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Abstract

Phytoplankton populations were investigated weekly at a central station in the Fusaro lagoon
(Mediterranean Sea) from 27 November 1989 to 18 June 1990 to assess species composition, tempo-
ral succession and standing stock of the different species. Chlorophyll concentrations varied from 1.2
to 73.2 jig - ' in surface waters, and from 1.3 to 53.5 #g 1- at the 4.5 m depth. Phytoplankton com-
munities were dominated by Prorocentrum micans Ehrenberg in December and January, and by small-
sized diatoms in the rest of the sampling period. In surface waters, a maximum biomass of 9.5 mg C
1- was measured in January, in correspondence with high concentrations (8.1 x 106 cells 1- ) of
P. micans, whereas an abundance peak of 159.9 x 106 cells 1- 1 was registered on the last sampling date
due to a massive bloom of a very small diatom, Minutocellus polymorphus (Hargraves & Guillard) Hasle,
von Stosch & Syvertsen. On the whole, phytoplankton populations of the Fusaro lagoon showed dis-
tinct characters as compared to those of southern Tyrrhenian coastal waters and of other lagoons.

Introduction

Coastal lagoons are boundary environments
between continental and marine ecosystems
characterized by the presence of numerous di-
verse interfaces. This results in great typological
diversity which is discernible even within a small
geographic scale. Biological communities within
these systems vary markedly from one lagoon to
another and generally have peculiar characteris-
tics which differentiate them from adjacent marine
and continental biomes.

In the last three decades, many efforts have
been made to define phytoplankton species

distributions and successions in both marine
(Margalef, 1967; 1978; Levasseur etal., 1984)
and lacustrine (Sommer, 1989) environments.
Although not applicable to all situations, descrip-
tive and previsional models developed to date
provide a stimulating basis for discussion and
further improvements. The lack of generalizations
for phytoplankton distributional and successional
patterns for coastal lagoons is probably due to a
combination of high intrinsic complexity and
variability of these systems as well as the scarcity
of sound detailed observations.

In 1989-90, phytoplankton species composi-
tion and biomass were investigated at weekly
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intervals during a 7 months period in the Fusaro
lagoon, with the aim of characterizing phyto-
plankton communities and their successional pat-
tern and to assess the relative contribution of the
different species to the biomass. This study was
part of a research project which included zoo-
plankton sampling, as well as environmental and
bacteriological analyses in the water and sedi-
ments of the lagoon. The sampling was to be
conducted over a whole year, but was forcedly
interrupted by the finding of Vibrio cholerae in the
lagoon (S. Dumontet, pers. com.).

Study area

The Fusaro lagoon (Fig. 1) is a coastal lagoon
located along the southern Tyrrhenian coast
about 10 miles west of Naples. It is semi-circular
in shape, with a maximum length and width of ca.
1700 and 800 m, respectively, and an average

Fig. 1. Map of the Fusaro lagoon showing the sampling
station marked by an asterisk.

depth of 3 and maximum depth of 6 m. As a
consequence of recent dredging activities, an
artificial trench 8-12 m deep is situated along the
western bank of the lagoon.

Water exchange between the Fusaro lagoon
and the Tyrrhenian Sea occurs through three
artificial channels excavated across the barrier
beach that delimits the western side of the lagoon.
This exchange is generally low due to the com-
bined effects of narrow and shallow channels
along with a reduced tidal excursion (tide
range = 30 cm). Daily exchange was calculated to
be 1/840 of the whole water mass (Leccese &
Speziale, 1967) but this also depends on the
maintenance status of the channels which tend to
become occluded with silt. Natural freshwater in-
puts are negligible, whereas several untreated
sewage outlets which drain a densely populated
area are located along the eastern bank of the
lagoon.

In the course of the year, surface water tem-
peratures generally vary between 6 and 30 ° C and
are mainly driven by air temperature more than
by the influence of seawater. Daily excursions
generally do not exceed 3 C (Sacchi & Renzoni,
1962).

