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Supplementary Text

Potential sampling artifacts

Coral microstructures have been reported to exhibit a variable geochemical composition, which
can impact environmental reconstructions when sampling results in a mixed representation of
these structures (35-37). To mitigate these issues, various strategies are typically employed. For
corals with small corallites, sampling of entire or multiple corallites is recommended, while for
corals with large corallites, such as Diploastrea heliopora, sampling targets specific skeletal
structures (35-37), as outlined in the main text.

To minimize these concerns, coral samples targeting the columella were collected at millimeter
resolution, with only small volumes of powder (approximately 3 mg) were extracted to ensure
shallow sampling tracks, thereby reducing the likelihood of sampling into different structures.
Additionally, transects were adjusted to target only sections with clearly exposed corallites. The
relatively large size of Diploastrea heliopora corallites (approximately 1 cm across) facilitates the
selection and targeting of specific structures for sampling.

The slow growth rates (~ 3.7 mm/year) suggest the coral did not experience drastic changes in
temperature due to changes in depth as the colony grew up to 3 m below the surface when the
core was collected. The change in depth of ~ 3 m experience over > 600 years by this Diploastrea
heliopora coral compares to expected changes of nearly 6 m for massive Porites corals, the most
commonly used species for paleo-reconstructions in the Indo-Pacific region, based on typical
growth rates of 1 to 2 cm per year (64). A progressive change in corallite orientation is observed
in the X-rays from near vertical on the top of the colony to ~ 45° in the bottom part of the record.
The slow growth rates also indicate the colony was small when the change in growth direction
took place (e.g., ~ 40 cm, in its first 100 years), which added to its isolated location, suggest that
light regimes were likely not significantly different on top and side of the colony when the coral
was sampled at an angle. The similar growth rates at the top and bottom of the colony (3.63 +
1.06 (1SD; n = 100) mm/year and 3.75 + 0.98 (1SD; n = 100) mm/y; respectively) support a
negligible light effect. In this sense, on a relatively small Porifes coral, no change in Sr/Ca was
observed along completely different sample angles (90°)(65). However, when a change in
direction appears to affect Sr/Ca, different coral species have consistently been reported to
increase their Sr/Ca values (66, 67), which would bias reconstructions towards colder values. We
observed an opposite behaviour as the section of coral sampled at ~ 45° coincided with lower
St/Ca (warm values). Furthermore, Sr/Ca and growth rates showed no relationship; together this
provides strong evidence for no clear growth rate effects.

Another potential source for spurious temperature reconstructions is the formation of aragonitic or
calcitic secondary cements. The XRD data suggested no calcite presence (Fig. S15), and while no
data for secondary aragonite is available, this is reported to consistently bias Sr/Ca values towards
colder values amongst different coral species reported (68-73). A visual inspection of the core
under a microscope indicated no apparent alteration but even 2.5 to 3% secondary aragonite
would result in 0.5 to 1.6 = colder temperatures (68). Therefore, any growth or secondary
aragonite would mean that the temperature values for the older part of the skeleton (1300s-1400s)
should be even higher if affected by secondary aragonite or growth, which is not supported by any
other record or reconstruction available (e.g., Fig. 2).

Vital effects on Sr/Ca reconstructions

Environmental reconstructions from coral and other bio-geochemical proxies, including Sr/Ca,
can be affected by the so called “vital effects” (74), a term used to group all physiological
processes that can affect proxy incorporation and their interpretation. Despite these potential




issues when vital effects remain relatively constant Sr/Ca can produce excellent reconstructions as
attested by a large of bibliographical evidence showing how well the proxy typically works.

To minimize the effects from vital effects, we followed suggestions by the PAGES coral
community to use composite Sr/Ca records to cancel out local noise in individual Sr/Ca records
(75). We also took several precautions during the sampling, as detailed in the previous section.
The congruence between our 627-year record and a multi-proxy reconstruction (PHYDA, PAGES
Ocean 2K) is notably compelling. Additionally, Kanathea is a small, virtually uninhabited, island
spanning 2 km in near oceanic conditions, further diminishing the influence of local factors,
making it ideal for paleoceanographic reconstructions, although local reef circulation issues.
Nevertheless, future work should focus in expanding the range of proxies studied, advocating for
a multiproxy approach (76) encompassing other temperature proxies like Li/Mg and Sr-U (77,
78).

