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ABSTRACT: A general simulation model developed for the Ems estuary (a part of the Wadden Sea), 
to describe the main carbon flow through the foodweb, was applied for monitoring purposes. In this 
model, the estuary is divided into five compartments, in each of which a pelagic, an epibenthic and a 
benthic submodel operates. A transport model regulates the distribution of dissolved and particulate 
substances over the area. Two parameters that partly regulate the carbon flow are the concentrations 
of phosphate and of the particles (turbidity) in the water. From the sensitivity analyses for phosphate 
and turbidity it can be concluded that the relative effects of changes in turbidity and changes in the 
influx of phosphate from the rivers are large in the upper reaches and small in the lowest reaches of 
the estuary. This is due to the increasing influence of the coastal waters in the lower reaches. These 
results indicate that the reaches, which represent the beginning and the end of a gradient in the 
estuary, are also very suitable for monitoring the quality status of this estuary in terms of production 
and standing stock of groups of organisms. The need to use monitbred data from the boundaries (sea 
and rivers} of those ecosystems as input in simulation models is discussed. Moreover, the possibilities 
of using simulation models to generate new ideas on the functioning of estuarine ecosystems under 
changing environmental conditions and to help administrators to decide on specific future manage- 
ment strategies are also discussed. 

I N T R O D U C T I O N  

Es tuar ies  l ike  that  of the  Eros are  v e r y  d y n a m i c  areas.  T h e s e  d y n a m i c s  a r e  c a u s e d  
p r imar i ly  by the  physics,  the  in te rac t ions  b e t w e e n  t ides  and  r ive r  d i s cha rges  in a sys tem 

tha t  consists  in e q u a l  propor t ions  of t idal  flats a n d  gul l ies  {de J o n g e ,  1988}. This  resul t s  in 

a s t rongly  f luc tua t ing  long i tud ina l  d i spers ion  of e s tua r ine  w a t e r  a n d  its d i s so lved  a n d  fine 
pa r t i cu la t e  subs tances .  In the  Ems  estuary,  this d i spe r s ion  is on ly  par t ly  a func t ion  of r iver  

d i s c h a r g e  (Dorres te in  & Otto, 1960; H e l d e r  & Ruardi j ,  1982; bu t  a r e c e n t  s tudy  ca r r i ed  out  

by  de  J o n g e  s h o w e d  it to be  ma in ly  c a u s e d  by  res idua l  currents) .  D i s s o l v e d  and  
pa r t i cu la te  subs t ances  are  t r anspor t ed  to the  es tuar ies  t o g e t h e r  w i th  the  f resh  water .  

Par t icu la te  m a t t e r  is also i m p o r t e d  f rom the  sea  (Postma, 1967) w h i l e  d i s so lved  subs tan -  
ces  f rom the  sea  are  b rough t  into the  e s tua ry  by  w a t e r  e x c h a n g e .  

At  l eas t  t h r ee  ex te rna l  factors  g o v e r n  the  f u n c t i o n i n g  of t h e s e  c o m p l e x  sys tems .  T h e  
first factor  is t he  i n f luence  of the  r ivers.  Today ,  t h e  r ivers  car ry  h u g e  a m o u n t s  of nut r ien ts ,  
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Fig. 1. Map of the Ems estuary showing the 5 model compartments (dashed lines). The dotted lines 
(mean low water level) indicate the boundaries between channels and tidal flats 

organic  matter ,  and  contaminants  such as heavy  meta ls  and  ch lor ina ted  hydroca rbons  to 
the estuaries.  Depend ing  on the f lushing t ime and react ivi ty of the  d i f ferent  compounds,  
r iverborne  substances  can have  various effects, first of all within the  r iver  sys tem itself, 
but  also in the estuary.  For example ,  the es tuary of the River Ems (Fig. 1) receives  pe r  
annum approx imate ly  25 000 tons of ni trogen,  3000 tons of phosphorus  and  40 000 tons of 
organic  carbon from the Ems and Westerwoldsche  A~ rivers (de Jonge ,  1988). These  
d ischarges  give rise to a concentrat ion grad ien t  in nutr ients  e.g. phospha t e ,  which is 
s t eeper  today  (de Jonge  & Villerius, 1989) than the grad ien ts  m e a s u r e d  in the pas t  
(Postma, 1960; de  J o n g e  & Postma, 1974): when  nutr ient  loads  increase ,  this will be  
fol lowed by  an increase  in the annual  pr imary product ion (de Jonge ,  1989). Which 
nutr ient  (nitrogen or phosphorus)  is the key  factor for a lgal  growth is d e p e n d e n t  on, for 
example ,  the N/P ratio. 

