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A b s tra c t: T e m p o ra ry  c lo su re  o f  th e  s to rm -su rg e  b a r r ie r  in  th e  O o s te rsc h e ld e  e s tu a ry  (T h e  N e th e r la n d s )  
affects th e  tida l a m p litu d e  an d  ra te s  o f  t id a l  c u rre n ts . T h e  aim  o f  th is  s tu d y  w as to  a sse ss  exp erim en ta lly  
th e  e ffec ts  o f  tid a l m a n ip u la tio n  o n  th e  n u m b e rs  a n d  c o n d itio n  o f  in te r tid a l b e n th ic  an im a ls . T o  th is  en d  
u n d is tu rb e d  s ed im e n t c o re s  a n d  iso la te d  a n im a ls  w e re  ex p o se d  to  p ro lo n g e d  d ra in e d  co n d itio n s  (e b b ) o r 
su b m erg e d  in  s ta g n a n t w a te r . P a r t  o f  th e  d ra in e d  s ed im en t co res  re ce iv ed  a  da ily  e x tra  su p p ly  o f  s im u la ted  
ra in  w a te r  (ra in e d  co res).

P e rm a n e n t su b m ersio n  d id  n o t a ffec t th e  b e n th ic  an im a ls. M o s t sp ec ies  su ffe red  h eav ily  from  d ra in ag e , 
ir re sp ec tiv e  o f  a n  e x tra  supp ly  o f  ta p  w a te r . T h e  sm alle r a n im a ls  w ith o u t shells, su ch  a s  an em o n es  a n d  sm all 
p o ly c h a e te s , w ere  th e  m o s t su scep tib le  to  d ra in a g e , g a s tro p o d s  th e  le a s t. T h e  m o rta lity  ra te  w as h ig h est 
d u rin g  th e  su m m er, so m ew h a t lo w er in  sp rin g  a n d  lo w e s t in  a u tu m n  a n d  w in te r. T h e  d e c rea se  in  w a te r  
c o n te n t a n d  th e  c h an g e  in  sa lin ity  in  th e  sed im en t, a s  o b s e rv ed  in  th e  d ra in e d  a n d  ra in e d  se d im en t co res, 
d id  n o t c o n tr ib u te  to  th e  su rv iv a l (o r  m o rta lity  ra te )  o f  th e  an im a ls. A t d ra in a g e  th e  a m b ie n t a ir- tem p e ra tu re  
a n d  th e  g lycogen c o n te n t o f  th e  a n im a ls  d e te rm in e d  th e ir  m o rta lity  ra te .  H ig h  te m p e ra tu re s  (25  to  30 °C ) 
a n d  a  lo w  glycogen c o n te n t in c re a se d  th e  m o rta lity  ra te .  N o  d e c re a s e  in  th e  g lycogen c o n te n t o f  th e  an im a ls  
d u rin g  th e  s tre ss -p e rio d s  w as  o b serv ed .

K ey w ords: D ra in a g e ; S u b m e rs io n ; B e n th o s ; M o rta lity ; T id a l m a n a n g em e n t; G lycogen

T o  pro tec t the  area around  th e  D u tch  O osterschelde estuary from  floods a storm - 
surge barrier will be com pleted  in 1987. T em porary  closure o f  this storm -surge barrier 
will affect the tidal am plitude an d  ra tes o f tida l currents in  the  estuary. A s a  consequence, 
benthic anim als in the  estuary  m ay experience, depending on their position  in the tidal 
zone, extended periods o f  d ry  (ebb) cond itions (drainage) or subm ersion in possibly 
stagnan t w ater.

