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Abstract Paleoceanographic evidence commonly indicates that Last Glacial Maximum surface
temperatures in the Japan Sea were comparable to modern conditions, in striking difference to colder
neighboring regions. Here, based on a core from the central Japan Sea, our results show similar UK′

37‐ and
TEXL

86‐derived temperatures between 24.7 and 16.3 ka BP, followed by an abrupt divergence at ~16.3 ka BP
and a weakening of divergence after ~8.7 ka BP. We attribute this process to a highly stratified glacial
upper ocean controlled by the East Asian Summer Monsoon, increasing thermal gradient between surface
and subsurface layers during the deglaciation and the intrusion of Tsushima Warm Current since the
mid‐Holocene, respectively. Therefore, we suggest that threshold‐like changes in upper‐ocean temperatures
linked to sea level rise and monsoon dynamics, rather than just sea surface temperatures, play a critical role
in shaping the thermal and ventilation history of this NW Pacific marginal sea.

Plain Language Summary Abnormally warm surface ocean conditions in the Japan Sea during
last glacial are a mystery in Pacific paleoenvironmental history. We analyzed records of UK′

37‐ and
TEXL

86‐derived temperatures from the central Japan Sea, which suggests an oceanographic evolution from a
highly stratified glacial upper ocean, to a deglacial surface‐subsurface thermal gradient control, and
subsequently to modern well‐ventilated conditions since the intrusion of the Tsushima Warm Current
started after the mid‐Holocene. Our results suggest a combination of critical factors of oceanographic
change, rather than a stand‐alone thermal feature, in changing the history in the Japan Sea.

1. Introduction

The Japan Sea (JS), as a semienclosed marginal sea of the northwest Pacific, is surrounded by the Eurasian
Continent and the Japanese Islands (Figure 1). It is at present connected with the adjacent seas only by four
shallow straits with sill depths of less than 135 m, and it is also located near multiple, both high‐ and low‐
latitude, climate and oceanographic action centers, such as the East Asian Summer and Winter Monsoon,
and the North Pacific Western Boundary currents. As a result of its unique location and topography, it dis-
plays an extremely high sensitivity to changing environmental background conditions on geological to
instrumental timescale, such as sea level and insolation change (Gorbarenko et al., 1995; Oba et al., 1991;
Tada et al., 1999), variations in monsoonal thermal and precipitation properties (Fujine et al., 2009; Liu
et al., 2014), and sea ice occurrence and deep water formation (Ikehara, 2003; Ikehara & Itaki, 2007), includ-
ing future climate change (Gamo, 1999). Thus, the oceanographic conditions of the JS have not been static
during the geological past but varied significantly. Changes in local, regional, or global climatic conditions
caused a shift from a glacial, oceanographically largely sealed‐off marginal sea to themodern well ventilated,
relatively nutrient‐poor basin (e.g., Lohmann et al., 2019).

During the Last Glacial Maximum (LGM) (19–23 ka BP; Mix et al., 2001), the JS was almost isolated when
the global sea level dropped by approximately 120 m; as a result, the JS was characterized by low salinity in
surface water and anoxic deep water (Gorbarenko & Southon, 2000; Keigwin & Gorbarenko, 1992; Oba
et al., 1991; Tada et al., 1999). The warmer UK′

37‐based sea surface temperature (SST) records, in
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comparison with the cold neighboring regions and/or modern conditions, were identified during LGM, but
whether these reconstructed warmer SSTs represent the actual sea water thermal conditions in the period
remains highly controversial (Fujine et al., 2006, 2009; Ishiwatari et al., 2001; Lee et al., 2008; Liu
et al., 2014). Ishiwatari et al. (2001) interpreted the warm UK′

37‐SSTs higher than those previously
assumed during LGM by invoking a radiative equilibrium associated with the development of stable
water stratification. Fujine et al. (2006) attributed the anomalously warm LGM temperatures, comparable
to the SSTs during Holocene, to ecological or physiological influences on the alkenone proxy caused by
low salinity.

