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[1] We quantified dry and wet atmospheric deposition of calcium over the southwest
Mediterranean region and we assessed its impact on calcium dynamics of two high
mountain lakes differing in morphometry and catchment characteristics. Atmospheric
deposition of Ca averaged 40 mmol m�2 yr�1, and it showed a seasonal pattern similar to
that reported for Saharan dust export to the Mediterranean region, with maxima during
spring and summer. Ca enrichment from nonmarine sources was significantly related to
the TOMS (Total Ozone Mapping Spectrometer) aerosol index. Atmospheric inputs
significantly affected Ca concentration of the selected lakes, which do not presumably
receive significant Ca inputs from weathering. The intensity of the effect depended on
their corresponding sensitivities to evaporation. Total atmospheric inputs of Ca to each
study lake catchment (11300 and 3100 moles) were enough to explain the lake Ca content
(5400 and 111 moles, respectively). The results obtained in this study reveal that
atmospheric inputs, particularly Saharan dust deposition, may be a significant source of
calcium to remote mountain lakes.
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1. Introduction

[2] The Sahara Desert is the world’s major source of soil
dust to the atmosphere, with an annual production of 400–
700 � 106 tons per year, almost 50% of the global dust
production [Schütz et al., 1981; D’Almeida, 1986; Swap et
al., 1996]. Every year, massive airborne plumes of dust
from the Sahara are exported to the North Atlantic Ocean by
the predominant westerly winds. In the Mediterranean
region, maximum loads occur during spring and summer,
influenced by the presence of cyclones [Moulin et al.,
1997].
[3] Saharan dust exhibits an appreciable content of

calcium [Löye-Pilot et al., 1986], a key element in both
terrestrial and aquatic biogeochemical cycles. In terrestrial
ecosystems, calcium exists as a structural component of
minerals, on the exchange complex, and as a cation in soil
solution. In addition, Ca is relatively abundant in higher
plants, in which it is a structural element [e.g., Likens et
al., 1998]. On the other hand, Ca is tightly linked to
global carbon cycle via the ocean carbonate-bicarbonate
equilibrium [Schlesinger, 1997], and it is a crucial element
for the acid-neutralizing capacity of freshwater ecosystems,

playing a major role on their sensitivity to acidification.
Although atmospheric deposition has been recognized to be
a major source of Ca to terrestrial ecosystems [Avila et al.,
1998; Likens et al., 1998; Drouet et al., 2005], little is
known about the significance of atmospheric dust as a
source of Ca to aquatic ecosystems.
[4] During the 1970s and 1980s, the acidification of a

high proportion of lakes in Europe and North America led
to extensive studies on the impact of atmospheric deposition
on lake chemistry [e.g. Sullivan et al., 1990; Kopáček et al.,
1995; Tait and Thaler, 2000]. Recent research has revealed
a slow but progressive recuperation of these ecosystems
mainly due to a decrease of acid emissions [Kopáček et al.,
1998; Stoddard et al., 1999]. However, it has recently been
hypothesized that Saharan dust deposition may also con-
tribute to this recovery [Rogora et al., 2004]. The high
CaCO3 content of Saharan dust significantly increases the
pH of rainwater [Löye-Pilot et al., 1986], and can counteract
the effects of acidic deposition on ecosystems [Psenner and
Nickus, 1986; Psenner, 1999].
[5] Most high mountain lakes are not exposed to direct

anthropogenic impact and therefore can be used as sensors
of environmental change [Wathne and Rosseland, 2000;
Catalan et al., 2002]. Sierra Nevada is a high-mountain site
located in the southwestern Mediterranean region. This area
is an ideal site to detect the biogeochemical impact of dust
deposition because (1) it is close to the Sahara desert (70%
of dust export is deposited within the first 2000 km
[Jaenicke and Schütz, 1978]); (2) it has altitudes above
3000 m above sea level (asl) (the mainstream of Saharan
dust transport is between 1500 and 4000 m asl [Talbot et al.,
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1986]); and (3) there are around 50 oligotrophic and dilute
lakes between 2800 and 3100 m asl that are likely sensitive
to dust deposition. In fact, recent research has revealed a
noticeably sensitivity of Sierra Nevada high mountain lakes
to Saharan dust deposition, which affects their chlorophyll-a
content and their nutrient status [Morales-Baquero et al.,
2006].
[6] The main goal of this study was to explore the

significance of atmospheric deposition as a source of Ca
to aquatic ecosystems in the Southwestern Mediterranean
region. For this purpose, we quantified dry and wet atmo-
spheric deposition of calcium over Sierra Nevada and we
assessed its impact on two high mountain lakes.

