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ABSTRACT

The water chemistry and phytoplankton population of Lake Endine, studied since 1973,
are showing a gradual improvement in water quality, with a shift from conditions of hyper-
trophy in the 70’s and 80’s, to mesotrophic conditions since 1994. These variations are in
agreement with the decrease in the phosphorus load from the watershed, brought about
through the construction of an o-ring which collects sewage from all the shoreline population
centers. A further cause of the improvement is the reduction of P in detergents, mandatory in
Italy since the early '90s. The paper summarises the main results of the long-term monitoring
which makes this lake one of the best studied in Italy.
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1. INTRODUCTION

Lake Endine is a small basin, located at an altitude of 334.5 m a.s.l., in the
Northern part of the Cavallina Valley (Lombardy, N. Italy) which belongs to the hy-
drographic basin of the River Oglio (Fig. 1). The lake has glacial origins from a mo-
renic damming, a regular elongated (6.08 km) shape running NE-SW, a surface area
of 2.34 km2, a modest average depth (5.1 m), and is characterised by a high ratio
between the area of the watershed and that of the lake itself (14.4), typical of glacial
lakes. The lake is dimictic and freezes over most of its surface for 1-2 months during
winter. The theoretical renewal time, calculated from the lake volume and the mean
water inflow, was thought to be 100 days but now the actual renewal time of the
water can be estimated, considering stratification and sedimentation, at about 2 years
(Bonomo et al. 1990). The basin has no important tributary and is fed by a few
streams in addition to sublacustral springs. The outflow is the River Cherio, which
leaves the lake at the south-west extremity, running along the Cavallina Valley until
it joins the River Oglio. The drainage basin, oriented NE-SW, is of the prealpine
type; it covers an area of 36.03 km2, lake included, with a median altitude of 685 m
a.s.l., rising to a maximum of 1381 m (Mount Grione) in the northern part. Other
morphometric and hydrological characteristics of the lake and drainage basin are
shown in table 1. The watershed includes six municipalities (Endine-Gaiano, Bian-
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zano, Spinone al Lago, Ranzanico, Monasterolo del Castello and Solto Collina) with
a total population of about 6000 inhabitants and about 2700 summer visitors. The
only industry at present is a textile factory at Endine and a mineral water battling
plant in Ranzanico; the discharges are collected in the ring sewer and cannot reach
the lake water. There were in the past three industrial centers, with another textile
factory operating in Ranzanico up to 1986; their combined discharge was corre-
spondingly greater but with no marked effect on the chemical budget. Animal waste
production is negligible, as is the run-off of nutrients from fertilised fields.

Fig. 1. Lake Endine and its watershed. (n) chemistry and phytoplankton sampling point;
(bold lines) location of the o-ring collector.

Lake Endine has been studied for twenty years, originally for information on its
trophic level and later to monitor its evolution after recovery interventions. The lake
and its watershed were studied in detail in 1973 by researchers of the C.N.R. Istituto
Italiano di Idrobiologia (Barbanti et al. 1974) who examined their main physical,
morphometric, chemical and biological characteristics. Their conclusions highlighted
the intense productivity of the lake, due to urban wastes and loading from
agricultural land, estimated at 10.2 t P y-1, added to a high internal load deriving
from the lake sediments in the period of anoxia. They also suggested the cutting and
removal of macrophyte (Phragmites australis) biomass after the vegetation cycle, as
management of the shore area and to remove nutrients from the lake.
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Tab. 1. Main morphometric and hydrological characteristics of Lake Endine
and its watershed.

Lake altitude m a.s.l. 334.5
Lake area km2 2.34
Length km 6.08
Max. width km 0.67
Mean width km 0.38
Lake perimeter km 13.93
Max. depth m 9.4
Mean depth m 5.1
Volume m3*106 11.93
Theor. renewal time y 0.27

Mean watershed alt. m a.s.l. 685
Max. watershed alt. m a.s.l. 1381
Watershed area (lake included) km2 36.03
Watershed/lake surface ratio 14.4

Studies on Lake Endine have continued since 1973 with two samplings per year
(de Bernardi et al. 1980; de Bernardi et al. 1985), performed at the spring overturn
and the summer stratification, with the aim of following the long-term hydrochemical
evolution of the lake. In addition, in 1984 a new study, encompassing hydro-
chemistry and phytoplankton population, started on the basis of monthly samples by
the Dipartimento di Biologia, Università di Milano (Garibaldi & Varallo 1985, 1987;
Garibaldi et al. 1993, 1995).

