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INTRODUCTION

the Ramsar convention defines wetlands as areas of
marsh, fen, peatland or water, whether natural or artifi-
cial, permanent or temporary, with water that is static or
flowing, fresh, brackish or salt, including areas of marine
water the depth of which at low tide does not exceed 6 m
(Ramsar, 1971). However, the term wetlands has been de-
fined and interpreted in various ways.

Wetlands are considered to be heterogeneous habitats
which include various biotopes with different formations,
structures and geographical positions (Sconfietti and Pa-
ganelli, 2012). in particular, small wetlands are referred
to as stepping stone habitats because of their important
role as a habitat haven for many animal and plant species,
some of which are threatened or protected (habitat direc-
tive 2000/60/ec) (european community, 2000). natural
riverine wetlands usually contain dense hygrophytic and
aquatic vegetation, which is important for the ecosystem
depuration processes (Sacchi et al., 1991). abandonment
and isolation of these lateral fluvial basins has occasion-
ally led to environmental deterioration: anthropogenic
pressure such as excavation and agricultural activities,
construction of new bridges, streets and waste landfills
have often isolated these natural areas from the rest of the

environment (Schmitz, 2012). in the ticino river area
around Pavia (lombardia, northern italy) there are a lot
of small wetlands, many of which evolve naturally and
originate from abandoned riverbeds, isolated river mean-
ders, oxbow lakes or small ponds fed by terrace springs
or underground waters.Some of such biotopes, located in
the proximity of Pavia, are not only important from a
landscape and ecological point of view, but they also have
historical and social relevance for citizens (Sacchi et al.,
1993). in 2010, these factors led to the creation of a proj-
ect with the main aim of improving the chemical, bio-eco-
logical and hydrologic conditions of the wetlands near
Pavia. the project Ecological and hydromorphological
requalification of wetlands in the Ticino area around
Pavia was co-financed by the cariplo foundation, Mu-
nicipality of Pavia, Park of lombardia in the ticino val-
ley, interregional agency for the Po river (aiPo), and the
University of Pavia. 

Studies had previously been performed on one of these
wetlands, the Topo (to) oxbow lake, between 1988 and
1990 (Sconfietti et al., 1990, 1992; Sconfietti and airò,
1992; Sconfietti, 1993; cantonati and Sconfietti, 1996).
the to oxbow lake originated in 1750 due to an artificial
rectification of the main course of the ticino river, which
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caused a meander cut. in 1930, its area was reduced in
order to construct a new gate on the ticino river (Sacchi
et al., 1993). nowadays, the oxbow lake is a shallow basin
situated on the right of the ticino river from which it is
completely isolated, except on the rare occasion when
there is particularly severe flooding (fig. 1). Due to its
isolation from the river, the water level fluctuates very
slowly but it is still influenced by the river level. although
the surrounding area is characterised by intensive agricul-
tural activities, and is separated from the basin by a high
river embankment and a few buildings, such as a country
club and tennis courts, the anthropogenic pressure is very
low: the absence of sewage or a direct link between the
basin and the fields around it, are evidence of a low im-
pacted ecosystem.

in order to compare the status of the to oxbow lake
24 years ago with its current ecological and hydrological
status, we investigated its dynamics over the course of one
year, from June 2011 to June 2012. We compared the di-
mensions, bathymetry, hydrometric variation of the basin
and the aquatic vegetation from 24 years ago with current
data and, in order to define the current trophic level of the
oxbow lake, we also measured the principal chemical-

physical parameters of the water. furthermore, we fol-
lowed the natural dynamics of the zooplankton commu-
nity in the oxbow lake. 

METHODS
in order to define the geo-morphological evolution of

the to oxbow lake, in april 2012 at the minimum level
of water, we measured the dimensions and the bathymetry
of the basin with a laser rangefinder leica DiSto a5
(leica DiSto, nocera inferiore, italy) and a hydrometric
pole. We also followed the hydrometric variation of the
oxbow lake by using a 5 cm graduate pole, which we po-
sitioned in the northern part of the basin for the duration
of the year-long survey. 

