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Diurnal Ground Water Fluctuations
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Study Site: Sacatone Spring, NV
Lake Mead NRA
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Cottonwood Regeneration
1Year Post Treatment
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Sugarloaf Spring, AZ Restoration




How Does Recovery Occur?

* Eliminate the direct competition

* Soil moisture increases
— allows for native plant regeneration/recruitment

— provides for active revegetation..seeding,
transplanting, pole planting

* Follow up monitoring and maintenance is
critical for first 2-3 years



How long does it take and what plants
come in?

* Depends on seed source plants available on
Site
* Dependent on precipitation, floods, timing

e Recommend active revegetation if trying to
create a specific desirable habitat
— within the first 1-2 growing seasons following
removal

— intervention window due to aggressive colonizers
like cattail, quail bush, salt bush and arrowweed



Site Recovery

 Some places may need help to recover
(tamarisk dominated sites)

* Mixed sites generally recovery naturally

e Vegetation transition processes can begin if
tamarisk is kept out



Go with what the site is capable of.... Site
potential

 Remnant species can help/ historical info

 Many high terrace sites (drier) may convert to
more xeric: upland shrub, salt bush, quail
bush, mesquite or grasslands

e Other places may choose to create desirable
or “enhance” the vegetation community



Know your site

Desirable species
Soil type
Hydrology
History

Disturbance regime



How to achieve your goal

Apply effective methods
Be Persistent

Adapt

Monitor

Expect variable results
Experiment

Be Patient



Site Recovery/Restoration

 Passive
e Active

e Site Potential
— Soil/moisture
— Hydrology

— Post treatment WX
Precip/Floods

* Grazers/beavers




Restoration Active vs Passive

* Transplanting
— Rooted
— Cuttings
— Deep hole container planting

e Seeding

e Supplemental Irrigation
— Avoid sprinklers

e Selective Targeted watering



Active Revegetation

Get control of weeds first
then revegetate

After revegetation occurs
make sure to increase
survey of weeds to detect
early to reduce potential
weed control impacts

Selectively treat
weeds/spot treatment or .«
handpull adjacent to
transplants

Use plant
exclosures/shelters




on Plumbing




Create native propagule “Islands”

Restorable areas

Small % of total area

More cost
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Site Selection

* Amount of native plants/ percent cover, pre-
existing on site
* Disturbance history & current regime

— Flood frequency, stream cross cut elevation
— Low or high terrace

— Wildfire potential
* Hydrology
— Depth to ground water
— Depth to moist soil/capillary rise
— Soil type/texture/chemistry



Active Restoration

Objective based

— Wildlife habitat/species specific
— Erosion control

— Water vyield

— Aesthetics

May be driven by funding source
Reduce further weed establishment
Challenging/Costly



Advantages of Active Restoration

Rewarding and Favorable

Provides Competition/more resistent to weeds
Steer trajectory

Faster

Leap frog mother nature

If it fails you still have natural recovery to fall back on
(if you applied minimum impact)



Go with what the site is capable of....
Under current conditions

* Remnant species can
help/ historical info

 Many high terrace sites
(drier and saltier) may
convert to quail bush,
halophytic communities
mesquite, grasslands or
even uplands




Site Recovery

* Some places may need help to recover
(tamarisk dominated sites)

* Mixed native sites readily recover naturally

* Recovery can be challenging
— High salinity
— Lack of precip or flooding (post treatment)
— Previously disturbed/site history, seed bank

* Be patient, many sites took years to
become degraded, so expect years to
recover



Restoration

* Results primarily dependent upon post
treatment precipitation and flood timing

* Pre-existing seed bank
* Propagule proximity



Passive Restoration

* Monitor priority weeds
during early years while the
site is vulnerable/critical
during the first 2-3 years
post disturbance

e Survey, treat and monitor
weeds in adjacent areas to
create a buffer around your
restoration in process areas

e Survey after nearby
disturbance events (floods,
fires, adjacent disturbances,
etc.)