2. Material and Methods

2.1. Atmospheric Deposition Sampling

[7] Separate samples of dry and wet deposition were
collected using two MTX1 ARS 1010 automatic deposition
samplers located in two sites of Sierra Nevada. One sampler
was installed in a high-altitude site at 2900 m asl (37�030N,
3�230W), and was collected weekly during the ice-free
periods of 2000, 2001 and 2002. Because of technical
difficulties, only bulk deposition was collected during the
ice-free period of 2000. The other sampler was installed at
1000 m asl (36�340N, 3�170W) and was collected weekly
from November 2000 to December 2002. On each sampling
date, dry and wet deposition buckets from both collectors
were replaced and taken to the laboratory. Dry deposition
was collected by rinsing the bucket with 1000 mL of Milli-
Q1 ultrapure water, and this solution was saved for the
chemical analyses. The volume of rain in the wet deposition
bucket was recorded, and a 1000-mL aliquot was used for
analysis. If rain volume was <1000 mL, it was brought up to
that volume with Milli-Q1 ultrapure water.

2.2. Study Lakes and Sampling

[8] Two high-mountain lakes from Sierra Nevada (La
Caldera and Rio Seco) that exhibit contrasting character-

istics (Table 1) were selected. Both lakes are located above
3000 m asl and are ice-covered for 8–9 months every year.
They do not stratify and have very simple food webs. Sierra
Nevada lithology is characterized by a dominance of
micaschists [Puga, 1976], which implies that soils in lake
catchments have low weatherable base cation reserves. La
Caldera is a seepage lake in rocky watershed with no
terrestrial vegetation. In contrast, Rio Seco is located in a
catchment partially covered (�15%) by alpine meadows
and has two temporal inlets that drain water from the
catchment.
[9] The study lakes were sampled weekly during the ice-

free periods of 2000, 2001 and 2002 for dissolved calcium
concentration and oxygen isotopic composition (surrogate
of evaporation), coinciding with the sampling of the atmo-
spheric dust collector located at 2900 m asl. Samples from
La Caldera (maximum depth � 10 m) were collected by
pumping water from depths of 9, 7, 5, 3 and 1 m and mixing
them in equal parts to produce a single integrated sample.
Since Rı́o Seco (maximum depth � 3 m) is shallower than
La Caldera, samples from this lake were collected using a
column sampler (10 cm in diameter and 1 m in length) from
0 to 1 m depth.

2.3. Chemical Analyses

[10] Dissolved calcium concentration was analyzed by
atomic absorption (detection limit = 2.5 mmol L�1) in both
lake samples and in dry and wet deposition samples after
filtering them by Whatman GF/F glass fiber filters. In
addition, oxygen isotopic signature was determined in both
lake samples using a Finnigan-MAT 251 mass spectrometer
and isotopic values are reported using the d notation in parts
per mil (%) relative to the international standard V-SMOW.

2.4. Calculation of Deposition Rates and Calcium
Enrichment Index

[11] Concentration of dissolved calcium (mmol L�1) in
dry and wet deposition samples collected during each week
was converted to units of daily deposition of dissolved

Table 1. Morphometric, Chemical, and Biological Characteristics of the Study Lakes for the Ice-Free Periods of 2000, 2001, and 2002a

Units La Caldera Lake Rı́o Seco Lake

Lake areab ha 2.10 0.42
Catchment areab ha 23.5 9.9
Maximum depthb m 10 3

Units

La Caldera Lake Rı́o Seco Lake

Mean Range Mean Range

ANCc meq L�1 0.31 0.23–0.43 0.12 0.05–0.20
Ca mmol L�1 110 91–118 37 25–51
NO3

�c mmol L�1 10.1 0.9–20.6 1.4 0.1–4.1
SRPc mmol L�1 0.02 0–0.13 0.07 0–0.31
TNd mmol L�1 23.6 7.2–41.0 27.6 3.4–52.3
TPd mmol L�1 0.15 0.04–0.35 0.53 0.17–2.78
DOCc mmol L�1 60.5 23.3–145.7 145.0 62.1–283.5
Chl-a d,e mg L�1 0.75 0.23–1.57 1.44 0.62–3.00

aChemical characteristics: ANC, acid neutralizing capacity; Ca, calcium concentration; NO3
�, nitrate concentration; SRP, soluble reactive phosphorus;

TN, total nitrogen; TP, total phosphorus; and DOC, dissolved organic carbon. Biological characteristics: Chl-a, chlorophyll-a.
bFrom Morales-Baquero et al. [1999].
cData from Pulido-Villena [2004].
dData from Morales-Baquero et al. [2006].
eOnly data from 2001 and 2002.