Climate models

CESM version 1.1 (CESM1-CAMS5) was developed at the National Centre for Atmospheric
Research (NCAR). The atmosphere model component is the Community Atmosphere Model
version 5 with a horizontal resolution of approximately 2° latitude x 2° longitude, and the ocean
model component is the Parallel Ocean Program version 2 with a horizontal resolution of
approximately 1° latitude x 1° longitude. Otto-Bliesner, Brady, Fasullo, Jahn, Landrum,
Stevenson, Rosenbloom, Mai and Strand (53) provide more details of the CESM Last Millenium
Ensemble. We also extract the SWCP gradient from Last Millennium simulations using CMIP5
models MPI-ESM (54) and CCSM4 (55) (Fig. S6). The Max Plank Institute Earth System Model
(MPI-ESM)(54) paleo configuration is used for the Last Millennium simulations with an
ECHAMG6 atmosphere component at approximately 2° horizontal resolution and an MPIOM
ocean component at approximately 1.5° horizontal resolution. The Community Climate System
Model version 4 (CCSM4)(55) is a predecessor of CESM and is comprised of the Community
Atmosphere Model version 4 and the Parallel Ocean Program version 2, both run with horizontal
resolutions of approximately 1° in the Last Millennium simulation.

The external forcings that drive palaeoclimate simulations including the CESM LME and the Last
Millennium simulations from MPI-ESM and CCSM4 are estimations of the real external forcings,
derived chiefly from polar-ice core data. The greenhouse trace gases were derived from
concentrations in air bubbles trapped in the ice-cores. Volcanic activity is derived from the acidity
of the ice layers in polar-ice cores, interpreted with simple models that consider the simultaneous
appearance of pH spikes in Greenland and/or Antarctica ice cores to estimate the intensity and
location of past eruptions. Past solar activity is derived from the concentration of the cosmogenic
isotope '°Be in ice cores. This isotope is produced in the stratosphere by cosmic rays, which are
deflected by the solar and terrestrial magnetic field, and then deposited on the surface with
precipitation. After subtracting the effect of the Earth's magnetic field, the cosmogenic isotope
concentrations are interpreted as a measure of solar magnetic field and, indirectly, of the solar
output. Land-use forcing changes are reconstructed from estimates of historical population
density and agricultural intensity. This forcing is, however, considered generally weaker than the
other paleo forcings. The time resolution of the volcanic and greenhouse forcing is annual for
most of the past millennium, with dating uncertainties of +1 year for some volcanic eruptions.
The temporal resolution of the solar forcing is somewhat coarser at approximately decadal scale.
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Fig. S2. Raw coral Sr/Ca data. Subannual (2 to 7 samples per year) record of coral St/Ca for Fiji
core F14. The top panel shows the Sr/Ca data separated by analytical tracks to show the
connection between sections, the bottom panel shows the Sr/Ca as a continuous record (black)
and the repeats (colored dots). The repeats correspond to separate sample aliquots divided in two
analytically sessions (red and green).



28
27.5 -
27 |
&)
Q_ |
(%)
7 i
26.5 \\ ‘.\ N
i\
| ‘
| ’ I
|
26 | ! |
HADISST
ERSSTV5
F14 SrCa-SST scaled
25‘5 | 1 | | 1 1 | | ]
1860 1880 1900 1920 1940 1960 1980 2000 2020
Time(year)

Fig. S3. Comparison of coral SST with instrumental SST. “Best” SST reconstruction based on
scaled Sr/Ca coral data from core F14 (red) compared against instrumental records from
ERSSTvS (black) and HADISSTv1 (grey) centered around 18 °S and 180 °W.
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Fig. S4. Comparison of different SST calibrations applied to core F14. a) SST reconstructions
from the Fiji coral Sr/Ca data obtained for different calibration periods and the scaling approach
described in the methods section. b) residuals between the Fiji SST-Sr/Ca derived data and the
instrumental SST data from ERSSTvVS5 for the grid point closest to Fiji (18 °S 180 °W).
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Fig. S5. Annual coral Sr/Ca records from Fiji. Comparison of annual Sr/Ca anomalies