The high trophic level of the lake emphasised the necessity for reducing the
phosphorus load. Bonomo, Bozzini and Calderoni (1978) made a detailed estimation
of the nitrogen and phosphorus loads with a distinction between point and non-point
sources, in the context of a critical evaluation of the various proposals for the recov-
ery of the lake. They showed that the phosphorus load deriving from non-point
sources was sufficient to keep the lake in a mesotrophic state. Bearing this in mind,
as well as the consequent necessity of treating the sewage from point sources to the
highest possible degree, the authors indicated that the best solution was a ring sewer
to collect wastes into a treatment plant on the lake outflow.

According to the project, the diversion of sewage depends on an o-ring collector,
which has been completed on the right side of the lake and also covers most of the
left side (Fig. 1). However, Endine, the most important town, was completely con-
nected to the o-ring only during 1996. The right and left side collectors come to-
gether at the outlet of the lake; the construction of a centralised treatment plant is
planned about 10 km south along the River Cherio, in Trescore Balneario. Until
1986 the collector system discharged close to the outlet of the lake and the action of
wind and currents often brought sewage back into the lake.

This paper will discuss the trophic evolution of Lake Endine, on the basis of the
studies performed since 1973. In particular, the monthly chemical and phytoplankton
data collected in 1973, 1984-85 and 1988-96 will be considered in relation to the
waste diversion operations. The elaboration will be made from published data for the
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period 1973-1985 (Barbanti et al. 1974; Mosello et al. 1986), added to a long series
of monthly samplings and analyses still being performed.

2. SAMPLING

During the three periods of study considered here in detail (1973, 1984-85 and
1988-96), samples were collected monthly in the area of maximum depth (9.4 m).
During 1973 temperature and concentration of dissolved oxygen (Winkler modified
according to A.P.H.A., A.W.W.A., W.P.C.F. 1980) were measured for each meter of
depth, while the samples for chemical analyses were taken at 6-7 different depths.
The chemical variables considered were pH, conductivity, total alkalinity, ammo-
nium, nitrate, reactive and total phosphorus, reactive silica and, since 1984, total ni-
trogen. The samplings between 1974 and 1986 were performed at the same station
and the same variables were examined; furthermore, the concentrations of sulphate,
chloride, calcium, magnesium, sodium and potassium were measured in different
seasonal conditions, in order to calculate the ionic balance of the lake waters. From
1984 to 1996 water samples for chemical analyses were collected at 0, 1, 2, 4, 6, 7.5
m. Temperature was measured with a thermistor and dissolved oxygen was routinely
measured with a Microprocessor Oxymeter, and checked by the Winkler method
(A.P.H.A., A.W.W.A., W.P.C.F.  1985). The chemical variables considered were
pH, conductivity, total alkalinity, ammonium, nitrate, reactive and total phosphorus,
reactive silica and total nitrogen.

Phytoplankton was identified and counted in integrated samples obtained from
samples collected at six depths from 0 to 7.5 m and fixed with Lugol’s solution in the
field. Identification was performed with an inverted Zeiss IM microscope, following
Bourrelly (1966, 1968, 1970) and Huber-Pestalozzi (1938, 1942, 1955, 1962, 1968,
1972, 1982, 1983). Densities were obtained by counting 200 cells for each of the
main species in the monthly integrated sample, therefore accepting a highest error of
15% (Lund et al. 1958). Biovolume was estimated on the volume of each species,
calculated following Rott (1981), multiplied by the density of the species.

