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General introduction 

As an ecosystem i s a dynamic e n t i t y , i t i s impossible to understand 

i t s functioning by a s t ruc tu ra l description of s t a t i c parameters such as 

concentrations, biomasses, e t c . I t i s necessary to estimate the activities 

of the different organisms (primary and secondary production, respi ra t ion 

rates 5 heterotrophic a c t i v i t y , e t c . ) . Only the quant i ta t ive and qua l i t a ­

t ive description of in teract ions and t r ans fe r s , temporally and spa t ia l ly 

in tegra ted , gives us a dynamic picture of the working of the ecosystem. 

In our opinion, only th i s fundamental knowledge of the in terac t ions 

in the ecosystem wi l l allow us t o \jinderstand pollut ion problems, such as 

eutrophication, or heavy metals contamination. This knowledge wi l l also 
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be very useful for applied biology, as in fisheries or marine organisms 

farming. 

The following report i s a f i r s t step in t h i s direct ion of dynamic 

description of the biology of the marine ecosystem^ in the Sluice dock 

at Ostend and the Southern Bight of the North Sea. 

1.- Primary production 

1 .1 . - Methods 

1 .1 .1 . - Primary production (photosynthesis measurements) 

The '̂̂ COj technique [Steemann Nielsen (1952)] has been used for 

photosynthesis measurements in the pelagic environment. In vitro incuba­

t ions (potent ia l production) have been performed at sea on each cruise 

and a l l sampling s t a t i ons . Several in situ and semi situ incubations 

( integrated production) have also been performed [Mommaerts (l9T3a,b)]. 

Results are given separately for nannoplankton and netplankton after 

fract ional f i l t r a t i o n on U5 ym or 25 ym meshes [Mommaerts (1973a» 

b , f ) ] . 

Similarly, in vi-tro and in situ incubations were performed weekly 

in the Sluice Dock at Ostend [Podamo Jo (1973a), (197^)]. 

A prototype for the automatization of sampling and in vitro incu­

bation has been b u i l t and used in the Sluice Dock. This device allows 

the col lect ion of records for 2h. h periods (experiments actually per­

formed) or longer times (several days) [Podamo Jo (1973b), Cromboom and 

Mommaerts (1973)3. 

The phytobenthos production in the Sluice Dock has also been i n ­

vest igated. Some in situ oxygen production determinations (Winkler 

method) have been made. Clear and dark plexiglass inciibation chambers 

were designed for such experiments [Podamo Jo (1973a)]. 

1.1.2.- Photosynthetically available radiation (P.A.R.) 

Use was made of global so lar radiation data known for the area 

from the continuoxis records made at De Haan, near Ostend, and calcula-
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ted in Joules/cm /30 min at the Royal Meteorological Institute. We have 

measured the absorption of available radiation in the water column 

(range kOO - "JOO my) . This was done at sea and in the Sluice Dock with 

an immersible photometer fitted with green, red and blue filters (Chance 

Pilkington 0 Gr 1, BG 7» HG 63O). Calculations of energy fluxes are made 

as suggested in Vollenweider (1969). 

1.1.3.- Phytoplankton standing crop 

Chlorophyll and phaeophytin a have been determined weekly in the 

Sluice Dock at Ostend as described in Strickland and Parsons (1968). In 

the North Sea, this work is done and discussed by Steyaert and Lancelot-

Van Beveren (1973). 

The Utermohl technique CUtermöhl (1936)] has been used for the 

nannoplankton numerations in the Sluice Dock [Podamo Jo (197^)]. 

The improving of autoradiographic procedures for phytoplankton 

numeration is going on [Mommaerts (I972d), Cromboom et Mommaerts (197^)]. 

1.1. i+.- Precision of the measurements 

a) ^̂ COg incubations 

o 
At the 30 mg C/m /h level, the standard deviation represents 8 % 

•3 
of the average [Mommaerts (1973d)]. At the 2 mg C/m /h level, it amounts 

to 23 % [Mommaerts (I973e)]. In both cases this was determined experi­

mentally by incubating 10 subsamples under the usual working conditions. 

b) Pigjnents 

The precision of the measurements has been estimated in the same 

way for the Sluice Dock at Ostend : 10 subsamples : standard deviation 

2 ^ of the average, at the 10 mg chlor a/m level. 
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1.2.- Results 

1 .2 .1 . - Spatial and temporal variations of phytoplankton 

a) North Sea 

A synthetic approach to the spa t i a l d is t r ibut ion pat terns of phyto­

plankton in the area studied i s attempted T'j'ith the po ten t ia l production 

res\i l ts collected from 1971 to 1973 [Mommaerts (1972a), (1972b), (1972c), 

(1973c)]. 

From the average depth prof i le ( f ig . 6.1) i t appears tha t the va ter 

i s thoroughly mixed in the water column (the mouth of the estuaries ex­

cepted) [Mommaerts (1973b)]. 

An average horizontal d is t r ibut ion prof i le (from coast to open 

sea) has also been computed for each criiise. The existence of an impor­

tan t nannoplanktonic fraction (escaping meshes of U5 ym and even 

25 ym) has been emphasized [Mommaerts (1973a), ( I973f)] . I t seems to be 

chiefly composed of f lagel la tes as shown in Mommaerts (I973g) and also 

Steyaert et Van Beveren (1972). When nannoplankton and netplankton are 

considered separately, typica l pat terns are demonstrated for each period 

of the year ( f igs . 6.2 and 6.3) : winter , spring bloom, summer, automnal 

bloom. All these prof i les can in turn be synthetized in one figure 

( f ig . 6.ii). One sees that the high standing crop fringe extends to 50 km 

off the coast. 

From 30 km , the nannoplnnktoriic potent ia l production becomes 

proportionally more important than that of netplankton. I t i s possible 

that t h i s pa t te rn i s re la ted t o the nutr ients prof i le [Elskens (1972)] 

in connection with the lower specif ic hal f -sa turâ t ion constants for 

l imit ing nutr ient iiptake tha t are exhibited by nannoplanktonic phyto­

plankton [Parsons and Takahashi (1973)]. 

Our records, however limited in number, show that the amplitude 

of seasonal variations of netplanktonic production can be important in 

the coastal area in contrast with those of nannoplanktonic production. 

However, in the open sea both categories exhibit variat ions of veiy low 

amplitude. Such patterns have led to the concept of zones [Elskens (1972)] 

i.e. a coastal fringe (zone l ) , r e la t ive ly important for the area 
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Optical depth 

100 

Photosynthetic capacity relative 

fig. 6.1. 

Average depth profile of potential production. Each potential production result has 

been expressed as a percentage of the maximum figure recorded in the water column; 

then the figures are averaged for every cruise and relative irradiance level. The 

optical depth scale is such that each unit causes a halving of irradiance. 

studied, and the beginning of a vast area (zone 2) more exactly repre­

sentat ive of the Southera B i ^ t of the North Sea. One has also considered 

a division in zone 1 ( f ig . 6.38 and tab le 8 .1) , as figures differ f re­

quently in the northern (IN) and in the southern par ts ( IS) . Seasonal 

variat ions recorded in the North Sea ( f ig . 6.5) conform to patterns known 

from the l i t e r a t u r e for temperate coastal seas Le.g. in Raymont (1963)]. 

In the course of a week however, the potent ia l production variat ions seem 

to be negl ig ib le . The study of the nycthemeraJ. cycle of production might 

help in the understanding of th i s slow variat ion pa t te rn . Such cycles 
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Potential production (mg C/m'^/h) 
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fiq. 6.2. and 6.3. 

Average horizontal distribution patterns of potential production at different times 

of the year. (Stippled line : netplankton, solid line : nannoplankton . ) 

have been studied at sea with variable resu l t s [Mommaerts (l9T3g)]. In­

deed, water motions in te r fe re on such experiments. However, experiments 

made in the Sluice Dock e i ther with automatization device [Cromboom et 

Mommaerts (1973)3 or in the usual way (see below) give consistent r e su l t s , 

b) Sluice Dock 

The water i s fa i r ly homogeneously d is t r ibuted in the Sluice Dock. 

Phytoplankton s t r a t i f i c a t i o n i s negligible in most cases. Where the h o r i ­

zontal d is t r ibut ion pat tern i s concerned, a narrow l i t t o r a l fringe shows 
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Distance to the coast (km) 

fig. 6.4. 