The second externa l  factor that  governs  the functioning of es tuar ine  sys tems  is the 
inf luence of the sea. Estuaries  are  usual ly  accumulat ion areas  for s e d i m e n t  and  associ- 
a t ed  organic  matter.  This mater ia l  is mainly of mar ine  origin (Postma, 1967). Very  
recent ly  it was ind ica ted  that  the North Sea can be a signif icant  source of calcite which 
minera l  is thought  to regula te  in par t  the es tuar ine phosphorus  cycle  (de Jonge  & 
Villerius, 1989). Changes  in both the concentrat ions of calcite or p h o s p h o r u s  could affect 
this cycle quant i ta t ively  a l though this quantif icat ion is not yet  possible.  Thus,  the  sea  is 
an impor tant  contr ibutor  of par t icula te  mat ter  and, also, of organic  mat ter ,  nutr ients  and  
contaminants .  This means  that  the  qual i ty  status of the North  Sea coas ta l  zone  undoub-  
tedly  p lays  a role in the quali ty status of Dutch estuaries (cf. DeGrood t  & d e  Jonge ,  1989) 
and thus can also p lay  a role in the d is turbance  of the funct ioning of those  ecosystems.  

The third factor is the  an thropogenic  dis turbance of the  system. A g o o d  example  is 
the effect of d redg ing  and sand extract ion in the  es tuary  of the River Erns (de Jonge,  
1983). The fol lowing effects have been  identif ied:  c ha nge d  t idal  a mph tude s ,  c ha nge d  
t idal  pr isms and consequent ly  a changed  erosion and sed imenta t ion  cyc le  resul t ing in 
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changed  suspended  mat ter  concentrat ions and hence  in c ha nge d  turbidity.  The  changes  
in mean  annual  concentrat ions of su spended  matter  in the Eros es tuary  are  corre la ted  
with the length  d r e d g e d  annual ly  and  not with the volumes d r e d g e d  or d u m p e d  (de 
Jonge,  1983). Thus, a complete  chain of changes  can be  ins t iga ted  by  a s ingle  type  of 
dis turbance.  

These  examples  i l lustrate that  external  sources, such as (river) d ischarges ,  and  
in ternal  factors, such as an thropogenic  activities, can be  respons ib le  for c ha nge s  in the 
na tura l  es tuar ine  processes,  "such as pr imary  product ion and  possibly  also secondary  
product ion and conditions,  such as concentrat ions of su spended  mat ter  (turbidity), and  
can thus be  respons ib le  for changes  in the functioning of the organisms there,  whose  
activity is de t e rmined  by  growth-s t imulat ing factors as wel l  as by  stress factors. The 
quest ion is not  only how substances  are dis t r ibuted under  different phys ica l  conditions,  
but, more important ,  how mar ine  plants  and  animals  react  in the short- and  the long- term 
to the  subs tances  once these  have  been  distr ibuted.  

An impor tant  quest ion is, therefore,  where  the s amphng  plots for a moni tor ing 
p rog ramme should be  loca ted  in such a system, so that  changes  in processes  or species  
composi t ion can be  documented .  To find an answer,  several  sensit ivity runs were  carr ied 
out by  the authors (cf. also DeGroodt  & de Jonge,  1989) with a computer  s imula t ion  model  
of the ecosys tem of the Ems estuary which was publ i shed  earl ier  (Baretta & Ruardij,  
1988). From these  results  it wiU be  shown that  this type of mode l  can be  u sed  to justify the 
choice of sampl ing  areas  for monitoring. The necessi ty of us ing moni tor ing da ta  as input  
into ecosys tem models  to verify or falsify these  models  will also be  d iscussed  in this paper .  

