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Arizona Water Protection Fund Project 97-035
Watershed Improvement to Restore Riparian and Aquatic Habitat on the
Muleshoe Ranch CMA

Project Summary

This Arizona Water Protection Fund (AWPF) project was initiated on May 6, 1998
and terminated June 6, 2001. The project location is the Muleshoe Ranch Cooperative
Management Area (CMA) located 28 miles northwest of Willcox Arizona. During this grant
period there have been significant project activities of diverse nature including: treatment with
prescribed fire of nearly 17,000 acres of the Hot Springs upland watershed, development and
implementation of an extensive multifaceted monitoring program for upland vegetation,
riparian vegetation, native fish, streamflow and geomorphology, community outreach efforts
within the project area, construction of over 3 miles of fence and signage of significant
riparian habitats.

The overall budget for this grant was $220,363 with $128,315 contributed by AWPF and
$92,048 contributed matching funds. We were fortunate during this project that conditions
were favorable for prescribed fire each year and that agency partners had access to matching
funds, thus allowing for completion of the prescribed fire component and treating more
acreage than originally planned. Overall, it was possible to meet expenses on all tasks and
the only significant changes to the original contract were two amendments to reallocate
unused funds to future tasks.

Background

The Muleshoe Ranch CMA is owned and managed by The Nature Conservancy (TNC), U.S.
Bureau of Land Management (BLM), and U.S. Forest Service (USFS). There are 7 perennial
streams on the CMA, 4 of these streams are in the Hot Springs watershed; they include Hot
Springs, Bass, Double R and Wildcat creeks. These streams support mixed broadleaf
deciduous riparian forest and assemblages of 2-5 native fish species (Gila chub, longfin dace,
speckled dace, Sonoran sucker and desert sucker), which is noteworthy in the Southwest.

Gila chub, a fish that is declining throughout its range and is now quite rare, occurs in Bass,
Hot Springs and most recently in Wildcat. All or most of the watersheds for these 4 perennial
streams are contained within the CMA boundary; the dominant watershed vegetation type is
semidesert grassland.

Despite their high ecological value, these 4 perennial streams persist in a degraded condition.
Between 1980 and 1995 frequent intense floods removed mature trees and streambank
vegetation and limited recruitment of woody seedlings resulting in a reduced density of
riparian trees and understory vegetation, unprotected streambanks, and a reduced age-class
diversity of riparian trees compared to better condition reference sites (BLM 1998). In
addition, these floods have eroded the channel and floodplain resulting in bed-lowering and
reduced baseflows (W. Ostercamp, pers. comm.). Finally, reduced baseflows and frequent
floods have decreased the extent and quality of aquatic habitat (D. Gori, personal observation)
which reduces native fish populations (Hardy et al. 1990). Redfield Creek was identified as a
reference site for streams in the Hot Springs watershed because the Redfield watershed has
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been ungrazed for several decades, wildfires have been allowed to burn there, and perennial
grass cover was high and dominated by tall- to mid-statured bunchgrasses. The number and
quality of pools, the amount of instream cover, and the abundance of pool specialists, Gila
chub and Sonora sucker, were all significantly greater in Redfield than in Bass and Hot
Springs in 1994 suggesting some potential for improvement in the latter streams (BLM 1998;
TNC monitoring data). In general native fish populations have declined over the last several
decades throughout Arizona and the Southwest (e.g., Minckley and Deacon 1968; Williams et
al. 1985; Rinne and Minckley 1991; Marsh et al. 1990; Warren and Burr 1994; Minckley
1995).

Because of the relationships between watershed vegetation, watershed hydrological processes,
stream hydrology and riparian and aquatic habitats, the preferred approach to restoring
riparian and aquatic habitat on the Muleshoe CMA is to improve watershed condition, i..,
restore the structure and composition of watershed vegetation. Through this project a
significant portion of the Hot Springs watershed was treated through a series of prescribed
fires with the primary goal being to initiate restoration of this structure and composition. The
extensive monitoring component of the grant was intended to establish a baseline and
document the progress of these watershed treatments. The fencing component was intended
to exclude neighboring cattle from upper Bass Canyon. The signage component was
implemented to inform ORV users of the sensitive nature of the riparian areas. The
community outreach component included both regular educational interaction with project
area neighbors and multiple presentations to lay and professional audiences.