T he aim o f this study w as to  assess th e  m ortality an d  changes in condition  o f the 
benthic anim als caused by artificial changes in the tidal rhythm . T o this end large 
undisturbed  cores o f sedim ent, including the  anim als, w ere sam pled and  transpo rted  to  
an ou tdoor sea-w ater tank  w ith  an artificial tidal cycle. M oreover, anim als were taken
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Fig. 1. L o c a tio n  o f  th e  sam p lin g  s ta t io n s :  th e  an im als  s a m p le d  in  th e  s o u th w e s te rn  p a r t  o f  th e  N e th e rla n d : 
w e re  s tu d ie d  in  Y e rse k e ; th e  c o re s  co lle c ted  in  th e  W ad d e n  S e a  w e re  s tu d ie d  a t T exel.



from  their natu ra l hab ita t and  p laced in sea-w ater aquaria  in  the laboratory . T he changes 
in  num bers and condition  o f the drained  and  subm erged anim als w ere followed.

M a t e r i a l s  a n d  M e t h o d s

T he experim ents w ere partly  carried  ou t in aquaria  at Y erseke, and  partly  in a  large 
o u td o o r tank a t Texel (Fig. 1). T h e  anim als (studied  in Y erseke) and  the sedim ent cores 
(stud ied  in Texel) w ere collected from  tidal flats, except for Ostrea edulis w hich was 
collected in the G revelingen, a  s tag n an t brack ish  lake (S ta tion  6, Fig. 1).

T he o ther anim als used  in the laboratory  experim ents were collected in the O oster­
schelde estuary (Fig. 1, T able I). Cerastoderma edule, Arenicola marina an d  Nephtys 
hombergii were collected at S ta tion  1, Sagartia troglodytes and  Diadumene cincta at 
S ta tion  2 (Diadumene during au tum n  a t S tation  4), Littorina littorea a t S tation  3, and 
M ytilus edulis a t S tation  5. T he anim als were kep t in cylindrical aquaria  30 cm  wide.

T a b l e  I

S a m p lin g  d a te s ,  te m p e ra tu re s  a n d  d u ra tio n  o f  th e  la b o ra to ry  e x p erim en ts  a t Y e rsek e  a n d  o u td o o r
e x p e r im e n ts  a t Texel.

Y e rsek e

S e a so n  A u tu m n  W in te r S p rin g  S u m m er
S ta r t  o f  e x p erim en t 17 N o v . 1983 18 Jan . 1984 19 A pr. 1984 11 Ju ly  1984
D u ra tio n  o f  s tre ss -p e rio d  (d a y s )  14 14 14 14
D u ra tio n  o f  re c o v ery -p e rio d  28 28 27 14
A v e ra g e  te m p e ra tu re  ( ° C )  9  3 10 1 9 ,22

Texel

S e a so n  S u m m er A u tu m n  W in te r  S p ring
S ta r t  o f  e x p erim en t 4  Ju ly  1983 31 O ct. 1983 12 Jan . 1984 17 A p r. 1984
D u ra tio n  o f  s tre ss -p e rio d  (d a y s )  14 14 14 14
D u ra tio n  o f  re c o v ery -p e rio d  28 28 27  28
A v e rag e  te m p e ra tu re  ( ° C )  20  5 5 10

A quaria  with polychaetes w ere filled w ith a  15-cm thick  layer o f sedim ent, those  w ith 
Cerastoderma edule w ith a  layer o f sedim ent 5 cm  thick. T h e  aquaria  w ere p laced in  two 
tem peratu re  room s, one w ith a  constan t, the other, to  sim ulate the  norm al daily 
fluctuation, w ith a  varying tem peratu re  (in th e  daytim e 5 °C  above, a t night 5 0C  below  
average). D uring sum m er bo th  tem peratu re  room s h ad  a  varying tem perature . T he 
tem perature was controlled w ithin a  range o f 2 °C . The aquaria  w ere connected  to  a 
continuously  recirculating sea-w ater system  o f 500 1. T he sea w ater w as filtered on  a 
F iltrox 5 p m  filter. After filtration a  culture o f the flagellate algae Isochrysis galbana 
P arke and som e pow dered m ussel m eat w ere added  to  the  w ater, to  give food 
concen tra tions o f 0.5 to  2 mg P O C  per 1.