The reduced water exchange and evaporation
regime result in salinity values (35-38 PSU)
which are slightly lower than those of external
waters. Lower values (> 32 PSU) are recorded in
periods of scarce evaporation and heavy rainfalls,
which correspond to winter and spring. Surface
values are often slightly lower as compared to
bottom waters (Magazzi & Panella, 1969). As
generally occurs in shallow waters, wind can dis-
rupt vertical gradients, which can rapidly be
restored when the weather is calm (Sacchi &
Renzoni, 1962). In the course of this investi-
gation, salinity values ranged from 33.72 to
37.25 PSU (Table 1).

Nutrient concentrations in this lagoon have
always been higher than in external waters
(Korringa & Postma, 1957; Carrada, 1973), but
in recent years the heavy load of sewage discharge
has notably increased eutrophic conditions
(Rigillo Troncone, 1990; Carrada etal., 1991).
Averages and ranges for nutrient concentrations
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Table 1. Minimum, maximum, mean values and standard de-
viation of some environmental parameters measured during
the sampling period (S. Dumontet, pers. com.).

min max avg sd

Salinity (PSU)
surface 33.72 36.94 35.72 0.98
bottom 33.87 37.25 36.38 0.80

NO -N (g 1- ')
surface 0.39 19.82 6.82 5.63
bottom 0.35 19.00 6.16 5.19

NH4+ -N (g 1-')
surface 0.04 4.03 1.40 1.25
bottom 0.12 17.99 3.21 4.07

NO- -N (pg 1- ')
surface 0.11 1.85 0.52 0.40
bottom 0.07 1.52 0.43 0.32

PO3 - -P (pg )
surface 0.13 2.44 0.44 0.47
bottom 0.10 3.86 0.60 0.74

SiO2 -Si (g I')
surface 6.15 74.26 31.67 20.76
bottom 7.30 74.09 33.23 20.08

measured in the period
reported in Table 1.

of our investigation are

Oxygen concentrations show wide fluctuations
during the year, with maximal diurnal values
( < 400 %) in spring and minimal, undersaturating
values in summer (Sacchi & Renzoni, 1962;
Carrada, 1973). Anoxic conditions, generally
restricted to bottom layers in summertime for the
past years, have recently been more frequently
recorded presumably due to the increased anthro-
pogenic load, especially in the deepest, dredged
area (Carrada etal., 1991). In the summer fol-
lowing this study, a fish-kill caused by anoxia was
reported by the press.

The above-mentioned physical and chemical
parameters show much wider fluctuations in
peripheral sites of the lagoon (Rigillo Troncone,
1969; Carrada, 1973).

Benthic communities of the Fusaro lagoon have
been the object of several studies in the past
(Sacchi & Renzoni, 1962; Carrada et al., 1965;
Russo & Ferro, 1980; Ferro & Russo, 1982;
Sordino et al., 1989; Procaccini & Scipione,

1992), whereas little information is available for
planktonic populations. First reports date back
to the beginning of this century (Carazzi, 1900)
when the lagoon was exploited for oysters. Suc-
cessively, the lagoon has been the site of prosper-
ous mussel farming (Korringa & Postma, 1957),
which has been interrupted since 1973 after the
outbreak of a cholera epidemic (Carrada et al.,
1991). In recent years, blooms of the toxic
dinoflagellate Gymnodinium catenatum Graham
were noted (Carrada et al., 1988) in the early
autumn period. An annual phytoplankton cycle
at a peripheral station close to the eastern bank
of the lagoon showed maximum values of 160 ilg
Chl a 1 - in October 1988, mainly due to a bloom
of Gymnodinium sp. (Carrada et al., 1991).

Materials and methods

A weekly sampling program was conducted at a
central station (Fig. 1) in the Fusaro lagoon from
27 November 1989 to 18 June 1990. Water sam-
ples were taken at the surface by bucket samples
and at the 4.5 m depth (ca 1 m distance from the
bottom) by a Niskin bottle. For chlorophyll a
analyses, a volume of water varying from 250 to
1200 ml was filtered on 0.5 gm fiber glass GFF
filters. Pigments were extracted with 90% neu-
tralized acetone and their concentrations were
determined spectrophotometrically using the
equations indicated by SCOR-UNESCO (1966).

