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ABSTRACT

This paper is a repert on the state-of-the-art of reservoir limnology in Sicily, the
largest island of the Mediterrancan Sea. The territory is - aracterised by a semi-arid
climate with a dry and a wet semester occurring in the vear. Evaporative losses are
strong during the summer and, on an annual basis, they often exceed precipitation,
Thus, reservoirs constitute an important water resource for the isiand to supply drinking
water and to provide for agricultural ..2eds in the periods of drought. However, despite
their importance, they receive poor attention from the scientific and political communitics
and in the absence of any environmental policy or suitable territorial planning, their
water quality is undergoing a rapid decline, principally due to the inadequate treatment
of urban waste waters and to the excessive and irrational spreading of fertilizer. The
convinction that reservoirs may differ significantly from lakes and the necessity to better
understand what rules drive the functioning of these environments, were the engine to
carry out several limnological investigations on these artificial cnvironments with special
reference to their pelagic compartment. The principal characteristics of these water bodies
lie in their peculiar hydrological cvcle. The absence of precipitations during summer,
when the reservoirs are intensively used, and their re-filling in winter without any outflow
contribute to water-level fluctuations which interfere with their thermal structure,
underwater light climate and nutrient dynamics. The structure of phvtoplankton
assemblages is, in the absence of a severe nutrient limitation, modulated by hvdrological
forcing. In addition to these “bottom-up” effects some “top-down” ones, also mediated
by the water-level fluctuations. These involved the strength of predation pressure exherted
by fish on zooplankton assemblage. Ultimately, it has been demonstrated that these
water movements influence the structure of these ecosystems profoundly and their effects
have to be carefully considered when management procedures have to be developed.
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INTRODUCTION

Sicily, comprised between 36°40° and 38°15’ of latitude N, establishes one of the
south borders of the European continent. This region, as many southern zones of the
North hemisphere (Wetzel, 1990), is subjected to a climate with strong evaporative
losses, which generally are greater than precipitation. Schematically, a dry and a wet
semester occur during the year and the availability of surface water resources is further
reduced by frequent droughts. Consequently, the problem of water supply for public
uses, both all the year round and to accumulate enough water to go through periods of
long drought, is not a recent event; actually, as far back as the 9th century, during the
Arab age, a great effort was spent to build huge underground reservoirs to collect the
winter rains. Many of those hydraulic works kept on providing drinking water to the
main towns until the last century.

A strong increase in population density in the 1950s and the need for a more
general economic development compelled the Regional Government to plan and carry
out the construction of several dam reservoirs. The reservoirs were planned to accumulate
the amount of water needed to meet the demand, but without any consideration about
the quality of the stored water. This effort is still not completed; nevertheless, 30 reservoirs
were constructed in the last forty years with the purpose to collect about 850 - 10° m®.
However, climatic, ggomorphological and management problems slowed down the ori-
ginal plans and only 500 - 10° m* are today available to meet the multi-use demands of
the region and its increasing needs for municipal drinking water, industrial water supply,
irrigation, hydroelectric power generation and recreation.

Although a relatively small amount of water, compared to that of lakes and reservoirs
located in the rest of Italy (Marchetti et al., 1992), constitutes the superficial hydric
reserve of the island, scientific and politic communities should devote more attention to
this vital resource because of its social and economic importance. Unfortunately, water
issues are widely distributed among regional drinking, electric, mining, agricultural agen-
cies and the Ministry of the Environment, and freshwater management is primarily
seen as an engineering problem of storing, pumping and distributing water (Naselli-
Flores et al., 1993) rather than an as environmental problem. In addition, the insularity
of the region has centered Sicilian economic development on the exploitation of marine
resources, both as fishing and as touristic resorts. This contributed to identify the terms
aquatic-ecology and water management with marine-ecology and coast protection,
focussing on these topics the attention of both the “ecologically-oriented” mass-media
and of the scientific and political communities.

Thus, despite the fact that the first dam reservoir was built in 1923, only during
drought emergencies reservoir ecology has received a certain impulse. In particular, a
limnological investigation was carried out seasonally in 1987/88 (Calvoet al., 1993) on
all the Sicilian water bodies with a surface area greater than 0.2 km?. The main objective
of the research, committed by the Sicilian Regional Government, was to determine if
the trophic conditions of the reservoirs were compatible with the use of the water resource.
This study opened the way to further investigations on the limnology of the reservoirs,
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and i n particular on the dvnamics of their phvto- and zooplankton assemblages which
revealed how these highly dynamic ecosystems mav represent an open-air laboratory for
better understanding the functioning of the pelagic environments. '

In this paper, the limnological investigations carricd out until now on Siciljian
reservoirs are summarised together with the attempt to highlight their similarities and
particularities when confronted with man-made aquatic environments of other mainland
semi-arid zones.

MORPHOLOGICAL AND HYDROLOGICAL FEATURES

Sicilv covers an arca of about 25,700 km?, forming the largest island in the
Mediterrancan Sea and one of the most densely inhabited (5.5 million people) regions
of Italy. From a geological point of view the island may schematicallv be divided into
two arcas. The Northern zone, formed by a chain of mountains which cross the region
from cast to west, is characterised bv numerous structural units in overthruse, mainly
dolomitic and carbonate, and by metamorphic rocks; the Central and Southern zone is
made up for the most part of carbonate rocks which, after the tectonic phase of the
Middle Miocene, were first covered by sediment and evaporites of the Messinian and
later by alluvial deposits, forming a large interior upland.

About 30% of the island is mountainous: hills constitute 50% of the whole territory
and plains, distributed along the coasts and the river vallevs, represent the 20% of the
surface area.

The climate is tipically Mediterrancan with a rainy period concentrated in 50-70
rainy davs in the autumn-winter season, whereas spring and summer are characterised
by ancarly complete drought. A strong annual variability (70%-80%) in the amount of
rainfall is recorded, with the occurrence of cvelic periods of drought (Mosetti, 1996).
The rainfall events in the drier vears occur in the form of concentrated storm fronts
with a short duration in time but with an exceptional intensity and a strong crosive
impact. On the contrary, in the more rainv vears the duration of rainfall covers a longer
period of time and its intensity is gencerally sensibly lower.

With the exclusion of Mount Etna and the northern mountain chain, the average
annual rainfall, recorded over a period of 65 years, ranges between 500 and 750 mm
with minimum values on the southern coast (370 mm). Average temperature varies
from 16°C to 18°C; the coldest month is Januarv, but temperature rarely drops to 0°C.
The hottest month is Julv with temperature values generally well above 30°C.

With regard to climatic and morphological characteristics, the drainage network is
mainly formed by numerous, short, torrent-like rivers. The annual average volume of
water which flows in the drainage network or infiltrates into the subsoil feeding the
underground basins is about 6 - 10" m*. Approximately 1.5 - 10" m* of water are utilized
annually, of which 0.5 - 10" m’ for domestic and industrial uses and the rest for the
irrigation of cultivated land. The groundwater contributes about 107 m®, the rest being
provided by the reservoirs,
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Table 1 shows the main morphological characteristics of Sicilian reservoirs, referred
to their maximum holding. Their catchment areas, ranging between 20 and 577 km?, are
in the 65% of the cases less than 100 km?.

Table I Morphological features of Sicilian reservoirs. AD: catchment area; A: surface area; V: volume;
Z: maximum depth; z: mean depth; P: perimeter; DL: shoreline development.