T he sedim ent cores used  in  the  ou tdoor.tank  experim ents a t Texel w ere obtained from  
the w estern W addenzee w ith a  box corer (Fig. 1, Table I). T h e  species com position  of 
the benthic fauna on the tidal flats in the W addenzee and in  th e  O osterschelde estuary 
are quite sim ilar (Beukem a, 1976; Fortu in , 1981). T he sam pling surface o f the box corer 
w as 0.25 m 2 and  th e  sam pling d ep th  30 to  50 cm . A fter sam pling, the cores were placed 
on  racks in the ou tdoor ta n k  (Fig. 2). R acks o f  different heights w ere used to  store 
sim ultaneously drained (high racks), subm erged (low racks) and  contro l cores in the 
tank . Sea w ater could be sto red  in an  ad jacen t tank . T he w ater level in the tank  with 
sedim ent cores could be ad justed  by pum ping w ater from  and  to  the  “ w ater” -tank. A 
change o f the tidal cycle an d  am plitude w as established by m eans of e lectronic clocks 
and  water-level ind icators connected  to  the pum ps. The ta n k s con tained  300 m 3 sea 
w ater. The sea w ater w as continuously renew ed. T he tida l range in the w estern 
W addenzee is small, m ean high w ater being + 54 cm  and  m ean low w ater being -  82 cm 
from  m ean tidal level. S ta tion  7 w as situated  a t + 20 cm an d  S tation  8 a t -  70 cm  from 
M TL. Tw o sta tions w ere sam pled  to  obtain a  representative range o f species.

T he anim als in the aquaria  (a t Y erseke) w ere divided in to  th ree groups and the 
sedim ent cores (at Texel) in to  four groups:

(1) a group d rained  for 2 w k (drained),

Fig. 2. O verv iew  o f  th e  e x p e r im e n ta l s e t-u p  w ith  s ed im e n t co res  in  th e  o u td o o r  ta n k s  o f  th e  R esearch  
In s ti tu te  fo r N a tu re  M a n a g e m e n t a t T ex e l: from  a  slide  o f  A. M eijboom .



(2) a  group subm erged for 2 wk in alm ost stagnan t w ater (subm erged),
(3) a  group subjected to  a  norm al tidal cycle (control), and
(4) a  group, only for th e  cores, d rained an d  to  w hich a  daily am oun t o f  tap  w ater 

equivalent to  2 m m  rain w as added  on to p  of the  sed im ent (rained).
T he stress-period o f 2 w k w as follow ed by a  recovery period o f 2 to  4 wk. In the 

stress-period the  num ber o f  live anim als in the  aquaria  an d  in subsam ples o f  1 dm 2 from 
the sedim ent cores were coun ted  every 2 to  5 days. In  th e  recovery period we counted 
the live anim als once every week. A  1-mm sieve was u sed  to  ob ta in  the  anim als from 
the sedim ent subsam ples.

T h e  difference in num ber o f  live anim als betw een the  beginning and the  end o f  an 
experim ent w as called the m ortality  (M ) and  w as expressed as a  percentage o f  the 
num ber o f anim als a t the s ta rt o f the  experim ent. In  th e  laboratory  experim ents the 
num bers on the  first and the la s t day w ere used  to  calculate the m ortality, in the ou tdoor 
experim ents the m ean num ber o f the  first 4 days and  la s t 2 w k w ere used. In  addition, 
a  m ortality  ra te  (R ) was calcu lated . This is the  decrease in num bers, expressed as a 
percentage o f th e  num ber a t the  beginning o f  the experim ent, per day during the 
stress-period. W hen the  con tro l show ed a  s trong  decline in  num bers then  the  d a ta  were 
though t to be n o t reliable, and  therefore rejected. W hen there w as a  continuous decrease 
during the recovery period, the  m ortality  ra te  w as calculated  for a  period  up to  and 
including 2 w k o f the recovery period.