Chlorophyll-a was measured spectrophotometrically (Lorenzen 1967) at the six
depths after filtration on 0.45 µm cellulose filter and 24 h extraction with 90% ace-
tone.

Concentrations in tables and graphs are expressed as mean values, weighted on
the volumes of the relative layers of the trophic zone, taken as between 0 and 2.5 m,
and of the tropholithic zone, between 5.5 and 7.5 m. The volumes of these two layers
are 5.84 and 1.80 106 m3, corresponding to 48 and 15% of the whole water volume.
The relationship between depth and volumes used is that calculated by Barbanti et
al. (1974). These two water layers will be indicated in the following as upper and
lower water layers.

For further details of samplings and the analytical methods used, see Barbanti et
al. 1974, Garibaldi & Varallo 1985, Mosello et al. 1986.
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3. RESULTS

3.1. Temperature

Notwithstanding the low maximum depth of the lake, a stable thermal stratifica-
tion is always present in the period between June and September. Winter temperature
ranges between 3 and 5 °C in the whole water mass; the lowest temperature of 2.5 °C
was measured in surface water in January 1991 (Fig. 2a). The lake surface is ice
covered from the middle of December to the second half of January, with the ex-
ception of winter 1988-89, when the ice cover lasted from December to the end of
February, and the winters of 1994, 1995, 1996, when the ice cover was shorter and
incomplete. During summer, the temperature below 5.5 m reaches its highest values
of 17-22 °C in August-September; in the same months the values in the upper layer
range between 25 and 27 °C. The temperature values do not show evident trends in
the study period.
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Fig. 2. Seasonal variations in epi- (--¨--) and hypolimnion (—) of temperature °C (a), oxygen
saturation % (b), pH (c) and alkalinity meq l-1 (d).

3.2. Ion concentration and conductivity

The ionic balance of the lake waters (Tab. 2) shows the importance of calcium,
bicarbonate and magnesium, which alone make up more than 90% of the entire sol-
ute content. The total ionic concentration is quite high (7.75-8.69 µeq l -1) due to the
geological characteristics of the watershed, which is composed principally of dolo-
mite and calcareous rocks. The conductivity values range from 325 to 378 µS cm -1 at
20 °C.  No significant variations in the main ion concentrations have been detected
in the analyses performed at the overturn since 1973.
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Tab. 2. Major ion concentrations (meq l-1) and conductivity (µS cm -1 at 20 °C)
measured at spring overturn.

1973 1984 1985 1991 1996

HCO3
- 3.60 3.40 3.66 3.68 3.70

SO4
= 0.31 0.33 0.42 0.43 0.48

Cl- 0.09 0.10 0.08 0.09 0.08
NO3

- 0.01 0.02 0.04 0.03 0.05
Σ anions 4.01 3.85 4.20 4.33 4.31

Ca++ 2.84 2.70 3.28 3.30 3.20
Mg++ 1.05 1.03 0.92 1.03 1.03
Na+ 0.12 0.15 0.12 0.14 0.13
K+ 0.02 0.02 0.02 0.03 0.02
Σ cations 4.03 3.90 4.35 4.50 4.38
Σ ions 8.04 7.75 8.55 8.73 8.69

Conductivity 341 325 355 378 365

3.3. Oxygen, pH and alkalinity

These chemical variables show distinct seasonal variations, in relation with the
phytoplankton primary production. Dissolved oxygen (Fig. 2b) shows winter satu-
ration between 70-90%; during summer stratification, the water below 4-5 m be-
comes anoxic for periods of two-three months, with the exception of summer 1995,
when the lowest saturation measured was 10%. The highest saturations are measured
in the productive water layers, with values between 120 and 150% and a peak value
of 165% in June 1993.

pH values (Fig. 2c) range between 8.2-8.4 in the winter months, reaching their
highest values of 8.5-8.6 in the upper layer during summer. In the same period the
lowest values of 7.1-7.2 are measured in the water layer below 5.5 m, in relation with
the carbon dioxide oversaturation during the anoxic period. The differences between
surface and deep water values were much higher in 1984-85 than in the period after
1991; in particular the difference was very low in 1995, in relation also to the lower
deficit of dissolved oxygen.

