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ABSTRACT

The stable oxygen and carbon isotopic composition of ostracod valves is the result of the interaction of several variables. Under-
standing and identifying the biological and ecological factors influencing the life of these animals improves the interpretation of
isotopical data, and leads to better paleoenvironmental reconstructions. Ostracod biostratigraphy and determinations of oxygen and
carbon stable isotopes on ostracod valves were carried out on a short sequence of the Last Glacial Maximum from Lake Albano
(Central Italy). The oxygen isotopic composition of adults of Candona neglecta ranged between 0.5%o and 1.5%o, and in Ilyocypris
bradyi between —2%o and —0.5%o . Isotopic values from adults of C. neglecta fell within the range —1.5%o to —0.8%o when corrected
for vital effect. The carbon isotopic signal ranged from 9.4%o to 10.8%o in adults and juveniles of C. neglecta, and from 9.8%o to
11.3%o in 1. bradyi. Differences between left/right valve and gender were negligible, whereas there appeared to be a marked influ-
ence of life stage and species-specific factors related to vital effect and differences in microhabitat and seasonality. We combined
analyses on carbon and oxygen isotopes with information deriving from ostracod ecology to reconstruct short term oscillations in
past lake water level. Seasonal changes in either the temperature or the isotopic composition of the lake water were also identified.
Relatively high 6'50 values in ostracod valves were probably associated with the lake location and source of moisture, while high

6"C values were most probably related to the input of volcanic CO, into the lake.
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1. INTRODUCTION

Oxygen stable isotopes in lacustrine carbonates are
one of the most commonly used proxies in palaeocli-
matic reconstructions (e.g., McKenzie & Eberli 1987,
Talbot & Kelts 1990; Teranes et al. 1999a). They have
been successfully applied in quantitative reconstructions
of lake water sources, palacotemperature and atmos-
pheric circulation patterns (e.g., McKenzie & Hollander
1993; McKenzie 1993; Teranes & McKenzie 2001).
The oxygen isotope composition of modern lake waters
is determined by a combination of meteorology, local
hydrological balance, and geographical setting (Schwalb
et al. 1994). In most cases carbonates precipitating
within a lake (authigenic) record the actual water iso-
topic composition. However, this signal may eventually
be overprinted by additional factors such as natural or
anthropogenically-induced eutrophication (e.g., Mullins
1998; Teranes et al. 1999b). A good understanding of
the lake system is then crucial in separating these often
concurrent factors. Biogenically-produced calcite such
as that precipitated by benthic ostracods, in particular,
provides an isotopic record that is free of potential
mixing with clastic carbonates. In addition, sublittoral
ostracods dwell in environments in which water tem-
peratures remain unaffected by seasonal changes (Lister

1988; Schwalb 2003). Quantitative temperature recon-
struction, however, is not straightforward, since many
factors may affect the original signal (e.g., valve rede-
position, diagenetic processes, sample treatment). In ad-
dition, it has been established that isotopic fractionation
during valve formation differs among species, inducing
systematic offsets that have been referred to as "vital
offsets" (Urey et al. 1951). Furthermore, specific differ-
ences in micro-habitat and seasonality have been found
to affect the valve isotopic signal (e.g., von Grafenstein
et al. 1999).

The carbon isotopic composition of calcite is insen-
sitive to changes in temperature; nevertheless, 8"°C in
ostracod valves has been used to evaluate lacustrine
productivity (Lister 1998), to detect changes in the
catchment vegetation (Schwalb & Dean 1998) and
variations in lake water balance (von Grafenstein ef al.
2000) and together with oxygen isotopic signature to as-
sess the life span of aquatic environments (Schwalb et
al.2002).

The 8" Cpyc (dissolved inorganic carbon) depends on
the isotopic signature of the bicarbonate imported into
the lake, the net deposition of organic matter produced
in the lake, and the strength of CO, exchange at the
lake's surface (von Grafenstein ez al. 2000). Thus, it is
clear that these physical and biological processes have
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Fig. 1. Study area and stratigraphic framework: A. Map of central Italy showing the most important volcanic lakes and bathymetric
map of Lake Albano indicating core positions. B. High resolution seismic profile containing the position of site 2 (this study), 1 and 6
(modified from Chondrogianni ef al. 2004). The interpreted seismic reflectors allow inter-site correlation and the extrapolation of the

chronological model among coring sites.

to be evaluated and quantified in order to properly as-
sess the environmental meaning of this proxy.

The purposes of this paper are: a) to constrain the in-
fluence of species, gender, life stage and left/right valve
on 8'®0 and 8"°C in ostracods of a sedimentary se-
quence from Lake Albano (Central Italy), b) to identify
changes in lake water level and lake water temperature
using ostracod biostratigraphy and c) to discuss quanti-
tative estimations of changes in past lake water tem-
peratures and of major changes in lake water 5'°0.

1.2. The study site

Lake Albano (Italy) is an ideal site for the aims of
this study because its environmental evolution since the
latest Pleistocene has been thoroughly examined using a
multi-proxy approach within the framework of the E.U.
project PALICLAS: Paleoenvironmental Analyses of
Italian lakes and Adriatic sediments (Guilizzoni & Old-
field 1996). Previous studies of the sub-fossil ostracod
fauna between 28 and 17 Kyr cal BP of this lake fur-
nished unique paleoecological data that were fully con-
strained with independent proxy data (Guilizzoni et al.
2000; Chondrogianni et al. 2004).

