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SYNOPSIS

The Phytoplankton - Zooplankton - Nutrient Model developed by DiToro c.s.
has been applied to data of the Brielse Meer. From an evaluation of the
results it appeared that
a) the vertical migration of phytoplankton, especially the blue green
species, is an important mechanism in the planktondynamics of a
shallow turbid lake.
b) preference of zooplankton to distinct phytoplankton species should
be included in a biological model of a hypertrofic lake.

RESUME

Le modele dynamique de la production du plancton, developpe par DiToro c.s.
a ete applique aux donnees du Lac de Brielle. Apres une evaluation des
materiaux de comparaison, des resultats des modeles et des observations
dans la nature on a conclu que
a) le conduit verticale du phytoplancton, surtout chez les

blue green

species", joue un role important dans la dynamique du plancton dans
un lac trouble et pas tres profond.
b) la preference du zooplancton pour certaines especes d'algues doit
etre comprise dans un modele biologique.

1. Introduction
The "Brielse Meer" located

in the delta of the rivers Rhine and Meuse

south-west of Rotterdam, a closed estuary branch, is the subject of
intensive field work carried out by Rijkswaterstaat.
The overall objectives include:
1) analysis of lake water quality and biological responses to man-made
inputs
2) analysis of the effect of control actions, i.e. dephosphatizing the
inflowing river water on the water quality.

2. General description of the "Brielse Meer"
The "Brielse Meer" formed after the closure in 1952 of a small estuary
"Brielse Maas" was part of the large interconnected estuarine system in
the south-western part of the Netherlands.
A map of "Brielse Meer" with the sampling stations is given in fig. 1.
The lake is flushed with river water from the "Oude Maas" near Spijkenisse,
to combat intrusion of brackish water (seepage). This inflow constitutes
the main part of the hydraulic load of the lake. Another source of water
supply to the lake is the drainage of the surplus water of the surrounding
polders. The outlet of the lake is situated at the west-end, opposite Oostvoorne. The main morfometric and hydraulic features of "Brielse Meer" are
given in table I.
The nutrient loading of the lake is very high. The mean specific loading
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of total phosphorus during 1972 and 1973 amounted to 16.3 g/m /year and
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the specific loading of inorganic nitrogen in 1973 was about 107 g/m /year.
According to the classification of Vollenweider the lake should be called
hypertrophic.
From March 1972 till September 1974 an experiment was carried out to
diminish the P-load in the lake by dephosphatizing the inlet river water
with 1.5 mg/1 ferrosulphate. The result of this trial can be summarized as
follows: In the inlet channel (see fig.

1) a marked decrease has taken place

in total phosphorus and ortho phosphate phosphorus apparently due to
flocculation and sedimentation.
The concentration of these phosphorus forms in the lake itself remains at a
higher levelj due to the discharge of polder water and the effluent of the
town of Brielle. Indeed there has been no decrease in the maximum algal
biomass occurring since the experiment started in 1972.

1

The phytoplankton composition is typical for a hypertrophic lake exposed
to some brackish water influence. The seasonal plankton cycle is given in
table II.
In spring the green algae dominate

while the number of diatoms increases.

In summer the blue green algae are dominant and blooms with biomass con¬
centrations up to 150 yg chlorophyll/liter can occur (important members are
aphanizomenon-flos-aquae and microcystis aeruginosa). The phytoplankton
composition in autumn shows a decrease of blue green algae. The microcystis
colonies are beginning to float on the watersurface and are drifting to one
side of the lake due to the wind. A scrum is formed which disappears after
decomposition by bacteria.

3. The modelling approach
The mathematical modelling approach has been chosen to support the field
work and to give a contribution to the evaluation of the results.
The basic modelling structure consists of sets of deterministic differential
equations describing the interactions between the biological and chemical
subsystems.
A simple model expressing these interactions, which has been developed by
DiToro c.s.

is applied to the data of "Brielse Meer".

The model contains three state variables, viz.:
- the biomass of phytoplankton
- the biomass of zooplankton
- the concentration of one growth-limiting nutrient.
For the specific model equations we refer to LOIn this application of the model the ortho-phosphate phosphorus is considered
as growth-limiting nutrient.
Simulation runs have been carried out over a period of one year (1972) and the
results are compared with field data. Insight into the effects of a change in

1

DiToro, D.M., O'Connor, D.J. and Thomann, R.V.
A Dynamic Model of the Phytoplankton Population in the Sacramento San Joaquin Delta.
Adv. in Chemistry Series, Number 106, Am. Chem. Soc. , Washington D.C.
pp 131-180 (1971).

?,

Thomann, R.V. , DiToro, D.M. and O'Connor, D.J.
Preliminary Model of Potomac Estuary Phytoplankton.
Procs. ASCE, Jnl. of the Environmental Eng. Div. , 100, 1974, no. EE3 June
PP 699-715.
-

2

-

nutrient concentration on the planktondynamics has been obtained.
The discrepancies between model results and field observations have been
analyzed and those points which may be of general interest on developing
ecological models will be discussed.

A. The vertical transport processes
The formulation of vertical transport processes of the biotic substances
appeared to be of insufficient accuracy to justify the calculation of the
vertical hydraulic transport contributions.
To illustrate this statement let us consider the vertical transport T of
e.g. phytoplankton F:
T = vF

)

^
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where
V
D
V

vertical water velocity
vertical diffusion coefficient

y

vertical sinking velocity of phytoplankton

r

y

vertical coordinate pointing downward.

