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Decrease in temperature with altitude: 5-6°C per 1000 m

Mean daily T [0C]
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Annual range of monthly

mean temperoture [°C)

Annual range of monthly mean temperature:
an altitudinal gradient
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Altitude of treeline and snowline at different latitudes
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various other sources
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Altitudes and tree species at the forest limit in humid Asian mts.
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Altitudinal zonation on some tropical mountains
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Altitudinal zonation In New Guinea
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Mt. Wilhem, New Guinea

forest limit at 3,600 m asl
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a) tree and shrub savannah area, up to 2.200 m;

b) mixed forest belt up to 3300m : the blue line represents a Bamboo dominant area, the
yellow line defines a Hagenya-Hypericum zone;

c) alpine zone: composed mainly of Ericaceae and grass thickets.
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- southern high Andes is drier
and contains grass-dominated
vegetation called “puna”

Tropical alpine
grasslands: Puna



giant tussock: | acaules- | cushion sclero -
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Alpine tropical plants:
meristems isolated
against cold by rosettes,
hairs, dry leaves...
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C3 replace C4 grasses along an altitudinal gradient

o

Altitude (m) 100

810 1070 1680 1830 2050 2290 2740 3050 3180 3510 3810 23880
T T T T T T T i 1 ! 90 9

N
S o

o= Mip— 80

w
o

% C, -species
D
o
B
o
% C, -species

50 50
40 60
30 F 70
20 80
! ! L 10 90
0 100
0 1000 2000 3000 4000 5000
Altitude (m )
Kenya Ecuador [based on 220 species]

Tieszen et al. 1979, Boom et al. 2001



At high temperatures and low CO2, the C3 photosynthetic enzyme rubisco fails to
completely distinguish CO2 and O2. This leads to photorespiration, resulting in
losses of photosynthetic carbon. C4 photosynthesis suppresses photorespiration by
concentrating CO2 internally, but this comes with an energetic cost, which exceeds
the photorespiratory costs of C3 photosynthesis at high CO2 and low temperatures.
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Photosynthetic
pathway

mC3
mC4

Bambusoideae

Ehrhartoideae

Micrairioideae Edwards & Smith 2010, PNAS 107: 2532-2537
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C4 grasses dominate in the tropics
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New Guinea, montane forest at 2,200 m asl
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Fig. 8.9. Basal area, tree density and species diversity plotted
against altitude for central African forests. mainly in Kivu
(Zaire). Only individuals over 20 em circumference at a height
of 1.5 m above the ground are included. (Constructed from data
in Pierlot. 1966.)

1000



Altitudinal trends in the main forest characteristics

Characteristis
Mean height:

canopy

emergents
Stratification
Buttress roots

- Surface roots

Stilt roots
Cauliflory

Drip tips on

leaves

Lianas

Lichens, mosses

Tree ferns

Palms

Pinnate leaves

Leaf size
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2545 m
60-80 m

3-4 layers
Frequent and large
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Frequent
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Absent

Abundant
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Mesophyll

Lower montane

304C m

70-80 m

Diffuse
Common

Rare to common
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Occasional to
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Common
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Present

Common

Rare
Mesophyll

Source: Grubb 1977; Johns 1982: Whitmore 1993.
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Elfin X lowland forests

trees Elfin forest L_owland forest
DBH>10cm: Puerto Rico Malaysia

No. trees/ha 4000 500

Basal area m“/ha | 44 30

LAI 2.2 7.4

wood support 1.1 0.2

efficiency kg [90 t of wood | [420 t of wood
wood/m? foliage | tosupport 2 ha | to support 7.4 ha
*m height leaves 4 m leaves 30 m

above ground]

above ground]




Biomass and water interception in a mossy elfin forest
Tanzania (2140 m asl)
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Bryophytes along tropical altitudinal gradient
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Two modes of altitudinal species turnover:

with complete nestedness and zero nestedness

Identical altitudinal trends in species richness mean
different trends in mean altitudinal range of species and
beta diversity between adjacent altitudes
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Species turnover along altitudinal gradients:

Rhododendron spp. on Mt. Kinabalu
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Rhododendrones: 900 spp. worldwide, 300 spp. in SE Asia, 50 spp. In
Borneo, 25 spp. on Mt. Kinabalu, incl. 5 endemic spp.



Altitudinal distribution of 454 bird species in Papua New Guinea

0 m asl.

m‘ e
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4500 m asl.

each row is 100 m elevation belt, each column a bird species

K. Tvardikova, unpubl. data



Checkerboard distribution along an altitudinal gradient

Altitudinal segregation of competing parrots in New Guinea:
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Number of studies
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(o) Local [ Regional
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Low
Plateau

Low
Plateau
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Global elevation
patterns of bird diversity
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Biogeography, (2009) 18, 346-360



Species richness along altitudinal gradients:

e monotonous decrease from the lowland maximum
OR
» peak at mid-elevations?

Factors causing decreasing species richness with altitude:
- harsh environmental conditions (temperature)
- diminishing habitat area with altitude

Mid-elevation peak:

- possibly as a result of geometric constraints:

both lowland and high-montane species can overlap to the mid-
elevation



Geometric constraints:
Madagascar study of mycalesine butterflies
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Altitudinal gradients in New Guinea 100 Mammals
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Butterflies along altitudinal
transect at Mt Wilhelm:

are lowland species just
disappearing with altitude,
or are only new montane
species appearing, or both
at the same time?
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Rapoport’s rule:
do montane species have wider altitudinal ranges?
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Land area decreases enormously
with altitude:

we need to consider species-area
effect in all altitudinal patterns

New Guinea: Surface Area km2
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No. of bird species
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Species-area curves [power and logarithmic]
fitted in altitudinal richness gradient:
area alone predicts a strong diversity trend

Species-area curve S=b*A? with z=0.25
and b estimated from lowland data used to
predict altitudinal trends in species
richness and density in birds
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typically [but not always]
Increases with altitude, as
expected from a power
species area relationship



Climate change: species climbing up montane slopes

M. Iﬁnabalu, Lepidoptera: average increase in altitude 67 m from 1965 to 2007
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Altitudinal gradient: the mother of all environmental gradients

GLOBAL BIODIVERSITY: SPECIES NUMBER OF VASCULAR PLANTS
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Diversity Zones (DZ): Number of species per 10 000 km ces surface temperature
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W. Barthlott, G. Kier, H. Kreft, W. Kiiper, D. Rafigpoor & J. Mutke 2005




Altitudinal gradient: the mother of all environmental gradients
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Figure 1. Beta-Diversity of Amphibians, Birds, and Mammals Mapped Continuouwsly across the Continental Western Hemisphere
Beta-diversity (Pum.ql values for each taxon are divided into 20 quantiles, represanted by warm {higher B4 to cool llower B, colors,

decrease in species overlap over 500 km
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Putting Beta-Diversity on the Map:
Broad-Scale Congruence and Coincidence
in the Extremes
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