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Tropical bromeliads festoon tree limbs
40 meters above the lowland rainforest
floor of La Selva, Costa Rica. Epiphyt-
ic plants derive support from host trees
in many rainforest tree canopies.
Mountain-climbing techniques provide
canopy access that has revealed sur-
prising interactions between epiphytes
and host trees in temperate and tropical
forest ecosystems. See page 1023. [Na-
lini Nadkarni, University of Washing-
ton, Seattle 98195]

Canopy Roots: Convergent Evolution in

Rainforest Nutrient Cycles

Abstract. Accumulations of living and dead epiphytes in the canopy of rainforest
trees provide an aboveground nutrient resource. A wide range of host tree species in
both temperate and tropical rainforests gain access to these nutrients by putting
forth extensive networks of adventitious roots beneath the epiphyte mats they

support.

Rainforest vegetation that grows on
heavily leached soils of low nutrient con-
tent requires efficient mechanisms of nu-
trient transfer and retention (/). Nutrient
transfer from vegetation to the forest
floor occurs by decomposition and sub-
sequent uptake of timberfall and litter-
fall and via canopy leaching by precipi-
tation (2). I have discovered an addition-
al transfer pathway in the tree canopies
of both temperate and tropical rain-
forests. Host trees put forth adventi-
tious roots that run beneath thick mats
of accumulated organic material and
the epiphyte community they support.
These roots give host trees access to
canopy nutrient resources which are nor-
mally unavailable to the host tree and
surrounding vegetation until they enter
the soil-litter component.

Mild temperatures and high precipita-
tion on the Olympic Peninsula (Washing-
ton State) support an ecosystem known
as the ‘“‘Olympic rainforest,”’ which is
similar in some respects to tropical rain-
forests. Young soils of the river valley
terraces are poorly developed and have
low nutrient content (3). The abundant
rainfall (3600 mm/year) promotes pro-
fuse growth of epiphytes—that is, plants
deriving support but not nutrition direct-
ly from other plants. Epiphyte mats up to
30 cm thick are formed on host tree boles
and branches, high above the forest
floor. These mats, composed of live and
dead epiphytes " (bryophytes, lichens,
club mosses, and ferns), intercepted host
tree foliage, and decomposing bark, gen-
erate a canopy litter and humus nutrient
resource.

Recent field observations, made with
the use of modified mountain-climbing
techniques (4) in the canopy of mature
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big-leaf maples (Acer macrophyllum

Pursh) in the Hoh River Valley of the
Olympic Peninsula revealed that some
trees put forth an extensive network of
adventitious roots which penetrate these
canopy detrital mats (Fig. 1). Such mor-
phological features as abundant root
hairs, unsuberized and rapidly regenerat-

Fig. 1. Canopy roots exposed after stripping
epiphytes from vertical surface of a big-leaf
maple bole (65 cm in diameter at breast
height). The finger points toward mass of
roots clinging to bark (B) 18 m above forest
floor. Roots are normally enmeshed in thick
accumulation of epiphyte and detrital mats (E)
(above line at top of photograph). Scale bar, 1
cm.
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ing root tips, and the presence of endo-
mycorrhizal hyphae and vesicles inside
the roots, are evidence of their role in
nutrient transfer. They differ from the
‘‘aerial roots’” described for some tropi-
cal trees (5) in that they develop only
beneath a layer of moist organic matter
and their gross morphology does not
differ from their subterranean counter-
parts. Thus, they contrast with the
aboveground roots of such trees as man-
groves, which function in gas-exchange
and anchorage, clasping roots of tropical
lianas, ‘‘column roots”’ of strangling figs,
and ‘‘stilt roots’’ of tropical palms.

Canopy roots occur on three of the
seven major tree species present in the
Hoh Valley. I have found canopy roots
on 92 individuals (of 170 sampled) of big-
leaf maple and 23 (of 44 sampled) of vine
maple (Acer circinatum Pursh). These
two species carry the heaviest epiphyte
loads in the Olympic rainforest. Mature
individuals of red alder (Alnus rubra
Bong.) also exhibit this habit. Well-de-
veloped nitrogen-fixing nodules have
been found on alder canopy roots 20 m
above the forest floor. Young or exposed
trees of these species that do not carry
well-developed or contiguous epiphyte
mats have no such canopy root systenis.
Canopy roots have not yet been found
on black cottonwood (Populus tricho-
carpa Torr. & Gray), nor on any of
the conifer species [Tsuga heterophylla
(Raf.) Sarg., Picea sitchensis (Bong.)
Carr., and Pseudotsuga menziesii
(Mirb.) Franco].

A typical mature and heavily covered
big-leaf maple (100 cm in diameter at
breast height) had canopy roots originat-
ing at 18 points along the bole, from 2 to
20 m above the forest floor. Some of
them extended up to 10 m out along
branch systems before epiphyte mats
and roots terminated. Five canopy root
systems branched off in both upward and
downward directions; two of the latter
had grown completely down the trunk
and penetrated the forest floor soil, join-
ing the belowground root system with no
alteration in appearance. They ranged in
size from root tips with root hairs (2 to 5
mm in diameter) to large, heavily suber-
ized woody roots (8 cm in diameter).

Canopy roots originate from junctions
of a branch system (live or dead) with the
host tree trunk. Often a lump or callus
surrounds the point of origin. Thin sec-
tions confirmed continuity of the root
with the host tree vascular system; roots
originate well inside the xylem.

The same adaptation would be expect-
ed on host trees in other ecosystems
where nutrients are similarly limited and
epiphyte loads heavy. Fieldwork in the
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