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INTRODUCTION

Environmental monitoring by regular observations al-
lows us to identify changes occurring in ecosystems
(Franklin, 1988). However, environmental changes may
have occurred before observation started (e.g. Ruggiu et
al., 1998). In this case, it is possible to infer the past con-
ditions of lake ecosystems using lake sediments, which
can be considered natural archives documenting the evo-
lution of the lake, including its chemical, physical and bi-
ological features, of its catchment and of the regional
climate (Oldfield, 2005; Smol, 2009). To obtain a more
detailed picture of past environment, considering that not
all organisms leave persistent morphological or biochem-
ical remains in lake sediments, it is useful to study as
many features as possible.

One of the first multidisciplinary palaeolimnological
studies was performed on Lake Monterosi, Central Italy,
by a team of researchers led by G.E. Hutschinson. Vol-
canic lakes in Central Italy were considered for this pio-
neering study because they were not greatly influenced

by the accumulation of till in post-glacial time. Lake Mon-
terosi was chosen among them because it was small and
shallow, and relatively easy to core with the material
available at that time (Hutchinson, 1970).

The report is very impressive, including chapters on
present ecological condition of the lakes, the history or
the surrounding area, petrography of the lava in the catch-
ment, chemistry and mineralogy of the sediment as well
as profile along the cores of remains of pollen, diatoms,
chrysophyte cysts, porifera, chironomids and “other flora
and fauna”, such as cladocera. 

The very high quality of the study, as well as the com-
pleteness of the report, made this study an example of
high quality multidisciplinary study, frequently reported
as an example in limnology text books (e.g., Moss, 1998;
Wetzel, 2001), and represented a source of inspiration and
a model study for palaeolimnologists.

The main result of the Monterosi work was that the
last Glacial climate in peninsular Italy was not only cold
but also dry, in contrast with the assumption prevalent at
that time of wet “pluvials” in Glacial stages of the north-
ern Mediterranean (Bonatti, 1966). These finding were
confirmed later by pollen profiles taken in other lakes in
Central Italy (e.g. Lowe et al., 1996).

Collected data were extensively reported in tables
and/or graphs, allowing us to re-examine the results on
the light of the experience collectively accumulated in the
following fifty years of palaeolimnological studies. The
availability of the original data represents another pioneer-
ing aspect of the study, in line with what is now consid-
ered Open Data according to the FAIR principles
(Wilkinson et al., 2016).

The history of the lake and the original interpretation

Summarizing the large amount of data contained in
the original report (Hutchinson, 1970), we can describe
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the history of the lake as a sequence of three major peri-
ods. At the basis of the core, the first part of the lake his-
tory (phase A) was characterized by the presence of
aquatic plants, periphytic diatoms, remains of cyanobac-
teria (Gleotrichia) and Chaoborus, indicating a moderate
trophic status. A second longer phase (B) of oligotrophic
condition was indicated by an increase in aquatic plant
pollen and the presence of Sphagnum and of epipsammic
diatoms, typical of the bottom of very transparent lakes.
This phase finished abruptly at around 160-cm depth,
when the calcium content of the sediment increased and
clear signs of lake eutrophy appeared: aquatic plant
pollen declined, and the diatom flora was dominated by
species typical of nutrient rich lakes (phase C).
Cyanobacteria abundance also increased, together with
the onset of a rich chironomid and cladocera fauna. After
this phase, the trophic status of the lake was reduced, but
not enough to make the ecosystem able to come back to
its previous state. Based on radiocarbon data, the shift
from phase B to phase C was dated at 2,220±120 years
B.P. No natural events accounting for such a large
ecosystem change could be found around this date. How-
ever, in 171 b.C. the via Cassia was built, running around
the southern slope of the Monterosi catchment and af-
fecting the lake outlet. For this reason, it was assumed
that the changes in lake ecosystem were due to increased
sedimentation due to the road building and to changes in
the hydrology of the lake due to outlet alteration. The in-
creased presence of large (> 40 µm) pollen grains of
Graminaae and of Plantago pollen at ca. 60 cm depth was
interpreted as a sign of re-settlement of agriculture in the
Middle Ages, after a period of abandon related to the end
of the Roman Empire (Bonatti, 1970).