GB2012 PULIDO-VILLENA ET AL.: ATMOSPHERIC INPUTS OF CALCIUM

2 of 8

GB2012



calcium (hereafter, deposition of Ca) using the following
equation:

Deposition mmol m�2d�1
� �

¼
Concentration mmol L�1

� �

A m2ð Þ � 7 daysð Þ � F;

where A is the bucket area and F is a correction factor for
the rain volume. F is equal to 1 for dry deposition samples
and when the volume of rain is <1 L, but equal to volume of
rain when 	1 L.
[12] The calcium enrichment (ECa), considered as an

index of nonmarine calcium sources, was obtained follow-
ing Löye-Pilot et al. [1986],

ECa ¼
Ca=Nað Þatm

Ca=Nað Þseawater
;

where (Ca/Na)atm is the molar ratio between Ca and Na in
total (dry + wet) atmospheric deposition, and (Ca/Na)seawater
is the molar ratio between these two cations in seawater
((Ca/Na)seawater = 0.088; Drever [1982]).

2.5. Remote Sensing

[13] To assess whether atmospheric deposition of Ca from
nonmarine sources (ECa) was related to aerosol content in
the troposphere, we used the aerosol index developed by the
Ozone Processing Team (NASA/GSFC) from measured
radiances by the Total Ozone Mapping Spectrometer
(TOMS) on board the NASA Earth Probe satellite. This
index has been successfully applied to the study of Saharan
dust [Chiapello et al., 1999] and has been found to agree
with more specific detection tools such as the European
Aerosol Research Lidar Network (EARLINET) [Ansmann
et al., 2003]. We used weekly averages of daily TOMS data
(NASA Goddard Space Flight Center [Torres et al., 1998,
2002]) given for 36.5�N, 4.375�W. Moreover, to explore the
origin of particularly high episodes of Ca deposition, we
computed air back-trajectories using the Hybrid Single-
Particle Lagrangian Integrated Trajectories (HYSPLIT) tra-
jectory model [Draxler and Rolph, 2003; Rolph, 2003]
provided by the NOAA Air Resources Laboratory (ARL).
Five-day back-trajectories were obtained for both study
altitudes (1000 and 3000 m asl).

2.6. Statistical Analysis

[14] The correlation between two variables is indicative of
a common cause [Sokal and Rohlf, 1995], and it has been
typically used to assess the synchrony of one variable
between two neighboring lakes, indicative of extrinsic
forcing [Magnuson et al., 1990; Baines et al., 2000]. In
this study, we performed Pearson correlation analyses to
explore the temporal coherence of calcium concentration
between the study lakes. In addition, to assess the impact of
Ca atmospheric deposition and lake oxygen isotopic signa-
ture (indicative of evaporation) on Ca dynamics in the study
lakes we performed single and multiple regression analyses
with total (dry + wet) Ca deposition and d18O as indepen-
dent variables and lake Ca concentration as the dependent
variable. The significance of the difference between regres-

sion line slopes was tested using an F-test [Sokal and Rohlf,
1995].

3. Results

3.1. Dry and Wet Deposition of Calcium (Ca)

[15] Dry deposition of Ca at 1000 m asl ranged from
13 mmol m�2 d�1 to 168 mmol m�2 d�1, and it showed a
clear seasonal pattern with maximum values during spring
and summer (Figure 1a). At 2900 m asl, during the ice-free
period of 2000, bulk deposition ranged from 34 to 123 mmol
m�2 d�1, and dry deposition ranged from 69 to 139 mmol
m�2 d�1 in 2001, and from 19 to 113 mmol m�2 d�1 in
2002 (Figure 1a). Wet deposition of Ca ranged from 0 to
439 mmol m�2 d�1 at 1000 m asl, and from 0 to 266 mmol
m�2 d�1 in 2001 and from 0 to 152 mmol m�2 d�1 in
2002 at 2900 m asl. Wet deposition of Ca did not exhibit
any seasonal trend (Figure 1b).
[16] Table 2 shows annual and ice-free period cumulative

