m in a n t la xa  
(T su tsum i e t a i ,  1991 ; B eu k em a , 1992), e v e n  sh iftin g  to  
sm all s ize  d ep o sit-feed in g  a n d  re s is ta n t sp ec ie s  in  th e  case  
o f  fu r th e r  o rg a n ic  e n r ic h m e n t (P earso n  &  R osenberg , 
1978), w h ile  in  less  s tre ssed  e n v iro n m e n ts  th e  num erica l 
p ro p o r tio n  o f  w o rm s is  e x p e c te d  to  d ec rea se  in  fav o u r o f  
m o llu scs  a n d  c ru s ta c e a n s  (B eukem a , 1991 ; T su tsu m i & 
Inoue, 1996).
E x trem e  c o n seq u en ces  o f  a n  excess ive  o rg a n ic  load  a re  
oxygen  d ep le tio n  in  th e  n e a r  bo tto m  w a te rs  a n d  a t  the 
bo tto m  se d im e n ts  (D ia z  &  R o sen b erg , 1995 ) a n d  p ro d u c ­
tio n  o f  to x ic  h y d ro g en  su lfid e  (R oden  &  T u ttle , 1992), 
w h ich  w ill cau se  m ass iv e  b e n th ic  m o rta lity  (T su tsu m i &  
K ik u ch i. 1983; F rilig o s  &  Z en e to s, 1988 ; L la n so , 1992; 
T su tsu m i &  In o u e , 1996).
In  recen t y ea rs , th e  o rg a n ic  lo a d  in  co a s ta l a re a s  a n d  
em bayem en ts is  o f te n  re la te d  to  th e  d ev e lo p m en t o f  h ig h  
am o u n ts  o f  m ac ro a lg a l b io m ass  (P irio u  &  M encsguen , 
1992; V iaro li e t  a t.,  1992 ) w h ic h  rep re sen t a  m u ltip le  
th rea t to  th e  c o m m u n itie s  o f  th e  m acro b en th o s . A lgal 
coverage  ac ts  a s  a  f i l te r  o f  s e ttl in g  la rv ae  (O la fsso n , 1988; 
B onsdo rff e t  a i ,  1995 ) a n d  is  no t a  su ita b le  e n v iro n m en t 
for se ttlem en t its e lf  (B o n sd o rff  e t  a i ,  1995). C overage  up  
to  100 %  (H a rlin  &  R in es, 1993) a ls o  sign ifican tly  
reduces l ig h t p e n e tra tio n  on  th e  su rface  sed im en t. T h is  is 
lik e ly  lo  lim it th e  d e v e lo p m e n t o f  m ic ro p h y to b cn th o s and  
there fo re  w ill in d ire c tly  in f lu en ce  food  a v a ila b ility  fo r 
b ivalves feed in g  o n  m ic ro p h y to b en lh o s re su sp en d ed  by  
tid a l c u n e n t  a n d  w in d -d riv en  w aves (N u m ag u ch i, 1990; 
D e  Jonge  &  V a n  B eu sek o m , 1992). F u rth e r, m assiv«  d ie­
offs a n d  c ra sh e s  o f  b e n th ic  p o p u la tio n s  h a v e  b e e n  recen tly  
show n  u n d e r  n a tu ra l o cc u rc n c c s  o f  d r if t  a lg a l m ats 
(N orrko  &  B o n sd o rff, 1 996a , b ) . L ess in fo rm a tio n  is  
how ever av a ilab le  o n  th e  e ffec ts  o f  d eco m p o s in g  
m acro a lg ac  on  th e  ch em ica l ch a rac te ris tic s  o f  in te rtida l 
a n d  su b tid a l se d im e n ts  a n d  th e  p a ra lle l responses o f  the 
au to ch th o n o u s  co m m u n itie s  o f  th e  m acroben thos .
T h is  study w as c a rr ie d  o u t in  th e  con tex t o f  a n  in teg ra ted  
p ro jec t w h ich  a im s  a t  q u an tify in g  th e  d y n am ics  o f  
b io p h ilic  e le m e n ts  (i.e . c a rb o n , n itro g en , p h o sp h o ru s  and  
s ilico n ) in  a  tid a l e s tu a ry  o f  th e  S e to  In lan d  se a , Japan  
(M a g n i, 1998 ; M a g n i &  M o n tan i, 1998; M o n tan i e t  a l.,
1998). T h e  ro le s  p la y e d  b y  p ro d u cers  (M a g n i &  M o n tan i, 
1997 ) a n d  co n su m e rs  o n  th e  p rocesses a r c  u n d e r  
inves tig a tio n . T h is  i s  th e  f i r s t  w o rk  co nducted  in  th e  S eto

In lan d  sea  w h ic h  a sse sse s  th e  p a ra lle l c h a n g e s  o f 
in te r tid a l a n d  su b tid a l m acro b en th ic  co m m u n itie s  
fo llo w in g  d is tro p h ic  e v e n ts . O n  th e  in te rtid a l f la t, the  
heav y  g ro w th  o f  th e  m ac ro a lg ae  U lva  sp .  a n d  th e  p ara lle l 
s tro n g  in c rea se  i n  b io m ass  o f  b iv a lv es  R u d ita p e s  
p h ilip p in a ru m  a n d  M u sc u lis ta  se n h o u s ia  in d ica ted  a 
h ig h ly  p ro d u c tiv e  sp r in g -su m m e r. O n  th e  o th e r  h a n d  in  
ea rly  a u tu m n , th e  d eco m p o s itio n  o f  h ig h  a m o u n ts  o f  the 
m ac ro a lg ae  cau sed  a n  ex cep tio n a l d is tro p h ic  c ris is . A  
m assiv e  m o rta lity  o f  th e  b iv a lv e  R . p h il ip p in a ru m  o n  the 
in te r tid a l fla t a n d  a  d ra s tic  red u c tio n  o f  the m acro b en th ic  
b io m ass  o n  a n  a d ja c e n t su b tid a l s ta tio n  occu rred . T h e  
fac to rs  w h ic h  d e te rm in e d  s u c h  ch an g es  a re  d iscu ssed  and  
th e  in v e r ted  re sp o n se s  o f  d if fe re n t tro p h ic  g ro u p s  o f  th e  
m a c ro b e n th ic  co m m u n itie s  exam ined .

M A T E R IA L  A N D  M E T H O D S

S tu d y  a re a  a n d  sa m p lin g  ac tiv ities  
O n  th e  in te r tid a l f la t, a n  in n e r  s ta tio n  fo r w a te r  sam ples 
(S tn  H I )  w as lo ca ted  in  a  sh a llo w  creek  (ca . 50  cm  depth  
a t  low’ tid e ) o f  th e  r iv e r  S h in  (f ig u re  1). T h is  c reek  is 
fo rm ed  d u r in g  lovv-tide, w h ic h  crosses th e  em erg ed  tidal 
f la t  a n d  ru n s  to w ard s  th e  lo w -tid e  sh o re -lin e . A t S in  H I, 
s a lin ity  (Y S I p o rtab le  sa lin o m e te r) , te m p e ra tu re  a n d  
d isso lved  o x y g en  c o n c e n tra tio n s  (U K  2 0 0 0  p o rtab le  D .O . 
m e te r)  w ere  reco rd ed  a n d  d u p lic a te  w a te r sam p le s  for 
c h e m ic a l an a ly ses  (am m o n iu m . C h i a ,  p h eo p ig m en ts  and  
p a rtic u la te  o rg an ic  c a rb o n ) w ere  co llec ted  w ith in  a  h o u r 
from  each  o th er, befo re  th e  su rg in g  tid a l flood.

S tio  Inland S«a
HZ i

n —

F ig u re  I  : S a id ) ' t r e *  a n d  le c a lio o  o f  sh e  s a m p lin g  s ta tio n »  