Phytoplankton samples were fixed with CaCO3
neutralized formaldehyde to give a final concen-
tration of 1.6% and examined with an inverted
microscope (ZEISS IM 35) at a magnification of
360 x . Depending on phytoplankton concentra-
tions, subsamples varying from 0.2 to 20 ml were
allowed to sediment in combined sedimentation
chambers. Two transects, representing 1/34 of
the bottom plate, were examined for counts. For
each sample, counts were also made following the
same method on a 50 ml subsample to evaluate
the concentration of less abundant species. The
latter numbers were only used for single species
temporal variations and were not summed to total
densities.
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For species identification, the principal taxo-
nomic texts were those indicated in Zingone et al.
(1990). The identification of some problematic
species, such as Cyclotella caspia, Minutocellus
polymorphus, Thalassiosira pseudonana, Diplopelta
symmetrica, Diplopsalopsis latipeltata, Protoperidi-
nium hirobis, P. bispinum, Pyramimonas cfr. diso-
mata, Pseudoscourfieldia marina, Chrysochro-
mulina pringsheimii, was confirmed at trans-
mission or scanning electron microscopy. Algae
which could not be identified to the species or
genus level were assigned to suprageneric groups.
Unidentified centric diatoms and phytoflagellates
were further subdivided into small (< 10 Mm) and
large (> 10 m) forms and dinoflagellates into
small (<15 Mm) and large (>15 Mm) naked or
thecate forms. For colonial cyanophyceans,
which were occasionally sampled when the Ni-
skin bottle was too close to the bottom, only the
number of colonies was recorded.

The percentage similarity index (PSI) (Whit-
taker, 1952) between surface and bottom samples
was calculated using all the identified species,
genera and suprageneric groups.

Cell volumes were calculated for 42 photosyn-
thetic taxa which on the average comprised 99%
and 98% of total cell numbers in surface and
bottom waters, respectively. A distinction be-
tween photosynthetic and non-photosynthetic
species was made using the information available
in the literature (Chretiennot-Dinet, 1990; Larsen
& Sournia, 1991). Small unidentified flagellates
and dinoflagellates were always included, despite
the probable presence of heterotrophic species.
The contribution of colonial cyanophyceans to
the total biomass was not estimated. Cell sizes
were determined on more than 100 specimens for
the most abundant species and averaged for a
single sample or several samples depending
on the variability in species size. Cell volumes
were calculated by assigning cells to one geo-
metrical body or, in some cases, to a combination
of more geometrical bodies, and applying stan-
dard formulae. Carbon content was calculated
using the relationship reported by Strathmann
(1967).

Results

In surface waters, chlorophyll a concentrations
varied from 1.2 to 73.2 Mg 1- , reaching highest
values for the sampling period in January, with a
peak on 8 January (Fig. 2a). From February on-
wards, lower values were recorded, ranging from
1.2 to 32 Mg 1- 1. At the 4.5 m depth, chlorophyll
concentrations showed marked fluctuations
throughout the sampling period, with values vary-
ing from 1.3 to 53.5 Mg 1- 1 (Fig. 2b).

A complete list of the species identified in the
Fusaro lagoon is reported in Tables 2 and 3.

Temporal variations for the 14 most abundant
taxa in surface and bottom waters are reported in
Fig. 3.

At the surface, total cell densities varied from
2.3 to 159.9 x 106 cells 1-1 with marked weekly
variations which mainly characterized the popu-
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Table 2. List of the most important photosynthetic taxa in the Fusaro lagoon, including their mean volume and carbon content.

Volume (pm3)

DIATOMS

Centric diatoms < 10 ,um
Asterionella glacialis Castracane
Chaetoceros affinis Lauder
Chaetoceros cfr. calcitrans Takano
Chaetoceros costatus Pavillard
Chaetoceros curvisetus Cleve
Chaetoceros dipyrenops Meunier
Chaetoceros seiracanthus Gran
Chaetoceros socialis Lauder
Chaetoceros spp. (single)
Chaetoceros spp.
Cyclotella atomus Hustedt
Cyclotella caspia Grunow
Cyclotella striata (Kitzing) Grunow
Cylindrotheca closterium (Ehrenberg) Reimann & Lewin
Minutocellus polymorphus (Hargraves & Guillard) Hasle, von Stosch & Syvertsen
Nitzschia delicatissima Cleve
Nitzschia pseudodelicatissima (Hasle) Hasle
Skeletonema costatum (Greville) Cleve
Thalassiosira pseudonana Hasle & Heimdal