Ca deposition at 1000 m and 2900 m asl. Total Ca
deposition was slightly higher in 2001 than in 2002.
The relative contribution of dry deposition to total Ca inputs
at 1000 m asl was 59% and 69% in 2001 and 2002,
respectively.
[17] Dry and wet deposition of Ca at both altitudes

showed an average Ca: Na molar ratio 2 orders of magni-
tude higher (1.7 and 1.5, respectively) than seawater. The
calcium enrichment index (ECa) in total (dry + wet) atmo-

Figure 1. Seasonal dynamics of (a) dry and (b) wet
atmospheric deposition of calcium (Ca; mmol m�2 d�1) at
1000 m asl (open symbols) and at 2900 m asl (solid
symbols). Note the different scale for each figure. The
arrows indicate the selected dates for air backward
trajectories shown in Figure 2.
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spheric deposition at both altitudes was significantly related
to the TOMS index (n = 54; r = 0.37; p < 0.01). Air back-
trajectories showed an African origin of the highest Ca
inputs registered in this study. Figure 2 shows two examples
of these air back-trajectories. The first example (Figure 2a)
corresponds to a major atmospheric input of Ca registered in
summer 2001 at both study altitudes (Figure 1). The second
one (Figure 2b) corresponds to a strong Saharan dust
outbreak that affected Europe between 11 and 16 October
2001 [Ansmann et al., 2003] and that resulted in the highest
Ca deposition rate registered in the study period (Figure 1).

3.2. Impact of Atmospheric Deposition on Lake Ca
Dynamics

[18] Ca concentration in La Caldera ranged from 91 to
118 mmol L�1 (mean value, 108 ± 1 mmol L�1) and was
always higher than in Rı́o Seco that ranged from 25 to
51 mmol L�1 (mean value, 37 ± 1 mmol L�1) (Figure 3).
During the three ice-free periods, Ca concentration showed
a significant synchronous dynamic between both lakes (n =
35; r = 0.63; p < 0.001). Oxygen isotopic signature of lake
water (d18O) was slightly higher in Rio Seco than in La
Caldera during the three study periods and it showed a

similar trend in both lakes with a progressive increase
throughout the ice-free period (Figure 3).
[19] The Ca concentration of both lakes showed signifi-

cant and positive relationships with the total (dry + wet)
atmospheric deposition of Ca (Figure 4a). The slopes of the
regression lines obtained did not show significant differ-
ences (F(1,55) = 0.2; p = 0.637). The d18O was also related to
Ca concentration in both lakes (Figure 4b), although
the slope of the regression line obtained for Rı́o Seco
was significantly higher than for La Caldera (F(1,64) =
12.6; p < 0.001).
[20] To determine the net effect of atmospheric deposition

on lake Ca concentration against evapoconcentration (hold-
ing d18O constant) we performed multiple regression anal-
yses and calculated their partial correlation coefficients
(Table 3). Subtle differences between the study lakes were
found. In La Caldera, only Ca deposition had a significant
effect on lake Ca concentration. In Rı́o Seco, both variables
significantly affected Ca dynamics, although the contribu-
tion of d18O was more significant than that of atmospheric
deposition (higher partial correlation coefficient).

4. Discussion

4.1. Atmospheric Deposition of Ca

[21] Saharan dust contains a significant content of CaCO3

[Löye-Pilot et al., 1986] and, accordingly, Ca atmospheric
deposition appears to show a global trend with decreasing
values as distances from Sahara desert become longer.
Indeed, total Ca atmospheric deposition registered in this
study was similar to that reported for Northeastern Iberian
Peninsula (24.8 mmol m�2 yr�1 [Avila et al., 1997, 1998])
and higher than that reported in the North of Europe
(6.1 mmol m�2 yr�1 [Hultberg and Ferm, 2004]), the
Pacific coast of California (5.5 mmol m�2 yr�1 [Schlesinger

Table 2. Annual and Ice-Free Period Cumulative Deposition of

Calcium (mmol m�2) at the Study Sites Located at 1000 m asl and

2900 m asl

Period
Meters Above
Sea Level

2000
Bulk

2001 2002

Dry Wet Dry Wet

Annual 1000 28.2 20.0 20.8 9.4
Ice-free period 2900 5.7 6.0 3.0 3.8 2.0

1000 7.2 3.9 6.9 0.2

Figure 2. Five-day air back-trajectories arriving to the study site on (a) 30 July 2001 and (b) 12 October
2001 and corresponding to Ca deposition registered at both study altitudes on 31 July 2001 and at 1000 m
asl on 15 October 2001. Dashed lines correspond to an arrival height of 3000 m asl and continuous lines
to an arrival height of 1000 m asl.
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et al., 1982]) or in the Hubbard Brook Experimental Forest
(New Hampshire; 3.7 mmol m�2 yr�1 [Likens et al., 1998]).
[22] The presence of mineral dust in the low atmosphere

