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I.Introdvction.
The Sluice Dock nt Ostend is ~ system kept isolated from the ser for
about six months and wicre wster motions are limited.The synecologiczl
study of the Lock was started in 1971( Podemo ,1974 )
£11 this mkes it ¢ perticulerly good subjecct for a methematical
simul~tion of bilologicrl phenonenn,
This prrticulsr model woxks without zoopleonkton.The interaction betwecn
phytoplankton and zooplankton (with its two antogonistic aspect:grroring snd
stimulation of growth by excrelory HHl)seems to occur mostly after the

gin=le gnsgies Dlosw L otrerin-Dil1iat Jommseris Dure L8 T1 ),
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‘itnce there must be rnother mortelity ceuse th-on graziné.we consider this

7s n-turel mor}\iity,and its relationchip with the grouth const=nt t:-len

ag on index of herlth iz one of the ne=jor hypothesimsin the r.odel.

The éc"sonwllv~riations of inorgrnic nitrogen concentration in wntor ~nd

the :»rlied effcet of nédition of it on vhotosynthesic rotes weke ws believe

that I nuirients -~re controlling phytoplenkton growth.HHI prrticulexry is

believed to ploy o mrjor rolc since nitrate reductase cctivity is likely

inkibited at the concentr-tions observed(Eppley et 211969 ).0n the other

hend denitrification meconisre in the sediment :lryer require nost of the

discolved 10j’from water(Billen pers.coin. ).

The model was elaborated toking into nccount the conditionc prevailing in

the Slvice Dock at the time of thc closure of the sluices.The only forced

varistion in the model is the climstic one(incident light and water {temper-turc),
45 contrested with mrry simulstion nodels,the time scale is short

(one hour instend of one dry).This originates from the observations mnde

during 24-hours periods when several perameters were demonsirated to vary

strongly.Attenpl to sinulste these veriztions led to the sctual model.

II. Biologicsl functions,

411 Tunctions are integrated numericrlly with dt=1hour,

1I.1, The dB/dt function
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Il1.1.1. “he grouth r-te k ~nd the lighit-photooynthecic reletionship,
The ctu~l k constrnt iz evolurted relstive to sn opiim~l k (i.c.for
optim:l light): ﬁ{ defined =fter s~turstion kinetics(lich-¥lis—ienten)

=nd =t I2°C,

k,
12
wvhere II = concentration of inorgonic nitrogen in woter

Yone nd X, = srturclion prroneters defined »t I2<C.

nax
2 corrscted for teupersture differences (. rrhenius 1lor)

.(T—Iz)/IC): Iz

kp = frp ® 40 opt

g v

so th=t kopt x B = optimrl gross production (popt)
For r given irrcdisnce , k ='-.kopt % f(I;,Iﬁ?‘
where f(I;,IK)lis = Vollenweider (IY65) function, The vori:ibles sre
incident light (I;),water tr-nsprrency (Vl) cnd specific prr-meters
such s Ii sand photoinhibition cocfficients & -nd n.

The link between the MichrBlig-Menten kineticc and the Vollenueider
rnodel reflects on the equntion for Ii o Onc supnoses thot the initinl
glope of the light-photosyathesis relrtionchip iz const-nt co th-t

v kant
I = 761

I1.1.2, The rort-~lity rate

An inverse relrtionghip is rssumed bet een (t ken #3 »n index of

kopt
heslth) rnd m s n = c, / Kopt + C3

Hovever not denonstrated for phytoplrnkton , this kind of relation is
expected to show some generelity. It seems to us to be morc re-listic
th-n the sole strtistic function of biomnss

m= C used by come modellers,
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II.1.3. The respirestion rate
The respirstion rwf; ig t~ken proportional to the phytoplanlkton
biomess . Indeed,fluctuations mentioned in the liter-ture sre rel-tive
to photosynthesis =nd rre likely rel-tecd to photosynthesis variations

1) . . .
rather th:n true respir-tion vori~tions.

