
There are two habitat realms for animals: marine and terrestrial realms. Major mass extinctions of animals have occurred five times: 444, 372, 252, 201, and 66 million years ago (Ma) after fundamental animal diversification was finished at ~520 Ma, commonly marked by high extinction percentages of animals inhabiting the marine realm (Sepkoski, 1996; Bambach, 2006; Stanley, 2016; Fan et al., 2020); these events were driven by large volcanic eruptions and projectile impacts (Schulte et al., 2010; Davies et al., 2017; Burgess et al., 2017; Bond and Grasby, 2020; Kaiho et al., 2016, 2021a, 2021b, 2022). The last three mass extinctions after the initial diversification of tetrapods at ~300 Ma had high extinction percentages for terrestrial tetrapods (Sahney et al., 2010; Benton et al., 2013) and marine animals (Sepkoski, 1996; Bambach, 2006; Stanley, 30 2016; Fan et al., 2020). These major biotic crises were related to abrupt global climate changes (Balter et al., 2008; Korte et al., 2009; Finnegan et al., 2011; Chen et al., 2011; Vellekoop et al., 2014; Chen et al., 2016; Kaiho et al., 2016, 2022; Black et al., 2017) and the accompanying environmental changes, such as acid rain, ozone depletion, reduced sunlight and oceanic anoxia, driven by large volcanic eruptions and projectile impacts (Schulte et al., 2010; Bond and Grasby, 2020). However, the relationship between climate change and terrestrial and marine animals has not been quantitatively studied.
Recently, Song et al. (2021) showed a good relationship (R = 0.63) between temperature change and marine extinction magnitude under uniform time intervals (averaging ~10 Myr) spanning the late Ordovician (~450 Ma) to the early Miocene (~15 Ma). However, the coincidence of temperature change and extinction magnitude is unclear. Long-term surface temperature changes did not cause mass extinctions because animals migrated to survive (McPherson et al., 2022). On the other hand, abrupt high energy input by volcanism and impact on the Earth’s surface caused abrupt climate changes accompanied by abrupt environmental destruction, leading to animal crises. I used only data sets of coincidental abrupt climate changes for biotic crises. I analyzed on the five major mass extinctions as well as the late Guadalupian crisis, which is considered a major mass extinction in some literature (Stanley and Yang, 1994; Rampino and Shen, 2019). The other minor crises are omitted because they remain to be studied in detail, especially the coincidence between biotic crises and climate changes. 
On the modern Earth, an ongoing species extinction occurs mainly on land rather than the sea (Barnosky et al., 2011). In addition, a study on the thermal tolerance of modern animals shows a higher sensitivity of marine animals to warming than terrestrial animals (Pinsky et al., 2019). However, whether this relationship holds for ancient animals has not yet been clarified. Song et al. (2021) claimed that the sea surface temperature (SST) increase of 5.2 °C above the pre-industrial level at present rates of increase would likely result in mass extinction comparable to that of the major Phanerozoic events, regardless of other non-climatic anthropogenic changes that negatively affect animal life. However, the global surface temperature anomaly is much higher than the SST anomaly of 5.2 °C (Kaiho and Oshima 2017).
I aimed to clarify the relationship between the magnitude of biotic crises in not only marine invertebrates but also terrestrial vertebrates (tetrapods) and the global and habitat [marine or terrestrial realm] surface temperature anomalies using only biotic crises coinciding with abrupt climate changes, to access similarity and difference in response of terrestrial and marine animals for global and habitat (land and sea) temperature anomalies and coincidental environmental changes. 
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