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Comparative Plant Ecophysiology

1. Plant life forms and distribution
2. Plant traits and climate factors that 

form bases for eco- physiological 
comparisoncomparison

3. Life form comparisons of:
• Stomatal conductance
• Photosynthesis
• Xylem Anatomy
• Leaf traits

4. Predictions of vegetation type

Plant life form classification has a long history…

Holdridge 1947

1. Plant life forms and distribution

…and describes plant distribution fairly well. 
1. Plant life forms and distribution

Cramer and Leemans 1993

But this approach is basically correlative and 
doesn’t give insight into WHY, from a 
physiological or ecological basis, plant forms 
occur where they do

1. Plant life forms and distribution

occur where they do.
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Ecophysiologists ask the following:

1. What are the physiological differences among 
plant life forms?

2 D th diff i h i l k i

1. Plant life forms and distribution

2. Do the differences in physiology make sense in 
terms of adaptation to environment?

3. Can we predict lifeform occurrence based on 
physiological function?  (e.g., invasive species)

4. Could we put different values of physiological 
variables in each of Holdridge’s hexagons?

Comparative Plant Ecophysiology

1. Plant life forms and distribution

2. Plant traits that form bases for eco-
physiological comparisonp y g p

3. Life form comparisons of:
• Stomatal conductance
• Photosynthesis
• Xylem Anatomy
• Leaf traits

2. Plant traits that form bases for ecophysiological comparison

key comparative traits:

1. Photosynthetic pathway (C3, C4, CAM)
2. Vascular anatomy (ring, diffuse, non-porous)
3. Stomatal morphology (elliptical vs. dumbbell)
4. Leaf longevity (evergreen vs. deciduous)
5. Leaf size and shape (needleleaf vs. broadleaf)
6. Lifespan (ephemeral, annual, biennial, perennial)
7. Stature (herb, shrub, tree)
8. Disturbance tolerance (e.g. fire)
9. Mode of seed dispersal

Note that we exclude phylogenetic divisions (e.g. 
angiosperms vs. gymnosperms).  The focus here 
is on functional units.

key climate/edaphic variables that may select 
for the previous listed plant traits:

1. Temperature (low temperatures in particular)
2. Water availability
3. Soil nutrient status (favors evergreen?)
4. Light availability (deciduous vs. evergreen?)

2. Plant traits that form bases for ecophysiological comparison

g y ( g )
5. Disturbance frequency
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1. Temperature (low temperatures in 
particular)

• One of the most lethal impacts on plant survival

• Low latitude plants grown in higher latitudes 

2. Plant traits that form bases for ecophysiological comparison

often die from single frost events. (citrus)

• Xylem structure, osmotic ‘anti-freeze’ capacity, 
cell membrane function all may play a role.

2. Plant traits that form bases for ecophysiological comparison

1. Temperature (low temperatures in 
particular)

• While reasons for overall low temperature 
tolerances are complex, general patterns are 
observed.

2. Plant traits that form bases for ecophysiological comparison

2. Water availability used to predict 
vegetation type

Premise:
• Models of hydrologic balance can predict LAI
• LAI is associated with vegetation mass and g

structure, if not life form.

2. Plant traits that form bases for ecophysiological comparison

2. Water availability used to predict 
vegetation structure (LAI)

Approach (Woodward 1992):

• Use Penman-monteith with assumed values of 
stomatal conductance and LAI to predictstomatal conductance and LAI to predict 
seasonal soil water depletion

• Use seasonal rainfall data to predict soil 
moisture recharge.

• Posit that vegetation will achieve the LAI that 
allows for annual recharge.

• Identify that LAI with vegetation type (e.g. shrub 
vs. forest)
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2. Water availability 
used to predict 
vegetation 
structure (LAI)

Woodward’s

2. Plant traits that form bases for 
ecophysiological comparison

Woodward s 
model:

Comparative Plant Ecophysiology

1. Plant life forms and distribution

2. Plant traits that form bases for eco-
physiological comparisonp y g p

3. Life form comparisons of:
• Stomatal conductance
• Photosynthesis
• Xylem Anatomy
• Leaf traits

Perhaps surprisingly, max leaf conductance 
does not appear to differ by life form.  Leaf 
area index seems more important.

3.  Life form comparisons: stomatal conductance

Korner 1994

Also perhaps 
surprising is a 
lack of 
predictable 
change in Amax 
with biome type.

3.  Life form comparisons: photosynthesis

Woodward and Smith 1994

Points out a 
limitation of using 
instantaneous 
measures of 
physiology
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3.  Life form comparisons: xylem anatomy

Wide ranges of 
variability in xylem 
anatomy and 
hydraulics; 

Some overall patterns 
appear 

Consistent with 
freezing induced 
cavitation vulnerability

3.  Life form comparisons: xylem anatomy

Variability with latitude within one genus

Leaf size and shape

Needleleaf vs. broadleaf:  Woodward hypothesizes 
that low boundary layer conductance of 
broadleaves leads to substantially lower leaf 
temperatures at night.

3.  Life form comparisons: leaf traits

This may be a factor that favors needleleaf species 
in cold climates.

Orchard owners blow air on cold nights over trees to 
reduce boundary layers.

Present state of prediction uses general 
rules that are indirectly tied to physiology –
the underlying physiology is complex
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Three general approaches to veg prediction 
based on ecophysiology have been used:

1. Use GDD rules
2. Use models to predict LAI – use rules for 

LAI – veg type.
3 Competition models (gap needs r vs k3. Competition models (gap needs, r vs k 

strategies)

Woodward produces 
a good looking map, 
but the rules 
translating LAI to 
vegetation type are 
way over simplified.

Conclusions:

Aside from vessel size and leaf size, it has 
been hard to predict occurrence of plant 
form directly from physiological principles

Ecological principles particularlyEcological principles, particularly 
competition, may have the more important 
role.  

For example, conifers grow readily in 
tropical climates, but are likely simply 
outcompeted.

Case studies illustrate both simple 
inferences and complex causes of life 
form distribution:

New Zealand: only 4% deciduous species. 
Mild winters (ocean influence) allow 
evergreen species to dominateevergreen species to dominate.

Range of loblolly pine – limited by freezing –
but not due to cavitation – rather, freezing 
rain topples trees.


