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Part 1

GENERAL STRUCTURE OF THE ECOSYSTEM

JM. BOUQUEGNEAU!, G. BILLEN?, C, JOIRIS®, M.H. DARQ?, C. LANCELOT?,
JH.HECQ?®, A. BERTELS?, M. BOSSICART?, M. SOMVILLE?, J P, MOMMAERTS®,
J. WIINANT? and J.C. WEHREN!

Studies by the workgroup "Organic matter" are concerned with
the description and the understanding of the carbon cycling in
the Southern Bight of the North Sea, and more part1cu1ar1y in the
zone 1S which includes the belgian coastal zone.

This ecosystem is defined on a hydrological basis (fig.1),
the zone being dominated by the residual current entering from
the Channel and directed to the North-East. The presence of the
Scheldt estuary, however, seems to induce a gyre in front of the
Belgian coast, where the freshwater from the Scheldt resides for
some times (Nihoul & Ronday, 1975). On basis of this general
circulation pattern, the Belgian coastal zone is defined as the
region in front o Zeeland and Belgium limited by a current velo-
city of 200.103 m3.s-1 (fig.1). This zone extends to about 40 km
offshore over an area of 5.370 km%, has a mean depth of 15m and
is strongly influenced by terrestrial inputs-from the Scheldt,
the derivation channel of the Lys and the river Yser. Salinity
is generally less than 33 %o. Turbidity is generally high, with
mean values above 5 mg.1~! and maxima of 15 mg.1-1 (Moens, 1974).
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The grid points used for establishing the mathematical model
of the North Sea have been investigated. However, "Ostend" and
"Westhinder'" stations have been considered to be representative
of the)belgian coastal zone and have been more carefully sampled
(fig.1).

Moreover, in order to understand the effects of terrestrial
inputs on the ecosystem, four other stations have been conside-
red : stations "Calais" and "Boulogne", waters with "atlantic"
characteristics in the English Channel ; station "Hansweert",
highly eutrophied water of the Scheldt estuary (35 km from the
open sea) and the Fladdenground (Northern atlantic water),

The ecometabolism of the zone 1S (Ostende-Westhinder) will be
first described and secondly, it will be compared to other sta-
tions.

1° The carbon cycling in the zone 185

The general picture of the mean annual carbon standing stocks
and fluxes of the ecosystem is described in fig.2. We will exa-
mine the successive compartments of the ecosystem with their spa-
tial and seasonal variations, each of them (except inorganic car-
bon) beeing otherwise more precisely studied in the following
chapters of this work. -

a. Inorganic carbon

Inorganic carbon concentration has been estimated to be

390g C/m4. Carbonated alkalinity is about 2.35 mM and the mean
pH of the zone is about 8.4 (note that it is more acidic just
near the shore). The partial pressure of CO, calculated from
these data is abaut %10 patm, which suggests an input from air
of about 60g C/m4.y~ ! calculated on the basis of the rate cons-
tant of transfer of CO throu§h the air-sea interface of Sugiura
et al (1963) (0.007 m.fol.cm-2atm-imin-1). This input controls
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the inorganic carbon decrease_resulting from the fact that net
photosynthesis (320g C.m~4.y-1) is greater than the non-phyto-
planctonic global respiration in the ecosystem (155 + 80 + 26g
C.m~2.y-1). However, pH shows nycthemeral variations due either
to diurnal photosynthetic'and respiration activities and noctur-
nal respiration activity or to the water movements of the tides
(fig.3).

b. Primary production

The phytoplankton biomass as well as bacteria and detritus
are determined by measuring the chlorophyll a and the total par-
ticulate. organic carbon (% proteins, carbohydrates and lipids).
The part of the organic carbon content of phytoplanktonic cells

. was estimated from the chlorophyll a concentrations, using a
C-organic/chlor.a ratio own to each season. These specific ra-
tios were determined by the linear regression of organic carbon
on chlorophyll a, both measured on the total particulate organic
matter (Lancelot-Van Beveren, 1980).