Rageqvolss ll(\nll)‘ k/x::z IOYm3 nZ1 f\ I(I:n o
Ancipa 51 I#] 28 70 25 6.0 1.6
Arancio 138 3.4 33 29 10 14.2 2.2,
Biviere di Gela 71 1.2 6 8 5 6.3 1.6
Castello 81 1.8 18 41 10 2.5 1.6
Cimia 70 0.9 7 29 8 5.5 1.6
Comunelli 82 0.9 6 27 7 5.0 1.5
Dirillo 118 L. 20 46 18 7.8 2.4
Disueri 239 0.6 2 6 ) 3.0 ¥
Fanaco 46 TS 19 49 13 6.8 1.6
Furore 38 1.3 T 22 6 i | 1.9
Gammauta 69 0.3 Z 20 7 3.5 1.8
Garcia 204 519 60 43 10 16.0 1.9
Gorgo 45 0.6 3 11 6 3.6 1:8
Nicoletti 50 1.8 17 36 9 10.2 25
Ogliastro 468 14.0 124 42 9 29.0 23
Olivo 60 W 10 45 8 ) 1.3
Piana degli Albanesi 38 301 25 34 8 ) 212
Piano del Leone 22 0.6 3 7 S 5.0 1.8
Poma 164 6.1 68 46 i 1552 1%7
Pozzillo 377 7.7 140 50 18 21°3 2.2
Prizzi 20 -3 8 44 6 6.7 17
Rosamarina 500 5.5 121 76 22 16.1 1.9
Rubino 41 Lzl 10 26 9 8.4 23
San Giovanni 80 2:8 15 30 7 IfleS 21
Santa Rosalia 87 18 20 38 15 8.0 2.0
Scanzano 297 17 16 8l 10 8.6 )
| Trinita 190 2.4 18 21 7 9.5 1.7
Vasca Ogliastro 32 0.5 4.0 18 8 2.5 1.0
Villarosa 102 13 10 28 8 7.5 129

Lake surfaces only in one case exceed 10 km? and they are generally less than 2.5
km?. Six reservoirs, with a volume ranging between 60 - 10° and 140 - 10° m® store the
62% of the total impounded water of the island. About 300 - 106 m® are divided in the
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remaining 23 reservoirs which have a ca pacity generallv lower than 25 - 10* m*, However,
these values, due the vari: wility in the intensity and duration of the ainy pul()d are
rarely attained (Figure 1), Alt()thtu only about 500 - 10° m* are stored ever v vear and
only a few lakes mav reach their maximum capacity. In addition, an intense drawd()wn
due both to the intense summer use of water for irrigation and for drinking purposes and
to strong evaporative losses (Figure 2), characterises the reservoirs causing strong intra-
annual variations in volume, surface area and depth (Barone et al., 1993). The effects of
water losses, which may reach the 95% of the initial water reserve, are particularlv evident
in autumn, before the beginning of the new ainv scason, when the water bodies lie at
minimum holding (Nasclli-Flores & Barone, 1 9‘)4).
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Figure 1 Scasonal variation of the volume stored in the Arancio Reservoir in the period 1986-1995.
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Figure 2 Lvaporative losses in Sicilian reservoirs calculated according to Barone ¢t al. (1993).
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A simplified pattern of the hvdrological cvcle in the Sicilian reservoirs shows four
stages, roughly corresponding to the seasonal intervals: a filling phase, from mid-
November to March; a maximum level phase from April to May; an emptving phase
from June to mid-September and a minimum level phase from mid-September to mid-
November.

The variation in water level between the maximum and minimum phase was
observed to cover a height interval of more than 15 m; this event may leave drv more
than 500 m of lake bottom all around the reservoir perimeter (Figure 3) not allowing
the growth of anv aquatic vegetation along the shores.

o

T km ) l:] Maximum capacity
l:' Maximum holding in 1990
Ej Minimum holding in 1990

Figure 3 Map xh()wmg the surface of the Arancio Reservoir at its maximum capacity and the maximum
and minimum limit reached in 1990,

As stated by Straskraba et al. (1993), there is a need to understand how reservoir
ecosvstems Couple with hvdrological processes. These authors identifv retention time as
one of the most useful hvdrological parameters in reservoir llmnologv especially for
deep stratifving water bodics, and as an important expression of limnological differences
between reservoirs in a given geographic area.

Most Sicilian reservoirs start their hydrological cycle as deep stratifving water
bodies and in a short time they become shallow c1rculatmg ones because their outflows
are not balanced by anv inflow. Thus, the concept of water residence time in these
reservoirs is a difficult one, because of the disparity between inflows and outflows and
the interannual variations in stored volumes; it means that the values of this parameter
calculated on an annual inflow basis may show awide range of fluctuation. In addition,
these environments are characterised by inflows and outflows separated in time;
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calculations based on a monthly basis may result in infinite residence time values when
there is no inflow and/or no outflow.

Although the climatic features and the hvdrological cvcles to which these water
bodies are subject fit well with those highlighted bv Thornton & Rast (1993) for the
reservoirs in the semi-arid zones of the world, they show quite different morphological
characteristics (Table .

Table Il Comparison of limnological data gathered in Sicilian reservoirs in T987/88 (Calvoct al . 1993)
and in 1996/97 (Nasclli-Flores, unpublished) to similar data gathered in other semi-arid
reservoirs all over the world (Thormton & Rast, 1993). Median values and interquartile ranges
are shown,

Parameter Units Thornton & Rast, Calvo t"t al., Nasle(:]()i;)l/:tl)c;res,
1993 1993 unpublished

Volume 10° m? 42 < 137 < 346 6.5 < 164 <265 —

Area km* 5 <16 <34 1l <13 <28 —

Catchment area ki 426 < 1,281 < 4,264 43 < 71 < I51 —

Max. depth M 17 < 30 <49 24 < 3] < 44 —

Mean depth M 5 <10 <20 6.6 < 8.3 <107 —

Araratio | — | s85<lo6<1572 | sd<do<78 | — |

Total P pg o 1! 20 < 20 < 42 37 <56 < 82 46 < 74 < 138

Total N ug - 1 80 < 229 < 610 — —

DIN pg 1! — 122 < 574 < 1,070 434 < 972 < 1,606

Ortho-P g 1 5<10<20 3<5<10 | S<liz<22

Chlorophvil a pg 17! 2 <4 <8 3<8<16 8§ <14 <22

Seechi disk M 07 <1.2<24 07<1.0<15 09 <l 6<22

DIN:SRDP ratio — 22 < 63 < 200 23 <56 <115

In particular, their volumes, surfaces and catchment:surface area ratio are one
order of magnitude smaller compared to the reservoirs taken in consideration by these
authors, whereas thev show comparable mean and maximum depth values. In addition,
due to the prevailing hillv morphology of the island and to the relative simplicity of the
drainage network, they show an almost rounded or slightly elongated form rather than
the dendritic one characteristic of most reservoirs, and their shoreline development
ratio is gencerally lower than two.
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PHYSICAL FEATURES

Thermal Structure

Operational procedures for agriculture and drinking purposes and climatic and
morphometric features greatly influence the limnology of Sicilian reservoirs. Flow events
are concentrated in a few winter days and in that period the outlets are not active;
conversely, during summer, reservoir waters are intensively used and inflows are totally
lacking.

Thus, the water bodies, potentially warm monomictic with temperature values
generally ranging between 10°C (Januarv) and 30°C (August), experience a nearly
continuous circulation in those vears characterised by low precipitations, or anticipate
the breaking of the thermocline due to the reduction of depth. Only a few reservoirs
(Lake Ancipa, Lake Rosamarina) are decp enough to maintain their thermocline
throughout all the summer. Nevertheless, the location of the spillway half way up the
dam wall often interferes with the stratification pattern (Calvo et al., 1984) as it was
observed also in Brazilian and Spanish reservoirs (Tundisi et al., 1993).

Some investigations carried out on the hypertrophic reservoir Lake Arancio during
a low-level period, highlighted the importance of diurnal changes in the wind intensity
which allow the occurrence of stratification and destratification sequences during summer.
In particular, weak stratification events were recorded on some days in July and August
(Barone et al., 1993) due to a lack of wind during the morning; a thermocline, generally
located within the first 50 cm of depth, was formed before noon and it disappeared once
the wind started blowing. This behaviour was important for biogeochemical cycles of
nutrients and permitted a continuous summer release of soluble reactive phosphorus
from the sediment in a period without any precipitation and with no external water
input (Barone & Naselli-Flores, 1994).

Light Availability

Light penetration in water bodies is generally affected by several factors (see Van
Dijlc & Achterberg, 1992). In reservoir limnology a particular attention is given to the
contribution from the catchment of suspended particles which increase light attenuation
and may change its spectral composition. Phytoplankton chlorophyll would relate in
linear fashion to attenuation coefficient, following the Beer’s Law, if no detritus were
present, or if the proportions of the two were constant (Yentsch, 1980). The larger
amount of suspended matter in reservoirs, likely due to a general high catchment:surface
ratio, derives from the high suspended particulate loads carried by rivers and it causes
the occurrence of turbid waterbodies (Thornton & Rast, 1993).

