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Introduction

The oceans not only play a key role in modulating Earth's climate but also host the largest and most diverse ecosystems. Yet our understanding of how the oceans are being impacted by anthropogenic-driven climate change is not well understood. There is considerable uncertainty, for example, regarding the spatial extent and timing of recent and future marine biodiversity loss [START_REF] Bellard | Impacts of climate change on the future of biodiversity[END_REF], and the decreasing capacity of the oceans to provide food and maintain favorable conditions including water quality (Worm et al., 2006) for marine biota to flourish. Nevertheless, it is clear that climate change has already affected marine ecosystems (Hoegh-Gudberg and Bruno, 2010;Parmesan and Yohe, 2003 and references therein), and it is anticipated that it will soon surpass habitat destruction as the main global threat to biodiversity [START_REF] Leadley | Biodiversity scenarios: projections of 21st century change in biodiversity and associated ecosystem services[END_REF]cited in Bellard et al., 2012). Increasing greenhouse gas concentrations and consequent global warming are driving oceans towards conditions not seen for millions of years, with most models predicting alarming consequences for biodiversity that has led some to suggest that we are witnessing the sixth mass extinction in Earth's history [START_REF] Bellard | Impacts of climate change on the future of biodiversity[END_REF]. In marine ecosystems, climate change is associated with concurrent shifts in water temperature [START_REF] Bindoff | The Physical Science Basis: Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change[END_REF]cited in Doney et al., 2012), ocean circulation and stratification, nutrient input, oxygen content, and ocean chemistry (e.g. acidification), all with potentially wide ranging effects on biodiversity (e.g. [START_REF] Doney | Climate Change Impacts on Marine Ecosystems[END_REF]. In particular, higher temperatures reduce the solubility of CO2 which reduces seawater pH and hence carbonate ion concentration, thereby compromising the ability of some marine organisms to calcify. Increased ocean temperatures can also alter patterns of ocean circulation, precipitation and freshwater input, which may reduce subsurface oxygen concentrations [START_REF] Keeling | Ocean deoxygenation in a warming world[END_REF], as well as additional changes such as higher sea level, ocean stratification, and reduced sea-ice development [START_REF] Doney | Climate Change Impacts on Marine Ecosystems[END_REF]. In addition to the sensitivities and thresholds of marine organisms to 2 absolute temperatures, the rate of temperature change (and covariates) may also be a critical parameter to which organisms struggle to adapt. Given that many of the feedbacks operating in the complex ocean-climate system can occur on timescales much longer than our lifetime and well beyond current instrumental records, it is important to refer back to periods of major climate change and dissect the sequence of physical and bio-events recorded in the geological record. Detailed analyses of past climate events and their impacts on biodiversity are key to de-convolving the complex mechanisms at play, and for better predicting the impact of anthropogenic effects on the biosphere.

The Permian-Triassic boundary mass extinction (PTBME) occurred ~252 million years ago [START_REF] Burgess | High-precision timeline for Earth's most severe extinction[END_REF][START_REF] Baresel | Timing of global regression and microbial bloom linked with the Permian-Triassic boundary mass extinction: implications for driving mechanisms[END_REF] and was the largest biotic crisis of the Phanerozoic [START_REF] Raup | Size of the Permo-Triassic bottleneck and its evolutionary implications[END_REF][START_REF] Erwin | The Permo-Triassic extinction[END_REF][START_REF] Alroy | Phanerozoic trends in the global diversity of marine invertebrates[END_REF]Stanley, 2016). The PTBME, recorded in both marine and terrestrial realms, was most likely related to extensive volcanic degassing from the Siberian Traps and its impact on climatic and environmental conditions worldwide [START_REF] Campbell | Synchronism of the Siberian traps and the Permian-Triassic boundary[END_REF]Renne et al., 1995;[START_REF] Reichow | The timing and extent of the eruption of the Siberian Traps large igneous province: implications for the end-Permian environmental crisis[END_REF][START_REF] Reichow | The timing and extent of the eruption of the Siberian Traps large igneous province: implications for the end-Permian environmental crisis[END_REF]. The PTBME, has attracted renewed attention in recent years, not only because of its magnitude and significance in Earth history, but also because it might provide useful insights into the environmental changes we are experiencing today [START_REF] Payne | End-Permian mass extinction in the oceans: an ancientanalog for the twenty-first century?[END_REF]. Recent studies suggest that the PTBME coincided with a major global warming event [START_REF] Joachimski | Climate warming in the latest Permian and the Permian-Triassic mass extinction[END_REF]Schobben et al., 2014), and possible ocean acidification events [START_REF] Payne | Calcium isotope constraints on the end-Permian mass extinction[END_REF][START_REF] Hinojosa | Evidence for end-Permian ocean acidification from calcium isotopes in biogenic apatite[END_REF][START_REF] Clarkson | Ocean acidification and the Permo-Triassic mass extinction[END_REF]. A better understanding of the PTBME and of its aftermath, during which both sea surface temperatures and biodiversity continued to fluctuate with high amplitudes for several million years (Sun et al., 2012;[START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF], may shed light on the general interplay between climate and biodiversity in deep time. The tempo and patterns of the Early Triassic biotic recovery have been the focus of much debate [START_REF] Galfetti | Timing of the Early Triassic carbon cycle perturbations inferred from new U-Pb ages and ammonoid biochronozones[END_REF][START_REF] Brayard | Good genes and good luck: ammonoid diversity and the end-Permian mass extinction[END_REF][START_REF] Hermann | Organic matter and palaeoenvironmental signals during the Early Triassic biotic recovery. The Salt Range and Surghar Range records[END_REF], 2017, Song et al., 2011;[START_REF] Chen | The timing and pattern of biotic recovery following the end-Permian mass extinction[END_REF][START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF]Scheyer et al., 2014,), but most authors would agree that the Smithian-Spathian crisis was the most significant event within the recovery interval (Galfetti et al., 2007;Stanley, 2009). The Smithian-Spathian transition coincides with a large positive carbon isotope excursion [START_REF] Payne | Large perturbations of the carbon cycle during recovery from the end-permian extinction[END_REF]Galfetti et al., 2007c;[START_REF] Leu | Clade-dependent conodont-size responses to environmental changes during the end-Smithian extinction[END_REF], a change in palynoflora that reflects a shift of global significance from humid to arid climate [START_REF] Hermann | Climatic oscillations at the onset of the Mesozoic inferred from palynological records from the North Indian margin[END_REF], and a marked setback of nektonic organisms of ammonoids and conodonts in particular [START_REF] Orchard | Conodont diversity and evolution through the latest Permian and Early Triassic upheavals[END_REF]Bruehwiler et al., 2010), which was of greater magnitude than the corresponding diversity lows at the PTBME.