METHODS 

S t r u c t u r e  of t h e  s i m u l a t i o n  m o d e l  

The ecosys tem model  of the Eros es tuary  consists of four submodels  {Fig. 2). Because 
of the exist ing gradients  in near ly  all parameters ,  the Ems es tuary  was d iv ided  into five 
compar tments  {Fig. 1), in each of which the biological  system is s imula ted  b y  three 
submodels  {pelagic, benthic  and epibenthic).  All t ransports  of water ,  nutr ients ,  dissolved 
and par t icula te  carbon, including pe lag ic  organisms,  are incorpora ted  in a fourth sub- 
model,  a t ransport  model,  which connects  all other submodels  with each  other  by  the 
wate r  column. The model  has been  ca l ibra ted  with da ta  ob ta ined  mainly  in 1978. This 
ca l ibra ted  model  is cal led the s tandard  model  (Baretta & Ruardij,  1988}. 

The organisms in the model  were  combined  in functional  groups,  which  comprise  
species  with a similar life-style. The mode l  is a carbon flux model ,  which  implies  that  
b iomass  is expressed  as grams carbon per  unit  of a rea  or pe r  unit  of volume.  The activity 
of groups of organisms is expressed  as carbon fluxes per  unit  of t ime per  uni t  of a rea  (or 
volume). 

A n a l y s i s  

Sensit ivity analyses  were  carr ied out for phospha te  and  turbidity,  both  re levant  
growth pa ramete r s  for algae.  Ni t rogen was  not  modeUed because  phosphorus  is poten-  
tially the nutr ient  that  limits a lgal  growth in Dutch coastal  waters  (de Jonge ,  1989). Not 
the total phosphorus  cycle but  only the d ischarge  of dissolved inorganic  phospha t e  was 
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Fig. 2. Diagrammatic representation of the set-up of the ecosystem model of the estuary 

modelled because the supply of this nut r ient  fraction can be indicated to be the key factor 
for algal growth (de Jonge, 1989}. The phosphate loads of the River Ems and  the River 
Westerwoldsche Aa were doubled {200%} or halved (50 %}. The phosphate  concen- 
trations at the sea boundary  were main ta ined  at the level of the s tandard  model  because  
we found that when  only the transport of phosphate is considered (i.e. changes  caused by 
biotics are ignored), the phosphate concentrat ions at the sea bounda ry  appear  to be  less 
than 4 % of the values present  in the s tandard model. Therefore, we concluded that it was 
not necessary to change the phosphate  concentrat ions at the sea bounda ry  s imultane-  
ously with a change in the phosphate loads of the rivers (cf. DeGroodt & de Jonge,  1989}. 

To mimic changes in turbidity, due to increase of suspended  matter, the light 
extinction for all compartments was changed  in the model. Furthermore, the efficiency of 
the food selection of filter feeders was decreased when  the turbidity (suspended matter 
concentration} doubled and it was increased when  the turbidity was halved,  This was 
done because  the Concentration of suspended  particles influences the energy  ba lance  of 
the filter-feeders (Widdows et al., 1979}. They are unab le  to select the useful  particles 
before filtering the water. Thus selection after particle in take is required .  Useless 
particles are excreted as faecal pellets and this process requires a lot of energy.  

Due to dredging, the utilisable fraction in the suspended  matter  will decrease, as 
mainly  useless material  is resuspended.  Because of the structure of the model  in  which 
the transport of suspended matter plays a significant role, it was not possible to simply 
change the concentrat ion of the suspended  matter. It was, however, very easy to change  
the light extinction and the food selection in the model. This manipulation gives exactly 

the same results as a change in the suspended matter concentrations. 

