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This  p ' p e r  n o t  to  Do c i t e d  w i t h o u t  p r i o r  r e f e r e n c e  to  t h e  a u t h o r .

A s im p le  s i m u l a t i o n  model f o r  th e  p h y t o p l a n k t o n  s p r i n g  bloom i n  the  

S l u i c e  Dock a t  Ostend .

J .P . I Io m n ae r t s

L a b .v .E k o l o g i e  en S y s t e m a t i e k .  V. U. B.

I , I n t r o d u c t i o n .

The S l u i c e  Dock a t  Ostend i s  a system k e p t  i s o l a t e d  from th e  cea. f o r

abou t  s i x  months and whore w a te r  mot ions  a r e  l i m i t e d .T h e  g y n e c o lo g i c a l

s tu d y  o f  t h e  Dock was s t a r t e d  i n  1971( Podamo ,1974 )

A l l  t h i s  makes i t  ■ p a r t i c u l a r l y  good s u b j e c t  f o r  a m a th em at ica l

s i m u l a t i o n  o f  b i o l o g i c a l  phenomena..

T h i s  p a r t i c u l a r  model works w i t h o u t  Z o o p lan k to n .The i n t e r a c t i o n  be tween

p h y t o p l a n k t o n  and Zoop lank ton  ( w i t h  i t s  two a n t a g o n i s t i c  a s p e c t ; g r a z i n g  and

s t i m u l a t i o n  o f  growth  by e x c r e t o r y  Nli^)seens to  occur m os t ly  a f t e r  th e

s in g l  e s p e c i e s  b l o o m { l l ; : ; w a ç r t s - B i l l i o t  ,Kommaerts ,Daro , Ï 9 7 4 ) .
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ilonco t h e r e  must be m o t h e r  m o r t a l i t y  opus e t h a n  grazing.VIe c o n s i d e r  t h i s  

r s  nr  t u r - 1 m o r a l i t y , and i t s  r e l a t i o n s h i p  Viith the  growth  c o n s t a n t  t a k en  

ae an  in d e x  o f  h o r l t h  i s  one o f  t h e  major h y p o t h e s i o ç i n  the  r o d e i .

The s o - s o n . 1 v a r i a t i o n s  o f  i n o r g a n i c  n i t r o g e n  c o n c e n t r a t i o n  i n  w a te r  and 

the  : .- r! :ed e f f e c t  o f  a d d i t i o n  o f  i t  on p h o t o s y n t h e s i s  r a t e s  cake  us b e l i e v e  

t h a t  1? n u t r i e n t s  " r e  c o n t r o l l i n g  p h y to p la n k to n  growth . UI J4 p a r t i c u l a r y  i s  

b e l i e v e d  to  p l a y  a m a jo r  r o l e  s i n c e  n i t r a t e  r e d u c t a s e  a c t i v i t y  i s  l i k e l y  

i n h i b i t e d  p.t the  c o n c e n t r â t :  one o b sc rv o d (S p p le y  e t  a l  1^69 ) .On th e  o t h e r  

hand d e n i t r i f i c a t i o n  mecanisms i n  t h e  sed im en t  l a y e r  r e q u i r e  n o c t  o f  the  

d i s s o l v e d  AOJ~from w a t e r ( B i l l e n  p e r s .  conn. ) .

The model was e l a b o r a t e d  t a k i n g  i n t o  accoun t  th e  c o n d i t i o n s  p r e v a i l i n g  i n  

th e  S l u i c e  Dock a t  t h e  t ime o f  t h e  c l o s u r e  o f  th e  s l u i c e s . T h e  on ly  f o r c e d  

v a r i a t i o n  i n  th e  model i s  th e  c l i m a t i c  o n e ( i n c i d e n t  l i g h t  and w a te r  t e m p e r a t u r e ) ,  

As c o n t r a s t e d  w i th  n r  ny s i m u l a t i o n  m o d e l s , t h e  t ime s c a l e  i o  s h o r t  

(one h o u r  i n s t e a d  o f  one d a y ) . T h i s  o r i g i n a t e s  from th e  o b s e r v a t i o n s  made 

d u r i n g  24- h o u r s  p e r i o d s  when s e v e r a l  p a ra m e te r s  were d e m o n s t r a t e d  to  v a ry  

s t ro n g ly .A t tem p ts  to  s i m u l a t e  t h e s e  v a r i a t i o n s  l e d  to th e  a c t u a l  model.