Lake Albano (41° 45' N, 12° 41' E) is a crater lake
located 25 km southeast of Rome (Fig. 1). The lake has
maximum and mean depths of 175 and 77 m, respec-
tively, and a surface area of 6 km® within ca 3.7 km®
catchment. It is a hydrologically-closed crater basin
mostly fed by local precipitation and submerged
springs. While the water exchange between the Albano
hydrostructure and the deeper karstic aquifer is insig-
nificant, chemical and isotopical analyses on springs in
the surrounding area have identified a gas phase con-
sisting mainly of CO, of deep origin (Boni ef al. 1995).
Due to its funnel shape and depth, Lake Albano is nor-
mally strongly stratified. Its water column shows a thick
thermocline from ca 25 m to ca 55 m and an anoxic

hypolimnion extending from that depth to the lake bot-
tom (Cioni et al. 2003).

An artificial channel in the south-eastern side of the
lake was dug in Roman times (390 BC), apparently to
cope with a major rise in lake water level that was men-
acing the surrounding human settlements (Mastrigli
1964). A more detailed description of the study site is
available elsewhere (Trigila 1995; Chondrogianni ef al.
1996a).

Sedimentary cores were retrieved in six different
sites (Fig. 1). Detailed multi-proxy analyses were per-
formed in sites 1 and 6 at 70 m and 30 m water depth,
respectively. Core dating and correlation indicate that
the sediments from site 6 represent almost exclusively
the interval from 24 to 17 Kyr cal BP, whereas site |
spans Late Pleistocene and Holocene sediments younger
than 28 Kyr cal BP (Guilizzoni et al. 2000; Chon-
drogianni et al. 2004). Site 2, located in an intermediate
position between sites 1 and 6, was selected for this
study in order to better link the sequences from those
sites and provide a clearer picture of the dynamics of the
lake through time (i.e. lake level variations).

2. MATERIAL AND METHODS

Core PALB94 2B was retrieved in position 2 at 55
m water depth (Fig. 1). More details of lake sediments
geometry obtained from high resolution seismic profiles
and core analyses are thoroughly described in Chon-
drogianni et al. (1996b) and Guilizzoni et al. (2000).

Intervals containing ostracod valves were identified
through a preliminary visual and microscopic inspection
of the sediments. The analysis was then focused on the
lowermost 45 cm of core PALB94 2B (830 -875 cm
core depth), hereafter "ostracod sequence", the only one
with a well-preserved ostracod community. The sam-
pling strategy for determining ostracod assemblages
followed major changes in core lithology. Isotopic
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Tab. 1. Isotope data from ostracod valves in %o PDB, core PALB94 2B.

Sample Species left/right core depth 8"C 3"%0 number of valves
1 C. neglecta juveniles 830.5 10.2 -0.3 9
2 I bradyi 830.5 10.3 -1.2 8
3 C. neglecta females 832.5 10.5 1.1 3
4 I bradyi 832.5 10.5 -2.1 5
5 I bradyi 832.5 11.1 -1.6 5
6  C. neglecta juveniles 832.5 9.4 -0.9 9
7  C. neglecta juveniles 834.5 10.9 0.1 10
8 I bradyi 834.5 9.8 -1.7 8
9  C. neglecta adults 847.5 9.7 0.9 7
10 C. neglecta adults 847.5 10.0 0.8 7
11 C. neglecta females 847.5 10.3 1.4 5
12 C. neglecta females 847.5 10.4 1.3 5
13 C. neglecta females 847.5 9.4 1.0 5
14 C. neglecta females 847.5 10.5 1.2 5
15  C. neglecta males 847.5 9.8 1.2 5
16  C. neglecta males 847.5 9.5 1.1 5
17 I bradyi 847.5 11.3 -0.9 5
18  C. neglecta juveniles 847.5 10.3 1.4 7
19 C. neglecta females 862.5 10.5 1.5 6
20 C. neglecta females 862.5 10.5 0.9 5
21 C. neglecta females 862.5 10.3 1.1 5
22 C. neglecta females 862.5 9.9 1.2 5
23 C. neglecta males 862.5 10.2 1.2 6
24 C. neglecta males 862.5 9.9 1.1 7
25 I bradyi 862.5 10.6 -1.0 5
26 I bradyi 862.5 10.5 -0.1 6
27  C. neglecta juveniles 862.5 10.7 1.2 7
28  C. neglecta juveniles 862.5 9.5 1.2 5
29  C. neglecta females 872 9.2 0.7 5
30 C. neglecta females R 872 9.7 0.7 5
31 C. neglecta females R 872 9.8 0.6 5
32 C. neglecta females R 872 10.2 0.8 6
33 C. neglecta females R 872 9.5 0.6 6
34 C. neglecta females L 872 10.3 0.7 5
35  C. neglecta females L 872 10.7 1.1 6
36 C. neglecta females L 872 9.5 0.8 6
37  C. neglecta females L 872 9.8 0.7 5
38 C. neglecta females 872 10.2 0.8 6
39  C. neglecta males R 872 10.7 0.8 5
40  C. neglecta males L 872 10.6 0.7 6
41  C. neglecta males L 872 10.7 0.8 5
42 C. neglecta males R 872 10.3 0.8 6
43 C. neglecta males 872 10.1 0.9 5
44 I bradyi 872 10.3 -0.5 5
45 I bradyi 872 10.2 -0.4 6
46 I bradyi 872 10.5 -0.8 6
47 I bradyi 872 10.4 -0.3 5
48  C. neglecta juveniles 872 10.6 0.9 8
49  C. neglecta juveniles 872 9.6 1.0 5

