The primery production cycle in the Southern Bight of the Noith Los

by Jo Podano Lab. v..Ekologie en Systenatiek

b V.U.-B.

Two maln approaches were considered in our previous synthesis of
the phytoplsnlktonic production studies (Jo Podamo , 1974) .
i) The first one has long been the major topic . It deals tith tle

adecuete quentification of primary production in the sampled aren

.

Today , one may conclude that the phytoplankton is usually Lowvogencously
distributed in the water column . Along a transect perpendiculsr L5 the
const , the phytoplancton abundance decreases within the first 50 Tl
(zone 1) and then is relatively stable (zone 2). At the two cotic. oo
of the trenscct , aversge potentinl production figures are 25 il C/Lﬁfh
and 3 ng C/mB/h o In both zones , the integrnted daily rate ig lLovever
conprrable , the lower weter transparency counterbalancing the hig or
votential production in zone 1 , and inversely in zone 2 ,
Froctionated £x¥ snmples proofs showed that the total activity of
lerger phytoplankton cells ( :> 25~//A 3 e.g. diatonms) was relaiively
more import-nt then that of smaller cells (nannoplankton) in fhuﬁ 1
during the spring and fall outbursts .Conversely , nannoplanltonic
activity orevsiled in zone 2 during all the year and in Loth
zonesg in winter and summer .

The nost difficult problems encountered were relevant to tho =0 comnont
of the verticrl photosynthesis profile and its integration , follouved by

the couputntion of the drily production rate . This latter as.cct lirg

v

been further developed in this report .
%) The sccond appronch is the dynamic one . The poscibilities of &

A

correct interpretsation of the transformations olserved and ol a good



prediction of the production cycle depend on our knowledge of the
ecophysiological processes involved in the functionning of the

ecosystem (e.c. nutrients—~growth relstionships y uptake rates |respi-
ration rates , mortrlity rates , nutrients regenerstion ratog yexcretion
rates,etc.) . One is presently siriving towards =z simulatica modcl of
phytoplenliton fluctuetions .

In our previous studies , the nannoplankton wns showed to wxlibit higsher

production—-to-chlorophyll ratios than netplankton . This was presus

corrclated to different nutrient saturntion kinctics . Dome resiults

on the plirtonlonkton-nutrient relationship are precented in the ©ocoud

gection of our rcport en primary production .

I . The agcessment of daily retes and the computntion of an siniusl

primery production figure .

Since the 1972 and 1973 in situ work , the parameters of tiuc 1/l

ta

photogynticcis relationshipg have been determined for the phyto

in our arca of investigation , Hence the use of on analytical nodal
§Vollenweider ,1965) . The recalculation of all our results ~iil BOLE
comuents on the model have been published in a technical report

(Mommrerts , 1974 )

l. Review of some steps involved in the calculation of producti i rr tas.
1.L. Potential production
The first problem is a problem of conversion of in vitro figureg

to true gross p figures (popt = production with optinal

opt
light). Indeed y only gross figures can be used in the Voilen~

weider model .

Dexrk fixation :fractionated filtrations have revealod 1!




the drrk fixstion of the prefiltered grmples (i.e. nannopl -

bacteria ) wes equal to that of the total sambles o Therefvom ,1l.e
derk fixetion by pure phytopnlankton (netplankton) wag zero o1l uot
meagurable . This and other indications make us believe thet or-

fixetion figures are mostly relevant to bacterial anaplerctic ii:stion

of 002 and should thus be subtracted from light ascimilation £ign
Respiration : measured 002 fixation rates are neither net nor ;rous,

We have congidered a 60% figure for the reussimilation of intrcellulnp
respiratory CO2 (according to Steemann Nielsen ,1955) and teuporerily
taken the recpiration rate as 10% of gross popt .

Lxcretory losses : excretory losces (e.g. glycollate) have Leen lowomm

for some time . An average figure seems to be 15Y% of the asgi ilsied
corbon . Meny indications in the litersture allow us to inverncly
relate the % excretion to the growth rete (trken ag an indicotion of
the physiological status of the phytoplankton) and to comsider the
excretion rate in the water column being pwoportionnal to the _ionu
photosynthesis rate (thus exhibiting a sub-surface maximum) . wrcictory
losses have not been considered in the above mentionned techiic .l

report but well in this synthesis report where 2ll fizures ixve Lown

reevalunted by 15 % .

1.2, Integreted production ¢ daily rates

The integration on depth and the calculation of gross rates weroe unde
according to the Wollenweider model and the assumption of & sinupoidsl
variation of surface irradiance . The parameters used are thove of
the photosynthesis-light relationship , the average extinction cocifi-
cient of w~ter (400-700 nm) y daylength and hourly maximal gurisce
irrediance (400~700 nm) .