Halving the turbidity (de Jonge, 1983) and halving the phosphate concentrations 
(Postma, 1960) produces a situation resembling that prevailing in the mid-1950s. For this 

period, only some summer (July) values were published for phosphate (Postma, 1960) 

ranging from 0,8 ~M in the lower reaches to 2 btM in the turbidity maximum. These 
values are substantially lower than the values measured today, where, in the turbidity 

zone in which heterotrophic processes dominate, phosphate values are measured varying 

between 5 and 6 ~tM. The annual mean suspended matter concentration for the total 
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es tuary for the early fifties was ca lcula ted  from data  of Postma (1960} and  p u b h s h e d  by  de 
Jonge  (1983) to be  a value  of approx.  45 mg �9 1-L This is clearly lower  than  the  values  
from the mid sevent ies  (60 m g .  1-2) with which the presen t  mode l  was  cahbra ted .  
Doubling the turbidi ty  mimics the si tuation preva ihng  in the late 1970s due  to extensive 
d redg ing  operat ions (de Jonge,  1983}, whereas  the doubhng  of the  phospha te  levels 
represents  a new situation. 

The overall  results  of the sensit ivity analyses  are given as changes  in annua l  mean  
biomass  relat ive to the  b iomass  of the s tandard  run in which  all the va lues  were  
considered to be  100 %. 

RESULTS AND DISCUSSION 

As an example ,  in Figure 3 the annual  simulation runs for three  compar tments  (1, 3 
and 5) are p resen ted  for the b iomass  of the phytoplanktonic  dia toms and  the phy top lank-  
tonic flagellates,  two groups that  s t rongly respond  to changes  in turbidi ty  and  in 
phospha te  supply.  Shown are the runs of the s tandard  model  and  the 50 % runs for both  
phospha te  and turbidity.  For the actual  field data  of the s tandard  model ,  the r eade r  is 
referred to Baret ta  & Ruardij (1988). The curves i l lustrate clearly the react ion of the  two 
algal  groups. Especial ly  the  diatoms in compar tment  1 react  s t rongly to changes  in l ight  
because  of a high phospha te  supply  to an area  where  algal  growth is l ight - l imi ted  in the 
s tandard  model.  The strong react ion to phospha te  in compar tment  1 and  not  in 5 has to do 
with the high North  Sea  phospha te  supply  to compar tmen t  5 dur ing  spring.  This supply  is 
caused  by  high wa te r  exchange  (Fig. 4). This strong wate r  exchange  in compar tmen t  5 
mainly compensa tes  for the  dec reased  river supply.  The overall  react ion of the f lagel la tes  
to the improvement  of l ight condit ions is relat ively low and  mainly  caused  by  the 
dec reased  phospha te  concentrat ions in the coastal  a rea  in summer  (cf. Fig. 4). Also the 
f lagel la tes  react  s t rongest  in compar tment  1 to both a reduct ion of phospha te  supp ly  and 
to a reduct ion of turbidity.  

The overall  results  of the sensit ivity runs are given in Figure 5 and 6 as annua l  mean  
biomass  values.  They are  restr ic ted to those groups of organisms that  showed  signif icant  
changes  in their  mean  annual  s tanding  stocks over the year.  These  groups  are  the 
p lanktonic  diatoms, the phy top lank ton  that  use no silicate (flagellates),  the p lanktonic  
copepods,  the micro-zooplankton  and the benthic  suspension feeders.  Figure  5 shows 
that  under  condit ions of decreas ing  as well  as of increas ing  phospha te  d i scharge  
(eutrophication), the biota  in the innermost  compar tment  react  s t rongest  of all, with the 
except ion of the benth ic  suspens ion  feeders.  This group is near ly  absen t  in that  compar t -  
ment  because  of f requent  anoxic condit ions during the au tumn and  winter.  The  biota  in 
compar tment  5 near  the sea  react  minimal ly  or not at all. This is (see also above) because  
of the strong exchange  of wate r  and, consequent ly ,  the s trong phospha te  fluxes b e t w e e n  
the sea  and this compar tmen t  number  5 (DeGroodt & de Jonge,  1989). In fact, the sea  is 
an infinite source of nutr ients  in the model .  The results  of the s imulat ions show that  the 
effects of varying phospha te  and turbidi ty  can be approx imate ly  l inear ly  in te rpo la ted  
be tween  compar tments  1 and 5, except ing  the suspension feeders  which  are, as s ta ted  
above,  near ly  absen t  in compar tment  1 due to anoxic conditions. In genera l ,  it can be  
concluded  that  for moni tor ing the effects of changes  in nutr ient  supply  on the p r imary  
and  secondary  product ion  or the b iomass  values  of specific groups  of organisms,  sam- 
pl ing can be  restr ic ted to the uppe r  and  the lower reaches  of the estuary.  W h e n  the 