Advantages of Passive Restoration

Less expensive

Natural recovery trajectory

More sustainable

Nature knows best

May be more resilient

Not forcing a square peg in a round hole



Passive Restoration/Natural Recovery

Control the weeds first

Maintain the site/retreatment

Low impact selective methods

Stop the human caused disturbance

Pick your battles wisely (prioritize species)
Allow for natural recovery

Monitor



Site Photos

e Canyon De Chelly NM, AZ
 Hubbell Trading Post NHS, AZ
* Virgin River, NV
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Vegetation Response Following Invasive Tamarisk
(Tamarix spp.) Removal and Implications for

Riparian Restoration

Rebecca S. Harms'? and Ron D. Hiebert®

Abstract

Using a retrospective study of tamarisk removal sites
across five states in the southwestern United States, we
investigated (1) decreases in tamarisk cover; (2) the ef-
fects of tamarisk I on vegetation; and (3) wheth
cutting or burning tamarisk has differing effects on plant
communities. Our study provides an impor(anl ﬁnI clep in
recogruzmg the effects of ing a d

species on meeting long-term goals of riparian reslurahon
We found that (1) both cutting and burning reduced mean
tamarisk foliar cover by 82-95%, and this reduction was
sustained over time. (2) Native foliar cover was 2- to 3-

fold higher on tamarisk removal sites, but total foliar

excluded from the analyses, diversity was notf greater
at tamarisk removal sites, and there were no community
differences between the treated and untreated transects.
Differences in diversity were found to be driven by
differences in e overall species rich did not
change following tamarisk removal, Sites in the Mojave
showed the strongest increase in native foliar cover and
diversity, Chihuak ition sites sh d a slight
increase, and sites on the Colorado Plateau showed no
overall increase. (3) There were no differences between
plun| communities at burned and cul sites. Ou: research

di that vegetati 1 is
oflcn neghglble Land mnnsgcl‘s should be prepared for
ot P plant ities following tama-

cover remained 60-75% lower than on control t
No trend toward increases in native cover was noted over
time. When tamarisk was included in the analyses, diver-
sity in tamarisk removal sites was 2- to 3-fold higher than
in the control sites and vegetation communities differed
between freated and untreated sites. When tamarisk was

mk mmova! if additional restoration measures are not
instigated.

Key words: invasive plant plant ity,
riparian restoration, salt cedar, Tamarix.

Introduction
Invasive species management has become an important
aspect of land managers’ responsibilities, with the U.S. gov-
ernment spending $631.5 million on invasive species issues
in FY2000 (NISC 2001). Because invasive species become
common el of the cc ities that they colonize,
however, removal projects could have important implica-
tions for overall ecosystem restoration. The goal of ecologi-
cal restoration is to return an ecosystem to its historic
trajectory (SER 2002), a process that incorporates vegeta-
tion and wildlife communities, disturbance regimes, and
ecosystem process and function. In contrast, traditional
invasive species management efforts have concentrated on
individual species, with an emphasis on the removal or
reduction to low numbers of the target organism.
Invasive species removal may have unintended conse-
quences for restoration such as (1) reinvasion by the
exotic when the primary causes that facilitated the original

! Center for Sustainable Environmento, Northern Arizona University, Box
5765 Fl-gmﬂ AZ 86011, US.A.

ddress correspondence to Rebecea S. Harms, email rebecca harms@nau.edu
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invasion are not addressed; (2) the subsequent invasion by
other exotic species into areas disturbed by management
actions; or (3) a decline in native populations that have
come to rely on the exotic species for some type of
resource (Westman 1990; Zavaleta et al. 2001). Land man-
agers often assume that invasive species are a primary
stressor at sites and that invasive species removal is suffi-
cient to encourage native vegetation recovery (R. Harms
2003, unpublished interview data); yet, little monitoring is
done to test the validity of this assumption.

The invasive Tamarix spp. (deciduous tamarisk or salt
cedar) offer an example of what removal of an invasive
species in a whole-ecosystem context might entail. Decid-
uous tamarisk hybrids (Gaskin & Schaal 2002) have exten-
sively colonized riparian systems throughout the arid
southwestern United States and have been estimated to
cause billions of dollars in economic losses over the next
50 years (Zavaleta 2000). Riparian areas are centers of
biodiversity throughout the region (Naiman et al. 1993;
~ Bogan et al. 1999), and tamarisk has been implicated in
driving a reduction in biodiversity. Thus, tamarisk is
viewed as a significant ecological threat and has been tar-
geted for control for many years.

