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Global Change Biology

Annuals vs. perennials:

Annuals generally increase with
grazing except in humid habitats
with a long history of grazing.
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Diaz et al. 2007.
Global Change Biology

Short vs. tall plants:

Short plants generally increase
with grazing except in dry
habitats with a short history of
grazing.
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Diaz et al. 2007.
Global Change Biology

Stem morphology:

Tussock plants generally
decrease with grazing
whereas rosette plants
increase globally.
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Results of analyses of trait variation among four different floras show
that the same trade offs occur among putative functional types. Diaz et
al. concluded that grasses and legumes are not functionally all that
different because these groups show the same trait trade-offs.
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Craine et al. 2001
Functional Ecology

Results from Craine et al. would
suggest just the opposite.
Legumes respond distinctly
differently than other broadly
based functional groups
(grasses, woody species,
forbs).
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Low diversity community:
Interspecific competition dominates
Neighbor interactions are consistent
Directional selection can occur
Character displacement is common
Result is trait divergence

High diversity community:
Diffuse competition dominates
Neighbor interactions are inconsistent
Directional selection is rare
Character displacement is uncommon
Result is trait convergence

Hubbell 2006 Ecology
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Evolution of trait convergence
through drift. This process requires
dispersal limitation.

Hubbell 2006 Ecology
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Neutral model and curve fitting:
- the metapopulation model
overestimates abundance of rare
species

- the neutral model fits the
distribution well (r2=0.996)

Hubbell 2006 Ecology
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Control 1982-2003
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Collins et al. in review

Species abundance
distributions did not
differ in control vs. N
fertilized plots despite
considerable change
in species ordering
and a decrease in
species richness.
Therefore, curve-fitting
is a weak test of
neutral theory.
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Agropyron

Schizchyrium

Collins et al. in review

Significant changes occurred in two grass species with N fertilization.
The dominant perennial C4 bunchgrass, little bluestem, decreased over
time whereas the non-native annual C3 grass, western wheatgrass,
increased.
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Distribution of sampling points for understory vegetation
(individuals < 1.5 m tall) in an old growth forest in Canada.
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Analysis of distance decay, or similarity of species composition
with increasing distances between sample points. Model output
predicts pattern of distance decay (top). Empirical data shows no
pattern of distance decay, as would be expected from a neutral
model.
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Gilbert and Lechowicz 2004 PNAS

In all cases, environmental variables explained a
greater proportion of variance in species distribution
than did distance, implying strong niche-based
responses to species distributions.



20

Gilbert and Lechowicz 2004 PNAS

Partial contribution of environmental
variables to the distribution of different
species groups. Again, these show
clear patterns of niche differentiation
among species groups.
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Sampling design and distance decay
results for grasshopper species at the
Sevilleta. Distance decay does occur
across the homogeneous desert
grassland transect, but distance decay
is much stronger across the elevation
gradient suggesting niche
differentiation.

Romenger et al. in prep



22Romenger et al. in prep

Feeding trials with three common species
show that feeding preferences are well
correlated with food plant distribution and
abundance. Thus, niche-based
differentiation is stronger than would be
expected under a neutral model.
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Smith et al. submitted (almost)
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DISTURBANCE REGIME
Press factor – variable or driver that is applied continuously at rates ranging
from low to high (e.g., atmospheric nitrogen deposition, elevated CO2).
Includes changes in rates (increases, decreases) relative to some historical
baseline.

Pulse factor – variable or driver that is applied once or at periodic intervals
(e.g., fire, extreme climatic events). Includes changes in the size, magnitude
and frequency at which pulses occur.
Concept from Bender et al. 1984.  Perturbation experiments in community ecology:  Theory and practice. Ecology 65(1):1-13.
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System Response Trajectories
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Rapid community-level response

Smith et al. submitted (almost)
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Irrigated

10 m2

10 m2

Control

Vegetation was
sampled from 1991-
2002 in 31
permanently located
10-m2 quadrats along
two irrigated and two
control transects

Irrigation transects
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Year

1990 1992 1994 1996 1998 2000 2002
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Upland irrigated

Upland control

Lowland irrigated

Lowland control

Irrigation had no significant effect on
species diversity in upland or lowland prairie

Precipitation
effects on
species
diversity
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Total precipitation
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Upland control:
r=0.55, P=0.10

Upland irrigated:
r=0.62, P=0.06

Lowland control:
r=0.74, P=0.02

Lowland irrigated:
r=0.77, P=0.009

Precipitation
effects on
species
richness
over time

•Species richness increases with increasing total
precipitation

•The response is stronger in lowland compared to upland
soils
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Konza Prairie Long-term Irrigation Transect Study

• Treatments initiated in 1991

• Supplemental water added during the growing season to
replicate 140 m transects (paired with control transects)

• Designed to meet plant water demand and minimize
intra-annual variability in soil water deficits
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Summary of the first eight years…

• Water availability limited
ANPP 6 out of 8 years

• Irrigation increased ANPP
by ~25% (physiological
response)
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• Good fit between ANPP
and ppt amount and when
variability is removed and
range extended

Knapp et al. 2001 Ecosystems
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But then we continued the experiment…

• Mean increase in ANPP for
the next five years was
70%

• Driven by responses of
grasses
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Changing relationship between
ANPP and precipitation after
long-term increase?
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• May be related to species
changes (increased cover
of Panicum virgatum) –
Community response
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What would change the
relationship between ANPP
and precipitation?
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KONZA PRAIRE RESEARCH 1999
WATER SUPPLEMENTATION

                            Distance SOUTH  of Sprinkler Line, m

     Fig. 6. 0 on the x-axis refers to the position of the sprinkler line.  
     Bars indicate water supplementation used in this experiment 
     (in mm water) and as % of control.
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Nitrogen (g m-2)
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Treatment effects on dominant grasses

•Resource addition alters species interactions
•Strength of response is context dependent
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Simple model of resource augmentation
response (global change)
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