Chlorophyll a concentrations show a decrease from the shore
to sea and from the Scheldt estuary to the French border (fig.4).
This gradient is particularly sharp in the spring, when concen-
trations in the coastal zone are at least one order of magnitude
higher than in the offshore zone.

Potential primary production, expressed per unit water volu-
me, follows the same distribution as chlorophyll, but as the
coastal water is more turbid, the photic layer is much shallower
there (about 5m) than in open sea (up to 25m), so that the inte-
grated primary production is rather uniform in the whole zone
(Mommaerts, 1973b). The phytoplanktonic communities are however
different in the coastal and the offshore zone : the ratio net-/
nannoplankton in primary production shows a prominent role of
netplankton nearshore and micro-flagellates offshore, during the
spring bloom (Mommaerts, 1973a). Netplankton cannot be too
strickly assimilated to diatoms, because it is largely dominated
by the colony forming micro-flagellate Phaeocystis poucheti during
the spring bloon. :

' Chlorophyll measurements (fig.5a), estimations of phytoplank-

ton biomass and of detritus concentrations (fig.5b), obtained du-
ring several years in the area show a clear spring bloom, during
the second half of April and the beginning of May, immediately
followed by a peak in detritus. An autumn bloom was sometimes
detected, but not found each year. Particulate primary produc-
tion measurements {(fig.5c) again show a clear spring bloom now
lasting from mid-March to June, while no second bloom clearly
appears - but the existence of an August bloom, sometimes detec-
ted in an adjacent area, cannot be excluded. In situ and semi-
situ measurements of dissolved primary production show a relation-
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ship between extracellular release, expressed as a percentage of
the total primary production, and the concentration of mineral
nitrogen : excretion decreases with increasing nitrogen concen-
tration (fig.6). This empirical relation was used for calcula-
ting the curve of seasonal evolution of dissolved primary produc-
tion (fig.5d).

The gross primary production however reveals uneasy to be es-
timated. Indeed, whilst it is generally accepted that the phyto-
planktonic respiration should be about 50% of the gross primary
production, the loosing of labelled CO, by phytoplankton in the
dark suggests that phytoplanktonic resgiration is very high
(about 10% of the biomass/hour)(fig.7). Moreover, the mecasure-
ments of the nycthemeral variations of oxygen, CO, and particula-
te carbon concentrations in the water column suggést gross prima—.
ry production and phytoplanktonic respiration much higher than
expected. However, it is necessary to point out the fact that
till now it has not been possible to differentiate the part of
the variations resulting from the nycthemeral variations of the
biological activities and from the water movements of the tides.

Whatever the case, the estimation of the phytoplanktonic res~
piration does not affect the general picture of the carbon cycle
since only the net primary production is used in the food web.
The mean_annual phytoplankton biomass has been estimated to be
3.7g C/m? and the net primary production 320g C/mé.y!.

The fate of the net primary production is threefold

1° the dissolved production (150g C.m—z.y_1) contributes to the
enrichment of the pool of dissolved organic matter (see part
c of this chapter and chapter IV of this work).

2° one part of the net particulate primary production (80g C.m_z.
y=1) is grazed by zooplankton (see part d of this chapter and
chapter III of this work).

3° the ungrazed ?art of the net particulate primary production
(90g C.m-2.y-1) contributes to the enrichment of the pool of
detritus which are recycled by benthic organisms (see part e
of this chapter and chapter IV of this work).

c¢. The dissolved organic matter and its utilization by planktonic.
microheterotrophs

The total dissolved organic carbon concentration is quite im-
portant (150g C.m~2) but a large part of this pool seems to be
unused by bacteria. Indeed, the BOD. is only 15g.C/m%, i.e. 10%
of the total, and the directly usablé substrates of low molecu-
lar weight account for 2g C.m-2. . Exoenzymatic hydrolysis of ma-
cromolecules is therefore required to explain the heterotrophic
activity (see chapter IV). However, it is worth noticing that
previously carried out experiments about the comparative study of
initial rates of organic matter consumption measured on total dis-
solved organic matter and the pool of small mectabolites suggests
that the low molecular weight fraction could account for most of
the directly usable organic matter and that a part of that low
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molecular weight substances is not quickly used by micro-heterc-
trophs (see Lancelot et al, 1980).

