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ABSTRACT 

An analysis of the vertical distribution of the ciliated protozoan 
population at oligotrophic and eutrophic sites, under stratified summer 
conditions, revealed a vertical "partitioning" of the water colu::m asso­
ciated with the distribution of the nanophytoplankton crop. 

The ciliated protozoans represent an important part of the rnicrozoo­
plankton stock in the northern Adriatic, especially under stratified su:omer 
conditione and at eutrophic western sites (Revelante et al., 1985) 
The vertical distribution of dominant species of ciliated protozoans through­
out the water column was analyzed over two diurnal periods at an eutrophic 
western site off the Po River delta, and an oligotrophic site off the Istrian 
peninsula. The two sites had a majority of extant protozoan species in common 
but different dominants and size class structure. The two data sets provide 
inferences about the response of dorninant species to differences in trophic 
state and oceanographic water column structure. 

Each site was sampled at 4 hour intervals over 48 hours at 7 depths. The 
physical and chemical characteristics of the water column were deterrnined 
with the same frequency. 7/hole water samples for ncicrozooplankton analyses 
were collected with Van Dohrn bottles, preserved with Lugol' s solution, and 
concentrated for Utermohl enumeration by a sequential 72 hour settling proce­
dure. 

Physically and chemically both the eutrophic (station 10) and oliE;otro­
phic (station 6) sites were characterized by: 

a) a shallow, well mixed (and less saline) surface layer of less than 
5 meters; 

b) a deeper, moderate pycnocline at 10-15 rneters; and, 

c) a nutricline located at some depth within the bottorn layer. 

The pycnocline appeared to separate the water column into tt>o distinct strata 
at about 15 meters, with the surface stratum capped by a thin low salinity 
layer. 

The microzooplankton enumeration shot7ed a pronounced water column parti­
tioning by the ciliated protozoan stock into two pronounced maxima: one at 
the surface, and a second· at some depth below the pycnocline. At the eutro­
phic site the sub-surface maximum was more pronounced with over 70'/o of all 
protozoans in the water column concentrated in the layer, compared with 20'}6 
at the surface and about 11Y/a at intermediate (i.e. 5 - 20 m) depths. In con­
trast at station 6 about 50% of the stock was concentrated in the 0 - 5 m 
surface layer, 10 - 20"/a in the intermediate 5 - 20 m, and about 40% below 20 
m. The sub-surface protozoan maxima were associated vlith maximum nanophyto­
plankton chlorophyll ~ concentrations, as :vell as the highest nano/cicro 
phytoplankton chlorophyll ~ ratios, indicating a close predator/prey rela­
tionship. 

The sub-surface ciliated protozoan and nanophytoplank.ton n:taxi::Ja form 
a dense layer in the bottom stratum, with the highest concentrations at 
20 meters at the eutrophic site, and somewhat shallower ( 15 meters) at the 
oligotrophic site. Some species were concentrated in a single thin layer, 
but other species were more diffuse being collected over 10 - 15 meters. At 
both sites the ciliated protozoans and nanophytoplankton were located just 
above the top of the nutricline, which is assumed to re fleet a dynamic 
balance between available nutrients and underwater light levels. At the oli­
gotrophic site high nutrient~concentrations only occured in a thin bottom 
layer at 30 meters, and the nutricline (and nanophytoplankton/protozoan stocks) 
occurred at 15 meters atop a slightly stable bottom stratum. In contrast, at 
the eutrophic site high nutrient concentrations occurred throughout a thicker 
bottom layer (20 - 30 meters), but the bottom stratum was well mixed with 
little change of density with depth. Here the nanoplankton were at 20 meters. 

Thus the higher phytoplankton standing crops and their presumed proto­
zoan grazers were associated with higher concentrations of nutrients, from 
freshwater Po River discharge at the surface, and from the region of the 
nutricline in the lower stratum of the water column. Noteworthy: an asso­
ciated subsurface oxygen maximum indicated that the nanophytoplankton popu­
lation was actively gr01ving in the sub-surface chlorophyll maximum. 