542 V. N.  d e  J o n g e  & 1=. G. D e G r o o d t  

mgC. m -3 

~o 

~ 
~ 
o ij ,F ,M IA ,M ,j ij ,A ,$ i0 ,N ,D | 

78 

50% turbidity 

C~ 

DIATOMS 

(1) 
(3) . . . . . . . . . . . .  
(5) ......... 

~ o o ,~ 

,,...' 

o I j  'F 'M ll , "~' , - T  7 -  
M j I j  A SI0 N O I 

78 
standard 

mgC.m -3 

g 

o ,~ .~ . .  ,^ . . .~ ,~ , .  ,~ ,d.~,-;, 
78 

5 0 %  P O  4 

FLAGELLATES 

~ ,-" I~I .................... ~  

oo  <5> ......... it 
~  g ~176 

,. .. .~.,.:l~v -~ -.~,, ~ ,  ~ ~ ~  ' , 

# i " C, - 1  0 
J "F 'M IA 'M 'J I j  'A 'S I0 'N 'D I I 'F 'M A M 'J J 'A 'S 0 'N 'O .I 'P 'M IA 'M 'J I j  'A 'S I0 'N !D I 

78 78 78  
50% turbidity standard 50% PO 4 

Fig. 3. Examples of annual  variation in biomass of planktonic diatoms and planktonic  flagellates in 
three compartments  (1, 3 and 5), when  the turbidity was halved (50 %) or the phospha te  discharge 

was halved (50 %). For comparison the annual  curves of the s tandard model are given 

g 



Monitoring and modell ing of estuarine ecosystems 

PHOSPHATE 

lOag tool. m -3 ( 1 ) 10~ tool, m -'3 
(3) . . . . . . . . . . . . . . . . . . . . . .  

543 

04 

r_n 
J 'F 'M IA 'M 'J I j  'A 'S I0 'N 'D I o 

7 8  

'F J 'M IA 'M 'J I j  'A 'S I0 iN 'D I 
T8 

standard 60% 1=0 4 

Fig.4. Annual variation in phosphate concentrations in three compartments (1, 3 and 5) in the 
standard model and for the situation where the phosphate discharge from the rivers Eros and 

Westerwoldsche Aa was halved (50 %) 

turbidity (Fig. 6) is halved, the general  trend in the intensi ty ef the reaction is the same as for 
phosphate  (DeGroodt & de Jonge, op, cit.). The strongest effects are again found in the upper  
reaches. This is because in that part of the estuary, where algal growth is usual ly light- 
limited, these conditions have improved. The effect on the biota in the compar tment  near  the 
sea is very low in this case too. The reason for this is that in the standard situation the light 
conditions in the water are already favourable for algal growth. However, when  the turbidity 
is doubled the total stocks in the estuary drop. Although the decrease is strongest in the 
upper  reaches (compartment 1), the stocks in the lower reaches near  the sea boundary  
(compartment 5) also fall. It is clear that in the model  bad  light conditions lead to diminished 
primary production. Moreover, increased concentrat ions of suspended matter also nega-  
tively influence the energy balance of the suspension feeders (Essink & Bos, 1985). These 
animals  must (see above) remove large amounts  of useless particles, which costs them a 
great deal of energy (Widdows et al., 1979). With respect to the turbidity, the same holds as 
for phosphate, namely  that for monitoring programmes it seems justifiable to locate 
sampling areas in the upper  and in the lowest reaches of the estuary. 