DINOFLAGELLATES

Naked dinoflagellates < 15 m
Naked dinoflagellates > 15 pm
Alexandrium pseudogonyaulax (Biecheler) Horiguchi ex Kita & Fukuyo
Dinophysis sacculus Stein
Gymnodinium elongatum Hope
Gyrodinium sp.
Oxytoxum variabile Schiller
Prorocentrum micans Ehrenberg
Prorocentrum triestinum Schiller
Peridinioid sp. a

50.27
315.27

1817.64
32.55

595.23
553.65
845.23

2110.63
166.71

1000.00
800.00

54.31
202.84
551.69
98.96
16.06
53.23

227.82
169.24

54.31

Carbon (pg)

7.37
29.65

111.87
5.30

48.00
45.43
62.61

125.29
18.29
71.12
60.05

7.82
21.22
45.31
12.32

3.10
7.70

23.18
18.50
7.82

258.46
3703.94

38292.87
7572.51

636.17
42369.26

368.61
11097.33

879.65
1182.48

42.57
427.03

3228.35
793.27
92.87

3523.92
57.90

1104.48
122.96
158.87

Dinobryon coalescens Schiller
Dinobryon faculiferum (Willen) Willen
Dinobryon sp.
Undetermined cryptophyceans
Cryptophycean sp. 1
Hemiselmis sp.
Pyramimonas cfr. disomata Butcher
Pyramimonas spp.
Tetraselmis wettsteinii (Schiller) Throndsen
Eutreptiella cfr. marina Cunha
Undetermined phytoflagellates < 10 m
Undetermined phytoflagellates > 10 m

32.31 7.03
37.11 7.93
32.31 7.03

113.85 20.93
264.23 43.39
25.82 5.79
24.97 5.63
60.90 12.18
83.56 16.01

1407.43 184.73
27.36 6.09

796.33 59.84

OTHERS
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Table 3. List of other taxa recorded in the Fusaro lagoon. Identifiable heterotophic taxa are marked by an asterisk.

DINOFLAGELLATES

Centric diatoms> 10 pm
Pennate diatoms < 15 m
Pennate diatoms> 15 ,um
Achnanthes sp.
Amphora spp.
Bacteriastrum delicatulum Cleve
Cerataulina pelagica (Cleve) Hendey
Chaetoceros brevis Schiltt
Chaetoceros danicus Cleve
Chaetoceros cfr. debilis Cleve
Chaetoceros decipiens Cleve
Chaetoceros didymus Ehrenberg
Chaetoceros laciniosus Schtltt
Chaetoceros cfr. perpusillus Cleve
Chaetoceros wighami Brightwell
Chaetoceros spp. (spores)
Cocconeis scutellum Ehrenberg
Cocconeis spp.
Coscinodiscus sp.
Cyclotella spp.
Dactyliosolen blavyanus (H. Peragallo) Hasle
Grammatophora marina (Lyngbye) Kiltzing
Grammatophora sp.
Hemiaulus sinensis Greville
Lauderia annulata Cleve
Leptocylindrus danicus Cleve
Leptocylindrus minimus Gran
Licmophora sp.
Melosira cfr. nummuloides (Dillwyn) Agardh
Nitzschia prolongatoides (Manguin) Hasle
Nitzschia sp.
Pleurosigma sp.
Proboscia alata (Brightwell) Sundstrom
Rhabdonema minutum Klitzing
Rhizosolenia fragilissima Bergon
Rhizosolenia setigera Brightwell
Striatella unipunctata (Lyngbye) Agardh
Thalassionema bacillaris (Heiden) Kolbe
Thalassionema nitzschioides (Grunow) Hustedt
Thalassiosira allenii Takano
Thalassiosira mediterranea (SchrOder) Hasle
Thalassiosira spp.