We recorded the principal chemical-physical parame-
ters of the water once a month: temperature, transparency,
pH, dissolved oxygen, nitrate (n-no3), nitrite (n-no2),
ammonia (n-nH4), total nitrogen (tot n) and total phos-
phorus (tot P), biochemical oxygen demand (BoD5) and
chemical oxygen demand (coD). We analysed the prin-
cipal chemical data by means of Merck’s spectroquant
chemical kit and a photometer noVa 60 (Millipore, Bil-
lerica, Ma, USa). in order to compare the current status

Fig. 1. Study area. to, Topo oxbow lake.
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of the oxbow lake with the status described 24 years ago,
we repeated the same protocol zooplankton survey pro-
posed by cantonati and Sconfietti (1996): we used a mod-
ified plankton net which was built specifically for
sampling in shallow waters by Sconfietti and cantonati
(1990). the floating plankton net was towed for 5 m, thus
collecting 625 l of filtered water; samples were then fixed
and identified in the laboratory. for each sample we col-
lected four replicates for the subsequent statistical analy-
ses. in order to describe the zooplankton community, data
were analysed by means of univariate analysis such as
number of species and Shannon index diversity, which in-
tegrates the species richness and their abundance in a
given community (Shannon and Weaver, 1949). More-
over, with the aim of highlighting seasonal difference in
the zooplankton community, samples were analysed
through a multidimensional scaling (MDS) analysis, a
multivariate technique that reveals the structure of the data
set by plotting points in two dimensions; an anoSiM test
was performed in order to confirm the statistical signifi-
cance. a SiMPeR analysis was then applied in order to
define the most dominant species for each season. all the
statistical analyses were carried out using the software
PRiMeR 5.0 (clarke and Warwick, 1994).

furthermore, due to the small size of the biotope, we
carried out a visual census of the entire wetland area, iden-
tifying and marking the distribution of the vegetation in
the oxbow lake and monitoring its natural dynamics.

RESULTS

The Topo oxbow lake 24 years ago

if we consider the usual boundaries of the water’s
edge nowadays, we can see that the oxbow lake had a dif-
ferent shape in the past: it was more elongated, especially
in the south-western part where there was a shallow area
(fig. 2). in total, the oxbow lake was 167 m long and 67
m wide, with a maximum depth of 230 cm and an esti-
mated water area of 3900 m2 (cantonati and Sconfietti,
1996). the hydrometric level of the oxbow lake was
closely linked to the variation of the water level of the ti-
cino river: the highest level was recorded in June 1989,
corresponding to the spring rains. the bottom consisted
of sand and gravel and was covered by a layer of organic
matter. in 1988-1990, a total of 21 species of aquatic or
hygrophyte plants were recorded (tab. 1). the north-east-
ern edge of the basin was occupied by two dominant
species of reeds: Phragmites australis and Schoenoplectus
lacustris. in addition, there were a few specimens of Spar-
ganium erectum and Scirpus sylvaticus. the most abun-
dant aquatic species was Myriophyllum spicatum, which
reduced the presence of other submerged plants, in par-
ticular Potamogeton spp. and Najas minor. on the other
hand, floating leaf plants such as Nymphaea alba and

Nymphoides peltata and the submerged Lagarosiphon
major and Ceratophillum demersum were not influenced
by the abundance of M. spicatum; N. peltata was mainly
distributed in the south-western part of the oxbow lake.
furthermore, in June 1990, the first specimen of Nuphar
lutea was recorded. 

the chemical parameters recorded described the typical
seasonal dynamics of small wetlands: a slight dystrophic
crisis was recorded in the summer of 1988 and in novem-
ber 1988. except for these two occasions, the percentage

Fig. 2. the shape of the Topo oxbow lake in 1989 (straight line)
and 2012 (dashed line). t-t’, longitudinal transect; a-e, trans-
versal transects.

Tab. 1. list of hygrophitic and aquatic plants collected in 1988-
1990 and in 2011-2012.