I I .  B i o l o g i c a l  f u n c t i o n s .

A l l  f u n c t i o n s  a r e  i n t e g r a t e d  n u m e r i c a l l y  w i th  d t = l r o u r .

11 .1 ,  Tire dB^dt _funcjti_on_

M  = (k-m-i—e )b a t  x '

vrhere B -  biomass  o f  p h y t o p l r n k t o n  

t  -  t i n e  

k = grov.’t h  r a t e  

r  = r e s p i r a t i o n  r a t e  

e = e x c r e t i o n  r a t e
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I I .  1 . 1 .  '¿’hc g rowth  r -  t e  k and th e  l i g h t - p h o t o c y n t h c e i s  r e l a t i o n s  h i p .

The c t u ' l  k  c o n s t a n t  io  e v a l u a t e d  r e l a t i v e  to  an  o p t i e r .1 k ( i . e . f o r  

o p t im a l  l i c h t ) :  l/)  d e f i n e d  a f t e r  s a t u r a t i o n  k i n e t i c s  ( h i  c h a t i l i s - n e n te n )  

and a t  12°C.
k wa.x ÎT

kI 2 “ k l  +1 T

where IT = c o n c e n t r a t i o n  o f  i n o r g a n i c  n i t r o g e n  i n  w a te r

knn„ and k,. = s a t u r a t i o n  p a r - m e t e r s  d e f i n e d  a t  I 2 CC.

2s) c o r r e c t e d  f o r  tempero.ture d i f f e r e n c e s  (A r rh en iu s  la.;;)

k _ ,  „  ( T - I 2 ) / I 0 _
T 12 Ä kI0  “ op t

so t h a t  X B = op t im a l  g r o s s  p r o d u c t i o n  (p  .j.)

Fo r  a g iv e n  i r r a d i a n c e  , k «Ak .j. x  f ( l ' o , I ^ ) '

where f ( l *  , I . r ) • i s  a V o l le n w e id e r  (120 5 ) f u n c t i o n .  The v a r i a t i e s  a reO A.

i n c i d e n t  l i g h t  ( l # ) , vreter t r a n s p a r e n c y  ( ^  ) and s p e c i f i c  p a ram ete r s

such  a s  Id  ^nd p h o t o i n h i b i t i o n  c o e f f i c i e n t s  and n.Jv
The l i n i :  be tween  th e  M c h r .B l i s -K e n te n  k i n e t i c s  and the  V o l lenw eide r

model r e f l e c t s  on th e  e q u a t i o n  f o r  I ,1 . One supposes t h a t  the  i n i t i a lu

s l o p e  o f  t h e  l i g h t - p h o t o s y n t h e s i s  r e l a t i o n s h i p  i s  c o n s t a n t  so t h a t

T 1 kp p t  
K Cl

I I .  1 . 2 .  Tlie m o r t a l i t y  r a t e

An i n v e r s e  r e l a t i o n s h i p  i s  assumed be tween kQp̂ . ( t  ken as a.n in d ex  o f  

h e a l t h )  and m : n =

However n o t  d e m o n s t r a t e d  f o r  p h y to p la n k to n  , t l i i s  k in d  o f  r e l a t i o n  i s  

e x p e c t e d  to  show some g e n e r a l i t y .  I t  seems to us  to  be more r e a l i s t i c  

th a n  the  s o l e  s t a t i s t i c  f u n c t i o n  o f  biomass

m = u s e d  by come m o d e l l e r s .



