
Tropical Ecology WBNZ 800

Altitudinal zonation in tropical areas

Tomasz W. Pyrcz
Muzeum Zoologiczne
Uniwersytetu Jagiello� skiego



Altitudinal zonation: 

Changes in the plant and animal community structure
along an altitudinal gradient 
determined by abiotic factors

marked by a well defined layering of ecosystems
corresponding to the horizontal zonation

along the latitudinal gradient



Altitudinal zonation in tropical Africa



Altitudinal zonation in south-east Asia and the Pacific



Altitudinal zonation in tropical America



Alexander von Humboldt

German naturalist

His works published in 1805-1829 set the basis of plant geography.

He had a huge influence on the development of geology
astronomy, climatology, oceanography, and also ethnography and
linguistics.

He was the first to describe latitudinal bands of vegetation and the
corresponding altitudinal bands of vegetation in the Andes.



Ecological life zones in the mountains

Main environmental factors which determine the boundaries
of altitudinal layers of ecosystems in the mountains

-Temperature

-Humidity

-Soil composition

-Solar radiation

-Latitude

-Wind velocity and direction

-Disturbance frequency

-Topography

-Competition



Ecological life zones in the mountains

Tropical zone Temperate zone

Tierra
helada

Tierra
fría

Tierra
templada

Tierra
caliente



Premontane forest
Western slopes of the Andes, Ecuador, 1000 m

Premontane forests – Bosques premontanos



Neotropical bamboo of the genusGuadua, a characteristic
plant of Andean premontane forests (up to 1600 m)

A Satyrinae butterfly of the genusEuptychia–
a typical representative of premontane fauna
whose larvae feed on Guadualeaves



Tropical montane forest
Venezuela, 2200 m



NOMENCLATURE
PROBLEMS
Las mg
owy?
Las mgielny?
Las mglisty?
Las chmurny?

Górski las tropikalny

Cloud forest

Bosque nublado

Tropical montane forest
Bosque montano tropical



Some typical features
of tropical montane forests

Leaves, small
xeromorphic

Lower
productivity

Well
developed
understory

Low
trees

Low content of nitrogene
and phosphorous

in leaves

Abundant epiphites



A cover of low clouds
during most 
of the year

But most of all:



Condensation process scheme

Brown & Lomolino, 1998



Roraima Tepuy Cloud forest above: 1200 m

Cloud forest above 400 m

Massenerhebung Effect

In the northern Andes
the lower cloud forest limit
is at a lower elevation than in
the Andes some 400-1000 m. 

The efffects of condensation on
vegetation can be observed in the
isolated massifs situated in the vicinity
of coastline.

Cerro Santa Ana



Shrubby forests (chaparral) in central Bolivia, 2000 m

Neoraimondiacacti

Montane forests are dry leeward and
humid on windwards slopes



Rainfall

Tropical montane forest

Holdridge system

M
ean

yearly
biotem

peratures
Potential
evapotrans
piration

Vertical
zonation

Latitudinal
zonation

Humidity zonation



Boggy surface of a table mountain top on the Guyana shield
covered withMiconiashoots (Melastomataceae)

Dominant tree families: Lauraceae, Melastomataceae, Rubiacae, Myrtacae



Cecropia(Cecropiaceae) is a typical tree of
initial stage of succession in montane 

tropical forests of the Andes

Adelphabutterfy: its larvae
feed on Cecropialeaves.



Converge among typical plant species of the initial phase
of natural succession in tropical montane and premontane areas

Cecropia scherberiana(Cecropiaceae)Musanga cecropioides(Moraceae)

Afrotropical Neotropical



Podocarpus oleifolius– a representative of the only coniferous tree
in the montane Andean forests - southern Ecuador, 2500 m



Neurolepisbamboo on the
Guyana Shield, 1450 m



Bamboo are typical plants of the first phase of succession
overgrowing natural landslide on the Papallacta river, Ecuador



Bamboo leaves of the genusChusquea are host plants of many
species of phytophagous insects,including butterflies and beetles

Pedaliodes plotinaon Chusquea fendleri
Venezuela, Coastal Cordillera, 2200 m



E.microrufescens

E.suprarufescens

Altitudinal distribution pattern of two sister-species ofthe genus Eretris in Ecuador

Parapatric distributions: frequent among montane species

Adjacent or partly overlapping distributions, for example along altitudinal gradients



Primary tropical montane forest



„Nie by
o nas ... by
 las”