The problems arise mostly with the estimation of net productici,

Indeed , the asgumption of a respiration rate constant with deptl aod



>

time is crude . Another point concerns the choice of the dapth

et production rotes have been computed for the euphotic depth

L]

Accordingly , the net retes represent about 50 9 of the gross rotes,

This kin@ of proportion was already mentionned before by Steeunsnu
Nielsen . However , in the Southern Bight y the phytoplankton distribu-
tion in the water column is nearly homogeneous y this extending to

the bottom as a consequence of a good mixing . Thus respir: ticn ficures
are to be computed for depths exceeding the euphotic depth by about

1-2 times (open sen) to 2-5 times (coastol area). Consequently , the
actual net production figures would still be lower , being aull or

even negrtive in the cosastal zone . This is not ~lunys the croe oi.ce

phytoplankton growth is observed . Hence the strong need for rn iinroved

evalurtion of phrytoplankton respirstory rotes

2. Results

The usual renge of gross production/day lies between 50 :nd &00

A
L e Oy

ng C/mz/day in the costal area (zone 1) and between 50 and 500
in the open sen (zone 2 ) ., These results agree with the few nvnilrtle
date (the lrot FAO Atlogs of biological ressources of the Sers iindice bos
a ronge of 200-500 mg C/mz/day y @bparently ignoring the low wi ter
figures ~nd the blooms ) .

On the bruis of potential production figures and extinction cocliicients
(fig. 1 ) , a constel fringe has been distinguished . The lirils rie
often clerr—cut « In some instances , one hss seen a sompling striion
belong in an alternrte wny to a coestal bloom and »~n open ses wotor mogss
(e.g. stotion 16 , 8 Lay 73) as a result of tidel streams . This distinc-
tion was necessary for a better weighing of results ,es most cramoliug

stations of zone 1 were located in this fringe . The voriabil.:ty is
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also much hisher in the fringe than in the remain of zone 1 (e 95

confidence lirits from fig o 1)

dAnnual production Tigures (gross rﬂtes)

Four yecrrs of observations make it possible to picture a ralativ

consistent p-ttern of seasonaml variation .In figs. 2,3%4,5, 6 the
results of each cruise have been aversged and the 95% confidence 1idits

&
figured , The spring bloom (April—May) and a less conspicuous e bl
outhurst (September) are seen in about all zones .,

The integration is difficult : usually three figures have boon
couputed : a minimsl one (lower limit of the 95% confidence belt)

an averaged one

an maximal one ( upper limit of the 95 % confidence Lielt)

The aversge figures are : zone 1-§ (corstal finge ) 60 ¢ Cfng/juar
zone 1-8 (beyond fringe) 81 ¢ "
zone 1-N (coastal fringe) 85 ¢ o t
zone 1-N (beyond fringe) 58 g v "
zone 2 8 g "

2 . ) PP
Thus 80'g C/m /year would be a typical figure for the Southeri Ti Lt .
(Ahoweler ) (
Year—to-yenr vuriations mayYsome imes bring a remarkable episode ap iu
1971 when gross production might have been twice the average ,
a8 a metter of comparison ,we may mention Steele (1974) who gives
2 . ‘ o
a groes primary production figure of 70 g C/m /yenr in the Nortlern

North Sea (ez#& 90 g C/mz/year for the coastal waters of the sauc aren ),
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IT. Interpret~tion of the seasonal veriation and nutrient dependency

problems .

1. The spring bloom of 1974

As mentionned in the introduction , an effort is made to iunterpret
the seasonal varistion observed . The measurements made at sone soupling
stations during the spring bloom should allow us such a work . The
results however were so confusing that they are discussed in an =pirt

section ( see chapes 7 a ) .

2, Ammonium control of growth and of nitrate uptake

At the time of the spring bloom , the physiological state of the
phytoplankton , given by the ratio Popt/chlor. a has been scen to

be rather well correlated with the NHT concentration an water snd not

4

with the NO; or the total inorganic nitrogen concentration (fig. 7 ) .

Popt/chlor.a ratios have the same dimensions as specific growth constants.
Provided the rel=ation chlor.a—carbon in phytoplankton cells ig sscertoi—
ned ,one con express the hourly optimal growth rate as a funation of
limiting nutrient substrate (Micha8lis-lienten kinetics) . From fig. 7 y
it appears that the phytonlankton of station 1 (zone l—S) wouid exhibit
a higher half-saturation constd&nt than that of station 9 (zouez) ,
presunably due to the differences in taxonomic composition « In ncither

station , k seens to be reached . For modelling purposes , & Liuear

max
relationship could thus replace the usual hyperbola .
The ¢uestion srises whether NO§ is consunated at all .

On the 19th April , the NOs and NHZ concentrations in water ot sistion 1

3
were respectively 53 and lO//&E/l . Thus a ratio of about 5 . Stricklend

and others (1969) have shown that for rotios below 7.5 , NH' wrs

4.
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preferentizlly used . This is due to the repres.ion of nitrs e reriuctage
. + -
synthesis by NH1 (Eppley and others ,1969) « Thus there would ¢ no

o

significetive upteke of Ho3 before the 30th 4pril (ratio = 8) .Such

observrtions are also supported by the work of Helder (1974) o4 s
in tine seem not to bhe
Wndden Sesn where the NO3 variationsYaxexmet correlstod vith the

biologicrl ~ctivity . In our sres y8uch a demonstration is wede Ciffieult

by the sprtiel heterogeneity problenms (sec chep. 7 a ).

The particulsr topic of nutrient dependency will be furthor NIRRT CTO /5
s
goted pn the field by the means of enrichment proofs that should nllewy
us to indicrte which are the liniting nutrients and the COTT &G HIIALILE

sobureting concentrations .
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