F ig u r e  I  :  Z o n e  d 'é tu d e  e l  lo c a l is a t io n  d e s  n a t io n s .
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C lose  to  S tn . H I ,  a  tr a n se c t lin e  o f  fo u r  s ta tio n s  a t  25 
m e tre  in te rv a ls  (S tn s . B 5  to  B 2 ) w as s e t  b e tw een  th e  LTL 
(lo w  tid a l lev e l)  a n d  th e  E L W S  (ex trem e  low  w a te r  sp rin g  
tid e ) (f ig u re  1). A t th e s e  s ta tio n s , em erg ed  sed im en t 
sam p le s  f ro m  th e  tw o  u p p e rm o st lay ers  (0 -0 .5  cm  a n d  0 .5 - 
2  c m  in  d ep th ) w e re  c o lle c te d  fo r  ch em ica l analy ses (C hi 
a , p h eo p ig m en ts , to ta l o rg a n ic  ca rb o n , ac id -v o la tile  
su lfid e) u s in g  a c ry lic  c o re  tu b e s  (3  cm  i.d )  (M agn i & 
M o n tan i, 1997). A t  e a c h  s ta tio n , d u p lic a te  sed im en t 
sam p le s  w e re  ta k e n  s im u ltan eo u s ly  u sing  a  100 c m :  core 
a n d  sieved  o n  a  m esh  si7.e o f  1 m m . T h e  re s id u e  w as fixed 
in  a  R o se  b c n g a l- fo rm a lin  so lu tio n  fo r th e  d e te rm in a tio n  
o f  th e  m acroben thos .
S tn . Y 3 w as se t ca . 2 0 0  m e tre s  f ro m  S tn . B2  (f ig u re  1). It 
w as located  a t  th e  e d g e  b e tw e e n  th e  in te r tid a l a n d  the 
su b tid a l zo n e . A s  a  r e s u lt  o f  a n  a ty p ica l ba thym etry , th is 
sta tio n  w as th e  d eep es t s ite  o f  th e  lo ca l sub tidal zone  
(1 0  m e tres  a t  h ig h  tid e ). S a m p lin g  w as c a rr ie d  ou t from  a  
b o a t w ith in  a  fe w  d ay s  from  th e  su rv ey  o n  th e  tid a l fla t. 
D u p lica te  s e d im e n t sam p le s  from  th e  u p p erm o st lay e r 
(0 -1  c m  in  d e p th )  w e re  c o lle c te d  fo r c h e m ic a l analy ses (as 
those  fo r th e  in te r tid a l s e d im e n t sam p les) u s in g  a n  acrylic 
re s in  c y lin d e r ( i .d . 4  c m , h e ig h t 5 0  cm ) f in e d  to  a  g rav ity  
co rer. F u rth e r, d u p lic a te  sed im en t sam p le s  w e re  s im u lta ­
n eo u sly  co llec ted  w ith  a  4 0 0  c m 2 E ck m an -B irg e  g rab  
sa m p le r  a n d  s iev ed  o n  a  m e s h  s iz e  o f  1 m m . T h e  residue  
w a s  fix ed  in  a  R o se  b en g a l- fo rm a lin  so lu tio n  fo r the 
d e te rm in a tio n  o f  th e  m acro b en th o s .
S a m p lin g  w as c a rr ie d  o u t m o n th ly  f ro m  A p ril 1994 to  
A p ril 1995  o n  th e  in te r tid a l fla t a n d  in  Ju ly  a n d  O ctober 
1994 a n d  Jan u a ry , A p ril , Ju ly  a n d  O c to b e r 1995 on  the 
su b tid a l s ta tion .
D a ily  d a ta  o f  a i r  te m p e ra tu re , ra in fa l l  a n d  so la r  rad ia tio n  
w e re  o b ta in ed  from  th e  T a k a m a tsu  M eteoro log ical 
A g en cy  S ta tion , c lo se  to  th e  e s tu a ry  u n d e r  investiga tion . 
D a ta  o f  d a ily  low  tid e  lev e l w e re  o b ta in ed  f ro m  th e  
M aritim e  S afe ty  A gency.

W a te r  sam p le  t r e a tm e u t  a n d  analyses 
In  th e  lab o ra to ry , w a te r  sam p le s  w e re  filte red  fo r  th e  
an a ly ses  o f  a m m o n iu m  (N H 4* -N ), pho tosyn thctic  
p ig m en ts  (C h i a  a n d  p h eo p ig m en ts ) , p a rtic u la te  o rg an ic  
ca rb o n  (P O C ) a n d  fo r th e  d e te rm in a tio n  o f  th e  to tal 
su sp en d ed  m a tte r  (T S M ) (M ag n i &  M o n tan i. 1998).
N H T  -N  c o n c e n tra tio n s  w e re  d e te rm in e d  w ith  a  T ech - 
n ico n  au to an a ly ze r n, acco rd in g  to  S tr ic k la n d  &  P arsons. 
(1972). P ig m e n ts  w ere  e x tra c te d  u s in g  a  9 0  %  acetone 
so lu tiou  a n d  e x tra c ts  w e re  a n a ly z e d  fo r C h i a  a n d  p heo ­
p ig m en ts  by  sp ec tro p h o to m e te r acco rd in g  to  L o re n z e n i  
(1 9 6 7 ) m e th o d , a s  d e sc r ib e d  in  P a rs o n s  e t  a l. (1984 ). P O C  
w as a n a ly z e d  u s in g  a  C H N  a n a ly z e r  (Y an ak o , M odel 
M T -3).

S ed im en t sam p le  t r e a tm e n t  a n d  analyses
In  th e  labo ra to ry , p ig m e n ts  w e re  e x trac ted  from  d u p lica te  
su b sam p lcs o f  w et s e d im e n t (ca . 1 g ) u s in g  a  90  %  
ace to n e  so lu tio n  a n d  e x tra c ts  w ere  spec tropho tom eirica lly  
an a ly zed  fo r C h i a  a n d  p h eo p ig m en ts  (M agn i &  M o n tan i. 
1997). F ro m  th e  sam e  p o o l o f  fre sh  sed im en t, ac id -vo la tile  
su lfide  (A V S ) c o n te n t w a s  d e te rm in e d  in  d u p lica te  
subsam ples (ca.  1 g ) w ith  a n  A  V S  te s t co lu m n  (G astee, 
M odel 201 L  a n d  201  H )  (M ag n i &  M o n ta n i, 1997). T o ta l 
o rg an ic  ca rb o n  (T O C ) c o n te n t w as d e te rm in ed  u s in g  a  
Y an ak o  a n d  a  F iso n s  N A -1 5 0 0  C H N  an a ly ze rs  fo r the

in te rtid a l (< 250  p m  frac tion ) a n d  th e  su b tid a l sed im en ts, 
respectively .
T h e  b e n th ic  a n im a ls , p rev io u sly  fix ed  in  a  fo rm alin  
so lu tio n , w ere  so rted  f ro m  th e  re s id u e  a n d  p re se rv ed  in  
75  %  e th an o l w ith  e thy lene  g lyco l. T h e y  w ere  so r te d  and  
c o u n te d  u n d e r a  s te rco -m ic ro sco p e  (O ly m p u s, W ild  M 3Z). 
T h e  w et w e ig h t o f  P o ly ch ae ta  w as d e te rm in e d  d irec tly  to  
th e  n e a re s t 1 m g  a fte r  b e in g  ra p id ly  d r ie d  o n  b lo tting  
p aper, th e  so ft tissu e  o f  B iv a lv es w a s  c a lc u la te d  as 19 %  
a n d  3 2  %  o f  th e  to ta l w e ig h t ( in c lu d in g  sh e lls )  for 
R u d ita p e s  p h il ip p in a ru m  a n d  M u s c u lis ta  sen h o u s ia , 
respective ly . P e rc e n tile  v a lu e s  o f  B iv a lv e s  w ere  ob tained  
from  a  lin ea r reg ression  lin e  o f  th e  p lo ts  to ta l w e ig h t vs. 
w et w e ig h t so ft tissue  (u n p u b lish ed ).

R E SU L T S 

E n v iro n m e n ta l co n d itio n s  a n d  physico­
chem ica l p a ra m e te rs  o f  e b b in g  tid a l-c re e k .
R ain fa ll w as le a s t in  F eb ru a ry  1995  (1 3  m m  m o n th ' ), 
in freq u en t d u r in g  th e  m o s t ir ra d ie d  m o n th s  o f  Ju ly  and  
A u g u s t (5 8 .5  m m  m o n th '' a n d  2 6 .0  m m  m on th  
respective ly ) a n d  h ig h e s t in  S ep tem b er (2 3 7  m m  m o n th '1) 
(f ig u re  2a ) .  B e tw een  la te  S ep tem b er a n d  O c to b e r  1994, 
h eav y  ra in fa ll (1 0 9  m m  d a y  o n  S ep te m b e r 2 8 th ) a n d  a 
sh a rp  decrease  o f  so la r  ra d ia tio n  (1 .7  M J  m ‘2 a n d  1.3 M J 
m '2 o n  S ep tem b er 2 9 th  a n d  O c to b e r 2 1 st, respectively) 
o ccu rred  befo re  sam p lin g  o n  O c to b e r 2 5 th  (f ig u re  2b).
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F ig u re s  2 a  a n d  2 b  : a )  M o n th ly  v a lu e s  o f  ra in fa ll a n d  s e a s o n a l v a r iu io n s  o f  
th e  lo w e r  lo w - tid e  w a te r  leve l. A s  a  m ix  c d -s e m id iu rn a l ty p e  e s tu a ry  (w ith  
p ro n o u n c e d  d iffe re n c e s  b e tw e e n  tw o  s u c c e ss iv e  lo w  a n d  h ig h  tid e s ) , the 
lo w e r  lo w  tid e  o f  e a c h  d a y  w as  p lo t le d  t o  re p re s e n t t h e  s e a s o n a l ch a n g es  o f  
th e  low  w a ^ r  t id a l leve l, b )  V a r ia t io n s  o f  d a i ly  s o la r  r a d ia tio n  in  S ep tem ber 
(1 2 th )  a n d  O c to b e r  (2 5 th ) .
F ig u r e s  2 a  e l  2 b  :  a )  V a le u r s  m e n s u e l le s  d e  l a  p lu v io s i t é  e l  va r ia tio n s  
s a is o n n iè r e s  d u  p l u s  b a s  n iv e a u  d e  ¡ 'e a u . b )  V a r .a tio n s  q u o tid ie n n e s  d e  
l 'e n s o le i l le m e n t e n  s e p te m b r e  e t  o c t o b r e  ¡ 9 9 4 . S o n t  in d iq u é e s  le s  d a te s  
d 'é c h a n t i l lo n n a g e  ( ¡ 2  s e p te m b r e  e t  2 5  o c to b r e ) .