An estimate of the order of magnitude of the various components gives:
= order 1 m/day
2
|d
I yl = order 50 m /day

based on in situ measurements at
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isothermal water conditions.

|V|

I

= order F times 0.1 m/day

published values of the sinking velocity of phytoplankton range
from 0-20 m/day.
Also negative values for flagellates and blue green algae are reported up to
-20 m/day.
The time mean sinking velocity of phytoplankton, however, cannot be higher
than net phytoplankton growth divided by the euphotic depth i.e. for the
turbid water of "Brielse Meer" 0.3 m/day (else the phytoplankton is not
retained in the euphotic layer long enough to undergo net growth). The
variation in sinking velocity depends on the physiological state of the
phytoplankton. It is reported that senile cells settle much faster than
juvenile. The specific relation with the environmental conditions, however,
is rather obscure. From the order of magnitude estimate it can be concluded

- 3 -

that the transport due to vertical migration is high compared with the
vertical hydraulic contributions. Therefore it is meaningless to calculate
these hydraulic terms without adequate knowledge of the more important
biological transports.
The most acceptable approach from a modelling point of view is to make an
assumption about the vertical distribution of the state variables and to
consider only depth integrated effects.
Based on experimental evidence we stated:
- the vertical distribution of the state variables is homogeneous if the
lake is isotherm.
- when the lake stratifies a two-layer schematization is acceptable. The
exchange between the layers is due to the entrainment of the thermocline.
A second point related to this subject concerns the order of magnitude of
the vertical downward transport of organically bounded phosphorus. The
influence of the settling velocity of phytoplankton on this transport in a
shallow turbid eutrophic lake is again underestimated in existing models [3]The succession of algae species in the real world not considered in this model
means a time mean sedimentation of inactive algae roughly equal to the algal
biomass divided by the time interval between successive algal blooms leading
to a considerably higher downward organically bounded phosphate transport.

The hydraulic longitudinal transport
An estimation of the order of magnitude of the advective, diffusive and
dispersive transport in the longitudinal direction of "Brielse Meer" shows
that the diffusive contribution is negligible small compared with the
dispersive transport. The advective transport is of the same order or an
order smaller than the dispersive transport. The latter, however, cannot
be calculated due to the already mentioned unknown vertical migration of
the plankton.
Therefore we calculated the two extreme situations viz.:
1. zero dispersion i.e. only longitudinal advection including stratification
2. infinite dispersion i.e. the homogeneous mixed situation.
The real situation will be in between.
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Introducing an arbitrary longitudinal dispersion coefficient, however, has
not too much reality because the mixing does not really satisfy Pick's law
in the case of an active substituent.
A result of a simulatiom run with longitudinal advection and vertical
stratification is shown in figure 2. The simulation result of the homogeneous
mixed situation is nearly equal in the downstream sampling station B3, due to
the rather long (100 days) retention time of the water and the short duration
of stratification periods in the shallow lake.

6. Some biological shortcomings of the model
The unrealistic zooplankton response in the second half of the year is a
consequence of the model being over-simplified. No distinction is made in the
model between phytoplankton species as well as zooplankton species. In the
second half of the year the blue green algae are dominating. It is known that
blue greens are scarcely grazed by zooplankton. The excessive growth of zoo¬
plankton in the second half of the year predicted by the model does not take
place in reality due to the lack of appropriate food.
An ongoing research on the occurrence and vertical distribution of blue green
algae in "Brielse Meer" supplies data which can be analyzed with some perspective.
It appeared that the vertical migration of some blue green species plays an
essential part in the averaged growth and a decay rate. A continuing effort is
required to incorporate more adequate representations of these particular
important phenomenon.

7. Some results of the model simulation
1. The influence of a change in phosphorus concentration on the planktondynamics is still appreciable although the concentration levels are much
in excess of the algal growth-limitation value.
2. The planktondynamics is more sensitive to variations in temperature in
winter than in summer. This is because the introduced biological rate
processes are linear increasing with temperature. So a variation at low
levels has relatively more effect than the same temperature variation at
high temperature levels.
3. The control of water quality by adjusting the retention time has a noticeable
effect only if the retention time could be reduced to about 50 days or less
in the case of "Brielse Meer".
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Table

Morfometric and hydraulic features of "Brielse Meer".
Volume
Surface area
Length
Average width

23.4
431.3
20

rn

10^
lo¬

215

Average depth
Hydraulic load (1973)

10

m
m

5.4

m

62.7

10

m /year

Table II: Number of organism per cubic cm.

Phytoplankton

winter

spring

summer

autumn

Blue green algae
Aphanizomenon flos-aquae
Microcystis aeruginosa

1800
,, colonies
1o cc

20

Green algae
Ankistrodesmus falcatus

40

4000

60

30

3700

3000

30

10

Crucigenia spp.

10

400

10

5

Cryptomonas reflexa

20

770

20

20

Scenedesmus spp.

50

600

15

2

30

10

100

60

Chroomonas acuta

Diatoms
Asterionella formosa
Navicula spp.
Stephanodiscus spp.

20
20

120

120

3000
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