In the  experim ents w ith sedim ent cores the  w ate r con ten t and  salinity o f the sedim ent 
in the  cores w ere determ ined during the second  week o f  the  stress-period  a t intervals 
o f 3 cm  from  the  sedim ent surface. T he w ater con ten t (P )  w as m easured as th e  loss of 
weight after drying a t 65 ° C  for 3 days, and  expressed as a percentage o f  the  initial wet 
weight. By suspending (s  g) sed im ent in (w g) ta p  w ater th e  salinity could be calculated 
from  the chlorinity (C ) m easured  w ith a  chlorinity  electrode connected  to  a R adiom eter 
P H M  82, as follows:

In  the laboratory  experim ents a t Y erseke the glycogen con ten t o f the  anim als was 
followed as an  index o f their cond ition  (Ingle, 1949; W alne, 1970). T he glycogen con ten t 
w as determ ined according to  th e  m ethod o f H andel (1965) m odified by D e  Z w aan  & 
Z an d ee  (1972a). T he glycogen con ten t was expressed as a  percentage o f the dry weight 
o f  the  anim als ob tained after drying a t 80 ° C  fo r 3 days.

C H A N G E S  IN  T H E  S A L IN IT Y  A N D  W A T E R  C O N T E N T  O F  T H E  S E D IM E N T

Effects o f prolonged dry  periods (drainage) and  the ex tra  addition  o f fresh w ater (to 
sim ulate rain) w ere strongest in the upperm ost 10 cm o f the sedim ent (Fig. 3). The

R e s u l t s
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Fig. 3. W a te r  c o n te n t (%  o f  th e  to ta l w e t w e ig h t)  a n d  sa lin ity  (%0 S )  in  th e  sed im en t a f te r  8 to  14 d ay s  in  
th e  d ra in e d  a n d  su b m erg ed  c o re s  a t  Texel.

salinity an d  w ater co n ten t o f th e  sed im ent in the  subm erged cores d id  n o t deviate from  
th a t in  the contro l. F o r th e  sum m er a contro l w as lacking and, therefore, a field sam ple 
w as used as a  contro l.

In  sum m er the w ater con ten t d ecreased  and  th e  salinity increased in  bo th  the drained 
and the rained  cores (Fig. 3). T hese  changes w ere probably  caused  by a strong 
evaporation , as a  resu lt o f  high tem peratu res (up to  30 °C ) during th e  sum m er experi­
m ent (Table I). D uring the  o ther seasons the changes in salinity and  w ater con ten t w ere 
different (Fig. 3). T he d ecrease  in  the  w ater con ten t w as greatest in th e  d rained  cores 
and , o f course, less in the  ra ined  cores. In  co n tra s t to  the sum m er, in  the o ther seasons 
the salinity decreased  in  th e  ra ined  cores, w hereas in the drained cores it d id n o t deviate 
from  the control. T his m ight be due to  a m inor evaporation  an d  to  the  addition  o f  fresh 
w ater in the  rained  cores.
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T H E  L A B O R A T O R Y  E X P E R IM E N T S  A T  Y E R S E K E

A m ong the anim als studied  in the  aquaria, strong  differences in m ortality  in relation 
to  the different species and  seasons w ere found (Table l í) .  E xtended periods of 
subm ersion in stagnan t w ater h ad  hard ly  any effect; as a  representative exam ple the first 
(au tum n) experim ents are show n in Fig. 4. T he m ortality  a t the  end o f th e  experim ents 
(M ) and the m ortality  ra te  (R ) w ere usually  zero o r negligible.

T em p. 8  -  10 C T e m p . 3  -  14 C

M y tilu s

T em p . 8  -  10 C T e m p  3 - 1 4  C

A re n ic o la

2 0  3 0  4 0  0 2 0  3 0  40 2 0  3 0  4 0  0

100 100 .