M ean  e m ers io n  lev e l o f  th e  sa m p lin g  s ta tio n s  w a s  ca . + 
50  c m  (figu re  2a )  th e  lo ca l m e a n  s e a  lev e l (T akam atsu

seCinent «nefs«»  leve!
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Port). D u e  to  th e  seaso n a l ch an g es  o f  th e  tid a l level 
(figu re  2a ), sev era l d ay s  o f  no  a i r  ex p o su re  o f  th e  su rface  
sed im en ts  o ccu rred  b e tw een  S ep tem b er a n d  O ctober, in  
co in c id en ce  w ith  th e  d e te r io ra tio n  o f  th e  m eteo ro log ica l 
conditions. D iffe ren tly , e m ers io n  o f  th e  su rfa c e  sed im en ts 
be tw een  D ecem b er a n d  January’ w as m o re  p ro longed  
(figu re  2a).
W ate r tem p e ra tu re  o f  th e  eb b in g  tid a l-c re e k  (S tn . H I )  
v a ried  from  5 .8 °  C  (F eb ruary ) to  3 2 .2 °  C  (Ju ly ) (figu re  
3a). S a lin ity  v a r ie d  from  22 .7  p su  (Ju n e ) to  3 0 .7  psu  
(M arch ) (f ig u re  3 a ). In  S ep tem b er, w e ex p ec t th a t the 
h ig h  ra in fa ll (f ig u re  2 a )  a ffec ted  sa lin ity , w h ich  
u n fo rtu n a te ly  w a s  n o t m easured .
D isso lved  o x y g en  (D .O .)  co n cen tra tio n s  w e re  g en era lly  
o v crsa tu ra ted  in  s p r in g  a n d  su m m e r 1994, w ith  a  m a x i­
m u m  o f  10 .2  m g  I ' 1 (1 6 7  %  a i r  sa tu ra tio n )  in  Ju ly , bu t 
d ro p p ed  to  low  leve ls f ro m  la te  S ep tem b er to  O ctober 
(figu re  3b). F ro m  N o v em b er, D .O . c o n c e n tra tio n  in c re a ­
sed  a g a in  u p  to  o v e rsa tu ra lio n  a s  in  A p ril 1995 (figu re  
3b). H o u rly  m ea su re m e n ts  o f  D .O . c o n c e n tra tio n  c a rr ied  
ou t th e  su b seq u en t y e a r  i n  p re sen ce  o f  h ig h  (M ay) a n d  low  
(S ep tem ber) m ac ro a lg a l b io m ass  in d ic a te d  th e  s tro n g  
effect o f  U lva  sp .  m a ts  o n  th e  p ro cesses  o f  p ro d u c tio n  a n d  
resp ira tio n , w ith  d iu rn a l flu c tu a tio n s  o f  D .O . v a ry in g  from  
1.3 m g  I *1 (1 7 .6  %  o f  a i r  sa tu ra tio n )  to  17 .4  m g  I ' 1 
(224  %  o f  a i r  sa tu ra tio n )  a n d  f ro m  1.2 m g  I *1 (1 5 .8  %  o f  
a i r  sa tu ra tio n ) to  7 .9  m g  I *1 (1 2 0  %  o f  a i r  sa tu ra tio n )  in  
M ay  a n d  S ep tem b er, re sp ec tiv e ly  (unpub lished).
T h e  seasonal p a tte rn  o f  a m m o n iu m  (N H 4* -N ) con trasted  
w ith  th a t  o f  D .O .:N H 4 *  -N  co n cen tra tio n s  w ere  low  in  
sp rin g -su m m er a n d  h ig h  in  au tu m n -w in te r. T h e  h ig h es t 
p e a k  o f  N H 4* -N  w a s  i n  O c to b e r (6 9 2  p M ), w hen  D .O . 
co n cen tra tio n  w a s  lo w e s t (f ig u re  3b).

F ig u re s  4 a  a n d  b  sh o w  d ic  seaso n a l v a ria tio n s  o f  
p a rtic u la te  co m p o u n d s  a t  S tn . H I .  P ho to sy n th e tic  
p ig m en ts  (p h e o p ig m e n ts  a n d  ch lo ro p h y ll a ,  fig u re  4a), 
p a rtic u la te  o rg a n ic  c a rb o n  (P O C ) a n d  to ta l suspended  
m a n e r  (T S M ) (f ig u re  4 b ) h a d  tw o  s ig n ific a n t peaks in  
A u g u s t a n d  O c to b er. H ow ever, w h ile  C h i a  w as h ig h e r in  
A u g u st th a n  in  O c to b er, p h eo p ig m en ts , P O C  a n d  T S M  
w ere  h ig h e s t in  O ctober. T h is  p a tte rn  re su lted  in  a  good  
c o rre la tio n  o f  P O C  w ith  p h e o p ig m e n ts  ( r  =  0 .9 9 3 , n  = 
11 ; p lo ts  no t sh o w n ), b u t n o t w ith  C h i a  ( r 3 =  0 .2 7 3 , n  = 
11 ; p lo ts  no t sh o w n ).

F i g u r a  3 a  a n d  3 b :  M o n th ly  v a r ia t io n s  o f  to m p e ra n ire  u n i  s a lin ity - ( a ) ,  and  
an im er.i u r a  (N H « * -N ) a n d  d is s o lv e d  o x y g e n  (D .O .)  c o n c e n tra tio n s  (b )  in 
eb b in g -tid a i-c rc e k  a t  S tn . H i
F ig u r e s  3 c  e t  3 b  :  V e n a t io n s  m e n s u e l le s  c )  d e  te m p é r a tu r e  e t  d e  s a lin i té  
e :  b )  d e  c o n c e n tr a t io n s  d 'a m n o n t u m  (N H F -H )  e t  d 'o x y g è n e  d is s o u s  
(D .O .)  d o n s  le  c h e n a l  d e  j u s a n t  ( s ta t io n  H  I ) .

F ig u r «  4 a  a n d  4 b :  M o n th ly  v a r ia t io n s  o f  p h e o p ig m e n ts  a n d  c h lo ro p h y ll a  
( a )  ,  a n d  p a r t ic u la te  o rg a n ic  c a rb o n  (P O C )  a n d  to ta l  s u sp e n d e d  m a tte r  
(T S M )  (b )  in  e b b in g tid a l-c re e k  a t  S tn . H i .
F ig u r e s  4 a  e l  4 b  :  V a r ia t io n s  m e n s u e l le s  a)  d e s  p h é o p ig m e n ts  e t  d e  la 
c h lo r o p h y l le  a  e t  b )  d u  c a r b o n e  o r g a n iq u e  p a r n e u ia i r e  (P O C ) e t  d e s  
m a tiè r e s  e n  s u s p e n s io n  to ta le s  (7 M S )  d a n s  l e  c h e n a l  d e  j u s a n t  ( a c t io n  

H I ) .