Thecate dinoflagellates < 15 #m
Thecate dinoflagellates> 15 m
Alexandrium sp.
'Cachonina-like'
Diplopelta symmetrica* Pavillard
Diplopsalopsis latipeltata* Balech & Borgese
Gonyaulax polyedra Stein
Gonyaulax spinifera (Claparede & Lachmann) Diesing
Gyrodinium cfr. fusiforme Kofoid & Swezy
Polykrikos kofoidi* Chatton
Prorocentrum gracile SchOtt
Protoperidinium bipes* (Paulsen) Balech
Protoperidinium bispinum* (Schiller) Balech
Protoperidinium cfr. breve* (Paulsen) Balech
Protoperidinium diabolus* (Cleve) Balech
Protoperidinium hirobis* (Abe) Balech
Protoperidinium parthenopes* Zingone & Montresor
Protoperidinium quinquecorne* (Ab6) Balech
Protoperidinium spp.*
Pyrophacus horologium Stein
Scrippsiella trochoidea (Stein) Loeblich III
'Scrippsiella-like'
Thoracosphaera heimii (Lohmann) Kamptner

OTHERS

Calycomonas cfr. wulffii* Conrad & Kufferath
Ciliophrys infusionum* Cienkowski
Meringosphaera mediterranea Lohmann
Leucocryptos sp.*
Undetermined prasinophyceans
Pseudoscourfieldia marina (Throndsen) Manton
Tetraselmis sp.
Chrysochromulina pringsheimii Parke & Manton
Phaeocystis sp.
Undetermined coccolithophorids
Anoplosolenia brasiliensis (Lohmann) Deflandre
Emiliania huxleyi (Lohmann) Hay & Mohler
Undetermined euglenophyceans
Eutreptiella sp.
Undetermined cyanophyceans
Spirulina sp.
Paulinella ovalis* (Wulff) Johnson, Hargraves & Sieburth

lation from February onwards (Fig. 4a). Varia-
tions in density and species composition can be
schematically grouped into four periods of dif-
ferent lengths.

In the first period, from December to January,
cell numbers did not exceed 10.2 x 106 cells 1- 

in surface waters. The dominant species in this
period was Prorocentrum micans, which reached
92.5% of total cell numbers on 8 January, while
small phytoflagellates including small crypto-
phyceans were also abundant. At times, Proro-
centrum micans cells containing the parasitic di-

DIATOMS
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Fig. 4. Temporal variations for total cell numbers of different
phytoplankton groups at 0 m (a) and at the 4.5 m depth (b).
Identifiable heterotrophic species are not included.

noflagellate Amoebophrya ceratii (Koeppen)
Cachon were observed. Diatoms, mainly Skele-
tonema costatum and several Cyclotella species,
did not exceed 16% of total cell numbers in this
period. Following the decline of the P. micans
bloom at the end of January, small flagellates
dominated the population for a couple of sam-
pling dates.

In the second period, from the second half of
February to the end of May, diatoms dominated
the population reaching maximum concentrations
of 114.92 x 106 cells 1- 1 (94.3 % of total cell num-
ber) on 26 February. In these months, blooms of
different, small-sized species (Cyclotella caspia,
Thalassiosira pseudonana, Skeletonema costatum,
Chaetoceros socialis, C. affinis, C. cfr. calcitrans)
succeeded and overlapped one another (Fig. 3).
These blooms persisted for a number of weeks (4
for T. pseudonana to 8 for S. costatum) with one

or two peaks in cell concentrations. In most cases
blooms of more than one species co-occurred
(Fig. 3), whereas in a few cases (C. cfr. calcitrans,
M. polymorphus) the dominant species comprised
up to 80% of the entire population. It is also
worth reporting that epiphytic, colorless flagel-
lates, such as Bicosoeca sp., were often found in
association with Skeletonema costatum, Thalassio-
sira pseudonana and Chaetoceros spp. and ciliate
suctorians were seen on Chaetoceros affinis col-
onies. Small, unidentified flagellates were the sec-
ond major group in this period, reaching 45.8%
on 23 April, whereas dinoflagellates, mainly
represented by Prorocentrum micans, comprised
concentrations higher than 5.7% only in May.

