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tional references to giant banyans, we used Google Earth’s aerial 
photography to measure the area and width covered by these 
trees' canopy. We compared approximately 20 banyans in India 
and in the USA, Pakistan, Australia, Thailand, and other coun-
tries; the largest eight were all in India. You can find the mapping 
data in the resources section at http://www.outreachecology.com/
landmark. 
 
To the best of our knowledge, the world's largest known living 
tree, as measured by canopy coverage, is the giant banyan, 
known as Thimmamma Marrimanu, which covers 19,107 m2 of 
the Earth's surface (For comparison, the main building of the Taj 
Mahal covers only 4,225 m2). This tree, in Southern India sprawl-
ing below steep granite hills, is not well-known outside of Indian 
botanical circles.  It was planted more than six centuries ago by a 
woman named Thimmamma. She is remembered for her devo-
tion as a wife- and she performed self-immolation, or sati, by 
throwing herself on her husband’s funeral pyre. It covers 25,000 
m2 and has over 1,650 stems. This tree was substantially dam-
aged by storms in 1850 and large pieces of broken wood are 
scattered below, but it is actively recolonising the gaps.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The next largest tree by net coverage is the Kabir Vad on the 
Narmada River (17,520 m2). It is also a tree with one of the 
broadest canopies in the world, with a maximum horizontal 
spread of 203 m. This tree has a substantial temple within it that 
occupies 15% of the interior. If we do not subtract the temple 
clearing, the Kabir Vad is tree with the largest canopy in the 
world, with an expanse of 20,985 m2.  

 
The third largest is the Great Banyan of the Howrah Botanical 
Gardens in Kolkata, West Bengal (16,531 m2). This 250 year-old 
tree is visited regularly by tourists and is tended to by gardeners. 
It lives in the fertile soil of the Ganges River delta, and is one of 
the country's most famous trees.  
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The sprawling, colossal, banyans of India might be the largest 
trees on the planet, as defined by the crown coverage of a sin-
gle individual tree. This tropical species, Ficus benghalensis, 
forms complex networks of woody vegetation propagated by 
aerial root systems reaching down from the branches. Known 
as landmarks to the local community, these trees serve as both 
ecological and spiritual sanctuaries in a highly populated coun-
try. 
 
The pan-tropical Ficus genus, which includes the Bodhi Tree 
(Ficus religiosa, under which Buddha attained enlightenment) is 
known for the ability to “strangle” other trees. These banyan 
trees have taken this strangling ability to extremes, and will of-
ten strangle their own branches in a complex swirl of wood. 
They also grow on architectural structures. 
 
Banyan trees are ubiquitous as central meeting points in Indian 
towns, and several are linked to ancient and mythological 
events. Many are identified as the mythical wish-fulfilling tree, 
the "Kalpavriksha". In Kurukshetra, a banyan is revered as the 
exact landmark where the god Krishna spoke the sacred text of 
the Bhagavad-Gita to the warrior Arjuna. In more recent times, 
the first Indian Stock Exchange was begun underneath a ban-
yan tree in Mumbai. The sage and poet Kabir, whose writings 
are sacred to Sikhs, Hindus, and Muslims, visited a giant ban-
yan on a sandy island in the Narmada River of Gujarat 550 
years ago. This tree was also visited by Alexander the Great’s 
army, 2,300 years ago, as described by his lieutenant Near-
chus.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurements 
During three years of field trips and internet searches, docu-
menting notable Indian trees, we investigated all mention of 
giant banyans. Following an extended online search for interna-

Map of eight giant banyan trees located in India, this image was obtained  
using public domain NASA imagery in Google Earth 

An exterior look at the Kabir Vad banyan tree, Narmada River, India 

http://www.outreachecology.com/landmark
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From a scientific perspective, superlative trees can shed light on 
the physiology and evolution of plants, and can also serve as 
living archives recording historical events. Future citizen science 
projects could include refining the measurement of these trees 
and sharing findings. As well as scouting and tracing these trees 
using an online map server (such as Wikipedia's Geohack, Bhu-
van, Google Earth, or Wikimapia), and calculating the areas. 
Lastly, while visiting these trees, smartphones could be used to 
record the perimeter of the tree, which could then be shared 
online.  