Overall, the history of the upper water thermal structure in JS since the LGM remains equivocal, thus high-
lighting that it is beneficial to examine alternative, independent temperature proxies. Moreover, although of
the complexity in the recording system by various proxies and likely conflicting results in temperature recon-
structions, multitype proxies and their corroboration show different characteristics of upper ocean thermal
structure. This is important for marginal seas sensitive to glacial‐interglacial climate change in complex
ways, for example, the JS, also giving the advantage using both TEX86‐ and UK′

37‐derived temperatures in
this work.

Comparable to UK′
37, another lipid proxy for temperature, TEX86, is based on thaumarchaeota‐produced iso-

prenoidal glycerol dialkyl glycerol tetraethers (GDGTs) and has been used successfully for water tempera-
ture reconstructions in different oceanic settings worldwide (Schouten et al., 2002; Schouten et al., 2013).
Unfortunately, except for limited data on TEX86 temperature calibrations based on core top sediments
(Kim et al., 2008, 2010; Seki et al., 2014) and one study on sinking particles (Park et al., 2019), no TEX86‐

based temperature records have been reported in downcore sediments from the JS. In this study, we recon-
structed the evolution of upper ocean temperatures and the related stratification in the central JS for the last
25 ka, based on paired downcore TEXL

86‐ and UK′
37‐derived sea water temperatures and the planktic fora-

miniferal δ18O record.

Figure 1. Core location and oceanographic setting of the JS. (a) Core location of LV53‐19‐1 (red star) and surface currents in the JS. Yellow dots: two cores used
for comparison. Brown arrow lines: Tsushima Warm Current (TWC) with three branches; blue arrow lines: cold currents in northern part. Yellow dashed line:
Subpolar Front (SPF) location. LCC: Liman Cold Current; NKCC: North Korea Cold Current; NB: nearshore branch of TWC; OB: Offshore Branch of TWC;
EKWC: East Korea Warm Current. Green lines: 90‐mwater depth lines; white dashed arrow lines: possible freshwater inputs during last glacial period (Keigwin &
Gorbarenko, 1992; Oba et al., 1991). (b) Annul mean surface SST from World Ocean Atlas 2013 (Locarnini et al., 2013). Blue line: transect across study site. (c)
Annual mean temperature transect of upper 500 m. Black arrow: study site location.
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2. Materials and Methods
2.1. Materials

A piston core LV53‐19‐1 (40.08°N, 133.97°E; 1,174‐m water depth; 600‐cm length) was collected from the
northwest part of the Yamato Rise in the JS during the joint Chinese‐Russian Cruise 53 with R/V
“Akademik Lavrentyev,” in 2010. The core location is located at the boundary between the TWC and the
cold water in the northern JS (Figure 1). The core was split and sampled in 2‐cm intervals on board after
recovery. The upper section with 125‐cm length is used in this study. The lithology is characterized by lami-
nated dark gray clayey silt from 125 to 78 cm (Figure S1 in the supporting information). Below, a laminated
dark layer is separated by a light gray layer at 121–121.5 cm into two parts, corresponding to the thinly lami-
nated layer 3 (TL3) and TL2 named after Tada et al. (1999). The section from 78 to 0 cm is mainly composed
of light or dark gray bioturbated silt, except for the core top of 0–7 cm, especially 0–2 cm, where the sediment
is brownish, indicating the modern sedimentary redox horizon. A total of 24 samples were taken for lipid
analysis, with an average time resolution of 1.0 ka. In total, 33 samples were chosen for planktic foraminif-
eral oxygen isotope measurements.

2.2. Age Model

The age model was constructed based on seven accelerator mass spectrometry (AMS) 14C radiocarbon dates.
About 10 mg of either mixed planktic foraminifera or monospecific planktic foraminifera of Globigerina bul-
loides were picked from the >125‐μm size fraction and measured at the National Ocean Sciences AMS
Facility, Woods Hole Oceanographic Institution. The AMS 14C ages were calibrated to calendar ages (“ka
BP” hereafter) with the MARINE13 calibration curve (Reimer et al., 2013) and a local reservoir age of
ΔR ¼ 0 year (Yokoyama et al., 2007). The calibration and age model were constructed using the software
Bacon (Blaauw & Christen, 2011). The AMS 14C and model ages (Table S1) indicate that sedimentation
was continuous and free of turbidites in core LV53‐19‐1. The upper 125‐cm sediment covers a record reach-
ing back to ~25 ka BP (Figure S1a). The sedimentation rate ranges between 4.3 and 10.4 cm ka−1 between
25.2 and 0.5 ka BP, except for low values of 1.1 to 2.2 cm ka−1 during 13.7–7.8 ka BP (Figure S1b). The sedi-
mentation rate is especially high in the upper 10 cm, which probably is caused by stretching of sediment dur-
ing the process of sampling.