At the end of May - beginning of June, diatoms
rapidly declined for a couple of sampling dates,
whereas small phytoflagellates reached their high-
est concentration (44.5 x 106 cells I 1) for the
whole sampling period. Particularly notable was
the bloom on 11 June due mainly to Pyramimonas
cfr. disomata and various cryptophyceans. In late
spring, several dinoflagellate species, such as
Dinophysis sacculus, Prorocentrum triestinum,
Gymnodinium elongatum, Alexandrium pseudo-
gonyaulax, were also recorded.

Finally, on the last sampling date (18 June),
maximum cell numbers of 159.9 x 106 cells I 1
were registered in surface waters. The phy-
toplankton population at this time was dominated
by a bloom of a small, single-cell diatom, Minu-
tocellus polymorphus, which represented 80.8 % of
the total population.

With the exception of a few sampling dates,
phytoplankton densities in the 4.5 m depth
samples were lower than those recorded at the
surface (Fig. 4b). Maximum cell numbers of
128.5 x 106 cells 1- were registered on 26 March,
corresponding to a bloom of Skeletonema co-
statum and Chaetoceros socialis. On the whole,
phytoplankton communities at depth did not dif-
fer greatly from those at the surface as reflected
by the percentage similarity index (Fig. 5). How-
ever, two main periods were noted having marked
differences. The first, 18 December-15 January,
had notably lower concentrations of Prorocentrum
micans in bottom waters, whereas in the second
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period (23 April-7 May) differences were mainly
due to heterogeneity in the vertical distribution
of diatoms, such as Chaetoceros cfr. calcitrans,
C. socialis and Nitzschia spp. belonging to the
Pseudonitzschia-group (Fig. 3). In most cases,
these diatoms were more abundant in surface wa-
ters at the beginning of their bloom and at depth
after one or more weeks. In bottom waters, a
considerable number of Chaetoceros species,
mainly C. socialis and C. seiracanthus, were found
to contain resting spores. At times, relatively high
numbers (up to 0.5 x 106 colonies 1- ) of uniden-
tified colonial cyanophyceans were recorded,
which were probably sampled only when the
bottle went too close to the bottom, as indicated
by the presence of abundant detritus.

A completely different trend from cell numbers
was observed for biomass values expressed as
phytoplankton carbon content (Fig. 6). At the
surface (Fig. 6a), highest biomass values, with a
peak of 9.5 mg C 1- 1 on 8 January, were mea-
sured in early winter, while in the following period
lower values showing a reduced range of variation
(0.3-2.3 mg C 1- ) were recorded. With a single
exception on 11 December, Prorocentrum micans
contributed 70.9-99.9 % of the total biomas s from
the beginning of the sampling period until the
19 February and throughout May. The contribu-
tion of diatoms to the total biomass was relevant
in March-April and on the last sampling date.
Small phytoflagellates were in most cases scarcely
important and constituted a significant part of the

U

a0bE
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Fig. 6. Temporal variations for total carbon content of dif-
ferent phytoplankton groups at 0 m (a) and at the 4.5 m depth
(b). Identifiable heterotrophic species are not included.

total biomass only on the last sampling dates. As
compared to surface waters, at the bottom
(Fig. 6b), biomass values were notably lower (up
to 3.1 mg C 1- on 22 January), especially in the
first part of the sampling period, due to the un-
even vertical distribution of P. micans in the water
column. As in surface waters, P. micans and small
diatom species were the main contributors to the
total standing crop in these waters.

The correlation between chlorophyll and car-
bon concentrations was very high in surface wa-
ters (r= 0.96, n = 26), whereas it appeared less
evident for the 4.5 m depth (r= 0.77, n = 26),
which is explainable on the basis of possible con-
tamination of these samples with macroalgae and
detritus accumulating at depth. The carbon:chlo-
rophyll ratio, which was only calculated for sur-
face samples, ranged from 13.4 to 373.3, with an
average of 104.8.
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During the whole sampling period, a number of
heterotrophic species were recorded in the lagoon
(Fig. 7). Among these, small chrysophyceans
(Calycomonas cfr. wulffii) and choanoflagellates at
times attained very high concentrations (up to
4.3 x 106 and 2.9 x 106 respectively). Medium and
large sized heterotrophic dinoflagellates showed
different patterns of temporal variations. Diplop-
salopsis latipeltata, Diplopelta symmetrica and
Protoperidinium bispinum reached higher concen-
trations in early winter and in May, whereas
Polykrikos kofoidi was only recorded from late
January through April.