Sicilian reservoirs generally show a quite low catchment:surface area ratio. Anyway,
this ratio is susceptible of wide variations due to the variability in the annual degree of
impoundment of the waterbodies. This variability leads to some contrasting results.
Barone ¢t al. (1982), refer a good correlation, in two reservoirs, between Secchi
transparency and both chlorophyll 4 and total phosphorus concentrations; on the
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contrary, Calvo ct al. (1984) did not find any correlation between the same parameters
in another reservoir. The same lack of relationship was observed during the survey carried
out in 1987/88 (Calvoct al., 1993), when the degree of impoundement of the FSCTVOITS
was very low (Naselli-Flores & Barone, 1994) and a wind-induced resuspension of bottom
material was likely to occur, resulting in very low values of transparencey. The measures
were repeated in 1996/97, when almost all the reservoirs were at their masimum holding
and significant relationships were found (Nascli-Flores, unpublished) between the
reciprocal values of Scechi dise transparency and the annual average concentrations of
both total phosphorus (= 0.84, 11 = 30, p < 0.001) and chlorophvll a (r = 0.83, 51 =
30, p < 0.001). In addition, in this last case higher levels of nutrients were recorded
(Table I1). As reported by Yentsch (1980), cutrophic svstems are characterised by less
detritus per unit phvtoplankton. Morcover, the existence of arelationship between the
improvement of water clarity and increasing trophic status is known for reservoirs
(Thormton & Rast, 1993). Furthermore, a significant correlation was found by Barone
& Naselli-Flores (1994) studving by weekly sampling an hvpertrophic reservoir,

‘ariations in light penetration due to suspended matter were recorded in both
Lake Arancio and Lake Rosamarina (Figure 4) during periods of high rainfall (Naselli-
Flores, unpublished), nevertheless, these events are generallyv concentrated inlate antumn
and winter, when the phyvtoplankton growth is slowed down by the lower temperature
of the water.

In spring and summer, on the other hand, it may be observed that water-level
fluctuations, and especially summer dewatering, strongly interfere with the stratification
patterns of these water bodies and with their mixing depth — cuphotic depth ratio (Naselli-
Flores, 1998); actually, these water movements ahwavs result in a deepening of the mixed
laver and in an increased mixing depth - cuphotic depth ratio. These events generally
bring to an optically deep environment with important consequences on the structure
of phvtoplankton assemblages (Nasclli-Flores, 1999).

CHEMICAL FEATURES

Major ions

In accordance with the peculiar climatic and geochemical features of the Sicilian
territory and its intense usage for agricultural purposes, the basic chemical composition
of reservoir water shows also a wide range of variability. The strong evaporative losses
contribute to the increase of the ion coneentrations during summet, giving a typicul
sinusoidal trend (Figure 5) to the conductivity values (Barone & Nasclli-Flores, 1994).
Figure 6 shows the co-distribution of the major ionic components, as recorded by Calvo
et al. (1993): the Langelier - Ludwig diagram summarises the main hvdrogeochemical
features of Sicilian inland waters; cach quadrant highlights the different chemical
composition of the waters:

A: chloride-sulphate-alkaline waters;

B: bicarbonatc-alkaline waters;

C: chloride-sulphate-alkaline-earth waters
D: bicarbonate-alkaline-carth waters.
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Figure 4 Seasonal trend of Secchi disc transparency and particulate inorganic matter in the mesotrophic
Rosamarina Reservoir (A) and in the hypertrophic Arancio Reservoir (B).

On the whole, the reservoirs show high values of dissolved salts, comparable to
those recorded by Margalef et al. (1976) for eastern Spanish reservoirs.

Most of the reservoirs fall into the C quadrant due to the presence of extensive
outcrops of evaporites in their catchment area. The water bodies belonging to this group
show ionic sequences characterised by Na=> Ca** > Mg** > K* and by SO, > CI' >
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HCO, and conductivity values ranging between 1.0 and 3.0 mS - em! Thev are
assimil: ible to the Spanish reservoirs deseribed by Armengol et al. (1991) as reservoirs
with sulphate waters and are rather sensitive to cutrophication processes. Actu: by, when
stratification occurs, the hvpolimnetic reduction of SO, to1LS removes the iron coupled
with phosphate from the sediment (Barone cf af., 198 )) P 1()8})1\&((‘ remains in solution
whercas the iron precipitates as FeS ,» thus enhancing cutrophication processes.
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Figure 5 Scasonal trend of conductivity and epilimnetic temperature in the Arancio Reservon
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Figure 6 Langelier-Ludwig diagram showing the principal anions and cations expressed as a fraction
of the total of cach in meq - 17 (From Calvo of al,, 1993 )
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The reservoirs located in the Northern zone of the island are comprised in the D
quadrant and their conductivity values generally range between 0.5 and 1.0 mS - em™!.
In these waters calcium always dominates the cationic sequence and bicarbonate generally
dominates the anionic sequence in autumn and winter; moreover, a prevalence of sulphate
may occur in summer. The ionic composition of these water bodies is similar to that
highlighted for Spanish reservoirs with bicarbonate waters. In these environments, as
described bv Armengol ¢t al. (1991), summer hvpolimnetic production of F,S is not
accompanied by phosphate release from the sediment since it tends to precipitate with
Ca in form of hvdroxvapatite (Calvo et al., 1984).

Only Lake Gorgo lies in the quadrant A; its catchment covers a sedimentary area
with accumulation of evaporitic minerals and the reservoir is consequently characterised
by a high content of dissolved salt; it shows high conductivity values (> 5 mS - cm™)
and its cationic sequence is dominated by sodium (33 meq - ') and the anionic one by
chloride (35 meq - 1I"). ’

Algal Nutrients, Total Nitrogen and Total Phosphorus

Sicilian reservoirs receive high phosphorus and nitrogen loadings (Barone ¢t al.,
1986) essentially due to the inadequate treatment of urban waste waters and to the
intense agricultural activities in their cathcments. All the island reservoirs lie in the
upper part of the trophic spectrum and show high values of total phosphorus; moreover,
a general increase in its concentration was recorded in the water bodies less than ten
vears after the first survey (Table 11).

Total nitrogen values are only available for two reservoirs, one hvpertrophic (1,578 <
2,520 < 2,878: Barone & Naselli-Flores, 1994) and the other one meso-eutrophic (971 <
1,120 < 1,259: Naselli-Flores & Barone, 1998). Their median values and interquartile
ranges, as well as those of total phosphorus, are sensibly higher than those reported for
reservoirs of the semi-arid zone; actually, dissolved inorganic nitrogen (DIN) values by
themselves are comparable to total nitrogen concentrations showed in Thornton & Rast
(1993). Neverthless, in the above mentioned hypertrophic reservoir, the DIN:SRP ponderal
-atio indicated a nitrogen limitation sensu OECD (1982) in summer periods, due either to
a nitrogen decrease and to a phosphorus release from the sediments. However, inorganic
nitrogen could not be actually limiting phytoplankton growth patterns or rates in those
periods, when its absolute concentrations never decreased below 100 ug - 1.

With regard to SRP, Calvo et al. (1993) highlighted a much lower orthophosphate
concentration for a given level of total phosphorus than that reported by OECD (1982).
On the average, similar lower proportions (SRP < 20% of TP) were found by Naselli-
Flores (unpublished) in 1996/97. This seems to be a common feature in the semi-arid
reservoirs and reveals a higher particulate phosphorus concentration in these waters
(Thornton & Rast, 1993).

From the analysis of nutrient trends of Sicilian reservoirs, both those available on
a weekly basis and those coming from seasonal surveys, it is possible to see how the
dvnamics of dissolved inorganic nutrients are generally related to the degree of
impoundement of these water bodies. A schematic pattern (Figure 7) following two
alternative ways may be outlined:
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1. Low water scasons: the water bodies generally do not reach a sufficient depth to
form a stable thermocline. Calvo et al. (1993) recorded a strong depletion of
nitrate in the whole water columm and an increase of ammonium during summer.
These authors also refer that in these low-water periods, smaller average
concentrations of SRP are generally available in the water column mainly due
to the presence of particulate matter which causes the adsorption of the nutrient.
Barone & Naselli-Flores (1994) observed the strong depletion of nitrate, but
also a sharp increase of SRP and N-NH, during summer sporadic stratification
ovents in a shallow reservoir, due to a reeveling caused by temporary anoxia
(Figure 8). These events had a daily duration, developing in the morning and
disappearing in the afternoon when the wind started blowing again. The values
reached by SRP were otherwise higher than those recorded after the inflow had
been restored. Nevertheless, hvpolimnetic anoxia was abruptly overcome by
the next full-circulation cvent.

2. Highwater seasons: the reservoirs tend to stratifv. A dramatic summer depletion
of nitrate and SRP occur in the epilimnion during summer. The hvpolimnetic
oxvgen saturation generally tends to decrease rapidly as well as pH values, both
ammonia and SRP concentrations reach high values (Naselli-Flores & Barone,
1998), and the production of FH,S is common (Baronc ¢t al., 1982; Calvo et al.,
1984). If the stratification persists the epilimnetic nutrient levels are restored
only at the beginning of the rainv season, which gcncrally corresponds to the
next circulation period, and the external input is summed to that coming from
internal recveling, 1f the drawdown is intense, the thermocline breaks down in
the middle of summer and a rapid phvtoplankton growth, supported by the
renewed availability of nutrients, generally takes place.