in Spain is known since long time and it was initially
attributed to locally derived particle resuspension [Lange,
1960]. However, current research points out a high frequency
of mineral dust plumes blown across from Africa to the
Iberian Peninsula which significantly affect dust levels in
the atmosphere [Rodriguez et al., 2001; Escudero et al.,
2005; Moreno et al., 2005]. In this work, robust evidences
indicated that Ca inputs to the study area were the result of
long-range dust transport rather than an effect of local
resuspension. First, Ca enrichment in atmospheric deposi-
tion was related to the TOMS aerosol index, which is well
known to fail for the detection of dust at low layers of the
atmosphere [Torres et al., 1998, 2002]; in addition, during
simultaneous measurements of atmospheric deposition at
both study altitudes (1000 m and 3000 m asl), similar Ca
deposition values were registered. In both study altitudes,
the high calcium enrichment in atmospheric deposition
relative to typical sea salt content indicated a strong influ-
ence of lithosphere sources. The siliceous nature of the
bedrock at high altitudes of Sierra Nevada Mountain rules
out a local origin of these Ca inputs. In fact, the mean molar
Ca: Na ratio of atmospheric deposition measured in this
study (�1.6) was noticeably higher than that reported for
areas located far from Saharan dust influence (e.g., the
Pacific coast of California, �0.037 [Schlesinger et al.,
1982]). Finally, the seasonal pattern of dry deposition of
Ca observed in this study was similar to that reported for
Saharan dust export to the Mediterranean region, with
maxima in spring and summer [Moulin et al., 1997]. The
above exposed rationale, along with the computed air back-
trajectories, strongly underlines the significant contribution
of Saharan dust to atmospheric inputs of Ca to the study
area.
[23] These atmospheric Ca inputs might have important

implications on global studies. For instance, recent esti-

mates of inorganic carbon sedimentation in oceans are
higher than the known inputs of calcium (e.g., weathering),
suggesting that outputs have been overestimated or inputs
underestimated, that one or more other inputs have not been
identified, and/or that the oceans are not currently in steady
state [Milliman, 1993; Schlesinger, 1997]. The results
obtained in this study underline the need of considering
the Ca atmospheric inputs to achieve a correct estimate of
the oceanic Ca budget.

4.2. Lakes as Tools for Detection of the Significance
of Ca Inputs

[24] Despite similar location and bedrock composition,
the study lakes showed marked differences in their Ca
concentrations. La Caldera exhibited a higher Ca concen-
tration than other high mountain lakes located on similar
bedrock [Tait and Thaler, 2000; Ventura et al., 2000;
Kopáček et al., 2003]. Stream water in areas underlain by
metamorphosed rocks often exhibit lower base cation con-

Figure 3. Dynamics of (top) calcium concentration (Ca)
and (bottom) oxygen isotopic signature (d18O) in La Caldera
Lake (solid symbols) and Rı́o Seco Lake (open symbols)
during the ice-free periods of 2000, 2001, and 2002.

Figure 4. Relationship between total (dry + wet) atmo-
spheric deposition of (a) calcium and (b) oxygen isotopic
signature and calcium concentration in La Caldera Lake
(solid symbols) and Rı́o Seco lake (open symbols) during
the ice-free periods of 2000, 2001, and 2002.
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centrations than areas underlain by more reactive rocks
(e.g., carbonates). These differences in chemical character
are essentially due to weathering rate differences [Krám et
al., 1997]. Considering that the study lake basins have low
weatherable base cation reserves, the high Ca content of La
Caldera suggested that it receives Ca from sources different
than the weathering.
[25] The similarity of Ca dynamics between the study

lakes indicated a regional response to large-scale disturban-
ces such as atmospheric deposition and global change.
Climate control on Ca concentration has been traditionally
linked to evaporative processes caused by drought [Webster
et al., 1996; Baines et al., 2000]. In fact, Ca concentration in
both study lakes exhibited a progressive increase over the
ice-free period (Figure 3), suggesting that evapoconcentra-
tion was an important mechanism affecting lake Ca dynam-
ics. This was corroborated by the significant relationship
obtained between Ca concentration and lake d18O (Figure 4).
However, not only evaporation but also atmospheric depo-
sition of Ca influenced Ca dynamics in both study lakes,
particularly in La Caldera (Figure 4 and Table 3). The role
of dust deposition on Ca dynamics has only been reported
for terrestrial ecosystems where it acts as a significant
source of Ca to soils and terrestrial plants [Avila et al.,
1998; Likens et al., 1998; Huntington, 2000]. By contrast, in
aquatic ecosystems, rainfall has traditionally been consid-
ered as a factor that decreases, by dilution processes, solute
concentration [Skjelkvåle and Wright, 1998]. This study
establishes a direct link between dust deposition and lake
Ca dynamics, evidencing that atmospheric deposition (dry-
fall and precipitation) can be a significant source of Ca to
remote freshwater ecosystems.
[26] There were differences between lakes in the depen-

