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ABSTRACT

The lakes in the Italian region of Lazio, and in particular Lake Bracciano, have suffered due to reduced
rainfall during the most recent years (1264.8 mm in 2014 vs 308.4 mm in 2015 and 883.6 mm in 2016
in Lake Bracciano). Moreover, Lake Bracciano exhibits both a direct water withdrawal (as drinkable
water for the city of Rome and several other towns), and an indirect one, by the groundwaters, for
agriculture. The 1.5 m water reduction, never observed in the last two decades, bared over 10 m of the
littoral zone with the consequent exposition of gravel shores, trashes and reduction of the bottom areas
involved in the denitrification process. This condition poses a threat to the ecosystem and to the human
profits in term of eutrophication, healthy water loss, ship handling difficulties, touristic boats included,
and tourism decline. In a previous investigation, we sampled the epilithic algae in the littoral zone of
Lake Bracciano and estimated their nitrogen isotopic signature (§'°N). We highlighted the presence
of diffuse organic and inorganic nitrogen inputs not intercepted by the wastewater collection system.
These inputs, in synergy with water-level reduction, are able to undermine the ecosystem structure and
health. In this paper, we show the nitrogen isotopic signatures, and their sources, as euros gained by
parking meters for non-residents. We highlight the role of the touristic pressure not intercepted by the
wastewater treatment plant in terms of 8'>N increase during the most critical season (i.e. summer).
The results show strong increases of euros gained and consequent 8'°N signature increases
(9%o < 8'°N < 17%o) from the end of June to the middle of August. We provide evidence supporting the
need to adopt management policies to preserve the ecosystem services and related human health and
earnings.
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1 INTRODUCTION

Lake ecosystems represent impressive and irreplaceable sources of ecosystem services,
including drinkable water, irrigation water for agriculture, fishing and leisure activities
[1]-[3]. On the other hand, human activities can determine nutrient inputs, especially
nitrogen and phosphorus, in the water body [4]-[9] and turn them to pressures. In lacustrine
ecosystems nitrogen enrichment can enhance algal blooms with severe consequences for
ecosystem, human health and profits [10]-[12]. Therefore, the identification of the
organic/inorganic origin and seasonal dynamics of inputs is essential in order to establish
the proper management initiatives.

Lake Bracciano [13]-[16], located north of Rome in the Central Italian Volcanic Lake
District (CIVOILD), represents an interesting case of study since it: (1) is a regional park
since 1999, (2) exhibits several human activities (from agriculture and fisheries to recreation
and tourism especially in Summer), (3) is the water source for the CO.B.I.S. (Consorzio del
Bacino Idrico Sabatino, which includes the towns of Anguillara-Sabazia, Bracciano,
Manziana, Oriolo-Romano and Trevignano Romano) population and (4) is the main drinking
water reservoir for the city of Rome, by direct water extraction [17]. The latter two points are
particularly crucial. As a matter of fact, direct (as drinkable water) and indirect (for
agriculture) withdrawals together with rainfall reductions (1264.8 mm in 2014 vs. 308.4 mm
in 2015 and 883.6 mm in 2016), produced an alarming water level decline, never observed
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in the last decades [18]. In fact, the water level has reduced by 1.5 meters, thus exposing 10
meters of bare littoral zone [19]. This alarming condition of the hydrological balance can
affect the benthic community [20] and the denitrification processes [21] with consequent
nitrogen accumulation, which, in turn, can promote algal blooms [22] and boost the
deterioration of water quality and ecosystem services.

In a previous work [23], we were able to identify the different types of nitrogen inputs
(both organic and inorganic) affecting the Lake Bracciano littoral zone and their space-time
dynamics (related to the different human activity magnitudes along the whole perimeter in a
yearlong monitoring study), by the nitrogen isotopic signature of the epilithic association,
8N. Epilithic 8'°N turned out to be a very flexible, easy to collect and manipulate, and
species-specific independent monitoring tool [23]. Using the 3!°N values, we were able to
identify the organic impacted area in the western littoral side of the lake. This side, in
summer, was characterized by a high touristic pressure, partially not intercepted by the
wastewater collection system, reflected by 3'°N values over the threshold of the 6%o and 9%
and therefore classifiable, respectively, as moderate organic and highly organic impacted
[23].