Goals and Objectives

The overarching long term goal of this project is to initiate the restoration of riparian and
aquatic habitat in 4 perennial streams on the CMA by restoring watershed vegetation and
function and to take active measures to minimize adverse livestock or ORV impacts in
riparian areas. All support mixed broadleaf riparian forest and assemblages of 2-5 native fish
species (Gila chub, longfin dace, speckled dace, Sonoran sucker, desert sucker), all of which
are classified as species of concern by the Arizona Game and Fish Department. Gila chub
occurs in Bass, Hot Springs and Wildcat. All or most of the watersheds for these 4 perennial
streams are contained within the CMA boundary. To achieve this overall goal we have been
working in a variety of ways both on the ground and within the greater Muleshoe area.
Within this final report the 15 Tasks will be presented as 5 project components. For instance,
Tasks 3-8 is the prescribed fire planning and implementation component. By representing the
activities in this way we hope to better represent the integrated nature of the project.

The five components of this project are prescribed fire planning and implementation,
development and implementation of an extensive monitoring plan, community outreach,
fencing and signage. The objectives established at the beginning of this grant for these project
components are:

Objective #1:

Conduct prescribed burns to improve watershed condition; change the composition and
structure of watershed vegetation by increasing the frequency and cover of perennial grasses,
especially mid- to tall-statured species and by decreasing the cover of shrubs.

Benefits: Improved watershed conditions should result in decreased frequency and intensity of
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floods, increased baseflows, improved water quality through reduced sediment yields,
improved aquatic habitat for native fish particularly an increase in pool habitat, improved
riparian vegetation development.

Objective #2:
Construct additional perimeter fencing to exclude trespass livestock from Bass Creek and its
watershed.

Benefits:

Better control and management of livestock will improve watershed conditions, enhance
recruitment of riparian trees, increase the density and cover of riparian vegetation, reduce
erosion and increase aquifer recharge during floods.

Objective #3:
Continue and expand ongoing monitoring program for watershed vegetation, riparian
vegetation, streamflow, floodplain geomorphology, native fish and aquatic habitat.

Benefits:

The monitoring program will provide pre- and post-burn information on the composition and
structure of watershed vegetation, quality of aquatic habitat and size of native fish
populations, streamflows, and condition of riparian forest vegetation. The monitoring
program will be critical in determining how quickly watershed and riparian vegetation, native
fish, aquatic habitat and stream hydrology are responding to prescribed burns and improved
livestock management and when the resource objectives articulated in the draft Ecosystem
Management Plan have been achieved.

Objective #4:
Post signs at the downstream boundary of Muleshoe CMA in Hot Springs wash to discourage
off-road vehicle (ORV) access into lower Hot Springs riparian area.

Benefits:

Signage will help reduce ORYV traffic into Hot Springs which will improve recruitment
success of tree seedlings, increase the density of near channel vegetation, stabilize
streambanks and reduce impacts on native fish.

Objective #5:
Demonstrate how watershed management techniques can improve both riparian habitats and
associated rangeland.

Benefits:

Results from this project can be shared with other landowners and resource managers. By
disseminating this information, similar watershed improvement projects may be implement at
other locations in Arizona.
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Project Tasks
This grant contained 15 tasks.

Task1: Obtain required permits and authorizations

Task 2: Development of baseline and post-burn monitoring plans
Task 3: Prepare site fire plan for the Double R Fire Unit

Task 4: Conduct Prescribed burn(s) on the Double R Fire Unit
Task 5: Prepare site fire plan for the Hot Springs Fire Unit

Task 6: Conduct prescribed burn(s) on the Hot Springs Fire Unit
Task 7: Prepare site fire plan for the Wildcat Fire Unit

Task 8: Conduct prescribed burn in the Wildcat Fire Unit

Task 9: Fence Construction

Task 10: Fence Maintenance

Task 11: Baseline monitoring and data summary

Task 12: Post-burn monitoring and data summary

Task 13: Distribute project information to other watershed managers
Task 14: Post signs at Hot Springs Wash

Task 15: Semi-annual and final reports
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Progress Report 10-01-2000 through 4-30-2001

During this reporting period activities were scheduled for Tasks 10, 12, 13 and 15. All other
Tasks have been completed and reported in previous semi-annual reports.