C h em ica l c h a ra c te r is tic s  o f  in te r tid a l  and  
s u b tid a l  sed im en ts.
O n  th e  in te r tid a l fla t, su rface  s e d im e n t C h i a  co n ten t 
(f ig u re  5 a )  w as lo w  in  J u n e  (m in im u m  o f  1 .6  |ig  g '1,  a t 
S m . B 4 ), O c to b e r a n d  N o v e m b e r (m ean  o f  4 .4  ±  3 .2  p g  g '1 
a n d  4 .0  ±  1.2 p g  g '1, respec tive ly ), a n d  h ig h  in  A ugust 
(m ax im u m  o f  24 .1  p g '1 a t  S tn . B 5 , m e a n  o f  15.6 ±
5 .8  p g  g '1). A  la te -w in te r  b lo o m  o ccu rred  in  February  
(m ean  o f  10 .4  i  3 .8  p g  g '1)  (f ig u re  5 a ). A  d ifferen t 
d is tr ib u tio n a l p a tte rn  w a s  fo u n d  fo r  p h eo p ig m en ts  (figure 
5b ). P h co p ig m en t co n ten t w a s  c o n s ta n tly  h ig h e r  th a n  tha t 
o f  C h i a  a n d  s ig n if ic a n tly  in c re a se d  f ro m  A pril 1994 
(m ean  o f  8 .8  ±  1.9 p g  g -1 )  to  Ju ly  (m e a n  o f  2 9 .6  ±  7 .2  pg  
g '!). A s  fo r  C h i a , th e  h ig h e s t  p e a k  w as fo u n d  in  A ugust 
(m e a n  o f  6 3 .5  ±  4 9 .7  p g  g '1), w ith  a  m a x im u m  v a lu e  o f  
138  p g  g ' 1 a t  S tn . B 5 , A t a ll s ta tio n s , th e  ph eo p ig m en t 
c o n te n t rem a in ed  h ig h  in  S ep tem b er, u p  to  97 .0  p g  g"‘ at 
S tn . B 5 , a n d  show ed v e ry  re m a rk a b le  d iffe ren ces  betw een 
s ta tio n s  i n  O c to b e r (4 .7  p g  g ’1 a n d  8 7 .5  p g  g  : a t  S tns. B3 
a n d  B 5 , respec tive ly ). In  N o v em b er i t  w a s  low  and  
d is tr ib u te d  ra th e r  u n ifo rm o u s ly  a lo n g  th e  tra n se c t line.
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T h ro u g h o u t th e  n ex t m o n th s , th e  p h eo p ig m en t co n ten t did 
no t s ig n if ic a n tly  in c rea se . A s  a  re s u lt o f  the seasonal 
d iffe ren ces  b e tw e e n  C h i a  a n d  p h eo p ig m en t d is tribu tiona l 
p a tte rn s  (f ig u re s  5 a  a n d  5b ), th e  p h eo p ig m en t/C h l a  ra tio  
(n o t sh o w n ) w as lo w e s t in  s p r in g  a n d  w in te r (m ean  o f  1.0 
±  0 .1  a n d  1.0 i  0 .1  in  A p ril 1994 a n d  F eb ruary  1995, 
re spec tive ly ) a n d  s ig n ific an tly  h ig h e r  in  la te  su m m er a n d  
e a r ly  a u tu m n  (m e a n  o f  4 .5  ±  2 .0  a n d  3 .9  ±  1 .6  in  
S ep tem ber 1994  a n d  O c to b e r 1994, respectively).

In  O c to b e r 1994  th e  leve ls o f  a c id -v o la tile  su lfid e  (A V S) 
show ed a  s tro n g  peak  a t th e  su rfa c e  s e d im e n t a t S tns. B5 
(1 .8 5  m g  g ' )  and  B 2 (f ig u re  7 a ). S u ch  a n  in crease  was 
m o re  rem ark ab le  a lo n g  th e  tra n se c t line  a t  th e  sub-surface 
sed im en t, w ith  a  m ax im u m  a t  S tn . B 5  (1 .5 2  m g  g 1) 
(f ig u re  7b). In  N ovem ber 1994 th e  A  V S  leve ls a t  the 
su rface  se d im e n ts  w ere  a g a in  lo w er th a n  0.1 m g  g  a t a ll 
s ta tions. A t th e  sub-su rface , th e y  d im in ish ed  m ore 
g rad u a lly  th ro u g h  th e  n ex t few  m o n th s. Sedim ent 
recovery  w a s  s lo w er a t  S tn . B 5 , w h e re  th e  p heop igm en t, 
T O C  a n d  A V S  levels w ere  h ig h e s t  i n  O c to b e r 1994. A  V S 
leve ls d ro p p ed  to  th e  lo w est v a lu e s  in  M a rc h  1995 b o th  at 
th e  su rface  (0 .01  m g  g "  a t  a ll  s ta tio n s )  a n d  a t  th e  sub­
su rface  (0 .0 9  ±  0 .02  m g  g ') .
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F ig u re s  5 a  a n d  5 b :  M o n th ly  v a r ia tio n s  o f  c h lo ro p h y ll a  ( a )  a n d  p h e o ­
p ig m e n ts  ( b )  c o rn e n t a l  t h e  s u r fa c e  se d im e n ts  (0 -0 .5  c m )  o f  th e  in te rtid a l 
s ta tio n s  (S tr a .  B 5  to  B 2).
F i g u r a  5 a  e t  5 b  :  V a r ia t io n :  m e n s u e l le s  d e s  te n e u r s  e n  c h lo r o p h y lle  a  (a) 
e t  e n  p h é o p ig m e n ts  ( b )  d e s  s é d im e n ts  s u p e r f ic ie l s  ( 0 - 0 .5  cm )  d e s  s ta tio n s  

in te r t id a le :  ( 3 5  à  3 2 ) .

T h e  to ta l o rg a n ic  ca rb o n  (T O C ) c o n te n t w as low  in  A pril 
1994 (6 .5  ±  1.4 m g  g “ ), in c re a se d  in  Ju ly  1994 (13 .3  ±
3 .8  m g  g '1)  a n d  w as m a x im u m  in  O c to b e r 1994 (1 8 .2  ±  
17 .9  m g  g ‘)  (f ig u re  _6). T O C  co rre la te d  m o re  stro n g ly  
w ith  p h eo p ig m en ts  ( r  =  0 .8 2 7 , n  =  20 ; no t show n) th a n  
w ith  C h i a  ( r  =  0 .5 1 8 , n  =  2 0 ; n o t show n).

F ig u re  6 :  S e a so n a l v a r ia tio n s  o f  to ta l  o rg a n ic  c a rb o n  (T O C )  c o a t a S  a t  the 
s u r fa c e  se d im e n ts  ( 0 - 0 . Î  c m )  o f  th e  in tc r fd a !  s ta tio n s  (S tn s . B 5  to  B 2). 
F ig u re  6  :  V a r ia t io n s  s a is o n n iè r e s  d e s  te n e u r s  e n  c a r b o n e  o r g a n iq u e  
to t a l  (T O C ) d e s  s é d im e n ts  s u p e r f ic ie l s  (0 -0 .5  c m )  d e s  s ta t io n s  in t e m d a le s  

( 3 5  á  3 2 ) .

F ig u re s  7 a  a n d  7 b : M o n th ly  v a r ia tio n s  o f  a c id -v o la t i le  s u lf id e  (A V S )  levels  
a t  a )  th e  su rfa c e  (0 -0 .5  c m )  a n d  b )  t h e  s u b -su r fa c e  (0 .5 -2  c m )  sed im en ts  o f  
th e  in tc n id i l  s ta tio n s  (S in s . B 5  to  B 2).
F ig u re s  7a  e t  7b  :  V a r ia t io n s  m e n s u e l le s  d e s  te n e u r s  e n  s u lfu re  
d ' h y d r o g è n e  (A V S ) d a n s  l e s  s é d im e n ts  a )  s u p e r f ic ie ls  (0 -0 .5  Cm) e t  b)  

s u b s u p e r f i .a e ls  ( 0 .5 - 2  c m )  d e s  s ta t io n s  I n te m d a le s  ( 3 5  à  B 2 ) .

O n  tiie  ad ja c e n t su b tid a l s ta tio n , th e  seaso n a l ch an g es  o f 
m a jo r ch em ica l p a ram e te rs  o f  su rface  sed im en ts  (0  -1 cm ) 
c o in c id ed  w ith  th o se  fo u n d  o n  th e  in te r t id a l zone. In 
O c to b e r 1994, b o th  C h i a  a n d  p h eo p ig m en t sim ilarly  
in creased , b u t th e  p h e o p ig m e n t c o n te n t w as sign ifican tly  
h ig h e r  th a n  th e  C h i a  c o n te n t (8 7 .7  p g  g '1 a n d  18.3 p g  g '1, 
respective ly ) (f ig u re  8 a ). F ro m  O c to b e r 1994 to  A pril 
1995, w h ile  th e  C h i a  c o n te n t in c reased  u p  to  25.1 p g  g ‘\  
th e  p h eo p ig m en t co n ten t d ec rea sed  to  a  m in im u m  o f  69.7 
p g  g '1. A  fu r th e r  in c rea se  o f  C h i a  co n ten t w as found  in  
Ju ly  1995 w ith  a  m a x im u m  o f  38 .3  p g  g * \ b u t a  sharp  
decrease  o ccu rred  in  O ctober 1 9 9 5  (1 8 .6  p g  g !). 
C onverse ly , th e  p h e o p ig m e n t c o n te n t increased
p rog ressive ly  from  A p ril 1995  (6 9 .7  p g  g '1) to  O ctober 
1995 (7 9 .6  p g  g 1).

T h e  seaso n a l v a ria tio n  o f  T O C  c o n te n t (f ig u re  8 b ) was 
ra th e r  s im ila r  to  th a t o f  p h e o -p ig m e n ts  (f ig u re  8a). T O C  
c o n te n t stro n g ly  in c re a se d  from  Ju ly  1994  (2 1 .8  m g  g" ). 
to  O ctober 1994  (2 8 .2  m g  g '! ). In  Jan u ary  1995 i t  was 
low  (2 2 .5  m g  g*‘ ), b u t in c re a se d  a g a in  th ro u g h  th e  next 
m on ilis  u p  to  27 .5  m g  g  ! in  O c to b e r  1995. B o th  in  1994 
a n d  in  1995, a n  in c rea se  o f  p h e o p ig m e n t a n d  TOC 
co n te n ts  le d  to  a n  in c rea se  o f  A V S  leve ls (f ig u re  8b). In

m g  g - '
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O ctober 1994  su rface  s e d im e n t A V S level w as 0 .7 3  n ig  g '1 
(2 .46 m g  g '1 a t th e  b e lo w  1-2 c m  layer, n o t sh o w n ). In  
O ctober 1995 it p eak ed  2 .1 9  m g  g '1 a t  th e  su rface  (figu re  
8 b ) a n d  5 .9 4  m g  g 1 a t  th e  b e lo w  1-2 c m  layer (no t 
show n).