Plate counts of bacteria present a distinct decrease from
shore to sea in spring time (fig.8) ; at other periods, their
distribution is homogeneous (Joiris, 1974). Glucose utilization
rates show the same distribution (fig.9), higher rates characte-
rizing the Belgian coastal zone compared with the more "Atlantic"
water masses. The station "Ostend", for which more data on hete-
rotrophic activities are available, seems reasonably representa-
tive of the whole area. Planktonic respiration rates, on the
other hand, do not display any clear pattern of spatial distribu-
tion.

In order to determine the planktonic heterotrophic activity,
the utilization of a given substrate was calculated as the product
of its natural concentration in seawater and the relative utili-
zation rate (reciprocal of the turnover time) obtained from the
incorporation kinetic of the same radioactive substrate. The na-
tural concentration of small substrates was shown to vary little
around its equilibrium value set by the affinity of the microorga-
nisms utilizing them (Billen et al, 1980). Most surveys of the
concentration of amino acids or monosaccharides do indeed not re-
flect any significant seasonal evolution (e.g. Andrews & Williams,
1971 ; Crawford et al, 1974) : the variations of the absolute uti-
lization rates are thus reflected by the variations of the rela-
tive rates. Available measurements of the relative utilization
rates for glucose, amino acids and glycollate are plotted in fig.
10, these three compounds representing the three main classes of
substrates directly utilizable by microheterotrophs : free mono-
(and oligo) saccharides, free amino acids and organic acids resul-
ting from phytoplankton excretion. The similarity between most
values of determination of these three classes in various marine
environments (table I} reflects again the eff1c1ency of the con-
trol by microheterotrophs.

For calculating the heterotrophic activity in our area, fol-
lowing mean values ¢f concentration were used : free monosaccha-
rides : 0.8 umol 1-1 (60ng €.1°1) ; free amino acids : Q.5 umol.
1-1 (25 pg C.1-1) ; glycollate : 2 umol.1-! (50 npg C.1-1). The
obtained values are considered as provisional, since not all pos-
sible substrates were determined on the one hand, and on the
other hand, since some substrates measured as "free' could, in
some circumstances, not be available to the microheterotrophs
(Gocke et al, 1981).

It is worth not1c1ng that the total dissolved primary produc-
tion (150g C.m~2Z,y-1) is able to account for the total heterotro-
phic activity of microorganisms (120g C.m~2.y=1). Even if less
of 15% of this dissolved production is a low molecular weight
one, the existence of an exoenzymatic hydrolyzing activity in wa-
ter could explain the utilization of this productlon by bacteria
(see chapter IV).



16

]
2°E °

52°N

Fig.8 : Distribution of plate counts of bacteria in springtime.

2%E 4°E/

52°N
i C%\
13/28 .
0.2 OSTEND S
043
[)
05
51°N * L e
'Y |
0‘3 CALAIS ’

Fig.9 : Distribution of glucose utilization rates (7 h_l)




% K
5 GLUCOSE ® 1977
® 1978
® 1979
47 © 1980
@ 1981
3.—
® @
2] ®
@
@
®
1 . ©
@
(o] rD— T 1% T lm T T T T
5.  AMINO ACIDS
(mean for Ala, Arg.Lys) ®
4
l ®
0}
31
24
®
e ©
0]
14 ©
® 0]
0 i T T ©l@ ®I T T T m T T
31 GLYCOLLATE
2] ®
1 @ 0]
06 0 ©
®
0 T T @Br—® & T
] F M A M 3 3 A'S O N D
month
Fig.10 : Annual variation of relative utilization rates for glucose,

amino acids and glycollate.