Task 10: Fence Maintenance.

During this reporting period Muleshoe Preserve Staff checked and repaired the fence 2 times
during the winter and spring. Only minor damage was noted due to erosion around fence
corners during winter storms. Preserve staff did note that livestock use outside of the fence
has been minimal during this period.

Percent of Task Completed: 100%

Task 12: Post Burn Monitoring and Data Summary.

As was expected, extensive progress has been made on this Task during this reporting period.
TNC Ecologists Dave Gori and Dana Backer have completed the post burn data summary and
analysis and this information is documented extensively in the monitoring section of this final
report.

Percent of Task Completed: 100%

Task 13: Distribute project information to other watershed managers.

Activities associated with this Task include informal contacts and visits with neighboring
property managers and formal presentations and events designed to present the results to
target audiences.

Percent of Task completed: 100%

Community Interaction:

October 12-14, 2000. Bob Rogers and BLM staff met at the project site with Arizona Game
and Fish and US Forest Service personnel. At this meeting they discussed the various
components of AWPF and Heritage Grants that were in progress on the Muleshoe Ranch
CMA.

November 5 and November 12, 2000. Bob Rogers and Wes Hutcherson led interested CMA
visitors on tour of project and CMA, discuss watershed restoration activities.

January 11, 2001. TNC gathering of site practitioners at the Muleshoe, review of AWPF
project progress.

January 31, 2001. Ed Brunson met with three foundation representatives to present the
Muleshoe AWPF restoration results, discuss future support for continuation of the effort.

February 12, 2001. Ed Brunson and Arizona State Lands Department reviewed AWPF
Project results and possibilities for future projects in the upper Hot Springs watershed.
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Presentations:

November 14, 2000. The Nature Conservancy National Conservation Strategies Conference,
Colorado Springs, CO. Ed Brunson made a PowerPoint presentation of the results of this
project at the Watershed Restoration session of this conference, attended by 150.

November 29, 2000. Fire Ecology Association, San Diego, CA. Ed Brunson presented the
results of this project in the Fire and Watershed Restoration session at the national association
conference.

January 9, 2001 Malpai Borderlands Conference, Douglas, AZ. Dana Backer presented
WATERSHED IMPROVEMENT: A WAY TO RESTORE RIPARIAN AND AQUATIC
HABITAT.

January, 2001. Willcox NRCD Meeting. Bob Rogers presented the project to the NRCD
group, answered questions primarily focused on the grassland aspects of the project.

March 13-14, 2001. Ed Brunson informally presented the watershed restoration project as a
case example to work group of TNC and federal staff at a Fire Policy roundtable in Flagstaff,
AZ. .

April 2001. University of Arizona, School of Renewable Natural Resources. Dave Gori and
Dana Backer presented a departmental seminar at the University, focusing on the Watershed
and Riparian Processes aspect of the project.

April 1-2, 2001. Tours of the Project were conducted on two concurrent days. A total of 72
participants attended from multiple federal and state agencies, private property owners and
non profit entities. This tour is discussed in the community outreach portion of this report.

May 2001. Dave Gori met with a University of Arizona Resources graduate student, Alex
Conley, to discuss the monitoring components of this project. He and his advisor, Dr. Maria
Fernandez, are conducting a funded study of how monitoring data are used to inform
management decisions; they have selected the Muleshoe Project as one of 4 in-depth case
studies.

Task 15 Semi-annual and Final progress reports

This is the final semi-annual and final report. Five previous reports have been submitted
during the course of this contract.

Percent of Task Completed: 100%
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FIRE MANAGEMENT COMPONENT

There are six Tasks (3-8) associated with either prescribed fire planning or burn
implementation. Overall, they represent the collective work of identifying areas to be burned,
development of the cooperative plans and finally conducting complex large prescribed burns.
This discussion focuses on a) plan development and b) prescribed fire activities.