Conodont apatite oxygen isotope compositions (δ 18 Oapatite) have been shown to be the most reliable proxy for estimating ancient seawater temperatures (e.g. [START_REF] Longinelli | Revised phosphate-water isotopic temperature scale[END_REF][START_REF] Kolodny | Oxygen isotope variations in phosphate of biogenic apatites, I. Fish bone apatite--rechecking the rules of the game[END_REF][START_REF] Luz | Oxygen isotope variations in phosphate of biogenic apatites, III. Conodonts[END_REF]Wenzel et al., 2000;[START_REF] Joachimski | Oxygen isotope evolution of biogenic calcite and apatite during the Middle and Late Devonian[END_REF]Trotter et al., 2008), and have been most commonly used when reconstructing Permo-Triassic climate records (e.g. Rigo et al., 2012;[START_REF] Joachimski | Climate warming in the latest Permian and the Permian-Triassic mass extinction[END_REF]Sun et al., 2012;[START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF]Trotter et al., 2015). Recent studies [START_REF] Joachimski | Climate warming in the latest Permian and the Permian-Triassic mass extinction[END_REF]Sun et al., 2012;[START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF]Schobben et al., 2014[START_REF] Chen | High-resolution SIMS oxygen isotope analysis on conodont apatite from South China and implications for the end-Permian mass extinction[END_REF] have used this proxy to produce high-resolution climate records for the PTBME and the Early Triassic. Given that these studies were based on material from localities in China and Pakistan, respectively, as well as the large geographical distance between the corresponding paleolocalities in Early Triassic times (then at the eastern and southern limits of the Tethys Ocean respectively), the overall similarity of their temperature records (i.e. Sun et al., 2012 and[START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF] indicates that they likely reflect global climate trends. For the Smithian-Spathian transition, both [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF]Sun et al. (2012) documented large fluctuations in seawater δ 18 O and hence inferred temperatures (1.7 ‰, equivalent to temp shifts of about 7.5°C), with a temperature peak within the presumed earliest Spathian Novispathodus pingdingshanensis conodont Zone, the so-called 'late Smithian [sic] Thermal Maximum' (LSTM, Sun et al., 2012), followed by a cooling during the Icriospathodus collinsoni conodont Zone (Sun et al., 2012) and its Pakistani correlative, the Borinella n. sp. C Zone (Romano et al., 2013, see Methods). Based on the apparent coincidence of the LSTM with an alleged absence of vertebrates in the equatorial realm, the so-called 'equatorial marine vertebrates eclipse' of Sun et al. (2012, their fig. 3), these authors argued for a direct link between high temperatures and marine biodiversity loss. Yet, both the existence and the timing of these two phenomena are questionable [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF][START_REF] Brayard | Unexpected Early Triassic marine ecosystem and the rise of the Modern evolutionary fauna[END_REF][START_REF] Bernardi | Tetrapod distribution and temperature rise during the Permian-Triassic mass extinction[END_REF].

Although the hypothesis of an early Spathian cooling is very well supported by both China and Pakistan datasets, the timing of the onset of this cooling is still unclear. Likewise, the duration of the presumed LSTM is not well constrained. In fact, the evidence for a thermal maximum within the late Smithian, or within the latest Smithian-earliest Spathian interval, is weak given that: (1) correct sample correlations of Sun et al.'s data show that the LSTM is represented by one datum from the Zuodeng II section (see [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF]Goudemand, 2014, his fig. 2); As noted by Chen et al. (2013), values from different sections, even within the same basin, may be offset due to local conditions, and secular variations of oxygen isotope compositions should therefore be discussed within one specific section, the Zuodeng II section being relevant here; (2) the 'late Smithian' (but see Methods) thermal maximum recorded in Pakistan (Nam42, Table S1 of [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF]) likewise corresponds to one datum point, which was measured only once and not in triplicate (using conventional gas isotope ratio mass spectrometry (GIRMS)); (3) the duration of this presumed thermal maximum in Pakistan is poorly constrained; (4) when applying corrections for taxon-specific offsets in δ 18 Oapatite (see Methods), based on the data from China, the late Smithian should be considered a cooling period and the latest Smithian-earliest Spathian interval was not significantly warmer than the middle Smithian or middle Spathian (fig. 3 of Goudemand, 2014). Consequently, the presumed causal link between the LSTM and a putative 'equatorial marine vertebrates eclipse' (Sun et al., 2012, fig. 3) should be regarded with extreme caution [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF], Scheyer et al., 2014[START_REF] Brayard | Unexpected Early Triassic marine ecosystem and the rise of the Modern evolutionary fauna[END_REF].

In the present study we have used secondary ion mass spectrometry (SIMS) to measure the oxygen isotope compositions of discrete conodont elements in situ following the approach established by Trotter et al. (2008) to better constrain the δ 18 O trend at higher temporal resolution. This technique enables multiple high-spatial resolution targeted analyses of well-preserved crown histologies within single specimens, species-based comparisons, measurements of very low yielding samples, and can resolve compositional heterogeneity within samples. These compositions were determined on material from the Nammal section, Pakistan (for details see [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF], with a particular focus on the Smithian-Spathian boundary. Based on these new results, we review the timing of temperature changes in that critical interval and the interrelationship between climate and biodiversity patterns.