Total alkalinity (Fig. 2d) shows winter values of 3.3-3.5 meq l-1. The surface
layer, as an effect of calcium carbonate precipitation, shows the lowest values of 2.4-
2.7 meq l-1 during the summer period. In the tropholitic layer, the oversaturation of
carbon dioxide partially dissolves the sinking CaCO3, producing the highest values
of total alkalinity (3.6-4.2 meq l-1).

3.4. Nitrogen, phosphorus and silica

Nitrate concentration shows the same variations in surface and bottom waters: in
spring it is quickly consumed by phytoplankton uptake and concentrations remain
lower than 50 µg N l -1 for the whole summer (Fig. 3a). In autumn and winter nitrate
concentration increases, partly due to the input of atmospheric deposition on lake
surface and from the runoff, partly because of the oxidation of ammonium. This is
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formed in the bottom water during the anoxic period, reaching high values, up to
1600 µg N l -1 in 1984-85 and 1800 µg N l -1 in 1989 (Fig. 3b). At the autumn over-
turn, ammonium is distributed over the whole water column, reaching values up to
350-400 µg N l -1. The seasonal variations of total nitrogen follow those of ammo-
nium (Fig. 3d)
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Fig. 3. Seasonal variations in epi- (--¨--) and hypolimnion (—) of nitrate µg N l -1 (a), ammo-
nium µg N l -1 (b), organic nitrogen µg N l -1 (c), and total nitrogen µg N l -1 (d).

Organic nitrogen concentrations are relatively high, showing a decrease in the
study period from 400 to 300 µg N l -1 in 1988-91 and 1995-96, respectively. Peak
values up to 1000 µg N l -1 were detected in the deep water during thermal stratifica-
tion (Fig. 3c).

Total phosphorus concentrations (Fig. 4a) show clear seasonal variations, with
the highest values in the lower water layer at the end of the thermal stratification.
Peak values of 150-200 µg P l -1 were reached in 1984-85; in the following years they
decreased to 100-130 µg P l -1 in 1989-93 and 76-50 µg P l -1 in 1994-96. TP
concentrations are lower in the productive layers, where a reduction is also evident.
Mean values decreased from 40-60 µg P l -1 in 1984-86 to  10-25 µg P l -1 in 1995 and
1996.

Reactive silica (Fig. 4b) shows the lowest surface values in spring, in relation
with the uptake of the diatom population, mainly composed of Cyclotella comensis
Grun., while the highest values, up to 5-6 mg Si l-1, are measured in the deepest
water at the end of the thermal stratification. Seasonal variations are quite regular,
with the exception of 1991 when, in coincidence with a very low diatom density in
comparison with the other years, epi- and hypolimnetic silica concentrations re-
mained very high.
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Fig. 4. Seasonal variations in epi- (--¨--) and hypolimnion (—) of total phosphorus µg P l -1

(a) and reactive silica mg l-1 (b).

4. DISCUSSION

A more synthetic view of the variations occurring in Lake Endine may be ob-
tained from the mean annual concentrations in the trophogenic and tropholithic lay-
ers of the variables which are more directly related to the trophic conditions of the
lake (Fig. 5).

The most evident variation is that of total phosphorus, whose mean concentra-
tions in the lake decreased from 48 and 54 µg P l -1 in 1973 and 1984 to 18 in 1995
and 1996 (Fig. 5d). This produced a lowering of the phytoplankton biomass, as is
roughly indicated from the decrease in chlorophyll-a concentration and the increase
in transparency (Figg 6a, 6b).