•-O

C e ra s to d e rm a N e p h ty s
100 100

O s tre a S a g a r t ia
100

D ia d u m e n e
1 0 0 . 100

o d r a in e d  
o c o n t r o l  
» s u b m e r g e d

2 0  3 0  40

S t r e s s - a n d  r e c o v e r y  p e r io d  ( d a y s )

Fig. 4. P e rcen ta g e  o f  su rv iv in g  an im als  in  re la tio n  to  th e  p e rio d  o f  d ra in a g e  o r  su b m ers io n  in  s ta g n a n t w a te r  
d u rin g  th e  au tu m n  e x p er im e n ts  in th e  la b o ra to ry  a t Y erseke : th e  v e rtic a l b ro k en  line  in d ic a te s  th e  en d  o f  

th e  s tre ss -p e rio d  a n d  th e  b eg in n in g  o f  th e  re co v ery  p e rio d .

Tw o weeks under dry conditions (drained), how ever, often caused a high m ortality 
(Table II, Fig. 4). T h e  decrease in num ber (percentage) s ta rted  suddenly in m ost cases 
during the drainage period ; th e  num bers d ro p p ed  quickly to  a m inim um . T he decrease 
in num ber often continued  during th e  recovery period. T he m ortality  and  m ortality  rate  
o f the anim als in the room  w ith co n s tan t tem peratu re  did n o t differ from th a t o f the 
anim als in the room  w ith varying tem peratu res (S tuden t’s M est, P >  0.10). Therefore 
the experim ents in the  tw o tem peratu re room s can be regarded as duplicates.
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T h e anem ones Sagartia an d  Diadumene and  the  polychaete Nephtys w ere the m ost 
susceptible to  drainage (Table II). T he m ost resis tan t to  drainage w as the periwinkle 
Littorina. The bivalves and the  polychaete Arenicola w ere characterized by an  inter­
m ediate m ortality. T he highest m ortality  ra te  w as found in sum m er w hen m o st animals 
died w ithin 4 to  10 days.

T H E  O U T D O O R  E X P E R IM E N T S  W IT H  S E D IM E N T  C O R E S  A T  T E X E L

T he sedim ent cores, stud ied  in an  ou tdoor tank , w ere used  to  determ ine the reaction 
o f a  group o f sm aller organism s (Fig. 5; Table III). T he species com position  o f  the two 
sta tions sam pled (high and  low  in the in tertidal zone) differed strongly. Fig. 5 shows 
a representative exam ple o f the  results during th e  first (sum m er) experim ents. A s in the 
laboratory  experim ents strong  differences in the  m ortality  o f anim als w ere found in 
relation  to  the different species an d  seasons.

A  detrim ental effect o f ex tended  periods o f subm ersion in stagnan t w ater could no t 
be dem onstra ted  (Table III). In  co n tra st to  this, m ost anim als suffered heavily from 
extended dry periods. N o  difference was found betw een drained  and  ra ined  sam ples

STATION 8

STATION 7

STATION 8

o r a i n e d  
û d r a i n e d  
□ c o n t r o l  
*  s u b m e r g e d

STATION 7

S t r e s s - a n d  r e c o v e r y  p e r i o d  ( d a y s )

Fig. 5. T h e  n u m b e r o f  an im als  (p e r  d m 2) in  th e  d ra in e d , ra in ed  a n d  su b m erg ed  sed im en t c o re s  d u rin g  an d  
a f te r  th e  s tre ss -p e rio d  in  th e  o u td o o r  e x p e r im e n ts  d u rin g  su m m er a t T exel: S ta tio n  7  lies  h igh  in the  

in te r tid a l a re a ,  S ta tio n  8 is low ; th e  v e rtic a l b ro k e n  line in d ic a te s  th e  e n d  o f  th e  s tre ss -p e rio d .
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(S tuden t’s /-test, P >  0.10). Therefore, these tw o sets o f d a ta  w ere regarded as dupli­
cates.

T he sm aller polychaetes (.Heteromastus, Scoloplos, T haryx , Malacoceros) w ere p ar­
ticularly susceptible to  drainage. T he gas tropod  Hydrobia  was the m ost resis tan t to  
drainage.