TOTAL

287

analyses were carried out in only four of these sections
representing different ostracod communities and con-
taining the largest number of valves of the species under
study. This improved the strength of the results by ena-
bling the analyses to be replicated (Tab. 1).

Valves were sorted, cleaned, identified and counted
under a binocular microscope (40x - 100x) from se-
lected samples taken every 5 to 10 cm. Valves were
cleaned using a brush and distilled water; no chemical
pre-treatment was performed.

Oxygen and Carbon stable isotopes were measured
on 49 samples consisting of 3 to 10 valves (most com-
monly between 5 and 7). The stable isotope composition

of 287 valves of the species Candona neglecta and Ilyo-
cypris bradyi was measured by reaction with 100% or-
thophosphoric acid at 90 °C in an automated common
acid-bath connected to a triple-collector VG Isogas pre-
cision isotope ratio mass spectrometer (PRISM). Results
are expressed in delta notation as per mil deviation from
the international standard V-PDB (80 and $"C).
Analytical precision based on routine analysis of the
internal reference standard (Carrara Marble) and re-
peated measurements was +0.10%0 for 'O and
+0.05%o for 3"°C.

Gender, left and right valves and life stages of the
studied specimens of C. neglecta were separately measured
to constrain their influence on isotopic fractionation.
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Fig. 2. Correlation of coring sites 1, 2, and 6 based on magnetic susceptibility (K; Rolph et al. 1996) and sedimentological features
(Chondrogianni ef al. 1996a). Faunal zones identified using invertebrate remains in sites 1 and 6 are also reported (Belis ef al. 1999).
T1 and T2 correspond to tephras AV (Avellino plinian eruption) and Y-1 (Biancavilla —Montalto event) respectively (Calanchi et al.

1996).

Water palacotemperatures were calculated using the
equilibrium isotopic fractionation factor for the calcite-
water system (Friedman & O'Neil 1977)

1000 In (A) =2.78 (10°) T - 2.89 (1

where 1000 In (A) = 8'°0 calcite - §'*0 water (SMOW),
(A) = isotopic fractionation factor, T = temperature of
the reaction (°K). A 8'%0 surface lake water composi-
tion of -0.3%0 (SMOW) was used (Chondrogianni et al.
1996b)

The "0 composition of Candoninae valves was
corrected for the vital offset using the coefficient +2.2
10.15%0 V-PDB (Von Grafenstein et al. 1992, 1999).

2.1. Core correlation and chronological setting

Site 2 is comparable to site 1 from a lithological
point of view. The only major difference is that units in
the lowermost half of core PALB94 2B appear more
compressed than in core PALB94 1E (Fig. 2). In par-
ticular, the so-called ostracod sequence is relatively uni-
form, consisting of carbonate-rich light gray muds with
a partially laminated structure.

The correlation of core PAL94 2B with those from
sites 1 and 6 was made on the basis of lithology and
high resolution magnetic susceptibility (Fig. 2). A
tephra layer at 6.36 m in core PALB94 2B corresponds
to the Etna Y-1 tephra identified at 7.2 m depth in core
PALB94 1E and dated at 17.0 £0.260 Kyr cal BP
(Calanchi ef al. 1996; Chondrogianni ef al. 2004).

A robust chronology emerges only through the com-
bination of distinctive sedimentological features from
each coring site. Matching these different environments

represented by either littoral or pelagic sediments con-
firms an originally complex chronology when each site
is considered individually.

Coring sites 2 and 1 are located at 55 and 70 m
water depth, respectively (Figs 1 and 3). This 15 m dif-
ference in water depth may explain the simultaneous
presence of littoral sediments in site 1 and the very
slight occurrence or absence of lacustrine sediments in
site 2 during the time interval preceding the major lake
level rise identified ca 24-23 Kyr cal BP (Guilizzoni et
al. 2000). In addition, since littoral or sublittoral condi-
tions dominated the sequence of site 6 (25 m shallower
than site 2) after the major rise in lake water level
(Chondrogianni et al. 1996b; Manca et al. 1996), only
deep lake deposits are possible in site 2 from 23 Kyr cal
BP onwards. Therefore, littoral - sublittoral deposits in
this site, like those observed in the lowermost 45 cm of
core PALB94 2B, are constrained within the time win-
dow in which the major rise of lake water level occurred
(i.e., between 24 and 23 Kyr cal BP).