Low
ﬁease of N-NO,, SRP |, phytoplankton
Stratification of Epilimnion biomass
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column Hypolimnion  cheuiat
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Figure 7 Schematic pattern of the summer nutrient dyvhamics in Sicilian reSerVoirs.

Significant differences were found between TP, DIN and SRP concentrations
measured in 1987/88 (Calvoet al., 1993) and those recorded by Naselli-Flores in 1996/
97. The higher values found in the more recent survey likely depend from the
accumulation of nutrients in the water bodies. Actually, despite the results of the first



296 Nasewu-FLores, L.

mvestigation which indicated the waste waters from urban centres as the most important
source of phosphorus and nitrogen in the catchments, nothing has been done to reduce
the impact of the urbanised arcas on the reservoirs,
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Figure 8 Scisonal trend of soluble reactive phospharus (SRP) and ammonium (N-NH ) concentrations
in the Arancio Reservoir

BIOLOGICAL FEATURES
In Sicilian reservoirs, because of their remarkable annual fluctuations in water
level, those floristic and faunistic assemblages typical of the lacustrine littoral environment
do not develop. Macrophytes are generally absent, the shorelines are stony and sandy.
and the biological processes are mainly concentrated in the pelagic environment,

Phytoplankton Assemblages

Awide number of investigations have demonstrated that phyvtoplankton chlorophvll
is strictly dependent on the amount of phosphorus presentin a given water body (Rvding
& Rast, 1994). This functional relationship is generally reported in the power form:
Chl = a TP The values of a and b mayv depend tfrom the temporal interval taken into
account to evaluate them (e g annual average values, spring or summer maxima, monthly
or weekly values) or by the different composition of the total phosphorus fraction that
may exist between regions,

The relationship set by OECD (1982), {Chla} = 0.28[P]" ™, has become the term
of comparison of almost all the following investigations, duc to the strong impact that
this study has had on the knowledge and the approach to the phenomenon of
cutrophication.

The first studies on phytoplankton dynamies of Sicilian reservoirs were carried out
on two cutrophic water hodies (Barone, 1983, 1985}, Chlorophvll « values and total
phosphorus concentrations measured in that occasion were found in good agreement with
the relationships found in the OECD study. On the contrary, Calvo et al. (1993) found a
trophic response in terms of chlorophyll o generally lower than that set by OECD when
total phosphorus concentration in the water column was lower than 70py 17 (Fgure 9)
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Figure 9 Comparison between the trophic response set by OECD and that found by Calvo ¢t al.
(1993) in Sicilian reservoirs. (Redrawn from Calvo ¢t al., 1993)

A constantly lower response in terms of chlorophyll a ([Chl a] = 0.24[P]*"') was
found by Naselli-Flores in 1996/97 (unpublished). Nevertheless, by plotting the SRP-
Chlorophylla values found in this survey, and comparing them with the carrying capacity
for phosphorus (Figure 10) calculated according to Reynolds (1997), it appears that the
quantity of chlorophyll measured in Sicilian reservoirs is very close to the limit imposed
by the SRP availability. Thus, as previously observed by Chapman & Thormnton (1986),
it may be argued that the factors governing the transfer of biologically available
phosphorus to primary producers are common in aquatic ecosystems regardless of their
climatic characteristics, even though the composition of the total phosphorus fractions
may be different.

1,000
_7777] carrying capacity
....... )
Measured values
100 |

SRP (ug - I7")

Figure 10 Plot of the SRP ~ Chlorophylla values in Sicilian reservoirs. The line represents the carrying
capacity for phosphorus calculated according to Reynolds (1997).
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The quantity of phytoplankton biomass seems a ¢l rarly predictable consequence
of increased nutrient availability in aquatic ecosystems; on the contrary, the factors
governing the structure of the assemblages or the trend of community change rates
across a trophic gradient is an open problem in phytoplankton ecology (Reynolds, 1998).

According to Reynolds (1989), a hierarchical sequence of factors, chemical, physical
and biological, conditions the structure of phytoplankton assemblages. In Sicilian
rescrvoirs the chemical factors, i.c. the nutrient av:\ilability, determine the quantity of
phytoplankton biomass, but they are often uninfluent on the structure of the assemblages
(Barone & Naselli-Flores, 1994 Naselli-Flores & Barone, 1994).

Reservoirs are subjected to the same external factors, sun, wind and throughtlow,
as natural lakes (Smith, 1992). There are, however, some differences in the hydroclimate
of these environments which influence the ecology of reservoirs. One of the main
differences between lakes and reservoirs lies in the fact that the latter are systems in
which the management applied gencrally enhances the role plaved by physical constraints,
offering a good opportunity for investigating their influences in phytoplankton dynamics.

The strength of the hydrological events was sometime considered as one important
factor governing the structure of phytoplankton assemblages (Garcia de Emiliani, 1997)
and its scasonal cycles (ITuszar & Revnolds, 1997). Moreover, as Harris & Baxter (1996)
showed through a 16 year-long study on the Australian North Pine Dam, in deep
reservoirs in which the seasonal pattern of temperature stratification is strong but
modulated by interannual changes in the strength of stratification, irregular hydrological
cvents over-ride the seasonal cycle of phytoplankton biomass yielding irregular patterns
of variability.

Probably, these irregularities could be explained as the effect of alternation between
the characteristics of deep and shallow lakes within a relative short period of time. In
particular, Naselli-Flores (1998) observed that in Sicilian reservoirs the greater the variability
is, the higher is the persistence of a large number of rarer, fast-growing species, “ready to
develop” when the conditions of the environment become suitable (Padisak, 1991).

Furthermore, it was often recognised that changes in the stability of the water
column, in time intervals of about 10 d, are responsible for changes in the composition
and maintenance of the diversity (Reynolds & Reynolds, 1985) and that the biomass
and the taxonomic composition of the phytoplankton can change in a few days with
changes in the mixing layer (Capblancq & Catalan, 1994; Dos Santos & Calijuri, 1998).

Some studies carried out on a weekly basis for several years on Sicilian reservoirs
showed that the secondary effects induced by increased nutrient availability (e.g. increased
phytoplankton biomass, selective grazing, reduction of euphotic depth and increased
z,./z  ratio), along with the specific morphology and hydrology of the water bodies,
have to be considered important factors in promoting the development of a specific
phytoplankton (Naselli-Flores & Barone, 1995).

With regard to hydrology, it is well known that the filling phase may regulate
phytoplankton growth through both the dilution effects caused by flooding and the
increased nutrient availability (Kimmel ez al., 1990). On the contrary, poor attention
was dedicated to the effects generated when the reservoir water starts discharging.
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Naselli-Flores & Barone (1998), sampling on a weekly basis two reservoirs, observed
that the hydrological forcing caused by the drawdown strongly influences the seasonal
pattern of temperature stratification and transformes potentially monomictic lakes into
polimictic shallow ones, in which the loss rates of organisms by sinking are reduced
(Lindenschmidt & Chorus, | 998) and nutrient recycling is enhanced by the easier transfer
of shallow sediments into the water column (Reynolds, 1996). In particular, the authors
highlighted that the annual variation of volume caused a continuous variation of the
mixing zone and consequently of the mixing depth/euphotic depth ratio; they suggested
that phytoplankton structure of these environments could be regulated by physical
constraints, enhanced by human activity, to which the different water bodies are subjected
directly (e.g. morphology and use of stored water) and indirectly (e.g. modifications in
underwater light climate caused by increased biomass and/or by deepening of the mixed
layer).

In the light of these obscrvations, Naselli-Flores (1999) revisited the data by Calvo
et al. (1993) on phytoplankton assemblages of Sicilian reservoirs: he noted that some
water bodies, which showed a different trophic state, shared very similar assemblages.
On the contrary, environments which were ranked, according to OCDE (1982), in the
same trophic category could strongly differ in the structure of their assemblages.

The drawdown caused by the intense summer usage, to supply water for drinking
and irrigation, did not generally allow in these reservoirs the formation of the thermocline
or it anticipated its breaking in early summer. This way, the reservoirs, both those in the
upper part of the trophic spectrum, with high phytoplankton biomass and low
transparencies, and the mesotrophic ones, with higher transparencies, were subjected to
an increase of their mixing depth. The event may be considered equivalent to the
contraction of the euphotic depth due to an increase of phytoplankton biomass which
generally reflects a shift toward a higher trophic state (Habib ¢ al., 1997).

