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Abstract Sea surface salinity (SSS) is an important variable in the global ocean circulation. However,
decadal to interdecadal changes in SSS are not well understood due to the lack of instrumental data. Here
we reconstruct SSS from a paired, bimonthly resolved coral δ18O and Sr/Ca record from La Reunion
Island that extends from 1913 to 1995. Coral Sr/Ca correlates with regional sea surface temperature (SST)
back to 1966, when instrumental coverage is good, while coral δ18O does not. The slope of the monthly
(annual mean) coral Sr/Ca‐SST regression is −0.040 mmol/mol per 1 °C (−0.068 mmol/mol per 1 °C)
consistent with published estimates of the Sr/Ca‐SST relationship. Coral Sr/Ca suggest a warming of 0.39 °C
since 1913. δ18O seawater is calculated by subtracting the temperature component from measured coral
δ18O, using coral Sr/Ca as well as historical SST products. The derived δ18O seawater reconstructions are
correlated (r > 0.6), and all show a significant shift in the midtwentieth century (−0.17‰ to −0.19‰),
indicating a freshening of SSS by 0.7 psu. However, the timing of this shift depends on the temperature
component and varies from 1947 (δ18O seawater calculated with historical SST) to the late 1950s (δ18O
seawater calculated with coral Sr/Ca). Coral Sr/Ca shows warm temperature anomalies in the mid‐1950s,
while historical SST products show warm anomalies from 1940 to 1945 followed by cooling in the
1950s, a pattern typical for the World War II bias. This suggests that historical SST may bias reconstructions
of δ18O seawater and SSS from corals.

1. Introduction

Sea surface salinity (SSS) plays an important role in ocean circulation, advection, thermodynamics, and
mixed layer depth and can be used as a proxy for the hydrological cycle (Bingham et al., 2012; Han &
McCreary, 2001; Nyadjro & Subrahmanyam, 2016). However, measurements of salinity are sparse and often
inadequate compared to those of sea surface temperature (SST), although both are important for under-
standing oceanic processes and air‐sea interactions (Nyadjro & Subrahmanyam, 2016). Satellite‐based mea-
surements of SSS such as the Aquarius data (Melnichenko et al., 2014, 2015) currently cover less than a
decade, making it difficult to assess year‐to‐year or longer‐term variations and the processes that drive them.

The Indonesian Throughflow (ITF) brings fresher, warmer waters from the Pacific into the Indian Ocean
south of 5°S, which are carried westward by the South Equatorial Current (SEC) and influence salinity in
the western Indian Ocean between 5°S and 20°S (Sprintall et al., 2009). In addition, abundant precipitation
associated with the seasonal movement of the Intertropical Convergence Zone (ITCZ) influences SSS
(Srivastava et al., 2007). As a result, Indian Ocean surface salinity shows very large variability across a range
of spatial and temporal scales (Han &McCreary, 2001; Nyadjro & Subrahmanyam, 2016; Schott et al., 2009).
To reveal the temporal dynamics of SSS in the Indian Ocean on time scales longer than interannual, it is
necessary to reconstruct surface salinity from geochemical proxy records that extend beyond the past decade.

Coral skeletons contain a suite of isotopic and trace elemental indicators that provide high resolution (sea-
sonal tomonthly) proxy records spanning several decades to centuries and are an ideal archive to reconstruct
past changes in SSS (e.g., Cahyarini et al., 2008; Cahyarini et al., 2014; Felis et al., 2018; Hennekam et al.,
2018; Nurhati et al., 2011). The coral oxygen isotopic composition (δ18O) is sensitive to SST and the δ18O
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of seawater (δ18Osw), while coral Sr/Ca ratios primarily reflect changes in SST (e.g., Corrège, 2006). When
combined, paired coral δ18O and Sr/Ca measurements allow the reconstruction of δ18Osw by removing the
SST contribution from measured coral δ18O (e.g., Cahyarini et al., 2008; Nurhati et al., 2011). In the tropical
oceans, δ18Osw is linearly related to SSS (Schmidt, 1998; Srivastava et al., 2007), as both increase with eva-
poration and decrease through admixture of low‐δ18O freshwater. δ18Osw estimated from coral skeletons
is therefore used to infer decadal to centennial changes of SSS (Cahyarini et al., 2014; Felis et al., 2018;
Hennekam et al., 2018; Nurhati et al., 2011). Given the lack of historical SSS data, the reconstruction of
δ18Osw is an important contribution of coral skeletal archives for our understanding of ocean circulation
and climate variability. However, at present only a handful of coral δ18Osw and SSS reconstructions are avail-
able from the tropical Indian Ocean (Cahyarini et al., 2014; Hennekam et al., 2018; Watanabe et al., 2017;
Zinke et al., 2008). While interannual changes of coral δ18Osw have been linked to changes in the surface
freshwater balance driven by interannual modes of climate variability such as ENSO and the Indian
Ocean Dipole (e.g., Abram et al., 2008; Cahyarini et al., 2014; Watanabe et al., 2019), the drivers of lower‐
frequency changes of δ18Osw are not always known.

Here we present the first paired coral δ18O and Sr/Ca record from La Reunion Island (SW Indian Ocean, 55°
E, 21°S) that covers the time period from 1995 to 1913. La Reunion lies at the southern margin of the SEC
that carries warm, fresh water from the Eastern Indian Ocean/Maritime continent and the ITF toward the
western margin of the Indian Ocean basin (Figure 1). To the south of La Reunion surface waters are saltier
and cooler (Figure 1). The stable oxygen isotopic composition of the Reunion coral was analyzed and pub-
lished in a previous study (Pfeiffer et al., 2004). This coral δ18O record showed multidecadal variations that
were opposite to the temperature signal expected from local SST data and were interpreted as low‐frequency
variations of δ18Osw and SSS. Time‐dependent variations of δ18Osw suggested a possible link to the Pacific
Decadal Oscillation (PDO), which may influence the southern tropical and subtropical Indian Ocean via ITF
transport and/or changes in the surface wind field (Han et al., 2014; Sprintall et al., 2009). The coral Sr/Ca
data presented in this study provide new constraints on the timing andmagnitude of δ18Osw and SSS changes
at La Reunion, and their potential linkage to large‐scale climatic modes.