1 1 . 1 . 3 .  Thç r e s p i r a t i o n  r a t e

The r e s p i r a t i o n  r  f o  i s  t a k e n  p r o p o r t i o n a l  to  th e  p h y to p la n k to n

biomass  . I n d e e d , f l u c t u a t i o n s  men t ioned  i n  the  l i t e r a t u r e  a r e  r e l a t i v e

t o  p h o t o s y n t h e s i s  and a r e  l i k e l y  r e l a t e d  to  p h o t o s y n t h e s i s  v a r i a t i o n s  
tlr a t h e r  th a n  t r u e  r e s p i r a t i o n  v a r i a t i o n s .  

r  = C4

The i n f l u e n c e  o f  t e m p e ra tu ra  io  s i m u l a t e d  h e re  :

r  .  ,  y o ( T - I 2 J / I O  
T 12 IO

1 1 . 1 . 4 .  The e x c r e t i o n  r a t e

One i s  s u p p o s in g  t h a t  l )  th e  maximal  e x c r e t i o n  r a t e  i s  a f u n c t i o n  o f

b iom ass .  The r e a s o n i n g  i s  s i m i l a r  to  t h a t  u sed  f o r  th e  r e s p i r a t i o n  r a t e

e + = C5 op t
2 ) however , t h e r e  i s  a l s o  some r e l a t i o n  to  

g r o s s  p h o t o s y n t h e s i s  ( Tanaka , ITekanishi and K>.dota,1974 ) so t h a t  

th e  v e r t i c a l  p r o f i l e  o f  e x c r e t i o n  has  t h e  same shape  as t h a t  o f  

p h o t o s y n t h e s i s  . We use  t h e  p r o p o r t i o n a l i t y  :

e = P
e Po p t  op t

I I . 2.  .The d ï ï_ /_d t  func_tion_

I I . 2 . 1 .  IT u t r i e n t  u p ta k e

dll 1 dE
"  d t  7 X d t

Cc.rbone f i x a t i o n  and n i t r o g e n  up tak e  r a t e s  a re  supposed  to  be p r o p o r t i o n a l  

so t h a t  th e  C /  N r a t i o  i n  p h y to p la n k to n  ( about 7» S t r i c k l a n d  I960  ) 

s h o u ld  n o t  change ( P o d e r o ,1974  ) . T h i s  ÎI up take  i s  r e l a t e d  to  g r o s s  

o r g a n i c  C p r o d u c t i o n  i n  t h i s  model ( t h e  n e t  f i x a t i o n  o f  IT b e in g  

p r o p o r t i o n a l  to  n e t  o r g a n i c  c rbon  p r o d u c t i o n  , • nd th e  e x c r e t e d  IJ



c o r r e s p o n d i n g  to  e x c r e t e d  C + r e a p i r e d  C .

I I .  2 . 2 .  R e g e n e r a t io n  vie. tîye phyto  p la n k to n  e x c r e t i o n s  and the  h e t e r o t r o p h i  

h a c t e r i a .

R e t a b o l i z a t i o n  hy t h e  "bacteria.  v;ould a f f e c t  abou t  30/- o f  e ( S t e e l e ,

1974 ) , t h e  o t h e r  70c,o b c e i n g  p resumably  m i n e r a l i z e d . '

So t h a t  : ~  = y  x ( 0 . 7  x  ( e  + r  }) x ÎJ

I I .  2 . 3 . k e g e n e r ~ t i o n  by th e  sed im en t

A c o n s t a n t  r a t e  o f  1HI  ̂ r e g e n e r a t i o n  i s  assumed ( Pod,-.mo, 1974 ) .
*+■ 2( av e rag e  = 5 mg 21—IHI 4 /m / h  )
*■+

( T-1 2 ^/ 10T h i3 r a t e  i s  t e m p e r a t u r e  dependen t  : r a t e ^  = r a . t e12 x ; /

I I . 3« Fe_ed^bac_k b ^ o n ia ^ s ^ ^ t^ ^ t r a n s j j a T e n c ^ r

One has  o b se rv ed  i n  th e  S l u i c e  Rock a.t Ostend t h a t  th e  r e l a t i o n  