A modification in the hydroclimate of the reservoirs, despite the trophic
characteristics displayed, always resulted in a drastic change in the structure of
phytoplankton assemblages (Figure 11). In particular, if circulation was anticipated to
early summer, the organisms which formed the spring assemblages (dinoflagellates,
cryptomonads) were replaced by phytoplankton species with adaptive mechanisms which
enabled them to regulate their buoyancy (gas-vacuolated cyanobacteria), to tolerate
unbalanced (z,, > z,) dark/light cycles (Closterium spp., Mougeotia sp.) or to live on a
minimal income of light energy (Planktothrix spp.); otherwise, in those reservoirs where
water-level fluctuations were unable to influence stratification, the assemblages kept on
maintaining the spring structure or followed their “normal” seasonal dynamics. Moreover,
some reservoirs characterised by a summer plankton dominated by associations adapted
to frequent shading, suffered a dcwatcring so strong that it significantly reduced their
depth; this way they exhibited a decrease in their z,./2,, and entered the group dominated
by dinoflagellates and cryptomonads,
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More and more often the patterns of mixing and stratification are indicated in
literature as one important factor governing the structure of phytoplankton assemblages.
In particular, Dasi et al. (1998) identify these patterns as the factor which segregates
phytoplankton life-forms in Spanish hard-water reservoirs. Berman & Shteinman (1998)
highlighted how mixing can have a critical impact on phytoplankton succession and the
population composition of the algal assemblage; moreover, Charpinet al. (1998) showed
that physical factors that lead to seasonal cveles of mixing and stratification may
considerably affect the photosynthetic physiology of phytoplankton through their effects
on available irradiance. In addition, Rivkin (1985) observed that the photosynthate
partitioning is species-specific in natural populations.

Thus, it could be argued that a change of the mixed layer which influences the
structure of the underwater light ficld may lead to a modification in the structure of
phyt()p]ankt(m assemblages, since the phyvsiological requirements of their species may
not be supported by the new underwater light conditions.

Phytoplankton in lakes and reservoirs is exposed to light fluctuations at different
time scales; some arc irregular and unpredictable as those due to clouding, others are
daily fluctuations due to the sinus-shaped course of sunlight, others are seasonal
fluctuations. In addition, these organisms are subjected to an exponentially increasing
and decreasing irradiance if transported through the mixed layer. Nicklisch (1998) showed
that specific growth rates of several species belonging to cvanobacteria, diatoms and
Chlorophyceae changed significantly under different time structures of illumination
with a balanced dark/light cvcle (z,./z,=1).

Reynolds (1997) showed how mixing times in natural environments depend on
both wind speed and epilimnion depth. Under comparable wind conditions, the variations
of the mixing depth - cuphotic depth ratio causes a modification in the rate of time that
a phytoplanktonic alga has to spend in the dark as it travels in the mixed layer. Thus, if
an assemblage is formed by species which maximise their opportunities of growth under
a certain rate of time of dark/light cycles, a variation in the ratio between the mixing
zonc and the euphotic zone may require a special photoadaptation of a given species to
enhance its opportunities of growth or, ultim:\tely, it determines its replacement. Actually,
it is well known that some phytoplanktonic algae are better adapted than others to well-
mixed or turbid environments (Reynolds et al., 1994).

Furthermore, the quality of turbidity has to be considered. In those water bodies
characterised only by phytoplankton turbidity, the species with a higher degree of relative
entrainment (Reynolds, 1997) will be favoured, since they have a greater probability to
remain and travel in the mixed layer and more or less regularly they will be exposed to
light. On the other hand, Holz ¢t al. (1997) recorded a shift from high phytoplankton
turbidity to high sediment turbidity as a response to aging of Pawnee Reservoir, At the
same time, its phytoplankton assemblage shifted away from buovant cvanophytes, toward
flagellates, which were able to better avoid the shading caused by sediments and optimize
their position in the euphotic zone via active phototaxic swimming,

With regard to the role played by nutrient availability in Sicilian reservoirs, a
difference was noted between those water bodies subjected to stronger vertical
movements, and those which were not used, or were subjected to smaller water-level
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fluctuations (Naselli-Flores, 1998). In these environments, which also ranged from
mesotrophy to hypertrophy, nutrient availability secemed to play a major role; they
maintained their thermocline during summer, more constant values of zmix/zeu and
showed more stable assemblages during the period of study. Some results, obtained
through weelkly sampling on two reservoirs, one subject to water-level fluctuations and
the other one more stable because not vet used (Naselli-Flores & Barone, 1 998), showed
that the hydraulic stability of the lacustrine environment suppressed dramatic
irregularities in the seasonal cycle Ofphytoplnnkton which, in this way, appeared regulated
mostly by nutrient availability.

In particular, the polimictic behaviour induced by dcwatcring may allow the release
of nutrients from the sediment and favour summer phytoplankton pulses. Furthermore,
Barone & Naselli-Flores (1994) observed that the Shannon diversity function reflects
these pulses which generally increase their frequency in those periods characterised by a
lower hydrological stability (Figure 12). Thus, they argued that the daily variation in
flushing rate may ultimately act as an intermediate disturbance for phytoplankton allowing
the coexistence of small edible r-strategists with larger inedible species (see Padisak et
al., 1993).

—
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Figure 12 Secasonal trend of Shannon diversity function and stored volume of the Arancio Reservoir,

All the results collected until now on Sicilian Reservoirs suggest the possibility
that the influence of nutrients on the structure of the assemblages is higher in the lower
part of the trophic spectrum or in those environments characterised by higher water
stability during the year. In contrast, as trophic state or the use of stored waters increase,
physical parameters are enhanced and become more important in promoting the
deyelopment of a specific phytoplankton assemblage adapted to the modified physical
environment,
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Consumer Assemblages

Zooplankton occupies a strategic position in pelagic food webs. The structure of
its assemblages depends from predation pressure by fish (Brooks & Dodson, 1965) and
it may strongly influence the phytoplankton composition by both selective grazing and
nutrient recycling (Carpenter & Kitchell, 1993). Also in this case the factors influencing
zooplankton growth, such as food availability, food competition and predation pressure
(Ravera, 1996) do not generally differ in lakes and rescrvoirs, even though it was
highlighted that some differences due to the higher turbidity could affect the biological
performances of these organisms (Marzolf, 1990).

With regard to fish, it has to be underlined that autochthonous populations in
Sicilian inland waters generally comprise river fish able to live also in marine
environments. Only a few species present in the island, such as the small blennid Salaria
Sfluriatilis and Salmo macrostigma, a Mediterrancan trout, are strictly linked to freshwater
environments. The building of dam reservoirs was accompanicd by a massive introduction,
uncontrolled and often accidental, of fish species by fishermen. Among these introduced
species, the small cyprinid Rutilus rubilio was the most successful and it has rapidly
colonised many Sicilian freshwater habitats, reservoirs included, resulting now the only
species present in some stations where, before, many other species were present (Ferrito
& Tigano, 1995). Other species such as Micropterus salmoides and Lepomis gibbosus, both
native to North-America, are registering an increasing success (Naselli-Flores,
unpublished).

Asstudy on the distribution patterns of freshwater zooplankton in Sicily (Naselli-
Floreset al., 1998) highlighted that the island, from a biogeographical point of view, can
be divided into two zones. The north zone appeared to be mostly dominated by Palearctic,
Holoarctic and Cosmopolitan taxa (e.g. Daphnia longispina, Ceriodaphnia quadrangula,
Bosmina longirostris), with summer development of the Turanic-Mediterranean species
Diaphanosoma lacustris. The reservoirs located in the central and south zone showed
more distinctive Mediterranean distributional patterns of the species with the West-
Mediterranean Copidodiaptomus numidicus, the Mediterranean Metacyclops planus and many
thermophilous rotifer species such as Brachionus Salcatus, Epiphanes macrourus, Keratella
tropim, Hexarthra mira.

The presence of warm stenothermous species and the absence of predacious
cladocerans may be regarded as typical of tropical regions (see Dumont, 1994). At the
same time zooplankton composition of Sicilian reservoirs is characterised by some features
common in temperate regions such as the occurrence of a wide number of Daphia s.1.
species and the presence of entities typical of higher latitude (e.g. Cyclops furcifer, Kellicotia
longispina). These considerations, along with the recognition of 21 different charological
categories in the zooplankton assemblages, suggest that Sicily represents an area which
behaves as an active transition zone for these organisms.