Average horizontal distribution pattern of potential production, averaged for the 

year (stippled line : netplankton, solid line : nannoplankton). The dotted area 

shovkS the range of variations for netplankton. The hatched area shows the range of 

nannoplankton variations. 

higher production figures. However, resu l t s collected from a single cen­

t r a l sampling s ta t ion are veiy representative for most of the area. 

An important phytobenthic commiinity of macrophytic seaweeds can 

develop in the Sluice Dock as re la t ive ly high irradiance levels (com­

monly 25 % of surface irradiance) are recorded on the bottom. The sea­

weeds grow mainly at the periphery. Biomasses are very important. As 
2 much as 2 to 3 kg wet weight/m have been recorded in July. At t h i s 

time of the year the t o t a l Sluice Dock phytobenthic production amounts 

to about one t h i r d of that of the phytoplankton [Podamo Jo (1973a)]. 

Seasonal variat ions recorded in the Sluice Dock [Podamo Jo (197^)3 

are very different from those observed in th.? North Sea. In th i s 
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Table 6.1 

Period 

January 71 

J u n e - J u l y 71 

August 71 

September 71 

January 72 

Apr i l 72 

J u n e - J u l y 72 

September 72 

October 72 

January 73 

Apr i l 73 

June 73 

Zone 

I S 

I S 

2 

IN 

2 

I S 

IN 

2 

I S 

1N 

2 

I S 

IN 

2 

1S 

IN 

2 

I S 

IN 

2 

I S 

2 

I S 

2 

1S 

1N 

2 

I S 

1N 

2 

Produc t i o n / 
m2/d 

960 

6420 

7220 

18420 

9530 

7000 

15000 

7320 

520 

1550 

1290 

3150 

3440 

3320 

7160 

7300 

5670 

3800 

5750 

5080 

4880 

4390 

1180 

1200 

4950 

6260 

2470 

34 00 

13250 

1090 

Tota l 
b iomass / 

i . 2 
j 

13500 

37530 

37170 

46620 

28660 

5352 0 

1071 SO 

28350 

9040 

4500 

9450 

24570 

19440 

11180 

13770 

9450 

13230 

20110 

48150 

10710 

17680 

4450 

4110 

3920 

81670 

49220 

15570 

13420 

30140 

5350 

Implied 
bi omass/ 

m2 

2250 

5000 

15930 

15150 

18830 

10700 

32150 

15390 

1500 

3370 

3510 

6550 

5340 

6070 

10100 

9450 

13230 

6030 

14440 

52 00 

6480 

4390 

1370 

1570 

13610 

17220 

4 000 

2230 

24110 

3520 

A v a l l a b l e 
r a d i a t i o n / 

m2/d 

52000 

440000 

440000 

349000 

349000 

289000 

289000 

289000 

52000 

52000 

52000 

302000 

302000 

3 02000 

440000 

440000 

440000 

289000 

28900Û 

289000 

176000 

176000 

52000 

52000 

302000 

302000 

302000 

435000 

435000 

435000 

j E f f i c i e n o y / k c a l 

(1) 

0.82 

0.29 

0.10 

0.35 

0.14 

0.22 

0.16 

0.16 

0.66 

0.88 

0.70 

0.15 

0.20 

0.18 

0.16 

0.17 

0.10 

0.21 

0.13 

0.34 

0.42 

0.56 

1 .65 

1.47 

0.10 

0.12 

0.2Ü 

0.35 

0.12 

0.07 

(2 ) 

0.13 

0.03 

0.04 

0.11 

0.09 

0.04 

0.04 

0.08 

0.11 

0.66 

0.26 

0.04 

0.05 

0.09 

0.11 

0.17 

0.09 

0.06 

0.04 

0.16 

0.15 

0.55 

0.55 

0.58 

0.01 

0.04 

0.05 

0.05 

0.10 

0.04 

All parameters in goal. 
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fig. 6.5. 

variation of phytoplankton standing stock in the Southern Bight of the North Sea 

fron the different cruises. A sufficient frequency of samplings allows the 1973 

s to De linked (circles : ?one 13 ; crosses : zone 2 ; squares : zone I N ) . 

particular environment, low production levels are observed until the end 

of May. Grazing is the main limiting factor in May. From June to the end 

of 'lugust, production is very important (fig. 6.6). This is only possible 

with a very efficient recycling of the nutrients. 

Nycthemeral cycles of production observed at various times of the 

year show typical features. One of those cycles has been particularly 
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fig. 6.6. 

Annual variation of phytoplankton production in the Sluice Dock at Ostend, in 1972. 

Studied in a slow variation period (May) [Mommaerts (l973g)]. Fig. 6.7 

shows the evolution of potential production, chlorophyll a and phaeo-

phytin a on 28.5.1973-

As a result of primary production, the phytoplanktonic biomass in­

creases in the day time (as shown in the simultaneous fluctuations of 

chlorophyll a and potential production) until a peak is reached at the 

end of the afternoon. Phaeophytin a peaks seem to correspond to decay 

periods (especially at night). Figure 6.8 shows the production-mortality 

balance computed for 30 min intervals. The mortality factor operates 
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fiq. 6.7. 

N'yotheneral variation of potential production (solid line), chlorophyll a (dots and 

dashes) and phaeophytin a (dotted line) in the Sluice Dock at Ostend on 29th May 1973. 

at day hut i s most important at night. Correspondingly, biomass increases 

are l imited and ultimately ann\iLled. The re la t ive importance of grazing 

in the mortality measured on th i s par t ic i i lar day could not be determined. 

We think tha t such a cycle could explain the slow variat ion pattern de­

monstrated in May and perhaps also those observed at sea. 

1.2.2.- Productivity 

The r a t i o •̂  —.—'^ (productivity) ref lec ts the 
biomass -̂  '' 

physiological condition of the phytoplankton community at the sampling 

station as well as its specific composition. 



fig. 6.8. 

Production-mortality balance computed for the 29th May 1973 cycle. The actual pro­

duction increment for each 30 min block is the sum of mortality (-) and production 

(+) figures. 



- 200 - ' -

In the f i r s t case i t can ref lec t the effect of environmental modi­

f ica t ions . Popxilation ageing or in te rna l rhythms are corollary effects . 

Examples are provided by the lower winter figures (temperature e f fec t ) , 

the abnormal figures recorded at sampling stat ions 6 and 7, Jvdy 1971 

(environmental disturbance) [Mommaerts (1973b)3. An example of seasonal 

t r ans i t ion i s observed in the Sltdce Dock at Ostend when productivity i s 

in full augmentation however nothing of th i s appears from production 

measurements [Podamo Jo (197^)]. Indeed, at th is time of the year (May), 

the phytoplanktonic biomass remains low as zooplankton i s actively 

grazing on i t . 

Nycthemeral variations of productivity ref lec t also physiological 

modifications. Such variat ions have been demonstrated in the North Sea 

[Mommaerts (I973g)]. One has recorded a peak of maximal endogenous a c t i ­

vity at the time of optimal daylight in tens i ty (noon in the winter and . 

l a t e r in the afternoon at the end of spring) (f ig . 6 .9) . 

22 

Hours 

fig. 6.9. 

Nycthemeral variation of productivity (P/B ratio) in the Southern Bight, at sampling 

station 16, Bth Niay 1973 (solid line); sampling station 1, 24th January 1973 (stippled 

line) and sampling station 6, 7th June 1973 (dotted line). 
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fig. 6.10. 

Potential production - chlorophyll a relationship in the Southern Bight of the 

North Sea, in September 1972. 

Where the specif ic composition i s concerned, an example i s found 

in the differences recorded between open sea and coastal water producti­

vity figxires [Mommaerts (l9T3g)]. Productivity i s higher in the open sea, 

where nannoplankton is dominant. On the contrary, figures recorded for 

coastal waters where netplankton i s dominant are lower ( f ig . 6.10). 

1.2.3.- Light-temperatiire adaptation properties 

With production measurements made simultaneo\isly in situ and in 

vitrot one has confuted photosynthesis-l ight diagrams for many sampling 

s ta t ions and cruises ( f ig . 6.11) [Mommaerts (I973g)]. From each diagram 
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fig. 6.11. 