17



Table I

Determination of the main classes of substrates directly utilizable
by microheterotrophs in various marine environments

Mean
Environment concentration Authors
( mole.1-l)
Free monosaccharides :
North Atlantic 0.90 Burney et al, 1979
Gullmarfjord 0.86 Josefson, 1970
Narragansett Bay 0.88 Johnson & Sieburth, 1977
Sargasso Sea 0.58 Liébezeit et al, 1980
Free amino acods :
North Atlantic 0.26 Pocklington, 1971
English Channel 0.26 Andrews & Williams, 1971
North Sea (Southern Bight) 0.51 Billen et al, 1980
Irish Sea 0.15 Riley & Segar, 1970
Baltic Sea 0.26 Dawson & Gocke, 1978
Glycollate :
North Sea (Southern Bight) 2.25 Billen et al, 1980
Irish Sea 0.7 Al Hasan et al, 1975
Ipswich Bay 1 Shah & Wright, 1974
Ipswich Bay 0.5 Wright & Shah 1975
Essex River Estuary 0.26 Wright & Shah, 1975
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d. Utilization of primary products by zooplankton

Zooplankton numbers and biomass, expressed as concentrations,
are rather uniformely distributed, even if a slight increase-from
coast to open sea can sometimes be detected (fig.11). Owing to
the greater depth of offshore stations, an increasing gradient
appears when the biomass is expressed per area unit.

It has been observed that the various stages of zooplanktonic
populations develop simultaneously in the whole studied area.
At the station "West-Hinder" (51°23'00'"N, 02°26'20"E), where most
of the samples for zooplankton counts were obtained, zooplankton
concentrations are very close to the mean value of the whole area.

Zooplankton counts obtained daily in 1978 at the station
"West-Hinder" show three main peaks from April to July, mainly
formed by copepods (fig.12). From one year to another, however,
the peaks can be quantitatively different (Bossicart, 1980).

Zooplankton organic content was determined at 20 stations, on
samples taken monthly (table II)(lecq et al, 1980). The mean an-
nual value of zooplankton biomass is 0.2g C.m~2. The date on
respiration activity of zooplankton, determined by oxygen consump-
tion rate (table III) show a peak in zooplankton respiration du-
ring the period April-May and also important variations of respi-
ration rate (per unit of biomass), with high rates corresponding
with the growing phase of zooplankton (lHecq, unpublished results).
The mean value of zooplanktonic respiration is 26g C.m~¢.y~
Data on grazing activity of herbivorous zooplankton on living
phytoplankton (fig.13) show a peak in mid~May. An October peak
was found in experiments carried out during a short period in
1977 ; these results still have to be confirmed.

It appears therefore that the first peak of zooplankton is
related to the phytoplankton bloom in the spring but that the
two other ones are not related to phytoplankton biomass. It is
moreover worth noticing that only 40% of the net particulate pri-
mary production (80g C.m-2,y-1 ; 20% of the total net) is grazed
by zooplankton. This can be explained by the fact that grazing
reveals to occur only on the 25-100 u size classes of phytoplank-
ton which are the less abundant during the period of grazing ac-
tivity (see chapter 1IV).

e. The detritus - benthic organisms relations

Most of the particulate primary production remaining ungrazed
is converted in detritus which settles down to the sediments
(fig.2).

The composition and distribution of sediments in the Eastern
Southern Bight of the North Sea have been described in detail by
Gullentops (1974) and Wollast (1976). The greater part of the
bottom consists of rather coarse sandy deposits, with much gravels
and shell fragments, particularly in the Southwestern part. The
Belgian coastal zone, on the other hand, is characterized by finer
sediments, with a higher content in organic matter. Organic mat-
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Table II

Mean zooplankton organic content (proteins + carbohydrates + lipids-
in monthly samples taken in 1979 and 1980 at 20 stations of the Bel-
gian coastal zone

Month n(l) Zoopla;l;t.;rl oiggr‘x]i)i: matter
1979 February 1 0(2)
May 1 250
June 16 490 + 80
July 18 60 + 15
September 12 10+ 5
October 16 0
November 13 15+ 5
1980 January 20 0
February 16 0
March 13 0
May 19 0
June It 40 = 7
July 11 0
September 16 45 + 6
October 19 30 5
November 20 30 + 7

w_

: number of samples
2)

o : not detectable : < 10




Table III

.23

Mean values of zooplankton respiration rate in the Belgian coastal
zone for the period 1973-1975

Respiration rate per
biomass unit ] .
Month (n) mg C. mg C-I.d_] Zoopl:lgkécjg_gelzgll.ratlon
+ §.D.