T he m ortality ra te  w as h ighest during the sum m er experim ents, som e anim als 
reaching 100% m ortality  within 2 days. D uring autum n and  w inter the m ortality rates 
w ere so low th a t 100% m ortality w as n o t reached  w ithin 10 days o f drainage.

S E A S O N A L  IN F L U E N C E S

F o r each season  the m ean m ortality  and  m ortality ra te  w ere calculated  and  their 
difference with o ther seasons w as assessed  (Fig. 6, T ab le IV). Clearly the  m ortality and 
m ortality  rate  due to  subm ersion in stagnan t w ater w ere low in all seasons (Fig. 6). N o 
significant differences in m ortality  w ere found betw een seasons (Table IV). Only the 
m ortality  and m ortality ra te  in autum n w ere slightly lower than  those  in spring and 
sum m er.
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F ig . 6. T h e  m o rta lity  a n d  m o rta lity  r a te  o f  th e  a n im a ls  d u rin g  th e  e x p erim en ts  in th e  la b o ra to ry  a n d  in  th e  
o u td o o r  ta n k s  (m ean s o f  a ll d a ta  in  T ab le s  I I  a n d  I I I ) :  d a ta  fo r  d ra in e d  an im als  in c lu d e  th o s e  for th e  ra in ed

co re s : d e p ic te d  a re  th e  m ean  a n d  s e .

T he m ortality  caused by extended periods o f d rainage show ed a strong seasonal 
varia tion  (Fig. 6). T h e  m ortality  an d  m ortality  ra te  in bo th  spring and  sum m er were 
m uch higher than  those  in  au tum n and  w inter. T he m ortality  ra te  during sum m er w as, 
m oreover, considerably  higher th an  during spring.

T H E  G L Y C O G E N  C O N T E N T

T h e glycogen co n ten t o f  the  anim als varied th roughou t th e  year (Table V). T he highest 
values, up to  30%  in the bivalves, w ere found during sum m er and autum n, the lowest 
values during w inter and  spring. T here  w as no  significant difference in the glycogen 
con ten t o f the anim als betw een sum m er and  autum n, nor between w inter and  spring.



Table IV

S ta tis tic a l s ign ificance o f  sea so n a l d ifferences  in  to ta l m o rta lity  (M ) an d  m o rta lity  ra te  (£ ) :  * ,P  <  0 .05; * *, 
P  <  0 .01; * » * , ƒ ’ <  0 .001 ; n s , n o t s ign ifican t, P  >  0.05; S tu d e n t’s i- te s t.

L a b o ra to ry  ex p erim e n ts  a t Y e rsek e

A u tu m n W in te r S p ring S u m m er D ra in e d  sam p les

A u tu m n n s ns *  * T o ta l  m o rta lity
W in te r n s * «■ *  if ( M )

S pring * # » ns
S u m m er *  *  * #  *  * *  *  *

M o rta lity  r a te  (R )

A u tu m n W in te r S p ring S u m m er S u b m e rg e d  sam p les

A u tu m n * * * T o ta l m o rta lity
W in te r ns ns ns (M )
Spring * ns ns
S u m m er * * ns ns

M o rta lity  r a te  (R )

O u td o o r  ex p erim en ts  a t T exel

A u tu m n W in te r Spring S u m m er D ra in e d  a n d  ra in ed  sam ples

A u tu m n ns * * T o ta l m o rta lity
W in te r ns * ns ( M )

S pring * * *  * ns
S u m m er *  « * ns

M o rta lity  r a te  (R )

A u tu m n W in te r S p ring S u m m er S u b m e rg e d  sam p les

A u tu m n ns * * T o ta l m o rta lity
W in te r ns ns ( M )

S pring *  * *  * ns
S u m m er <■ * * ns

M o rta lity  r a te  (i?)