Geological setting

The conodont elements were sampled from the Lower Triassic Mianwali Formation of Nammal Nala (Nammal Gorge, Salt Range, Pakistan, see Romano et al., 2013, their Fig. 1). Nowadays, the Salt Range is located about 200 km southwest of Islamabad. During the Early Triassic, the Salt Range was located on the northern Gondwanan shelf (Northern Indian margin, see Romano et al., 2013, their Fig. 1), at a palaeolatitude of ca. 30° South [START_REF] Golonka | Pangean (Late Carboniferous-Middle Jurassic) paleoenvironment and lithofacies[END_REF]. At Nammal Gorge, the Mianwali Formation is about 118 m thick and it consists of siltstones, sandstones, limestones, and dolomites (Hermann et al., 2011a), usually subdivided into seven lithological units: the Kathwai Member, the Lower Ceratite Limestone, the Ceratite Marls, the Ceratite Sandstone, the Upper Ceratite Limestone (including the Bivalve Beds at its top), the 'Niveaux intermédiaires', and the Topmost Limestone (see e.g. Hermann et al.2011a for details). The conodont material used here comes from carbonated samples only. Based on sedimentological observations combined with palynofacies data, carbon isotopes records, total organic carbon and biomarkers, Hermann et al. (2011a) interpreted the succession of marine paleoenvironments of the Salt Range and recognized sequence boundaries that are consistent with the global sequence boundaries established by [START_REF] Embry | Global sequence boundaries of the Triassic and their identification in the western Canada Sedimentary Basin[END_REF].

Methods

Biostratigraphy

It is worth remembering that the Smithian-Spathian boundary (SSB) has not been formally defined yet. It was traditionally defined using ammonoids (Tozer, 1981) and in the recent literature the conodont Novispathodus pingdingshanensis has also often been used as a marker for the base of the Spathian (but see below). In order to be consistent with biochronology, the LSTM should have rather been named 'earliest Spathian Thermal Maximum' because it was based on temperature estimates from the Novispathodus pingdingshanensis Zone, which was considered earliest Spathian by Sun et al. (2012). Note that the Novispathodus pingdingshanensis Zone correlates partly with the Glyptophiceras sinuatum ammonoid Zone (See Fig. 1), which, on the contrary, was plotted as latest Smithian in age in [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF] Since the publication of [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF], it has become clear that the lower part of the Glyptophiceras sinuatum Zone correlates with the Scythogondolella milleri conodont Zone, which is indeed traditionally considered latest Smithian in age, but also that its upper part corresponds to the co-occurrence of several small conodont segminate forms, among which N. pingdingshanensis is dominant (see [START_REF] Goudemand | Early Triassic conodont clusters from South China: revision of the architecture of the 15 element apparatuses of the superfamily Gondolelloidea[END_REF]. Hence the upper part of the G. sinuatum Zone may correlate with the N. pingdingshanensis Zone, sensu Sun et al. (2012), which, as mentioned above, is usually regarded as earliest Spathian in age. To complicate things further, it has also become clear (pers. obs.) that rare specimens of N. pingdingshanensis may co-occur with Scythogondolella milleri, a typical late Smithian conodont. As a consequence, the First Occurrence (FO) of N. pingdingshanensis alone is not necessarily a good proxy for the definition of the base of the Spathian (see also Orchard and Zonneveld, 2009 and Zhang L. et al., this volume). Furthermore, because the base of the N. pingdingshanensis interval zone of Sun et al. (2012) is defined by the FO of N. pingdingshanensis, it is not clear whether the age of this zone in China is actually earliest Spathian, or possibly latest Smithian, or both. For comparison purposes, and based on our own collections from South China, it seems reasonable to consider that Sun et al.'s N. pingdingshanensis Zone corresponds to the acme of N. pingdingshanensis and to its co-occurrence with other small segminate forms, and thus correlates with the upper part of the G. sinuatum Zone of Pakistan. The 'upper G. sinuatum Zone' sample in Romano et al., 2013 (Nam42) was measured using elements of N. pingdingshanensis and it most likely correlates with Sun et al.'s N. pingdingshanensis Zone: pending formal definition of the SSB, we retain here the age assignment used in [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF] and we consider this sample as latest Smithian in age. (see also Leu et al., 2018 and Zhang L. et al., this volume).

Conodont preparation and analysis

The conodont elements from Nammal Gorge (Salt Range, Pakistan) were extracted from the carbonate host rocks using the standard buffered acetic acid technique (∼12%, Jeppsson et al., 1999), followed by density separation of the conodont fraction with sodium polytungstate (Jeppsson and Anehus, 1999). The strategy for specimen selection and ion microprobe analysis follows that established by Trotter et al. (2008). All selected specimens were pristinely preserved, thermally unaltered (CAI =1) and their surfaces were void of contaminants. Except for samples NAM701 and NAM42, for which clearly identified S3-4 elements were selected, all specimens analysed were platform elements of clearly identified species.

All sensitive high-resolution ion microprobe (SHRIMP) analyses were referenced to the Durango 3 apatite primary standard with a δ 18 O composition of 9.81 ±0.25‰ (n = 6) determined by conventional gas isotope ratio mass spectrometry (GIRMS) and normalised to the accepted value of 21.7‰ for the international standard NBS120c (Lecuyer et al., 2013). The data listed in Table S3 and displayed in Figs. 1 andS1, including the data by [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF], have been normalized to that value. For visual comparisons with the data from China (Sun et al., 2012[START_REF] Joachimski | Climate warming in the latest Permian and the Permian-Triassic mass extinction[END_REF], the data displayed in Figs. 2 and 3 has been also normalized to that value. The standard deviation of SHRIMP Durango 3 analyses was typically 0.2‰. See Supplementary Material and Trotter et al. 2008[START_REF] Clarkson | Ocean acidification and the Permo-Triassic mass extinction[END_REF], and 2016, for further technical details of sample preparation and data processing, including reproducibility of conodont analyses.