 
 
 
 
 
 
 

Coffee smallholder management practices have received attention 
for their potential to conserve biodiversity and sequester carbon by 
maintaining structural complexity, high canopy diversity, and mini-
mal external inputs. We conducted shade tree surveys on 95 
1000 m2 research plots over a 10-year period to identify patterns of 
shade tree density and diversity, epiphyte presence, and carbon 
stocks within smallholder shade coffee systems of northern Nicara-
gua. We also analyzed each of these parameters with respect to 
management by comparing collectively- and individually-managed 
farms. Our results indicate that the overall shade tree density has 
decreased over time (F = 42.597, p < 0.001), but that diversity re-
mained constant. Carbon stocks in coffee systems also showed a 
decreasing trend over time (F = 2.981, p = 0.056), most likely due 
to the decreasing tree densities. Epiphytic plant presence in-
creased over time despite decreased host tree densities, suggest-
ing either a change in management or improved habitat conditions 
for epiphytes. Research plots on individually-managed coffee 
farms generally had higher shade tree densities than those on col-
lectively managed farms (t = 2.141, p = 0.037), but we found no 
differences in shade tree species richness or carbon stocks 
(t = 0.573, p = 0.568). We conclude that smallholder coffee farmers 
continue to conserve both shade tree diversity and epiphyte com-
munities.  
 

 
 
 
 
 
 
 

Plant species abundance is partly determined by reproductive suc-
cess and the factors that limit this success. We studied the flower-
ing phenology, breeding systems and florivory in a community of 
seven epiphytic Tillandsia spp. in a tropical dry forest in central 
Mexico. Flowering periods were distributed throughout the year, 
and corolla sizes suggested that most species share pollinators. 
The most common breeding system was self-incompatibility 
(Tillandsia achyrostachys, T. caput-medusae and T. hubertiana). 
Tillandsia lydiae was infertile, T. circinnatioides was partially self-
compatible and T. recurvate and T. schiedeana were self-
compatible with high autonomous self-pollination. Floral morpholo-
gy suggests that delayed selfing occurs in the autonomous self-
pollinated species, and separation between stigma and stamens 
could result in self-pollination in the remaining species being avoid-
ed. Less than 5% of the inflorescences in the most abundant spe-
cies (T. recurvata) suffered damage by florivores, but > 40% of 
inflorescences were damaged in the other species. In damaged 
inflorescences, fruit set decreased by up to 89%. Our data show 
that the dominant species (T. recurvata) is autogamous and its 
reproductive success is slightly reduced by resource constraints 
and florivory. In the less abundant species, resource limitation and 
florivory dramatically reduced reproductive success, but the 
strength of these limiting factors is season dependent . 
 

Forest Canopy Research Sampler 

The processes that govern diverse tropical plant communities 
have rarely been studied in life forms other than trees. Struc-
turally dependent vascular epiphytes, a major part of tropical 
biodiversity, grow in a three-dimensional matrix defined by 
their hosts, but trees differ in their architecture, bark struc-
ture/chemistry and leaf phenology. We hypothesized that the 
resulting seasonal differences in microclimatic conditions in 
evergreen vs. deciduous trees would affect epiphytes at dif-
ferent levels, from organ physiology to community structure. 
We studied the influence of tree leaf phenology on vascular 
epiphytes on the Island of Barro Colorado, Panama. Five tree 
species were selected, which were deciduous, semi-
deciduous or evergreen. The crowns of drought-deciduous 
trees, characterized by sunnier and drier microclimates, host-
ed fewer individuals and less diverse epiphyte assemblages. 
Differences were also observed at a functional level, e.g. 
epiphyte assemblages in deciduous trees had larger propor-
tions of Crassulacean acid metabolism species and individu-
als. At the population level a drier microclimate was associat-
ed with lower individual growth and survival in a xerophytic 
fern. Some species also showed, as expected, lower specific 
leaf area and higher δ13C values when growing in deciduous 
trees compared with evergreen trees. As hypothesized, host 
tree leaf phenology influences vascular epiphytes at different 
levels. Our results suggest a cascading effect of tree compo-
sition and associated differences in tree phenology on the 
diversity and functioning of epiphyte communities in tropical 
lowland forests.  

Einzmann, H. J. R., Beyschlag, J., Hofhansl, F., Wanek, 
W., and G. Zotz. 2015. Host tree phenology af-
fects vascular epiphytes at the physiological, 
demographic and community level. Aob Plants 7. 

Goodall, K. E., Bacon, C. M., and V. E. Mendez. 2015. 
Shade tree diversity, carbon sequestration, and 
epiphyte presence in coffee agroecosystems: A 
decade of smallholder management in San Ra-
mon, Nicaragua. Agriculture Ecosystems & Envi-
ronment 199:200–206. 

