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Objectives Objectives –– Natural Restoration ProcessesNatural Restoration Processes
•• How do ants, rodents, fire, How do ants, rodents, fire, micrositemicrosite, and    , and    

climate affect annual plant seed banks?climate affect annual plant seed banks?
•• What is the pattern of natural restoration for What is the pattern of natural restoration for 

perennial vegetation?perennial vegetation?
ShortShort--term (3term (3--10y),10y),
LongLong--term (a human generation)       term (a human generation)       

•• How are animals responding to largeHow are animals responding to large--scalescale
habitat changes?habitat changes?

•• What are some of the costs and benefits of What are some of the costs and benefits of 
small animals interacting with longsmall animals interacting with long--lived lived 
plants?plants?



Bromus tectorumBromus tectorum
CheatgrassCheatgrass

Bromus madritensisBromus madritensis ssp. ssp. rubensrubens
Red BromeRed Brome



Sonoran Desert 
Mojave Desert
Research Area

NTS, DOE

Mt Potosi,
USFS

Joshua Tree NP

Pakoon Basin,
Parashant NM

Beaver Dam
Slope, BLM



•• CostlyCostly
••Labor intensiveLabor intensive
•• Risky in desertsRisky in deserts
•• Points or linearPoints or linear
dimension ofdimension of
minimal sizeminimal size

Active Active 
Restoration inRestoration in
Desert SitesDesert Sites

Newberry Mountain Road RestorationNewberry Mountain Road Restoration
NPS NPS -- LMNRALMNRA

Photo - L.A. DeFalco

Photo - L.A. DeFalco



•• Vast areas requiredVast areas required
•• Seed sometimes not availableSeed sometimes not available
•• Limited return on investmentLimited return on investment
•• CostlyCostly

Wildlands – even bigger challenges

Natural RestorationActive Restoration



Sources of InformationSources of Information
Searches of ArchivesSearches of Archives

Janice C. Beatley legacyJanice C. Beatley legacy

Department of Energy Department of Energy –– Nevada Test Site legacyNevada Test Site legacy
B. B. MazaMaza, et al. , et al. –– unpublished dataunpublished data

Original ExperimentationOriginal Experimentation

•• retrieval of archived mediaretrieval of archived media
•• retrieval of unpublished dataretrieval of unpublished data
•• rere--establishment of wellestablishment of well--designed,designed,

hypothesishypothesis--driven monitoring plotsdriven monitoring plots

•• governmentgovernment--supported sciencesupported science
•• universityuniversity--supported sciencesupported science



•• Bermuda / Sudan hayBermuda / Sudan hay
•• 3000 kg/ha fuel3000 kg/ha fuel

Experimental manipulation of annual plant seed banksExperimental manipulation of annual plant seed banks

Fire,Fire, GranivoresGranivores, , MicrositeMicrosite, Climate, Climate



ANTS INCLUDED
RODENTS EXCLUDED

ANTS EXCLUDED
RODENTS INCLUDED

ANTS INCLUDED
RODENTS INCLUDED

ANTS EXCLUDED
RODENTS EXCLUDED

NO FENCE

ANTS INCLUDED
RODENTS EXCLUDED

ANTS INCLUDED
RODENTS INCLUDED

ANTS EXCLUDED
RODENTS EXCLUDED

ANTS EXCLUDED
RODENTS INCLUDED NO FENCE

PLOTS
BURNED

PLOTS
UNBURNED

1 Block of 61 Block of 6



AntAnt
AccessAccess

RodentRodent
AccessAccess

1.0m1.0m

0.2m0.2m

Fence DesignFence Design



Seed bank assay in the greenhouse
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To what extent will the decline of natives and To what extent will the decline of natives and 
increase of alien annual plants continue?increase of alien annual plants continue?

PakoonPakoon Basin, Arizona 2001Basin, Arizona 2001
20002000--4000 lbs/acre of alien annual grasses4000 lbs/acre of alien annual grasses

Seed bank assays yield 4 species:Seed bank assays yield 4 species:
Bromus madritensis Bromus madritensis sspssp.. rubensrubens
Bromus Bromus tectorumtectorum
Lepidium lasiocarpumLepidium lasiocarpum
SphaeralceaSphaeralcea sp.sp.