= 1 + (o5*10 ^x B) s a t i s f i e d  to  most c a s e s .
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Y
I I I  . The fo r c e d  f u n c t i o n s  : t h e  c l im a te

The s i m u l a t i o n s  o f  annual  o r  d a i l y  v a r i a t i o n s  o f  l i g h t  o r  t e m p e ra tu re  

a r e  made a f t e r  t h e  o b se rv ed  v a r i a t i o n s  i n  th e  S l u i c e  Dock.

1 11 , 1 , Liah_t

The annua l  v a r i a t i o n  ( a v e r a g e )  o f  midday maximal P.A.R.

i r r a d i a n c e  ( l ^  ) and o f  d e y le n g h t  ( has  been  s i m u l a t e d  :

= 60 + 44 ( Bin -2 n U  8Ĉ  )o maxi v 365
t

A j  ■ 12 -  4 ( s i n  )

S i m i l a r l y  , t h e  d i u r n a l  c u rv e  i s  s i m u l a t e d  by t h e  e q u a t i o n  :

I  ' = I  * . O.5  ( 1 + eos ) ( V o l l e n w e i d e r . 1965)o t  o ma.::j v

11 1 . 2 .  Vi .a te r  jbempera ' t u r e

The annual  v a r i a t i o n  o f  mean d a i l y  t e m p e r a t u r e  i s  s i m u l a t e d  by :

T. = I I .5  + 8 .5  ( s i n  jj  v 3^5

The d a i l y  v a r i a t i o n  i s  s i m u l a t e d  by :

T, = T. + I .5  ( s i n  )t  j  v 24
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XV. "Resulta and discussion. \
IV ' . 1 .  A ¿y£t_em_wi_th dumping o_s_cil_l?.t¿ons_( f i g .  1 )

The o u tp u t  o f  t h e  model happened to  he an o s c i l l a t i n g  s y s t e m , t h e  f i r s t  

peak o f  which s i m u l a t e s  t h e  s p r i n g  bloom. The r e l a t i o n  

p h y t o p l » n k t o n - n u t r i e n t  i s  in d e e d  r-t f i r s t  s i g h t  comparable  to  a 

p r e y - p r e d a t o r  systern.

However,a  fu n d - m en ta l  d i f f e r e n c e  w i th  th e  L o t k a - V o l t e r r a  o r  L e s l i e  

e q u a t i o n s  i s  t h a t  th e  " p r e y "  r e g e n e r a t i o n  r a t e  i s  in d ep en d en t  01 

" p re y "  d e n s i t y .

The e q u a t i o n s  s e t  f o r  a s i n p l i f y e d  model would t h e n  become:

" p r e y " ( - - n u t r i e n t )  —  ̂ = a -cx y  ( i n s t e a d  o f  ax-bx'n-cxy)

" p r e d a t o r " ( = p h y t o p l a n k t o n )  4^- = -ey+cxy

o r , f i t t i n g  t h e  l . i c h a ë l i s - H e n t e n  r e l a t i o n s h i p  i n :

dx _  ̂ Cxy 
d t  c' k+x

È L  = _ ev  +
d t  y k+x

The s o l u t i o n s  ox b o th  s e t s  show c o n s e r v a t i v e  o s c i l l a t i o n s  .

The damping i n  t h e  s i m u l a t i o n  model r e s u l t s  from th e  s e v e r a l  feed'oa.cks 

added to  th e  sys tem  and from the  c l i m a t e  v a r i a t i o n . T h e  system t r a j e c t o r y  

i n  t h e  phase  p l a n e  ( f i g .  1A) becomes a  s p i r a l  c o n v e rg in g  towards  a 

s t a t i o n a r y  p o i n t  ( = c o n t r o l  by the  s e d im en t ) .T h u s  th e  system i s  s t a b l e  

however th e  e q u i l i b r i u m  p o i n t  i s  s l o w ly  moving i n  th e  p la n e  as  the  

c l i m a t e  co n d i t io n : :  a r e  ch an g in g .