F ig u re s  8 a  a n d  8 b : S e a s o n a l v a r ia t io n s  o f  c h lo ro p h y ll a  a n d  p b eo p ig m cn t 
co n te n ts  ( a ) ,  a n d  to t a l  o rg a n ic  c a rb o n  ( T O C )  c o n te n t a n d  ac id -v o la lile  
su lf id e  (A V S )  i  c  ve is  ( b )  a t  t h e  s u r fa c e  se d im e n ts  (0 -1  c m )  o f  th e  su b tid a l 
nation (Stn. Y3).
F ig u re s  B a  e t  8 b  :  V a r ia t io n s  s a is o n n iè r e s  d e s  te n e u r s  c )  e n  c h lo r o p h y lle  
a  e t  p h é o p ig m e n ts .  e t  b )  e n  c a r b o n e  o r g a n iq u e  ¡o ta ! (T O C )  e', s u l fu r e  
d  h y d r o g è n e  d a m  l e s  s é d im e n ts  s u p e r f ic ie l s  IO- 1  c m )  d e  l a  s ta tio n  

t u b n d e ie  O'-V-

S easonal c h a n g es  o f  in te r tid a l a n d  su b tid a l 
m ac ro b en th o s
O n th e  in te r tid a l f ia t ,  seaso n a l c lian g cs  o f  d en sity  a n d  
b iom ass o f  th e  b iv a lv e  R u d ita p e s  p h il ip p in a ru m  in d ica ted  
th a t th is  sp ec ie s  c ra sh ed  in  O c to b e r 1994 (f ig u re s  9 a  a n d  
9b). T h e  e a rly -sp r in g  re c ru itm e n t o f  R . p h ilip p in a ru m  
co rresponded  to  a  low  b io m ass  in  A p ril 1994 (5 1 .7  ±  26 .2  
g \V W  m 2)  (f ig u re  9b ). M o st o f  th e  in d iv id u a ls  w ere 
sm all-s ized  w ith  a  m e a n  in d iv id u a l w e ig h t (a s  a  rough  
ra tio  b io m ass to  d e n s ity )  o f  0 .0 0 9  ±  0 .0 0 4  g W W  ind*'. 
T h ro u g h o u t th e  n ex t m o n th s , d e n s ity  rem a in ed  h ig h  a t a ll 
s ta tio n s  (m ax im u m  o f  7 4 5 0  ind  m  :  in  A ugust, a t  S tn . 
B 4), a n d  b io m ass in c re a se d  to  a  m ax im u m  o f  563 ±  163 
gW W  m ';  in  S ep tem b er (m e a n  in d iv id u a l w e ig h t o f  0 .162 
:  0 .063 gW W  ind ‘‘). In  O c to b e r a  v isu a l in sp ec tio n  o f  th e  
tid a l fia t d u rin g  sa m p lin g  a c tiv itie s  rev ea led  th a t som e 
a rca s  w e re  h eav ily  covered  by  d e a d  a n im a ls  o f  R. 
p h ilip p in a ru m . A t  th is  sa m p lin g  occasion , th e  sed im en t 
w as d a rk ish  a n d  bad  sm e llin g . D e n s ity  (f ig u re  9 a )  and  
b iom ass (f ig u re  9 b )  o f  R . p h il ip p in a ru m  d ro p p ed  to  763  ±  
565  in d  m ':  a n d  7 7 .0  ± 6 1 . 2  g W W  m \  re sp ec tiv e ly  w ith  
no  in d iv id u a ls  a t  S tn . B 3 . D u rin g  the su b seq u en t m onths 
o f  in v es tig a tio n s , th e  b io m ass o f  R . p h il ip p in a ru m  
rem ain ed  low . D iffe ren tly , d en sity  s ta r te d  to  in crease  
ag a in  in  A p ril 1995  (m e a n  o f  3 3 8 8  ±  1872  in d  m ':)  as

new1 rec ru itm en t o ccu rred  in  e a rly -sp rin g  (fig u res  9  a  and  
9b). W h erea s , d e n s ity  o f  R . p h il ip p in o ru m  in  A p ril 1995 
w as lo w er th a n  th a t o f  A p ril 1994 (m e a n  o f  5488  ±  
862  ind  m '2).

F ig u res  9 a  t x l  9 b : M c r ih ly  c h a n g e s  i n  t h e  d en srty  ( a )  a n d  b io m a ss  ( b )  o f  
t h e  b iv a lv e  R u d i ta p e s  p h i l ip p in a r u m  a l  t h e  ¿ r lc r tic a l  s ta tio n s  (S tn s . B 5  to 
B 2).
F ig u r e s  9 c  e :  9 b  :  F lu c tu a t io n s  m e n s u e l le s  d e  l e  d e n s i t é  (a ) e t  b io m a s se  
l b )  d u  B iv a lv e  R u d ita p e s  p h il ip p in a ru m  a u x  s ta t i o n s  m ie r n d a le s  lB 5  à

B2).

W ith  R. p h ilip p in a ru m , th e  b iv a lv e  M u sc u lis ta  senhousia  
w as d o m in a n t o n  th e  in te r tid a l f la t. T h e  tw o  bivalve 
sp ec ies  acco u n ted  u p  to  96 .1  %  o f  th e  to ta l b iom ass 
(S ep tem b er). F ro m  A p ril 1994  th ro u g h  th e  n ex t few 
m o n th s , S í .  s e n h o u s ia  m a rk e d ly  in c re a se d  b o th  in  density , 
u p  to  3 6 3 8  ±  1987  in d  m ‘:  in  Ju ly  1994  (f ig u re  10a), a n d  
in  b io m ass , u p  to  583 ±  143 g W W  in d '1 in  A u g u st 1994 
(f ig u re  10b). T h e  m e a n  in d iv id u a l w e ig h t in c reased  from  
0 .0 0 6  ±  0 .0 0 3  gW W  in d '1 (A p ril 1994) to  0 .2 5 4  ±  0.013 
gW W  ind ‘! (S ep tem b er). D iffe ren tly  fron t R. 
p h ilip p in a ru m ,  d en sity  a n d  b io m ass  o f  A/. sen h o u s ia  
s ta r te d  to  d ec rea se  f ro m  Ju ly  1994  a n d  A u g u s t 1994, 
respective ly . N o  c ra sh  o f  A/, se n h o u s ia  w as found  in 
O c to b e r 1994, bu t a  g ra d u a l d ec rea se  o f  its  population  
w h ich  reach ed  th e  m in im u m  v a lu e s  i n  F eb ru a ry  1995 for 
d e n s ity  (3 5 0  ±  381 in d  m  : )  a n d  in  J a n u a ry  1995  for 
b io m ass  (9 5 .8  ±  108 g W W  m 2). A m ong  Polychaeta . 
N e r e is  s p ..  C irr ifo rm ia  te n ta c u la ta  a n d  P o lyd o ra  sp . w ere 
d o m in an t. A  sh a rp  peak  o f  P o ly ch ae ta  d en sity  w as found 
in  A u g u st 1994 (f ig u re  10a). T h is  w a s  d u e  to  th e  sudden  
a p p e a ra n c e  o f  P o lyd o ra  sp .  w h o se  d en sity  in c reased  from  
2 0 0 0  ± 1 1 3 4  ind  i n 2 (Ju ly ) to  4 4 2 5  ±  2094  in d  m '2 
(A u g u st) a n d  rap id ly  d ro p p ed  to  200  ± 2 1 6  in d  m  :  in 
S ep tem b er. O n  th e  o th e r  h an d , no  s ig n ific a n t ch an g es  in 
th e  to ta l b io m ass  o f  P o ly ch ae ta  o ccu rred  (f ig u re  10b), as 
th e  sm all sp io n id ae  P o lyd o ra  sp .  a cco u n ted  fo r  o n ly  8 .0  r  
5 .2  %  o f  th e  P o ly ch ae ta  b io m ass . W h erea s , rem arkab le  
c h a n g e s  o f  b o th  d e n s ity  a n d  b io m ass  o f  Po lychaeta 
o ccu rred  betw een  S ep tem b er a n d  N ovem ber. D en sity  o f 
C irr ifo rm ia  te n ta c u la ta  in c re a se d  f ro m  175 ±  104 in d  m ’* 
(S ep tem ber) to  1725 ±  1294  ind  m '2 (N o v em b er) and 
b io m ass  o f  N e r e is  sp . in c re a se d  from  30 .4  ±  15.5 gW W
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m ‘2 (S ep tem b er) to  8 2 .8  ±  78 .5  g \ W  m ’2 (N ovem ber). 
F ig u re  10a sh o w s th a t  f ro m  O c to b e r th e  to ta l d en sity  o f  
P o ly ch ae ta  g ra d u a lly  in c rea sed , in  sp ite  o f  a  rela tive 
d ec rea se  i n  D ecem b er, a n d  re m a in e d  c o n stan tly  h igher 
th a n  th a t o f  B iv a lv e s  th ro u g h  a ll  th e  subsequen t period  o f  
in v estig a tio n s. A lso  b io m a ss  s ig n ific an tly  in c reased  u p  to  
144,4  ±  100 .9  g W W  m '2 in  A p ril 1995  (f ig u re  10b).