Intercalibration of SIMS and GIRMS data

The δ 18 Oapatite data that were available for the Nammal section [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF] were measured using the GIRMS technique. Because inter-laboratory comparisons between SIMS and GIRMS conodont analyses are difficult given the analytical principles and differences in standard reference materials (see Trotter et al., 2015 for an extensive discussion), we have ensured comparison of the new SIMS data with the previous GIRMS data by measuring several additional samples by SHRIMP that had previously been determined by GIRMS and reported by [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF]. We observe a systematic offset of 1.5 ±0.5‰ between the two datasets (see Fig S1), somewhat larger than the positive offsets typically observed in prior SHRIMP studies (Trotter et al., 2015(Trotter et al., , 2016)). We have adjusted the SHRIMP δ 18 Ophos values by -1.5‰ (i.e. δ 18 OphosN) to integrate these with the existing GIRMS data reported by [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF]. This approach was taken following previous SHRIMP studies, given the prevalence of routine wet chemical GIRMS analyses in the literature and the standard practice of normalizing in situ data to solution-based analyses where the possibility of matrix-related and/or instrumental biases might influence the data. However, it should be noted that different GIRMS labs use different analytical procedures, which could also relate to the offsets observed between these datasets determined by different laboratories (work in progress by I.S.W and J.A.T).

Estimation of sea surface temperature changes

Given the current uncertainties associated with calculating absolute seawater temperatures due to the multiple unconstrained variables that contribute to δ 18 O compositions and potential laboratory biases of measurements (see below), we have discussed the δ 18 O data only in terms of relative temperature fluctuations (i.e. ΔT). The δ 18 Oapatite data is usually interpreted in terms of sea surface temperatures (SST) using temperature calibration equations [START_REF] Pucéat | Revised phosphates-water fractionation equation reassessing paleotemperatures derived from biogenic apatite[END_REF][START_REF] Lécuyer | Calibration of the phosphate δ 18 O thermometer with carbonatewater oxygen isotope fractionation equations[END_REF]. Here we have modified the equation of [START_REF] Lécuyer | Calibration of the phosphate δ 18 O thermometer with carbonatewater oxygen isotope fractionation equations[END_REF] to accommodate a depth component related to species-specific temperature differences, as follows: SST[°C] =117.4-4.50 (δ 18 OphosN -∆depth -δ 18 Osw) = 117.4-4.50 (δ 18 OphosN_SeaSurface -δ 18 Osw) [START_REF] Chen | The timing and pattern of biotic recovery following the end-Permian mass extinction[END_REF] This equation includes three unknowns: the sea surface temperature (SST), the offset induced by the water depth preference of the measured conodont (∆depth), and the seawater isotopic composition (δ 18 Osw). The latter is unknown for the Triassic, and thus must be assumed in order to derive absolute temperatures. δ 18 Osw is a function of several factors, including salinity, so it will change as continental ice volume varies. We have used a constant value of -1‰ for δ 18 Osw, as typically used for an "ice-free" Earth (Savin, 1977, see Sun et al., 2012;[START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF]Trotter et al., 2015). The estimated temperatures are assumed to reflect those of ambient seawater within which the conodonts lived. Given that water depth preferences and ranges of thermal tolerance between conodont species are unknown (see also Rigo and Joachimski, 2010), where possible we have minimized potential taxon-specific biases by measuring specimens of the same genus. Integrating data from different genera requires an estimate of ∆depth for each genus, which standardizes the data to the sea surface [START_REF] Goudemand | Time calibrated Early Triassic δ13Ccarb, δ18O apatite and SST curves from South China: an update[END_REF]. This is achieved by comparing measurements of different genera from the same sample. However, such comparative data are scarce (e.g. [START_REF] Joachimski | Climate warming in the latest Permian and the Permian-Triassic mass extinction[END_REF]Sun et al., 2012;Chen et al., 2013;Trotter et al., 2015; this study) and the offset between two genera may depend on environmental conditions, such as eustatic and climatic changes (Joachimski et al., 2012, Clarkina vs. Hindeodus). Nevertheless, some consistent offsets were observed (Sun et al., 2012;Chen et al., 2013;[START_REF] Joachimski | Climate warming in the latest Permian and the Permian-Triassic mass extinction[END_REF], in agreement with our study) so we can follow Sun et al. (2012) to propose the following working hypothesis: ( 1) ellisonid (Platyvillosus, Pachycladina, Parachirognathus) specimens are considered to record the sea surface temperature (∆depth = 0‰); ( 2) neospathodid (Neospathodus, Novispathodus) specimens are offset by ~0.7‰ compared to ellisonids, hence to the sea surface (∆depth = 0.7‰; i.e. an offset of about +3°C); (3) similarly, neogondolellid (Neogondolella, Sweetospathodus, Scythogondolella, Borinella, Columbitella) specimens are offset by ~0.4‰ relative to neospathodids, that is 1.1‰ relative to the sea surface value (∆depth = 1.1‰; offset of about +5°C). Alternatively, all specimens could be considered to reflect the sea surface temperature (∆depth = 0‰), and the comparison of both curves (i.e. measured versus corrected data) can inform us about the reliability of the observed temperature excursions with regards to these biological offsets (see Results).

Results

Compatibility of SIMS and GIRMS records

As shown in Figs. 1, 2, and S1, the SIMS analyses are broadly consistent with the trend obtained previously from Pakistan using GIRMS, where both datasets were standardized to NBS120c = 21.7‰ VSMOW. Both records show an increase in δ 18 O of about 2‰ between the late Smithian sample Nam6 and the early Spathian sample BV1-C1. There is, however, an offset between the GIRMS and SIMS datasets with the latter values being systematically higher by about 1.5‰ (see Fig. S1 and Methods), which is somewhat larger than that observed in other studies (Trotter et al., 2015(Trotter et al., , 2016)). Figures 123integrate both datasets whereby the SIMS data have been adjusted by -1.5‰ to enable direct comparison with the published GIRMS data (see Methods).

