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Shrub Encroachment
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Consequences of Shrub Encroachment

Consequences are changes in:

Mesoscale atmospheric processes:
= Albedo

» Surface roughness
Mesoscale atomspheric processes * Energy balance

= Dust and pollen

+ Evaporation/transpiration
» Rainfall interception
» Mon-methane hydrocarbons

Abov cgmund
Litter quantity and quality
* Phenology
* Plant productivity
= Forage production

Drivers
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Brush Management

Woody plant encroachment

Grass domination
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Woody plant domination

Brush management ($$$)

Archeretal. 2011







Reasons for Brush Treatments

Every area has different reasons for treating brush. Some examples:

o Las Cienegas National Conservation Area - Multiple use (recreation,
wildlife, grazing)

o Altar Valley - Livestock operations, wildlife species are grassland
obligates; soil retention; many land ownerships

o Santa Rita Experimental Range - Initially livestock forage; transitioning
into wildlife, fuel load production supporting ranchers




What is possible with brush treatments?

e Treatments have shown that a series of brush treatments CAN:
o Decrease the density and size of mesquite
o Directly kill some mesquite
o Change habitat conditions for wildlife
o Modify fuel conditions to faster-burning fuels
o Keep ground cover and soils (with certain methods)

[e2]

i

e We are NOT sure if brush treatments can:
o Resultin a self-sustaining, biodiverse grassland
o Increase ground cover (e.g. grasses and forbs)
o Always reduce soil erosion?
o Directly influence the diversity of soil communities
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Herbaceous biomass change
per unit of annnual precipitation (kg ha-' mm-T)
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1 2 3 4 5 6 7
Years after brush management treatment

Archer et al. 2011



Site Selection

Topo-edaphic characteristics
of the site
Current condition of the site
Potential treatment methods
Land ownership
o Some methods are not
feasible on public land
o Permitting easier for
private land
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Treatment Timing

When choosing a treatment, consider the timing:

Mechanical - timing is flexible but resource intensive
Herbicide - intense requirements for temperature, rainfall, wind, and
mesquite phenology
o Prescribed fire - enough fuel to carry a fire? Climatic conditions
o After treatment:
m Rain?
m Re-seeding
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Treatment Cycle

All treatments need follow-up maintenance!




Follow-up treatments

Timing
e Best to re-treat before mesquite are mature (1-7 years)
Potential combinations that seem to be working (i.e., kept mesquite cover down):

Grubbing + grubbing

Grubbing + herbicide

Backpack herbicide + backpack herbicide
Aerial herbicide + backpack herbicide
Fire + grubbing
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Monitoring

e Common methods:

o Photos
Line point intercept
Live canopy cover
Tree size/age
Utilization by wildlife

o Precipitation
e (Connection to soils

o Sampling of soil microbial community

o Runoff models - KINEROS, RHEM

m How are models effective and ineffective at considering appropriate
variables to convey erosion and soil health?
o Vegetation species presence as indicator of soil conditions 14
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Remaining Questions

e What are the impacts of mesquite treatments on soil health?
o Different methods have different impacts
o What should we be measuring?
m Soil hydrology
m Microbial communities
m Volume of soil retained/lost
m Rangeland health indicators (soil/litter movement, pedestaling, etc.)
e How to monitor across treatment areas (and get resources for it?)
e What to do with remaining skeletons/brush?
® Are mesquite treatments worth it?
o What have we accomplished? What is the cost of continuing to maintaining
the modified landscape? 15
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Grazing in the Arizona lerritor

Cattlein Pima and Cochise Counties of Arizona
Tax Assessor Data, 1882 to 1905
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VIEW TAKEN IN A CLADE IN THE CAPITAN MOUNTAINS, NEW MEXICO, TEN
MINUTES AFTER A SUMMER SHCWER, SHOWING THE WATER BREAKING
THE SOD ON A CATTILE TRAIL, MAKING THE FIRST WASH

OR CUT IN THE VAILLEKY. : 3




Robert H. Forbes

“The ruinous methods which
seem inevitable upon a
public range, which, being
everybody’s property, is
nobody’s care...”

