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A vertical forest within the forest:
millenary trees from the Valdivian
rainforest as biodiversity hubs
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Alerce (Fitzroya cupressoides (Molina) I.M. Johnst.,
Cupressaceae), known as Lahuan by the Mapuche people, is the most iconic endemic conifer of southern Chile
and adjacent Argentina (Fig. 1). It can reach monumental dimensions (up to 5 m in diameter and over 50 m in
height) and has remarkable longevity (Lara et al. 1999,
Clement et al. 2001, Donoso-Zeggers 2006, UrrutiaJalabert et al. 2015). The oldest alerce tree recorded is
over 3,600 yr old, making this species the second longest-lived tree in the world after the North American
Bristlecone pine (Pinus longaeva D. K. Bailey) (Lara and
Villalba 1993). Alerce has a fragmented distribution
between 39°500 and 43°000 S that can be found in three
distinctive altitudes: from ~550 to 1,000 m above sea
level (a.s.l.; the Chilean Coastal Range), from ~500 to
1,200 m a.s.l. (the Andean Range of Chile and adjacent
Argentina), and locally at ~41° S from 35 to 175 m a.s.l.
(Chile’s Central Depression; Lara et al. 1999, Clement
et al. 2001, Moreira-Mu~
noz 2011, Urrutia-Jalabert et al.
2015).
Since the mid 1500s, alerce forests have experienced a
long history of devastation due to logging (because of its
high-quality wood and high resistance to rot under wet
conditions), human-set fires, and land conversion to

pasturelands. In 1976, it was declared a national monument due to the dramatic forest loss. Alerce is listed as
Endangered by the IUCN Red list of threatened species
(Lara et al. 1999, Clement et al. 2001, Premoli et al.
2013, Urrutia-Jalabert et al. 2015), yet the remnants of
this unique species are constantly threatened due to illegal cutting. Canopy studies in alerce trees recorded 50
species of epiphytes (i.e., plants that grows on other
plants without being parasitic) that live and accumulate
on the main bole, branches, and bifurcations of these
large trees (Fig. 1a; Clement et al. 2001). Over time,
these epiphytes begin to decompose within the canopy,
developing a layer of epiphytic or canopy soil (Clement
et al. 2001, Perez et al. 2005). This “episoil” layer can
provide water and nutrients for the different species of
vascular and non-vascular plants that alerces harbor,
including filmy ferns (e.g., Hymenophyllum spp.), vines,
shrubs, lichens, and bryophytes (Clement et al. 2001).
However, ecological information on canopy-dwelling
animals remains unknown.
Considering the ecological role of old, large trees in
carbon storage and habitat, and water and nutrients
provision for canopy plants (Rhoades 1995, Ishii et al.
2004, Urrutia-Jalabert et al. 2015), it is useful to understand the ecological interactions that are taking place on
the crowns of this massive and iconic tree of the South
American temperate forest. The associated canopy plant
biota has been described, so the question that arises is:
Could alerce canopies provide habitat for resident and
non-resident animal species?
During the last two decades, camera-traps have been
used to assess animal diversity, as they allow long-scale
(temporal and spatial) monitoring with very low observer interference and are particularly useful to study elusive/cryptic species as well as ecological interactions
between animals and plants (e.g., Font
urbel et al. 2015,
Silva-Rodriguez et al. 2018). Camera-trap monitoring is
usually conducted at the ground level, or in some cases,
1–3 m above the ground (e.g., for detecting arboreal species). Assessments using camera traps at heights above
3 m are particularly scarce due to the difficulties associated with the access, installation and operation of these
devices in elevated places, such as tree canopies. As a
means to address this gap in ecological understanding
and begin to identify which forest animals occupy alerce
canopies, we set 10 camera traps (Fig. 1b) installed in
five large (>2 m DBH, >30 m of height, and >500 yr
old) alerce trees, placed at 15 and 20 m above the
ground, in two locations in Los Rios district of Southern
Chile: Alerce Costero National Park (39°58″ S, 73°27″
W) and the Valdivian Coastal Reserve (39°56″ S, 73°40″
W). Cameras were operated for five continuous months,
from October 2017 to March 2018.
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FIG. 1. (a) Emergent old-growth alerce tree at Alerce Costero National Park, southern Chile (picture taken at 20 m height;
photo credit: Camila Tejo). (b) Camera-trap installed on al elder alerce tree at 15 m height (photo credit: Camila Tejo). (c) Dromiciops gliroides individual among epiphyte vegetation (photo credit: Francisco E. Font
urbel). (d) Dromiciops gliroides individual
found hibernating inside a nest built upon mosses, ferns, and bamboo leaves (photo credit: Camila Tejo).