Photosynthesis-light diagram for phytoplankton collected at sampling station 61, 

17th April 1972, in the Southern E.ight of the North Sea. 

one can calculate a l igh t in tens i ty I^ (defined as the in tens i ty at 

which the onset of photosynthesis saturat ion i s recorded) "which measures 

the l ight-adaptat ion property of the phytoplankton community at sampling 

time. A small Iĵ  corresponds to a b e t t e r efficiency of l igh t energy 
2 u t i l i z a t i o n . In the North Sea, figures ranging between 2 and 3^ J/cm /h 

(P.A.R.) have been recorded. In the Sluice Dock ( f ig . 6.12) at Ostend 

however, I^ figures are always higher (about 50 J/cm /h) . Another 

difference i s the strong photoinhibition pat tern tha t i s exhibited im­

mediately af ter satviration (no rea l plateau) for North Sea phytoplankton 

while the Sluice Dock phytoplankton shows almost no photoinhibition in the 

range of l igh t i n t ens i t i e s recorded (up to 200 J/cm /h) . These 
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R e l a t i v e p h o t o s y n t h e s i s (%) 
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L i g h t e n e r g y ( J / c m ' ^ / h ] 

f i g . 6 . 1 2 . 

P h o t o s y n t h e s i s - l i g h t d i a g r a m f o r p h y t o p l a n k t o n c o l l e c t e d on 2d May 1 9 7 3 in t h e S l u i c e 

Dock a t O s t e n d . 

differences probably ref lect the adaptation of the North Sea phytoplank-

ton to the lower average i l lumination conditions that p reva i l in th i s 

environment. 

I^ i s also temperature-sensit ive. Lower winter figiires have an 

ecological importance as saturat ion of photosynthesis i s reached at 

deeper l eve l s . Hence, the effect of poor i l lumination conditions i s par­

t i a l l y compensated by an improved u t i l i z a t i on of l igh t energy in the 

water column. 

Final ly , diurnal variat ions of I^ have been observed in the Sluice 

Dock and are at study. 

1.2.U.- Integrated production 

The spa t i a l d is t r ibut ion of phytoplankton in the North Sea being 

known, and having determined : 

l) the variat ion mechanisms of productivity [Production = f (Biomass) 

with l ight energy kept constant] . 



- 201+ -

2) the variat ion mechanisms of l igh t adaptation [Production = f (Light 

energy) with biomass kept constaxit] , 

one can feed these parameters in an integrated production model. The ab­

sorption coefficient of the water for photosynthetically available 

radia t ion n and the incident radiat ion Ig are also used in such a 

model le,g. Vollenweider (1965), Mommaerts (l9T3g)]. 

Hence, spa t i a l d is t r ibut ion of potent ia l production (as well as 

pigments) does not s t r i c t l y ref lect that of real in situ primary pro­

duction. I t was demonstrated that the low transparency of coastal waters 

l imi ts the primaiy production in such a way that only a fraction (upper 

layer) of the phytoplanktonic biomass is implied in photosynthesis. This 

has a considerable leve l l ing effect on differences between zones ( f ig . 6.13). 

But th i s also means a difference in yields [Mommaerts (l9T3g)]. Ex­

pressed as efficiency percentage of energy t ransfer per Kcal of t o t a l 
2 biomass londer a m , one finds on an average 0 . 1 1 ^ in zone 1-South, 

0.15 % in zone 1-N and 0.I8 % in zone 2. Hence the flux of organic 

matter through the phytoplankton i s about 1.5 times greater in the open 

sea than that measured in the coastal fringe (Table 6 . I ) . 

1.3.- Çoss^isiss 

The Southern Bight of the North Sea and the Sluice Dock at Ostend 

have been surveyed intensively so that we have a fa i r ly good picture of 

s p a t i a l and temporal variations of phytoplankton a c t i v i t y , by now. A 

further insight on production mechanisms was given by the study of pro-

duct ivi ty {-^ r a t io ) and l ight adaptation var ia t ions . S t i l l there i s much 

l e f t t o do in t h i s respect especially in connection with the nutr ients 

a v a i l a b i l i t y . In the same connection, the study of specif ic nutr ient up­

take a b i l i t i e s could help in the understanding of the succession or the 

s p a t i a l d i s t r ibu t ion of phytoplanktonic populations. The differences ob­

served between netplankton and nannoplankton are probably relevant to 

t h i s problem. 

The study of the effect of zooplankton grazing on phytoplankton 

production is also sched\iled. Studies on phytoplankton mortality have 

already been s t a r t ed in 2k h observation cycles. On the other hand 
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fig. 6.13. 

Production (solid line) and chlorophyll a (dotted line) vertical profiles at sampling 

stations 1, 11th October 1972, and 4, 12th October 1972, in the Southern Bight of the 

North Sea. 

some in situ experiments (impublished) have shown an enhancement of 

primary production when the phytoplankton was exposed to the influence 

of zoöplankton. Grazing effect and enhancement set an in te res t ing i n t e r ­

action problem. 

The problem of production modelling remains. F i r s t attempts con­

cern only s t a t i c solut ions . One hopes to feed more in te rac t ion parameters 

and variat ion laws in successively inçroved models. 
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2.~ Zoöplankton 

2 . 1 . - Introduction 

The quant i ta t ive and qua l i t a t ive evolution of zooplankton has been 
studied for several years at the Sluice Dock at Ostend [Leloup and Polk 

(1967), Daro and Soroa (1970), Daro (in prepara t ion)] , in 1970, 1971 and 
2 

1972 in the North Sea in a zone of 20 km near the shore (zone IS) by 

monthly sampling and in the Southern Bight of the North Sea (Mathematical 

model of the North Sea network) during the cruises in 1971, 1972 and 

1973. 

The description of the spa t i a l and temporal d i s t r ibu t ion of the 

zooplankton different species in the North Sea [Polk ( I97 l ) , Bossicart , 

Hecq, Heyden, Houvenaghel and Polk (1972)3 i s followed by a description 

of t h e i r metabolic ac t iv i ty and t h e i r role in the ecosystem. 

An approach for the calculation of the secondary production i s 

proposed. 

2 . 2 . - Methods -̂  

2 . 2 . 1 . - In the Sluice Dock at Ostend 

Weekly sampling by f i l t e r i ng 50 Z water through a U8 y mesh 

net gives us the year cycli on a quant i ta t ive and qua l i t a t ive b a s i s . A 

composed net was designed to study the nycthemeral ve r t i ca l migrations 

[Daro (197^)] and observations by a binocular was done on l i v ing material 

in the f ie ld laboratory to study the ethology and autoecology of the 

dominant species [Daro (1973)]. 

2 . 2 . 2 . - Lonibardzijde 

Monthly quant i ta t ive sampling was obtained by f i l t e r i n g 50 H 

water in a plankton net of 1+8 y meshes; 9 points were sampled in a 
2 

20 km zone. 

2 . 2 . 3 . - Southern Bight of the North Sea 

Sampling of zooplankton was done during the crixises at each point 

of the network as in §2.2.2 (Quali tat ive sampling was done with a 
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zoöplankton net of 200 y meshes by hauls of ± 15 min ) . Respiration 

ra tes v/ere carried out on the ship by incvibation of zooplankton in dsurk 

bo t t l e s Winkler of 300 miL , at the temperature of the sea water during 

9 h time. Oxygen was determined by the Winkler method (see Hecg). 

2 . 3 . - Results ^ • • . / . , 

2 . 3 . 1 . - Sluice Dock 

a) Distr ibution 

The horizontal d is t r ibut ion in the Sluice Dock i s homogeneous; 

ve r t i ca l nycthemeral migrations were studied. Specific migrations pa t ­

terns are established for the dominant species and t he i r age classes 

[Daro (1973), Daro (197^)3. 

b) Secondary production 

The evolution of the biomass during the year shows the dominancy 

of k species all herbivorous (fig. 6.lU). To calculate the secondary 

production, we used the method of Winberg [Winberg (1970)]. Full details 

are found in Podamo Jo (197^). 

The weekly production of each species is calculated for a 6 

month period (fig. 6.15). 