Absence of a global LSTM

The new measurements provide a much higher resolution record that does not support the presence of a global late Smithian Thermal Maximum sensu Sun et al. (2012). The previous data from Pakistan [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF] 

Taxon-specific offsets

As observed by several authors [START_REF] Chen | Carbon and conodont apatite oxygen isotope records of Guadalupian-Lopingian boundary sections: Climatic or sea-level signal? Palaeogeography[END_REF][START_REF] Joachimski | Climate warming in the latest Permian and the Permian-Triassic mass extinction[END_REF]Sun et al., 2012;Trotter et al., 2015), measurements of different conodont taxa from the same bed may sometimes yield different results. Given that different conodont taxa needed to be measured to obtain our δ 18 O curve, it could be argued that the observed fluctuations might be biased. In order to test this hypothesis, we investigated the potential effects of taxon-specific offsets. Indeed, in some cases the δ 18 Oapatite offset between two conodont taxa is consistent from one sample to another, suggesting these two taxa occupied distinct habitats with one likely preferring cooler, deeper waters than the other (Sun et al., 2012; see Methods). Prior studies have explained similar observations during climate extremes through the late Permian and Triassic by inferring differences in thermal tolerance between conodont species [START_REF] Joachimski | Climate warming in the latest Permian and the Permian-Triassic mass extinction[END_REF]Trotter et al., 2015). To overcome this issue, we have normalized the δ 18 Oapatite data to correct for taxon-specific offsets and obtain an alternative and presumably less biased picture of the temporal evolution of sea surface temperatures (SST). We thus estimate the δ 18 Oapatite composition that would have been recorded by the same 'sea-surface' conodont genus throughout the study interval (i.e. ∆depth=0‰, see Methods) (Fig. 2C). In doing so, we can compare two extreme interpretations of the relative fluctuations in δ 18 O in terms of relative fluctuations in SST: the conventional interpretation whereby the measured values directly reflect the SST fluctuations and the interpretation that considers that different conodonts introduce different systematic biologic biases, possibly because they inhabited different parts of the water column. In both cases (compare Fig. 2B and Fig. 2C) we observe the Smithian-Spathian prominent cooling. Thus, it is unlikely that the sudden increase in δ 18 Oapatite before the Smithian-Spathian boundary is an artefact generated by measuring different conodont taxa. The corresponding cooling begins within the late Smithian. Contrary to previous observations (Sun et al., 2012;[START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF], the late Smithian appears to be about as hot as the middle Smithian, not hotter, hence we do not observe an LSTM.

Discussion

Congruence with other proxies of climate change

A number of different proxies have been used previously to infer climatic changes during the Permian and Early Triassic, which are important to compare with our new δ 18 O data. The ratio of xerophytic versus hygrophytic spore-pollen (S-P) assemblages measured in marine sediments is considered to reflect accurately the quantity of water that was available to contemporaneous terrestrial ecosystems [START_REF] Hochuli | Climate variations in the Boreal Triassic-Inferred from palynological records from the Barents Sea[END_REF][START_REF] Hermann | Climatic oscillations at the onset of the Mesozoic inferred from palynological records from the North Indian margin[END_REF]. Galfetti et al. (2007c) and Hermann et al. (2011a[START_REF] Hermann | Terrestrial ecosystems on North Gondwana following the end-Permian mass extinction[END_REF][START_REF] Hermann | Climatic oscillations at the onset of the Mesozoic inferred from palynological records from the North Indian margin[END_REF] analyzed the spore-pollen assemblages at the Smithian-Spathian transition at different localities. These authors concluded that there was a rapid transition from the spore-dominated flora of the middle Smithian to gymnosperm-dominated assemblages of the late Smithian, during the onset of the global carbon isotope positive excursion. This transition began within the Wasatchites tardus ammonoid Zone in the Boreal realm [START_REF] Hochuli | Climate variations in the Boreal Triassic-Inferred from palynological records from the Barents Sea[END_REF]Galfetti et al., 2007c) and the correlative Wasatchites distractus ammonoid Zone in the Tethys realm [START_REF] Hermann | Climatic oscillations at the onset of the Mesozoic inferred from palynological records from the North Indian margin[END_REF][START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF] respectively. The floral change was interpreted as a global event, and reflects the transition from a humid, warm climate to a drier, colder climate. [START_REF] Hermann | Terrestrial ecosystems on North Gondwana following the end-Permian mass extinction[END_REF] also documented the presence of a spore spike within the middle Smithian, extending partly into the late Smithian Wasatchites distractus Zone. Gymnosperms began to recover during the earliest Spathian [START_REF] Hermann | Terrestrial ecosystems on North Gondwana following the end-Permian mass extinction[END_REF], see also [START_REF] Hochuli | Severest crisis overlooked-Worst disruption of terrestrial environments postdates the Permian-Triassic mass extinction[END_REF]; N. pingdingshanensis Zone sensu Sun et al., 2012, see Methods). The timing of these palynological events is consistent with the new SIMS data (Fig. 3C) as well as the data from China (Sun et al., 2012) as re-interpreted by [START_REF] Goudemand | Time calibrated Early Triassic δ13Ccarb, δ18O apatite and SST curves from South China: an update[END_REF]. The thermal maximum probably occurred earlier than previously thought, during the middle Smithian and up to the early late Smithian Wasatchites distractus Zone, rather than at the Smithian-Spathian boundary or within the alledged earliest Spathian N. pingdingshanensis Zone as previously proposed (contra Sun et al., 2012;[START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF]. Furthermore, [START_REF] Brayard | The Early Triassic ammonoid recovery: Paleoclimatic significance of diversity gradients[END_REF] see also Galfetti et al., 2007c) suggested that changes in latitudinal gradients of generic richness (LGGR) of nektonic organisms, such as ammonoids, could serve as an additional proxy for changes in latitudinal gradients in sea surface temperatures (LG-SST). The lower LGGR observed in the late Smithian Wasatchites distractus ammonoid Zone record would reflect a flatter LG-SST, reflecting more uniform temperatures across latitudes and hence a warmer global climate. Conversely, the larger LGGR observed in the early Spathian record is interpreted as the re-establishment of more climatically diverse marine habitats during a global cooling phase (Galfetti et al., 2007c). These studies suggest a post-Wasatchites distractus Zone cooling interval during the Smithian-Spathian transition. However, the SIMS data provide significantly greater temporal resolution of this transition. Brayard et al.'s study (2006) of ammonoid LGGR only corresponds to the early and middle Smithian, the early late Smithian and the early Spathian, which is insufficient to constrain the precise timing of the cooling interval or thermal maximum. Song et al. (2013) analyzed the δ 13 Ccarb data from eight Lower Triassic sections from the northern Yangtze Platform and Nanpanjiang Basin (China), representing a range of depositional water depths from ~50 to 500 m. They derived the vertical δ 13 CDIC gradients and inferred intensified stratification and hence reduced vertical mixing in Early Triassic seas compared to the modern oceans. These authors also revealed that Δδ 13 CDIC peaked during the early to mid-Smithian, which they interpreted to reflect strong climatic warming, reduced marine productivity, and expanded ocean anoxia. They also note the return of negative Δδ 13 CDIC values and a sharp increase in δ 13 Ccarb in the early Spathian, which they interpret as the onset of reinvigorated ocean circulation, a likely consequence of a strong global climatic cooling. Again this independent proxy is in general agreement with the new δ 18 O data (Fig. 3D); the onset of global warming occurred in the early to mid-Smithian with no evidence of particularly hot conditions in the latest Smithian-earliest Spathian interval, followed by global cooling that began in the late late Smithian. Zhang et al. (2015) measured a combination of carbonate carbon (δ 13 Ccarb) and carbonate-associated sulfate sulfur isotopes (δ 34 SCAS), rare earth elements, and applied elemental paleo-redox and paleoproductivity proxies to the SSB Shitouzhai section, Guizhou Province, South China. These authors concluded that the SSB was marked by a decrease in chemical weathering intensity and detrital sediment flux, enhanced upwelling and the reinvigoration of global ocean circulation, and hence global cooling. The occurrence of such events during the latest Smithian (see their figure 4) contradicts the existence of a temperature peak in the SSB-crossing N. pingdingshanensis interval zone as interpreted by Sun et al. (2012). Zhang et al. ( 2015) also suggest that, as a consequence, "a decline in marine biodiversity was probably associated with the late Smithian thermal maximum (LSTM) rather than with the SSB per se". Thus, both Zhang et al.'s data as well as our new SIMS δ 18 O data contradict the proposition of unusually high temperatures at the SSB, but instead suggest that hot temperatures occurred during the mid and early late Smithian, followed by a late late Smithian-earliest Spathian cooling phase. Accordingly, our new SIMs data are consistent with a wide range of other proxy data reported in the literature, thereby invalidating the hypothesis of a LSTM sensu Sun et al. (2012) [Note that since the submission of this manuscript, several other studies have been shown to be consistent with our data and corroborate our inference of a Late Smithian cooling (Stebbins et al., 2018a(Stebbins et al., , 2018b;;Zhang F. et al., 2018)].