There are several potential pitfalls to tamarisk removal.
The spread of tamarisk is closely correlated to river
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Ef]fectivgness of Exotic Plant Treatments on
ational Park Service Lands in the
United States

Scott R. Abella*

The United States created national
unimpaired for future
synthesis identifi
National Park S
exotic plant species. Eighty-
Of 30 studies evaluating res|
responses, and 7% reported that natives decreased. For

parks to conserve indigenous species, ecological processes, and cultural resources
generations. Currailing impacts of exotic species is important to meeting this mission. This
ed 56 studies reported in 60 publications that evaluated effects of exotic plant treatments on
ervice lands. Studies encompassed 35 parks in 20 states and one U.S. territory and included 157
seven percent of studies reported thar at least one treatment reduced focal exotic species.
ponse of native vegetation, 53% reported that natives increased, 40% reported neutral

at least some of the neutral cases, neutrality was consistent
with management objectives. In other cases, insufficient time may have elapsed to thoroughly characterize responses,
or restoration might be needed. Nonfocal exotic species increased in 44% of the 16 studies evaluating them, but the
other 56% of studies reported no increase. Results suggest that: (1) a range of exotic species spanning annual forbs to
trees have been effectively treated; (2) developing effective treatments often required extensive experimentation and
balancing nontarget impacts; (3) presence of multiple exotic species complicated treatment efforts, highlighting
importance of preventing invasions; and (4) placing treatment objectives and outcomes in context, such as
pretreatment condition of native vegetation, is important to evaluaring effectiveness. Attaining the goal in narional
parks of conserving native species and ecological processes minimally influenced by exotic species will likely require

hensi inclusive of trearment interactions with focal exotic species, other potential

C st

P g
invaders, and native specics.
Key words: Control, effects, nonnative species, veg

secondary i

parks " s in the United States were dmgmted to

ificant natural and cultural features unimpaired
‘Act 1916). The 2006
t directive reaffirmed

Allen et al. (2009) assessed 216 of the parks and reported
that they contained a total of 3,756 exotic plant species. All
parks contained exotic plants, with several individual parks
containing over 400 exotic plant species. Not all exotic
plants severely impact indigenous ecosystems, but effects of
high-impact species already are evident and some current
low-impact species have potential for severe impacts in the
future (Gilbert and Levine 2013; Vila et al. 2011). As one
example of a severe impact, invasion by exotic plants in some
parks has increased fuel loads and corresponded with
increasing extent and severity of nonindigenous wildfire
regimes (D’Antonio et al. 2011). These fires have devastated
native communities ill adapted to the novel disturbance
regime, in addition to impacting cultural resources and
altering anthropogenic visitor experiences (Brisbin et al.
2013).
In response to threats posed by exotic plant invasions, the
onal Park Service, similar to many other conservation

organizations, has initiated treatments seeking to reduce

ts while promoting native species (Fraley er al.
. Treatments encompass physical methods such as

~ Abella: Treatments in national parks » 147



and dams and reshaping the site to creatc a native wetland-
hough portions of the site would be
and promote

riparian system. Aldl
planted with native species to stabilize soils

rapid revegetation, the ecosystem would be designed to be
self-perpetuating, with revegetation largely from natural

seed sources and processes.

The final grading plan was based on thorough knowl-

edge of site hydrology obtained through a network of 21
derstanding of

1 hips in nearby

wells and surface water gauges, and on an un
1—hvd: :

St :
plant ¢ y-soil-hydrolog

reference communities. The design called for a number of

depressions and mound features, and specified a rough,
undulating surface that would allow a diversity of wetland
plants to establish where conditions are favorable. The result
would be a complex of ponds, wet mcadows, willow thickets,
and cottonwood galleries modeled after nearby undisturbed

habitats.

With funding and assistance from the NPS Water
Resources Division, the NPS Geologic Resources Division,
the Tierra y Montes Soil and Water Conservation District,
and the park, earthmoving began in October 1999. A critical
step was stationing a member of the design team on-site to
supervise the earthmoving. Most contractors are experienced

in creating smooth surfaces needed for roads or parking lots,
but may not know how to interpret the degree of undulation
or “roughness” called for in this wetland rehabilitation
project design. The on-site supervisor interpreted these
details for the contractors, checked elevations, and identified
issues to be addressed by the full design team during its
weekly site visits. By mid-November the contractors had
cnmpfetcd this phase, moving over 30,000 cubic yards of
material in the process. In carly December, upland areas
were seeded with native grasses and biodegradable erosion-
control blankets were installed where necessary.

