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Abrupt transitions in tree cover are often observed
across the savanna domain

Kroonenberg & Noordam (2017) Bernardino et al. (2022)

W)
https://jgpausas.blogs.uv.es/tag/brazil/ Rietkerk et al. (2021)




How does this work? The fire feedback model

Low tree cover High tree cover
(= grassy) (= woody)
High grass biomass Low grass biomass
High grass competition Low grass competition
Low fuel moisture High fuel moisture
Lower RH Higher RH
Higher wind speed Lower wind speed
High ignition probability Low ignition probability

Intense fire Low-intensity fire
High topkill : ) : > Low topkill

“Escape height”




Neighborhood effects

Tree canopies exert effects on grass (and fire) over a
certain neighborhood (e.g., a circle of radius z)

How large is z? Canopy feedbacks on fire regimes
need to benefit nearby saplings to sustain the woody
state. Small zones of influence might lower the
stability of the woody state.

Small z



The importance of edge effects

increased wind disturbance (1)

elevated tree mortality (2)
invasion of disturbance-adapted butterflies (3)
altered spp. composition of leaf-litter ants (4)
invasion of disturbance-adapted beetles (5)
altered spp. composttion of leaf-litter invertebrates (5)
altered abundance & diversity of leaf-litter invertebrates (6)
altered height of greatest foliage density (7)
lower relative humidity (3)
faster recruitment of disturbance-adapted trees (8)
reduced canopy height (9)
reduced soil moisture (7)
lower canopy-foliage density (10)
increased 13C in understory leaves (11)
increased air temperature (12)
increased temperature & vapor pressure deficit (13)
reduced understory-bird abundance (3)
elevated litterfall (14)
increased photosynthetically active radiation in understory (12)
lower relative humidity (12)
increased number of treefall gaps (11)
increased 13C in understory air (11)
higher understoryfoliage density (10)
increased seedling growth (13)
invasion of disturbance-adapted plants (3)
lower leaf relative-water contents (12)
lower soil-meisture content (12)
higher vapor pressure deficit (12)
higher leaf conductance (12)
increased phosphorus content of falling leaves (14)
invasion of disturbance-adapted plants (14)
increased recruitment of Cecropia spp. (13)

reduced density of fungal fruiting bodies (15)
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Laurance et al. (2001), Cons. Bio.



Edge parameter

The importance of edge effects

increased wind disturbance (1 D
elevated tree mortality (2)

invasion of disturbance-adapted butterflies (3)
altered spp. composition of leaf-litter ants (4)

invasion of disturbance-adapted beetles (5)

altered spp. composition of leaf-litter invertebrates (3)
altered abundance & dlversrty of leaf-litter invertebrates (6)

: =t foliage density (7)

e ——

lower rulatl\.ra humldtty (3
faster recrutment of disturbance-adapted trees (8)
&0 canop height (9}

lowrer cancpy-ful;aga density (10)
incraa asstary leaves (11)
increased tefmperature & vapor pressure deficit (13)

reduced underslor)hblrd abundance (3)
elevated litterfall (14)

increased photosynthetically active radiation in understory (12)
lower relative hurmidity (12)
increased number of treefall gaps (11) ’?
increased 13C in understory air (11)
higher understoryfoliage density (10)

increased seedllng growth (1 3]

grassy woody

iNyas rﬁs[3}

Ieaf relative-water contents

grassy woody

increased phosphcrus content of falling leaves (14)
invasion of disturbance-adapted plants (14)
increased recruitment of Cecropia spp. (13)

reduced density of fungal fruiting bodies (15)
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Simulation model

1-ha torus-shaped habitat with fixed tree density
and xy locations random

Variable fire frequency (f)

Size (=diameter) growth has individual (o;,4) and
residual (o,..), stochastic and localized grass
competition components

Tree neighborhood (z) affects grass biomass and
microclimate, and therefore ignition, fire intensity
and topkill

Both topkill and whole-tree background mortality
(m) occur
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Model parameters (example)
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Newberry et al. (2020), New Phytologist



f=0.2y1

Sharp boundaries always break down over time...
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f=05y?

Sharp boundaries always break down over time...
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f=0.2y1

And biome differences always disappear...
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f=0.5y?

And biome differences always disappear...
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The take-home

Fire seems unlikely to generate or maintain sharp
tree cover discontinuities in the absence of
underlying variation in other factors. In fact, over
time fire tends to break down such sharp
transitions and homogenize vegetation.
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