2. Study Area

Reunion is located about 800 km east of Madagascar (Figure 1). It is the youngest and most southwes-
terly volcanic island of the Mascarene group and its highest peak is 3,069 m. The high relief causes pro-
nounced windward/leeward effects (Figure S1 in the supporting information; Pfeiffer et al., 2004). La

Figure 1. Monthly SSS and SST in the SW Indian Ocean. (a) Map of mean monthly SSS (Aquarius OISSS, 1° × 1° grid) and (b) mean monthly SST (MODIS Aqua
daytime SST, 4 km resolution) during August 2013 in the SW Indian Ocean. The SEC can be seen as a low‐salinity, warm water current that bifurcates at the
coast of Madagascar. The location of La Reunion is indicated by a black rectangle. Charts computed with Live Access Server LAS8.6 (http://apdrc.soest.hawaii.edu,
date of access 26 March 2019).
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Reunion is located close to the southernmost limit of coral reef growth and compared to the other
Mascarene Islands reef development is poor. 10–12 km of fringing reef are found on the west coast
(Figure S2), that is, on the leeward side, where mean SSTs are slightly higher than on the southeast
coast, which faces the southeasterly (SE) trade winds (Figure S1). Moderate Resolution Imaging
Spectroradiometer (MODIS) Aqua daytime SST (4 km; Werdell et al., 2013) shows a mean temperature
difference of 0.48 °C between the SE and NW coast of La Reunion (not shown).

The SE trade winds are blowing year‐round from a generally east‐southeastern direction (Pfeiffer et al., 2004;
Schott et al., 2009). The SE trades are strongest in austral winter, lasting from May to October, when the
ITCZ is situated over the Indian subcontinent. In austral summer, the ITCZ forms south of the equator
and occasionally influences La Reunion (Schott et al., 2009).

Reunion lies at the southern margin of the SEC, which flows westward between 10°S and 20°S and
forms the northern branch of the subtropical Indian Ocean gyre (Figure 1, Figure S3; Schott et al.,
2009). The SEC is the most powerful and persistent current in the Indian Ocean. It is strengthened
by the ITF and carries warm, fresh water toward the western Indian Ocean (Sprintall et al., 2009).
The SEC bifurcates near the midpoint of the east Madagascan coast, and the southward flowing branch,
known as the Southeast Madagascar current (SEMC), feeds the Agulhas current (Schott et al., 2009).
The northern branch rounds the northern tip of Madagascar and turns southward to become the
Mozambique current, although part of it continues north (Schott et al., 2009). Salinity gradients around
La Reunion result from the mixing of fresh (and warm) water from the SEC/SEMC to the North and
West of the Island with the saltier, subtropical (and colder) waters in the South (Figures 1 and S3).
The mixing of these water masses causes eddies (Figure 1; Pfeiffer et al., 2004). Combined salinity
and δ18Osw measurements from the western Indian Ocean show that δ18Osw follows the SSS pattern,
with low δ18Osw and SSS in the region of the SEC between 10° and 20°S and high δ18Osw and SSS south
of 20°S (Srivastava et al., 2007).

2.1. Satellite Data of SST and SSS

Themean annual temperature range at La Reunion is 4.6 °C (OI SST, 1° × 1° grid, 1982–2018; Reynolds et al.,
2002), with minimum temperatures of 23.34 °C in austral winter (August) and maximum temperatures of
27.96 °C in austral summer (February, Figure 2). Interannual variations of sea surface temperature are an
order of magnitude smaller than seasonal variations (Figure 2). The 1σ standard deviation of monthly OI
SST anomalies is 0.46 °C.

Time series of instrumental SSS are now available from satellites and reanalysis data. Figure 2 compares
gridded SSS from the Aquarius satellite, available from 2011 to 2015 (Melnichenko et al., 2014, 2015), and
Met Office Hadley Centre EN SSS (Good et al., 2013) with climatological data from the World Ocean
Atlas 2013 for the period from 2000 to 2018. In the grid including La Reunion, climatological SSS from
the World Ocean Atlas 2013 shows a mean seasonal cycle of 0.14 psu, with maximum values following
austral winter (35.12 psu, August–December), and minimum values in austral summer (34.98, April).
However, Aquarius satellite data and EN SSS show that in many years, seasonal variations are poorly
defined. Interannual variations exceed the seasonal variations by a factor of 2 or more (Figure 2). EN
SSS has a maximum of 35.55 in February 2012, and a minimum of 34.80 in April 2010, amounting to a
difference >0.7 psu.

2.2. Historical Temperature Data in the SW Indian Ocean

Instrumental SST data in the SW Indian Ocean are sparse. Figure 3 shows International Comprehensive
Ocean‐Atmosphere Data Set (ICOADS) SST (version 2.5) averaged over the region 55–80°E, 5–20°S
(Woodruff et al., 2011). The number of observations drops abruptly in 1966. Prior to 1950, the ICOADS
SST record is discontinuous. There are only a few months with data during/after World War II. The
ICOADS data form the basis for all available reconstructions of historical SSTs that cover the twentieth cen-
tury (Thompson et al., 2008). However, ICOADS data are biased due to changes in the measurement proce-
dures of SST over time, most notably the shift from bucket to engine room intake measurements in the
midtwentieth century (Thompson et al., 2008). These biases continue to pose a problem for twentieth cen-
tury SST reconstructions from historical data, most notably during and after World War II (e.g., Pfeiffer
et al., 2017; Thompson et al., 2008).
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Figure 3c showsHadley Centre Global Sea Ice and Sea Surface Temperature version 3 (HadSST3) data for the
SW Indian Ocean (55–80°E, 5–20°S; Kennedy et al., 2011a, 2011b). HadSST3 is produced by taking in situ
measurements of SST from ships and buoys from the ICOADS database. The measurements are converted
to anomalies by subtracting climatological values from the data, and by calculating a robust average of
the resulting anomalies on a 5° × 5° degree monthly grid. After gridding the anomalies, bias adjustments
are applied to reduce the effects of spurious trends caused by changes in SSTmeasuring practices. These bias
adjustments include a correction of the World War II bias. There is no interpolation to fill in missing grid
cells, and this results in coverage gaps. In the SW Indian Ocean, coverage gaps become a problem in the
World War II period (Figure 3).

The Extended Reconstructed Sea Surface Temperature (ERSST) version 5 is a global, monthly sea surface
temperature product on a 2° × 2° grid derived from ICOADS SST version 3 (Huang et al., 2017). ERSST 5
is spatially complete, as coverage gaps are filled with statistical methods. The monthly analysis extends from
January 1854 to the present, but because of sparse data, there is damping of the analyzed signal before 1880.
ERSST is suitable for long‐term global and basin‐wide studies. Local and short‐term variations
are smoothed.

The HadISST is a combination of monthly globally complete fields of SST and sea ice concentration for 1871
to present (Rayner et al., 2003). HadISST uses reduced space optimal interpolation applied to SSTs from the
Marine Data Bank (mainly ship tracks) and ICOADS through 1981 and a blend of in situ and adjusted
satellite‐derived SSTs for 1982 onward. A bias correction was applied to SSTs for 1871–1941; that is, there
is no correction of the World War II bias, as it does not account for changes in SST measurement practices
post‐1941. HadISST is a global, spatially complete data set of SST.