Archived data can aid and guide current researchArchived data can aid and guide current research

Rodent cheek pouches Rodent cheek pouches containcontain
Bromus rubensBromus rubens seed seed 

Nevada Test Site 1962 Nevada Test Site 1962 

B. Maza – Unpublished data



Sonoran Desert 
Mojave Desert
Research Area

Beaver DamBeaver Dam
Slope, UtahSlope, Utah
BLMBLM

What is the pattern of natural restoration for What is the pattern of natural restoration for 
perennial vegetation?perennial vegetation?
NTS, DOENTS, DOE



Perennial Plant Re-growth

Bulldog Fire, Utah - 1993



Total Cover at Bulldog Canyon, Total Cover at Bulldog Canyon, 
Washington Co., UtahWashington Co., Utah
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1997 Total Species Cover on Sites at Bulldog Canyon, UT1997 Total Species Cover on Sites at Bulldog Canyon, UT
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Plot 40 (1963) burned 1959

Plot 40 (2000) 41 years of recovery

40 Years of Recovery40 Years of Recovery
The Janice C. Beatley The Janice C. Beatley 
LongLong--term Monitoring Plotsterm Monitoring Plots

Full range of climatic Full range of climatic 
variationvariation

No livestock or otherNo livestock or other
Anthropogenic disturbance Anthropogenic disturbance 

Close to preClose to pre--disturbance disturbance 
cover valuescover values

Community composition Community composition 
still not the same as still not the same as 
prepre--disturbancedisturbance



We hypothesized that rodent communities would respond 
to disturbance with lower abundance and diversity

How are small animals responding to 
large-scale habitat changes?
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4 nights, 1200 traps4 nights, 1200 traps



ClimateClimate
SoilsSoils
ManagementManagement

BLACKBRUSHBLACKBRUSH
40 years of natural restoration in a former blackbrush stand40 years of natural restoration in a former blackbrush stand

How do small animals affect long-lived desert plants?



BlackbrushBlackbrush

Multiple transects at burn Multiple transects at burn 
edgeedge

Test the hypothesis that Test the hypothesis that 
initial establishment was initial establishment was 
limited to the burn edgelimited to the burn edge

A provocative pattern A provocative pattern 
emergesemerges
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A rodent cache germinating 2 blackbrush seedlings



Sonoran Desert 
Mojave Desert
CORA Collection

NTS

Spring Mtns

Joshua Tree NP

Pakoon Basin

Tule Desert

A Pulse Event?A Pulse Event?
Is blackbrush establishment the result of a climatic event that Is blackbrush establishment the result of a climatic event that 
affected the entire Mojave Desert in 1993?affected the entire Mojave Desert in 1993?



Las Vegas Winter Precipitation (October through March)Las Vegas Winter Precipitation (October through March)
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Results are 
being analyzed



Coleogyne ramosissima
Blackbrush seeds

How can we How can we 
determine the costs and determine the costs and 
benefits of rodent : plant benefits of rodent : plant 
interactions?interactions?

Seed Fate ExperimentsSeed Fate Experiments

• Collect Seed
• Radio-label seeds
• Place in the environment
• Follow them through the seasons
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How do fire and small How do fire and small 
animals affect longanimals affect long--lived lived 
desert plants?desert plants?

Joshua TreesJoshua Trees
((Yucca Yucca brevifoliabrevifolia))

Scorched by fire
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Adding insult to Adding insult to 
injury…..injury…..

In fall of 2001 In fall of 2001 
joshua joshua treestrees
At JTNP started At JTNP started 
looking like thislooking like this

It was so obvious It was so obvious 
that the local that the local 
newspaper did an newspaper did an 
article on itarticle on it



A view of rodent damage
under the microscope

1 mm



% De% De--barking by Sitebarking by Site
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Old Rodent
Scars

New 
Scars



Sonoran Desert 
Mojave Desert
Research Area

Mt Potosi,Mt Potosi,
USFSUSFS

Joshua Tree NPJoshua Tree NP

Mormon Mesa, Mormon Mesa, 
NVNV

How widespread is the deHow widespread is the de--barking phenomenon?barking phenomenon?