Linear versus dynamic relationship between climate and biodiversity

Many authors have inferred that climate is one of the main drivers of biodiversity [START_REF] Mayhew | Biodiversity tracks temperature over time[END_REF] and references therein). Studies combining high temporal resolution δ 18 O and δ 13 C records with abundant and well-constrained fossils (e.g. [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF] 2013) emphasized the synchronicity of cooler intervals with the inception of evolutionary radiations of ammonoids and conodonts whereas warmer intervals were seemingly associated with higher turnover rates, eventually followed by biodiversity crises (i.e. the end-Smithian crisis). Sun et al. (2012) proposed a more linear relationship between temperatures and biodiversity, and suggested that the extremely high temperatures estimated for the latest Smithian-earliest Spathian interval (their SSB-crossing Novispathodus pingdingshanensis Interval Zone) exceeded a vital threshold that precluded marine (macro)-vertebrates from inhabiting the equatorial realm, which they termed the 'equatorial marine vertebrates eclipse' (EMVE, Sun et al., 2012, their fig.3). Likewise Chen Y.L. et al. ( 2013) linked the decrease in size of some conodonts to the putative LSTM.

Since our new SIMS data, together with other proxy studies, suggest that the hottest temperatures could have been reached during the middle Smithian rather than the late late Smithian-earliest Spathian interval, which was likely a cooling period, a critical reassessment of the evidence for the putative absence of marine (macro)-vertebrates and its timing is required (see [START_REF] Leu | Clade-dependent conodont-size responses to environmental changes during the end-Smithian extinction[END_REF], for discussion of the putative decrease in conodont size during the late Smithian). As noted previously by others [START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF]Scheyer et al., 2014;[START_REF] Brayard | Unexpected Early Triassic marine ecosystem and the rise of the Modern evolutionary fauna[END_REF] the existence of the EMVE is highly questionable; the late Smithian-interval is often represented by dark, OM-rich sediments that yield abundant vertebrate macrofossils. In particular, the richest collections of fossil fishes from China stem from the upper part of the Helongshan Formation (Tong et al., 2006;[START_REF] Benton | Impacts of global warming on Permo-Triassic terrestrial ecosystems[END_REF]contra Sun et al., 2012). Well-preserved fishes are also known from OM-rich strata of late Smithian age in the western USA Basin (Romano et al., 2012, 2017). Hence, it is unlikely that any 'vertebrate eclipse' took place during the latest Smithian-earliest Spathian interval. Likewise, there is no evidence of a terrestrial 'tetrapod equatorial eclipse' in the Early Triassic [START_REF] Bernardi | Tetrapod distribution and temperature rise during the Permian-Triassic mass extinction[END_REF].

In accordance with the palynological record [START_REF] Hermann | Climatic oscillations at the onset of the Mesozoic inferred from palynological records from the North Indian margin[END_REF], the new SIMS data contradict Sun et al.'s model stating that a 'lethally hot' temperature threshold for marine organisms was breached, since the only well-documented marine crises (that of ammonoids and conodonts in Galfetti et al., 2007c;[START_REF] Orchard | Conodont diversity and evolution through the latest Permian and Early Triassic upheavals[END_REF][START_REF] Brayard | Good genes and good luck: ammonoid diversity and the end-Permian mass extinction[END_REF]Stanley, 2009;Bruehwiler et al., 2010) within the Smithian-Spathian interval do not coincide with hot temperatures. On the other hand, the presence of a global gap straddling the SSB in shelf environments (H.B. ongoing work) also suggests that cooling may have culminated into a short ice age and a glacio-eustatic regression.