The uncertainty in the model outcome should also be a point of discussion. This 
analysis of uncertainty was not incorporated in the study publ ished by Baretta & Ruardij 
(1988). However, the coefficient of variation in the irradiance at tenuat ion coefficient 
(Colijn, 1982) can be estimated to be approx. 60 % (mean value for the whole estuary over 
the period 1976 to 1980). It is not possible to give any value for the uncer ta inty  in the 
model  outcome on phosphate. For more detai led information on the applications given 
here the reader is referred to DeGroodt & de Jonge (1989). 
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After  the moni tor ing stations have  been  chosen, the sampl ing  f r e q u e n c y  and  the 
number  of sample  repl icates  should also be  considered.  The  necess i ty  and  c onse que nc e s  
of this are extens ively  discussed by  Cofino (1.989) and de Wolf (1989). 

One factor that  should be closely connec ted  with moni tor ing s e e m s  to be  the 
construct ion of s imulat ion models  (cf. Lindeboom et al., 1989) and  the ca l ib ra t ion  and 
verif icat ion of such models.  For verification, the  models  must  be  fed wi th  da ta  from 
specific years.  So-cal led  initial va lues  are  n e e d e d  for the different var iables ,  such as the  
s t and ing  stocks of the  diatoms, of the  a lgae  that  use no silicate (mainly f lagel la tes)  and  of 
the  different  an imal  groups. But, it is equal ly  impor tant  to have  t ime ser ies  da ta  for 
pa rame te r s  at the  boundar ies  of the a rea  to be  model led.  These  b o u n d a r y  condit ions 
include the salinity and  nutr ient  concentrat ions  at the sea  b o u n d a r y  and,  for the  rivers, 
the  fresh wate r  d ischarge  and nutr ient  loads. So, apar t  from moni tor ing the  es tua ry  itself, 
the  boundar i e s  of the area  must  be  moni tored  to a cer tain extent.  If a s imula t ion  mode l  is 
avai lable ,  a specific year  can be  s imula ted  by  combining the influx of c o m p o u n d s  from 
the rivers, the t ime series of concentrat ions  of compounds  at sea  and  the s ta r t ing  values:  
Carry ing  out such a run and compar ing  some field da ta  (seasonal  var ia t ions  in the 
b iomass  of phytoplanktonic  diatoms and  flagellates,  suspens ion- feeders  and  deposi t-  
feeders)  with the model  results enables  the  model  to be  verif ied for that  year .  If the  model  
descr ibes  the processes  correctly, it should predic t  approx imate ly  the  s a m e  s tanding  
s tocks and  the same  fluxes as found for the sampl ing  plots dur ing  the  moni tor ing 
p r o g r a m m e  of that  year.  

Estuar ine ecosys tem models  can also be  used  to optimize the  f r equency  at  which 
samples  should be  t aken  along es tuar ine  boundar ies  (rivers and  sea). In m o d e l  runs, the 
t ime series da ta  (e.g. on river discharge),  which  can be  very var iab le  for a ra in- fed  river, 
can be  r educed  to so few measurement s  that  the predict ions  no longer  a g r e e  with the 
measu remen t s  in nature.  By compar ing  the results of runs made  with  different  numbers  
of measurements ,  an opt imal  sampl ing  p rog ramme for the bounda ry  condi t ions  can be  
identif ied.  The mode l  results can also be  used  to opt imize the s ampl ing  f requency  of 
biotic pa ramete r s  e.g. that  of f luctuat ing p lanktonic  diatoms (Fig. 3). This  m e a n s  that  
opt imal  moni tor ing of p lanktonic  dia toms can only be  ach ieved  by  a p r o g r a m m e  with 
f requent  sampl ing  in spring, and  less f requent  sampl ing  in winter.  