Figure 2. Satellite data of SST and SSS at La Reunion. (a) Monthly SST from the OI SST data set for the time period from
1982 to 2018 (blue line) (1° × 1° grid centered at 55°E, 21°S; Reynolds et al., 2002) compared with climatological SST (black
dashed line). Note the large seasonal cycle (>4.5 °C) and the comparatively small interannual variations. (b) Monthly
SSS from EN 4.2.0 (red line; Good et al., 2013) and Aquarius OI SSS (blue line; Melnichenko et al., 2014, 2015) compared
with climatological SSS from the World Ocean Atlas 2013 (black dashed line). Interannual variations of SSS may be more
than twice as large as seasonal variations. See text for discussion.
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3. Methods
3.1. Sampling and Analytical Procedures

The La Reunion core published by Pfeiffer et al. (2004) contained monthly (1976–1995) and bimonthly
resolved δ18O data (1832–1995), sampled parallel to the maximum axis of growth (Figure S4). Samples were
taken along discrete spots every 1 mm with an automated milling device (Figure S5). For the bimonthly
resolved δ18O record, every second sample was analyzed. The core was resampled for Sr/Ca analysis by hand.
Samples were taken at 1 mm intervals, next to the δ18O drill holes (Figure S5). Samples for trace element
analysis were collected from the coral slabs using a low‐speed microdrill with a 0.5 mm diameter drill bit.

To assess the preservation of the La Reunion core samples were chosen for SEM and XRD analysis based on
the X‐ray images. The powder‐XRD diffractometer at Rheinisch‐Westfaelische Technische Hochschule
Aachen University was calibrated to detect and quantify very low calcite contents above ∼0.2 % following
the method of Smodej et al. (2015). No calcite was detected by powder‐X‐ray diffraction (XRD) analysis.
Scanning electron microscopy (SEM) images are used to screen the coral for aragonite cements. The upper
section of the La Reunion core is very well preserved, and SEM images show pristine, smooth surfaces of
unaltered coral skeleton. Pervasive thin aragonite cements start to occur at the base of slab 377 (~1900–

Figure 3. Historical surface temperature observations in the SW tropical Indian Ocean. (a) ICOADS data averaged over
the region 55–80°E, 5–20°S. The number of observations in this region drops markedly in 1966, to fewer than five
observations per month (b). During World War II, observations are lacking. (c) HadSST3 data (monthly anomalies)
averaged over the region 55–80°E, 5–20°S.
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1910), while in the upper section (transect 1 and 2) of this slab SEM images show a pristine coral skeleton
(Figure S5). Coral Sr/Ca and Mg/Ca from the base of slab 377 show effects of diagenesis in the form of a
poorly defined seasonal cycle. We therefore limit the analysis of the La Reunion core to the end of
Transect 1 on slab 377, which corresponds to the year 1913 AD.

Trace elements were measured in an inductively coupled plasma atomic emission spectrophotometer at the
Geological Institute of the University of Kiel following a combination of the techniques described in detail by
Schrag (1999) and de Villiers et al. (2002). Approximately 0.5 mg of coral powder was dissolved in 1.00 ml 0.2
MHNO3. Prior to analysis, the solution was diluted with 0.2 MHNO3 to a final concentration of ∼8ppm Ca.
Sr and Ca intensity lines used are 407 and 317 nm, respectively. The intensities of Sr and Ca were then con-
verted into Sr and Ca ratios in mmol/mol. An in‐house coral reference standard (Mayotte) was measured
after every six samples and was used for drift correction of the measured Sr/Ca ratios. Analytical precision
on Sr/Ca determinations is 0.15% relative standard deviation (RSD) or 0.01 mmol/mol (1σ) (Mayotte,
n = 989). The reproducibility of Sr/Ca ratios from multiple measurements on the same day and on consecu-
tive days is about 0.09% RSD (1σ).

The age model was developed by assigning 15 August to each annual Sr/Ca [δ18O] maximum. We then lin-
early interpolated between these anchor points to obtain monthly (bimonthly) time series of coral Sr/Ca
[δ18O]. This creates a noncumulative error of 1 to 2 months in any year (Charles et al., 1997). To calculate
δ18Osw, coral Sr/Ca was interpolated to bimonthly resolution to match the temporal resolution of coral δ18O.

3.2. δ18Osw Calculation and Uncertainty Estimates

δ18Osw values were calculated from the paired proxy records following Cahyarini et al. (2008). In a first step,
coral Sr/Ca and δ18O were centered by removing their mean, and in a second step, relative variations of
δ18Osw were calculated by subtracting the temperature component (inferred from the centered coral Sr/Ca
record) from the centered coral δ18O record (equation (1)):

δ18Osw ¼ δ18Ocoral−δ18Ocoral
� �

−
γ1
β1

Sr=Ca−Sr=Ca
� �

where δ18Ocoral is measured coral δ18O, δ18Ocoral is the mean value of measured coral δ18O, Sr/Ca is mea-
sured coral Sr/Ca, Sr=Ca is the mean of measured Sr/Ca, y1is the regression slope of coral δ18O versus SST,
and β1 is the regression slope of coral Sr/Ca versus SST. The error of δ18Osw is calculated using equation (2):

σ2δsw ¼ σ2δc þ γ1
β1

� �2

σ2Sr=Ca

where σδsw is the error of reconstructed δ18Osw, σδc is the error of measured δ18Ocoral, σSr/Ca is the error of
measured Sr/Ca, and y1 and β1 are the slopes of the linear regression of δ18O versus SST and Sr/Ca versus
SST, respectively (see Cahyarini et al., 2008, for discussion).

The analytical error is ±0.06‰ for coral δ18O (Pfeiffer et al., 2004) and ±0.01 mmol/mol for coral Sr/Ca.
Published slope values for the δ18O‐SST relationship range from −0.18 to −0.22‰ per 1 °C (mean: −0.2‰
per 1 °C; Juillet‐Leclerc & Schmidt, 2001). The Sr/Ca‐SST relationship ranges from −0.04 to −0.08 mmol/
mol per 1 °C (mean: −0.06 mmol/mol per 1 °C; Corrège, 2006). Combining the analytical errors with the
published mean slope values results in an error of ±0.069‰ (1σ) for bimonthly δ18Osw anomaly values.
Combining the analytical uncertainties with the maximum and minimum values of the published proxy‐
SST slopes (so that maximum errors for δ18Osw are obtained, that is, y1 = −0.22‰ per 1 °C and
β1 = −0.04 mmol/mol per 1 °C) results in an uncertainty of ±0.081‰ (1σ).