F i g u r a  1 0 a  a n d  1 0 b : M o n th ly  d u n g a  in  th e  d e n s ity  ( a )  a n d  b io m a ss  (b )  o f  
th e  in te rtid a l m a c ro b e n th ic  c o m m u n it ie s  a l  S tn s . D 5 to  B 2 . S tan d a rd  
d e v in io n s  a rc  o m itte d  fo r  c la r ity .
/- In u r e s  1 0 a  e t  I O  b  :  f l u c t u a t i o n s  m e n s u e l le s  d e  l a  d e n s i t é  (a ) e t  d e  Ui 
b io m a ts e  (b )  d e s  c o m m u n a u té s  m a c r o b e n th iq u e s  in t e m d a le s  a u x  s ta tio n s  

B S  à  B Z

O n  th e  su b tid a l z o n e , s tro n g  seasonal c h a n g e s  o f  b o th  
d e n s ity  (f ig u re  l i a )  a n d  b io m ass (f ig u re  l i b )  o f  the 
m acro b en th o s  w ere  fo u n d , w h ic h  w ere  co in c id en t a n d  
ra th e r s im ila r  to  th o se  th a t o ccu rred  o n  th e  in te rtid a l f l a t  
D en sity  a n d  b io m ass  w ere  h ig h e s t in  Ju ly  1994 (8 4 8 8  in d  
m*:  a n d  179 g W W  m '2,  re spec tive ly ) a n d  low est in  
Ja n u a ry  1995 (8 1 3  in d  m  a n d  5.0  g \V W  m '2, 
respec tive ly ). In  J u ly  1994  M u sc u lis ta  sen h o u s ia  
acco u n ted  fo r 7 7 .9  %  o f  th e  to ta l d en sity  (6613  ind  m '2). 
M o st o f  in d iv id u a ls  o f  th is  B iv a lv e  sp ec ies  w ere  sm all- 
s iz e d . w ith  a  m e a n  in d iv id u a l w e ig h t o f  0 .0 1 4  gW \V  i n d 1. 
O n  th e  o th e r  h a n d  in  O c to b e r  1994, n o  in d iv id u a ls  o f  th is 
B iv a lv e  sp ec ies  w e re  found . C onversely , Po lychaeta 
in c reased  th e i r  d e n s ity  to  2 3 5 0  in d  m 2 (figu re  l i a )  a n d  
acco u n ted  fo r 9 9 .4  %  o f  th e  to ta l d ensity . W hereas , the 
b io m ass  o f  P o ly ch ae ta  in  O c to b e r 1994 w as m u c h  low er 
th a n  th a t  fo u n d  in  Ju ly  1994  (f ig u re  1 lb ) , a s  a  sh ift to  a  
sm a ll-s iz e d  sp e c ie s  ( C o ssu ra  c o a s ta )  o ccu rred . In  A pril 
1995  in  sp ite  o f  a  r a th e r  lo w  d en s ity , th e  to ta l b io m ass  o f  
th e  su b tid a l m ac ro b en th o s  in c re a se d  to  99 .3  gW W  m ‘2. 
w ith  a  s ig n if ic a n t co n tr ib u tio n  o f  M . sen h o u s ia  (m ean  
in d iv id u a l w e ig h t o f  0 .0 5 6  gW W  i n d 1) (f ig u re  l i b ) .  In  
Ju ly  1995, th e  p re sen ce  o f  M  se n h o u s ia  w as v e ry  lim ited  
(3 8  in d  m '2). b u t th e  sm a ll-s iz e d  b iv a lv e  T h eo ra  fr a g il is

o vercam e the d en sity  o f  P o ly ch ae ta  (3463  in d  n i'2 a n d  950 
ind  m  '  re spec tive ly ) a n d  acc o u n te d  fo r 7 7 .6  %  o f  the total 
d ensity . H ow ever, in  O ctober 1995  T. fr a g i l is  w as not 
found . A s in  O ctober 1994 , b o th  B iv a lv e  species w ere 
ab sen t a n d  P o ly ch ae ta  d o m in a ted , a c c o u n tin g  fo r 97 .3  %  
a n d  94 .3  % o f  the to ta l d e n s ity  a n d  b io m ass , respectively.
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F ig u r a  l i a  a n d  I  lb : M onthly c h a n g a  in  Ute density  ( a )  .ind b iom ass (b) o f  
the  s u b tid il n u u ro b o u h ic  com m unities  a :  Stn. Y3.
F ig u r e s  ¡ ¡ a  e t  l i b  :  F lu c tu a t io n s  m e n s u e l le s  d e  la  d e n s i t é  (a ) e l  d e  la  
b to m a s s e  fb )  d e s  c o m m u n a u té s  m a c r o b e n th iq u e s  s u b tid a le  i  à  la  

s ta t io n  YS.