Discussion

As expected of coastal lagoons, which are
considered highly productive environments (Vol-
tolina, 1975; Nixon, 1982; Carrada & Fresi,
1988), values for chlorophyll, biomass and cell
concentrations measured in the Fusaro lagoon in
the period of investigation were generally high.
Due to differences in cell size and single species
biomass, a poor correspondence was found
between cell numbers and chlorophyll, as well as
between cell numbers and total carbon content.
The carbon:chlorophyll ratio was in most cases
higher as compared to values of 20-60 commonly
reported in the literature (Parsons etal., 1961;
Steele, 1962). However, it should be noted that
the latter values generally refer to open waters,
since very few studies conducted in marine coastal
waters and lagoons include both chlorophyll and
phytoplankton carbon content evaluations. The
striking difference between phytoplankton cell
number and carbon content which was found in
this study strongly supports the opportunity of
including both kinds of information in phy-
toplankton studies.

Maximal chlorophyll values which were
measured in the Fusaro lagoon are in the upper
range reported to date for other lagoons and, for
the Mediterranean Sea, are only comparable to
values recorded in proximity to the sea-mouth of
the Berre Lagoon, France in 1985 (Arfi, 1989),
in the Sacca del Canarin, Italy (Solazzi etal.,
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1981-82) and in the Mauguio lagoon, France
(Vaulot & Frisoni, 1986). The high values ob-
served are consistent with the general eutrophic
condition of the lagoon which derives from the
presence of untreated discharges along its banks
(Rigillo Troncone, 1990).

More peculiar are the temporal variations and
succession of phytoplankton species in the la-
goon. The maximal standing stock was registered
in January, which corresponds to minimal annual
production in the majority of Mediterranean la-
goons (Magazzi, 1977). In spring, notwithstand-
ing the high cell numbers recorded, total biomass
was much lower due to the small size of the
blooming species. Obviously, we cannot exclude
that other biomass peaks can occur in the lagoon
later in the year, possibly in autumn, as described
by Carrada et al. (1991) for October 1988.

Quantitative and qualitative differences in
species distribution between surface and bottom
waters were registered in the lagoon in several
sampling dates. In winter, they were mainly at-
tributable to the capacity of Prorocentrum micans
of actively swimming towards the surface,
whereas in spring passive sinking of aged diatom
populations resulted in higher cell numbers in
bottom waters. In any case, these differences
imply that vertical gradients for physical param-
eters may occur and stabilize the water column.
In the course of this study, which included the
period of the year when heavy rainfalls and scarce
evaporation result in minimum salinity values, sa-
linity was often lower in surface waters (Table 1).

In the period of investigation, we observed nu-
merous epiphytic, parasitic and phagotrophic
events within the plankton community. In many
cases, diatoms were colonized by zooflagellates
such as Bicosoeca sp. or by Suctorians and P. mi-
cans was often parasitized by Amoebophrya ce-
ratii, which is considered capable of contributing
to the decline of dinoflagellate blooms (Nishitani
et al., 1984). Some of the frequently recorded het-
erotrophic species, such as Diplopelta symmetrica
and Diplopsalopsis latipeltata, were observed to
feed on P. micans in mixed cultures (Dale et al.,
1993) and reached their maximum concentrations
in correspondence of maximum densities of their

prey (Figs 3 and 7). All these interactions among
species would be frequently enhanced in lagoons
as well as in harbours and other semienclosed
areas, possibly due to the proximity to the bottom
or to the benthic vegetation (Margalef, 1969).