2.3. Lipid Analyses and Temperature Calibration

The lipid analyses were all carried out at Tongji University. The protocol for lipid extraction and fractiona-
tion follows references (Dong et al., 2015; Ge et al., 2014; Li et al., 2009; Wei et al., 2011) (Text S1), and the
analysis and quantification for both lipids are described in detail in Text S2. The TEX86 and UK′

37 tempera-
tures were reconstructed after Kim et al. (2010) and Müller et al. (1998), respectively; at the same time, in
order to examine the influence of nonthermal factors on TEX86 temperature estimates, the indices of
Branched and Isoprenoid Tetraether (BIT) (Hopmans et al., 2004; Weijers et al., 2006) and ΔRI (Zhang
et al., 2016) were also calculated (Text S3). By comparing with the modern data (Locarnini et al., 2013),
the core top UK′

37 temperature records SST in early summer, whereas TEXL
86 records annual subsurface

temperature (SubT) at 50 m (Text S4).

2.4. Planktic Foraminiferal δ18O Analysis

Planktic foraminiferal G. bulloides shells (30 shells, 250‐ to 300‐μm size fraction) were measured for stable
oxygen isotopes using a Finnigan‐MAT 252 mass spectrometer at Tongji University. Precision was validated
against a Chinese national carbonate standard (GBW04405) and NBS‐19. Standard deviations were 0.07‰
for δ18O; all values are reported on the Pee Dee Belemnite (PDB) scale (Cheng et al., 2005).

3. Results and Discussion
3.1. Lipid and Foraminiferal δ18O Results

The most of proxies measured in the study show an evident change at the time of 16.3 ka BP (Figure S2 and
Tables S2 and S3). The planktonic δ18O of foraminiferaG. bulloides is light with an average value about 1.6‰
before 16.3 ka BP, but it increases quickly to 3.7‰ after 16.3 ka BP (Figure S2a). The alkenone content
(C37:2 + C37:3) is very low before 16.3 ka BP with a constant value about 10.6 ng g−1 and gradually increases
to a high level after 13.7 ka BP with the value higher than 100 ng g−1 (Figure S2b). The UK′

37‐derived
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temperature increases from 8.3°C at 24.7 ka BP to 15.1°C at 20.9 ka BP and then remains high value in gen-
eral until 17.1 ka BP. It decreases quickly to 9.8°C at 16.3 ka BP and then increases generally to 17.1°C at
2.9 ka BP. The UK′

37‐derived temperature at 1 cm is 15.7°C (Figure S2c).

The GDGTs content of the six common isoprenoid GDGTs is high during periods of 24.7–16.3 ka BP and
13.7–8.7 ka BP, with an average higher than 1,000 ng g−1(Table S3 and Figure S2d). It is low at 15.9–
14.1 ka BP and after 8.7 ka BP; the content of some compounds is lower than the detection limit in the top-
most 7 cm of sediment (Figure S2d). Therefore, this uppermost part was excluded from the TEX86 tempera-
ture discussion. The variations in TEXH

86‐ and TEXL
86‐derived temperatures reveal high values during last

glacial, followed by a rapid decrease at 16.3 ka BP and subsequent low values until 8.7 ka BP, when they
begin to increase again and reach another maximum at 2.9 ka BP (Figure S2f). The TEXL

86‐derived tempera-
ture is discussed in the below and also Text S4, and it is 5.9°C at the depth of 7–9 cm (0.3 ka BP). The BIT
(Figure S2d) and ΔRI (Figure S2e) are both low in our record, with absolute values lower than the threshold
of 0.3, implying that the estimation of TEXL

86‐based temperature should not be influenced by terrigenous
GDGTs (Hopmans et al., 2004; Weijers et al., 2006) and other nontemperature factors (Zhang et al., 2016).
Similar to the trends of TEXL

86‐derived temperatures, the ratio of GDGT‐[2] to GDGT‐[3] (hereafter
GDGT‐[2]/[3] ratio) is high during the period of 24.7–16.3 ka BP, with an average value of 12.4, and it
decreases to less than 8.0 after 16.3 ka BP (Figure S2e).