reconstructed from core F14 (blue) with a) the Sr/Ca anomalies of the Porites corals 1F (green)
and AB (orange) from Fiji (23). Anomalies were calculated for the annual data relative to the
mean and standard deviation for the 1883 to 1997 period. Only the data covering the overlapping
period (1781-1997) from core AB was used in the calculations of the Fiji composite calculations
as the early parts of the records show anomalous values and there are much higher age and
analytical uncertainties for this record (Brad Linsley, personal communication).
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Fig. S6. Climate simulations of the Pacific SWCP SST gradient. (a) Thirteen simulations from
the CESM LME (53) (coloured) and their average (black). (b) Climate simulations of the SWCP
from MPI-ESM-P (54) (red), CCSM4 (55) (blue) and the ensemble-average from CESM (green,
same as black line in panel (a)) compared to the calculations based on the Fiji composite data and
the EG-N3.4 data. A 31-yr running average was applied to all the data.
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Fig. S7. Comparison between southwestern and central Pacific SST gradient
reconstructions. The composite Sr/Ca Fiji-Nifio3.4 SST SWCP gradient (Fiji-EG-N3.4; blue)
compared to: a) the gradient based on the SST difference between Fiji composite St/Ca-SST and
Palmyra coral 8'%0-SST (60, 79, 80), and b) the gradient based on the SST difference between
Fiji composite Sr/Ca-SST and Palmyra coral St/Ca-SST (58). Anomalies were computed relative
to the 1961 to 1990 reference period.
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Fig. S8. Comparison between reconstructed and observational SST Pacific gradients.
Comparison between average reconstructed SWCP (black line) with: A) the instrumental
ERSSTv5 SST SWCP gradient as defined in Fig. 1C (purple line) and B) the zonal gradient (57)
(green line). In each case the running correlation for a 31-year window is shown between the
coral and instrumental reconstructions (orange line) and their 95% confidence intervals (grey
line). C) Spatial correlations between the reconstructed SWCP and mean annual ERSSTv5 SST.
Highlighted in C) are the areas defining the southwestern-central (purple areas; SWCP) and zonal
gradient (green areas), and the location of Fiji (black star) used to reconstruct the SST gradients in

panels A and B.
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Fig. S9. Validation of the SWCP gradient with coral data from Palmyra. Southwestern-
central Pacific SST gradient based on the SST difference between Fiji and Palmyra coral Sr/Ca-
SST (Fig S7B) compared with A) the SWCP based on instrumental data and B) the zonal SST
gradient as defined in (57) based on instrumental data from ERSSTv5 SST. 31-year running
correlations in a and b shown below with green lines indicating the 95% confidence interval for
the correlations (red lines). C) Spatial correlation of SWCP based on the SST difference between
Fiji and Palmyra coral Sr/Ca-SST with ERSSTvS5. Highlighted is the location of Fiji (blue star)
used to reconstruct the SST gradients and Palmyra (Red star) used to calculate the SWCP in
Panels A and B.
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Fig. S10. Relationships between the zonal and southwestern-central Pacific gradient with
SST. Spatial correlation for the Zonal SST gradient (zonal gradient)(57) (Top) and the
southwestern-central Pacific SST gradient (SST) (Bottom) based on the SST from ERSSTvS5 data
for July-June annual averages. Highlighted are the areas defining the southwestern-central (purple
areas; SWCP) and zonal gradient (green areas), and the location of Fiji (black star) used to
reconstruct the corresponding SST gradients.
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Fig. S11. Comparison of SST gradients in the Pacific. A) Annual records for the southwestern
central Pacific SST gradient (SWCP) calculated as the difference between Fiji composite and
PHYDA (21) Nifio 3.4 compared against the southwestern central Pacific SST gradient as the
difference between PHYDA data for the southwestern Pacific and the Nifio 3.4 region. B) Annual
records for the SWCP calculated as the difference between Fiji composite and PHYDA Nifio 3.4
compared against the zonal SST gradient as defined in (57) calculated from PHYDA data (21). C)
Annual records comparing the zonal and southwestern-central Pacific gradients calculated from
the PHYDA data only.
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Fig S12. Temperature changes in the tropical Pacific since 1370. Conceptual schematic of the
changes in SST in across the tropical Pacific based on reconstructions from Fiji, the Indo-Pacific
Warm Pool (25, 26), the central Pacific (Nino 3.4 region)(2/, 56) and the eastern equatorial
Pacific (62). Each panel represents one of the four periods (1370-1553, 1553-1703, 1703-1920,
1920-1997) identified in the change point analysis from Fig. 1. The values represent the average
temperature over the corresponding period for the proxies from the corresponding region. The
colour scale is not an absolute but rather highlights relative changes in temperature from one
period to another where darker red (blue) colours represent warmer (colder) values and lighter
colours milder temperatures.
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than 1 standard deviation), panels d-f are similar but represent strong inverse SWCP gradient (i.e.,
warmer temperature in the central Pacific than in Fiji and the SWCP gradient is less than -1
standard deviation). The bottom two rows represent composites when the SWCP gradient is
weaker (less than 0.1 standard deviation) with panels g-i showing composite maps when the
gradient is weaker and positive and panels j-1 represent composites when the gradient is weaker
and negative. Stripling on the plots represents significant values at 95% significance level using a
two-tailed t-test. Composites from each model are computed first before calculating the multi-
model mean composite to provide equal weightage to each CMIP6 model used in the study.
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Fig. S14. Comparison between SWCP temperature gradient and the hydrology of the
WPWP. Average Annual and 15-year moving average SWCP gradient (black) compared to the
hydrology reconstruction for Makassar Strait near Indonesia in the WPWP based on

seawater 8'30 from sediment cores (26). Warm (cold) periods in the Fiji composite highlighted in
red (blue) based on the change point analysis from Fig.1. Also shown are gradient reference
values for the average SWCP gradient as used in Fig. 4 (horizontal green lines).
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Fig. S15. X-ray powder diffraction pattern. XRD profiles for five coral powder samples from
coral core F14 from top middle and bottom slabs displaying the characteristic profile of aragonite.
Slabs 1 and 7 were sampled near the middle, while slab six was sampled in three locations (top,
middle and bottom).