The uncertainties of the bimonthly Sr/Ca (δ18O) values are independent, as the analytical errors of each
coral δ18O and Sr/Ca determination are independent. Therefore, the uncertainties for annual mean Sr/Ca
(δ18O) values reduce according to equation (3):

σTotal ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
σ2=N
� �q

where N is the number of independent Sr/Ca (δ18O) determinations and σTotal the uncertainty of each
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annual mean estimate computed from six bimonthly values. The uncertainty of annual mean Sr/Ca (δ18O) is
±0.004 mmol/mol (±0.024‰). Inserting these values in equation 2, the analytical uncertainty of annual
mean δ18Osw is ±0.033‰ (1σ).

3.3. Statistical Analysis

Linear ordinary least squares (OLS) regression analysis were performed with the PAleontological STatistics
(PAST) software package (Hammer et al., 2001). The software estimates 95% bootstrapped confidence inter-
vals (N = 1,999). The residuals of all linear regression models shown in this paper were randomly scattered
around zero, indicating that OLS regression provides robust estimates. Wavelet Power spectra were also
computed with the PAST software package (Figure S6).

Running correlations were computed using the Koninklijk Nederlands Meteorologisch Instituut (KNMI)
Climate Explorer (http://climexp.knmi.nl; van Oldenborgh & Burgers, 2005). Ninety five percent confidence
intervals are estimated with a 1,000‐sample Monte Carlo.

4. Results
4.1. Data

Figure 4 shows the newmonthly coral Sr/Ca time series and bimonthly δ18O time series published in Pfeiffer
et al. (2004) for the time period from 1913 to 1995. The bimonthly δ18Osw anomaly record calculated from the
centered (i.e., mean removed) bimonthly coral Sr/Ca and δ18O time series is also shown. Coral Sr/Ca and
δ18O show large seasonal cycles reflecting the large temperature seasonality of >4.5 °C at La Reunion
Island (Figures 4 and S6). Coral Sr/Ca shows significant decadal to interdecadal variability in the midtwen-
tieth century and multidecadal variability, while coral δ18O shows interannual and multidecadal variability
(Figures 4 and S6). Bimonthly coral δ18Osw shows a poorly defined seasonal cycle and significant interann-
ual, interdecadal, and multidecadal variability, reflecting the contribution of both coral Sr/Ca and δ18O
(Figures 4 and S6).

4.2. Calibration

The monthly coral Sr/Ca data are calibrated with satellite SST (OI SST, 1° × 1° grid; Reynolds et al., 2002),
which extends back to 1982 (Figure 5). The correlation is high (r=−0.81,N= 164, p< 0.01) due to the strong
seasonal cycle in both data sets, and the Sr/Ca‐SST slope (−0.04 mmol/mol per 1 °C) is consistent with pub-
lished estimates that range from−0.04 to−0.08 mmol/mol per 1 °C (Corrège, 2006). Given the large number
of data gaps in historical SST in the 5° × 5° grid including La Reunion, we evaluated the annual mean Sr/Ca
record with HadSST3 data averaged over a larger region in the SW tropical Indian Ocean (55–80°E, 5–20°S)
(Figure 6). Running correlation analysis (9‐year sliding windows) shows that coral Sr/Ca correlates with
regional SST back to 1966. The correlation breaks down with the drop in the number of observations in
the SW Indian Ocean prior to 1966 (Figure 3b). A linear regression of annual mean coral Sr/Ca versus
HadSST3 for the time period 1966–1995 shows a high correlation (r = −0.69, N = 29, p < 0.01) and a slope
value of −0.068 (95% confidence interval (CI): −0.09, −0.45) mmol/mol per 1 °C. This is again consistent
with published estimates summarized in Corrège (2006) and justifies to use the mean and spread of the
Sr/Ca‐SST slope from that study for the temperature conversion of the La Reunion Sr/Ca record.

Monthly (1976–1995) and bimonthly coral δ18O variations show a pronounced seasonal cycle (Figure S6)
and a high correlation with grid temperature (Pfeiffer et al., 2004). The slopes of the monthly δ18O/tempera-
ture relationships are consistent with published estimates of the δ18O‐SST relationship (Pfeiffer et al., 2004).
On an annual mean scale, however, there is no significant correlation between coral δ18O and SST, regard-
less of the SST product or time period chosen for calibration (Pfeiffer et al., 2004). Figure 6 shows a running
correlation of annual mean coral δ18O versus HadSST3 (55–80°E, 5–20°S). While coral Sr/Ca correlates with
HadSST3 back to 1966, coral δ18O does not show any significant relationship with historical SST before or
after 1966. A linear regression of annual mean coral δ18O and HadSST3 for the time period 1966–1995 yields
a slope value that is not significantly different from zero (−0.02‰ per 1 °C; 95% CI: −0.12 to 0.1‰ per 1 °C,
N = 29, p > 0.5) (Figure 6). Tables S1 and S2 summarize the Sr/Ca and δ18O‐SST relationships for seasonal
data (using seasonal minima/maxima) and annual means.
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Figure 5. Calibration of monthly coral Sr/Ca. (a) Time series of monthly OI SST (blue lines; grid centered at 55°E, 21°S;
Reynolds et al., 2002) and monthly coral Sr/Ca data measured at La Reunion (red lines) for the time period 1982–1995.
Thick dashed lines are 13‐point moving averages of monthly data. (b) Linear OLS regression of monthly coral Sr/Ca
versus OI SST with 95% confidence levels. See text for discussion.

Figure 4. Coral geochemical records. (a) Monthly coral Sr/Ca (blue), (b) bimonthly coral δ18O (red), and (c) bimonthly
coral δ18O seawater (green) computed by subtracting the temperature component inferred from bimonthly Sr/Ca and
δ18O. Black thick lines are 31‐point moving averages.
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Figure 6. Correlation of annual mean coral proxies vs. historical SST. (a) Time series of coral Sr/Ca and annual mean
HadSST3 averaged over the SW Indian Ocean (55–80°E, 5–20°S). (b) Annual mean coral δ18O. (c) Running correlation
with 9‐year sliding window of coral Sr/Ca versus HadSST3. (d) Running correlation with 9‐year sliding window of
coral δ18O versus HadSST3. (e) Linear OLS regression of coral Sr/Ca versus HadSST3 for the time period 1966–1995. The
correlation is high and the slope value is −0.068 mmol/mol per 1 °C (95% CI: −0.09, −0.045). (f) Linear OLS regression of
coral δ18O versus SST for the time period 1966–1995. The correlation is not significant (p > 0.5) and the slope of the
coral δ18O‐SST regression is not significantly different from zero (−0.02‰ per 1 °C; 95% CI: −0.12, 0.1).
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4.3. Temperature Trends