2.3.2.- North Sea 

a) Distr ibution 

The ve r t i ca l d is t r ibut ion i s homogeneous [Bossicart (1973)]. The 

hor izontal d i s t r ibu t ion , correlated with hydrodynamics of the North Sea 

and under the influence of the estuaries [Polk. (1972), Bossicart and 

Daro (1973)] permits us , using the dominant group of Copepoda (biomasses 

in wet weight) to distinguish three zones (see paragraph 1, Primary 

production) ( f igs . 6.16, 6.17, 6.I8 and Table 6 .2) . 
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Table 6.2 

^ean values of biomasses of Copepodes per zone / per cruise (net weight/m^) 

Cruise 

April-May 1973 

September 1971 

September 1972 

Zone 1 South 

84 

75 

205 

Zone 1 North 

31 

4 

41 

Zone 2 

27 

42 

80 

b) Dominancy 

Three groups are dominant : the herbivorous group of Copepods and 

Timicates (Oùkopleuva), the camivoro\as Chaetogathes [Bossicart and Daxo 

(1973), see f igs . ' 6 , 17, 18]. The a c t i v i t i e s and food ingest ion, linked 

with the biomasses of these groups are retained to calculate the t r a n s ­

fers of matter. 

c) Food chains 

1° Lorctoardzij de 

As the sampling was at regular monthly in terva ls at Lombardzij de 

(§ 2 .2 .2 ) , we used these data to calculate the food chain. 

The mean value of the 9 points was used. Using the biomasses 

( f igs . 6.19, 6.20) and the daily food rat ions [Petipa (1970)] the grazing 

or prédation are calculated (Tables 6 .3 , 6.1+, 6.5 and f ig . 6.21). 

Table 6.3 

Prédation of Chaetognatha in 1971 expressed in mg/m'/month (wet weight) 

Month 

June 

July 

August 

September 

October 

November 

Prédation 

51 

331 
612 

637 

153 

25 

\ 

Total 1809 
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Table 6.4 

Grazing of Copepodi in 1971 expressed in mg/m^/month (wet weight) 

hon t h 

J a n u a r y 

F e b r u a r y 

March 

A p r i 1 

Niay 

J u n e 

J u l y 

Augus t 

S e p t e m b e r 

O c t o b e r 

November 

December 

T o t a l 

N a u p l i 1 

1 0 2 . 3 

1 0 2 . 3 

1 7 4 . 3 

553 

5 0 3 . 5 

9 9 9 . 8 

8 0 2 . 2 

685 

3 5 6 . 5 

882 

651 

198 

501 0 

C o p e p o d i t e s 

111 . 6 

1 1 1 . 6 

231 

385 

8 4 9 . 4 

1 6 3 3 . 6 

1 5 7 8 . 5 

1 71 9 . 3 

1417 

1617 

859 

216 

10729 

A d u l t s 

6 5 . 1 

6 5 . 1 

1Ü1.2 

63 

1 9 4 . 1 

591 . 5 

1 6 5 7 . 6 

1504 

4 7 6 . 8 

8 5 0 . 5 

945 

315 

6 8 2 8 . 9 

T o t a l 

279 

279 

5 0 6 . 5 

1001 

1547 

3225 

4 0 3 8 . 3 

3 9 0 8 . 3 

2 2 5 0 . 3 

3 3 5 9 . 5 

2454 

729 

2 3 5 7 6 . 9 

Table 6.5 

Grazing of Oikopleura in 1971 expressed in mg/m^/month (wet weight) 

Month 

J a n u a r y 

F e b r u a r y 

h a r c h 

A p r i l 

Niay 

J u n e 

J u l y 

A u g u s t 

S e p t e m b e r 

O c t o b e r 

November 

Oecember 

T o t a l 

G r a z i n g 

78 

78 

9 . 9 

39 

156 

487 

702 

877 

1251 

731 

263 

39 

4 7 1 0 . 9 

\ 
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(wet weight) 
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fig. 6.19.- Lombardzijde biomasses Copepoda - Tunicata. 

Cpn^lete_ foqd_ chain 

The resul ts of Gullajid (1970) permit us to estimate the prédation 

of fishes on herbivores : the fishes use 12.5 ^ of the toteuL food in -

take of the herbivores on an annual b a s i s . Total annula i s 28,288 mg/m" 

of which prédation is 3.536 mg/m by f i shes . 
•3 

The food chain expressed as g wet weight/m /year i s : 
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fig. 6.20.- Lombardzijde : biomasses at different stages Copepoda. 
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f 1 7 . 6 . 2 1 . - G r a z i n g Copepoda and O i k o p l e u r a , L o m b a r d z i j d e 1 9 7 1 
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To eva lua t e t h e biomasses of -he t h r e e déminant g roups , t he mean 

values of biomasses have been c a l c o l s t e d for each zone and c ru i se (see 

Taole 0.6) and bhe evo lu t ion of t h e biomasses eva lua ted (see f i g s . 6 .22, 

6.23, 6.2h). 

Tabl^£_o_6 

Mean V a l u e s of b i o r a s s e s of C o p e p o d s , O i k o p l e u r a and C h a e t o g r i a t h a 

e x | : r " s s e d in mg/m'^ (wet w e i g h t ) 

1 — 
^ o n t h 

J u l y 1971 

A u g u s t 1971 

S e p t e m b e r 1971 

J a n u a r y 1972 

A p r i l 1972 

J u n e - J u l y 1972 

S e p t e m b e r | 9 7 2 

O c t o b e r 1972 

A p r ^ l - ^ a y 1 9 7 3 

Zore 1 S o u t h 
__ 

Cop. 

2ó1 

-
75 

36 

87 

1 4 0 

205 

182 

84 

O l K . 

104 

-
334 

0 

185 

384 

50 

27 

9 

C n a p t . 

0 

-
l b 

0 

0 

0 

13 

3 

0 

z 
' ^op . 

_ 

29 

4 

41 

30 

45 

41 

-
31 

one 1 K 

Oik . 

. 

225 

334 

0 

2 

82 

224 

-
3 

o r t h 

C h a e t . 

_ 

45 

16 

0 

0 

0 

34 

-
0 

Cop . 

8b 

109 

42 

40 

106 

37 

80 

82 

27 

Zone i 

O i k . 

0 

62 

95 

0 

174 

1 0 5 

28 

9 

1 0 

1 

C h a e t . 

0 

60 

39 

0 

0 

0 

12 

1 

0 

200 

100 

BiOmass (mg/m'^) 

(we t w e i g h t ) o o Copepoda 

Û A O i k o p l e u r a 

* <• C h a e t h o g n a t h a 

A M J J A 

f i g . 6 . 2 2 . - B i o m a s s e s zone 2 . 

0 N 
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fig. 6.23.- Biomasses zone 1 North. 
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fig. 6.24.- Biomasses zone 1 South. 
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The grazing values are estimated in the same way as presented in 1° 

and are represented in Tables 6 .7 , 6 .8 , 6.9* 

Table 6.7 

Zone 1 South 

Ni 0 n t h 

J a n u a r y - F e b r u a r y 

i Ma rch 

A p r i l 

Niay 

J u n e 

J u l y 

j A u g u s t 

S e p t e m b e r 

O c t o b e r 

November 

December 

G r a z i n g Copepoda 

( a l l s t a g e s ) 

mg/m /mon t h 

1 5 3 0 

1 8 0 0 

2 7 0 0 

4 3 5 0 

6 1 5 0 

3 7 6 5 

3 3 7 5 

5475 

5 2 5 0 

2 6 2 5 

1 2 0 0 

G r a z i n g O i k o p l e u r a 

m g / m ^ / m o n t h 

975 

1 2 6 7 

2086 

3 5 1 0 

5557 

4192 

2194 

1 0 7 2 

682 

487 

390 

T o t a l 

2 5 0 5 

3067 

4786 

7 8 5 0 

1 1 7 0 7 

7957 

5569 

5547 

5932 

3112 

1 5 9 0 

Table 6.8 

Zone 1 North 

M o n t h 

J a n u a r y - F e b r u a r y 

M a r c h - A p r i 1 

M a y - J u n e 

J u l y 

A u g u s t 

S e p t e m b e r 

O c t o b e r 

November 

December 

G r a z i n g Copepoda 

( a l l s t a g e s ) 

mg/m-^/mon t h 

1 2 6 7 

1 9 2 0 

2 2 5 0 

1 2 0 0 

9 6 0 

1 1 4 0 

1 1 7 0 

1 1 7 0 

54 0 

G r a z i n g O i k o p l e u r a 

mg/m'^/mon t h 

195 

195 

2047 

2 7 3 0 

5 2 5 0 

3802 

1 1 7 0 

1 9 5 

156 

T o t a l 

1452 

2 1 1 5 

4297 

3 9 3 0 

6 2 1 0 

4942 

2 3 4 0 

1 3 6 5 

696 
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T a b l e 6 . 9 

Zone 2 

Month 

January -February 

Maroh-Apr i1 

May-June 

J u l y 
August 

September 

October 

November 

December 

Graz ing Copepoda 
( a l l s tages) 
mg/m^/month 

1584 

3450 

5400 

2400 

3000 

1949 

1800 

1275 

5 7 0 

Graz ing O ikop leu ra 
mg/m-^/month 

1170 

2730 

2535 

1657 

1462 

1101 

536 

1 9 5 

1 7 5 

T o t a l 

2754 

6180 

7935 

4057 

4462 

3050 

2336 

1470 

7 4 5 

On an annual, basis we can express the grazing in the three zones 
^ 2 

- Zone 1 South 60,632 mg/m (wet weight) or expressed in m (as 

the zooplankton is homogeneously d is t r ibuted over the depth). Mean depth 

in zone 1 South i s 15 m ; grazing i s 909.^80 mg/m /year , or in carbon 

36,379 mg C/m^/year . 
- Zone 1 Norths Total grazing i s 27,357 mg/m /year with a mean depth 

2 2 
of 20 m 5 5^7,1^+0 mg/m /year , or in carbon 21,885 mg C/m /year . 