Table S1. 23°Th/U-dating of core F14. Results of 22°Th/U-dating of a coral piece collected from
section 10 at the bottom of coral core F14. The age is referenced to the year of dating (AD 2023).

Sample 238U 232Th (234U/238U) (230Th/238U) age age (234U/238U)
[ng/g] [ng/g] ) @) uncorrected | corrected Initial
€] ) [ka] [ka] )
(€3] @
F14 10 | 2.604 | 0.03306 1.14154 0.006926 0.6638 0.6635 1.14180
(0.017) | (0.00037) | (0.00037) | (0.000021) (0.0020) (0.0020) | (0.00040)




Table S2. Comparison of coral F14 with instrumental and reconstructed SST. Pearson
correlation coefficients for F14 Sr/Ca record against instrumental SST records for the area centred
closest to the study site and for the regional reconstructions for the Western Pacific region from
Tierney, Abram, Anchukaitis, Evans, Giry, Kilbourne, Saenger, Wu and Zinke (24) based on
instrumental data of HADISST (Target O2K SST; 1871-2006) and coral geochemical records
(WP O2K reconstruction; 1617 to 1997). Significance 95% showing in parenthesis. Comparison
with OISSTv2 covers the period 1982-1997 due to the shortness of this record.

Period  OISSTv2 ERSSTv5 HADISST Ogg%eStT o CYit(riﬁon
1978-1997 (_8.'534 ) ('(())_'(;54?) (_8.'13 ! ) (_gﬁg) (-355)
1960-1997 ('8 '(;’70) ('8 2413) (;3,'33 1) ((_)(.)64(1)3)
1883-1997 (;8_'33 1) ((_)(.)6%)57) (Qg.'gg 1) (<-(()).€(())1)
1718-1997 (ég.'g(il)
1617-1997 000

(<0.001)




Table S3. Residuals for SST calculated from core F14 Sr/Ca data. Root mean square mean error
(RSME, units °C) in Sr/Ca-SST reconstructions from core F14 based on different calibration

periods and the ERSSTVS instrumental data. In all cases the RSME was calculated for the period
1883-1997.

Calibration period  Fiji F14-Sr/Ca

1883-1997 0.75
1960-1997 0.77
1978-1997 0.63

Scaled 1883-1997 0.36




Table S4. SST change calculated for core F14. Linear temperature trends (°C per century)
calculated over the period of 1883 to 1997 based on four different calibration periods for our Sr/Ca
data (F14) from Fiji. 95% confidence bounds are shown in parenthesis.

Calibration period

Fiji F14-Sr/Ca

1883-1997
1960-1997
1978-1997
Scaled 1883-1997

1.19 (0.78 - 1.6)
1.16 (0.76 - 1.57)
0.76 (0.5 - 1.02)
0.47 (0.31 - 0.63)




Table S5. Correlation between records from the southwest tropical Pacific. Correlation
coefficients between western Pacific coral proxy time series with Fiji composite and F14 Sr/Ca-
SST reconstructions (incl. detrended records), the SWCP (Fiji-PHYDA) with trend and detrended
and the SWCP based on ERSSTS5. All correlations between proxy data for full overlap period. All
annual mean correlations. Shading and asterisk indicates statistically significant correlations
(*light yellow 0.1; **light green 0.05; ***dark green 0.001 significance levels).

Fiji comp SWCP SWCP SWCP
Fiji comp | SST F14 SST (this (this study [ ERSSTv5
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Table S6. Details of the CMIP6 model data used in Fig. 4. Name of the model and number of
years of data used from pre-industrial control simulation used to generate the composite maps in
figure 4.

S. No. | CMIP6 model Years
1 BCC-CSM2-MR 600
2 BCC-ESM1 451
3 CAMS-CSM1-0 500
4 CanESM5 1000
5 CMCC-CM2-SR5 | 500
6 CMCC-ESM2 500
7 CNRM-CM6-1 500
8 CNRM-ESM2-1 500
9 E3SM-1-0 500
10 EC-Earth3 500
11 FGOALS-g3 700
12 GFDL-CM4 500
13 GISS-E2-1-H 800
14 INM-CM4-8 531
15 INM-CMS5-0 1200
16 MPI-ESM1-2-HR | 500
17 NorCPM1 500
18 NorESM2-LM 500
19 SAMO-UNICON 700
20 UKESM1-0-LL 1880
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