  Orozco-Ibarrola, O. A., Flores-Hernandez, P. S., Victori-
ano-Romero, E., Corona-Lopez, A. M., and A. 
Flores-Palacios. 2015. Are breeding system and 
florivory associated with the abundance of Til-
landsia species (Bromeliaceae)? Botanical Jour-
nal of the Linnean Society 177:50–65. 

An interior look at the Kabir Vad banyan tree, Narmada River, India 
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Seeing the Forest from the Trees 
Vicki McDonals 

Director of Communications, 
Holden Arboretum 

The Holden Arboretum, located near Cleveland, Ohio, will 
soon offer guests a new perspective on the forest canopy 
and the animals that inhabit it.  The Judith and Maynard H. 
Murch IV Canopy Walk and Kalberer Family Emergent 
Tower will open to visitors in early September 2015, just in 
time to catch a view of Ohio’s beautiful fall foliage.  
 
One of the largest arboreta in the country, The Holden Ar-
boretum is home to over 3,600 acres (over 1,400 ha) of 
protected natural areas, hiking trails and curated plant col-
lections. Known for its education programs, which bring in 
more than 15,000 students each year, the Arboretum is 
also dedicated to scientific research and conservation man-
agement. The new Canopy Walk and Emergent Tower will 
serve the Arboretum’s vision to create sustainable and 
healthy communities through visitor engagement, research, 
and education. 
 
The Canopy Walk, a 500-foot long, elevated, walkway, built 
65 feet (20 m) above the valley, will take visitors on an ex-
ploration through and above the forest canopy. The Cano-
py Walk experience will provide visitors with unique insight 
into the forest community and its role as a dynamic and 
healthy ecosystem.  

 
The Emergent Tower, located close 
to the Canopy Walk, is an observa-
tion tower that mimics a mature tree 
and takes guests 120 feet (37 m) 
above ground to get a view over the 
forest canopy.  As visitors ascend 
the Emergent Tower, they will 
learn about the physiological pro-
cesses that occur within a singular 
tree from root to cano-
py.  Interpretive panels will explain 
such processes including the photo-
synthetic function that occurs within 
the leaves to generate food and 
oxygen. At the top, visitors will gain 
a visual perspective of the land-
scape, learn about the ecological 
benefits of forests and discover 
more about our impact on forest 
communities. 

 
Some of the educational programming for the Canopy Walk 
and Emergent Tower has already been developed and 
educators at the arboretum are enthusiastic about their 
increased ability to convey environmental science concepts 

to children of all ages.  One example is a plan to use the structures 
to teach 5th – 8th grade children about energy transfer, a topic essen-
tial to the study of ecology. “Approaching this topic from the canopy 
offers a unique advantage since leaves are the first organism in the 
food chain. Their ability to photosynthesize and harness the sun’s 
energy starts the ball rolling,” said Sharon Graper, Manager of Aca-
demic Services.  
 
The Canopy Walk will also be used to advance ecological research 
at the arboretum offering canopy access to the scientific community. 
For instance, the structure will allow accessibility for a closer study 
into the biodiversity of organisms living in the canopy including mi-
crobes that may exist on the leaves and bark.  It can also be used to 
study leaf-level physiology of trees and to obtain insight on 
forest's response to a variety of environmental factors including hu-
man impact. 
 
Funding for the Canopy Walk and Emergent Tower came from the 
arboretum’s New Leaf Capital Campaign which concluded at the 
end of 2013. The campaign raised over $8.9 million and is being 
used to fund new visitor enhancements and much needed ecological 
restorations to advance the arboretum’s strategic vision. The Cano-
py Walk and Emergent Tower will be the crowning achievement of 
the New Leaf Capital Campaign. 

“Holden’s Canopy Walk and Emergent Tower will be unique among 
such features at public gardens nationwide by providing a very up-
close opportunity to engage with plants and animals high in the for-
est canopy,” said CEO and President, Clem Hamilton “and it will be 
great fun too.”  
 
The experiential duo will be located in the arboretum’s 250 acre core 
about ½ mile from the Warren H. Corning Visitor Center. The first 
platform of the Canopy Walk will be ADA-accessible and both struc-
tures will include various safety precautions including a 4 foot-high 
metal mesh guard allowing visitors of all ages and abilities to enjoy 
the experience.  Visit holdenarb.org or contact Vicki McDonald, Di-
rector of Communications at vmcdonald@holdenarb.org. 