3. RESULTS
3.1. Ostracod abundance and assemblages

Ostracod assemblages (reported in figure 4) were
only found at 830 - 875 cm sediment depth. Candona
neglecta is the most abundant species at the beginning
of the ostracod sequence, whereas Ilyocypris bradyi
dominates the uppermost 10 cm. Other species such as
Candona candida, Cypria ophtalmica, a number of spe-
cies of the genus Potamocypris (namely P. villosa, P.
pallida and P. zschokkei) and Herpetocypris sp. are rare.
No decalcified valves are reported.
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Fig. 3. The evolution of the lake water level between 28 and 17 Kyr cal BP. Top: before 24 Kyr cal BP the low lake water level
created littoral-sublittoral conditions in site 1; no lake sediments deposited in sites 2 and 6. Center: during the rise in lake water level
a littoral - sublittoral environment dominated in site 2 whereas deep lake sediments were deposited in site 1; site 6 remained above
the lake level. Bottom: after the major rise in lake water level, littoral conditions dominated in site 6; only deep lake deposits reached
sites 1 and 2. In addition to the described dominant trend, at each step there were minor lake water level oscillations.
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Fig. 4. Ostracod species abundances in valves g”' d.w. and number of species.
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3.2. Oxygen and carbon stable isotopes

The oxygen isotopic composition of adults of Can-
dona neglecta ranges between 0.5%o and 1.5%o, and in /.
bradyi between —2%o0 and —0.5%o (Tab. 1, Fig. 5). Iso-
topic values from adults of C. neglecta range between —
1.5%0 and —0.8%o0 when corrected for vital effect using
the factor —2.2%o (£0.15) proposed by von Grafenstein
et al. (1992, 1999).

PALB94 2B
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Fig. 5. 8'%0 in Candona neglecta, Ilyocypris bradyi and C.
neglecta juveniles in %o, V-PDB. The graph at the bottom
shows values corrected for vital effect.

Isotopic values in left and right valves, in males and
females of C. neglecta from a selected layer (872 cm
core depth), where the abundance of valves enabled us
to run several replicates, are compared in table 2. There
are no significant differences in 5'*0 between left and
right valves and between males and females (Fig. 6).
Conversely, differences between adults and juveniles of
C. neglecta (last larval stage) are appreciable. The latter
presents isotopic compositions similar to those of the
adult forms in the lower part of the sequence, shifting to
values considerably lower than those of the adults in the
uppermost 5 cm (Fig. 5). Significant interspecific dif-
ferences are observed in uncorrected 8'°0 between C.
neglecta and I. bradyi (Fig. 5).
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The 5'®0 composition of adults of C. neglecta ap-
pears substantially uniform throughout the sequence. /.
bradyi, on the other hand, presents a slightly decreasing
trend along the entire time window. The juvenile forms
of C. neglecta at the beginning of the sequence present a
similar trend to that observed in the adults of the same
species; however, in the uppermost 5 cm their values re-
semble those of 1. bradyi.

The carbon isotopic signal is within the range 9.4%o
- 10.8%o in adults and juveniles of C. neglecta, and be-
tween 9.8%o and 11.3%o for 1. bradyi (Fig. 7).

C. neglecta females show a slightly increasing trend
along the sequence, whereas the males of this species
present a decreasing slope. Since values of 8°C in C.
neglecta juveniles present a high intra-sample spread-
ing, no trend is evident.

1. bradyi presents an increasing slope in the first half
of the sequence, returning to the values observed at the
bottom in the uppermost 5 cm.

No significant differences are observed in 3"°C be-
tween left and right valves at 872 cm sediment depth
(Fig. 6, Tab. 2). Conversely, mean 5"°C values from the
valves of C. neglecta males appear slightly more posi-
tive (ca 0.5%o) than those of females of the same spe-
cies. At 847 cm sediment depth, however, the situation
is reversed, showing a 0.5%o more positive mean com-
position for females than males (Fig. 7).

3.3. Lake water temperature estimations

Water palaeotemperatures were calculated assuming
a water 8'°O similar to that of present surface lake water
(-0.3%0 SMOW). As expected, the estimated water tem-
peratures show comparable trends to those already de-
scribed in 8'®0. Temperatures estimated from juveniles
and adults of C. neglecta present similar values and
slopes in the lowermost 40 cm of the ostracod sequence.
Estimated temperatures are slightly higher at the very
beginning of the sequence (8.5 to 9.5 °C), becoming
relatively stable along the rest of the sequence (6.9 to
7.9 °C) when only adult forms are considered. If the
8130 values are corrected for vital effects, the estimated
temperatures rise to values between 18 and 20 °C at the
beginning of the sequence, remaining between 16 and
18 °C for the rest of the studied interval.

In the uppermost 5 cm of the ostracod sequence,
the estimated lake water temperatures from juvenile
valves are higher than those estimated using adult
valves (12 - 16 °C without vital effect, 22 - 27 °C
with vital effect).

Estimated temperatures using I bradyi isotopic
compositions are markedly higher than those of adults
of C. neglecta (considering isotopic signals not cor-
rected for vital effect for both species). The observed
difference of ca. 5 °C in estimated water temperature
between these two species at the bottom of the ostracod
sequence increases, reaching ca 13 °C in the uppermost
5 cm of the sequence.
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Tab. 2. Comparison of isotopic signatures between males and females and between left and
right valves from adults of the species C. neglecta at 872 cm depth in core PALB94 2B.