Aims of this paper are to quantify the relationship between organic 3'°N and tourism
activities in this zone (in terms of parking meters earnings), to estimate the 8'°N values
especially in July and August and to provide reasonable evidence for the pressing needs for
management policies of Lake Bracciano especially during the summer season.

2 MATERIALS AND METHODS

Lake Bracciano (42°07°16”N; 12°13°55”E) is a volcanic lake located in central Italy, 32 km
northwest of Rome (Lazio, Italy). It has a surface area of 57 km? and a perimeter of about
31.5 km. Its elevation is 164 m a.s.l. and its maximum depth is 165 m. The lake is oligo-
mesotrophic, and warm monomictic from May to October and homothermic from November
to February [13]. It has a theoretical renewal time of 137 years, and is used as a drinking
water reservoir for the city of Rome and the Vatican State. To prevent the local urban
wastewater discharges in the water body a centralized collection system was built in the early
80s. This collection system is able to serve 40,000 inhabitants, but the present-day CO.B.L.S.
population is around 49,000 inhabitants and increases in summer [24].

The combined action of climate change and water extraction produces dangerous water
level variations that drastically change the shape of the shoreline and inshore bathymetry.
Since 1999, the lake and its surroundings have been part of the regional park of Bracciano
Martignano. Due the presence of a high touristic enterprise concentration [23] we chose three
sampling sites (namely, A, B and C; Fig. 1) in the western side of the lake, characterized by
a high level of anthropic activities on the lakeshore (bar, restaurants, beach resorts etc.).
Moreover, we considered the earnings of four parking meters, in parking areas on the
lakeshore used by non-residents, to be a proxy for tourism pressure. Earnings were measured
weekly from the beginning of May to the end of August. The cost of parking was €1 per hour
per car. The parking meters do not operate from October to March.

2.1 Field procedures

Samplings were performed from June 2015 to March 2016 (six sampling dates). In each
sampling date and at each sampling site (three sites: A, B and C), three small patches
(5 x 5 cm) of epilithic association were carefully scraped with a single-edge razor from three
similar and smooth volcanic rocks (approximately 30 x 15 x 7 cm) from shallow waters.
Samples were stored in Petri plates and conserved in ice for transport in laboratory.
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Figure 1: Location of the three sampling sites (A, B, C) in Lake Bracciano.

2.2 Laboratory procedures

Samples were conserved at —80°C before freeze-drying for 24 hours and ground to a fine
homogenous powder using a ball mill (Fritsch Mini-Mill Pulverisette 23 with a zirconium
oxide ball). For each epilithic sample, two replicates (2.0 = 0.2 mg) were sub-sampled and
pressed into ultra-pure tin capsules and analysed using an Elementar Vario Micro-Cube
elemental analyser (Elementar Analysensysteme GmbH, Germany) coupled with an
IsoPrime100 isotope mass ratio spectrometer (Isoprime Ltd., Cheadle Hulme, UK). The
obtained nitrogen (N) stable isotope ratios (15N:14N) were expressed in  units, as parts per
thousand deviations from international standards (atmospheric N2), in accordance with the
following equations: 8R(%0) = [[RSAMPLE-RSTANDARD) / (RSTANDARD)*10%] [25],
where R is the heavy-to-light isotope ratio of the element. The internal laboratory standard
was [AEA-600 Caffeine. Measurement errors were found to be typically smaller than
+0.05%o. In accordance with Cole et al. [26], Derse et al. [27] and Kendall et al. [28],
four impact classes were identified: ‘inorganic input’ (8'N < 3%.), ‘non-impacted’
(3%o < 8N < 6%0), ‘moderate organic input’ (6%o < 8N < 9%o.) and ‘high organic input’
(8 5N > 9%o).

2.3 Statistical analysis

An ANOVA (significance level a = 0.05) was applied to test the presence of significant
differences in euro earnings of the parking meters between May, June, July and August,
followed by a Tukey post-hoc test. We then performed a linear regression between the
earnings of the parking meters and the days from starting date. The records had a time lag
of 7 days, so we considered the first record as day 0 and the last one as day 119 (18 weeks).
We therefore estimated the 615N values during the whole study period as a function of
average euros earned according with our previous study [23].
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3 RESULTS