1988-1990 2011-2012

Agrostis stolonifera l. + -
Ceratophyllum demersum l. + -
Chara spp. - +
Glyceria spp. - +
Lagarosyphon major (Ridley) + -
Lythrum salicaria l. + -
Myriophillum spicatum l. + -
Najas flexilis (Willd.) Rostk. & Schmidt + -
Nymphaea alba l. + -
Nymphoides peltata Kuntze + +
Nuphar lutea l. + +
Phragmites australis + +
Polygonum mite (Schrank) assenov + -
Potamogeton crispus l. + -
P. lucens l. + -
P. natans l. + -
P. pectinatus l. + -
P. perfoliatus l. + -
Rorippa amphibia l. + -
Schoenoplectus lacustris l. + -
Scirpus sylvaticus l. + -
Sparganium erectum l. + -
Utricularia australis l. + +

+, detected; -, not detected.
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of oxygen saturation was always above 100%. pH values
varied from neutral to weakly alkaline, in accordance with
the dissolved oxygen variation. a dystrophic crisis had led
to a high concentration of orto-phosphorus in these two pe-
riods; however, in general it was always under 0.5 mg l–1.
the concentration of nitrogen compounds was always very
low: nitrites varied between 0.07 and 0.017 mg l–1, nitrates
varied between 0.153 and 0.036 mg l–1 and ammonia var-
ied between 0.902 and 0 mg l–1. the zooplankton commu-
nity was composed of 13 species of cladocerans, 3
copepods, 12 Rotifers and 5 Protista (tab. 2). the mean

density recorded was 100,000 ind m–3 but, on a few occa-
sions, the density of zooplankton reached 400,000 ind m–3.
the Shannon diversity index (H’) ranged from 0.2 to 2.5
and the number of species (S) ranged from 4 to 12. all the
chemical and biological data details are listed in Sconfietti
et al. (1990) and cantonati and Sconfietti (1996).

Current status of the Topo oxbow lake 

the water surface area of the oxbow lake (2812 m2)
is smaller than it was in the past: it has an oval shape, 50
m wide and 90 m long (fig. 2); the maximum width of
the basin (53 m) is at the centre, which is also its deepest
part (160 cm). the mean hydrometric level of the oxbow
lake was 58.43±23.44 cm with a minimum level recorded
in april 2012 and a maximum recorded in november
2011 (fig. 3). although the bottom of the basin is covered
by a thick layer of organic matter, it is actually made of
gravel; this is evidence of its riverine origin. Shallow
depth and good water transparency is an ideal habitat for
aquatic vegetation: in total there are 6 species of aquatic
or hygrophytic plants (tab. 1). the north-eastern edge of
the basin is occupied by the marshy plant species Phrag-
mites australis, the center of the basin is dominated by the
floating leaf plant Nuphar lutea, and the rest of the oxbow
lake is colonised by green algae Chara spp. the rest of
the aquatic vegetation comprises a few specimens of
Glyceria spp., Nymphoides peltata (mainly in the eastern
part of the basin), and a few floating plants of Utricularia
australis. the photosynthesis processes of aquatic plants
influence pH values, which vary in the oxbow lake be-
tween 7.8 and 6.6, and the water is almost always super
saturated (dissolved oxygen=101.5±48%). High abun-
dance of plants also influences the level of nitrogen com-
pounds, which are very low in the oxbow lake: n-nH4

varies between 0.06 and 0.007 mg l–1, n-no2 concentra-

Tab. 2. list of the zooplankton species found in 1988-1990 and
in 2011-2012.

1988-1990 2011-2012

cladocerans
Acroperus harpae (Baird) + -
Alonella excisa Brehm + -
Alona guttata Sars + -
Biapertura affinis leydig + -
Bosmina longirostris Müller + +
Chydorus sphaericus Mueller + -
Ceriodaphnia laticaudata Müller + -
Daphnia longispina Müller + -
D. obtusa Müller - +
Diaphanosoma brachyurum liévin + -
Macronthrix hirsuticornis norman and Brady + -
Moina micrura (Kurz) + +
Pleuroxous aduncus Baird + +
P. truncatus Müller + -

copepods
Diaptomus spp. + -
Mesocyclops edax forbes + -
M. leuckartii claus + -
Thermocyclops dybowskii landè - +