Critical points

A critical point in this study is related to the very low
sedimentation rate of Lake Monterosi. Two sediment cores
were collected, ca. 2.5 m long, covering the whole Holocene
and part of the Late Glacial, indicating a sedimentation rate
of about 0.01 cm y–1, so that the temporal resolution of the
study was also low. The authors were aware of this fact, and
at the end of the chapter on pollen, Bonatti (1970) wrote:
“Cores from other volcanic basins in Central Italy where the
sedimentation rate was possibly higher than in Monterosi
may reveal details of a stratigraphic sequence which was
only outlined in the present work”.

A second, and more relevant, critical point is related
to the source material used for radiocarbon dating. Ac-
curate sediment dating is a relevant difficulty in palae-
olimnological studies, and can be reliably attained in
some cases only by combining multiple techniques. For
example, Zolitscka and Negendank (1996) used together
varve counting, tephra analysis and radiocarbon dating
to obtain an accurate chronology of the sediment of the
Lago Grande di Monticchio. In the case of Lake Mon-
terosi, the authors relayed entirely on the (at that time)
recently developed technique of radiocarbon dating, and
core chronology was only based on eight 14C analyses,
performed on bulk sediment section, 4 to 35-cm tick
(Fig. 1). 

Later literature (for a review, see Björck and Wohl-
farth, 2001) showed that bulk sediment may contain car-
bon deriving from a variety of sources, such as rests of
lake and terrestrial organisms, and mineral and organic
components of catchment soils, which may contain car-
bon of different age. The typical source of error in ra-

Fig. 1. Age-depth relationships
with standard error for the 14C
dating of bulk sediment in Lake
Monterosi core 1-A (redrawn
from data in Bonatti, 1970).
Horizontal bars denote sample
thickness. Triangles indicate
alternative approximate dates
obtained by correlating the
pollen profile with dated cores
from lakes Albano and Nemi
(Lowe et al., 1996).
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diocarbon dating of bulk lake sediment is the presence
of persistent organic material, such as lignine or even
coal, older than the sediment itself. In this case, radio-
carbon dates would be older than the actual sediment
deposition. For this reason, a present-day “more or less
unspoken rule” in sediment dating (Björck and Wohl-
farth, 2001) suggests to avoid bulk sediment for radio-
carbon dating, and to prefer dating macroremains from
terrestrial plants or from aquatic plants utilizing atmos-
pheric CO2. 

Contamination of bulk sediment by younger carbon
is more rarely reported, However, the presence of rooted

macrophytes can influence bulk sediment samples
by contamination through rootlets or humic acids perco-
lating down into the sediment (Björck and Wohlfarth,
2001).

In the case of the shallow Lake Monterosi, most of
lake bottom is covered by rooted macrophytes, and the
pollen diagram (Fig. 2b) reveals that this was the case
also in the past. Macrophyte roots may then have caused
“younger” organic carbon to reach deeper sediment.

For these reasons, we can question the accuracy of
radiocarbon dating performed on bulk sediment, which
can have given either too old or too young sediment age.

Fig. 2. Pollen profile from Lake Albano core 1E (A, Lowe et al., 1999) and Lake Monterosi core 1A (B, redrawn from data in Bonatti, 1970).
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Alternative interpretation

Comparing the pollen diagrams obtained from other
cores taken in the Adriatic Sea (Lowe et al., 1996) and
in other lakes in Central (Lowe et al., 1996) and Southern
Italy (Watts et al., 1996) with the Monterosi pollen pro-
file (Fig. 2), the similarity is very evident (see an example
in Fig. 2).

Making abstraction of the 14C dates reported by Bonatti
(1970), an alternative approximated chronology can be ob-
tained by comparing the history of the vegetation develop-
ment in Central Italy as described by these pollen profiles.

The lower part of the Monterosi pollen sequence,
dominated by Artemisia and other herbs, with a low per-
centage of Pinus, compare well with zone I in the Lake
Albano sequence (Lowe et al., 1996) and zone 4 in the
Monticchio sequence (Watts et al., 1996), representing the
last cold stage. The increase in Quercus and Alnus pollen
percentage indicates then the onset of the Holocene. The
relatively low resolution of the Monterosi record does not
allow the identification of a distinct cold phase during the
Younger Dryas episode. 