Results show an increasing anthropic presence in the lake during summer as indicated by the
increasing amount of the euro earnings (Fig. 2(a) and (b); ANOVA, F =41.94, p < 0.001)
and a consequent increase of organic N input as indicated by the estimated §'°N values. In
particular, the anthropic pressure abruptly increased at the end of June (during a public
holiday for the entire municipality of Rome, 29" June) and July, and remained high in August
with a peak on 15" August (a national public holiday; Fig. 2(a) at day 105). The Tukey post-
hoc test (Fig. 2(b)) found statistically significant differences (p < 0.001) between May/June
and July/August, but not between May and June and between July and August. The linear
regression between the euros earnings and the days from the beginning of records showed a
strong linear increasing (Fig. 3(a); t = 6.083, p <0.001, R?>=0.68) with a slope of 7.04 (£1.16)
euros*day and an intercept of 105.21 (£80.68). Estimated 5'°N signatures from the 56" day
(end of June) to the 119" day (end of August), were always over the threshold of 9%o, and
then classifiable as typically high organic input signatures (Fig. 3(b)).

4 DISCUSSION

It is widely recognized that tourism represents a strong pressure for various aquatic
ecosystems, both marine [29], [30] and freshwater [5], [6], [10]. On the other hand, a lack of
knowledge of its effect in lacustrine ecosystems persists and the lake littoral zone might be a
useful zone to sample in order to intercept the touristic pressure [31], [32]. Moreover,
physicochemical environmental monitoring methods only provide snapshots of ecosystem
trophic conditions, and therefore several sampling dates are required and pulse inputs, like
the first nitrogen isotopic peak observed in our study, are likely to be missed [33] especially
if they occur during holydays. On the contrary stable isotopes analysis is a flexible and
reliable tool employed in trophic ecology and environmental monitoring since the stable
nitrogen isotope ratio (3!°N), as sensitive indicator of N sources in many ecosystems, is
rapidly integrated, similarly to the radioisotopes, in fast growing organisms and algae and,
thus, in the benthic food webs [34]-[41].

(@) (b)

Figure 2:  Euros earned by parking meters. (a) The lines represent the euro amounts earned
by each parking meters, PKM1, PKM2, PKM3, PKM4, for non-residents from
May (day 0) to August (day 119); (b) Box plots of the earnings of parking meters
during the observed months. Different letters above the box plot indicate
significant differences between months (Tukey post hoc test, o = 0.05).
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Figure 3:  Euros and estimated 3'°N (%o) trends. (a) Plot of linear model, significance level
a= 0.05, between mean euros earned by the four parking meters and days;
(b) Plot of estimated mean &N (%o): circle=mean &N signatures,
square = mean 8'°N + standard error (SE), triangle = mean §'°N — standard error
(SE). The high organic signature threshold (9%o) is reported.

Our results indicate that summer is a critical season, in terms of organic nitrogen inputs,
for Lake Bracciano. As a matter of fact, from the beginning of May to the end of June the
parking meters for the non-residents earned similar amounts, and, from the end of June to the
end of August, globally showed a linear increasing trend in their incomes. Moreover, in the
period considered, there were two peaks characterized by abrupt increases of anthropic
pressure on the lake shores both related to public holydays (29 July and 15" August). As a
consequence of the higher human pressure, in May and June the estimated §'°N signatures
were above the non-impacted range whereas during the summer season (late June, July and
August), the estimated 8'°N signatures were in the high organic input range, with a maximum
85N value comprised between 15.64%o < 5N < 18.39%o. Such nitrogen isotopic signatures
can be considered as the worst case, assuming a high response degree of 3'°N signatures to
increasing parking meter earnings (i.e. a high response degree of nitrogen isotopic signatures
and touristic pressure). Similar isotopic values, associated with tourism, had been detected in
surface sediments of eutrophic lakes [42] and in marine macroalgae [29], [43], [44], therefore
providing a proxy of the effects of tourism on water bodies.

5 CONCLUSIONS

Lake Bracciano already suffers from the effect of climate change and direct water extraction
and our results indicated that, during the late summer season (July and August), the non-
residents anthropic pressure on Lake Bracciano shores rapidly increased, threatening the
water healthiness and ecosystem health. The high estimated 8'N signatures were over
the threshold of high organic inputs in late June, July and August, in accordance with our
previous work [23].

For its high naturalistic, social and economic values, there is the necessity of management
policies adoption and, primarily, an “upgrade” of the wastewater treatment plant compared
to the current and inadequate 40,000 units, especially where the concentration of touristic
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activities is high, and especially during the public holydays, when the touristic pressure and
related 3'°N signatures reached their respective peaks.
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