The fire management component of this grant has been by far the most cooperative in nature.
Four federal agencies (BLM, USFS, National Park Service (NPS), Bureau of Indian Affairs
BIA)), one Arizona State department (Arizona State Land Department (ASLD) and five
adjacent property owners have been involved in one or more of the prescribed burns. In the
grant application it was proposed that 6600 acres be burned but due to favorable
environmental and administrative conditions over 17,000 acres were actually treated, and the
grant-associated costs were well below expectations.

Fire planning and implementation took place on land administered by the BLM, USFS, TNC,
ASLD and private land of Saguaro Juniper Corporation, Dave Harris and Larry Young.
Approximately 92% of the treated area is either BLM administered or TNC owned. The
BLM and TNC were the primary cooperators each of the three years with BLM being the lead
agency. This project would not have been successful without the leadership of the BLM in
planning and completing these challenging landscape scale burns.

Plan Development

Of the three years, developing the fire plan the first year (1998) for the Double R burn was the
most difficult. Essentially, BLM and TNC developed a template process and format that
worked well and it was repeated in 1999 and 2000 with modifications to address the specifics
of the burn unit and to incorporate lessons learned from the previous year(s). As was
proposed in the grant application, prescribed burn plans were prepared each year and
subsequently the plans were implemented in the spring of each year. The plan schedule and
applicable area are detailed in the following table.

PLAN AREA | PLANNING PERIOD | PLANNING PARTNERS | ACRES BURNED
Double R Nov., 1997 to May, BLM, TNC 4720
1998
Hot Springs | December, 1998 to BLM, TNC 5515
May, 1999
Hooker December 1999 to BLM, TNC, ASLD, 6950
April, 2000 Private

Preparation of an approved prescribed burn plan is a complex task, and it was initiated months
before the target burn dates. Each year BLM and TNC staff met multiple times on the
proposed burn site and in offices to address logistical details. Each of these burns required
NEPA review, staff conducted these during the winter months preceding each burn. These
burns were all cooperatively funded, and a cost share agreement was developed between TNC
and BLM. This arrangement worked very well as it allowed for the pooling of resources and
completion of larger projects. Because of this opportunity and recognition of the economy of
scale associated with burning in a place like Muleshoe we chose to plan burn units larger than
specified in the grant application. In the end this proved to be a successful strategy.

7
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The final products of these planning efforts are reviewed and approved BLM burn plans that
have been submitted in previous semi-annual reports. The resource and burn objectives in
these plans are aligned with the overall watershed improvement goals for the CMA and this
grant. Larry Humphrey, Fuels Specialist with the BLM in Safford is the primary author of
these plans and each year he refined and improved them based on results from previous years.
These plans can serve as examples for others on how to work cross-jurisdictionally to
complete landscape scale burns in a cost-effective way.

Prescribed Fire Activities

In order to successfully implement the strategy of using prescribed fire to improve watershed
conditions significant portions of the watershed must be treated with fire under the desired
conditions. The burns conducted during this project were consistent with specific
prescriptions that were designed to have the desired effect. In general terms, the goal was to
apply fire to all upland vegetation within the planned areas through the use of aerial ignition.
Through the planning process areas were identified where favorable fuel conditions existed.
Those conditions include a significant amount of fine fuel (grass and forb material), shrub
cover from 30 to 80 percent, adequate fuel breaks to use as burn unit perimeters, and limited
amounts of riparian area that had a high likelihood of ignition. The fine fuel is needed as a
medium to carry fire and to generate heat and flame under shrubs and small trees. We
targeted areas with significant shrub cover as a primary objective was to reduce this cover
type. Safe and manageable perimeters were critical for safety reasons. Riparian areas were
minimized to reduce negative fire impacts.

The prescription used for these burns was designed with two primary goals. The first guiding
factor was safety, the prescriptions were developed to insure that the burn could be conducted
in a safe manner. In this regard wind speed is the most critical single parameter. The second
guiding factor was desired effects on vegetation, particularly shrub mortality. It was
necessary to generate sufficient heat and flame lengths to top kill small shrubs and to carry
fire through dense stands of Agave schottii. These factors translate into a prescription with
temperatures in the 90s (F), relative humidities of 10-12 % and moderate breezes of
approximately 5 miles per hour at eye level.