Between 60 and 40-cm depth, the Monterosi pollen pro-
file shows a decrease in tree pollen percentage, together
with an increased presence of large (> 40 µm) pollen grains
of Graminaae and of Plantago pollen, which can be inter-
preted as a sign of relevant human disturbance, in the form
of deforestation and the onset of agriculture, comparable
with zone 3c in the Lake Nemi sequence (core PNEMI-1B,
Lowe et al., 1996). In the PNEMI-1B core, this zone is lo-
cated below a tephra layer dated 4.1 kyears BP.

Based on these considerations, it is possible to hypoth-
esize that the sedimentation rate in Monterosi would have
been relatively stable, and the dramatic changes in lake
ecosystems would not have been correlated with the
building of the Roman road, but they would be related to
the deglaciation period.

In Lake Albano, the first part of the Holocene was
characterized by an increase in lake trophic status, indi-
cated by an increase in both the concentration of algal pig-
ments and the percent abundance of diatoms preferring
nutrient-rich waters, such as small Stephanodiscus spp.,
most probably related to the development of forest soil in
its catchment (Ryves et al., 1996). Later on, the percent
abundance of small Stephanodiscus decreased, but the di-
atom assemblage never went back to the previous com-
position, indicating that the trophic status of Lake Albano
decreased, but did not reached the same situation as in the
Late Glacial (Ryves et al., 1996).

The development of forests in Lake Monterosi area is
indicated by the strong increase in Alnus and Quercus
pollen percentage (Fig. 2). In analogy to the trophic evo-
lution of Lake Albano, soil development in the catchment
may have triggered an increase in nutrient input in Lake
Monterosi, leading to development of planktonic diatoms

and cyanobacteria, that replaced the periphytic and epip-
sammic species. Unlike Lake Albano, in Lake Monterosi
there was no sign of a later reduction of trophic status.

This change in the lake ecosystem is coherent with the
alternative equilibria described by Scheffer et al. (1993):
the nutrient input may have caused a shift from a “trans-
parent” stable status, were the primary production was
dominated by aquatic macrophytes and the diatom assem-
blage was rich in periphytic diatoms, to a “turbid” stable
status, dominated by diatom species typical of nutrient
rich lakes, and rich in cyanobacteria, chironomid and
cladocera, as described by Hutchinson (1970).

After more than fifty years from the original study, it
is not possible to verify the correctness of each of the al-
ternative hypotheses on the causes of the dramatic change
in Lake Monterosi ecosystem, either deforestation and de-
velopment of agriculture during the bronze age, or the cut-
ting of the via Cassia. However, the accurate reporting of
the data enables this speculation.

CONCLUSIONS

The multidisciplinary study carried out on the sedi-
ment of Lake Monterosi in the 1960s was an important
pioneering study that stimulated and oriented palaeolim-
nological activities in the following decades. Its main re-
sult, describing a cold and dry Late Glacial in the northern
Mediterranean was confirmed by later studies.

Some aspect of the history of the lakes during the
Holocene can be evaluated again, half a century later, on
the basis of later information on the limits of the used
technique (such as recognizing possible bias in radiocar-
bon dating of bulk sediment) and later development in
ecological theory (such as the definition of alternative sta-
ble states in shallow lakes). This exercise is made possible
by the accurate and complete reporting of the raw data in
a comprehensive report (Hutchinson 1970). 

The continuous increase in the availability of new
palaeolimnological data makes also possible to compare
the behaviour of different lakes, and to find common pat-
terns in order to obtain robust interpretation of the sedi-
ment record. Outstanding examples of large scale
comparison of common signals in lake sediment are rep-
resented for example by the identification of climatic
change as the main driver of the recent success of small
planktonic diatoms (Rühland et al., 2015) and the syner-
gic effect of increased atmospheric temperature and nu-
trients input from land promoting the expansion of
cyanobacteria in lakes (Turanu et al., 2015).

The present exercise of re-examination of old pub-
lished data stresses the importance of open data in envi-
ronmental science (Wilkinson et al.,, 2016). Beside the
extensive reporting of raw data in reports and journal sup-
plementary material, global databases such as Neotoma
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(Goring et al., 2018) are an important tool to make palae-
olimnological data available to the whole scientific com-
munity and their extensive use to store research results
cannot be overstated.
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