Rotifers
Asplanchna priodonta gosse + +
Brachionus angularis gosse + +
B. calyciflorus Pallas - +
B. quadridentatus Hermanns - +
B. falcatus Zacharias + +
B. patulus (Müller) + +
Filinia longiseta (ehrenberg) + +
Keratella quadrata (Müller) + +
K. cochlearis (gosse) + +
K. tropica (apstein) + -
Lecane luna (Müller) + -
L. quadridentata (ehrenberg) + +
Platyas quadricornis Harring - +
Polyarthra euriptera Wierzejski + +
Trichocerca cylindrical Sudzuki + -

Protista
Centropyxis aculeata (ehrenberg) + -
Difflugia acuminate ehrenberg + -
D. corona Wallich + -
D. lobostoma leidy + -
D. oblonga ehrenberg + -
Acanthocystis chaetophora carter - +

+, detected; -, not detected.

Fig. 3. Bathymetry profile of Topo oxbow lake recorded at the
minimum hydrometric level (april 2012). a-e, transversal tran-
sects (see also fig. 2).
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tion ranges from 0.08 to 0.006 mg l–1 and n-no3 concen-
tration is always under the sensibility of the photometer.
total nitrogen is relatively high due to the organic matter
decomposition, ranging from 2 to 0.4 mg l–1. the south-
eastern part of the basin, where we sampled zooplankton,
is the deepest area of the oxbow lake and there is no
aquatic vegetation.

the zooplankton community contains 18 species: 4
cladocerans, 1 copepod, 12 Rotifers and 1 Protista (tab. 2).
a univariate analysis of the zooplankton community shows
a mean density of 770.09±830.6 ind m–3, a mean number
of species of 7.7±2.05 (fig. 4) and a mean Shannon diver-
sity of 2.07±0.37 (fig. 5); all of these structural community
parameters show a slightly seasonal trend. Multidimen-

sional scaling analysis suggests a seasonal difference
among samples (fig. 6) and an anoSiM test confirms this
hypothesis (R: 0.63, P=0.001). SiMPeR analysis reveals
that the zooplankton community in summer is dominated
by copepodites nauplii (24% of the total) and the Rotifer
Asplachna priodonta (21% of the total); in autumn the most
abundant taxa are copepodites nauplii (30.7% of the total)
followed by the cladoceran Pleoroxous aduncus (20% of
the total); winter is characterised by a high abundance of
the Rotifer Keratella quadrata (23% of the total) and the
cladoceran Bosmina longirostris (22.6% of the total);
spring is dominated by B. longirostris (24.1% of the total)
and A. priodonta (20.3% of the total). the seasonal varia-
tions of the most abundant species are presented in fig. 7.

Fig. 5. Seasonal trend of Shannon diversity
index (H’).

Fig. 4. Seasonal trend of number of species (S).
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DISCUSSION

the morphology of the oxbow lake has changed over
time: 24 years ago it was longer and deeper than it is
today. the reduction of the area of the basin is only par-
tially due to impoundment; it is more directly linked to a
progressive decrease of the hydrometric level of the main
course of the ticino river, which is a consequence of its
erosion activity. these morphological changes that de-
scribe the natural evolution of an oxbow lake could influ-
ence the biotic communities which inhabit the ecosystem
such as fish, zooplankton and plants.

ellenberg (1974) classified vascular plants of the ger-
man flora according to six ecological factors: light, tem-
perature range, geographical distribution, humidity, soil
pH and concentration of nutrients. in 1980, Pignatti clas-
sified the italian flora using the same method and, accord-
ing to his classification, it is possible to use italian flora
as a bio-indicator. the most abundant aquatic plant 24
years ago was the submerged Myriophillum spicatum,
which prefers to live in shadow water or in full light, but
only for short periods. it is typical of temperate areas, it
tolerates large temperature variations and usually inhabits
soil which is neutral-basophile and rich in nutrients (Pig-
natti, 1980). other submerged plants, such as Nymphaea
alba, Nymphoides peltata and Lagarosiphon major in-
habit temperate areas in shallow full-light biotopes (from
30 to 110 cm deep), characterised by low water currents
and neutral-basophile in rich nutrient soil (Pignatti, 1980). 