3"C S.D. 5"%0 S.D. N replicates
males left 10.63 0.03 0.73 0.08 2
males right 10.53 0.28 0.83 0.03 2
females left 10.06 0.52 0.83 0.19 4
females right 9.80 0.26 0.67 0.09 4
total left 10.25 0.50 0.80 0.16 6
total right 10.04 0.44 0.72 0.11 6
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Fig. 6. Comparison of 3'°0 (dots) and 8'"°C (squares) signal from left and right valves and from males and females of Candona
neglecta at 872 cm core depth. The overlapping error bars indicate no significant differences.
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Although no changes are observed in C. neglecta
adults in the uppermost 5 cm of the ostracod sequence,
both juveniles of this species and I bradyi shift to
higher values.

4. DISCUSSION
4.1. Variations in lake water level

Lithological and petrophysical evidence such as
magnetic susceptibility (Rolph et al. 1996) clearly indi-
cates that the lowermost ca 2.5 m from core PALB9%4
2B represents full glacial sediments. The lowermost
section in this core is similar to the sequence at the bot-
tom of both site 6 (lithological unit IV) and site 1
(lithological units V to VII) (Chondrogianni et al.
1996a). Furthermore, in all three sequences the ostracod
communities from these layers (see below) contain
similar ostracod species assemblages indicative of litto-
ral - sublittoral environments. However, taking into ac-
count the fact that there is a 40 m depth difference be-
tween the deepest and the shallowest coring sites, and
considering the seismic interpretation and its calibration
with core lithology (Chondrogianni et al. 1996a; Chon-
drogianni et al. 2004), the contemporary dominance of
littoral conditions in all three sites can be excluded.
Therefore, the succession of littoral — sublittoral envi-
ronments as indicated by ostracod assemblages can be
regarded as evidence of a stepwise filling of the lake ba-
sin (Fig. 3). Thus, magnetic susceptibility, lithology and
biological evidence from ostracod remains in core
PALB94 2B, retrieved in an intermediate location with
respect to cores PALB94 1E and PALB9 6B (Fig. 1),
are consistent with the hypothesis of lake level variation
previously proposed in Belis et al. (1999) and Guiliz-
zoni et al. (2000).

4.2. The species assemblages

Core correlation with sites 1 and 6 indicate that the
ostracod sequence from core PALB94 2B (present
study, 55 m water depth) is different in age than those
previously studied in these sites (Fig. 2). However, the
dominance of C. neglecta, the increasing abundance of
1. bradyi and the decreasing trend of the total number of
valves along the interval represented in the sequence
under study suggest affinities with faunal zones 5, 6 and
7 from core PALB94 1E (site 1 - 70 m water depth, Be-
lis et al. 1999). Analogously, the shift in dominance
from C. neglecta to I. bradyi, the presence of the rare
species Herpetocypris sp. and Potamocypris spp., and
the absence of decalcified valves are similar observa-
tions to those within faunal zone 1A in core PALB9%4
6B (site 6 - 30 m water depth, Belis et al. 1999).

The autoecology of the species in the ostracod se-
quence indicates relatively cold conditions, as already
reported with reference to the zones of cores from sites
1 and 6 (Fig. 1). The peaks in the abundance of 1. bradyi
at the beginning and end of this sequence (872 cm and
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837 cm respectively), with the contemporary presence
of Potamocypris pallida and Potamocypris zschokkei,
indicate a lower lake water level with input of spring
water. On the other hand, the dominance of C. neglecta
and the reduction or disappearance of littoral species in
the central part of the ostracod sequence (863-842 cm)
provide evidence of either comparatively colder or
deeper conditions.

The number of species and species abundance has
been correlated to the ionic composition of the host
water (De Deckker & Forester 1988). According to
these authors, specific diversity is low (around 5 spe-
cies) when the concentration of CO5? is below the cal-
cite saturation level. In the sequence under study, al-
though the number of species fluctuates slightly, there
are never more than 5. This indicates that in this time
window no marked changes in carbonate concentrations
occurred and the water always remained below the cal-
cite saturation level.

As previously suggested for site 1 by Belis et al.
(1999), the definitive disappearance of ostracods from
the sedimentary record is most likely related to seasonal
oxygen stress, increased turbidity and reduced supply of
dissolved carbonate in the near bottom waters. The tem-
poral offset in the abundance of ostracod remains
among sites is in agreement with the hypothesized
changes in lake water level (Section 4.1).

4.3. Oxygen isotopes

No major excursion in the 8'*0 of C. neglecta adults
is appreciable in the ostracod sequence from core
PALB94 2B, whereas valves of I bradyi present a
gradual and steady decreasing trend. Although no cor-
rection factor for I. bradyi species has yet been estab-
lished, the difference in the 8'*O signal between the two
dominant species may be at least partially related to
their vital effects. In addition, since the shape and the
slope of the oxygen isotopic signal along the sequence
in these species are different, other species-related fac-
tors such as microhabitat and seasonality are likely to
have influenced their isotopic signals

The shift in the uppermost 5 cm of the ostracod se-
quence of juveniles of C. neglecta, which in the rest of
the sequence are comparable to the adults of the species,
to values significantly lower and similar to those of /.
bradyi, probably reflects a change in environmental
conditions, as further discussed in section 4.6.