The species composition of the two ciliate maxima differed bet~1een the 
two sites. The surface maxima are dominated at both sites by t·.vo species, 
Strol:lbidium ovale and Strombidiu"' delicatulum(?): s. ovale \7as th<> clear 
dominant underoTigotrophic conditions, and §.· delicatUiiii:l(?) under eutrophic 
conditions. The sub-surface maxima at both sites were characterized by sets 
of species restricted to the lower stratum of the water column, ap,earing 
only sporadically (if at all) in surface layers. Additional partitioning by 
species occured in the bottom layer, with some species such as ~ 
grandinella, Strombidium ~. Eutintinnus ~ and Strombidium 
delicatulum (?) concentrated in the upper part of the stratum associated 
with high nanophytoplankton crops. At station 6 the sub-surface maxirnum 
was dominated by~ gracillima, .§.• ~· and §.• delicatulum (?)~ 
The protozoan biomass in the lowest layer was mainly contributed by ~ 
semella nivalis at both sites, but at. station 6 this species was restricted 
to a tn= l.ayer at 30 meters. The deeper near sediment positioning of this 
species may be related to sediment particle availability for lorica building. 
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De mars a novembre 1982 on a realise, tous les deux mois, des prises d · 
echantillons sur cinq stations dans la baie de Palma <peches horizontales et 
obliques),(fig. 1). 

L' analyse de ces echantillons montre que les copepodes• constituent le 
groupe dominant avec un pourcentage annuel de 57.05 % du zooplancton. 

Parmi les 72 especes identifiees, nous ne considerons que celles dont le 
pourcentage global est superieur a 1 %. 

Par ordre d' importance decroissante, nous pouvons signaler les especes 
suivantes: Acartia clausi* <14 .60 %) , espece permanente dont la periode de plus 
grande abondance se situe de mars a mai; en surface et dans les zones tres 
proches de la cote on a observe des densitees importantes avec un maximum de 
1209 individus m-3. T8111ora styliferat <12.72 %) , egalement permanente a montre 
son -maximum au mois de setembre. Clausocalanus furcatusu (11.94 %) est plus 
frequent dans les peches obliques bien qu 'on ait trouve aussi des concentrations 
importantes en surface; elle s 'est relevee comme une espece permanente pendant 
toute la peri ode d' etude mais sa plus grande abondance se si tue au mois de 
juillet. Paracalanus parvuSf (7 .22 %) est frequent dans toute la zone mais un 
peu plus abondante sur les stations les plus pr6ches de la cote. Les plus 
grandes densites s' observent pendant la periode chaude. Oithona plum if era <4 .17 
%) est plus abondante sur les stations les plus eloignees de la cote et en 
profondeur; elle est permanente et sa periode d · abondance maximale s · observe 
de juillet a novembre. Centropages ponticuSf (4 .04 %) , n · est pas permanente et 
les plus grandes concentrations s' observent en saison chaude et uniquement en 
surface. lsias clavipes <3.00 %) est specialement abondante au mois de mai. 
Calocalanus pavo <1.79 %) est mieux represente en automne. Dncaea media <1.74 
%) a sa periode de plus grande abondance de setembre a novembre. Oithona 
helgolandica (1.46 %) est plus frequente en surface et en saison froide. 
Clausocalanus arcuicornis <1.13 %) est plus abondante en hiver. Nannocalanus 
minor <1.24 %) , typique de la periode chaude, est mieux represente dans les 
peches obliques. Centropages typicus <1.1 '.4) est surtout frequente en mai. 
Ctenocalanus vanus <1.1 %) est tipiquement hivernale <abondance maximale debut 
mars) et plus abondante dans les peches obliques (fig.2: *· tt:Clausocalanus 
spp.). 

La diversite specifique minimale <indice de Shannon ) est au mois de mai 
et la maximale en novembre. 

Du point de vue qualitatif, notamment pour les especes dominantes, nos 
resultats coincident avec ceux de Massuti <1942). Ils s' accordent aussi avec 
ceux de Gelabert <1985) a 1 · exception de quelques differences comme la rarete 
de Paracalanus parvus ou la plus grande abondance de Clausocalanus arcuicornis. 
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During the 48 hour observational series of diurnal changes there ;?as •0 
no clear indications of vertical migration within this group of microzoa-
plankton species. 

In summary: 

a) there are t":7o, clearly defined ciliated protozoan maxina in the 
northern Adriatic water column; at the surface, and at some 
sub-surface depth belo,. the pynocline; 

b) the sub-surface maximum was associated w~th a sub-surface nano­
phytoplankton maximum; and, 

c) the presumed protozoan/nanoplankton predator/prey comrnunity at 
sub-surface depths is shallow'!r at eutrophic sites, ap;:arently 
responding to a shallcwer nutricline. 

Revelante, ;:. , !-1. Gilmartin and N. Smodlnka, 1925. The effects of Fo 
River induced eutrophication on the distribution and community structure 
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Fig. 1: Carte des stations. 0: peche horizontale, H: peche oblique. Fig. 2: 
Variations saisonnieres des principales especes de copepodes (%), <D et du 
pourcentage des copepodes I zooplancton <ID 


