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The giant trees of the
Amazon basin

The tallest trees currently found on Earth
have reached their great heights by per-
sisting and growing for centuries in the
face of multiple hazards (Lindenmayer
and Laurance 2016). The tropical rain-
forests of South America are not tradi-
tionally thought to harbor trees as tall as
those on other continents. However, we
present new evidence of giant trees in the
Amazon basin. The discovery of such
trees is important in the context of the
ongoing critical threats to biodiversity
from deforestation, habitat degradation,
and climate change (Laurance et al. 2000;
Lindenmayer et al. 2012).

Physiological studies assign an absolute
limit on tree height of about 120 m, beyond
which supplying water to leaf cells becomes
impossible. As trees become taller, several
factors - including increased hydraulic
resistance — start to limit growth in height
(Ryan et al. 2006). In addition to physio-
logical limitations, both the environmental
and species-specific traits (often con-
strained by evolutionary history) strongly
influence the chances of a given tree
emerging above the crowns of its nearest

neighbors (Cramer 2011). Besides physio-
logical and environmental constraints, dis-
turbances such as windstorms, fires, pests,
pathogens, and (increasingly) chain saws
threaten the continued existence of giant
trees. Tall trees are susceptible to uprooting
and breakage by wind because they are
more exposed and so experience higher
wind load (Laurance et al. 2000).

Large trees are particularly important
as a source of inspiration to the general
public, often playing a key role in cam-
paigns to conserve forests. Furthermore,
their dynamics are important for the
maintenance of plant and animal diver-
sity (Lindenmayer and Laurance 2016),
and they contribute disproportionately to
biomass and productivity (Lutz et al.
2018). Given that Amazonia represents
the world’s largest tropical forest, covering
5.3 million km® (Ter Steege et al. 2013)
and contributing 17% of the terrestrial
vegetation carbon stock (Feldpausch et al.
2012), the discovery of giant trees
improves our understanding of their
effects on global carbon dynamics and on
biodiversity.
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Our analysis of 594 airborne laser tran-
sects (375 ha each; WebFigure 1) obtained
from airborne laser scanning (ALS) sur-
veys conducted within the Amazon basin
led to the discovery of a tree with a height
of 88.5 m (Figure 1). It is surrounded by
seven other trees taller than 80 m and
many more above 75 m (WebFigure 2).
The tree is located in a remote region,
between Pard and Amapa states, at a
straight-line distance of 360 km from the
Atlantic Ocean, 280 km from the Amazon
River delta, and 220 km from the closest
city; it lies approximately 220 m above sea
level (WebFigure 3). Additional details
about the ALS surveys and data process-
ing are provided in WebPanel 1. The
region is accessible only via military heli-
copters or in small boats up the Jari River,
a rapidly flowing watercourse containing
numerous waterfalls and carnivorous fish
that make navigation dangerous and slow.

The tallest extant trees on Earth, greater
than 90 m, are located in North America,
Southeast Asia, and Australia, in regions
with average annual temperatures of 7.0°-
15.4°C in temperate forests, and 22°-29°C
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Figure 1. Two representations of the vertical profile of the tallest known tree in the Amazon basin: (a)
a two-dimensional LiDAR cloud, where the x axis indicates longitude in meters and the y axis
indicates height in meters; and (b) the canopy-height profile, where the x axis indicates the frequency
of laser returns and y axis indicates the height classes.

© The Ecological Society of America

Front Ecol Environ doi:10.1002/fee.2085

brought to you by .{ CORE

provided by Cronfa at Swansea University


https://core.ac.uk/display/237198023?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://onlinelibrary.wiley.com/doi/10.1002/fee.2087/suppinfo
http://onlinelibrary.wiley.com/doi/10.1002/fee.2087/suppinfo

374 WRITE BACK

in tropical forests (Larjavaara 2013). The
tallest known tree on Earth (a redwood,
Sequoia sempervirens) measures 115.6 m in
height and is located in the wet temperate
forests of northern California (Sillett et al.
2010). The tallest tropical tree is a yellow
meranti (Shorea faguetiana) measuring
100.8 m and is located in the Malaysian
state of Sabah (Shenkin et al 2019).
Currently, there are no published records of
trees of similar heights in the Amazon
basin. Available studies indicate the exist-
ence of large specimens of the Brazil nut
(Bertholletia excelsa), sumauma (Ceiba
pentandra), piquia (Caryocar villosum),
and angelim (Dinizia excelsa). The tallest
known individuals from these species reach
50 to 60 m (Shultes 1990; Salomao 2009).

Recently, remotely sensed canopy-height
maps identified a region with a canopy
taller than others in the Amazon between
Para and Amapa states (Tao et al. 2016).
However, those maps were limited in verti-
cal resolution and so reported the tallest
canopies as only a single group, greater
than 50 m. Furthermore, the horizontal re-
solution of satellite-based LiDAR (Light
Detection and Ranging) does not allow
determination of individual tree heights.
Previous studies have demonstrated that
small-footprint airborne LiDAR systems —
similar to the one used here - can help to
accurately estimate individual tree heights
of tropical hardwood species in leaf-on con-
ditions (Jucker et al. 2017).

Our high-resolution ALS surveys
across 222,750 ha provided unprece-
dented information on the existence of
record-breaking tall trees in the Amazon
basin. However, the detection of these
emergent canopies has implications
beyond merely documenting an ecologi-
cal novelty. Given the sensitivity of trees
in the Amazon to droughts, logging, and
forest fragmentation, we urge the protec-
tion of these globally important forests.
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