The influence of tcmpernturc is simulated here @
T-12)/10
= x Q. (
Tp = Tr2 * N
II.le4. The excretion rate
One is supposing theat 1) the haxim~l excretion rite is a function of
biomass. The reasoning is similsr to th~t used for the respir-tion rate
eopt = C5
2) however , there is ~lso come relation to
gfoss photocynthesis (Tenska , Nekenishi snd Kendota,1974 ) so thrt
the vertical profile of excretion hrs the seme sh~pe 2z thst of

photosynthesis . We usc the proportionality s
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Cirbone fix~tion and nitrogen uptrke rates rre supposed to be pronortional
80 tht the C / N ratio in phytopl:=nkion ( ebout 7, Sirickland 1960 )
should not chenge ( Podrr0,1974 ).This M upt-ke is related to £T0o5s
organic C production in this model ( the net fixetion of N being

proportional to net org-nic c.rbon production , :nd the excretod U



~

corresponding to excreted C + respired C,

II.2.2. Regeneration vin gh@ phytoplankton excretions &nd the heterotrophi

bacteria
Iletabolization by the b=cterie would affect about 30: of e (stecle,

1974 ),the other 70% beeing presumebly minsralized.

- nE \ .
So thrt T oTF (07T x(e+r1 ) x3B

I1.2.3. Regenérétion by the sediment

A constant rate of I, receneration is ~ssuncd { Podrro, 1974 )e

4
( aversge = 5 mg N—Nﬁt /m2/h )
“+

. ~15)
This rete is tempernture dependent : rates = rete), X Q§g 12)/10
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One has observed in the Sluice Dock =t Ostend that the relation

Pl= 1+ (65.10"5x B) sestisfied to most coues,



III . The forced functions : the climste

The sinulations of annual or daily variations of light or temperature

zre mrde after the observed varintions in the Sluice Dock,

The annurl verintion (~verege) of middey maxinal P.L.R.

irrrdisnce (1(; r'»--*c) znd of deylenght ()\) has bveen siuulcted

60 + 44 ( sin 20(1=00)

e
I2 + 4 ( sin-z—%t%ﬂ )

IO I:m‘XJ‘
A,

Similerly , the diurn~l curve is sinuln~ted by the equation :

]

o - . 2Rt el e or
Iot =1 noy ° 0.5 ( 1 + cos ) ) ( Vollenweider,1955)

e oy e G e G e

The onnurl vorintion of mean drily temperature is similated by :
= - . 2n(j-120)
= o} o e L
Tj = 11.5 + 2.5 ( sin 308 )
The deily veristion is simulnted by :

T, s ﬁj + 1.5 ( sin-gﬂéfiil )

t



IV.Results ~nd discuscion. \
The output of the nmodel hrppened to be -n oscillating systew,the first
peak of which sirulates the spring bloom. The relation
phytoplankton-nutrient is indeced =t first sight comparable to =
prey-pred-~tor systen,
However,s fund-rient-1 difference with the Lotka~Volterra or Leslie
equotions is that the "prey" regencration rate is independent of
"prey" density.

The equations set for a simplifyed model would then hecomes

"prey"(=nutrient) g% = a—-cry (instead of avaxz—cxy)

"predator"(=phytoplonkton) %% = —ey+cxy
or,fitting the licha®lis-lenten rel~tionship in:

dx Cxy
dt ~ 7 k+x

& o oy 4 EXY
at ® * Tex

The solutions of both sets show conservative oscillations ,
The d~mping in the simulation model results from the seversl fecdoacks
added to the system and from the climate veriation.The systen trajgctory
in the phase plane (fig.lA) becomes a spiral converging towards a
stationery point (=control by the sediment).Thus the system 1s stable
however the equilibrium point is slowly moving in the plone s the
clinate conditions ~re chonging,

IV.2. Testing the model for verious p-rameters (figs. 2,3)