Figure 7 compares long‐term and low‐frequency temperature variations inferred from La Reunion coral
Sr/Ca with ERSST5 and HadISST data averaged over the SW tropical Indian Ocean (55–80°E, 5–20°S).
Since 1913, coral Sr/Ca shows a long‐term decrease of −0.024 mmol/mol (95% Cl: −0.033 to
−0.014 mmol/mol). This translates into a long‐term temperature trend of +0.39 °C (95% CI: +0.24 to
+0.55 °C), assuming a coral Sr/Ca‐temperature relationship of −0.06 mmol/mol per 1 °C (Table 1). The
minimum warming rate indicated by coral Sr/Ca is 0.18 °C since 1913 (estimated by converting the lower
95% CI of the long term trend in coral Sr/Ca to temperature using −0.08 mmol/mol per 1 °C; see also
Table 1). Interdecadal warm anomalies are seen between 1925–1935, 1950–1957 and from the
late 1980s–1995.

Figure 7. Sea surface temperature trends. Warming rates estimated from coral Sr/Ca are compared with warming rates of
SST observations averaged over the SW Indian Ocean (55–80°E, 5–20°S). All time series are 61‐point moving averages of
monthly anomalies. (a) coral Sr/Ca (centered and converted to temperature using −0.06 mmol/mol per 1 °C). Sr/Ca
shows a warming of 0.39 °C since 1913 (95% CI: 0.29–0.60 °C). Pronounced decadal to interdecadal shifts occur prior to
1960 and again after the 1980s. (b) Instrumental SSTs show warming rates ranging from 0.24 °C (HadISST, red lines) to
0.35 °C (ERSST5, blue lines). Decadal to interdecadal variability is of lower magnitude, except between the 1940s and
1960s. Note that the uncertainties of instrumental SST are largest in this time period (World War II bias).

Table 1
Warming Rates of the SW Indian Ocean Estimated From Coral Proxies and Instrumental Data

Dataset Proxy 95% Cl °C 95% Cl Minimum warming

Sr/Ca −0.024a (−0.014/−0.033)a 0.39 (0.24/0.55) 0.18
δ18O −0.26b (−0.23/−0.29)b 1.29 (1.15/1.45) 1.05
ERSST5 °C 0.35 (0.28/0.44)
HadISST °C 0.24 (0.18/0.30)

Note. Linear trends (OLS regression) are calculated from monthly anomalies of coral Sr/Ca and δ18O and converted to
warming rates (in °C) using –0.06 mmol/mol per 1 °C (Sr/Ca) and –0.2% per 1 °C (δ18O. Results are compared with lin-
ear trends of historical SST data averaged over the SW Indian Ocean (55–80°E, 5–20°S; 1966–1995). Minimumwarming
rates are estimated from the coral proxies by converting the lower 95% confidence interval of the linear trend to SST
units using a proxy‐SST relationship of –0.22% per 1 °C for δ18O and –0.08 mmol/mol per 1 °C for Sr/Ca.
aThe unit is millimoles per mole.
bbThe unit is permil. See text for discussion.
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ERRSST5 indicates a warming of +0.35 °C (95% Cl: +0.28 to +0.44 °C) in the SW tropical Indian Ocean. A
prominent decadal to interdecadal warm anomaly is centered at 1945, followed by a slight cooling in the
1950s to 1960s. The 1945 warm anomaly is much smaller in the coral Sr/Ca record. HadISST shows slightly
lower warming rates of +0.24 °C (95% Cl: +0.18 to +0.30 °C).

Over the time period from 1913 to 1995, coral δ18O shows a decrease of −0.26‰ (95% Cl: −0.23 to −0.29‰),
which would indicate a warming of +1.29 °C when assuming a coral δ18O‐SST relationship of−0.2‰ per 1 °
C (Juillet‐Leclerc & Schmidt, 2001; Table 1). Minimumwarming rates are estimated by converting the lower
95% Cl of the coral δ18O trend (−0.23‰) to SST using a δ18O‐SST relationship of −0.22‰ per 1 °C. This
would result in a warming of 1.05 °C since 1913, which is three times larger than the temperature rise indi-
cated by ERSST5 (Table 1).

4.4. δ18O Seawater

Annual mean δ18Osw is calculated by subtracting the temperature component from coral δ18O following
Cahyarini et al. (2008). The temperature component is (I) estimated from annual mean coral Sr/Ca and
(II) taken from annual mean ERSST5 and HadISST averaged over 55–80°E and 5–20°S (Figure S7). All time
series are centered by removing their mean. Figure 9 compares annual mean and decadal‐multidecadal var-
iations (9‐point moving averages) of the three δ18Osw reconstructions. The reconstructions are linearly cor-
related (r = 0.67 for the coral Sr/Ca‐based reconstruction versus ERSST5 and r = 0.72 for the coral Sr/Ca‐
based reconstruction versus HadISST,N= 82, p < 0.01) and showmultidecadal changes of comparable mag-
nitudes. Note that the time scale of these δ18Osw variations is long compared to the time span covered by the
proxy record. A significant shift toward lower δ18Osw occurs in the midtwentieth century. However, the tim-
ing of this shift varies from ~1945/1946 (δ18Osw estimated with instrumental SST) to the late 1950s (δ18Osw

estimated with coral Sr/Ca), that is, by more than 10 years. For the Sr/Ca‐based reconstruction, mean δ18Osw

averaged over the 1920–1940 period is 0.13‰, compared to −0.06‰ during 1958–1978 (mean values are sig-
nificantly different at the 99% confidence level based on a two‐sided student's t test). This amounts to a fresh-
ening of 0.19‰. Mean δ18Osw estimated using ERSST5 [HadISST] shows a significant freshening of 0.17
[0.19] ‰ between 1920–1940 and 1957–1978, that is, the same magnitude.