On the whole, the main bulk of the phytoplank-
ton population was constituted by less than 20
species, due to the persistence and re-occurrence
of single species. Although the sampling period
did not include the whole year, and hence the
species number could be underestimated, some
notable differences were evident in phytoplank-
ton composition in the lagoon as compared to
coastal waters of the Gulf of Naples (Scotto di
Carlo et al., 1985; Zingone, unpublished data).
Only a few of the small diatom species which
bloomed in the lagoon in spring, such as Chaeto-
ceros cfr. calcitrans, C. socialis and Cyclotella
caspia, produce comparable blooms in coastal
waters of the Gulf of Naples in the same period
of the year, whereas other species such as Cera-
taulina pelagica, Leptocylindrus and Rhizosolenia
spp., which are commonly and often massively
present in coastal waters of the Gulf of Naples,
were only occasionally recorded in the lagoon. It
is also worth noting the almost complete absence
from the lagoon of Emiliania huxleyi and other
coccolithophorids, which represent a high per-
centage of the phytoplankton population in Tyr-
rhenian coastal waters in winter and early spring
(Marino etal., 1984). Other notable differences
from external coastal waters concern the pres-
ence and at times the dominance of species such
as Prorocentrum micans and Thalassiosira pseudo-
nana, which have been rarely recorded in coastal
Gulf of Naples waters and of other species, such
as Minutocellus polymorphus and Alexandrium
pseudogonyaulax, which have never been found
there. The massive presence of Gymnodinium
catenatum and Gymnodinium sp. in autumn
(Carrada et al., 1988; Carrada et al., 1991) also
represents a distinct feature for the lagoon as
compared to external coastal waters.

Some of the above mentioned species, such as
M. polymorphus and T. pseudonana, are typical of
enclosed and semi-enclosed basins, or estuarine
waters, which may at times be heavily eutrophied
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and where they often form intense blooms
(Guillard & Ryther, 1962; Watanabe et al., 1980;
Smayda & Villareal, 1989). As for P. micans, it is
very common in Mediterranean coastal lagoons
as well as in other coastal and estuarine waters in
the rest of the world, although it is generally re-
ported as typical of summer and early autumn
phytoplankton (De Angelis, 1962; Giacobbe &
Maimone, 1990).

The scarcity of phytoplankton and zooplank-
ton species and the biological independence of
the lagoon from the adjacent sea had already been
noted about a century ago, when the lagoon was
exploited for oyster farming (Carazzi, 1900).
Therefore it can hardly be explained based only
on eutrophication, which is often responsible for
strong selection and consequent species number
reduction in some coastal environments (Pucher-
Petkovic & MarasoviC, 1980). From a functional
point of view, the Fusaro lagoon shows close
affinities with the lagoons of the Italian Pontine
region (Mid-Tyrrhenian coast). Although charac-
terized by a notably wider range of variability for
salinity and temperature, these lagoons share with
the Fusaro lagoon the scarcity of tidal range and
the generally poor exchange with the sea, which
prevent massive intrusion of seawater. As a con-
sequence, phytoplankton populations in these la-
goons, although mainly of marine origin, are not
the result of passive transport: marine inflow only
acts as an insemination for phytoplankton spe-
cies (Sommani, 1954), which are then selected by
the environment. However, as already pointed
out for Polychaetes (Sordino et al., 1989), in the
Fusaro lagoon species are not selected against a
salinity gradient, as often occurs in most lagoons.

In this environment, the scarcity of hydro-
graphic exchange with the sea, which has always
been recognized as a key factor, both in theoreti-
cal and applied terms, and has recently been fur-
ther emphasized by Guelorget & Perthuisot
(1983) in the frame of their 'confinement theory',
is not associated with a salinity gradient, as in the
case of most coastal lagoons. This peculiar con-
dition allows for the better definition of the effects
of confinement on phytoplankton populations,
which are markedly different from adjacent

coastal waters, although the mechanisms through
which this occurs is open to debate. Undoubt-
edly, an important role is played by the hydrody-
namic regime which may greatly influence phy-
toplankton populations (Bakker & De Paw, 1974;
Levasseur et al., 1984). On the other hand, high
water residence times may favour interactions
among species, including competition and trophic
relationships, which would enhance the role of
biological control in driving community patterns.

In the recent past, when the Fusaro lagoon was
managed according to rational criteria, by keep-
ing its sea-mouths in efficient working conditions
and by exploiting its shellfish and finfish resources,
thus removing excess biomass, the seasonal cycles
of the different biological compartments had a
better defined pattern (Carazzi, 1900; Sacchi &
Renzoni, 1962; Carrada, 1973). Nowadays, mis-
management, irrational exploitation and uncon-
trolled eutrophication have strongly impaired the
biological, economical and aesthetic value of this
water body.
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