Given that the onset of the extinction of ammonoids and conodonts (early late Smithian Wasatchites distractus Zone) clearly preceded the cooling phase, it is also excluded that global cooling triggered the Smithian-Spathian crisis (although it may have had a significant impact later on during the crisis). The new data lend stronger support to a more nuanced and complex scenario in which the dynamics of climate play a major role. The duration of the initial phase of the extinction that preceded the cooling (i.e. the Wasatchites distractus Zone) is also pivotal to whether and which additional mechanisms may have come into play. These may or may not co-vary with temperature, but could have also contributed to the late Smithian extinction. The rates at which the corresponding environmental changes proceeded may also have influenced the balance between extinction and origination rates. Whether or not the dynamics of the abiotic changes outstripped the response time of normally fast evolving nekton remains an open and challenging question that can only be solved by means of radio-isotopic age calibration.

Assuming that temperatures were the most important driver of biodiversity changes (albeit a simplistic model), then it would be tempting to propose an alternative model (see Fig. 3E) whereby temperatures would correlate positively with extinction rates (higher temperatures correspond to higher extinction rates; that is to say, only within the range of temperatures that occurred in the Early Triassic since much lower temperatures are also expected to correspond to high extinction rates), and the amplitude (modulus) of temperature derivative would correlate positively with origination rates (rapid temperature rises or falls correspond to higher origination rates). This model would indeed account for the apparent synchronicity of: ( 1) abrupt cooling intervals (e.g. early Smithian, early Spathian) with biotic diversification pulses (higher origination and lower extinction rates), (2) rapid warming transitions (early-middle Smithian) with high turnovers (higher origination and higher extinction rates), and (3) protracted periods of hot temperatures (from the late middle Smithian to the early late Smithian) with extinction crises (lower origination and higher extinction rates). Although this simple model may explain most of the patterns observed in the Early Triassic, it is also clear that it is incomplete; for example, the data for the mid-Spathian suggest that sea surface temperatures remained as high as during the mid-late Smithian, and possibly for much longer. Based on this model, one would predict, as in case 3 above, a major biotic extinction in the mid-late Spathian, for which there is no empirical evidence. This, in turn, suggests that additional parameters, such as changes in eustatic sea level (see Fig. 3F), in primary productivity [START_REF] Meyer | δ 13 C evidence that high primary productivity delayed recovery from end-Permian mass extinction[END_REF], or in the efficiency of the biological pump [START_REF] Meyer | The influence of the biological pump on ocean chemistry: implications for long-term trends in marine redox chemistry, the global carbon cycle, and marine animal ecosystems[END_REF]; see also Song et al., 2013), should be incorporated into the model to explain the discrepancy between the late Smithian and the mid-late Spathian biotic responses. Extinction rates of marine organisms likely depended on a number of factors and interacting mechanisms, not only seawater temperatures but also on the strength of the biological pump (the flux of fixed carbon exiting the surface ocean) and major changes in seawater chemistry, such as the development of anoxic waters (Song et al., 2014;Sun et al., 2015). This may explain why high temperatures in the Spathian did not have the same dramatic consequences on biota as those of the mid-late Smithian.

The sub-parallel fluctuations in the oxygen and carbon isotope records in the Early Triassic, especially during the Smithian-Spathian transition, indeed suggest a relationship between temperature and the carbon cycle and biological pump. A potential causal link between the late Smithian biotic crisis and the subsequent earliest Spathian positive oxygen (cooling) and carbon excursions would invoke a positive feedback mechanism between high nutrient inputs (initiated for example by enhanced continental weathering) that exceeded the capacity of the biological pump, led to eutrophication and the collapse of marine faunas that abruptly curtailed the feedback loop and triggered the transition to a cooler climate, which subsequently reduced the nutrient input and drove the early Spathian biological re-diversification. Alternatively, it is possible that a more exogenous cause, like a resumption or pauses in volcanic activity of the Siberian Traps is necessary to explain the observed fluctuations. The results presented here likely reflect the regulatory mechanism between the geosphere, biosphere, hydrosphere, and atmosphere, and in particular the interdependency between the climate, the carbon cycle and biodiversity patterns. It is therefore important that future studies incorporate high-resolution isotope analyses of biostratigraphically well-constrained sequences together with absolute radiometric ages in order to estimate the duration of isotope excursions. Such high-resolution records will be key to better understand and quantitatively resolve the complex processes affecting the biosphere, and thus test competing hypotheses of major events in Earth history.