D ISC U SS IO N

D u rin g  th e  p e rio d  o f  in v e s tig a tio n s , m a jo r ecological 
ev en ts  w e re  re la ted  to  th e  d e v e lo p m e n t o n  th e  in te rtida l 
fla t o f  a  h ig h  am o u n t o f  th e  m ac ro a lg ae  U lva  sp . in  sp r in g  
a n d  su m m er a n d  th e  p a ra lle l a n d  fa s t g ro w th  o f  tw o 
b iv a lv es  R u d ita p e s  p h il ip p in a ru m  a n d  M u scu lis ta  
se n h o u s ia . W hereas , th e  su b seq u en t d ecay in g  o f  U lva sp . 
in  e a r ly  au tu m n , as a tm o sp h e ric  c o n d itio n s  deterio rated , 
co rresp o n d ed  to  a n  in c reased  a m o u n t o f  d c tr ita l o rgan ic  
m a tte r , w h ich  e n h a n c e d  th e  p ro cesses  o f  decom position  
a n d  resp ira tio n . T h e se  ev en ts  s ig n if ic a n tly  afTcctcd the 
in te r tid a l a n d  su b tid a l co m m u n itie s  o f  th e  m acroben thos. 
G ro w th  o f  th e  m ac ro a lg ac  Ulva  s p .,  d ep en d s  o n  several 
en v iro n m en ta l a n d  p h y sico -ch em ica l facto rs. T hese 
in c lu d e  su ch  a s  lig h t a n d  w a te r  te m p e ra tu re  (S tcffcnsen. 
1976; L ap o in te  &  T en o re , 1981); c u r r e n t  ve locity , w hich  
in f lu en ces  d e ta c h m e n t o f  th a l li  (H a w e s  &  S m itii. 1995); 
ra in fa ll, w h ich  cau ses f lu sh in g  a w ay  o f  m icrophy tobcn th ic  
a ssem b lag e s  (M ag n i &  M o n ta n i. 1998 ) a n d  m o s t likely 
m acro a lg a l m a t itse lf; c lim a tic  c o n d itio n s  re la ted  to  the 
n itro g e n  load ing  (P irio u  &  M e n e sg u c n , 1992) and 
p ig m en t d eg rad a tio n  a n d  C O ; d ep ic tio n  in  sum m er 
(F ro s t-C h ris tcn scn  &  S an d  Jen sen , 1990). B esides y ear to 
y e a r  v a ria tio n s , re c u rre n t seaso n a l p a tte rn s  o f  U lva sp . 
h a v e  been  recen tly  rep o rted  (P irio u  &  M en esg u en , 1992;
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V iaro li er a f . .  1992; R iv e rs  &  P ccko l, 1995). In  th e  bay  o f  
S a in t-B ricuc , n o r th e rn  B rittan y  (F ra n c e )  a  ra p id  g ro w th  o f  
U lva  sp . b e tw een  la te  M ay  a n d  J u n e  a n d  g ro w th  cessa tion  
a t  th e  e n d  o f  J u n e  o r  e a r ly  Ju ly  w e re  observed  in  1986, 
1988 a n d  1989  (P irio u  &  M cn csg u cn , 1992). In  V a lle  d i 
G orino , a  su b tid a l lag o o n  in  th e  P o  r i s e r  D e lta  (I ta ly ), a  
g rea t d ev e lo p m en t o f  U lva  r ig id a  o ccu rred  in  s p r in g  1990, 
lead in g  to  o v c rsa tu ra ted  D .O . c o n c e n tra tio n , b u t rap id ly  
decom posed  e a r ly  i n  Ju ly  c a u s in g  co m p le te  anox ia  
(V ia ro li e l a t. ,  1992). R iv e rs  &  P ecko l (1 9 9 5 ) a ttrib u ted  
th e  su m m er d e c lin e  o f  U. la c tu c a  i n  a  N ew  E n g la n d  
eu tro p h ic  em b ay em en t (W aq u o it B ay , M assach u se tts )  to  
th e  co n co m itan t effec ts o f  ca rb o n  im b a lan ce , th e rm a l 
s tre ss  a n d  b io lo g ica l fa c to rs  (co m p e titio n  a n d  g raz in g ). 
A lso  o n  th e  in te r tid a l fla t o f  th e  p re se n t study . U lva  sp. 
show s re c u rre n t seaso n a l p a tte rn s , g ro w in g  heav ily  in  
sp r in g  a n d  su m m e r a n d  d eco m p o s in g  in  la te  sum m er- 
ea rly  a u tu m n . F ro m  th e  s p r in g  to  su m m er p e rio d  o f  1994, 
favourab le  a tm o sp h e ric  co n d itio n s  (e .g . low  ra in fa ll ,  h ig h  
so la r ra d ia tio n  a n d  h ig h  te m p e ra tu re  in  Ju ly  a n d  A ugust 
1994, fig u re s  2 a  a n d  3a) fav o u red  th e  heav y  g ro w th  o f  
U lva  s/» ..The m ac ro a lg a l m a ts  d id  n o t  in i tia lly  a ffec t th e  
g ro w th  o f  tw o  b iv a lv e s  R u d ita p e s  p h ilip p in a ru m  and  
M u scu lis ta  se n h o u s ia  ( f ig u re s  10a  a n d  10b). B esides, th e  
a m m o n iu m  re leased  b y  th e  ex c re to ry  ac tiv ity  o f  B ivalves 
(u p  to  3 5 .6  m M  m '2 d ay '1 in  A u g u st 1994, unpu b lish ed ) 
m ay  h a v e  rep re sen ted  a n  im p o rta n t n itro g e n  so u rc e  fo r th e  
g ro w th  o f  th e  m ac ro a lg ae  itse lf. W h e rea s , th e  effic ien t 
n itro g en  u p ta k e  b y  th e  m ac ro a lg ae  re su lted  in  low  
am m o n iu m  co n cen tra tio n s  i n  th e  eb b in g  tid a l-c reek  from  
A pril to  S ep tem b er 1994  (f ig u re  3b). A s a  re s u lt o f  the 
consp icuous m ac ro a lg a l b io m ass , o v e rsa tu ra ted  d isso lved  
o x y g en  co n cen tra tio n s  o ccu rred  in  sp r in g  a n d  sum m er 
(figu re  3b ). D u rin g  th is  p e rio d , a  re la tiv e ly  h ig h  C h i a 
co n te n t b o th  i n  th e  cb b in g tid a l-c rcck  (e.g . A u g u s t 1994, 
fig u re  4a) a n d  o n  th e  in te r tid a l su rface  se d im e n ts  (e.g . 
A u g u st 1994, f ig u re  5 a )  w as a n  ev id en ce  o f  a  h ig h  
frac tio n  o f  liv in g  a lg a l m a te ria l (co rre sp o n d in g  to  a  low  
p h eo p ig m cn t/C h l a  ra tio ), a s  a  re s u lt o f  a lg a l p rim a ry  
p roduc tion . F u rth e r, w e  fo u n d  a  s ig n ific a n t decrease  o f  
th e  C lil a  co n ten t a t  th e  su rfa c e  sed im en t i n  J u n e  an d , 
conversely , a  p e a k  in  F e b ru a ry  (f ig u re  5 a ). W e  suggest 
th a t  m ic ro p h y to b cn th ic  b io m ass a n d  p rim a ry  production  
a re  s ig n ific an tly  a ffec ted  in  sp r in g  b y  th e  d ev e lo p m en t o f 
m acro a lg a l m a ts  red u c in g  p e n e tra tio n  o f  so la r  ra d ia tio n  to  
th e  su rface  se d im e n ts  a n d  b y  th e  p a ra lle l g ra z in g  p ressu re  
o f  f iltc rin g -fccd e r R . p h il ip p in a ru m  a n d  M . se n h o u s ia  on 
rc su sp en d ed  se d im e n t (N u m ag u ch i, 1990; D e  Jonge  &  
V a n  B eusckom , 1992). In  co n tra st, m ic rophy tobcn th ic  
p ro d u c tio n  i s  e n h a n c e d  in  la te  w in te r , w h e n  U lva sp . is 
a lm o st ab sen t, a ir  ex p o su re  o f  th e  sed im en ts  is  lo n g e r and  
m acro -zo o b en th ic  b io m ass i s  m u c h  low er. T h e se  processes 
m ig h t b e  d esc rib ed  a s  a n  a d a p ta lio n a l seasonal 
a n ta g o n ism  betw een  p rim a ry  p roducers .
H ow ever, a f te r  a  w a rm  a n d  h ig h ly  ir ra d ie d  su m m er, a 
d ra s tic  d e te r io ra tio n  o f  th e  m eteo ro log ica l cond itions 
o ccu rred  f ro m  la te  S ep tem ber. A  m ark ed  d ro p  o f  solar 
ra d ia tio n  a n d  te m p e ra tu re  a n d  a n  in c reased  ra in fa ll 
(f ig u res  2 a , 2 b  a n d  3a) cau sed  th e  ra p id  deco m p o sitio n  o f  
th e  m acro a lg ae  (v e ry  a b u n d a n t in  ea rly  S ep tem ber, v isu a l 
observa tions). A s a  re su lt, a n  in c reased  fra c tio n  o f  d e u ita l 
a lg a l m a te ria l w as fo u n d  b o th  i n  th e  p a rtic u la te  a n d  the 
sed im en ta ry  o rg a n ic  ca rb o n  s ta n d in g  stock . In  th e  ebb ing  
lid a l-c reek , t h i s  w a s  in d ic a te d  b y  a  g o o d  c o rre la tio n  o f 
P O C  w ith  p h eo p ig m en ts , b o th  h ig h e s t in  O c to b e r, b u t not