nowadays, the vascular flora of the oxbow lake con-
tains drastically fewer species than it did in the past. Many
species have totally disappeared: Schoenoplectus lacustris,
Potamogeton spp., Ceratophillum demersum and Myrio-

phillum spicatum. Nymphaea alba, whose distribution has
drastically reduced in lombardia (Regione lombardia,
2010), has been completely substituted by Nuphar (N.)
lutea, which appeared for the first time in the to oxbow
lake in 1990 and proceded to become the dominant aquatic
plant in this wetland. N. lutea is a floating leaf plant with a
broad ecological range with respect to water alkalinity, tol-
erating well-buffered and even acidic water bodies
(Hutchinson, 1975; Smits et al. 1988; Shimoda, 1993). it
is also well-adapted to anoxic sediments (grosse, 1996) and
is usually found at a depth ranging from 50 cm to 2 m
(laing, 1941). N. lutea has low sensitivity to physical-
chemical water characteristics, which is probably due to the
fact that its colonization is linked to the availability of very
thick muddy substrata rather than to a specific trophic level
(gomarasca et al., 2010). the tolerance and capability of
N. lutea to form dense networks between specimens could
be an advantage in the competition with other plants which
colonise the lentic waters of the Po river plain. 

another dominant component of the current aquatic
vegetation, which was absent in the past, is the algae of
the genera Chara. these algae are typical of shallow low
current fresh water bodies with a silty/clay or sand sub-
strate (corillion, 1975; carbiener et al., 1990). characee
are considered to be indicators of oligotrophic or
mesotrophic biotopes with low nutrients and high alka-
linity (Blindow, 1992, 1994): biotopes with these green
algae are quite rare in the Po river plain (Habitat Directive
92/43/ec) (european community, 1992). aquatic plants
provide a good haven for zooplankters against fish pred-
ators (Moss et al., 1998). 

a comparison of the zooplankton community in
1989-1990 and 2011-2012 revealed a general decrease

Fig. 6. Seasonal multidimensional scal-
ing plot of the zooplankton community.
SU, summer; aU, autumn; Wi, winter;
SP, spring.
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in species number: from 29 to 18 (tab. 2). in particular,
the number of species of cladocerans dramatically de-
creased: from 14 in 1989-1990 to 4 in 2011-2012. the
number of Rotifers remained almost unchanged, while
the number of copepod species decreased from 3 to 1.
the density of zooplankters also drastically changed:
during 1988-1990, the density reached very high num-
bers (400,000 ind m–3), whereas 24 years later, it never
exceeded 3400 ind m–3. Rotifer is the most abundant
group of the community. this could be explained by the
following reasons: they have a high reproduction rate,
they are more tolerant than several cladocerans, and
they can also survive with a lower concentration of food
(Stemberger and gilbert, 1985). 

another important factor could be their body size: in
a biotope with a high density of fish, such as the to
oxbow lake, Rotifers are too small to be selected by most
visually feeding fish which tend to prey on large clado-
cerans and copepods (gilbert, 1985). in a pond in central
italy, Margaritora et al. (2001) obtained similar results:
high abundance of small zooplankters, such as Rotifers,
was related to the presence of the mosquitofish Gambusia
affinis and its selective predation of the large-bodied
species. in their study, the elimination of this fish led to

an increase in large-bodied species and a decrease in the
density of smaller organisms.

furthermore, Rotifers are generally superceded by
large cladocerans (e.g. Daphnidae) because they occupy
the same food niche (Bogdan and gilbert, 1984, 1987;
Brendelberger, 1985; Brendelberger and geller, 1985;
gilbert, 1985; infante and edmondson, 1985; Kerfoot et
al., 1985; Knisely and geller, 1986) but they can easily
coexist with small cladocerans such as Bosminidae
(gilbert, 1988). according to the Saprobic system, the
Rotifers Keratella quadarata, Brachionus spp., Pol-
yarthra euryptera, Asplanchna priodonta and Filinia
longiseta are classified as oligo-β-mesosaprobic or
β-mesosaprobic and they are typical of meso-eutrophic
waters (Sládeček, 1983). another indicator of a meso-eu-
trophic level is the cladoceran Bosmina longirostris: it is
still the most abundant species 24 years later, but its den-
sity has decreased from nearly 500,000 ind m–3 to a max-
imum density of 2000 ind m–3.

chemical parameters do not show detrimental changes
between the past and today: for example, nitrogen com-
pounds recorded in 2011-2012 are lower than they were
in the past. However, all chemical parameters classify to
oxbow lake as a mesotrophic basin. 