Anthropogenic vegetation cover
dominated by ferns and bamboo



Subalpine zone - subparamo
Venezuela, 2800 m

Carramboasp.
(Asteraceae)

Libanothamnussp.
(Asteraceae)

Blechnumsp.
(Blechnaceae)



Monocarpic plant Espeltia
Carramboa trujillensis(Asteraceae)



Similar climate differences between the localities A and B / C and D 

AB
C

D

Species richness + beta diversity
along an ecological gradient 



Species richness + beta diversity
Along an ecological gradient 

~100*
C D

A B

~1000*

*Species number of a selected taxon, diurnal Lepidoptera

Distance: 3000 km / 25o lat span. / Altitude difference: 0

Distance: 10 km / 0o lat. span. / Altitude difference: 3000 m



One of the methods of studying diversity
gradients in altitude are ecological transects

The use of baited traps is a quick and very efficient
sampling method which provides quantitative data 
on altitudnial distribution patterns of individual
species and species communities.



On a global scale diversity decreases with altitude
In some groups of organisms diversity increases with altitude

Shannon diversity coefficient in the tribe Pronophilini in NW Ecuador
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Altitudinal ranges of Pronophilini butterflies in NW Ecuador

Rule’s extension: species occurring on higher elevations have wider ranges

Rapoport’s rule: range width is posititvely correlated with latitude
On higher latitudes, species have wider geographic ranges



Forest – paramo ecotone
central Ecuador, 3400 m



Steromapedaliodes schuberti –
typical butterfly species of the

subparamo life zone in Venezuela



Chusqueabamboo clumps in the paramo 
above timberline, Venezuela (3000 m)



Alpine vegetation

Paramo=Andean meadows
Puna=Andean desert

High elevation tundra



Puyasp. (Bromeliaceae)

Ruilopeziasp. (Asteraceae)

Chusqueasp. (Poaceae)

Calamagrostissp. (Poaceae)

Alpine zone vegetation
humid paramo

Venezuela,  3200 m



Rosette plant Espeletia schultzei, 3400 m



Puya raimondii(Bromeliaceae)
Peru, Cordillera Blanca, 4100 m



Polylepis(Rosaceae) trees forming the highest situated
forest communities in the World (up to 4800 m).  



Canadian pines in the paramo – antropogenic plants
a source of fire-wood for local human populations

Is this paramo natural or anthropogenic?



Eucaliptus cover nowdays huge area of the Andes from Venezuela to Bolivia

Anthropogenic vegetation „mixed
eucaliptus-pine” forests in the

Cordillera Blanca, Peru, 3800 m



Draba sp.(Brassicaceae) typical plant 
of superparamo, frost resistent, 

grows up to 5500 m

Desert paramo
Venezuela, 4300 m



The species occurring in high elevation
habitats present specific physiological, 
behavioural and morphological adaptations

male

male

Some females ofRedondabutterflies
are brachypterous and cannot fly actively

female



Puna in the Cordillera
Blanca, Peru (3800 m)

Intercontinental phylogenetic affinities
High elevation brushfooted butterfly Vanessa carye

Closely related Polish speciesVanessa cardui

Puna endemic species
Alpaca: (Vicugna pacos)



World high montane biomes in tropical areas



Coespeletia timotensisVenezuela 4000 m
Seneciosp. Tanzania 4000 m

Senecio kilimajaricaTanzania 4000 m

An example of convergence of Asteracae
plants in high elevation ecological conditions



Puya raimondiiPeru Argyroxiphium sp. Hawai

An example of convergence of Asteracae and Bromeliacae
plants in high elevation ecological conditions



Nival zone
Peru, above 4800 m 

Superparamo
4200 – 4800 m



Pico Veronica, Peru (5570 m)



Glacier retreaving in theCordillera de Merida in XX centur y



Post glacial oligotrophic lake in the Andean
Eastern Cordillera in Ecuador, 3800 m



Postglacial oligotrophic lake in the Cordillera de 
Merida in Venezuela, Laguna Negra, 3700 m



Eutrophic bog – last succesion of a postglacial
lake in the paramo at 2800 m, Venezuela



Extinct volcano: Chimborazo (6310 m) 
the highest peak of the northern Andes



Active volcanism: Eruption of
Santa María volcano, Guatemala



Tropical forest…

Lowland? Montane?



Tropical forest…

Lowland? Montane?



Tropical forest…

Lowland? Montane?



Tropical forest…

Lowland? Montane?

Thank you for your attention!


