Lecture 7: Ordination of vegetation
I. Direct Gradient Analysis

e Classification vs. Ordination

* Direct gradient analysis
—One dimensional
—Multi dimensional approaches

—Toposequences



“...an arrangement of units in a uni- or multi-dimensional order...” as opposed to “a
classification in which units are arranged in discrete classes.”

Goodhall 1953

Same as “Ordnung” of Ramensky (1930).

The arrangement of plots to show floristic relationships between stands of
vegetation or between species. The arrangement is in an “ordination space” in
as compact a manner as possible. The distances between points on the
ordination are measures of their degree of floristic similarity.

Like numerical classification, ordination is a data reduction method that
summarizes information in a simpler, more space-efficient, more visual means
than a table.

Often a major objective is to relate the ordination to environmental gradients.



examines vegetation changes along known
environmental gradients (e.g. a moisture gradient or elevation
gradient.

examines the environmental causes of vegetation
patterns by first arranging the stands or species according to their
floristic similarity and then through correlation of the ordination
axes with environmental variables.



Approaches to ordination
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e Definition: A highly intuitive way to portray variation along a single
or multiple environmental gradients. The plots display species or
community abundance in response to a known environmental gradient
(often this is a complex environmental gradient).

e Basis of approach:

— There are key factors in the development of soils and vegetation, including
climate, parent material, topography, other organisms, and time.

— Direct gradient analysis is an examination of the response of individual
species or vegetation types to gradients of these factors.



Complex environmental gradient: An environmental gradient that is composed of multiple, often
correlated factors. Almost all physical gradients are complex environmental gradients (e.g. soil
moisture gradient is also usually a gradient of soil pH, soil organic matter, soil aeration, etc.).

Coenocline: A gradient in plant community composition.
Ecocline: The simultaneous gradient in species composition and environmental variation.

Normal distribution: (= Gaussian distribution), a mathematical distribution defined with a mean and
variance. Graphically, a normal distribution looks like a bell-shaped curve. With respect to vegetation,
patterns of species along environmental gradients often resemble normal distributions. Gause (1930)
first described such distributions in ecology in his studies of orthoptera.

Mesotopographic gradient: An ecocline along a small to medium-sized hill slope. Coined by Billings
(1973) for alpine areas to portray the variation in communities along hill-slope gradients mainly as a
response to varying soil moisture and snow conditions.

Catena: The soil science term for change along a hill slope, often with specific reference to the hill crest,
shoulder, backslope, footslope, and toeslope.

State factors: The set of variables that control another variable. With respect to vegetation they are the
factors that control development of vegetation. A mathematical equation describes vegetation as a
function of a set of primary state factors: Vegetation = f(Cl, O, R, P, T), where Cl is the climate, O is
the organisms, R is the relief (topography), P is the parent material, and 7 is time. Jenny (1941) first
wrote this equation with respect to the state factors controlling soil development. He considered the
soil to be a function of same five independent factors. Major (1951) later used the same variables as
controls on the vegetation. Even more broadly, the same variables determine ecosystem structure and
function.



A simple one-dimensional direct ordination of
species along a topographic gradient in Ireland
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2D Ordination of Irish moor grasslands
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Grassland species along a moisture gradient in Nelson County,
North Dakota
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Another example from Whittaker (1956)
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Frc. 9. Elevation transects in submesic and subxeric
sites, smoothed curves for tree specics. Above—submesic
sites: @, Coraus florida; b, dcer rubrum; ¢ and e,
Quercug borgalis and var. maxima; d, Carya tomentosa;
e, Carya glabra; £, Hamamelis virginiana. Below—
subxeric sites: a, Quercus prinus; b, Sassafras albidum;
e, Castanea dentata; d, Quercus alba; e, Oxydendrum

arboreum; £, Robinia pseudoacacia.




2-D ordination of stands along soil pH and
calcium gradients at Prudhoe Bay, AK
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3-D distribution of salt-water organisms
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Whittaker diagram: 2-D ordination showing location of major plant
communities along moisture and elevation gradients in the Smokey

Mountains

WEGETATION OF CREAT SMDEY MOUNTAINS
PATTERN OF EASTERN FOREST SYSTEM

ELEWATION W FIET

ex-axis: moisture/topography gradient
e y-axis: major elevation gradient

* [solines show positions of broad plant
formations.

From: Whittaker, R.H. 1956. Vegetation of
the Great Smoky Montains. Ecological
Monographs 26: 1-80.



Whittaker diagrams for two different substrates:
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Species distribution
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ordination space

* 4 species from Whittaker’s Smokey Mountain study.

* Background shows the distribution of plant communities in
the ordination space.

* Small numbers show cover values for the given species in
stands.

* Red lines are isolines of showing areas of equal cover classes
for each species.

Species distributions:

e Fraser fir: Limited to high-elevation, fraser-fir forests.

* Striped maple: coves, ravines, sheltered slopes at all
elevations.

* Red maple: broad range of slope positions and elevations, but
focused at lower elevations.

* Sugar maples: sheltered coves and ravines at most elevations.

Whittaker 1956
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4 more species

* Chestnut dead stems: mid- to higher
elevation, oak forests.

* Yellow wood: lower elevation, cove
forests.

e Mountain paperbush: mid-elevation oak
forests.

* Flowering dogwood: lower elevation
cove and and oak forests.

Cornus florida
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Complex environmental gradients: complex soil moisture

gradient
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Toposequences or catenas

One of the most common direct gradient analyses is the portrayal of
vegetation and soils along moderate-sized hill slope gradients that do
not involve major elevation transitions. In soils, such gradients are
often called catenas (L. chain; referring to series or closely connected
series, especially a series of excerpts from the works of the Fathers of
the Church). These are especially instructional because they portray
the variation in species in response to complex soil and moisture
gradients typical of most landscapes.

Example

Graphs of species, soil, and diversity information along a
toposequence at Imnavait Creek, Alaska.

a. Schematic of the toposequence showing transitions in vegetation
and soils.

b. Soil physical and chemical properties along the toposequence.
c. Distributions of common growth forms and species.

d. Diversity along the gradient.



West-facing slope at
Imnavait Creek, AK

Fig. 44. Aerial color-infrared photograph of the Imnavait Creek research site, The black recras-
gle delineates the boundary of the geobotanical map (Fig. 4.6). & Exposed Sagavanirktok-age
glacial drift; b well-defined hill-slope water tracks; ¢ weakly defined water tracks: d nonsorted
stripes; ¢ colluvial basin; fbeaded channel of Imnavait Creek: g Toolik river; b weir; § Wyoming
snow gage: J pipeline for tundra watering experiment; k runoff plots; [ gravel pad ;



Idealized toposequence: Imnavait Creek Alaska
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Fig. 4.5. Vegetation of the R4D region. Dashed and solid lines indicate watershed boundary and intensive research site, respectively
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Fig. 4.1
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Fig, 4.3, Surficial geomorphology of the R4D intensive research site shown in Fig. 4.1
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Chamical Prapsriiss
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