The decrease in biomass coincides with variations in species composition. Some
species were present during the entire study period, while others disappeared.
Among Cyanobacteria, Merismopedia tenuissima Lemm. regularly appears in July,
August and September, while the genus Anabaena, abundant in 1973 and 1984, has
disappeared. Among Bacillarioficeae, the Cyclotella genus is regularly present in the
lake, with the species C. comensis Grun., present in all months, C. comta (Ehren.)
Kuetz particularly abundant in September and October and C. ocellata Pant., spo-
radically present. Fragilaria crotonensis Kitton, very abundant in 1973 and in the
80’s, has disappeared, as has the spring species Synedra ulna (Nitzsch.) Ehb. and
Asterionella formosa Hassal. The class of Chrysophiceae has never been important
in Lake Endine; only Dinobryon divergens Imhof. is regularly present in April, with
a fourfold decrease in density from 1973 to 1994. Among Cryptophiceae, Rhodo-
monas minuta Skuja, present the whole year, and Cryptomonas erosa Ehren., present
in late summer and autumn, have decreased to a tenth of their former density. The
Peridineae family, unimportant in 1973, showed a marked increase with Phytodinium
globosum Pasher in 1984 and 1988-89, with two peaks in May and November, when
this family makes up 70% of the total phytoplankton biomass; in 1992-94 the
progressive disappearance of the November peak was observed. Variations occurring
in the Cloroficeae are notable, both in density and in species composition. The genus
Scenedesmus is disappearing, while the genera Tetrastrum, in spring, and
Crucigenia, in autumn-winter, are still present; the genus Chlorella disappeared in
1994.
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Fig. 5. Mean annual values of oxygen saturation % (a), nitrate µg N l -1 (b), ammonium µg N
l-1 (c), total phosphorus µg P l -1 (d) and reactive silica mg l-1 (e), in epilimnion (------), hy-
polimnion (——) and whole lake (—¨—).

The most evident effect of the decreased trophic conditions on the chemical
variables is the improved oxygenation of the water. Even in the tropholitic layer,
systematically anoxic during summer stagnation, mean annual concentrations in-
creased from 28-35% saturation in the years 1988-90 to 44-58% in 1995-96 (Fig.
5a). A related aspect is the increase in concentrations of nitrate (Fig. 5b), and the
decrease in ammonium, particularly evident in the bottom layer (Fig. 5c).

Silica concentrations are strictly related to diatom density (Fig. 5e). In July 1991
the highest silica concentrations of 4.5 mg Si l-1 coincided with the lowest diatom
density of 4500 cell ml-1 (C. comensis and C. ocellata); on the other hand the highest
densities of 23000 cell ml-1 (May 1992, C. comensis and C. comta) and 11000 cell
ml-1 (March 1994, C. comensis) are related to silica concentrations below 1 mg Si l-1.

Taken as a whole, the chemical variables, chlorophyll-a and transparency indi-
cate a decreased trophic level of the lake. Is this decrease in agreement with the re-
duction of the phosphorus load brought about by the waste diversion? A reply to this
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question requires an estimation of the P load reduction achieved and the use of a
statistical model to relate the P load to the trophic condition of the lake.
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Fig. 6. Chlorophyll-a concentration µg l -1 (a) and Secchi disk transparency m (b).

The first aspect has been considered in detail in a previous paper (Garibaldi et al.
1995). P loads before and at different stages of construction of the o-ring were cal-
culated on the basis of the number of inhabitants in the watershed, with a distinction
between those connected to the ring and those still untreated, the use of the soil (un-
cultivated and cultivated areas), the extent of animal husbandry and the presence of
tourists. Furthermore, the evaluation took into account the reduction of P content in
detergents which became law in Italy during this period (Mezzanotte et al. 1993).
The results (Tab. 3) show a decrease from 10.2 t P y-1 in 1981, before the construc-
tion of the ring was started, to 2.1 t P y-1 in 1992 and to 1.8 t P y-1 after the complete
connection of Endine to the o-ring in December 1996.

Tab. 3. Phosphorus load to Lake Endine estimated from soil
leaching and urban discharge.

Phosphorus loads (t y-1)

1981 10.20
1986 6.75
1992 2.14
1996 1.80

These loads have been related to the trophic condition of the lake using the
O.E.C.D. statistical approach (O.E.C.D. 1982). The applicability of this relationship
is however subject to the following conditions: a) the algal production must be lim-
ited by phosphorus and b) the morphometric, hydrologic and biological characteris-
tics of the lake must fall within those considered in the O.E.C.D. work. Both of these
conditions are present in the case of Lake Endine.