—em Gen eme Ghe e G e e e e R e o e oo —

Variouc scennrios involving different Iy (fig. 2 A ),KS (fig. 28 ]},
mortality coefficient C, (fig. £C },cnnunl temperature curve (fig, 2P )
<

5 3 m : e \ )
ranu-l incident light curve (fig. 3 A) chow conp~r ble effect::
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= @& persmeter cnhr~ncing primery production lesds to 2n esrly small
bloom and o quick exiirustion of the limiting nutrient,

= o parcrieter slowing primary production leads to a tempor-ry =ccuunlatio
of the nutrient supply, followed by a much nore important outburst
of phytoplenkton,

The system proved to be very sensitive to smzll chonges in Iﬂ or light.

input es compsred to chenges of helf-g-turation constanis.lortnlity

also exerts a very important influence,a veriction of the minimum

rate 03> hrving non-linenrly rel ted effects on the systenm,

An improvenént on the deterministic nodel iz the introduction of a

stochastic v rintion of the daily energetic input, =2s en attempt to

sinul~te the netural fluctuations of the light climate.The result is

an obvious shift in time of the booming periode,(fig. 3 ¢ )and an

incre~sed sensitivity (hence frrgility )of the ecosystem.The stochastic

. and Lowen
vnrstionés conprigsed betwveen the upnerVNlimits observed in nsture a~nd

simulated by: s o
2 §-£0) /
'mex = 5 sin STt :
I'n 87 + 50 (sin 303 )
Ilmex = 28 + 22 (sin %S'EQ-Z)

The explan=tion for these disturbonces is thot however the ~verage
doily light would not change, the s=turntion kineties meke that
production is rel=tively more affected by low light intensitiez. In =
stochastic light model, the triszer effect of » short sequence of

o

berutiful d=ys ic n~lso evident.

IV.3. Conclusion.
However this ﬁodel iz still simple ~nd suffers the usunl sscumpntions
(i.e. no delnyed feedbrcks etc.) made in rodelling,the variotion
predicted on partly theorcticol grounds is not wunlike thet observed
in n~ture,as far as the first oscilletion is concerned (rig., 4 end

however further =zdjustments ~re needed,

~



Some perremeters are denonstroted to be p-rticularly important:

Ii y mort-lity coefficient and light input. The strong influence of
the light climrte was further emphesized in stochacstic »nd re-l ligit
clinrte simulntions.After the first peesk,interferences with croving
zooplankton would lead to departures from the stsble equilibriunm
predicted in this model.Such . model h-o elre~dy been tested snd will
be pgblished very so00n.

In contrrst to equations thrt mercly conform to thic observed phenoniena.,
this model is an sttempt of description -of the Sluice Dock ecosysten
that hes some juctification in terins of the knowm or postulated
behaviour of the components of the systcen.We consider it ogs o first
framework with the ain of refining our knowledge of these behaviours

and testing the mony hypothesises it is deponding on.

Appendix ¢ lete modifications of +the model zre

1. Witrogen uptske is relnted to net production
2. A lower C/N retio is used (=5.5 , after the review of Bznse,1974).

Both modifications do not alter the conclucions of this report .
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Initisl conditions »nd constentsg

Biomass B = 78 mg C/m3

Ammonia N = 300 mg N/m3

Cl

]

c2 =
C3 =
C4 =
C5

k
max

H]

%0

régénération rate of NH+ from the sediment

.012

«007
«05

«012
.018
= o6

]

= 2.3

so that I' can fluctuate betw en practical limits of

4 (k=.05)%and 50 (k=.6) J fomé/.

8o that practical limits are .14 (k=,05) and .012 (k=.6)
(added to C2 ,mekes mortality vary between .19 and ,06)
so that respiration = 10% of Popt in average conditions
so that excretion = 15 % of p in average conditions

25 (= 12,5 with uncorrec—

1]

corresponding to a p° 1:/chlo:t-.a.
ted poptlcf.leakage °p

50 ng N—NHZ /o> (3.5 /tgat N/1 )

, 5 mg N/m2/h at 12°C .
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