Hypothesis IHypothesis I Hypothesis IIHypothesis II

Severe damage to otherwiseSevere damage to otherwise
healthy trees in healthy trees in 
burned areasburned areas

Small mammal Small mammal 
damage was greater damage was greater 
on recently burned on recently burned 
sites than on sites than on 
unburned sitesunburned sites

Pocket gopher
Thomomys sp.



Joshua Tree seeds have no apparent Joshua Tree seeds have no apparent 
dispersal mechanism eitherdispersal mechanism either



Source Plant - 200 individually numbered seeds
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How do ants, rodents, fire, How do ants, rodents, fire, micrositemicrosite, and    , and    
climate affect annual plant seed banks?climate affect annual plant seed banks?

Rodents and ants increase aliens while Rodents and ants increase aliens while 
decreasing native seed bank density.decreasing native seed bank density.

Fire increases aliens while decreasing nativesFire increases aliens while decreasing natives

Native seeds more abundant in open, while Native seeds more abundant in open, while 
alien seeds more abundant in shrubsalien seeds more abundant in shrubs

Climate affects aliens and natives similarly, Climate affects aliens and natives similarly, 
but there was a 10but there was a 10--fold increase in aliens over fold increase in aliens over 
natives in a good year.natives in a good year.

Summary 1 Summary 1 –– Natural Restoration ProcessesNatural Restoration Processes



Summary 2 Summary 2 –– Natural Restoration ProcessesNatural Restoration Processes

What is the pattern of natural restoration for What is the pattern of natural restoration for 

perennial vegetation?perennial vegetation?

ShortShort--term (3term (3--10y)10y)

ShortShort--lived herbaceous and woody plants with lived herbaceous and woody plants with 

Definite increasers and Definite increasers and decreasersdecreasers

LongLong--term term 

After 50 years, similar cover, but skewed After 50 years, similar cover, but skewed 
compositioncomposition



Summary 3 Summary 3 –– Natural Restoration ProcessesNatural Restoration Processes

How do rodents respond to largeHow do rodents respond to large--scale scale 

Disturbance like desert wildfires?Disturbance like desert wildfires?

Predict shortPredict short--term response to severe term response to severe 
disturbance to be lower diversity and disturbance to be lower diversity and 
abundance abundance 

LongLong--term responses depend on the term responses depend on the 
trajectory of the vegetation, but diversity and trajectory of the vegetation, but diversity and 
abundance can increase abundance can increase 



Summary 4 Summary 4 ––Natural Restoration ProcessesNatural Restoration Processes

Costs and benefits of fire and small animals Costs and benefits of fire and small animals 
interacting with longinteracting with long--lived plants?lived plants?

The amount of scorch damage is related to fire The amount of scorch damage is related to fire 
intensity and there is a linear relationship intensity and there is a linear relationship 
between the amount of scorched surface and between the amount of scorched surface and 
mortalitymortality

Costs of small mammals interactions can be Costs of small mammals interactions can be 
great, but normally within the range of great, but normally within the range of 
disturbance sustained by disturbance sustained by populationspopulations

We hypothesize that rodents are essential to the We hypothesize that rodents are essential to the 
dispersal of seed for dispersal of seed for blackbrush blackbrush and and joshua joshua treestrees

Preliminary data are promisingPreliminary data are promising







Species Richness and AbundanceSpecies Richness and Abundance
biomass, density, biomass, density, phenologyphenology

Ecosystem FunctionEcosystem Function
nutrient cycling, hydrology, erosion, nutrient cycling, hydrology, erosion, 
disturbancedisturbance

Species Richness and AbundanceSpecies Richness and Abundance
biomass, density,biomass, density, phenologyphenology