- Zone 2, t o t a l yearly grazing i s 32,989 mg/m , with a depth of 
2 2 

35 m , 1,15^,615 mg/m , or in carbon i+6,l85 mg/m /year . 

We calciilated the r a t i o of grazing to primary production (Table 6.10). 

As the biomasses of zooplankton are not s ignif icant ly changing, 

diiring a week [Bossicart (1973)3, these values are s ignif icant for the 

time of a week. 

Maximal grazing takes place in zone IS; minimal in zone IK. Com­

paring the grazing with the primaiy production, only once (April 1972) 

the grazing i s 100 % of the production. The same phenomenon i s s t a t ed 

in the Sluice Dock : only one month the grazing i s equal t o , or a l i t t l e 

more than the primaiy production (see f ig . 6.25). 

Most of the time in both cases (North Sea and Sluice Dock) grazing 

i s a l i t t l e part of primary production. This sho\ald mean tha t only ex­

ceptionally the phytoplankton growth i s hindered by grazing. 
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fij. 6.25.- Comparison grazing/primary production at the Sluice Dock. 
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Table 6 .10 

Cru ise 

J u n e - J u l y 1971 

August 1971 

September 1971 

January 1972 

A p r i l 1972 

J u n e - J u l y 1972 

September 1972 

October 1972 

A p r i l 1973 

Graz ing expressed 

i n mg C/m /day 

Zone 13 

205 

157.8 

8 

222 .5 

182 

241 

152.6 

48 .5 

Zone IN 

135.4 

95.4 

24 .3 

24 

80 

139.8 

33.7 

Zone 2 

221 

127.4 

116 

25 

312 

132.5 

147 .3 

88 .7 

38.1 

Graz ing expressed 

% o f p r imary p r o d u c t i o n 

Zone IS 

39.7 

5.3 

5.4 

105.5 

42 

74 

38 .5 

18 .5 

Zone IN 

8 .7 

7 .8 

1 5 . 2 

6 . 7 

9 .3 

22 .7 

8 

Zone 2 

26 .5 

14 .7 

17 .6 

1 9 . 2 

77 .7 

21 .2 

54.3 

36 .5 

25 .4 

3° I^i?, ?'Ê?P.-!j\?:'y-^^°L^??£-î:?'5^5.^ 

The respirat ion is a good indicat ion of ac t iv i ty of zooplankton. 

The obtained resul ts are to be taken with caution as the resi i l ts of these 

experiments indicate not only the respi ra t ion of concentrated zooplankton 

but include phytoplankton and zooplankton resp i ra t ion . 

The resxilts of the crmse in April 1973 [Hecq (1973)] show a dif­

ference in respirat ion between zone IN-IS and zone 2. 

In the samples where Copepods are dominant, we can express the r e ­

su l t s in carbon respired/animal/day. 

Zone 1 N-S : 1.29 ± 0.59 pg C/animal/day 

Zone 2 N : 19-71 ± 8.71 yg C/animal/day 

S : 3.19 ± 0.38 yg C/animal/day 

TTae resiil ts of respi ra t ion were compared with the resu l t s of c a l -

culated grazing. 

After Petipa (1970) the respi ra t ion i s 80 % of the assimilat ion 

for the herbivorous Copepods. 

The regression l ine shows a good correlat ion (0.91 with confi­

dence < 0.001) between our resu l t s of respira t ion and our estimations 

of grazing; with an excess of I4O % for the values of resp i ra t ion : the 

values of the respirat ion are 120 % of the values of the grazing. 
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The measurement of t h e r e s p i r a t i o n r a t e s , worked out in the future 

can be an i n d i c a t o r of t h e p h y s i o l o g i c a l condi t ion of the popu la t ion 

and h i s a c t i v i t y . 
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3 . - Bacter io logy ; He te ro t roph ic Bac t e r i a 

3 . 1 . - Methods : çounting_technig^ues 

The Institut d'Hygiène et d'Epidémiologie (Barbe t te et al. ) \ised 

t h e pour p l a t e method. Colonies were counted a f t e r a maximum incuba t ion 

p e r i o d of seven days. 

The Laboratorium voor Ekologie en Systematiek^ Vrije Universiteit 

Brussel ( J o i r i s et al. ) used the spread p l a t e method. Coxmting happened 

a f t e r an incxibation pe r iod of twelve days a t I8 °C . 

The l a t t e r method gives s y s t e m a t i c a l l y h i ^ e r r e s u l t s : s h o r t e r 

incuba t ion t ime or /and use of too ho t smel ted a^ar could give l e s s 

c o l o n i e s . 

As the r e p r o d u c t i b i l i t y of the second method i s good [Podamo Jo 

( 1 9 7 2 ) ] , s t a n d a r d i z a t i o n i s proposed : Marine Agar 22l6 (D i f co ) , sp read -

p l a t e method and incubat ion a t I8 °C for twelve days . 

file:///ised
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3 .2 . - Results 

3 . 2 . 1 . - Year cycle of the bac te r i a l concentration 

The cycle of the planktonic narine heterotrophic bacter ia i s known 

in the Sluice Dock at Ostend [Podamo Jo (1972), Jo i r i s (1973a)3. After 

closing the s lu i ces , the bac ter ia disappear (t̂ Q = i+ to 5 days) , 
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b a c t . / '"•^ 
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fig. 6.26. 

Seasonal variation of the marine heterotrophic bacteria in the Southern Bight of the 

North Sea (Average number of bacter i a/mî, of water). From Joins (1974). 
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probably by consuming the organic matter they are depending on. In the 

next phase t h e i r numbers follow the different peaks of phytoplankton : 

they depend probably on the dead phytoplankton c e l l s , perhaps the main 

source of organic matter in seawater. 

In the Southern Bight of the North Sea, a summer peak, especial ly 

in the coastal zone, i s found ( f ig . 6.26). This peak corresponds also to 

the spring bloom of phytoplankton (see also §1, Primary production). As 

in the SliiLce Dock, dead phytoplankton is thus probably the most important 

source of organic matter to be u t i l i zed by the heterotrophic bac te r i a . 

Indeed, the spring bloom of phytoplankton i s responsible for a peak of 

organic material in sea at the Dutch coast [Duxirsma (1962), (1963)] and 

in the Channel [Banoub and Williams (1973)]. 

0.30 

0.25 

0.20 . 

0 . 1 5 

S l u i c e Dock Os tend 

9 - 8 - 1 9 7 3 

10 20 30 40 50 

fig. 6.27. 

Oxygen consumption in fresh sea water. Incubation : 18 °C , darkness. Oxygen concen­

tration in mM. From Joiris (1973). 
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Our hypothesis on the re la t ion bacteria-organic matter (spring peak 

of the phytoplankton) seems to be confirmed by these data [see discussion 

in J o i r i s (197^)3. 

3 .2 .2 . - Relat ion between bac te r i a l concentration and ac t iv i ty 

As the knowledge of ac t iv i ty i s more important than tha t of biomass 

(see General Introduct ion) , we t r i e d to develop a method of determination 

of aerobic heterotrophic ac t iv i ty by measuring the initiEil ra te of 

oxygen consumption in fresh sea water (Winkler method). As seen in figure 

7.27, the oxygen consumption ra te i s decreasing rapidly : the fast evolu­

t ion of the water and of the bac t e r i a l population in time makes i t neces­

sary to use only the i n i t i a l consumption rate as an index of ac t iv i ty . 