As the model uses as inputs the mean TP concentration of the inflowing waters
and the theoretical water renewal time (Tw), an evaluation of the inflow and outflow
volumes are needed. We used the outflow value of 1.4 m3 s-1, which corresponds to a
theoretical renewal time of 0.27 years.
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The plot of the inflow concentration versus the Tw at the various stages of con-
struction of the o-ring (Fig. 7) shows that the starting (before 1981) P concentration
of the inflowing water is placed in the eutrophic area. The 1986 improvement does
not significantly change the situation, whereas in 1996 conditions are close to the
threshold of mesotrophy, assumed as an in-lake P concentration of 20 µg P l -1. A
further improvement in the condition of the lake is expected when all the population
in the watershed is connected to the o-ring (predicted for the year 2000). Bearing in
mind the statistical approach of the model, the wide margin of error associated with
the estimates, and the possible existence of several mechanisms slowing the recovery
of the lake, the indications obtained seem in agreement with the improvement in
trophic conditions observed in the last few years of observation and described in this
paper.
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Fig. 7. Position of Lake Endine in the O.E.C.D. (1982) synthesis diagram in different years.

The cutting and removal of Phragmites australis, regularly performed in winter
since the beginning of the eighties, has contributed both to slowing down eutrophi-
cation and to accelerating the still partial recovery. Furthermore, the correct man-
agement of the Phragmites helps to maintain the different habitat present at the in-
terface between land and water.

An important aspect is that the reduced anoxia of the bottom water will reduce
the release of phosphorus from the sediments; in this case a substantial decrease in
the internal phosphorus load is to be expected, with a beneficial effect on the water
quality.
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5. CONCLUSIONS

Lake Endine, thanks to the detailed studies performed in 1972-76, 1984-85 and
its continuous monitoring since 1987, is one of the best-studied Italian lakes. The
general features of the lake, such as its low maximum depth and the presence of
population and productive activities in its watershed, caused severe eutrophication of
its water, with negative effects on its use. On the other hand, studies performed on
algal pigments in sediment cores indicate that the original condition of the lake, prior
to anthropogenic disturbance, was most probably mesotrophic (Guilizzoni et al.
1982, 1983). The construction of an o-ring, with the diversion of sewage to the outlet
has substantially decreased the P load, although several problems have delayed
completion of the ring in 1996. Furthermore, a decrease in the P load has resulted
from the banning of P from detergents, which gradually became low in Italy in the
second half of the eighties.

The improvement in the quality of the lake water has been slow, mainly because
of the importance of the internal load, enhanced by the anoxia of the hypolimnion
during summer stratification. Nevertheless, during the last two years the water
chemistry has shown clear signs of an improvement in water quality. These signs are
the progressive decrease of in-lake P concentrations, the improved oxygenation of
the deep water, with a decrease in ammonium and an increase in nitrate, the lowest
pH maxima in the epilimnion. The phytoplankton variations are in agreement with
those of the chemical variables, as indicated by the decrease in chlorophyll-a and the
increase in transparency. Furthermore, the disappearance of Anabaena sp. and F.
crotonensis and A. formosa indicates improved trophic conditions.

Also from the quantitative point of view, the improved water conditions result in
agreement with the decrease in P load, following the O.E.C.D. (1982) approach.

Of course, the improved conditions of the last two years are not enough to sustain
the complete recovery of the lake; rather, the present condition of the lake is a
delicate passage from eutrophy to mesotrophy. A key variable at this stage is the re-
duction of the internal load, as the amount of phosphorus stored in the sediments
during the last few years is substantial.

At this stage, the greatest care must be taken to avoid any further increase of
sewage discharge into the lake, while the o-ring is being completed. At the same time
it is important to continue removing the macrophytes, with the same procedures used
in past years, and monitoring the water quality, to follow this delicate transitional
phase in the lake’s history.
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