In most areas of the modern ocean, Thaumarchaeota, as the primary GDGT producer of archaea, reach their
maximum abundance near the base of the euphotic zone or in the epipelagic zone (50–200 m) and decrease
toward the mesopelagic zone (Church et al., 2010; Dong et al., 2019; Mincer et al., 2007). As a result, TEX86

can be used as a temperature proxy for near‐surface to shallow subsurface (<200 m) waters (Zhang &
Liu, 2018). However, the community structure of Thaumarchaeota is apparently different along the water
depth, with a “shallow cluster” in the epipelagic zone and “deep cluster” in the mesopelagic zone (Hu
et al., 2011; Tolar et al., 2013; Villanueva et al., 2015). Correspondingly, there are potential links between
the deep cluster of Thaumarchaeota with a high GDGT community structure index, GDGT‐[2]/[3] ratio,
and the shallow cluster with a low ratio (Villanueva et al., 2015). Dong et al. (2019) proposed to use the
GDGT‐[2]/[3] ratio as the indicator for the characterization of the Thaumarchaeota community or the paleo-
productivity of the shallow cluster. Therefore, we use the GDGT‐[2]/[3] ratio together with other proxies to
better understand the ecological dynamics of the proxy carriers in relation to environmental changes. Based
on our results, we divided the evolution of the upper water column into three different stages as follows
(Figure 2).

3.2. Last Glacial Stage (24.7–16.3 Ka BP)

During this period, UK′
37‐ and TEX

L
86‐based temperatures were relatively high in contrast to the cold glacial

SST in open seas around JS, for example, the northern East China Sea (Ijiri et al., 2005; Shi et al., 2014;
Yamamoto et al., 2013) and the northwest Pacific (Sagawa et al., 2006); particularly, the TEXL

86‐record yields
a maximum with an average of 15°C (Figure 2d). High LGM UK′

37 temperatures have been previously
reported in the JS and were either regarded as anomalous results caused directly by low salinities (Fujine
et al., 2006; Fujine et al., 2009) or attributed to the radiative equilibrium associated with extremely increased
upper ocean stratification (Ishiwatari et al., 2001), based on that significant upper ocean freshening (Keigwin
& Gorbarenko, 1992; Oba et al., 1991). In addition, the alkenone content in the sediment is often very low,
thus difficult to calculate UK′

37 temperatures during the LGM (Lee et al., 2008; Liu et al., 2014). In this study,
though the content of alkenones is low before 16.3 ka BP (Figure S2b), UK′

37‐ and TEXL
86‐based tempera-

tures are largely in agreement within calibration errors and change in the same direction, which makes it
reasonable to assume that they represent the same water mass signals with the same depth and seasonality
during the interval of 24.7–16.3 ka BP.

In our record, δ18O values of G. bulloides are lighter from 24.7 to 16.3 ka BP, in contrast to the global δ18O
evolution (Figure 2b) (Lisiecki & Raymo, 2005). Similar phenomena of light δ18O values in the JS were pre-
viously explained with less saline surface water (Gorbarenko et al., 1995, 2015; Kido et al., 2007; Kim
et al., 2000; Oba et al., 1991; Yokoyama et al., 2007). When last glacial sea level was ~90 m lower than pre-
sent, the JS was mostly isolated, and the inflow of the TWC was limited; coupled with continuous input of
fresher water from surrounding rivers and excess precipitation over evaporation, the surface water became
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fresher and the upper ocean thus more stratified (Keigwin & Gorbarenko, 1992; Oba & Irino, 2012; Tada
et al., 1999; Xing et al., 2011). Between 24.7 and 16.3 ka BP, surface water and mixed layer conditions
were largely different from the modern JS, which likely fostered a seasonal shift in timing of maximum
alkenone production from early summer to summer because of the longer sea ice season caused by the
weakening East Asian Summer Monsoon (EASM), as proposed for explaining high LGM UK′