No immediate correlat ion exists between bac te r ia l concentration and ac­

t i v i t y : the biomass of bac te r i a l populations cannot be used as an index 

for t h e i r ac t iv i ty (Table 6.11) [ J o i r i s ( 1973b,c)3. 

' Table 6.11 

Measure of activity (oxygen consumption rate), 

heterotrophic bacteria and organic matter i 

Sluice Dock Ostend 

D a t e 

0 9 - 0 8 - 1 9 7 3 

2 u - 0 8 - 1 9 7 3 

2 9 - 0 8 - 1 9 7 3 

2 1 - 1 0 - 1 9 7 3 

1 3 - 1 1 - 1 9 7 3 

2 2 - 1 1 - 1 9 7 3 

1 2 - 1 2 - 1 9 7 3 

I n i t i a l Og 

c o n s u m p t i o n 

r a t e 

(MM 0 2 / h ) 

8 . 3 

1 . 2 

1 .8 

2 . 0 

2 . 6 

1 .5 

8 . 3 

BOD5 

(MM O2) 

107 

8 3 

119 

74 

1 6 0 

63 

44 

H e t e r o t r o p h i c 

b a c t e r i a 

(b/m£) 

2 . 3 7 X 1 0 ^ 

Ü.34 X 10^ 

0 . 8 5 X 1 0 ^ 

3 . 5 6 X 1 0 ^ 

1 .5 X 1 0 5 

2 . 4 4 X 105 

-

North Sea 

2 5 - 0 9 - 1 9 7 3 

0 2 - 1 0 - 1 9 7 3 

2 8 - 1 1 - 1 9 7 3 

2 . 2 

2 . 5 

1 5 . 5 

138 

131 

> 300 

2 . 0 4 X 1 0 3 

-
6 00 

I 
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The same conclusions are apparent for the n i t r i fy ing bac te r ia in 

the Scheldt Estuaiy (see also the Estuary report) : a decrease in the 

numbers of n i t r i fy ing bac te r i a i s observed from the Rupel on downstream, 

probably due to di lut ion and mortali ty in sea vT âter (as they are mostly 

of terrigenous or ig in) . 

But n i t r i f i c a t i on occurs only several kilometers downstream 

Antwerp, where numbers of bac te r ia are strongly reduced. No correlat ion 

is thus found between ac t iv i ty and numbers of the responsible organism, 

becaxise the l a t t e r can be present in high concentration in an environment 

where they are completely inact ive [Billen (1973)3. 

4 . - Bacteriology ; Bacterial ac t iv i ty in bottom sediments 

î . 1.- Global_heterotro£hic_activitj^ 

For evaluating the global heterotrophic ac t iv i ty in bottom sedi ­

ments , two types of methods could be used : on the one hand, a direct 

in situ or near in situ measxire of b a c t e r i a l ac t iv i ty . Dark H''''COg in­

corporation [Romanenko (196H)] can be used, but caution i s to be made 

because of the possible interference with chemoautotrophic metabolisms 

and the possible variations of the r a t i o COj incorporated — t o t a l C 

metabolized (Overbeck). Another technique often used i s to measure Og 

uptake by a sediment core [Hargrave (1973)1; th is technique unfortunately 

neglects the maybe important anaerobic heterotrophic ac t iv i ty . 

On the other hand, i f s tat ionary conditions are assumed, hetero­

trophic ac t iv i ty can be evaluated by di f ferent ia t ing an experimental 

organic matter-depth curve. This method also needs an evaluation of sed i ­

mentation r a t e . 

These two methods (H''^C03 incorporation and di f ferent ia t ing of 

organic N prof i l ) have been used in the Sluice Dock at Ostend [Podamo 

Jo (197^)]» and the obtained resul ts are of the same order of magnitude 
2 2 

(96 to 560 g C/m year and 135 g C/m year respect ively) . 

No such measure has been done in the North Sea. However a gross 

estimation of the order of magnitude of bottom respira t ion can be de­

ducted from the work of Hargrave (1973) who studied correlations between 
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sediment ojtygen uptake, primary production and depth for various aquatic 

ecosystems. According to th i s model, bottom respirat ion respectively in 

the three zones of the network, would correspond approximately to 25 % 

of the primary production in zone IN, UO 5? in zone IS and 35 % in 

zone 2. 

h,2.- î^çrobial_activity_inyolved_in_the_recyc^ 

Profi les of the concentration of ammonivim, n i t r a t e s and n i t r i t e s 

in the i n t e r s t i c i a l water of sediments have been measured in the Sluice 

Dock at Ostend [Podamo JO (197^)]. These data allow us to evaluate the 

ra te of diffusion of nutr ients from the bottom, by measuring the concen­

t r a t i o n gradient at the water-sediments in ter face . For ammonium, th is 

t ransfer i s approximately constant during the whole season, becaiise of 

the huge reserve of organic nitrogen and ammonium in the sediments. 

In contras t , for n i t r a t e s , the t ransfer ra te varies with the con­

centration in the water. Moreover, the sediments behave as n i t r a t e con­

sumers in the sludgy zone (where only deni t r i f ica t ion occurs) and some­

times as consiimer, sometimes as producer according to the concentration 

in the water in the sandy zone (where both n i t r i f i c a t i on and d e n i t r i f i ­

cation occur). 

T a b l e 6 . 1 2 

Ammonification 

[ Nitrification 

Den i tri fication 

Sludgy zone 

8.4 g N/m2 . 6 months 

0 

Û.3 to 0.9 g N/m2.6 months 

Sandy zone 

-

0.3 to 0.7 g N/m2.6 months 

(only dbove 5 to 1 cm depth) 

0.3 g N/m2 . 6 months 

(only under 5 to 1 cm depth) 

Reference 

Podamo (1974) 

BiUen et 

Vanderborght 

(1974) 

iden 

The mathematical analysis of these profi les by means of a small 

stat ionary model has allowed us to re la te them with the in tens i ty of 
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! 
/ 

•bacterial activity in the sediments CPodamo Jo (I97^c), Billen and 

Vanderborght (197̂ )̂3. 

Table 6.12 gives the figures which have been found for the order 

of magnitude of bacterial activity. 

5.- Bacteriology ; Pollution Indicators and antibacterial properties of 

sea water 

5.1.- Methods 

See Technical Reports : Barbette e t aZ.(1971-1973), Jo i r i s (1972), 

(1973). 

5 .2 . - Results 

5 . 2 . 1 . - In situ observations 

The coliform bac te r i a [for E. ooti ^ faecal Streptoaooaus^ see 

Barbette et al. (1971-1973)3 have maximal concentrations near the coeist 

(zone IN and IS) , low concentretions offshore (zone 2) ( f ig . 6.28). 

The year cycle shows seasonal variat ions with maximal ntmibers in 

winter , minimal during simmer. The input rates have maximal quant i t ies 

in summer, minimal in winter {Rapport Inventaire Pollution). This i nd i ­

cates that fecal bac ter ia have a. greater siurvlval time in winter than 

in summer. 

5 .2 .2 . - In vitro study [ J o i r i s (I973d)3 

The an t ibac te r ia l propert ies of sea water are studied by inocula­

t ing ffse^zericHacoZ-i from a culture in sea water. The evolution i s 

studied by counting the colonies twice a day (Pe t r i -d i shes , spread-plate 

method on MacConkey Agar and, except when s t a t ed , the experiments are 

done in the dark at 18 ° ) . 

a) Figure 6.29 shows a typica l k ine t ic of disappearajice of E. aoli ^ 

with three successive phases : the latency phase, the phase of exponential 

decrease eind eventually a phase of survival of a small percentage of the 
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fig. 6.28. 

variation of the coliform bacteria in the Southern Bight of the North Sea. 

countings of Barbette at al. (1971-1973). 

i n i t i a l inoculim : i t i s necessary to measure each phase. Counting only 

the colonies af ter 2 or 3 days does not give the necessary informa­

t ion . 