The first results after five months of monitoring show
that these ancient trees were visited by eight species of
vertebrates: five bird species (Enicognathus leptorhynchus,
Aphrastura spinicauda, Sephanoides sephaniodes, Caracara
plancus, and Elaenia albiceps), two small mammals (the
marsupial Dromiciops gliroides and the arboreal mouse
Irenomys tarsalis), one reptile (Liolaemus pictus), and
many invertebrates including one large tarantula (Grammostola sp.), many opiliones, and insects impossible to
identify from photographic records (Appendix S1:
Table S1). We expected to find more bird species associated to alerce trees but we only found five of them, representing about 20% of the species commonly found in the
South American temperate rainforests (Font
urbel and
Jimenez 2014). Such a low number of bird species could
be related to the height of camera-trap location (since
common species like Scelorchilus rubecula and Pteroptochos tarnii are restricted to the understory), to the placement of the camera trap within the tree (places to install
the cameras were limited), or to food availability. For

instance, the Magellanic Woodpecker (Campephilus magellanicus) is commonly found feeding on large snags or
rotten branches. These structures were almost absent
from our sampled trees.
It is fascinating to have found so many records of
Dromiciops gliroides (43 photos, representing 51% of the
total vertebrate records; Fig. 1c, d), an arboreal marsupial
closely related to the Australian ones and the only extant
living species of the ancient order Microbiotheria (Font
urbel et al. 2012). This marsupial is a generalist frugivore
and the legitimate seed disperser of at least 16 native plant
species, playing a major role in the forest regeneration process (Amico et al. 2009). Since alerces do not have fruits
for D. gliroides to eat, this marsupial might be feeding on
some of the vascular epiphytes with fruits such as Philesia
magellanica J. F. Gmel, Gaultheria insana (Mol.) Gunkel,
Ugni molinae Turcz., Griscelinia racemosa (Phil.) Taub.,
and the parasitic Antidaphne punctulata (Clos) Kuijt (found
parasitizing U. molinae). Dromiciops gliroides individuals
may be nesting in cavities (Fig. 1d; quite abundant in old
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FIG. 2. Schematic representation of the processes that take place in old-growth Alerce trees that allow other plant and animals
species to occupy the canopy, and the interactions that emerge through time.

trees) formed in the tree stem or within the canopy soil, or
may be feeding on fruits of plant species growing on the
episoil and even predating on eggs of some of the bird species recorded by our cameras (e.g., Aphrastura spinicauda);
as both species are ancient, they may have a long coevolutionary history together, which was so far unknown.
The interactions that we are starting to explore on
alerces are a result of centuries of growing and maturing.
Alerce trees hold a subset of the forest species in what
may called a “multi storage vertical forest” thanks to its

structure, the episoils and diversity associated with them,
and the differentiated strata along >30 m stems (Fig. 2).
The relevance of older alerce canopies as biodiversity
hubs has been largely overlooked due to methodological
difficulties accessing and monitoring the canopies, and
the remote areas where these trees dwell. However, these
explorations contribute to the ecological notion that
when a group of species has the opportunity to colonize
a certain set of habitats, changes in those habitats may
allow species to coexist (Diaz et al. 2012). Additionally,
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the novel use of camera traps, technological advancements, and training to monitor biodiversity in the upper
canopies of Chilean temperate rainforests is allowing us
to get a glimpse within this “black box” of nature.
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