37

temperatures in the nearby northerly Okhotsk Sea (Harada et al., 2012; Seki et al., 2004). The seasonal
shift in timing of haptophyte bloom to summer is also supported by the more similar trends and

Figure 2. Comparison between results of LV53‐19‐1 (c, d) and other oceanic and climatic proxies. (a) Relative sea level
(RSL) from Mediterranean Sea (Rohling et al., 2017); dashed line: −90 m sea level; gray: June summer insolation at 65°N
(Berger, 1978). (b) δ18O of Chinese stalagmite (blue line) (Cheng et al., 2016) and global δ18O stack (gray line)
(Lisiecki & Raymo, 2005). YD (Younger Dryas); B/A (Bølling/Allerød); HS‐1 (Heinrich Stadial 1). (c) δ18O of planktic
foraminifera G. bulloides (green line) and GDGT‐[2]/[3] ratio (blue dashed line). (d) UK′

37‐ (pink dashed line) and
TEXL86 temperatures (blue line), plus difference between UK′

37 and TEXL86 temperatures (ΔT; gray dotted line).
(e) UK′

37 temperatures of cores MD01‐2408 (blue dashed line) (Fujine et al., 2009) and ODP797 (pink line) (Liu
et al., 2014) from the JS. Yellow background: glacial to early deglacial stratified interval. Gray: deglacial transition to
modern conditions. Bottom black bars in panel e: AMS 14C ages with 2‐sigma ranges.
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correspondence of UK′
37 temperature records, in our record and other two cores in the JS, with Chinese

speleothem δ18O data, as indicator of the EASM (Cheng et al., 2016), than after 16.3 ka BP (Figures 2d,
2e, and 2b).

Given that the TEXL
86‐ and UK′

37‐based temperature records run largely parallel and are in agreement
within calibration errors, we assume that the TEXL

86‐based temperature also reflects the summer SST dur-
ing 24.7–16.3 ka BP, rather than SubT like at present. We hypothesize this change being caused as follows
(Figure 3).

Thaumarchaeota are abundant in surface water at high latitudes and polar oceans (Tolar et al., 2013, and
references therein). In the Okhotsk Sea, Bering Sea, and northwest Pacific, the TEXL

86‐based temperature
is usually interpreted as a shallow water temperature (i.e., about 20 m) in summer (Lattaud et al., 2018;
Meyer et al., 2016; Seki et al., 2009, 2014). When the upper ocean becomes stratified in summer, temperature
maxima are restricted to the shallow surface water. Ammonium concentrations peak in the similar depth
interval at the same time; because Thaumarchaeota are ammonia‐oxidizing chemoautotrophs, their maxi-
mum abundances will accumulate in that identical depth over summer (Seki et al., 2014). During glacial

Figure 3. Schematic comparison of seasonality and habitat depth for biomarker production in surface and subsurface
waters and their influence on both temperature proxies recorded in sediment between (a) modern and (b) last glacial
setting, with approximately −90 m lower sea level, restricting water mass exchange with the open ocean. Yellow vertical
curves indicate abundance of GDGT producer archaea in water column. Gray dashed lines illustrate different layers
in upper water column.
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sea level lowstands of lower than −125 to −90 m around 24.7–16.3 ka BP (Rohling et al., 2017), the JS was
nearly isolated from neighboring oceanic regions (Figure 3b). As a result, surface waters became fresher
and the upper ocean strongly stratified, which is supported by our light G. bulloides δ18O values
(Figure 2b), low alkenone contents (Figure S2b), and the occurrence of laminated sediments (Figure S1b).
In essence, the oceanographic characteristics of the glacial stratified JS were more comparable to modern
subpolar settings, like in the modern Okhotsk Sea or Bering Sea. Thus, we presume the maximum
Thaumarchaeota production shifted into the summer surface or mixed layer water in the JS (Figure 3b).
In addition, the deep‐dwelling archaea may have shoaled their habitat depth to surface waters because
the oxygen‐depleted subsurface or deep water conditions were no longer suitable for survival. Such a shal-
lower habitat depth of deep‐dwelling archaea makes the associated high‐[2]/[3]‐ratio GDGT easier to export
to the sediment in large sinking aggregates or fecal pellets than from a deep habitat depth (Wuchter
et al., 2006). At the same time, the productivity of shallow‐dwelling archaea decreased because of the
thinned mixed layer caused by strong stratification.