Control experiment shows tha t sea water s t e r i l i z e d by autoclave or 

by f i l t r a t i o n on millipore f i l t e r (0.U5 y) loses i t s an t ibac ter ia l 

propert ies and E. aoli survives for several weeks ( f ig . 6.30). 

b) The resu l t s obtained with s t e r i l i z e d sea water are sometimes l ight -

dependent : s t e r i l i z e d sea water has sometimes no an t ibac te r ia l ac t iv i ty 

when exposed to constant l ight i n t e n s i t i e s , but in other periods, i t has. 
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fig. 6.29. 

tvolution of the Escherichia coli concentration, when inoculated from a culture in 

fresh sea water. 

c) The an t ibac te r ia l properties also depend on the temperature : the 

latency periods are longer when the temperature is lower (Table 6.13). 

d) I t i s possible t o re-inoculate s t e r i l e sea water for an t i -bac te r i a l 

propert ies with fresh sea water; the resul ts obtained show that the 

latency period i s longer when less fresh sea water i s added. The t^Q 

of the exponential decrease remains unchanged ( f ig . 6.31). 

e) When organic matter only i s added to fresh sea water, and the 

E, coli inoc\ilum l a t e r , the latency period after adding E. aoli becomes 
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E. c o l i (b/mJl) 

10° -•.,. 

S t e r i l e c o n t r o l s 

a u t o c l a v e 

"hillipore" 

10=^ 

10" . 

1 0 -

150 hours 

f i g . 6 . 3 0 . 

E v o l u t i o n of the t . c o l i c o n c e n t r a t i o n i n f r e s h soa water and d i f f e r e n t c o n t r o l s . 

Table_6^1l5 

Disappearance of E. coli inoculated in fresh sea water 

Influence of the incubation temperature 

Date 

09-10-1972 

12-02-1973 

I 

Temperature 

18 °C 

4 °C 

18 °C 

30 "C 

4 "C 

Latency 

(h) 

22 

200 

48 

26 

> 175 

^50 
(h) 

2 ,45 

4 . 0 

3 .30 

3 . 0 

-
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fig. 6.31. 

Evolution of the E. coli concentration in sterilized sea water re-inoculated with 

different doses of fresh sea water. 

shor te r , but the " to ta l " latency period remains constant ( f ig . 6.32). So, 

the addition of organic material can foster the development of 

phenomonons leading t o the disappearance of E, coli. An hypothesis i s 

t h a t , at certain periods, some organisms responsible for the antibac­

t e r i a l effect are heterotrophs, and t h e i r growth is determined by the 

addition of organic matter. 
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fig. 6.32. 

Evolution of the E. coli concentration in fresh sea water, with addition of organic 

matter at time zero, and inoculation of E. ooli at different times indicated by the 

arrows. 

The ïn situ observations and in vitro experiences demonstrate a 

strong antibacterial effect of the water of the North Sea against the 

bacteria of the pollution. The in vitro study clearly concerns a poten­

tial antibacterial process, because of the suppression of the temperature 
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e f f ec t s ( a l l t e s t s made at 18 ° ) and of the processes t a k i n g p l ace 

during t h e l a t ency phase , 

Kie p a r a l l e l i s m of the v a r i a t i o n s of a n t i b a c t e r i a l a c t i v i t y and 

of phytoplankton product ion [Polk ( 1 9 7 2 ) ] , t o g e t h e r with t h e e f f e c t of 

adding organic mat ter i n t h e sea w a t e r , suggest t h a t a t l e a s t two types 

of organisms could be t h e main sources for a n t i b a c t e r i a l activd.ty : 

phytoplankton and h e t e r o t r o p h s . 

Thei r r e l a t i v e importance can vary s p a t i a l l y and tempora l ly . 
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6. - Synthet ical approach -- Quanti tat ive estimation of nitrogen transfers 

in the Sluice DocK at Ostend and i n the Southern Bight of the North 

Sea 

As an example of dynamical approach t o the e c o l o g i c a l working of 

ecosystems, we p resen t h e r e a q u a n t i t a t i v e d e s c r i p t i o n of the n i t rogen 

cycle in t h e S lu ice Dock a t Ostend and a f i r s t s t e p towards the e s t a b ­

l ishment of a n i t r ogen budget i n t h e North Sea. 
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Uitrogen was chosen f i r s t l y because i t i s a general constituent of 

tho l iv ing matter so that i t s c i rcula t ion i l l u s t r a t e s the general pat tern 

of the circulat ion of biogenous elements , secondly because nitrogen is 

often the l imit ing factor in marine ecosystems. 

6 . 1 , - Nitrogen_cj[çle_in_the_Sluice 225?S_5'î_2§iÊ9^ 

6 . 1 . 1 . - Evaluation of nitrogen t ransfers 

The obtained data (phytoplankton, zooplankton, bac ter ia) ( f ig . 6.33) 

allowed us to evaluate the specif ic contribution of each component t o 

the nitrogen cycle. 

a) Phytoplankton 

Taking the — ra t i o as 8 [Strikland (1960)], the nitrogen uptake 

i s calculated from the CO2 uptake data [Mommaerts (1973), Podamo Jo 

(I97i+a)]. 

b) Zooplankton 

The uptake was calculated from the data on grazing, using the same 
C • • • 
tr r a t i o . Production, mortali ty and excretion was calculated as m 
Podamo Jo (l9T^b). 

c) Bacteria 

Values of heterotrophic Og consumption [ Jo i r i s (1973)3 were 

used t o calculate the ammonification by bac ter ia . 

6 .1 .2 . - Animal balance of nitrogen t ransfers 

The integrated pic ture of the "ecometabolism" of N in the Sluice 

Dock i s represented in figure 6.3̂ + (period from March to September). Cal­

culated nitrogen transfers are represented by arrows; mean values of 

s t a t i c a l masses by c i r c l e s . 

The high turnover of dissolved nitrogen in th i s ecosystem i s ap­

parent from th i s representat ion. The t o t a l mass of nitrogen i n i t i a l l y 

introduced i s recycled more than 10 times during the period. The high 

production of the Sim ce Dock i s made possible through th i s h i ^ ef-

ficienQT of the recycling mechanisms. This fact i s important when 
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fig. 6.33. 

Seasïonal evolution of biologiu-al parameters in the water of the Sluice Dock at Ostend 

for tne years 1971 and 1972. 

1) Nitrate and ammonium concentration. 

2) In situ production (histogram) and biomass (broken line) of phytoplankton. 

3) Production (histogram) and biomass (broken line) of zooplankton. 

4) Biomass of planktonic bacteria. 
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fiy. Ó.34.- Annual balance of nitrogen transfers between the various compartments 

in the Sluice Dock at Ostend. 
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comparing with other eutrophicated ecosystems where organic matter pro­

duction occurs at the expense of an external source of nut r ien ts without 

s ignif icant recycling. In the recycling mechanisms in the Slmce Dock, 

benthic and planktonic bac te r ia appear to play the dominant pa r t . 

6 . 1 . 3 . - Seasonal variations 

From the point of view of nitrogen ecometabolism, we distinguished 

three successive periods ( f ig . 6.33). 

a) From the closing of the s luices to the end of April 

The only period of accumulation of exogenoias nutr ients without 

important recycling, par t ly by the phytoplankton and -benthos, par t ly 

by den i t r i f i ca t ion in the sediments ( f ig . 6.35). 

b) May 

Bloom of zooplankton. Grazing and excretion are the most important 

factors in the recycling mechanism, together with diffusion from the 

sediments ( f ig . 6.36). 

c) June-August 

Massive development of the phytoplankton. The natura l mortali ty of 

phytoplankton, followed by i t s bac t e r i a l degradation seems to be respon­

s ib l e for the recycling of biogenous material . The influence of zooplank­

ton i s negligible ( f ig . 6.37). Thus three different types of nitrogen 

ecometabolism succeed each other in t h i s confined ecosystem. 

6 . 2 . - Elements_for_a_nitrogen_budget_in_the_North_Se 

The following discussion i s an attempt in in tegra t ing the available 

b io logica l data in the North Sea. However, time in terva ls between sam­

pl ing were often too long for an accurate annual mean t o be calculated. 