-Robert H. Forbes 1901




President Theodore Roosevelt

On April 11, 1902 President Roosevelt issued /
Proclamations 467 and 468 establishing the San :
Isabel Forest Reserve of Colorado and the Santa
Rita Forest Reserve (Santa Rita Experimental
Range today) of Arizona

Very first of the public lands designated and
reserved under the presidency of Theodore
Roosevelt

“its [SRER] purpose was expressly understood to
be the study of grazing range problems with a
view, if possible, to a demonstration on a large
and convincing plan, of range restoration and
control.”

-JJ Thornber
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The mesquite problem




SRER: stocking rate

David Griffith’s was original full
time researcher on SRER

Tasked with establishing a
standardized stocking rate for cattle
across the American West

This imperative highlights the
inherent difficulty in ecological
study

“in a region where the seasons, the
altitude, the slope and the rainfall
are so variable ”-pavid Griffith’s, 1904
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Pasture 8 (looking north over SRER) : 1936 o
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Change in Density and
Canopy Cover

Mesquite
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Why?

Mammals as a vector

Fire suppression/reduction

Drier and varied precip. regime i
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Observing Grazing Behavior from a Truck

Photo by Matt Culley.
December 1937.




Control methods




Treatments

Hand cutting

Grubbing/chaining

Pushing

Fire

Herbicide (aerial and hand application)
pH adjustment

Alkalinity adjustment

Combination of allof the above




Pasture 8 looking towards Pasture 1, pre treatment: 1953
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Pasture 8 looking towards Pasture 1, post treatment: 1955




Pasture 1 : 67 years post treatment




Areas of limited change




Pasture 12c: 1948




Pasture 12c: 2019
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Pasture 1: 1948




Pasture 1: 2019




It’s complicated...
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Variation in space and time

SRER % Seasonal Precipitation (May-October)

Values Related to Seasonal Long Term Average
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Future efforts
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SRER: future

Application of new methodologies,
treatments and technologies

Dynamic grazing strategy and
adaptive management

Sustainability and balance

LiDAR driven terrain and vegetation
modeling/ remote sensing

Multi-faceted application
methodologies

Silviculture and commoditization?




SRER: research, change, and perspective

“A science of land health need, first of all, a base datum of normality, a picture of how healthy land
maintains itself asan organism” -Aldo Leopold, A Sand County Almanac [Wilderness as a Laboratory]

1918 2000




Questions?
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mailto:bcb@email.Arizona.edu
https://cals.arizona.edu/srer/

SRER Website as a Resource

https://cals.arizona.edu/srer/



https://cals.arizona.edu/srer/

-2,4,5-T widely used, combined with 2,4-D makes agent orange

-Mesquite largely dispersed as a result of livestock and packrats. Unknown viability rate of germination following
rumination (8-76%) and pack rats eat most but not all seed after burying

-Soil type has big role to play

-Methods include cutting, brushing, grubbing, chain/pushing, aerial and hand herbicide application, diesel treatments,
soil pH and alkalinity alteration and various combinations of all of the above. All mostly failed.

-Consideration for silviculture and economization of mesquite for fuel and boutique

- Outcome is complex, mesquites have potential benefits for native species of grass in presence of non native such as
Lehman's, however, mesquites may limit extent of overall forage production and livestock movement and equal
distribution of grazing pressure.

-include vence screenshot

-future SRER treatments likely to be targeted with focus on fire prevention, habitat and ecological restoration in
conjunction with stakeholders

-efficacy of herbicide treatments varied consistently by site and location






Tucson
o

Altar Valley Conservation Alliance
Major Land Ownership
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The Altar Valley

Just southwest of Tucson, Arizona, the Altar
Valley comprises approximately 610,000
acres of Sonoran desertscrub and semidesert
grassland.

The Altar Valley Conservation Alliance is a
watershed-based collaborative conservation
organization founded in 1995 by landowners.
We work to conserve the Valley for future
generations.