As a result, the increasing GDGT contribution of deep‐dwelling archaea and decreasing contribution of the
shallow dwelling led to high GDGT‐[2]/[3] ratios in the sediment (Figure 3b). We propose that the high gla-
cial GDGT‐[2]/[3] ratio (>10) can be used as an indicator for strongly stratified upper ocean during the low
sea level (<−90 m) period, when the JS was characterized by relatively high and similar UK′

37‐ and TEXL
86‐

based summer SST.

3.3. Deglacial Transition Stage (16.3–13.7 Ka BP)

The most prominent feature in our record is the diverging two proxy‐based temperature records between
16.3 and 13.7 ka BP. The continuous increase in the UK′

37‐SST from 9.8°C to 14.4°C in this period is accom-
panied by a simultaneous but sudden decrease in TEXL

86 temperatures from 15.0°C to 2.6°C, dropping 9.7°C
within only a few hundred years or less between 16.3 and 15.9 ka BP (Figure 2d). In this interval, the differ-
ence between UK′

37‐SST and TEXL
86‐derived temperature (ΔT) increases from −5°C to 12°C (Figure 2d).

This episode corresponds to the deglacial interval with a rapid relative sea level rise from ~−90 to ~−40 m
(Rohling et al., 2017) (Figure 2a). Our data imply that the upper ocean stratification of the JS began to
quickly collapse when the sea level rose above−90 m, opening and connecting the basin to the adjacent seas
again (Keigwin & Gorbarenko, 1992; Oba et al., 1991). As a result, relatively saline water flowed into the JS
through the Tsugaru Strait (Ikeda et al., 1999; Isobe, 2020; Oba et al., 1991) and/or Tsushima Strait (Domitsu
& Oda, 2006; Keigwin & Gorbarenko, 1992). Increased salinity and strengthened convection resulted in the
significant increase in planktic foraminiferal δ18O values (Figure 2c) and the alkenone content (Figure S2b).
Accordingly, the sediment changed from a dark laminated to light bioturbated or homogeneous facies
(Figure S1b), indicating that the deep water conditions changed from anoxic to oxic at that time.

We invoke the shift in seasonality, maximum archaea production depth, and archaeal community structure
to explain the sharp decrease in TEXL

86 temperatures and the GDGT‐[2]/[3] ratio (Figures 2d and 2c).
During the period, the surface conditions in JS changed from the last glacial mode to modern regime
(Figure 3a). When the upper ocean stratification became weaker and deep water increasingly oxygenated
along with the increase in the SST indicated by UK′

37 temperatures, the seasonality and maximum abun-
dance depth of Thaumarchaeota production shifted from summer surface water to the annual subsurface,
notably quicker than the change in other proxies, thus resulting in a sudden decrease of TEXL

86 tempera-
tures. Likely, this distinct pattern provides evidence for a nonlinear threshold‐like change in either the opti-
mal habitat of Thaumarcheota or the stratification, and by inference oxygenation conditions, to increased
interbasin water mass exchange due to sea level rise. At the same time, the contribution of
shallow‐dwelling archaea increased and caused a decrease in GDGT‐[2]/[3] ratios. Similarly, we propose a
seasonality shift of the UK′

37‐SST signal from glacial summer to interglacial early summer. The increasing
trend of UK′