For whole compartments relevant data were sometimes lacking {e.g. sedi­

ments) and were estimated by speculation. Therefore, the present budget 

must only be regarded as a f i r s t working hypothesis and has to be con­

firmed by more accurate measurements. 
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<0.0008> 

Période I (mars,avril) 
flux: mgN/m.jour 
masses: gN/m^ 

fig. 6.35.- hean nitrogen transfers during the two first months aft' r the closing 

of the sluicos in the Sluice Dock at Ostend. 
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Période II (mai) flux: mgN/m^jour 
masses: gN/m^ 

f i g . 6 . 3 6 . - Nean n i t r o g e n t r a n s f e r s d u r i n g t h e p e r i o d o f z o o p l a n k t o n b l o o m (( ' lay) i n 

t h e S l u i c e Dock a t û s t c n d . 
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fig. 6.37.- Moan nitroqen transfers durin^^ the sunmer period in the Sluice Dock at 

Ostend. 



6 . 2 . 1 . - Evaluat ion of b i o l o g i c a l n i t rogen t r a n s f e r s 

Data on t h e a c t i v i t y of phytop lankton , zooplankton and (pe lag ic 

and b e n t h i c ) b a c t e r i a have been given i n d e t a i l s i n the preceding 

s e c t i o n s . 

Gross ly , t h e s e da ta j u s t i f y a posteriori t he v a l i d i t y of the 

d i v i s i o n of the network in t h r e e zones where s i g n i f i c a n t l y d i f f e r en t 

types of b i o l o g i c a l mechanisms seem t o be demonstrated. 

In terms of n i t rogen t r a n s f e r s , t h e s e da ta can be siunmarized as 

follows : 

Table 6.14 

Zone 

1 ir4 

1S 

2 

Pr imary 

p r o d u c t i o n 

(g N/m2.y) 

2S 

19 

18 

Zoop lank ton 

g r a z i n g 

(g N/m2.y) 

2 .75 

4 .5 

5 .75 

P l a n k t o n i c * 

h e t e r o t r o p h i c 

b a c t e r i a 
(b/m2) 

23 X 1011 

25 X l O l ' ' 

5 x 1 0 ' ' " ' 

Ben th i c»» 

h e t e r o t r o p h i c j 

b a c t e r i a 1 

{g N/m2.y) 

7 .8 

8 

6 . 3 

• Too few neasurements of planktonic bacterial activity are available to give here 

a mean value per zone. The figures given are mean numbers of heterotrophic bacte­

ria. It must however be Kept in mind that bacterial numbers are a poor index of 

activity. 

•* These figures are only orders of magnitude estimated from respiration data of 

Hargrave (1973). 

m u s 
Zone 

Zone 

Zone 

; 
IN 

2 

IS 

: c h a r a c t e r i z e d by a high primaiy p roduc t ion with small 

g r az ing ; 

: lower primary p r o d u c t i o n , high g r a z i n g ; 

: in te rmedia ry c h a r a c t e r i s t i c s . 

6 . 2 . 2 . - I^drodynamical n i t r o g e n budget 

The a r ea s t u d i e d , i n c o n t r a s t with the S l m c e Dock, i s an open 

system. Thus, an e v a l u a t i o n has t o be made of the d i s s o l v e d n i t rogen 
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flows at the frontiers of our three zones. This work i s f ac i l i t a t ed as 

the zones have been defined in such a way they correspond accurately 

t o different hydrot^namic regimes [as already pointed out by Elskens 

(1972) for the d is t inc t ion between zones 1 and 2] ( f ig . 6.38). 

With the aid of the calculated residual streams in the network 

CRonday (1973)], and with the following data on the annual outflow from 

estuar ies and sewage discharges : 

Scheldt 

Rhine 

Belgian coast 

Dutch coast 

3.3 X 10^ m-̂ /y 

75 X 10^ m^/y 

0.7 X 10^ m^/y 

0.7 X 10^ m^/y 

[Wollast (1972)3 

[Portman (1969)] 

[Portman (1969)] 

(by analogy with 
Belgian coast) 

A simplified hydrodynamical budget can be established ( f ig . 6.38). 

The mean s a l i n i t i e s of the three zones calculated with th i s simplified 

model agree sa t i s f ac to r i ly with the measured ones, as also indicated in 

the same figure. The budget of dissolved nitrogen can thus be grossly 

evaluated from the following data : 

- mean NOj concentration [Elskens (Technical Reports)] : 

Zone IN 

Zone IS 

Zone 2 

Coastal Channel 

175 MS N/ii 

137 yg N/£ 

k2 yg N/Jl 

115 yg w/Ji 

(NH^ data are not available : we have chosen the same figures as NO:; 

so tha t a l ike ly order of magnitude i s achieved). 

- mean values of concentration gradients : 

IN - 2 f ront ier : 1-5 yg N/Jl km 

IS - 2 f ront ier : 5 yg N/£ km 



fig. 6.38. 

Division of the network in three zones. These thrt,o zones, a posteriori characterized 

by different biological parameter^, dro defined on basis of hydrodynamical regime. 

The small arrows indicate the mean residual flows as calculated by Rond?y rt al. (1973) 

The gr^at arrows indicate the annu'tl water balance approximately evaluated from mean 

residual flows and geometric parameters. 
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- terrigenous imports : 

Scheldt : Ué x lO"̂  TN/y [calculated from Billen (1973) TR] 

Rhine : 230 x io^ TN/y [Mead (19T0)] 

Dutch coast : 36 x IQ-̂  TN/y [Portman (1969)] 

-3 
Belgian coast : 36 x 10 TN/y (by analogy with Dutch coast) 

The circulation of dissolved nitrogen in the three zones of the 

network is represented in figure 6.39. From this, the net (biological) 

uptake can be grossly evaluated by difference between imports and ex­

ports : 

Table 6 .15 

Zone 

IN 

1S 

2 

Total net uptake 

(TN/y) 

129 X 103 

1 6 X 1 03 

2.3 X10^ 

Net uptake/m^ 

(g N/m2.y) 

27 

3 

0.2 

6 . 2 . 3 . - Annual balance of nitrogen t ransfers 

Figures 6.U0, 6.Ul and 6.U2 present the global ecometabolism of 

nitrogen in the three zones. 

I t mvist be s tressed that the given figures are approximative, at 

t h i s stage of our knowledge, and have t o be taken with caution. However 

some in te res t ing conclusions can already be drawn by only comparing the 

orders of magnitude of the figures given. 

Thus, i t i s seen that in zone 2 only an ins ignif icant part of the 

nitrogen taken up by phytoplankton is of exogenous or ig in . Quantitatively 

the greatest part of the needs of the primary producers i s provided by 

recycling mechanisms among which zooplankton grazing and excretion play 

an important ro le . Although th i s zone i s an open system, i t s ecological 

behaviour i s perfectly balanced ( f ig . 6.Uo). 
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fig. 6.39. 

Circulation of dissolved mineral nitrogen in the three zones of the network as cal­

culated from the wator balance of fig. 6.38 and the data given in the text. 
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North 

diffusion 
from coastal 

zones 

Zone 2 transferts : gNlm'.y 
masses: ( gN/m') 

fig. 6.40. 

Annual balance of nitrogen transfers between the various compartments in the offshore 

zone of the Southern Bight of the North Sea (zone 2). 
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Scheldt 
belgian coast 

English 
Channel 

Zone IS transferts: g NI my 
masses : (gN/m") 

fig. 6.41. 

Annual balance of nitroyen transfers between the various compartments in the Belgian 

coastsl zone of the North Sea (zone IS). 
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Rhine 
holl coast 

North 

Zone 1S 

Zone lN:eutrophicated 
transferts: gN/m'y 
masses: <gN/m') 

fig. 6.42. 

Annual balance of nitrogen transfers between the various compartments in the Dutch 

coastal zone of the North Sea (zone IN). 
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In zone 1 s o u t h , t h e exogenous n u t r i e n t u t i l i z a t i o n i s a l i t t l e 

more i r i po r t an t . The r e c y c l i n g mechanisms are however s t i l l e f f i c i e n t . 

Among t h e s e , h e t e r o t r o p h i c b a c t e r i a l a c t i v i t y seems t o p lay a g r e a t e r 

r o l e than i n zone 2 ( f i g . 6 .Ul ) . 

In c o n t r a s t , i n zone 1 n o r t h , t h e g r e a t e s t p a r t of t h e primary p r o ­

duct ion occurs at t he expense of exogenous n u t r i e n t s wi thout important 

r e c y c l i n g . Accordingly , most of t h e hiomass produced i s probably e i t h e r 

expor ted o r sedimented ( f i g . 6.H2). This unbalanced e c o l o g i c a l behaviour 

i s of coiirse t h e consequence of eu t roph i ca t i on of t h i s p a r t of the North 

Sea. 
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