IV* 2.  T o u t in g  _the mod.eI  _f03? v a r i o u s  P~-£ame_ters_(figs.  . 2 , 3 )

V a r io u s  s c e n a r i o s  i n v o l v i n g  d i f f e r e n t  1 '  ( f i g .  2 A ) ,K ( f i g .  2 B ) ,K S
m o r t a l i t y  c o e f f i c i e n t  C, ( f i g .  2 C. ) , annua l  t e m p e ra t u re  curve  ( f i g .  )

r n n u - 1 i n c i d e n t  l i g h t  cu rve  ( f i g .  3 a ) show compar: b i o  e f f e c t s :
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-  a p a r a m e te r  enhanc ing  p r im ary  p r o d u c t i o n  lea.ds to  sn  e a r l y  smal l  

bloom and a. q u i c k  e x h a u s t i o n  o 1̂ t h e  l i m i t i n g  n u t r i e n t .

-  a. p a r a m e te r  s lo w in g  p r im ary  p r o d u c t i o n  l e a d s  to  a temporary  accumulation 

o f  th e  n u t r i e n t  su p p ly ,  fo l lo w ed  by a. much more im p o r t a n t  o u t b u r s t

o f  p h y to p la n k to n .

The sys tem p roved  to  be v e r y  s e n s i t i v e  to  sm al l  changes  i n  I '  o r  l i g h t  

i n p u t  as  compared to  changes  o f  h a l f - s a t u r a t i o n  c o n s t a n t s . m o r t a l i t y  

a l s o  e x e r t s  a v e r y  i m p o r t a n t  i n f l u e n c e , a  v a r i a t i o n  o f  th e  minimum 

r a t e  ( C, )  h a v in g  non -1 i n e a r l y  r e l '  t e d  e f f e c t s  on th e  system.

An improvement on th e  d e t e r m i n i s t i c  model i s  the  i n t r o d u c t i o n  o f  a 

s t o c h a s t i c  V' r i - a t i o n  o f  t h e  d a i l y  e n e r g e t i c  i n p u t ,  as  an a t t e m p t  to  

s i m u l a t e  th e  n a t u r a l  f l u c t u a t i o n s  o f  t h e  l i g h t  c l im a te .T h e  r e s u l t  i s  

an obvious  s h i f t  i n  t ime o f  th e  blooming p e r i o d e , ( f i g .  3  C )and an 

i n c r e a s e d  s e n s i t i v i t y  (hence  f r a g i l i t y ) o f  th e  ecosys tem.The  s t o c h a s t i c
a h  A. Â p  W 4A - J

v e r a t i o n i s  com pr ised  be tw een  the  u p p e f T l i m i t s  o bse rved  i n  n a t u r e  and 

s i m u l a t e d  by: f  \
I '*ax  -  87 + 50 ( o i n ^ p ^ O

I'mpjc = 28 + 22 ( s i no 3o5

The e x p l a n a t i o n  f o r  t h e s e  d i s t u r b a n c e s  i s  t h a t  however th e  av erage  

d a i l y  l i g h t  would n o t  change ,  the  s a t u r a t i o n  k i n e t i c s  make t h a t  

p r o d u c t i o n  i s  r e l a t i v e l y  more a f f e c t e d  by low l i g h t  i n t e n s i t i e s .  I n  a 

s t o c h a s t i c  l i g h t  model, t h e  t r i g g e r  e f f e c t  o f  a s h o r t  sequence  o f  

b e a u t i f u l  days  i s  a l s o  e v i d e n t .