5. Discusssion
5.1. La Reunion Coral Sr/Ca and δ18O

Pfeiffer et al. (2004) suggested that coral δ18Omeasured at La Reunion primarily showed variations of δ18Osw

and SSS at time scales longer than the seasonal cycle. However, this interpretation was solely based on the
lack of correlation of mean annual coral δ18O with historical SST data products. These historical SST data
sets are produced from sparse data and averaged over large spatial scales, and they are not meant to indicate
reef‐scale SST variations that would be recorded by a coral geochemical record (Huang et al., 2017; Kennedy
et al., 2011a, 2011b; Rayner et al., 2003). This uncertainty has limited the use of the Reunion coral isotopic
record for large‐scale climate reconstructions. The new coral Sr/Ca data measured on a parallel transect to
the coral δ18O record do show a significant correlation with historical SST in the SW tropical Indian Ocean
back to 1966, when instrumental coverage is good. Also, the slope of the coral Sr/Ca‐temperature relation-
ship is consistent with published estimates. This confirms that the Reunion coral is from a site where
large‐scale SST variations are portrayed by reef‐scale SST. In addition, this supports the previous interpreta-
tion that Reunion coral δ18O does show δ18Osw and SSS rather than local water temperature (Pfeiffer et al.,
2004). The breakdown of the correlation between coral Sr/Ca and historical SST prior to 1966 likely reflects
the drop in the number of observations in the ICOADS database. Previous work in the central Indian Ocean
has shown that the proxy‐SST correlation is higher in times when a large number of SST observations is
available (Pfeiffer et al., 2017). However, the Reunion coral Sr/Ca record derives from one single coral core
and lacks replication. Single‐core reconstructions typically also have lower correlations with grid SST than
composite reconstructions from multiple cores (e.g., DeLong et al., 2013; Pfeiffer et al., 2009; Pfeiffer et al.,
2017). Moreover, single‐core Sr/Ca records may at times deviate from large‐scale SST for a number of rea-
sons, and not all of them are currently understood (e.g., Hendy et al., 2007; Pfeiffer et al., 2009; Grove,
Kasper, et al., 2013; Zinke et al., 2016; Sayani et al., 2019). Deviations probably result from a combination
of factors, including reef‐scale temperatures, vital effects, secondary alterations, and changes in coral
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growth and calcification rates. SEM and XRD analysis show that the Reunion core is free of secondary altera-
tions between 1913 and 1995. However, due to its high relief, La Reunion has pronounced
windward/leeward effects, which may influence reef‐scale SST (Figure S1) although time‐dependent devia-
tions between east and west coast SST are largest on a subseasonal time scale (not shown).

5.2. Warming of the SW Indian Ocean

Taking into account the regression uncertainty and the range of published Sr/Ca‐SST relationships, the long‐
term warming trend inferred from coral Sr/Ca is consistent with the warming indicated by historical SST
data averaged over the SW Indian Ocean. However, the pattern of decadal and interdecadal variability dif-
fers, with coral Sr/Ca showing warm intervals between 1925–1935, 1950–1957 and from the late 1980s–
1995, while historical SST data show a prominent warm anomaly centered at 1945 followed by a slight cool-
ing from 1950–1960. In this time interval, the uncertainties of instrumental SST are large due to sparse obser-
vations during World War II and changes in the measurement procedures of voluntary observing ships
(Kennedy et al., 2011a, 2011b; Pfeiffer et al., 2017; Thompson et al., 2008). In the SW tropical Indian
Ocean, ICOADS SST has large data gaps between 1940 and 1950 (Figure 3). Owing to a switch in the tech-
nique of measuring SSTs during [after] World War II to predominantly engine room intake [bucket] mea-
surements, mean SSTs between 1940 and 1945 [1945–1960] are biased warm [cool]. This pattern is seen in
the historical SST data from the SW Indian Ocean and suggests that the data may be biased, as seen also
in the tropical Indian Ocean (Pfeiffer et al., 2017). Replication of the Reunion coral Sr/Ca record is needed
to better assess decadal to interdecadal SST variability in the SW tropical Indian Ocean.

The long‐term decrease of coral δ18O in the 1913–1995 period is two to three times as large as the warming
indicated by coral Sr/Ca and historical SST products (Table 1, “minimum warming”). This suggests a signif-
icant freshening trend in the SW tropical Indian Ocean since 1913 that contributes to the decrease in coral
δ18O. This is an important observation, as the Reunion coral δ18O record has been included in the PAGES 2k
Indian Ocean temperature reconstruction (Tierney et al., 2015), because it appeared to correlate with large‐
scale Indian Ocean SST in the target area of this study (20°N–15°S, 40°–100°E). However, this correlation
results from the long‐term linear trends present in both data sets, that is, the trend toward lower δ18O of
the Reunion isotope record inflates its correlation with tropical Indian Ocean SSTs, which show a pro-
nounced twentieth century warming trend (e.g., Pfeiffer et al., 2017; Roxy et al., 2014). Removing the linear
trends reduces this correlation to zero (not shown), suggesting that it is a spurious result.

The current reanalysis of the La Reunion core suggests small but pervasive amounts of aragonite cements
typical for marine diagenesis prior to 1913 AD, which appears to affect the coral Sr/Ca ratios. Aragonite
cements are typical for early marine diagenesis and cause “cold anomalies” in coral Sr/Ca and δ18O (e.g.,
Hendy et al., 2007; Sayani et al., 2011). Coral Sr/Ca is typically more sensitive to diagenetic changes than
coral δ18O (Sayani et al., 2011), so this problem was not detected in Pfeiffer et al. (2004). Coral δ18O displays
regular seasonal cycles back to 1832 AD. However, diagenesis may also affect the long‐term trend of coral
δ18O, so the La Reunion δ18O data prior to 1913 may be biased toward higher values. Note that the La
Reunion coral δ18O record shows a strong trend toward lower δ18O of approximately −0.7‰ since 1832
(Pfeiffer et al., 2004). This would indicate a warming of 3.5 °C (if entirely temperature related), or a freshen-
ing of >2.5 psu (based on δ18Osw‐SSS data of Srivastava et al., 2007). Both values exceed the range of inter-
annual variability currently observed at La Reunion. It is therefore likely that the La Reunion coral δ18O
record inflates the cooling of the PAGES 2k tropical Indian Ocean temperature reconstruction between
1833 and 1842, as discussed in Tierney et al. (2015).

5.3. Seawater δ18O and Salinity in the SW Indian Ocean

We have calculated three annual mean δ18Osw reconstructions from the La Reunion coral δ18O data
(Figure 8), one using coral Sr/Ca and two using SST data averaged over the SW tropical Indian Ocean from
different historical SST products (ERSST5 and HadISST; Figure S7). Theoretically, the δ18Osw reconstruction
using coral Sr/Ca should be the best one, as coral Sr/Ca should provide an accurate record of reef‐scale SST.
Grid SST from historical products are primarily estimated to capture large‐scale temperature trends and to
provide boundary conditions for climate model simulations (Huang et al., 2017; Kennedy et al., 2011a,
2011b; Rayner et al., 2003) and have a low spatial resolution. However, recent studies have suggested that
processes other than SST may influence coral Sr/Ca on decadal and longer time scales (e.g., Grove,
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Kasper, et al., 2013; Zinke et al., 2016). As the Reunion Sr/Ca record currently lacks replication with
independent coral cores, we decided to compare the Sr/Ca‐based δ18Osw reconstruction with the SST‐
based reconstructions to get some indication of its reliability. This does allow an evaluation of the δ18Osw

reconstruction that extends beyond the error estimates calculated from the analytical uncertainties. (The
latter are only valid if our assumptions regarding the coral proxies are correct, that is, when coral Sr/Ca is
solely a temperature proxy and not systematically affected by factors other than temperature.)