January 1973 3 0.07 + 0.04 0.28
February 1975 7 0.03 + 0,01 0.03
spril 1973 3 | 0.43 £ 0.07 5.59
aprit 1973¢® 8 | 0.60+0.10 4.02
apri1 1974(0 3 | 0.68 £0.16 17.10
apri1 1974¢) 6 | 0.3+ o0.18 1.17
April + May 1975 11 0.24 + 0,07 i12.0
May 1973(3) 12 0.84 + 0.06 4,79
May 1974(4) 7 0.12 + 0,04 6.72
May 1974¢7 4 | 0.06 + 0.03 1.86
June 1975 9 0.26 + 0.04 5,20
July 1975 9 0.17 + 0,04 2,89
September 1975 3 0.58 * 0.13 9.28
Sept. + Oct. 1974 7 0.18 * 0.05 3.42
October 1975 9 0.10 £ 0.01 1.08
Nov. + Dec. 1974 3 0.10 0.2
Integrated annual

mean 0.21 4.0
m (2 third décade H (3 first wéek H ®

Second decade

(5)

last week,

second week ;
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ter content of the upper 1 cm of the sediment was used as an in-
dex of the importance of the flux of depositing organic carbon
(see e.g. Billen, 1982). Thus, the geographic distribution of
ignition loss of the bottom sediments (fig.14) indicates a higher
flux of sediment organic matter in the coastal zone than in the
offshore zones. This is particularly true in a region of mud ac-
cumulation just in front of the Belgian coast.

The quantitative importance of the benthos in recycling or-
ganic matter in the Belgian coastal zone shows that an important
part of primary production settles down on the sediments. Faecal
pellets and zooplankton corpses can only make up a small fraction
of this flux : it is therefore likely that phytoplankton cells
and - detritus constitute the bulk of the organic matter flux to
the sediments.. .

A direct confirmation was obtained in the area of mud accumu-
lation off the coast, where vertical distribution of chlorophyll
and of particulate nitrogen in the sediment was determined (fig.
15), showing the importance of benthos in the recycling of the
organic phytoplanktonic matter.

f. Conclusions

Accunmulation of data on the carbon budget in the Belgian coas-
tal zone clearly shows that zooplankton grazing is not the main
cause of phytoplankton mortality, as it was generally expected for
marine ecosystems : planktonic and benthic microheterotrophs play
the predominant role in recycling primary production. From lite-
rature data, this could be the situation in all coastal seas, as
opposed to open sea systems.

This is confirmed by the comparison of data from "Ostend" and
"Westhinder" compared to open sea and estuarian ecosystems as
shown in the part 2 of this chapter.

From the results presented in the previous section, the inte-
grated mean fluxes of carbon between the main compartments were
calculated, in order to build up a budget of carbon cycling within
the ecosystem. This was done for a complete year, on the one
hand, and on the other hand for the vernal period (15 March - 15
July), including the main peaks of activity : spring phytoplank-
ton and main zooplankton blooms. These results are summarized in
table IV ; the annual budget is diagramatically summarized in
fig.2.