A n extended period o f d rainage or subm ersion d id  n o t alter the glycogen con ten t o f 
the anim als com pared  w ith the con tro l (as exemplified by the w in ter experim ents in 
Fig. 7). T he results w ere sim ilar fo r all species and  for all seasons.

D i s c u s s i o n

Effects o f subm ersion for 2 wk in stagnan t w ater on  benthic anim als norm ally living 
on tidal flats w ere absen t o r negligible. In  co n tra st to  this we found a  high m ortality 
during extended periods o f  dry (ebb) conditions (drainage). S trong  differences in the



T able V

A n n u a l changes in  th e  g lycogen c o n te n t o f  th e  an im als  a t th e  beg inn ing  o f  th e  la b o ra to ry  e x p erim e n ts  (a) 
ex p re sse d  as p e rc e n tag e  o f  th e  h ig h e s t g lycogen  c o n te n t in  th e  an im als  ( g ’g - 1 ), a n d  th e  s ta tis tic a l 
sign ificance  o f  th e  d ifference b e tw ee n  s e a s o n s  in th e  g lycogen c o n te n t (b ); * ,  P  <  0.05; n s , n o t sign ifican t, 

P >  0 .05; W ilcoxon  te s t ;  d a ta  o f  Ostrea  o m itte d  b e c a u s e  only  tw o  resu lts  available .

(a )  G lycogen  c o n te n t

A u tu m n  W in te r S p rin g S u m m er
H ig h est 

g lycogen  c o n ten t

M ytilus edulis 64 33 5 100 0.249
C erastoderm a edule 8 13 8 100 0.241
O strea edule 79 100 0.278
Littorina  littorea 100 64 49 45 0.074
Arenicola marina 100 65 85 50 0.026
N ephtys hombergi 100 38 50 48 0.052
S agartia  troglodytes 100 65 50 87 0.068
D iadum ene  cincta 41 32 100 0 .034

(b ) D iffe ren ce  b e tw een  sea s o n s  in  g lycogen  c o n te n t

A u tu m n W in te r S p ring S u m m er

A u tu m n _ * * ns
W in te r - ns *
Spring - *
S um m er -

degree and  ra te  o f m ortality  w ere found between species and  seasons. C hanges in the 
salinity and  w ater con ten t o f  the  sedim ent w ere expected to  contribu te to  the  seasonal 
differences in m ortality. T he higher m ortality  during sum m er coincided w ith the  higher 
salinities in the d rained  and  ra ined  cores. T he u pper lim it for salinity to lerance for m ost 
m arine benthic anim als is > 3 5  to  40%o (K inne, 1971; Wolff, 1973). In  our sum m er 
experim ents the salinity did n o t rise  above 35%0 and  is, therefore, n o t though t to  be of 
great im portance. M oreover, changes in the  salinity and  w ater con ten t w ere sim ilar 
during autum n, w inter and spring. T h e  seasonal changes in  m ortality  o f benth ic  anim als 
are, therefore, unlikely to  be influenced by changes in the salinity and  w ater co n ten t o f 
the  sedim ent. A ny influence o f  changes in salinity and  w ater con ten t on  m ortality  is also 
questioned on the basis o f the  following facts. A  decrease o f the w ater co n ten t in the 
sedim ent w as found  in the d rained  cores, and  to  a  lesser extent in the rained  cores. A 
change o f the salinity w as found too , b u t only in the rained  cores. N o  differences in the 
m ortality  betw een d rained  and  ra ined  anim als w ere, how ever, found. T he prim ary cause 
o f th is m ight be th a t the changes in w ater con ten t and salinity w ere restric ted  to  the 
upper 10 cm o f the sedim ent, w hereas, m ost o f the anim als w ould have re trea ted  to  the 
relatively und istu rbed  deeper layers o f the  sedim ent (Newell, 1976).

