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Vegetation fires—a term encompassing wildfires, biomass burning,
forest fires and scrub fires, among others (Bowman et al., 2020)—
have played a key role in governing Earth's systems for millions of
years, dating to the evolution of vascular plants during the Silurian
Period some 420 million years ago (Scott & Glasspool, 2006). Fire
also remains among the most critical factors shaping the struc-
ture, function and composition of “neoecological” landscapes
worldwide, with roughly 3-5million km? of forests, savannas,
grasslands and shrublands—the latter being the focus of the
research by Boving et al. (2023)—burned annually (Chuvieco
et al., 2018). Fires are central in multiple terrestrial-atmospheric
feedback cycles. For example, fires contribute ~8 billion tonnes
of CO, emissions annually and reducing in Earth's vegetation bio-
mass by ~10% annually. These emissions and reductions that are
partially offset by post-fire vegetation regrowth, are estimated
to store ~7 billion tonnes of CO, annually (Lasslop et al., 2020).
At the same time, fire has shaped Earth's biodiversity across evo-
lutionary timescales and continues to structure the composition
and dynamics in many of Earth's present-day ecological commu-
nities (Kelly et al., 2020).

However, Earth's fire regimes are shifting drastically through-
out the Anthropocene. On account of complex interactions among
global environmental change, shifting land-uses, human pres-
sures and changes in species' biogeography, the frequency, inten-
sity and distribution of fire-prone areas on Earth is in flux (Jones
et al., 2022; Pausas & Keeley, 2021). As the world's climate warms

and precipitation patterns change, predictions and observations

show prolonged fire seasons (Cattau et al., 2020), altered fire re-
gimes (Balch et al., 2022) and higher severity of burning (Griinig
et al., 2023). Taken together, understanding the complex and
multi-scale pathways through which fire governs the structure and
function of Earth's ecosystems is clearly of tremendous scientific
importance.

Our understanding of vegetation fires is underpinned by
interdisciplinary science focused on fire behaviour (e.g. Sulli-
van, 2017a 2017b), modelling (e.g. Hantson et al., 2016), mapping
(e.g. Andela et al., 2019), reconstruction (e.g. Ryzhkova et al., 2020)
and management (e.g. Martell, 2015). Functional ecology also plays
an important role in this endeavour, by identifying the key traits that
govern plant species'—and by extension larger landscape-scale—
susceptibility and responses to burning. Indeed, multiple studies
have tested hypotheses related to how fire has at least partially
shaped certain plant functional traits associated with above- and
below-ground reproduction strategies, resprouting ability, self-
pruning and bark (summarised by Bowman et al., 2009), and how
these traits scale-up to influence landscape level fire risk.

Leaf-level traits are also a prominent focus within the fire ecol-
ogy literature, particularly within the nascent subdiscipline of
“pyro-ecophysiology”: an interdisciplinary area that merges fire and
functional ecology (Jolly & Johnson, 2018), in which Boving et al. (2023)
situate their research. In pyro-ecophysiology, “Live Fuel Moisture”
(LFM) content—the ratio of leaf tissue water: dry matter content—has
arguably been the most widely studied trait that is inferred to govern

species- and landscape-level fire risk. Specifically, LFM is associated
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with leaf hydration status being (A) negatively related to ignitabil-
ity and combustibility, and therefore (B) widely used to categorise
flammability at multiple spatial scales (Chuvieco et al., 2004; Yebra
et al., 2013). Although LFM content is well-understood as a key trait in
fire ecology and management sciences (Jolly & Johnson, 2018), its ex-
plicit relationship with flammability and other plant life-history traits is
less well-explored. As Boving et al. (2023) explain, efforts to consoli-
date flammability trait databases for plants globally have only recently
begun (Popovié et al., 2021), and to our knowledge, flammability traits
have only tangentially been incorporated into analyses of plant form
and function (Li et al., 2022).

The work by Boving et al. (2023) aims to address these and other
research gaps, by weaving a narrative that incorporates elements of
fire science, pyro-ecophysiology and functional ecology. Specifically,
the research presented by Boving et al. (2023) employs lab-based
dehydration experiments conducted on two model chaparral shrub
species (Adenostoma fasciculatum, Ceanothus megacarpus), to test hy-
potheses on how LFM content and drought tolerance traits (i.e. turgor
loss point) directly correlate to flammability, measured in their study
as a multivariate combination of ignitability, combustibility, consuma-
bility and flame duration. Boving et al. (2023) also take the opportunity
to address interesting themes of threshold responses in trait-function
relationships: a concept widely understood in conservation and bio-
diversity science (Huggett, 2005) but less well developed in the func-
tional trait ecology literature. Specifically, Boving et al. (2023) provide
a compelling analysis designed to test if flammability changes abruptly
at certain LFM content values, thereby aiming to inform predictions of
fire risk under shifting environmental conditions.

Boving et al. (2023) provides several intriguing findings that ad-
vance our understanding of trait-based flammability, in a manner
that is applicable to pressing needs in fire ecology. First, they reveal
management-relevant axes of flammability trait variation for the two
study species that are strongly influenced by tissue moisture (and
by extension, drought tolerance traits). As climate and fire regimes
change, there has been a push to incorporate these types of physio-
logical response traits into global-scale fire risk and behaviour mod-
els (Dickman et al., 2023).

Boving et al. (2023) then demonstrate how their “ignitability-
combustibility” proxy is linearly correlated to leaf water potentials.
In doing so, the authors begin to disentangle the physiological mech-
anisms that govern an inter- and intraspecific axis of trait variation
related to flammability that exists among co-occuring species. How-
ever, their segmented regression analysis shows that LFM content, a
metric more commonly measured in management settings and incor-
porated into fire risk and behaviour models, exhibits a threshold-like
relationship with flammability: as individuals reached their turgor
loss point, flammability increases. These findings suggests that wild-
fire at the landscape level may be driven in part by individual plant
responses to prevailing water availability conditions and their under-
lying physiological mechanisms.

Understanding the relationships between leaf traits and flamma-
bility is an emerging area of inquiry in the field of functional trait
ecology, and the novel findings revealed in this paper open multiple

avenues for further advances. Perhaps most saliently, exploring the
ubiquity of flammability proxies like the “ignitability-combustibility”
proxy across more species—especially those in fire-prone regions
and biomes—would reveal whether or not species exhibit universal
correlations between physiological function, life-history strategies,
and flammability traits. From a practical perspective, this line or re-
search would enhance scientists' and practitioners' ability to rapidly
monitor and characterise flammability.

One shortcoming highlighted by Boving et al. (2023) is the lack of
simultaneous measurements of LFM content and plant tissue water
potential, hampering our ability to advance pyro-ecophysiology.
This is largely because quantifying turgor loss point (for example)
requires significant investments of time and specialised equipment.
Yet recent advances in high-throughput approaches to turgor loss
point estimation (Bartlett et al., 2012)—usually employed in the
rapid screening of tree and crop species' drought tolerance—might
well find a novel application in the pyro-ecology literature. At the
same time, further exploring relationships between more easily
measured plant traits (e.g. leaf dry matter content and specific leaf
area) and turgor loss point across species, might broaden the abil-
ity of researchers to collect these metrics simultaneously. In doing
so, the type of research conducted by Boving et al. (2023) appears
poised to broaden the applicability of major themes in functional
ecology—including the consolidation of large global plant trait data-
bases (Kattge et al., 2020) and analyses of plant trait spectra (Diaz

et al., 2016)—to the world of fire science.
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