I V . 3 .  ¿ o n c l u s i o n ^

However t h i s  model i s  s t i l l  s imple  and s u f f e r s  th e  u s u a l  a ssum pt ions  

( i . e .  no d e l a y e d  feedba.cks e t c . )  made i n  m o d e l l i n g , t h e  v a r i a . t i o n  

p r e d i c t e d  on p a r t l y  t h e o r e t i c a l  grounds  i s  no t  u n l i k e  t h a t  observed  

i n  n a t u r e , e s  f a r  ae t h e  f i r s t  o s c i l l a t i o n  i s  concerned  ( f i g .  4- ,

liowever f u r t h e r  a d ju s t m e n t s  a r e  needed .



Some p a r a m e te r s  p re  d e m o n s t r a t e d  to  "be p - . r t i c u l r . r l y  im p o r ta n t :

, m o r t a l i t y  c o e f f i c i e n t  and l i g h t  i n p u t .  The s t r o n g  i n f l u e n c e  o f  

t h e  l i g h t  c l i m a t e  was f u r t h e r  emphas ised  i n  s t o c h a s t i c  end r e a l  l i g h t  

c l i m a t e  s i m u l a t i o n s . A f t e r  t h e  f i r s t  p e a k , i n t e r f e r e n c e s  w i th  growing 

Zoop lank ton  would l e a d  to  d e p a r t u r e s  from th e  s t a b l e  e q u i l i b r i u m  

p r e d i c t e d  i n  t h i s  model .ouch  a model has  a l r e a d y  been t e s t e d  and vá 11 

be p u b l i s h e d  v e r y  soon.

I n  c o n t r a s t '  to  e q u a t i o n s  t h a t  mere ly  conform to  t h e  observed  phenomena, 

t h i s  model i s  an  a t t e m p t  o f  d e s c r i p t i o n  o f  the  S l u i c e  Dock ecosys tem 

t h a t  has  some j u s t i f i c a t i o n  i n  terms o f  t h e  known o r  p o s t u l a t e d  

b e h a v i o u r  o f  t h e  components o f  the  system.We c o n s i d e r  i t  as  a  f i r s t  

framework w i th  th e  aim o f  r e f i n i n g  ou r  knowledge o f  t h e s e  beluaviourc 

and t e s t i n g  t h e  many h y p o t h e s i s e s  i t  i s  depending  on.

Appendix : l a t e  m o d i f i c a t i o n s  o f  t h e  model a re  :

1 .  H i t r o g e n  u p ta k e  i s  r e l a t e d  to  n e t  p r o d u c t io n

2 0 A low er  C/ll r a t i o  i s  u s ed  (=5*5 » e . i t e r  th e  r ev iew  o f  B anso ,1974)•  

B o th  m o d i f i c a t i o n s  do n o t  a l t e r  th e  c o n c lu s io n s  o f  t h i s  r e p o r t  .

- 9 -
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I n i t i a l  c o n d i t i o n s  and c o n s t a n t s  

Biomass B = 78 mg C/m^

Ammonia N = 300 mg N/m3

Cl = .012 so t h a t  I '  can  f l u c t u a t e  between p r a c t i c a l  l i m i t s  o f
4 ( k = .0 5 )  and 50 (k = .6 )  J~/< *

C2 = .007 so t h a t  p r a c t i c a l  l i m i t s  a r e  .14  (k = .0 5 )  and .012 (k = .6 )

03 « .05  (added  to  C2 , makes m o r t a l i t y  v a r y  be tween .19  and .0 6 )

C4 0 .012 so t h a t  r e s p i r a t i o n  = 10% o f  Po p t  i n  a v e r ag e  c o n d i t i o n s

C5 = .018  so t h a t  e x c r e t i o n  = I 5 % o f  p i n  av e rag e  c o n d i t i o n s

k  = .6  corresp on d in g  t o  a  p V c h lo r .a  = 25 ( = 12 .5  w i th  u n co rrec-
max t e d  p . c f .  l e a k a g e ) ? 15o p t  ^

Kg = 50 mg R-NH* /m3 ( 3 - 5 y ^ g a t  N / l  )

S .0 = 2 , 3

r é g é n é r a t i o n  r a t e  o f  from th e  sed im en t  : 5 mg R/m / h a t  12°C .
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