An estimation of 80 in calcite precipitation in
theoretical equilibrium with the present lake water at 20
m depth confirmed that isotopic composition of ostra-
cod valves is quantitatively related to water 5'°0 and
temperature. Taking into account measurements carried
out in summer 1994 (Guilizzoni, pers. comm.) and in
winter 1997 (Cioni et al. 2003) it was assumed that
mean water temperature at that depth was 11 °C. Lake
water 8'*0 composition was estimated by interpolating
the value of -0.3%o at water surface and -0.55%o at 30 m
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water depth measured in 1994 (Chondrogianni et al.
1996b).

The estimated 8'%0 for calcite in equilibrium was
0.3%o. Correcting this value with the disequilibrium
factor for C. neglecta (+2.2 £0.15%0 V-PDB) adopted in
this study produced a result very close to 8'°0 meas-
urements on recent valves of C. neglecta adults col-
lected at 20 m depth (2.5%0; Chondrogianni et al.
1996b).

4.4. Carbon stable isotopes

Although species, gender and life stage show a fairly
uniform 8"°C composition at the beginning of the ostra-
cod sequence, their evolution diverges as the sequence
proceeds. The discrepancy between the carbon isotopic
composition of species and between adults and juveniles
of the same species may be related to differences in mi-
crohabitats or in seasonality. However, this interpreta-
tion is unlikely to explain the observed differences in
gender.

As a whole, 5"°C values in the authigenic and bio-
genic carbonates from the sediments of Lake Albano
fall within the range for freshwater environments but
appear higher than those commonly observed in lakes in
Central Europe (e.g., Lister 1988; Schwalb et al. 1994;
von Grafenstein ef al. 1999). As far as authigenic calcite
is concerned, this situation has been linked to diagenetic
precipitation in the methanogenic zone of organic mat-
ter degradation, leading to the precipitation of >C en-
riched carbonates (Chondrogianni et al. 1996b).

High 8“C signatures in carbonates have already
been reported in other volcanic lakes (Schwalb et al.
1999; Schwalb 2003; Lamb et al. 2000). In addition, the
1C depletion and "*C enrichment of waters in a volcanic
region in north-eastern California have been related to
their interaction with dead carbon originating from vol-
canic CO, (Rose et al. 1996).

A study on the present water chemistry of Lake Al-
bano revealed that, due to the contribution from vents of
deep origin, there are high concentrations of CO, in the
lake water below 70 m (Cioni et al. 2003). Though
documentary evidence is not yet available, the authors
hypothesize that a lowering of the epilimnetic tempera-
ture below 8.5 °C or seismic activity can periodically
induce a full overturn of the water column, which is
likely to lead to an increase in CO, concentrations in the
shallow waters and occasionally to a release of this gas
into the atmosphere (degassing). However, there is no
evidence of such phenomena in the Holocene sediments
that have been studied in the framework of the
PALICLAS project (Ariztegui ef al. 2001).

The lake level during the time window under analy-
sis was substantially lower than it is at present, so that
circulation of the water column was probably more fre-
quent. Hence, the contribution of CO, from deep
vents probably had more influence on the
composition of DIC in the whole water column and,

therefore, on the isotopic signal of the carbonates in
the sediments of the lake. Further evidence of the
influence of volcanic CO, on lake carbonates comes
from a number of '“C radiocarbon datings on bulk
carbonates that were discarded because they appeared
too old compared with other more reliable datings
(hard water effect).

4.5.6"%0 /6"C cross plot

A 8"0 versus 8"C cross plot clearly separates the
C. neglecta and I. bradyi populations (Fig. 8). The latter
species shows more negative and widespread §'°0
values, whereas both male and female specimens of C.
neglecta fall within a relatively narrow range of 5'*0
values. The difference among centroids of species-
clusters is ca 2%o for 8'*0 axis but only 0.5%o for §"°C.
Interestingly, the clusters overlap when C. neglecta
values corrected for vital effect are plotted. Predictably,
the calcite of juveniles of C. neglecta from the lower-
most part of the ostracod sequence falls within the C.
neglecta adults-cluster, whereas juveniles of C. neglecta
from the uppermost 5 cm plot within the /. bradyi-
cluster.

Talbot (1990) has interpreted the covariance be-
tween 5'°0 and 8"°C in carbonates as typical of hy-
drologically closed lakes. In carbonates of biogenic ori-
gin this covariance is, however, often masked by local
factors influencing the DIC pool, so that 8"°C varies
more erratically. This may explain the weak covariation
between oxygen and carbon stable isotopes in a closed
lacustrine basin with a long water residence time, like
Lake Albano.

4.6. Estimated water temperature and 6'°0

Analyses by Chondrogianni et al. (1996b) on valves
of Candona neglecta from core PALB94 6B provided
inferred bottom water temperatures based upon vital ef-
fect corrected isotopic measurements up to ca 17 °C.
These estimations, which have been considered unreal-
istically high, imply that (a) the ostracod valves were
deposited in environments shallower than 10 m, (b) the
present lake water 5'°O signature is substantially differ-
ent from that of the time window represented in the se-
quence under study. Since there is no evidence to sup-
port the first hypothesis, the second one may be re-
garded as worthy of further investigation. Hence, we
propose a scenario for estimating the extent of the ex-
cursion in water 8'*0 within the sequence under study,
based on ostracod autoecology.