Of course,  there  are restrictions to the  use of models.  Model  s imula t ion  runs can only 
be  carr ied out for pa ramete r s  that  are incorpora ted  in the model.  This m e a n s  that  models  
are not  genera l ly  appl icab le  (cf. L indeboom et al., 1989). For cer ta in  p rob l ems  we are 
forced to construct more  specific models :  for example ,  morphologica l  models ,  two- and  
th ree-d imens iona l  wa te r  t ransport  models ,  s ed iment  t ransport  models ,  chemica l  and  geo- 
chemica l  models.  Another  point  of impor tance  is that  models  will never  be  r e a d y  because  
our k n o w l e d g e  on the functioning of ecosys tems cont inuously changes .  Never the less ,  it 
is worth  trying to bu i ld  the "br idge b e t w e e n  science and m a n a g e m e n t "  (Lindeboom et 
al., i989) with mode l s  that  make  use of ac tual  k n o w l e d g e  on the funct ioning  of ecosys-  
tems. The  a d v a n t a g e  of model l ing  is that  a mode l  contains  the ac tua l  k n o w l e d g e  in a very  
condensed  but  in tegra ted  form. Fur thermore ,  both  the model  itself and  the  k n o w l e d g e  on 
specific years  can be  verified by  p rog ramming  the model  with da ta  from moni tor ing 
programmes .  Another  at tractive point  is that  by  us ing these  models ,  n e w  ideas  on the 
funct ioning of es tuar ine  ecosystems u n d e r  chang ing  condit ions can  be  deve loped .  

Today, moni tor ing  alone is no longer  sufficient for m a n a g e m e n t  s t rategies .  Rough 
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predic t ions ,  i nd i ca t i ng  dev ia t ions  in the  a n n u a l  p roduc t ion  v a l u e s  f rom the  usua l  p ic ture  

a n d / o r  shifts b e t w e e n  d i f ferent  g roups  of organisms,  are  n e c e s s a r y  to d e v e l o p  future  

m a n a g e m e n t  s t ra tegies .  This  does  not  m e a n  that  mon i to r ing  can  be  res t r i c t ed  sole ly  to 

func t iona l  g roups  of organisms.  Ecosys tems  also con ta in  exot ic  or ra re  spec ies  or  smal l  

popu la t i ons  of top preda tors ,  such  as s ea  m a m m a l s ,  wor th  moni to r ing ,  a l t h o u g h  in t e rms  

of b iomass ,  p roduc t i on  or  e v e n  p r e d a t i o n  these  popu la t ions  are  of ten  un impor tan t .  

C O N C L U S I O N S  

M e r e l y  mon i to r i ng  the  m a i n  physical ,  chemica l  or  b io log ica l  c o m p o n e n t s  is point less  

w h e n  w e  a re  i n t e r e s t e d  in the  qua l i ty  status of total  e cosys t ems  in t e rms  of p roduc t i on  

a n d  b iomass  of ce r ta in  g roups  of o rgan i sms  e.g. d ia toms,  f lagel la tes ,  f i l t e r - feeders  and  

depos i t - f eede r s .  In t eg ra l  mon i to r ing  p r o g r a m m e s  are  r e q u i r e d  for this. 

Mon i to r i ng  p r o g r a m m e s  car r ied  out  in d y n a m i c  es tua r ine  e c o s y s t e m s  shou ld  be  

a c c o m p a n i e d  by: 

(1) t he  use  (if ava i lab le)  or the  cons t ruc t ion  (if not  avai lable)  of e s tua r ine  e c o s y s t e m  

mode l s ;  
(2) the  mon i to r ing  of the  bounda r i e s  of the  es tuar ine  systems.  

By d o i n g  this, n e w  ideas  on the  func t ion ing  of e s tua r ine  e c o s y s t e m s  u n d e r  c h a n g i n g  

e n v i r o n m e n t a l  condi t ions  can  be  d e v e l o p e d  and  ver i f i ed  by f ie ld  data.  O n  the  basis  of this 

research ,  admin is t ra to rs  can  be  adv i s ed  on opt ions  for fu ture  m a n a g e m e n t  s t ra tegies .  
H o w e v e r ,  this does  no t  m e a n  that  mon i to r ing  should  be  res t r i c t ed  only  to the  most  

i m p o r t a n t  func t iona l  g roups  of o rganisms .  It is also n e c e s s a r y  to mon i to r  ra re  spec ies  and  

smal l  popu la t ions  of top predators .  
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