Ownership 10 20 km © 2022 AVCA. NAD83UTM12, 5 Mar 2022
Private | N Credits: AVCA,USGS, National Map,

|
. pram— US Census, Quiet 5@k Corporation,
Municipal 888 Federa [] Altar Valley AZGFD, Pima County NRPR,
County i Pima County GIS, Santa Cruz County GIS.

=== International Border



Brush Encroachment

A century ago, the Altar Valley was a
floodplain with uplands dominated by native
perennial grasses. Mesquite was confined
to drainages and margins of the floodplain
and covered about 10-20 percent of the
valley.

Since then, mesquite has heavily
encroached on the uplands, and many
washes throughout the valley have become
significantly incised. Mesquite now
dominates much of the uplands,
outcompeting native perennial grasses.
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METHODS USED IN THE
ALTAR VALLEY



Grubbing

(State land, BANWR)

 Benefits - Completely removes
tree (including roots) for minimal
maintenance; can do almost any
time of year

* Drawbacks - Expensive; need to
decide how to handle the
mesquite carcasses; may need to
obtain permits for
ground-disturbing activity

« Have followed with: grubbing,
backpack herbicide
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Fire

(State, federal, private land)

e

 Benefits - Natural process that can benefit
other aspects of ecology; cheaper than
using machines

» Drawbacks - Need the right fuel amount & ™ -
type and good weather conditions; can be fwis @
hard to find an organization/agency to o S T
conduct the burn (which involves liability,
which can be complicated)

« Have followed with: Grubbing

63



Mastication
(Federal land)

» Benefits - Mulch facilitates
water infiltration; no carcasses
are left standing; herbicide may
be applied by hand to minimize
resprouting

* Drawbacks - Mesquite can
resprout because their roots are
still in ground; involves
machines that disturb the
ground

 Have not followed treatment;
grew back too quickly

GRNERTIEN JLT - !
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Herbicide

(Aerial — state land
Backpack — private land)

it
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H‘,:'.'-.?.i.‘.':::;25:;,‘“%:j:ffz.ifizfi L.  Benefits - Minimal ground-disturbing
ab.:. M(‘ [~ activity (therefore cultural resource
T i surveys are not needed except
t%"*.:‘f' \" ""5::'1“~"1'?5§f‘ where equipment is staged), less

expensive than most other methods
(this project cost about $89/acre)

* Drawbacks — Need to consider
potential effects on surrounding
environment, need appropriate
conditions of growth stage and
climate

 Have followed with: Herbicide
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Brush Treatment Corridor

Creating and expanding a
corridor of improved habitat

east to west across the Altar
Valley

* Crosses the only major
highway in the Valley

« Grubbing, fire, herbicide,
wildlife-friendly fencing

* Pronghorn are now crossing
from the Refuge, over the

road, and onto a ranch on
State land

Chutum Vaya

Buenos Aires

N
~
~
&
s
o Las Guijas
<
Santa Margarita
- Ranch treatments Sk i Los Guijas
& Nat'l Wildlife Mountains
2 Puertocito Refuge
=
<
® o &
=7 L) %
= =
° < BANWR o
= L
= S Arivaca
s < treatments o
B e
=
—J
o
=
2
(\\'\\)
3
£ Pozo Verde 2
~~_ Mountains 5367 ft
318m _ £7of
‘ \‘\\\Sasabe
Congre\gsc’ién\ Sandwash Mill

Sasabe .