The algorithm proposed by Friedman & O'Neil en-
ables the lake water temperature at the time of calcite
precipitation to be estimated by measuring the oxygen
isotopic composition of authigenic (or biogenic) calcite,
provided the isotopic composition of the water is
known. Conversely, the oxygen isotopic composition of
the lake water can be estimated if the water temperature
is known.
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Fig. 8. Cross plot of 3'%0 versus 8'°C in ostracod calcite in core PALB94 2B.

C. neglecta prefers cold waters, even though it toler-
ates water temperatures up to 20 °C for short periods. It
is present in many types of environments including
springs and lakes. Hiller (1972), describing the
autoecology of a number of species from northern Ger-
many, concluded that the life history of C. neglecta de-
pends on the kind of environment it lives in. In the litto-
ral of lakes, adults appear only in autumn and winter,
whereas juveniles are present all year round.

Since this species dwells in or near bottom waters
where temperature is relatively constant, especially
during the winter, we can reasonably assume that adults
of C. neglecta in the different parts of the ostracod se-
quence precipitated their valves at a constant tempera-
ture. Since this temperature is not known for certain,
this hypothesis does not provide the means to estimate
absolute values of lake water 8'%0; however it does
enable us to perceive relative changes.

Except for a slight increase between 872 cm and 862
cm, no changes in oxygen isotopic composition of the
lake water along the whole ostracod sequence can be
seen from C. neglecta adults.

A similar estimation was made using the last larval
stages of the same species, representing not only au-
tumn-winter conditions, as do the adults, but also the
warmer season. In the lower part of the sequence the
estimated trends from juveniles and adults are identical,
indicating that water 8'*0 was stable not only in winter
but also on a yearly basis. In contrast, in the upper 5 cm
of the ostracod sequence water 8'*0 estimations from
juveniles are 1-2%o lower than those from the lowermost
part of the sequence, indicating a change affecting an-
nual means (juveniles) but not winter means (adults).

Such a difference between juveniles and adults of the
same species suggests an increase in water temperatures
or the inflow of water containing a lower isotopic com-
position that did not affect the cold season. In addition,
water 8'°0 estimations obtained from . bradyi, a spe-
cies present throughout the year, are consistent with
those obtained from juveniles of C. neglecta.

4.7. Environmental reconstruction

By combining the ecological and isotopic data from
the ostracods it is possible to identify three major zones
within the ostracod sequence.

Zone A (872 - 860 cm): the ostracod assemblage indi-
cates a relatively shallow environment with influx of
springs. The scenario is consistent with information
from oxygen isotopes in C. neglecta adults and juve-
niles, which are slightly lower than the mean of the
whole ostracod sequence, indicating either a slightly
higher water temperature or a slightly lower water 5'*0
composition than in the overlying zone. Concentrations
of 3"°C in both species are similar and close to the aver-
age of the ostracod sequence.

Zone B (860 - 840 cm): littoral species have become
rare or absent, indicating a probable increase in lake
water level. These changes in the environmental condi-
tions would lead to lower and more stable water tem-
perature at the coring site. Few changes in ostracod
oxygen isotopes are displayed in this time window; val-
ues appear to be substantially stable in both species.
Data on 8"°C are in contrast; although C. neglecta fe-
males and juveniles do not show any significant varia-
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tions with respect to the previous zone, there is a de-
crease in C. neglecta males and an increase in . bradyi.

Zone C (840-830 cm): the ostracod assemblage indi-
cates a littoral environment rich in vegetation, with in-
flux of springs suggesting a lowering of lake water
level. At this level, although 8'°0 in C. neglecta adults
does not show any variations compared to the previous
zone, the concentration of 8'°0 in juveniles of this spe-
cies and in /. bradyi shifts to significantly lower values.
This may be related either to increased summer tem-
peratures or to a seasonal decrease in water 5'°O (not af-
fecting autumn-winter means). No significant changes
are observed in the 8°C from C. neglecta adults,
whereas concentrations in . bradyi and C. neglecta ju-
veniles are similar to the values observed at the begin-
ning of the ostracod sequence.

Changes affecting only summer temperatures were
reported by Follieri et al. (1988) in a 250,000 year pol-
len record from Valle di Castiglione, also located in
Central Italy.

In lakes Ammersee and Starnberg (Germany) von
Grafenstein ef al. (1999) observed that differences in
30 between adults and juveniles in F. levanderi and C.
candida (Candoninae) decrease with increasing water
depth. Thus, a lowering in the lake water level should be
recorded as a diverging trend between the oxygen iso-
topic signals of adults and juveniles. This feature is
clear in the upper 5 cm of the ostracod sequence under
study and is consistent with the evidence on lake water
level evolution based upon the analyses of the ostracod
species assemblages. Furthermore, the two alternative

hypotheses proposed for zone C (i.e., lowering of lake
level and increase in mean summer temperatures) are in
fact complementary, since in modern systems these
variables are very often closely correlated.