dence of their Ca concentration on dust deposition. More-

over, the slope of the relationship between d18O and lake Ca
concentration was significantly higher in Rı́o Seco than in
La Caldera, showing a greater influence of evaporation on
Ca concentration in Rı́o Seco. Three nonexclusive reasons
can be proposed to explain these lake-specific differences:
(1) The study lakes have different morphometries that might
affect the relative influence of evaporative processes (e.g.,
lake surface: volume ratio is noticeably lower (�0.43 m�1)
in La Caldera than Rı́o Seco (�1.5 m�1) (estimated from
Morales-Baquero et al. [1999]); (2) Rı́o Seco has a temporal
outlet that drains water out of the lake during most part of
the ice-free period, avoiding the accumulation of calcium
derived from atmospheric inputs; and (3) Rı́o Seco is
partially surrounded by alpine meadows which can partially
retain the Ca delivered by atmospheric deposition.
[27] The measurement of the annual cumulative deposi-

tion of calcium at 1000 m asl (Table 2) allowed us to
estimate the contribution of atmosphere to the calcium
content in the study lakes. The total amount of dissolved
calcium from atmospheric inputs predicted to accumulate in
the lake was calculated as the product between annual
cumulative deposition of calcium (per square meter) and
lake catchment area (Table 4). Despite the uncertainty that
this estimation might involve, it strongly suggests that
atmospheric inputs are enough to explain the calcium
content of Sierra Nevada lakes.
[28] The biogeochemical role of dust deposition on aquat-

ic and terrestrial ecosystems is now widely recognized
[Okin et al., 2004; Jickells et al., 2005]. Changes in climate
will presumably lead to alterations in the quantity and
atmospheric delivery pattern of mineral aerosol and its
associated elements of biogeochemical interest [Moulin et
al., 1997; Prospero and Lamb, 2003]. Remote lakes can
serve as sensors of these expected changes in dust deposi-

Table 3. Results of the Multiple Regression Analyses Performed to Assess the Influence of Total (Dry + Wet) Ca Deposition and Oxygen

Isotopic Signature (Surrogate of Evaporation) on Ca Concentration (mmol L�1) in La Caldera and Rı́o Seco Lakes During the Ice-Free

Periods of 2000, 2001, and 2002a

Source of Variation

La Caldera Lake Rı́o Seco Lake

r b p-level r b p-level

Ca deposition, mmol m�2 d�1 0.48 0.06 0.009 0.63 0.06 0.000
d18O, % 0.37 1.18 0.055 0.79 3.71 0.000
Intercept 109.13 0.000 48.53 0.000

aNotation: r, partial correlation coefficient; b, nonstandardized regression coefficient. For La Caldera Lake, n = 28; r2 = 0.39; p < 0.001. For Rı́o Seco
Lake, n = 30; r2 = 0.72; p < 0.001.

Table 4. Comparison Between Total Atmospheric Inputs of Calcium and Lake Calcium Content for Each of the

Study Lakes

La Caldera Lake Rio Seco Lake

Annual cumulative Ca deposition, mmol m�2 48 48
Lake catchment area, a m2 23.5 104 9.9 104

Annual Ca deposition in the catchment, mol 11300 4800
Ca retention by the catchment, b % 0 35
Annual atmospheric Ca input to the lake, mol 11300 3100
Lake Ca concentration, mmol L�1 110 37
Estimated lake volume, a L 49 106 3 106

Lake Ca amount, mol 5400 111

aMorales-Baquero et al. [1999].
bCa retention by vegetation estimated after Likens et al. [1977].
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tion, a major biogeochemical force in freshwater ecosys-
tems of the Mediterranean region, important enough not to
be neglected in global change studies.
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bility of acidification of mountain lakes after reduction in nitrogen and
sulphur emissions in Central Europe, Limnol. Oceanogr., 43, 357–361.
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