The assemblages of Sicilian reservoirs are most frequently dominated by cladocerans
and rotifers. Barone ¢t al. (1991) refer a general higher occurrence of large-bodied species
in summer and winter and a significant positive correlation between edible phytoplankton
and herbivorous zooplankton biomass values. In particular, the dominance of large
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cladocerans was recorded in those reservoirs that were subject to strong fluctuations in
water level (Naselli-Flores & Barone, 1994).

A link between water-level fluctuations, zooplankton dvnamics and
zooplanktivorous predation pressure was pointed out by Naselli-Flores & Barone (1997)
who studied, during a period of three years, the population dynamics of planktonic
cladocerans the highly productive Arancio Reservoir.

The investigated water body exhibited values of wet weight phytoplankton biomass
generally above 10 mg - I'' with peaks over 70 mg - I-'; the assemblage was generally
dominated by large inedible algae (Closterium spp., Mougeotia sp.). Transparency values
were generally below 1 m. A Daplnia hyalina population usually started to increase in
the winter season, reached its highest density values (30 ind - ') at the end of spring
and then fairly quickly decreased again. In contrast, population densities in 1991 were
high during summer, reaching values above 70 ind - 1! at the end of July.

A strong flooding, which caused a large flow of allochthonous matter, affected the
reservoir at the end of winter 1991. In a few days the water body doubled its volume
and Secchi depth was reduced to values below 0.25 m in the first half of March. This
caused the dilution of the dominant large planktonic algae and allowed the development
of small Chlorococcales. Though these taxa were characterised by high growth rates,
biomass values remained low for a considerable period causing a long clear water phase
with Secchi depth values of about 6 m (Barone & Naselli-Flores, 1994). Apart from the
increase of D. Iyalina, the accumulation of biomass was also limited by the appearance
of a Daphnia magna population, not present in other years, which peaked in spring.

Along with the density values, also the average body lenght of ovigerous D. ipalina
significantly increased (Figure 13), passing from 750 to 1,200 um, as well as the number
of their parthenogenetic eggs. All these changes suggested a variation in the predation
pressure on the zooplankton assemblage. As a consequence, in the same vear the usual
August peak of edible phvtoplankton, mainly represented by small chlorococcalean algae,
was delayed until the autumn when Daphnia density was below 3 ind - 1.

The analysis of the fish of the reservoir showed the dominance exerted bv Rutilus
rubilio (Italian roach), a small cyprinid which constituted over 95% of the fish biomass.
Since no secondary carnivores were present in the reservoir, according to Persson et al.
(1993), the strong predation pressure by planktivores likelv caused an increase in
zooplankton mortality and preserved phytoplankton from overexploitation.

R. rubilio generally spawns at the beginning of March. In 1991 this event occurred
contemporary to flooding and the hatching success and early survivai of the frv in that
year was strongly decreased.

It has been generally reported that drawdown may seriously damage nursery areas
and dry out the eggs (Kubecka, 1993). In some other cases however, it was observed
that the increased siltation, associated with the filling of the reservoir, seriously damages
the spawned eggs and does not allow the hatching (Hassler, 1970). This way the impact
of fry on zooplankton may become virtually absent.
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Actually, the analysis of the gut content of the fry caught in this Sicilian reservoir
demonstrated that Daphnia hyalina is the most important prey item in the diet of
underyearling R. rubilio, whereas the adults feed mainly on detritus and benthic preys;
as observed by Zalewski ¢t al. (1990) in temperate reservoirs, the fry predation was
likely the cause of the gencral decline of the cladoceran population at the beginning of
summer,

According to Sorannoet al. (1993), the strength of predation pressure has a regulator
effect on the zooplankton competition and grazing and, thereby, through cascade effects
it may profoundly influence the structure of the ecosystem. In the above-mentioned
example, this strength was modulated by the strong inflow which caused a water-level
instability in the reservoir. Consequently, the weaker impact exherted by primary
carnivores on zooplankton enhanced the trophic relationships in the planktonic
compartment of the reservoir and influenced all the structure of the pelagic community.

CONCLUDING REMARKS

“The water problem facing us as the new millenium begins can be solved if we can
muster the foresight to deal with long-term environmental problems, the political will
to take actions today to reduce risk of future catastrophes, and the willingness to invest
in our future. Whether we will do so remains to be seen.” These words by Gleik (1993),
despite their pessimistic sound, urge to increase the effort for the best management of a
vital resource such as water is. The possibility to do so passes through an increased
knowledge of the ecological processes which take place in the aquatic environment.
Since reservoirs constitute an important resource in those zones characterised by water
scarcity, the identification of their environmental peculiarity is becoming essential to
plan the development of a framework for making management decisions.

In the absence of any environmental policy or suitable territorial planning, along
with objective problems such as the very densely populated catchment areas, the water
quality of Sicilian reservoirs has undergone a rapid decline, principally due to the
inadequate treatment of urban waste waters and to the excessive and irrational spreading
of fertilizer to sustain agricultural needs. Moreover, the multipurpose use of the reservoirs
increases the difficulties of managing waters which are often stored both for drinking
and irrigation purposes. According to Rast & Holland (1988) cultural eutrophication
can be defined as an undesirable, human induced increase in the input of phosphorus
and nitrogen to a lake or reservoir that artificially stimulate algal and aquatic plant
growth to levels which can significantly interfere with human uses of the water resources.
About 200 - 10° m? of the water stored in the Sicilian reservoirs are utilized for drinking
purposes and, due to their high trophic state, they need considerable treatment, involving
public health problems, and high costs. Naselli-Flores ¢t al. (1993) calculated that, in
most cases, a tertiary treatment of municipal sewage or its complete diversion, bypassing
the water bodies, could contribute to a reduction of nutrient loading variable between
40% and 85%.

As described, in Sicilian reservoirs the accumulation of biomass is concentrated in
the pelagic zone; Naselli-Flores & Barone (1998), to explain the modifications caused
in the structure of phytoplankton assemblages by an increasing trophic state, suggested
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that the secondary modifications induced by the uprise in nutrient availability, c.g.
increased phytoplankton biomass, sclective grazing, reduction of euphotic depth and
increased mixing depth/euphotic depth ratio, promotes the development of a specific
phytoplankton. From a qualitative point of view the process in the pelagic environment
could be summarised as follow:

L. Increased nutrient loading favours the development of photosynthetic biomass.

2. This development is first supported by small fast growing, r-strategist algae.

3. Small species supply a food source to filter-feeding zooplankton and cause an
increase in animal biomass.

4. Zooplankton grazing selects for larger algace and contributes to a faster recycling
of nutrients in the mixing layer.

5. At the same time, the increase in phytoplankton biomass modifies the underwater
light climate, causing a contraction of the euphotic layer.

6. Larger species, adapted to frequent light/dark cycles dominate the assemblage.

The scheme proposed can be valid for both lakes and reservoirs. The latter, however,
are more dynamic environments than lakes and some of these processes are often
accelerated by the hydrological forcing to which these environments are subjected.

In particular, the dominance of large species adapted to frequent light/dark cycles,
sustained by a contraction of the cuphotic zone should represent an index of “aging”
due to an increased trophic state and, consequently, to both an increase in phytoplankton
biomass and a decrease in water transparency. Nevertheless, in Sicilian reservoirs the
same shift in the composition of phytoplankton assemblages was observed also in
mesotrophic water bodies due to the summer deepening of their mixed layer. In this
optic, the use of some management procedures within the water body such as epilimnetic
mixing (StraSkraba, 1996), instead of promoting a reduction in phytoplankton biomass,
especially in shallower reservoirs, could produce the establishment of an assemblage
formed by inedible ruderal species (sensu Reynolds, 1997). In addition, biomanipulation
tools directed toward the simple reduction of planktivorous fish could be unfruitful;
actually, as suggested by McCauley & Kalf (1981), the overexploitation of primary
producers is likely controlled not only by the density of grazers but also by the inedibility
of the planktonic algae which these environments select.

Harris & Baxter (1996) refer that the populations of phytoplankton in North
Pine Dam (Australia) were influenced over long time periods by subtle interannual
changes in hydrographic conditions and by strong hydrological forcing (inflow and
outflow) which, in that case, were both manifestations of El Nifio Southern Oscillation
phenomenon. From all the examples cited in this paper it seems that the cyclic
hydrological forcing (inflow and outflow) to which Sicilian reservoirs are subjected,
exherts a strong impact on the pelagic community of these environments in at least two
different ways:

1. Bottom-up forces: the summer dewatering, interfering with the stratification
patterns may alter the biogeochemical cycles, i.e. the nutrient availability, and
the underwater light climate of the reservoirs, both of which affect phytoplankton
structure and succession.
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2. Top-down forces: the spring flooding may interfere with the reproductive success
of fish. As a result, predation pressure exherted by fish fry on zooplankton is
reduced and, ultimately, it also affects phvtoplankton. This last process in Sicilian
reservoirs was enhanced by a dilution effect which allowed the development of
an “edible” phytoplankton assemblage.