All three δ18Osw reconstructions show a shift toward more depleted values in the middle of the twentieth
century. The magnitude of this shift is consistent, ranging from of 0.17‰ to 0.19‰, depending on the data
used to subtract the temperature component from coral δ18O. Srivastava et al. (2007) performed a combined
analysis of stable oxygen isotopes (δ18O) and salinity of western Indian Ocean surface waters along a transect
from India to Antarctica. For the Indian Ocean north of 44°S, the authors report a linear δ18Osw–salinity
relationship (δ18Osw = −0.27 ± 0.03*SSS) and a high correlation (r2 = 0.73, p ~ 0). Using this relationship,
the 0.19‰ decrease of δ18Osw from 1920–1940 to 1958–1978 would translate into a freshening of 0.7 (0.63–
0.79) psu. (Note that the analytical error of coral δ18Osw estimated from Sr/Ca and δ18O reduces to
<0.01‰ for 21‐year averages and has been neglected.) On interannual time scales, satellite data show SSS
variations with comparable magnitudes (Figure 2); that is, the magnitude of the estimated freshening may
be realistic.

However, the timing of the midtwentieth century shift in δ18Osw and SSS toward lower δ18O and SSS values
differs. Both grid‐based reconstructions show a shift toward lower δ18O and SSS around 1946. In contrast, the
Sr/Ca‐based reconstruction suggests that the timing of this shift occurs in the late 1950s, approximately
10 years later (Figure 8). This apparent offset is caused by the SST contribution that is subtracted from mea-
sured coral δ18O. Coral Sr/Ca shows warmer temperatures in the 1950s (Figure 7), and this translates into
higher δ18Osw estimates during these years (Figure 8). The shift toward lower values therefore occurs in
the late 1950s. Historical SST records show a warm anomaly from 1940 to 1945, followed by an abrupt drop
from 1945 to 1950, a pattern resembling the so‐called World War II bias that is an artifact of changes in the
measurement procedures (e.g., Thompson et al., 2008). This bias would introduce an artifact in the LA
Reunion δ18Osw and SSS reconstruction estimated with historical SSTs. A warm bias from 1940 to 1945
would result in higher δ18Osw estimates, while a cool bias after 1945 would result in lower estimates.
Interestingly, this pattern is observed in both ERSST5 and HadISST, although attempts have been made
to correct the World War II bias in ERSST5, but not in HadISST (Huang et al., 2017; Rayner et al., 2003).
Pfeiffer et al. (2017) have shown that the World War II bias is a prominent feature in tropical Indian
Ocean SSTs.

Figure 8. δ18O seawater reconstrutions. Annual mean δ18O seawater changes are estimated by subtracting the tempera-
ture component inferred from coral Sr/Ca (blue lines) and instrumental SST (HadISST: red lines; ERSST5: green lines)
from measured coral δ18O. Thin dashed lines are annual means, centered to their mean. Solid thick lines are 9‐point
moving averages. Note that the magnitude of multidecadal δ18O seawater variations computed using coral Sr/Ca is con-
sistent with δ18O seawater variations computed using instrumental SST. However, the timing of major shifts differs by
more than 10 years.
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The timing of the δ18Osw shift is important, because it affects the interpretation of the δ18Osw reconstruction,
in particular with regard to potential teleconnections to large‐scale climate modes. Pfeiffer et al. (2004) sug-
gested that δ18Osw variations reflect the transport of the SEC, with lower values at La Reunion being caused
by a stronger SEC, which carries fresh water from the Indonesian Throughflow (ITF) and the ITCZ toward
the western Indian Ocean (Han & McCreary, 2001; Schott et al., 2009). Multidecadal variations in the trans-
port of the south Indian Ocean gyre have been described in a number of studies, and these have been attrib-
uted to changes in the wind field over the southern Indian Ocean as well as remote influences from the
Pacific Ocean (see Han et al., 2014 for a review). The Pacific influences the Indian Ocean via the ITF and
via the atmospheric bridge over the maritime continent. Robust large‐scale teleconnections between the
Indian and Pacific Ocean are seen on interannual time scales (Han et al., 2014).

Pfeiffer et al. (2004) suggested that multidecadal variations of the La Reunion δ18Osw record are also driven
by Pacific variability and reflect phase changes of the Pacific Decadal Oscillation (PDO). This interpretation
is based on the out‐of‐phase relationship of coral δ18O with historical SST that would translate into δ18Osw

changes that coincide with phase changes of the PDO (i.e., the shift toward its negative phase in 1947 and the
shift toward its positive phase in 1976, although the latter is weaker; see Pfeiffer et al., 2004). The negative
[positive] phase of the PDOwould cause an increase [decrease] in the transport of the ITF and lower [higher]
δ18Osw and SSS along the path of the SEC. A number of studies now support this interpretation. For example,
the ITF was shown to respond to the 1975 phase change of the PDOwith a reduction in water mass transport
(Wainwright et al., 2008), and coral luminescence records from the SW Indian Ocean show a PDO signature
in regional rainfall (Grove, Zinke, et al., 2013). Moreover, Hennekam et al. (2018) showed that variations of
the PDO appear to influence Indian Ocean δ18Osw and SSS via the ITF, based on a 200‐year coral record from
Cocos (Keeling). Cocos (Keeling) is located in the eastern Indian Ocean, within the path of the SEC and close
to the ITF exit passages.

The new coral Sr/Ca data from the La Reunion core, however, suggest that the midtwentieth century shift in
δ18Osw in the SW Indian Ocean occurs more than 10 years after the phase change of the PDO. δ18Osw recon-
structions based on historical SST data, in contrast, would support a link with the PDO, as they show a mid-
century shift toward more enriched δ18Osw around 1947, which coincides with the shift of the PDO from its
positive to negative phase. However, these results depend on the uncertain SST data during and after World
War II and could reflect the warm [cool] bias before [after] 1945 (Thompson et al., 2008). There is some indi-
cation in modeling studies that the atmospheric teleconnection between the Pacific and SW Indian Ocean
breaks down on multidecadal time scales (Nidheesh et al., 2013), suggesting that the relationship between
the Indian Ocean and Pacific varies in different decades. The Indian Ocean subtropical gyre responds to
changes in the SE trades winds over the central Indian Ocean, which modulate the transport of the SEC
(Zhuang et al., 2013). However, the magnitude of δ18Osw and SSS changes inferred from the La Reunion
coral are difficult to explain without the ITF that advects of low salinity water from the maritime continent
(Kuhnert et al., 2014). This suggests that internal processes in the Indian Ocean may modulate the meridio-
nal extend of the SEC. Note that La Reunion lies at the southern margin of the SEC (Figure 1).

