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SUMMARY 

In la~9e a~eas of the wo~lds oceans, mainly in t~opical and 

subt~opical zones, the su~face laye~s a~e poo~ both in phytoplankton 

and nut~ients while at some depth a la~ge phytoplankton biomass may be 

found as nut~ients become significant. Deep Chlo~ophyll Maximum !DCM> 

and Subsu~face Chlo~ophyll Maximum !SCM> ar·e te~ms often used in this 

context which. p~obably ~efer· to various phenomena. The depth at which 

' DCN and SCM occur varies f~om 30 m to 75 m though sometimes it may be 

between 75 and 125m. In the Weste~n Medite~~anean, a DCM is usually 

found du~ing summe~ below 70 m. In most cases the DCM is a pe~manent 

featu~e in time. 

DCMs have oft~n been related to phytoplankton biomass maxima 

while direct relationship has been found between chlorophyll maxima 

and photosynthesis maxima, They a~e always ~elated to the •nut~icline• 

and specifically to the "nitracline•, a ~e9ion in which nitrate 

concent~ations incr·ease f~om 0.1 pg-at/1 (often below detection 

limits> to values ran9ing f~om 1 to 5 J!g-at/1. Oxygen and nit~ite 

maxima a~e connected with the DCM but little has been said about the 

fine tunin9 between all these signals. 

Chan9es in Phytoplankton ca~bon/Chlorophyll-a ratio with depth 

and in settlin9 velocity of sinkin9 phytoplanktonic cells when they· 

reach the nitrate-rich waters or lack of 9razin9 pressure due to the 

smallness of phytoplankton cells may contribute to the DCM formation. 

Lack of vertical turbulence is ~equired at the DCM levels, althou9h 

ve~tical motions could be a way of exposing the popu_lation to hi9her 

light levels. The need fo~ a stable thermocline is obvious but often 

the~e is connection between the thermocline and the nutricline. 

Self shading by phytoplanktonic cells may be impo~tant in controllin9 

the DCM depth. Thus the 9~eater the chlorophyll concentrations the 

shall owe~ the DCM should be. 

Theo~etical conside~ations indicate that DCM may be explained in 

ter·ms of upwa~d flux of nutrients, li9ht pe.net~<.>.tion and 9r·azin9 

p~essure. A highly efficient DCM phytoplankton population may be 

~esponsible for all the "new• production and also fo~ maintainin9 most 

of the "regene~ated" production of the surface laye~s. 

30 

C-8 
THE ROLE OF SEDIMENT NUTRIENT REGENERATION 

IN THE ElffROPHICATION OF THE VENICE lAGOON 

Danilo DEGOBBIS 0 and Romano DONAZZOL0° 0 

o "Ruder Boskovic 11 Institute, Center for Marine Research, Rovinj (Yugoslavia) 
oo University of Venice, Department of Environmental Sciences, Dorsoduro 2137, 

Venice (Italy) 

ABSTRACT 

Nutrient exchange at the sediment-water interface and primary production dyna­
mics in the Venice Lagoon were studied during 1984 and 1985. Very marked gradients 
were observed due to heavy eutrophication impact. Regeneration and release from the 
sediment varied significantly seasonally and nBY play an important role in control­
ling nutrient concentration 'in the shallow water column. 

RESUME 

L'<fchange des sels nutritifs a l'interface eau-sediment et la dinamique de la 
production primaire ant ~te ~tudies dans la lagune de Venise en 1984 et 1985.,Les 
gradients de concentration sont tres marques et sent causes par une intense eutrophi­
sation. La regeneration dans le sediment peut jouer un role important pour la concen­
tration et la distribution des sels nutritifs dans la colonne d'eau. 

INTRODUCTION 

The lagoon of Venice is an enclosed embayment (550 km 2
, avg. 1 m depth) in the 

northwestern Adriatic connected with the open sea through three narrow port entran­
ces. The quality of the lagoon habitat is being seriously compromised by the deve­
lopment of contrasting human activities, and eutrophication is very intense. Rege­
neration in the sediments may represent an important source of nutrient for eutrophi­
cation processes (Degobbis et al., 1986a). 

In this paper results on nutrients, phytoplankton primary production, and nutri­
ent exchange rate at the sediment-water interface obtained in the Venice Lagoon are 
briefly described and discussed. 

METHODS 

The research was performed at 15 stations distributed in three areas selected 
in. the central part of the lagoon to cover a eutrophication gradient. Area A, loca­
ted between the industrial area of the Porto Marghera and the Venice historical cen­
ter is the most heavily polluted. Area B, extending sourthward of Venice, is mainly 
influenced by the sewages of the city. Area C, behind the Lido port, is in close 
communication and -directly .e.xchang<;Js, .:j,t~,W¥\W with the open northern Adriatic Sea. 
The measurements were performed during 9 seasonal cruises in 1984 and 1985. Sampling, 
oceanographic parameters and nutrient analyses in water and sediments, as well as 
in situ measurements of the sediment nutrient exchange rate were described elsewhere 
Tfugobbis et al., 1986b) . 

RESULTS AND DISCUSSION 

High chemical and biological gradients were observed in the Venice Lagoon bet­
ween the three investigated areas (Table 1). 

Parameter* 

Lagoon water 

t/°C 
sx103 

DOl% sat. 
c(RP)/mmol m-~3 c(TIN)/mmol m 

3 c(Chh~)/mg m=3 -1 
PP ( CJ/mg m h 

Interstitial water 

c(RP)/mmol m-3
3 c(NH

4
)/mmol m-

TABLE 1 

Concentration Ranges 
B 

5.3-26 5.8-25.9 4.7-22.4 
21.0-33.8 28.4-34.1 25.5-34.4 

57-229 61-165 70-133 
0.6-55.3 0.1-3.0 0.0-2.0 

3-174 2-58 4-52 
0.1-51 0.1-49 0.1-2.0 
0.4-186 1.0-42 0.8-20 

1.6-37 0.7-147 0.8-20 
14-216 26-296 4-120 

* t-temperature, s-salinity, DO-dissolved oxygen saturation, c( RP)-reactive phospho­
rus, c(TIN)-total inorg<j-~ic nitrogen, and c(Chl ~)-Chlorophyll ~ concentrations, 
PP-primary production ( C uptake rates) 

The nutrient concentrations were much higher in area A, and were at a maximum, 
particularly the nitrogen species, both when salinity was at a minimum (e.g. in Octo­
ber) and when biological utilization were negligible (e.g. in February). However, 
in spring and summer the inorganic nitrogen concentrations can be reduced by two 
orders of magnitudes to almost zero values during algal bloans. 

The reactive phosphorus (RP) concentrations although reduced in April remained 

~~!~~!~:1~~~ cC~ ~~e~5 A n!~~o~o~ ~~~/~~~5) 0 In~~:~~e~~ ~~~ ;~h~;n~:~ ~~eas, 
particularly in area C, the concentrations of this nutrient were always very low. 
Comparing RP values between the lagoon and interstitial water of the surface sedi­
ments revealed similar spatial and temporal trends. Exchange of phosphorus between 
the interstitial and the overlying waters may be the mechanism by which the sediments 
control, to a large extent, the reactive phosphorus content of lagoon waters. 

Nutrient release rate from the sediments also varied seasonally. In June, Jul~ 
a:Y.9 October nutrient releases occurred at detectable rate (up to 24 and 1.6 mmol m­
d for TIN and RP, respectively). In February and April no significant release was 
observed. The seasonal cycle of the organic TIB.tter is probably the most important 
process driving nutrient exchange at the sedimet-water interface. 
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