As seen in this figure, the annual budget is fairly balanced,
as far as the fate of net primary production is concerned. It
must first be noted that exogenous - i.e. terrestrial - imports
of organic matter are negligible with respect to endogenous pro-
duction : domestic and industrial discharges from the Belgian
coast represent a maximum of 4000 tons C per year, and the import
by the Scheldt estuary has been estimated as 9000 tons C per year
(Wollast, 1976). This amounts to about 2.5g C.m~2 a-1 for the
whole coastal zone, representing less than 1% of the primary pro-
duction.
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Table IV
Annual and vernal budget of carbon c¢ycling in the Belgian coastal
zone
Annual budget (lge}i:icl;hﬁ?ggim)

Mean biomass g C.m—2 g C.m-2
Phytoplankton 3.7 5.5
Detritus 4.3 4,9
Zooplankton 0.3 0.4
Mean fluxes
Primary production :
- net particulate 170 110
- dissolved 150 105
-~ total net 320 215
Zooplankton grazing 80 40
Zooplankton respiration 22. 11
Microheterotrophic

activity 120 70
Benthic mineralization 155 55
Benthic fossilization 5 -
Planktonic oxygen

consumption 2000 1000

27
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Of the total net primary production, only 20% (40% of the net
particulate production) is grazed by zooplankton, while 40% (80%
of the dissolved production) is consumed by planktonic microhete-
rotrophs, the rest (about 40%) being degraded by the benthic
microorganisms.

A major unbalance appears, however, when the estimation of
the total planktonic oxygen consumption is converted into carbon
flux and compared with the figures of primary production, the
former being much higher than the latter : this unbalance was
already detected a few years ago (Joiris, 1977).

This total planktonic oxygen consumption comprises respiration
by microheterotrophs, by phytoplankton and by zooplankton.

If our estimates of microheterotrophic activity and of zoo- .
plankton respiration are accepted, they clearly cannot explain the
high values of total respiration. On the other hand, some preli-
minary determinations of phytoplanktonic respiration, measured
after incubation at maximal light intensity, show decrease of in-
corporated radioactivity at a rate of about 10% of phytoplankton
biomass per hour. Extrapollating this rate to the whole water
column and to the 24 hours-day considering that day and night
phytoplanktonic respirations are identical, one can calculate a
value of phytoplankton respiration of about 3000g C.m~2.a-1, in
reasonable agreement with the measured planktonic oxygen consump-
tion rate : this implies that the phytoplankton respiration could
be, by far, the main element of the total plankton respiration.

This unexpected interpretation is in contradiction with most
published budgets of aquatic ecosystems. But, in the frame of
the contradiction between gross primary production and much hi-
gher consumption rates in various marine systems (Sorokin, 1973 ;
Sieburth, 1976 ; Joiris, 1977), it offers however an explanation :
in most cases, phytoplankton respiration was calculated as a per-
centage of primary production (Steemann Nielsen, 1952), which
leads to much lower estimations than in our proposition, and could
roughly underestimate the gross primary production, especially in
deeper water masses.

2° Comparizon of carbon cycling in the belgian coastal zone .
with other marine systems.

Although classical textbooks have presented marine systems in
general as grazing ecosystems, as opposed to terrestrial ecosys-
tems where detritus food chains dominate (Cushing, 1958 ; Crisp,
1964 ; Odum, 1972 ; Steele, 1974), this conception seems to hold
only for oligotrophic open ocean systems. Table V summarizes the
results of recently published studies, from which it has been
possible to calculate the part of net primaTy production consumed
by zooplankton and bacterioplankton respectively. In table VI, .
the same kind of comparizon is made with data recolted in the Cen-
tral North Sea (Fladenground, FLEX 76) with the same kind of tech-
niques as in the Belgian coastal zone. Table VII compares some
carbon fluxes in stations "Calais-Boulogne", "Ostend", "Westhinder"
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Survey of the literature on the relative role of zooplankton and
bacterioplankton in recycling primary production