In spring 2000, park staff, project cooperators, and
volunteers planted more than 1,000 rooted willow and
cottonwood cuttings collected from the surrounding area.
Additionally, thousands of native sedges, rushes, bulrushes,
and other wetland species grown from local seed sources were
planted. Park staff have begun 2 program of weed and exotic
plant control, and follow-up monitoring of water levels and
plant establishment and survival is planned for the 2000
growing scason. Over the longer term the park envisions a
trail on the edge of the project area for public enjoyment and
interpretation of the cultural landscape; the wetland rehabilita-
tion process; and the waterfowl, songbirds, muskrats, deer,
and other wildlife that are expected to thrive there,

The Pueblo Colorado Wash demonstration project

by Pamela Benjamin and Nancy Stone

<&lpamela_benjamin@nps.gov

Vegetation Ecologist, Denver Support Office,

Denver, Colorado

«@Inancy_stone@nps.gov

Superintendent, Hubbell Trading Post National Historic
Site, Arizona

ubbell Trading Post National Historic Site

(Arizona) is partnering with Navajo Nation

agencies and the Arizona Water Protection Fund

through a three-year grant (1998-2000) to restore a 1.5-mile

section of the Pueblo Colorado Wash. The Pueblo Colorado

Wiash is the most significant natural resource at Hubbell

Trading Post and is by far the most important element
responsible for the presence of the cultural resources for
which the national historic site was established. As a result
of historic and modern disturbances (including stream
channeling by the National Park Service), the wash had
become severely degraded. These disturbances led to the

establishment of dense stands of

In 1998, the Arizona Water Protection Fund
awarded the Pueblo Colorado Wash restoration project a
, low-

three-year grant to promote the use of low-cos
tech approaches to stream enhancement and to focus
attention on the project as a successful demonstration
for other waterway enhancements within the Navajo
Nation. Project activities have resulted in removal of
livestock and exotic plant species from three-fourths of
the 1.5-mile section of the wash. Additionally, a fence
has been established to eliminate livestock trespass.
Natural materials have been used to build in-stream
structures to add sinuosity and floodplain to the channel
through induced stream meandering and sediment
deposition. Finally, the wash has been revegetated with
native plant materials.

Monitoring activities in 1999 have revealed natural
recruitment of native in-stream vegetation in addition to
natural reg ion of native ds and willows.

(primarily tamarisk and Russian olive), eliminating tcim view
of the stream channel and de-emphasizing the cultural
connection of the waterway for visitors.

Natural Resource Year in R
_7 i

Groundwater levels and the quantity of water maintained in-

the stream have i d as a result of ive plant
removal. In summer 1999 the increased channel cap »
sinuosity greatly reduced bank erosion du

. onsoon event (9,000 cubic feet per
m|

(EPA), Public Land Corps

< p-water ! sinnings as a volunteer Conservati iati s
“cmc]y l:om « humblc e anninge 2 gl honscnnnun Assocmnun, and numergys vol 0y
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sccond)l llr 3 S o into & e j ave also been critical in the success of th, o
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most . - i Park was presented with 5 plaque as the
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g ievements,
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Vegetation Responses following
treatments
* Canyon De Chelly National Monument, AZ

 Hubbell Trading Post NHS, Ganado Wash, AZ

 Virgin River, NV (Clark County and BLM)
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Russian Olive: Elaeagnus angustifolia

 Tributaries of the
Colorado Plateau

Expanding on the main
stem

Seeds : round small
marbles

Slower spread

Upper River, Colorado
Plateau

Upper Virgin River
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How Does Recovery Occur?

* Eliminate the direct competition
e Soil moisture increases
— from removal of tamarisk

— allows for native plant
regeneration/recruitment

— provides for active
revegetation, seeding,
transplanting, pole planting

 Tamarisk and other weed control,

monitoring and maintenance is
important for first 2-3 years




How long does it take and what plants

come in?
Depends on seed source plants available on
site/Seed bank
Dependent on precipitation, floods, timing

Recommend active revegetation if trying to create
a specific desirable habitat

— act within the first 1-2 growing seasons
following removal

Russian thistle, kochia and bassia can be
problematic