This last observation could lead to a form of biomanipulation through hydraulic
regulation by interconnecting reservoirs in pairs. Indeed, in Sicilian reservoirs this networlc
still exists since the Management Boards “decant” water from a reservoir to another in
the period of water scarcity or to fill a water body which serves an area where the water
demand is more urgent. Opportunely directed, this kind of operation, along with the
institution of a territorial planning in the catchment, could become a management tool
to improve the water quality in these environments. Moreover, the reversibility of the
procedure and its relatively low cost are in agreement with the recommandations set by
Straskraba (1996).

Finally, Sicilian reservoirs, due to their morphology, do not show a clearly identifiable
longitudinal gradient which allows a division in riverine, transition and lacustrine zones.
From the analysis of the seasonal dynamics of plankton, however, which in some way
reflect the rapid aging of these environments, they could be defined “high speed lakes”
rather than “river-lake hybrids”. Their speediness makes this kind of environments
particularly helpful to better understand the processes which take place in freshwater
ecosystems and to develop limnological theory.

ACKNOWLEDGEMENTS

Special thanks are due to Vera Istvanovies and Eduardo Von Sperling for their
suggestions on the manuscript. I am grateful to Elisabetta Oddo for the revision of the
English text.

REFERENCES

ARMENGOL, J,, RIERA, J. L. & MORGUI, J. A., 1991, Major ionic composition in the Spanish
reservoirs. Verh. Internat. Verein. Limnol,, 24: 1363-1366.

BARONE, R., 1983, 1l fitoplancton e lo stato trofico del lago Poma (Sicilia Nord-occidentale). Atti 5°
Congresso AIOL, Pallanza, pp. 177-187.

BARONE, R., 1985, Fitoplancton ¢ stato trofico del lago di Piana deghi Albanesi (Sicilia). Boll. Acc.
Gioenia Sci. Nat., 18: 485-498.

BARONE, R. & NASELLI-FLORES, L., 1994, Phytoplankton dynamics in a shallow, hypertrophic
reservoir (Lake Arancio, Sicily). Hydrebiologia, 289: 199-214.

BARONE, R., NASELLI-FLORES, L. & CALVO, S., 1991, Plankton communities in the artificial lakes
of Sicily (Italy). Verl. Internat. Verein. Limnol., 24 1409-1414.

BARONE, R., CALVO, S., NASELLI-FLORES, L. & VIVIANL G, 1993, Thermal analysis of a Sicilian
dam reservoir. Verh. Internat. Verein. Limnol., 25: 105-110.

BARONE, R,, FRADA ORESTANQ, C., CALVO, S. & GENCHI, G., 1986, Indagine conoscitiva sui laghi
artificiali siciliani. I Stime previsionali del livello trofico. Atti 7¢ Congresso AIOL, Trieste, pp. 133-144.

BARONE, R, CALVO, S., OLIVERI, R, DI BENEDETTO, M, CASUCCIO, A. & AJELLO, M,
1982, Indagini ecologiche su due bacini artificiali siciliani: Piana degli Albanesi e Poma. Giornale di
Igiene ¢ Medicina Preventiva, 23: 10-41.



LimnoLoGy OF SicilAN RESERVOIRS 309

BERMAN, T. & SHTEINMAN, B., 1998, Phytoplankton development and turbulent mixing in Lake
Kinneret. J. Plankton Res., 20: 709-726.

BROOKS, J. L. & DODSON, S. I, 1965, Predation, Body Size and Composition of Plankton. Science,
150: 28-35.

CALVO, S., BARONE, R. & GENCHI, G., 1984, Lo stato trofico del lago Scanzano (Palermo). Atti 6¢
Congresso Associacione Italiana di Oceanologia ¢ Limnologia, Livorno: 249-256

CALVO, S., BARONE, R., NASELLI-FLORES, L., GENCHI, G., LUGARO, A. & DONGARRA, G..
1993, Limnological studies on lakes and reservoirs of Sicily. Naturalista sicil., 17 (suppl.), 292p.

CAPBLANCQ, ]. & CATALAN, J., 1994, Phytoplankton: which, and how much? pp. 9-31. In: R. Margalef
(ed.), Limnology Now: a paradigm of planetary problems. Elsevier Science B.V,, Amsterdam.

CARPENTER, S. R. & KITCHELL, J. E, 1993, The trophic cascade in lakes. Cambridge University Press,
Cambridge, 385p.

CHAPMAN, P. & THORNTON, J. A., 1986, Nutrients in aquatic ecosvstems: An introduction to
similarities between freshwater and marine ecosystems. J. Limnol. Soc. sth. Afr., 12: 2-5.

CHARPIN, M. E, MAURIN, N., AMBLARD, C. & DEVAUX, J., 1998, Seasonal variations of phvtoplankton
photosynthate partitioning in two lakes of different trophic level. J. Plankton Res., 20: 901-921.

DASI, M. J., MIRACLE, M. R, CAMACHO, A, SORIA, J]. M., & VICENTE, E., 1998, Summer
phytoplankton assemblages across trophic gradients in hard-water reservoirs. Hydrohiologia, 369/
370: 27-43.

DOS SANTOS, A. C.A. & CALIJURI, M. C,, 1998, Survival strategies of some species of the phytoplankton
community in the Barra Bonita Reservoir (Sao Paulo, Brazil). Hydrobiologia, 367: 139-152.

DUMONT, H. J., 1994, On the diversity of the Cladocera in the tropics. Hydrobiologia, 272: 27-38.

FERRITO, V. & TIGANO, C., 1995, The distribution of the Ichthyofauna in the Simeto basin (Sicily).
Cybium, 19: 187-198.

GARCIA DE EMILIANI, M. O., 1997, Effects of water level fluctuations on phytoplankton in a river-
floodplain lake system (Parana River, Argentina). Hydrobiologia, 357 1-15.

GLEIK, P H,, 1993, An introduction to global fresh water issues. pp. 3-12. In: P. H. Gleik (ed.), Water
in crisis. A guide to the world’s fresh water resources. Oxford University Press, Oxford.

HABIB, O. A, TIPPETT, R. & MURPHY, K. J., 1997, Seasonal changes in phytoplankton community
structure in relation to physico-chemical factors in Loch Lomond, Scotland. Hydrobiologia, 350: 63-
79.

HARRIS, G. P. & BAXTER, G., 1996, Interannual variability in phytoplankton biomass and species
composition in a subtropical reservoir. Freshwat. Biol., 35: 545-560.

HASSLER, T. G,, 1970, Environmental influences on early development and year-class strength of
northern pike in lakes Oahe and Sharpe, South Dakota. Trans. Am. Fish. Soc., 99: 369-375.

HOLZ,]. C., HOAGLAND, K. D., SPAWN, R. L., POPD, A. & ANDERSEN, J. L., 1997, Phytoplankton
community response to reservoir aging, 1968-92. Hydrobiologia, 346: 183-192.

HUSZAR, V. L. DE M. & REYNOLDS, C. S., 1997, Phytoplankton periodicity and sequences of
dominance in an Amazonian flood-plain lake (Lago Batata, Para, Brazil): responses to gradual
environmental change. Hydrobiologia, 346: 169-181.

KIMMEL, B. L., LIND, O. T. & PAULSON, L. J., 1990, Reservoir Primary Production, pp. 133-193. In:
K. W. Thornton, B. L. Kimmel & E E. Payne (eds.), Reservoir Limnology: Ecological Perspectives, John
Wiley & Sons, New York.

KUBECKA, ]., 1993, Succesion of fish communities in reservoirs of Central and Eastern Europe. pp. 153-168.
In: M. Straskraba, J. G. Tundisi & A. Duncan (eds.), Comparative Reservoir Limnology and Water
Quality Management. Developments in Hydrobiology 77.

LINDENSCHMIDT, K. E. & CHORUS, 1., 1998, The effect of water column mixing on phytoplankton
succession, diversity and similarity. J. Plankton Res., 20: 1927-1951.