Conclusions

Based on oxygen isotope measurements of conodont elements collected at high temporal resolution from the Salt Range record (Pakistan), we show that the major cooling event (by up to > 8°C) reported at the Smithian-Spathian boundary actually began in the late Smithian, earlier than previously thought, and that the highest ocean temperatures were neither reached during the Novispathodus pingdingshanensis Zone as previously assumed, nor were they restricted to the early late Smithian, but rather spanned some of the middle Smithian as well. Based on the new timing of this warm interval and the fact that these highest temperatures are not significantly higher than those reported for the Dienerian or the middle Spathian, we reject the hypothesis following which the ocean temperature alone could explain the end-Smithian biotic crisis. Even a more elaborate scenario whereby not only the ocean temperature but the temperature derivative would impact the origination and extinction rates of organisms cannot satisfactorily explain the patterns of the Early Triassic biotic recovery. Additional parameters, such as changes in eustatic sea level, in primary productivity, or in the efficiency of the biological pump would need to be incorporated into a comprehensive, mechanistic model. It is therefore important that future studies incorporate high-resolution isotope analyses of biostratigraphically well-constrained sequences together with absolute radiometric ages in order to estimate the duration of isotope excursions and their links to biotic crises.
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 1 Figure 1: Evolution of δ 18 OphosN during the Smithian and Spathian (see Methods for details). The A and C columns refer to our ammonoid and conodont biozonations respectively (see inlet). Lithological units of the Mianwali Formation and ammonoid zonation from Romano et al., 2013. Note the Dienerian ammonoid zonation has since been updated by Ware et al. (2015, 2018). The definition of the Smithian-Spathian boundary is consistent with Romano et al. (2013), not with Sun et al. (2012) (see Methods). The black circles correspond to GIRMS measurements[START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF], the red circles to SIMS measurements (this study). Open circles correspond to actual measurements, grey circles to GIRMS outliers, and full circles to the corresponding means, excluding the outlier data (in the case of the SIMS data). As outlined by[START_REF] Krzywinski | Error bars[END_REF], error bars are not robust for small sample sizes (typically n<=3) and in those cases it is preferable to display all individual data points. With the GIRMS technique it is common practice to measure a triplicate[START_REF] Joachimski | Climate warming in the latest Permian and the Permian-Triassic mass extinction[END_REF] Sun et al., 2012;[START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF], hence we have displayed all GIRMS data. For comparative purposes, we did the same for the SIMS data, whereby each SIMS data point actually represents the mean of 4 in-situ measurements performed on one individual conodont element (seeTrotter et al., 2008 and Methods for details). All values are normalized to NBS120c = 21.7‰. VSMOW: Vienna Standard Mean Ocean Water. The background colors refer to the early, middle, late Smithian (orange) and Spathian (blue) intervals.
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 S1 Figure S1:Comparisons of SIMS and GIRMS results for the samples where both methods were used (see Methods for details). A linear model suggests that SIMS data are offset by +1.5 ‰compared to those obtained using the GIRMS technique.
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 S2 Figure S2: Illustration of the data from TableS3. For details, see Fig.1.
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  and South China (Sun et al., 2012) seemed to reflect global temperature fluctuations because they record similar, contemporaneous changes in δ 18 O. Yet, the new data clearly demonstrate that at least for Pakistan, the lowest δ 18 O value (Figs. 1, 2, see Methods), and hence temperature maximum, for the mid-Griesbachian-mid-Spathian interval was reached in the early middle Smithian Brayardites compressus ammonoid Zone (sample Nam15), possibly in the early late Smithian Wasatchites distractus ammonoid Zone (Nam 701), not in the latest Smithian-earliest Spathian interval. Hence, either the LSTM is not global and thus only occurs in South China during the latest Smithian-earliest Spathian, or there is no LSTM and instead possibly a middle Smithian Thermal Maximum (MSTM, see alsoZhang L. et al., 2018). Furthermore, in Pakistan, the late Smithian appears as a period of high temperatures (low δ 18 O values, Figs. 1, 2B) but does not appear significantly warmer than, for instance, the mid-Dienerian (Nam384 to Nam53 corresponds to MH6 to MH7 in[START_REF] Goudemand | Comment on "Lethally hot temperatures during the Early Triassic greenhouse[END_REF]; note the Dienerian high resolution ammonoid zones have since been updated byWare et al. (2015Ware et al. ( , 2018))). The latest Smithian samples (Nam32≈Nam42, Novispathodus pingdingshanensis Zone sensuSun et al. (2012), see Methods) correspond to the onset of a prominent cooling (~2 ‰ shift, equivalent to a decrease by ~8.4°C if temperature is the only component) that continues into the next early Spathian Zone (BV1-BV2, Borinella n. sp. C Zone, a correlative of the Icriospathodus collinsoni Zone sensuSun et al., 2012).
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  , hence we have displayed all GIRMS data. For comparative purposes, we did the same for the SIMS data, whereby each SIMS data point actually represents the mean of 4 in-situ measurements performed on one individual conodont element (seeTrotter et al., 2008 and Methods for details). All values are normalized to NBS120c = 21.7‰. VSMOW: Vienna Standard Mean Ocean Water. The background colors refer to the early, middle, late Smithian (orange) and Spathian (blue) intervals. Comparison of the temporal evolution of the δ 18 OphosN for South China and Pakistan. A: Evolution of δ 13 Ccarb in South China (modified after Sun et al., 2012, data from Zuodeng section). Our biozonation for Pakistan (see Fig.1) is more resolved than the one used for China bySun et al. (2012) and we can easily fit our biozones into those of the Chinese conodont biozonation of Sun et al. (2012: C9 to C14; C9: Neospathodus dieneri; C10: Novispathodus.waageni; C11: Parachirognathus sp.; C12: Novispathodus.pingdingshanensis; C13: Icriospathodus collinsoni; C14: Triassospathodus. homeri). Nevertheless, within any of these broad biozones conodont-based correlations between China and Pakistan remain poorly constrained. Hence the δ 13 Ccarb curve is here used as a secondary proxy for global correlations. Note that hitherto only two absolute radiometric ages (circled numbers 1 and 2; 1: 251.22 ±0.2 Ma,Galfetti et al., 2007; 2: 250.55±0.4 Ma,[START_REF] Ovtcharova | New Early to Middle Triassic U-Pb ages from South China: calibration with ammonoid biochronozones and implications for the timing of the Triassic biotic recovery[END_REF] are available to constrain these particular data on an absolute time axis. B: Evolution of δ 18 OphosN during the Early Triassic (see Methods for details). Only the mean values are displayed here for clarity. The trendlines take into account the variation observed in repeat analyses. For visual comparisons with the data from China(Sun et al., 2012;[START_REF] Joachimski | Climate warming in the latest Permian and the Permian-Triassic mass extinction[END_REF], all the δ 18 O data displayed here has been normalized to NBS120c=21.7‰. C: Evolution of δ 18 OphosN_SeaSurface during the Early Triassic (see Methods for details). For further details see Fig.1. Note that in both B and C scenarios, we observe the same cooling event at the Smithian-Spathian boundary. Evolution of Δδ 13 CDIC during the Early Triassic(after Song et al., 2013). N3, N4, P2, P3: global negative and positive excursions as discussed inSong et al., 2013. Note the drop of Δδ 13 CDIC values after the N3, concomitant with the cooling event and the onset of the gymnosperm recovery. E: Hypothetical evolution of origination and extinction rates of nektonic (e.g. conodonts and ammonoids) organisms if positively correlated with seawater temperatures (extinctions) and with the first derivative of seawater temperatures (originations) and resulting evolutionary events. See discussion in the main text. F: Sea level fluctuations (after[START_REF] Embry | Global sequence boundaries of the Triassic and their identification in the western Canada Sedimentary Basin[END_REF]. Note the broad coincidence of evolutionary radiations during transgressions and of the end-Smithian extinction during a regression.
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Figure 3: Relationships between carbon cycle, various climatic proxies and biotic diversity. A, B: see Figure 2. C: Palynological events (after Hermann et al., 2011b). D:
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