w ith  C h i a . A t th e  sed im en t lev e l, i t  w a s  h ig h lig h te d  by  
th e  p a ra lle l p eak s  o f  p h e o p ig m e n t a n d  T O C  co n ten ts  and  
an  in c reased  p h e o p ig m e n t/C h l a  ratio .
S ubsequently , a n  in c re a se d  load  o f  re frac to ry  and  
d eco m p o s in g  a lg a l m a te r ia ls  e n h a n c e d  th e  p ro cesses  o f 
re sp ira tio n  a n d  a n a e ro b ic  d ecom position . A  d ro p  in  
d isso lv ed  oxygen  co n cen tra tio n s  a n d  a  p e a k  in  acid- 
v o la tile  su lfid e  lev e ls  a c c o rd in g ly  o ccu rred  in  O ctober. 
C o in c id en ta lly  b e tw een  S ep tem b er a n d  O c to b er, th e  ex ten t 
o f  th e  se lf-p u rify in g  p o ten tia l o f  th e  in te r tid a l zo n e , w h ich  
is  p ro m o ted  by  th e  s e d im e n t e m ers io n  d u r in g  lo w  tide, 
w a s  lim ite d  by  a  h ig h  L W L  (lo w -tid e  w a te r  level) w hich  
k ep t th e  sa m p lin g  s ta tio n s  su b m erg ed  fo r  lo n g e r (figure 
3a). S u ch  c irc u m sta n c e s  m ost lik e ly  p ro lo n g e d  the 
re s id en ce  tim e  o n  th e  tid a l f la t  o f  w a te r  m ass a t  low’ D .O . 
co n cen tra tio n  a n d  e n h a n c e d  th e  to x ic  effec t o f  hydrogen  
su lp h id e . A lth o u g h  th e  d is tro p h ic  ev en ts  m ay  h a v e  started  
in  ea rly  O c to b e r 1994  (v isu a l ob se rv a tio n s), the 
su b m ersio n  o f  s a m p lin g  s ta tio n s  p rev en ted  u s  from  
sa m p lin g  u n ti l  O c to b e r 2 5 th . W hereas , w h ile  th e  A VS 
leve ls a t th e  su rfa c e  se d im e n ts  m ig h t h a v e  p a rtia lly  
recovered fa s te r , th e  A V S  leve ls a t  th e  subsurface 
se d im e n ts  w e re  s t il l  s ig n if ic a n tly  h ig h e r  th a n  th o se  found  
d u r in g  th e  p rev io u s  m o n th s.
A m ong  th e  in te r tid a l co m m u n itie s  o f  th e  m acroben thos, 
R. p h il ip p in a ru m  w a s  th e  sp ec ie s  m o s t a ffec ted  b y  the 
d is tro p h ic  even ts . P a ra lle l to  a  re d u c tio n  o f  ca . 6 0  %  of 
in te rtid a l f la ts  m a in ly  d u e  to  h u m a n  rec lam a tio n , a  d rastic  
fa l l  i n  th e  ab u n d a n c e  o f  R . p h il ip p in a ru m  h a s  been 
o b se rv ed  o v e r  th e  la s t  te n  y e a rs  i n  Ja p a n . In  th e  P refec tu re  
o f  K u m am o to  (so u th e rn  J a p a n )  th e  ca tc h  h a s  d ec lin ed  in  
tlte  la s t  f if te e n  y e a rs  f ro m  7 0 .0 0 0  to n s  y e a r 1 (to ta l w eight) 
to  ca . 3 .0 0 0  to n s  y e a r '1 (T su tsu m i, p e rso n a l com m u­
n ica tion ). A n  ex cess iv e  o rg a n ic  load , in c lu d in g  detrita l 
a lg a l m a te r ia ls , a n d  su b seq u en t oxygen  d ep le tio n , a s  w e 
desc rib e  h e re , a p p e a r  t o  b e  m a jo r  c a u se s  o f  su ch  changes, 
w ith  im p o rta n t eco n o m ica l im p lic a tio n s  due  to  the 
co m m erc ia l re lev an ce  o f  R . p h ilip p in a ru m .
A m o n g  th e  o th e r  m a c ro b e n th ic  sp ec ies  in h a b itin g  the 
in te r tid a l f la t, A f. s e n h o u s ia ,  a  th in -sh e lle d  m y tilid  native 
to  A sia , w as no t s ig n if ic a n tly  a ffec ted  b y  th e  even ts  o f 
O c to b er, b u t  d isp la y e d  s im ila r  life -h is to ry  charac te ris tic s  
a s  rep o rted  fo r o th e r  in te r tid a l a n d  su b tid a l so ft sed im en ts 
o f  b ay s  a n d  e s tu a r ie s  i n  v a rio u s  p a r ts  o f  th e  w orld  
(C rooks, 1996  a n d  h e re in  c ite d  re fe ren ces). In  a c c o rd  w ith  
th e  y ea rly  h ig h  m o rta lity  v a lu e s  rep o rted  fo r Japanese  
em b ay m cn ts  (T an ak a  &  K ik u c h i, 1978), a lso  o n  the 
in te rtid a l f la t  u n d e r  in v es tig a tio n , M . se n h o u s ia  grew  
qu ick ly  in  sp r in g  ea rly -su m m er a n d  g ra d u a lly  decreased  
its  p o p u la tio n  f ro m  su m m er to  th e  su b seq u en t w in ter.
In  c o n tra s t to  th e  c ra s h  o f  R. p h ilip p in a ru m ,  th e  two 
P o ly ch ae ta  N e r e is  sp .  a n d  C irr ifo rm ia  ten tacu la ta  
(a c c o u n tin g  fo r  ca. 60  %  a n d  90  %  o f  th e  to ta l d en sity  and  
b io m ass o f  P o ly ch ae ta , re spec tive ly ) increased  
s ig n ific an tly  b o th  in  d e n s ity  a n d  in  b io m ass  f ro m  O ctober 
th o u g h o u t th e  n e x t few  m o n th s . P o ly ch ae ta  species w ere 
n o t e n d a n g e re d  by  th e  in c re a se  o f  A V S  lev e ls  b u t possib le  
b en efited  from  a  h ig h e r  a m o u n t o f  d e tr ita l o rg a n ic  m atte r 
w h ic h  a c cu m u la ted  o n  th e  tid a l f la t, a s  a  su itab le  
e n v iro n m e n t fo r th e i r  g ro w th . A lth o u g h  fu r th e r  s tu d ie s  on  
th e  p o p u la tio n  d y n a m ic s  o f  N e r e is  sp . a n d  C irrifo rm ia  
te n ta c u la ta  a r e  req u ired  to  th e  a n a ly z e  in  d e ta il th e ir  
seasonal ch an g es , i t  c a n  b e  su g g es ted  f ro m  th e  re su lts  o f  
th e  p re se n t w o rk  a n  in v e r ted  re sp o n se  o f  d iffe ren t tro p h ic  
g ro u p s  (su sp en sio n -fced e r b iv a lv es  v s . dcposit-feeder



P o ly ch ae ta ), fo llow ing  the d is tro p h ic  ev en ts  occurred  
betw een  S ep te m b e r a n d  O c to b e r 1994.
S ig n ific an t c h a n g e s  o f  th e  c h e m ic a l ch a rac te ris tic s  o f  the 
sed im en ts  a n d  th e  m acro b en th ic  co m m u n itie s  w ere  also  
found  in  O c to b e r 1994 a t th e  ad ja c e n t sub tida l sta tion . 
B e tw een  la te  S ep te m b e r a n d  O c to b e r  1994, decom posing  
m acro a lg a l d e tr itu s  w as m oved  b ac k w a rd s  in to  th e  estuary  
a n d /o r  tra n sp o rte d  to w ard  th e  su b tid a l zone  acco rd in g  to  
th e  tid a l cycle . T h u s , i t  p a rtly  d ep o sited  on  th e  in te rtida l 
f la t  a n d  p a rtly  su n k  in to  th e  b o tto m  sed im en ts  o f  the 
su b tid a l s ta tio n . T h is  co rresp o n d ed  to  th e  h ig h es t p eak s  o f 
p h eo p ig m en t (f ig u re  8a) a n d  T O C  (f ig u re  8 b ) co n ten ts  a t 
th is  su b tid a l s ta tion . A s o n  th e  in te r tid a l fia t, th e se  even ts  
le d  to  e n h a n c e m e n t o f  d eco m p o s itio n  p rocesses and  
oxygen  d ep le tio n  a t  th e  b o tto m  sed im en ts , w ith  a  
su b seq u en t in c rea se  o f  th e  A V S leve ls (f ig u re  8b). 
B iv a lv es d id  n o t su rv ive  to  su ch  a  s tre ssed  en v ironm en t. It 
c a n  b e  n o ted  th a t in  Ju ly  1994 sm a ll-s iz e d  in d iv id u a ls  o f 
\ { .  se n h o u s ia  w ere  m ore a b u n d a n t o n  th e  su b tid a l sta tion  
(to ta l density’: 6 6 1 3  in d  m '2, fig u re  l i a ;  m e a n  ind iv idual 
w eigh t: 0 .0 1 4  £ W W  i n d 1)  th a n  o n  th e  in te rtid a l fia t (3638  
±  1987  ind  m \  f ig u re  10a: m e a n  in d iv id u a l w eigh t: 0 .130  
i  0 .0 1 5  g  W W  i n d 1). W h e re a s , a  m ass m o rta lity  o ccu rred  
to  \ f .  s e n h o u s ia  in  O c to b e r 1994  o n  th e  su b tid a l sta tion  
b u t n o t o n  th e  in te rtid a l fla t. It i s  lik e ly  th a t  m o re  severe 
a n o x ic  co n d itio n s  a t th e  su b tid a l s ta tio n  (e.g . a t  the 
subsu rface  sed im en ts) p rev en t B iv a lv e s  (e .g . M . sen h o u s ia  
in  1994  a n d  T h eo ra  fr a g i l is  in  1995) from  a  successful 
se ttlem en t. W h erea s , a  su b s tan tia lly  m o re  o x id ized  
e n v iro n m e n t o n  th e  in te r tid a l z o n e  a llo w s  M . sen h o u s ia  
se ttlem en t a n d  co lo n iza tio n . D iffe ren tly  from  B ivalves, 
P o lychaeta  in c reased  in  d en sity  i n  O c to b e r o f  b o th  1994 
a n d  1995. W c w ill d iscu ss  m o re  in  d e ta il in  a  subsequent 
s tudy  th e  o ccu rren ce  o f  sp ec ie s  succession  am o n g  
P o lychae ta , w h ich  sea so n a lly  o c c u rs  a t th e  most 
o rgan ica lly -p o llu ted  s ta tio n  o f  th e  lo c a l su b tid a l zone.
In  conc lu s ion , th is  w ork  rep resen ts  th e  f irs t docum ented  
case  in  a  tid a l e s tu a ry  o f  th e  S c to  In la n d  S e a  o f  how  
in te rtid a l a n d  su b tid a l c o m m u n itie s  o f  th e  m acroben thos 
a re  a ffec ted  b y  d is tro p h ic  ev en ts  fo llow ing  the 
deco m p o sitio n  o f  m ac ro a lg a l m a ts  a n d  th e  enhan cem en t 
o f  re sp ira tio n  p rocesses. D ra s tic  ch an g es  in  m acroben th ic  
species co m p o s itio n  a n d  m a s s  m o rta lity  o f  sensitive 
species, lik e  R . p h il ip p in a ru m , is  a  w a rn in g  tha t 
in d isp en sab le  co u n te rm easu res  a r e  necessary ' fo r a 
su s ta in ab le  u se  o f  th is  tid a l e s tu a ry , su ch  a s  red u c tio n  o f  
n u tr ie n t im p o rt from  la n d  a n d  c o n tro l o f  m acroa lga l 
d ev e lo p m en t in  sh a llo w  w aters.
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