Fig. 7. Seasonal trend (logarithmic scale) of the dominant species of the zooplankton community (ind. m–3). a) Asplanchna priodonta;
b) Keratella quadrata; c) Bosmina longirostris; d) nauplii.
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CONCLUSIONS

the geo-morphological and biotic community
changes in the to oxbow lake are typical of riverine wet-
lands, thus supporting the hypothesis that to is following
its natural evolution. according to data recorded by the
agenzia Regionale per la Protezione ambientale (aRPa),
1988-1990 were years with lower rainfall (500 ml/year)
than those registered in 2011-2012 (900 ml/year) but, de-
spite that, the water area of the oxbow lake has reduced.
the decreasing hydrometric level of the ticino river, and
consequently of the perched aquifer that feeds the oxbow
lake, has probably accelerated the evolution of the wet-
land towards progressive impoundment. the high plant
biomass that existed in the past could be considered to
have been the first step towards eutrophication, but the
oxbow lake remained at mesotrophic level due to high
biodiversity and dissolved oxygen levels in the water
(Sconfietti and airò, 1992).

nowadays, the lower aquatic plant biodiversity (tab. 2)
suggests a trophic level shift towards eutrophication. By fol-
lowing the zooplankton community, we can reach the same
conclusion: a loss of biodiversity and a reduction in the den-
sity of zooplankters could be due to the endogenous evolu-
tion of the oxbow lake. these ideas are not supported by
physical and chemical parameters which suggest that to is
still at mesotrophic level. the high abundance of aquatic
plants directly reduces the levels of dissolved nitrogen com-
pounds, which are the principal source of available nitrogen
for primary production, by segregating them within plant
tissue; this may explain why we classify the oxbow lake as
a mesotrophic basin. However, assessing the trophic level
of an oxbow lake through chemical parameter boundaries
found in literature is problematic because the values usually
refer to lakes, as reported in Margalef (1983). the zooplank-
ton community is certainly a useful indicator of trophic con-
ditions of the water, but its changes are also linked to other
ecological factors such as fish predation and water pollution
and it is thus difficult to determine which is the main factor;
changes in species composition is also due to a natural evo-
lution of the community, as reported by ferrara et al. (2002)
for lake Bracciano, and tavernini et al. (2009) in the north-
ern appennini. nevertheless, as suggested by cottenie et
al. (2003), other environmental variables that have not been
measured may affect the zooplankton community structure. 

our results suggest that this oxbow lake is an important
habitat from an ecological point of view because it is one
of the few riverine biotopes where the anthropogenic pres-
sure is not as high as in other wetlands. the biodiversity
loss is mainly due to the natural evolution of the marshy
ecosystem, characterised by a progressive and low im-
poundment, so it should not be considered as an environ-
mental alarm. River erosion activity, deposition and flood
events are part of a complex dynamic geomorphological
process which leads to new lentic biotopes and wetlands.

However, anthropogenic rectification of a river alters this
virtuous mechanism, often disrupting the formation of new
wetlands; as a consequence, the disappearance of a wetland
is not compensated for by the creation of a new one.

therefore, despite its loss of biodiversity, the to
oxbow lake still contributes to maintaining high environ-
mental variability in an area surrounded by intensive agri-
cultural activities such as the ticino river plain. this is
one of the main reasons why a gentle restoration of this
biotope is planned within the cariplo foundation project
Ecological and hydromorphological requalification of
wetlands in the Ticino area around Pavia: a slight exca-
vation of the bottom of the oxbow lake and a restoration
of the original hydraulic interconnection between to
oxbow lake and other adjacent wetlands, with the aim of
rejuvenating the physical habitat to ensure the long-term
ecological functioning of the aquatic environment. fur-
thermore, preceded by the eradication of some specimens
of Nuphar lutea, it would be beneficial to attempt to rein-
troduce the threatened aquatic species Nymphaea alba,
which was very abundant 24 years ago.
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