- 66



Monitoring Results

e 2019 Acrial Herbicide treatment

- Methods - Photos, vegetation frequency and composition, live
mesquite canopy cover, NDVI/greenness; RHEM erosion model

* Results — Mesquite lost cover during the year of treatment;
understory vegetation has varied from year to %ear; soil retention
did not show any difference after treatment; other affected species
(acacia, hackberry) recovered

« 2021 Backpack herbicide follow-up treatment
* Methods - Photos, live canopy cover

* Results — Trees less than 17 diameter are dead; about half of
other trees are dead; all are significantly defoliated
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Monitoring Results

*2019-2020 Grubbing + 2022-2023 herbicide

* Methods - Photos, pronghorn presence

* Results — Trees grew back very quickly after grubbing; herbicide
follow-up needed within first 3 years; pronghorn utilizing habitat

*2018 Fire

» Methods - Established vegetation transects and read year after fire;
aerial imagery; photos

 Results — Fire successfully burned mesquite; vegetation seems to be
growing back greener and more diverse

68



Field Trip

Sites:

* Backpack herbicide (oldest treatment)
 Aerial herbicide

* Grubbing + herbicide

* Fire + grubbing

Concepts to discuss:

* How could soil type affect the
treatment potential + response?

* What are the most important
monitoring techniques?

* What are the highest-value
treatments (methods and locations?)

* What does extremely long-term care
of the treated areas look like?
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Las Cienegas National Conservation Area

(LCNCA)

2 Las Cienegas
2\ National Conservation Area

U.S. DEPARTMENT OF THE INTERIOR
Bureau of Land Management

45,000 Acres
“Working landscape”
~ 400 mm MAP
1300-1550 m elv.

F1ive rarest plant communities in
Southwest

Undergone shrub encroachment

Active brush management program


Presenter Notes
Presentation Notes
~45 miles SE of Tucson

Multiple Use landscape with active grazing operation

cottonwood (Populus fremontii) -willow (Salix gooddingii) riparian forest, ciénega marshland, sacaton (Sporobolis wrightii) floodplain, mesquite (P. velutina) bosque and semidesert grassland 

boasts high levels of biodiversity with over 230 bird species, 60 mammals, 38 reptiles and amphibians

2 scenic rivers

History of BM as well as an active BM program starting in 2007.


Shrub Cover Change:
Las Cienegas

Conservation Area
(LCNCA)

Shrub Cover (%)
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Why does shrub cover
vary across the landscape?

Topo-edaphic variables
control (in part) shrub
encroachment

6 Kilometers
J

Sources: Esri, HERE, Garmir'

FAO, NPS, NRCAN, GeoBas|
Japan, METI, Esri China (Hor
GIS User Community

NATION L
CONSER ATION
ND! =

Las Cienegas
National Conservation Area

U.S. DEPARTMENT OF THE INTERIOR
Bureau of Land Management



Presenter Notes
Presentation Notes
This landscape receives around ~400mm MAP annually but variation in shrub cover is high


95th Shrub
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Presenter Notes
Presentation Notes
Maximum shrub cover by ecological site
Red diamond represents 95th quantile of shrub cover (remember each dot is a 1 ha plot)


Las Cienegas National Conservation Area *

Las Cienegas National Conservation Area *

Shrub Cover (%)
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Presenter Notes
Presentation Notes
https://www.sciencedirect.com/science/article/pii/S1470160X23003680


& Long history of brush management

& Recent brush management dictated by
2003 Resource Management Plan
(RMP)

® Mesquite < 10%
¢ Uplands <5 %
® Bottoms 0-15%

& Current EA (2020) allows for diverse
use of treatment methods.

Brush management conducted on the LCNCA (2007-2016)

Vegetation Treatment Type Acres
Prescribed fire 9,827
Chemical treatment 1,615
Mechanical treatment 5,167
Total 16,609

From: Las Cienegas Landscape Restoration Environmental Assessment, 2020

Las Cienegas
Landscape Restoration EA

Previous Vegetation Treatments

[~ Broadcast Burn
Cut Stump
Foliar Spray
Mastication and Spray

| Mechanical
D EA project area

D Las Cienegas NCA
Boundary

Surface Management
BLM
Local or State Parks

Military

U.S. Department of the Interior
Bureau of Land Management
Tucson Field Office

Map Prepared: 127372019


Presenter Notes
Presentation Notes

Link  RMP: https://www.cakex.org/sites/default/files/documents/LCROD-WEB.pdf

Link to LCNCA EA: https://eplanning.blm.gov/public_projects/nepa/1500108/20012174/250016558/Las_Cienegas_Draft_EA_508.pdf