4.8. The evolution of stable isotopes in the Latest
Pleistocene

By combining oxygen and carbon stable isotope data
in C. neglecta valves from site 2 (present study) and
sites 1 and 6 (Chondrogianni et al. 1996b) with the
chronological model proposed by Guilizzoni et al.
(2000) and Chondrogianni et al. (2004), we can identify
the major trends between 28 and 17 Kyr cal BP and
compare past with present signatures (Fig. 9). This time
window is of special interest, since it shows millennial
to centennial scale oscillations in lake water level and
lake biota which are regarded as responses to climate
forcing (Guilizzoni et al. 2000; Chondrogianni et al.
2004). Unfortunately, the presence of ostracods in these
sediments is not continuous. In core 6B in particular,
ostracods are present only in the phases of warmer
climate and increased lake productivity which are also
characterised by an appreciable excursion in both
oxygen and carbon isotopic signals.

Excepting a positive excursion at ca 25 Kyr cal BP,
8'*0 values between 28 and 24 Kyr cal BP were rela-
tively constant. During the major rise in lake water level
(24 - 23 Kyr cal BP), oxygen isotopic signals are
slightly lower than those observed in the previous time
window. This difference may be related to a change in
the precipitation-evaporation balance that probably led



230

to the rise in lake water level. After this event, 8'°0
values are higher, and closer to the present day value of
2.5%0 V-PDB.

Changes in 5"°C are even more evident. There is a
decreasing trend along this time window. Values that
ranged between 9 and 11%. V-PDB before and during
the major rise in lake water level shift to values between
7 and 10%0 V-PDB after that event. Present 8"°C signa-
tures are even lower (around 6%o0 V-PDB).

The decrease in 8"°C during one of the minor
warmer oscillations identified between ca 26 and ca 25
Kyr cal BP probably reflects a transition from a rela-
tively productive environment, where the CO, uptake by
photosynthesis was dominant, to a situation with low
oxygen concentration in the bottom waters where bacte-
ria sulphate reduction took place. The presence of sul-
phur photosynthetic bacteria pigments in this phase
supports this hypothesis (Guilizzoni et al. 2000). The
peak in ostracod abundance and §'*O values at ca 25
Kyr cal BP may reflect a short climatic amelioration
within a colder phase, although this hypothesis cannot
be supported with evidence from other proxies.

A comparison of 30 with full glacial ostracod se-
quences from other European sites highlights the fact
that values from Lake Albano are relatively high. Lister
(1988) reported C. candida and Cytherissa lacustris
from Lake Zurich (Switzerland) with 8'°0 compositions
ranging between —10 and -12%o; von Grafenstein et al.
(1992) reported values between —12 and -8%o for C. ne-
glecta and C. lacustris in Lake Starnberg (Germany);
and Schwalb et al. (1994) obtained values ranging be-
tween -6 and -11%o for Limnocythere sanctipatricii and
Limnocythere mirabilis in Lake Neuchatel (Switzer-
land). While the comparison of values obtained in dif-
ferent sites is not straightforward due to the different
species considered and the influence of local factors
(such as glacial meltwater input) the relatively high
isotopic signal in Lake Albano very likely reflects a
relatively higher influence of moisture from the Medi-
terranean Sea, as it is in present day major European
atmospheric circulation patterns (e.g., Rozansky et al.
1993 and McKenzie 1993).

5. CONCLUSIONS

The results of our study indicate that in the Lake Al-
bano ostracod sequence no significant differences in the
stable oxygen or carbon isotopic signals can be associ-
ated to gender or the side of the carapaces.

As reported in the literature, there are significant dif-
ferences between the life stages within a single species
and between species which are not closely related. This
means that experimental studies on living specimens de-
signed to quantify the specific vital effect are essential if
quantitative temperature and isotopic reconstructions
are to be made. Ostracod valves in full- and late-glacial
sediments of Lake Albano present relatively high values
of 8"°C, and different species and genders provide con-
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trasting evidence. In addition, the lack of covariance
between 8'°C and 8'°0 indicates that evaporation is not
the main factor governing lake water isotopical compo-
sition. Hence, an influence on lake water chemistry of
springs containing a CO, gas phase cannot be excluded.
These findings suggest that the dynamics of carbon
isotopes in this environment requires further compre-
hensive and specific research that is beyond the scope of
this paper.

Changes in water chemistry that may have affected
the carbon isotopic signature of the ostracods apparently
did not affect the oxygen isotopic signal, since at least
one species (C. neglecta adults) living in an environ-
ment with relatively constant temperature provided a
signal that is stable along the whole ostracod sequence.

Finally, the ostracod data indicate minor lake water
level oscillations (10-15 m of water depth) during the
major rise in lake water level between 24 and 23 Kyr cal
BP. The present lack of a detailed chronology for the
sequence under analysis is an obstacle to comparison
with other high resolution records. However, the short
term variations described in this study are consistent
with other multiproxy evidence of rapid climatic
changes during the last full glacial in Lake Albano
(Guilizzoni et al. 2000; Chondrogianni et al. 2004). The
results presented in this study demonstrate that the iso-
topic signal in ostracod valves can be better interpreted
and understood by matching it to environmental infor-
mation obtained from the analysis of species assem-
blages.
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