37‐SST implies that a strong influence of the EASM on SSTs overcame the negative seasonal
impact from summer to early summer during the period (Figures 2d and 2b). Therefore, during the deglacial
transition, the divergence between two proxy‐based temperature records mainly represents the increasing
difference between a warming temperature, influenced by enhanced EASM, from summer to early summer
SST recorded by haptophyte and cooling temperature variations from summer SST to annual subT recorded
by archaea.
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In our records, the transition from an extremely cold HS‐1 to a warm B/A interval is not evident like in other
records from the JS (e.g., as shown in Figure 2e). This is likely due to the observed reconnection of the JS to
oceanic water masses through newly submerged gateways and rapid change in the basin's water mass struc-
ture, which superseded the effects of hemispheric and regional temperature changes across these deglacial
millennial‐scale events, which were recorded in several locations in the open ocean east of Japan (Sagawa
et al., 2006; Sagawa & Ikehara, 2008).

3.4. Late Deglacial to Holocene (13.7 ka BP to Present Day)

The main characteristic of this interval is the large divergence between our two temperature records
(Figure 2d). Most of our data during this period remain relatively constant and similar to present‐day values,
indicating relatively stable long‐term upper ocean Holocene conditions. Especially the constant, low
GDGT‐[2]/[3] ratio indicates that the depth and seasonality for the GDGT producers remains similar across
this phase, that is, our TEXL

86 temperatures likely represent annual mean SubT at 50 m, while the UK′
37

temperatures reflect early summer SST (Figure 3a).

During this interval, ΔT can be used to indicate the thermal gradient between surface and subsurface water.
The ΔT is 14.6°C at 8.7 ka BP and decreased to 9.1°C at 0.6 ka BP (Figure 2d). At the same time, the TEXL

86‐

SubT continuously increased during the period of 8.7–0.6 ka BP. In the modern JS, the TWC plays an impor-
tant role in the upper ocean circulation. The TWC water occupy the upper 150 in the south (Chang
et al., 2004), and its influence declines northward to the central part of the Subpolar Front area with decreas-
ing penetration depth (Figures 1b and 1c). Therefore, the decrease in ΔT and increase in TEXL

86‐SubT likely
reflects the strengthening influence of TWC in our study area. Our data indicate that the TWC flowed into JS
after ~8.7 ka BP, in line with earlier studies in the JS (Domitsu & Oda, 2008; Itaki et al., 2004; Takei
et al., 2002; Zou et al., 2012) and in the East China Sea (Jian et al., 2000; Li et al., 2007).

Both our measurements of UK′
37‐SST and two other SST records in the JS (Figures 2d and 2e) show similar

SST variations, correlating in their trends with the EASM between 13.7 BP and 4.3 ka BP (Figure 2b), sug-
gesting a dominant control of the EASM on surface water temperatures and stratification. In addition,
though the EASM weakened after 4.3 ka BP, our UK′

37 record maintains relatively high SSTs, which implies
an increasing influence of TWC water and less EASM influence on the regional SST characteristics during
the middle to late Holocene.

4. Conclusions

We reconstructed the evolution of upper‐ocean stratification based on paired UK′
37 and TEXL

86 sea water
temperatures from the central JS. Between 24.7 and 16.3 ka BP, similar UK′

37‐ and TEXL
86‐derived summer

SSTs indicate fresher surface water and a more stratified upper ocean. A deglacial transition in the upper
water column structure occurred based on diverging UK′

37‐ and TEXL
86‐derived temperatures, as well as

other proxies such as planktic foraminiferal δ18O values and GDGT‐[2]/[3] ratios between 16.3 and
13.7 ka BP. The stratification was weak, and the upper water condition was mostly similar to present‐day
conditions after 13.7 ka BP. While the difference between UK′

37‐SST and TEXL
86‐SubT was large during

13.7–8.7 ka BP, it thereafter decreased until 0.6 ka BP, which indicates TWC inflow to the JS after ~8.7 ka BP.

Our results suggest that high LGM UK′
37‐SST in the JS in general reflects the seasonal shift in the timing of

haptophyte blooms. We propose that the high value of GDGT‐[2]/[3] ratio (larger than 10) can be used as an
indicator to identify these fresher and more stratified upper ocean conditions during low sea level intervals.

Data Availability Statement

All data are included in the supporting information and available the PANGAEA data repository (https://
doi.pangaea.de/10.1594/PANGAEA.920797).
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