310 NaseiL-FLores, L.

MARGALEF, R, PLANAS, D., ARMENGOL, J.. VIDAL, A, PRAT, N., GUISET, A, TOJA, ] &
ESTRADA, M., 1976, Limnologia de los enibalses esparioles. Vol. T & 11 Direccién General de Obras
Hidraulicas, M.O.PU., Madrid, 453 & 85 pp-

MARZOLF, G. R., 1990, Reservoirs as environments for zooplankton. pp. 195-208. In: K. W, Thornton,
B. L. Kimmel & F E. Payne (eds.), Reservoir Limnology: Ecological Perspectives, John Wiley & Sons, New
York.

MARCHETTI, R, BARONE, R., CALVO, §., LUGLIE, A, NASELLI-FLORES, L. & SECHI, N,
1992, Studies on Italian reservoirs. Ment. Ist. ital. Idrobiol., 50: 337-363.

MCCAULEY, E. & ICALFF, ], 1981, Empirical relationships between phytoplankton and zooplankton
biomass in lakes. Can. J. Fish. Aquat. Sci., 38: 458-463.

MOSETTL, E, 1996, Sulle regolarita di alcune oscillazioni climatiche. Atti 52 Workshep Progetto Strategico
Clima, Ambiente ¢ Territorio ncl Mezzogiorno. C.N.R., Roma, pp. 259-271.

NASELLI-FLORES, L., 1998, Phytoplankton assemblages in reservoirs: is it chemical or physical
constraints which regulate their structure? Internat. Rey Hydrobiol., 83: 351-360.,

NASELLI-FLORES, L., 1999, Phytoplankton assemblages in 21 reservoirs: relationship between species
composition and environmental factors. Hydrobiologia (submitted).

NASELLI-FLORES, L. & BARONE, R, 1994, Rel;\tionship between trophic state and plankton
community structure in 21 Sicilian dam reservoirs. Hydrobiologia, 275/276: 197-205.

NASELLI-FLORES, L. & BARONE, R., 1995, Phytoplankton and underwater light climate in a
hypertrophic reservoir (Lake Arancio, Sicily). Giorn. Bot. Ital., 129: 1288-1292.

NASELLI-FLORES, L. & BARONE, R., 1997, Importance of water-level fluctuation on population
dynamics of cladocerans in a hypertrophic reservoir (Lake Arancio, south-west Sicily, Italy).
Hydrobiologia, 360: 223-232.

NASELLI-FLORES, L. & BARONE, R, 1998, Phytoplankton dynamics in two reservoirs with different
trophic state (Lake Rosamarina and Lake Arancio, Sicily, Italy). Hydrobhiologia, 369/370: 163-178.

NASELLI-FLORES, L., BARONE, R. & CALVO, S., 1993, Management problem of Sicilian reservoirs.
pp. 295-298. In: G. Giussani, & C. Callieri (eds.), Proceedings of the 5% Intenational Conference on the
Conscrvation and Management of Lakes, Stresa 17-21 May 1993,

NASELLI-FLORES, L., BARONE, R. & ZUNINO, M., 1998, Distribution patterns of freshwater
zooplankton in Sicily (Italy). Verh. Iuternat. Vercin, Limnol., 26: 1973-1980.

NICKLISCH, A., 1998, Growth and light absorption of some planktonic cyanobacteria, diatoms and
Chlorophyceae under simulated natural light fluctuations. J. Plankton Res., 20: 105-119.

O.CDE., 1982, Eutrophisation des caux. Méthodes de surveillance, d’évaluation et de lutte. OCDE, Paris, 164 p.

l’/\DIS/\K, ]., 1991, Relative frequency, seasonal pattern and possible role of species rare in phytoplankton
in a Irge shallow lake (Lake Balaton, Hungary). Verh. Internat. Vercin. Limnol., 24: 989-992.

PADISAK, |., REYNOLDS, C. §. & SOMMER, U. (eds.), 1993, Intermediate Disturbance Hypothesis
in Phytoplankton Ecology. Hydrobiologia, 249, 199p.

PERSSON, L., JOHANSSON, L., ANDERSSON, G., DIELIL, S. & HAMRIN, S. E, 1993, Density
dependent interactions in lake ccosystems: whole lake perturbation experiments. Oikos, 66: 193-
208.

RAST, W. & HOLLAND, M., 1988, Eutrophication of Lakes and Reservoirs: A Framework for Making
Management Decisions. Ambio, 17: 2-12.

RAVERA, O., 1996, Zooplankton and trophic state relationships in temperate lakes. Mem. Ist. ital
Idrobiol,, 54: 195-212.

REYNOLDS, C.S., 1989, Physical determinants of phytoplankton succession. pp. 9-56.In: U. Sommer,
(ed.), Plankton ecology: succession in plankton communitics. Springer Verlag, Berlin.

REYNOLDS, C. S, 1996, Phosphorus recycling in lakes: evidence from large limnetic enclosures for
the importance of shallow sediments. Freshwat. Biol., 35: 623-645.



LimnoLoGy oF SicitiaN RESERVOIRS 311

REYNOLDS, C. S., 1997. Vegetation processes in the pelagic: a model for ecosystem theory. Ecology Institute,
Oldendorf/Luhe, 371p.
REYNOLDS, C. S., 1998, What factors influence the species composition of phytoplankton in lakes of

different trophlc status? Hydrobiologia, 369/370: 11-26.

REYNOLDS, C. S. & REYNOLDS, J. B., 1985, The atypical seasonality of phytoplankton in Crose
Mere, 1972: an independent test of the hypothesis that variability in the physical environment
regulates community dynamics and structure. Br: phycol. ], 20: 227-2432.

REYNOLDS, C. S., DESCY, J. P & PADISAK, J., 1994, Are phytoplankton dynamics in rivers so
different from those in shallow lakes? Hydrobiologia, 289: 1-7.

RIVKIN, R. B., 1985, Carbon 14 labelling patterns of individual phytoplankton from natural
populations. Mar. Biol., 89: 135-142.

RYDING, S. O. & RAST, W,, 1994, Le contrdle de Ueutrophisation des lacs et des réservoirs. Masson, Paris, 294p.

SMITH, 1. R., 1992, Hydroclimate. The influence of water movement on freshwater ecology. Elsevier Applied
Science, London, 285p.

SORANNO, P A., CARPENTER, S. R. & ELSER, M. M., 1993, Zooplankton community dynamics,
pp. 116-152, In: S. R. Carpenter & J. E Kitchell (eds.), The Tiophic Cascade in Lakes. Cambridge
University Press, Cambridge.

STRASKRABA, M., 1996, Lake and reservoir management. Verl. Internat. Verein. Limnol ., 26: 193-209.

STRASKRABA, M., TUNDISI, . G. & DUNCAN, A., 1993, State-of-the-art of reservoir limnology
and water quality management, pp. 213-288. [n: M. Stragkraba, ]. G. Tundisi & A. Duncan (eds.),
Comparative Reservoir Linmology and Water Quality Management. Developments in Hydrobiology 77.

THORNTON, J. A. & RAST, W, 1993, A test of hypotheses relating to the comparative limnology and
assessment of eutrophication in semi-arid man-made lakes. pp. 1-24. In: M. Straskraba, ]. G. Tundisi &
A. Duncan (eds.), Comparative Reservoir Linmology and Water Quality Management. Developments in
Hydrobiology 77.

TUNDISI, }. G, MATSUMURA-TUNDISI, T. & CALIJURI, M. C,, 1993, Limnology and management
of reservoirs in Brazil. pp. 25-55. Jn: M. Straskraba, J. G. Tundisi & A. Duncan (eds.), Comparative
Reservoir Limnology and Water Quality Management. Developments in Hydrobiology 77.

VAN DIJJK, G. M. & ACHTERBERG, I, 1992, Light climate in the water column of a shallow eutrophic
lake (Lake Veluwe) in The Netherlands. Arch. Hydrobiol., 125: 257-278.

WETZEL, R. G., 1990, Reservoir ecosystems: conclusion and speculations, pp. 227-238. I KL W. Thornton,
B. L. Kimmel & E E. Payne (eds), Reservoir Limnology: Ecological Perspectives, John Wiley & Sons, New
York.

YENTSCH, C. S., 1980, Light attenuation and plytoplankton photosynthesis, pp. 95-127. In: 1. Morris
(ed.), The Physiological Ecology of Phytoplankton. Blackwell Scientific Publications, Oxford.

ZALEWSKI, M., B. BREWINSKA-ZARAS & P FRANKIEWICZ, 1990, Fry communities as a

biomanipulating tool in a temperate lowland reservoir. Arch. Hydrobiol. Beih. Er ehn. Limnol., 33(3):
763-774.