Herbicide Treatments
Cut-stump
Basal bark
Foliar

Broadcast aerial/ground

Tiller et. al 2012

== =

Bureau of Land Management
Las Clenegas National
Conservation Area

1 Miles

N %
9 Herbicide Cut Stump
(| 197 Acres Completed

Bureau of Land Management
Las Cienegas National
Conservation Area

1 Mites

o = TR 2o i Tl
Herbicide Foliar Spray | /
il 615 Acres Completed 2



Presenter Notes
Presentation Notes
Cut-stump—Herbicides could be applied directly to cambium layer of the fresh, flush-cut stump. Herbicides are spot applied using a backpack sprayer, a handheld bottle sprayer, an herbicide roller, or a paintbrush. 

Basal bark—Herbicides could be applied directly to the basal area of small shrubs, resprouts. Herbicides are spot applied using a handheld bottle sprayer, a backpack sprayer, or a sprayer mounted on a regular vehicle or a utility terrain vehicle/all-terrain vehicle (UTV/ATV). 

Foliar—Herbicides applied directly to target species; this technique is generally used on the canopy layer of small trees shrubs that are no taller than 6 feet. For spot application, herbicides could be applied using a handheld bottle sprayer, a backpack sprayer, or a sprayer mounted on a regular vehicle or a UTV/ATV

Broadcast aerial—Herbicides could be applied by aircraft to target specific species at a larger scale. Fixed-wing or rotor-wing aircraft operators could apply the herbicides in liquid or granular form. 

Broadcast ground—Herbicides could be broadcast on the ground to target specific species at a larger scale. They could be applied using a UTV/ATV-mounted sprayer or a vehicle-mounted sprayer or by personnel using a backpack.


Mechanical Tre
® Mastication

& Grubbing

¢ Thinning



Presenter Notes
Presentation Notes
Although the manual method of vegetation treatment is relatively labor intensive and costly, it can be extremely species selective and well suited to areas of sensitive habitat and areas that are inaccessible to ground vehicles.

Can cause soil disturbance during removal.

What do you do with cut piles?


| Bureau of Land Management
Las Cienegas National

Prescribed Fire Treatments B

¢ Broadcast burns

& Slash pile burns

COWBELLES


Presenter Notes
Presentation Notes
Cheapest option

Repeated burning would mimic natural cycles

Public opinion negative against burning 

Need right conditions and fuel loads


Future Brush Management
Lessons learned 2007-2016 treatments

New EA allows for more treatment
options

& Flexible follow-up treatments

How do topo-edaphic variables dictate
re-encroachment rates?

i R

2007-2016 Treatments

%

_ Planned Treatments

A« Y e
2020: Ten years after treatmen



Presenter Notes
Presentation Notes
Cheapest option

Repeated burning would mimic natural cycles

Public opinion negative against burning 

Need right conditions and fuel loads




Presenter Notes
Presentation Notes
Cheapest option

Repeated burning would mimic natural cycles

Public opinion negative against burning 

Need right conditions and fuel loads
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Presenter Notes
Presentation Notes
Cheapest option

Repeated burning would mimic natural cycles

Public opinion negative against burning 

Need right conditions and fuel loads


Take-away / Follow-up Questions

L Shrub cover 1s highly variable across a landscape and 1s
dictated in part by topo-edaphic variables

- Most likely influence rates of re-encroachment

11 When, where, and why use brush management 1s dependent on what we are
trying to promote from the landscape

- Important to understand peoples perspectives & conservation objectives

14



Questions?
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Take-away / Follow-up Questions

Pooled Education/Academic Resear
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Take-away / Follow-up Questions
5% .

“I like the combo of mesquite areas then open country. This site
looks close to its grassland potential. I'd love to ranch, hunt,
birdwatch, etc. here”.

“Large shrubs for shade and dense pockets available. Mix of
woody and open grass to support a higher biodiversity. Could hike
or hunt here. Wouldn't think to spend money on restoration”.

18
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