O ther factors influencing the  m ortality  o f th e  anim als m ight be the tem peratu re  and 
the condition  (glycogen con ten t) o f  the anim als. R egarding th e  tem perature , it proved
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Fig. 7. T he  g lycogen c o n te n t (e x p re s se d  as  a  p e rc e n tag e  o f  th e  to ta l  d ry  w e igh t) o f  th e  b e n th ic  an im als in 
th e  la b o ra to ry  ex p erim en ts  a t  Y e rsek e  in  re la tio n  to  th e  p e rio d  o f  d ra in a g e  an d  su b m ers io n  d u rin g  th e  w in ter 
ex p erim en ts: th e  v e rtic a l b ro k e n  line in d ic a te s  th e  en d  o f  th e  s tre ss -p e rio d  a n d  th e  beg inn ing  o f  th e  recovery

period .

not to  be im portan t w hether it rem ained  co n stan t o r varied 5 °C  a round  the average as 
in our experim ents. H igh tem peratu res are, how ever, likely to  influence m ortality. 
Boyden (1972) found a  higher m ortality  in d rained  Cerastoderma edule w ith increasing 
tem perature. The higher m ortality  and  m ortality  ra te  during sum m er in our experim ents 
(Fig. 6) may be explained by high tem peratu res: 30 ° C  during the ou tdoor experim ents 
in sum m er and  27 ° C in  the labora to ry  experim ents (Table I). A  tem peratu re  o f 25 to 
3 0 °  C  is near the  upper lim it o f therm al to lerance for m arine benthic anim als 
(K ristensen, 1958; K ennedy & M ihursky, 1972; Bayne, 1976; Ansell et al., 1981). The 
low m ortality in w inter, m ight be explained by th e  low w inter tem peratures (3 to  5 °C ); 
the m etabolism  o f the anim als will be very low at these tem peratures, so th a t the anim als 
can  survive a  longer stress-period  (Newell, 1979). T he tem perature w as m odera te  during 
spring and autum n. T he m ortality  and  m ortality  ra te  were, however, high in spring and 
low in autum n. Therefore, an o th er fac to r m ust b e  involved in the high spring and  low 
autum n m ortalities; glycogen co n ten t could be this essential factor. M arine  benthic
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anim als can utilize their glycogen reserves during periods o f stress (D e Z w aan & 
Z andee, 1972a,b; P and ian , 1975; D ries & Theede, 1976; D e Z w aan , 1977; Bayne et al., 
1982; C arr & Neff, 1984). Indeed , the glycogen con ten t o f the anim als w as low  during 
spring and high during autum n (Table V).

C onsidering the above it is ra the r am azing th a t no decrease of the  glycogen conten t 
w as found during drainage (Fig. 7). A  decrease o f the  glycogen h as been found in several 
stressed benthic anim als (D ales, 1958; D e Z w aan  & Z andee, 1972a; D ries & Theede, 
1976; Newell & Bayne, 1980; B ayne e ta l.,  1982; G äd e , 1983; A kberali & Truem an, 
1985). W e, however, never found  a  decrease in any o f the species studied during the 
four seasons.

A part from differences betw een seasons, caused by differences in the condition of the 
anim als and tem perature, there are clearly species-dependent differences within a 
season. T he sm aller polychaetes an d  the  (sm all) anem ones, w hich are bo th  w ithout 
shells, suffered m ost from  drainage (Tables II, III). T h e  bivalves (with shell) and the 
bigger polychaetes had  in term ediate  m ortality  rates. T he gastropods, w ith  a  thick  shell, 
have the highest resistance to  drainage. A s m ight have been expected m orphological 
characteristics (size and shells) seem  to  d ic ta te  the  species-dependent differences in 
m ortality. B eside these m orphological rela ted  differences our d a ta  suggest th a t the 
m ortality  ra te  o f  benthic anim als during stress-periods is determ ined prim arily by the 
tem peratu re  and  th e  glycogen conten t. T his m eans th a t benthic anim als are m ore 
susceptible to  disturbances w hen they have a  low glycogen co n ten t and  m eet extreme 
(high o r low) tem peratures.
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