5.4. Large‐Scale Temperature Reconstruction in the SW Tropical Indian Ocean

Long temperature reconstructions based on coral Sr/Ca from the SW tropical Indian Ocean are still scarce,
and some of the existing records are problematic because of apparent nontemperature effects, most likely
related to coral growth patterns and calcification (Grove, Kasper, et al., 2013; Zinke et al., 2016). Another
potentially confounding effect is reef‐scale or site‐specific temperature variations not recorded in grid‐scale
historical temperature products. These likely arise from the complex background climate in the SW tropical
to subtropical Indian Ocean (Figures 1 and S1) and include windward/leeward effects (Pfeiffer et al., 2004),
other reef‐scale temperature effects (Zhang et al., 2013), and mixing of water masses via eddies (Zhuang
et al., 2013; Figure 1). To date, only one long coral Sr/Ca record has been published from the SW Indian
Ocean that shows a significant relationship with grid SST (Zinke et al., 2016). The core derives from
Rodrigues Island (63°E, 19°S) and extends back to 1945. We have computed a composite annual mean coral
Sr/Ca record as the arithmetic mean of the La Reunion and Rodrigues record (Figure 9). This simple
(unweighted) average was chosen because the sparse historical SST data in the SW Indian Ocean precludes
the estimation of differences in the SST variance at Rodrigues and La Reunion. The two coral records have
been centered by removing their mean and converted to SST units using a coral Sr/Ca temperature
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relationship of−0.06 mmol/mol per 1 °C (Corrège, 2006). As an index of large‐scale SST, HadSST3 data were
averaged over the SW Indian Ocean basin (50–90°E, 5–20°S). HadSST3 was chosen because it is based on
actual observations and corresponds well with twentieth century coral SST reconstructions from the
tropical Indian Ocean, where more SST observations are available (Pfeiffer et al., 2017). Note that missing
monthly mean SST data prevented the computation of annual average values prior to 1948.

Figure 9 compares the two single‐core coral Sr/Ca‐SST records and the composite reconstruction with
HadSST3 for the SW Indian Ocean basin. Averaging the two single‐core reconstructions improves the corre-
lation with large scale SST (r = 0.6, p < 0.01 for 1948–1995 and r = 0.71, p < 0.01 for the better‐observed and
bias‐free period from 1960 to 1995). The composite record also has a lower standard deviation (in °C units)
than either of the two single records, and the slope of the composite coral SST‐HadSST3 regression is not sig-
nificantly different from one. These results support the use of coral Sr/Ca for large‐scale temperature recon-
structions. Averaging the cores appears to increase the large‐scale climatic signal and reduces the noise.
However, this approach does not provide any information on the source of the noise, that is, whether it
derives from local climatic factors (in which case the Sr/Ca record would accurately portray reef‐scale tem-
peratures) or other nonclimatic artifacts such as vital effects (in which case coral Sr/Ca would deviate from
reef‐scale temperatures). Recent studies from the SW subtropical Indian Ocean suggest that coral Sr/Ca
records from this region should be treated with some caution (Grove, Kasper, et al., 2013; Zinke et al.,
2016). However, large‐scale temperature reconstructions are possible if a careful validation of coral Sr/Ca
reconstructions ensures their quality (e.g., DeLong et al., 2013; Zinke et al., 2016).

Figure 9. Composite coral Sr/Ca record from La Reunion and Rodrigues Island. (a) Annual mean Sr/Ca‐temperature
from Rodrigues (dash‐dotted line) and La Reunion (dotted line) and composite Sr/Ca‐temperatures compared with
HadSST3 averaged over 50–90°E and 5–20°S. The Sr/Ca records have been centered by removing their mean and con-
verted to temperature using −0.06 mmol/mol/1 °C. (b) OLS regression of annual mean composite Sr/Ca versus HadSST3
for 1948–1995 (red squares and blue circles, r = 0.6, p < 0.1, N = 47) and for 1960–1995 (blue circles, r = 0.71, p < 0.01,
N = 35). See text for discussion.

10.1029/2019PA003770Paleoceanography and Paleoclimatology

PFEIFFER ET AL. 2197



6. Summary and Conclusions

A paired coral δ18O and Sr/Ca record has been developed from a La Reunion coral, covering the time period
from 1913 to 1995. Monthly and annual mean coral Sr/Ca shows the expected temperature response. Annual
mean coral Sr/Ca records year‐to‐year variations in SST and significantly correlates with historical SST data
back to 1966, when the observational database is good. The validation of multidecadal variations in coral
Sr/Ca is hampered by the sparse historical SST data in the SW Indian Ocean. The correlation between
annual mean coral δ18O and historical SST is zero, suggesting that the temperature contribution to coral
δ18O is small on time scales longer than the seasonal cycle. This confirms that coral δ18O records primarily
changes in δ18Osw and SSS.

Relative variations of δ18Osw are estimated from coral δ18O by subtracting the temperature component
inferred from coral Sr/Ca and from historical SSTs. In the midtwentieth century, δ18Osw shows a significant
freshening with a magnitude of ~0.17–0.19‰. This translates into a freshening of ~0.7 psu. However, the
timing of this shift differs depending on the temperature component subtracted from measured coral
δ18O, from 1946 (historical SST data) to the late 1950s (coral Sr/Ca temperature), that is, by more than
10 years. The timing is important to understand its underlying causes. A freshening in 1946 may be driven
by the PDO, which may influence the SEC via the ITF. A freshening in the late 1950s, as indicated by coral
Sr/Ca, would suggest that other processes, possibly internal to the southern Indian Ocean basin, also play a
role. For example, changes in the southern Indian Ocean wind field may modulate the position of the south-
ern margin of the SEC. Further replication studies of paired coral δ18O and Sr/Ca records are needed to
address this issue.

A composite coral Sr/Ca record calculated from the La Reunion and Rodrigues Sr/Ca records correlates with
large‐scale SST in the SW tropical Indian Ocean. This suggests that it is possible to estimate large‐scale SSTs
in this region from carefully validated Sr/Ca records.
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