Bacterioplankton
Zooplankton grazing activity
Environment Authors | - Z partlculat? primaxy g particu- Z dissol-
(§) production
late ved
. primary production
Coastal systems
Belgian coastal zone 1 40 - 80
Cochin estuary (India) 2 15 - -
Long Island sound 3 26 - -
Soanish Inlet (Canada) 4 - 68 -
English Channel 5 - 100 -
Akkeshi Bay 6 10 - -
Gulf of Mexico 7 3 - -
Texas coastal zone 7 33 - -
Behring sea 7 10 - -
La Jolla (California) 3 - 56 -
Baltic Sea 8 - - 91
Southern California Bight 9 7.5 101 -
Saonish Inlet {Canada) 9 11 91 -
Black Sea 10 5 -25 - -
Washington coastal zone 11 3 - -
Upwelling area
Peru 12 6 78 -
Open sea systems
Fladenground (North Sea) 13 100 - -
Tropical Pacific 14 75 - -
15 90 - -
Sargasso Sea 16 100 - -
Pacific off Oregon 11 36 - -
Sub tropical Pacific 17 40 - -
: 110 - -
(§) 1) this work ;3 2) Oasin, 1970 ; 4) Furhman & Azam, 1979;

5) Andrews & Williams, 1971 ;
8) Larsson & Azam, 1979
12) Walsh, 1981 & Sorokin, 1978 ; 13) Daro, 1980 ;
15) Shuskina & Vinogradov, 1979 ;
;3 17) Eppley et al, 1973.

1973 3
Nielsen, 1972 ;
1961

3) Riley, 1956
6) Hogetsu, 1979 ;
9) Harrison, 1978 ;

7) Walsh et al, 1981 ;
10) Grefe, 1970 ;

11) Jawed,
14) Steemann
16) Menzel & Ryther,




30

Table VI

Comparison between two biotopes of the North Sea : the Belgian
coastal zone and the Fladenground (Flex 76). (Both data sets concern
the period May-June).

Southern Bight Fladenground
(a) (b)

Phytoplankton biomass

(g Cm™2) 10 5-130 (1)
Particulate primary production

(g C.m2 47} 1 0.5 -~ 1.5 (2)
Zooplankton biomass

(g C.m~2) 0.3 3.6 (3
Grazing

(g C.m~2 d-1) 0.3 1 -2 (%)

(a) Present study

(b) Results from : 1) Brockmann et al, unpubl. results
2) Weigel & Hagmeier, unpubl. results
3) Krause & Radach, 1980
4) Daro, 1980
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Table VII

Comparison between some carbon fluxes in stations “Calais-Boulogne",
"Ostend-Westhinder" and "Hansweert"

Calais~ Ostend- Hansweert
Boulogne Westhinder
BOD5 : 0.6g C.m™3 1.0g C.m™3 1.3g C.m™3
. .. -3 -1 -3 -1 -3 -1
Heterotrophic activity 6g C.m ",y 8g C.m ~.y 38g C.m ~.y

-1

Total planktonic respiration 6lg C.m—B.y 133g C.mm3.y‘l 78g C.m_:‘.y_1

Particulate net production :

April 1981 25 mg C.m“3d-1 67mg C.m—3

1

o«
-3 .-1 -3,-1
September 1981 7 mg Com ~d 17mg C.om “d
. -3,-1 -3 ,-1
Grazing : May 1979 (-3m) 7.0mg C.m °d |40 mg C.m "d
September 1979 (=3m) | 0.4mg C.m 2d~'|10 mg C.m 2a”}
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and “"Hansweert'". All these data quite clearly show that in coas-
tal and upwelling systems zooplankton grazing usually represents

less than 40-30% of the net particulate primary production, while
it consumes more than 40%, and often up to 100% of it in open sea
systems.

On the other hand, the part of primary production being de-
graded in the benthos is known to be inversely related to the
depth of the water column (Suess & Miuller, 1980).

These different remarks lead to the following general pictu-
re : the food chain initiated by zooplankton grazing and leading
to pelagic fish is more efficient when primary production is di-
luted in a deep euphotic zone, i.e. when predators actively hun-
ting their food have an advantage. On the contrary, when impor-
tant primary production is concentrated in shallow ecosystems,
most of it is recycled by microheterotrophs, in the water and in
the sediments.
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