In order to safely and efficiently treat burn units of several thousand acres in a remote
inaccessible area like Muleshoe it was necessary to utilize aerial ignition for the majority of
the unit. To ignite entirely by hand from the ground would require several crew members to
walk up and down slopes for several miles, all within the unit. In rough terrain such as at
Muleshoe this is not a safe or practical technique. Only the unit perimeters next to the road or
within % mile of buildings were ignited by hand.

The tool of choice for aerial ignition was a Premo aerial ignition device, commonly called a
“ping pong ball machine”. This device is mounted in a helicopter and drops small plastic
spheres from an altitude of 100-200 feet. Through a delayed chemical reaction, these spheres
start small spot fires within 1 minute after hitting the ground. The Ignition Boss rides in the
helicopter and controls where and when the spheres are dropped. Using this technique it is
possible to safely ignite several thousand acres in one day.
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The grant objective was to burn an average of 2200 acres per year for a total of 6600 acres.
The prescribed fire objectives were to consume or scorch 70-80% of the shrubs and Agave
schottii and in the long term reduce the percent of shrub cover in the upland by 50%. It was
also a goal to not burn the riparian areas and for the most part that objective was met each
year. It should be noted that these prescribed fires were only applied to upland vegetation, not
riparian areas. One unique thing about prescribed fire is that it is highly dependent on weather
conditions, and we knew from the outset that we might not be able to burn one or more of the
years. As it turned out, the weather was favorable each year with only minor postponements
required in 1998 and 1999, in 2000 the Hooker burn was implemented on the target date. As
mentioned above, larger burn units were chosen for administrative efficiency. Basically, it
just made sense to do larger burns when it required little additional expense or work and the
resource benefits were multiplied. The Double R, Hot Springs and Hooker burns are shown
on Map 1, following this section of the report.

BURN WATERSHED ACRES YEAR PARTNERS

Double R Bass, Double R 4720 1998 BLM, NPS,
USFS, TNC

Hot Springs Wildcat, Hot Springs 5515 1999 BLM, USFS, BIA,
TNC

Hooker Hot Springs 6950 2000 BLM, TNC,
ASLD, Private

These burns took place in the watershed above several of the native fish transects discussed in
the monitoring section of this report. The following table indicates the streams, fish
monitoring stations and affecting burns.

STREAM FISH MONITORING SITE BURN
Bass 1-6 None
7-8 Double R burn
Double R 2&3 Double R burn
Wildcat 1&2 Hot Springs burn
Hot Springs ' 1-5 Double R & Hot Springs burns

The Double R burn was conducted in 1998 under BLM command with support from TNC.
The USFS provided a helitack crew and helicopter and NPS provided two crew members.
This two-day burn covered 4720 acres of BLM, TNC, ASLD and USFS land. The full plan
and report was submitted with the September 1998 semi annual report. Overall this burn met
the resource objectives for percent of area burned, shrub mortality and minimizing riparian
impact. There was minor slop over on the NE side of the unit that at no time presented a
threat to any sensitive area or facility. This area burned slowly though heavy shrubs and the
fire effects matched the burn objectives.

In 1999, the 5515-acre Hot Springs burn was conducted on the west side of Jackson Cabin
road. Due to the experience of the Double R burn, a large secondary area was included within
the plan area to provide for management of any potential slop over. As it turned out this area
was not needed, but it provided more flexibility in determining the best way to manage the
fire once it was underway. Again, this burn successfully met the shrub mortality and percent
of area burned goals. Approximately 1300 acres within this unit had been previously burned
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in 1995. This area burned very well, but has recovered relatively slow in the two years since
being burned. This is more fully addressed in the monitoring and analysis section of this
report. This burn was conducted under BLM leadership and command with support from
TNC. The USFS helitack crew also participated.

Year 2000 brought the Hooker burn on the southwest side of Hot Springs Canyon. This was a
burn on 6950 acres of BLM, TNC, ASLD and other private land that had not been previously
treated with prescribed fire. It also represented the first time significant acreage’s of ASLD
and non-TNC private lands were burned. Whereas with the Double R and Hot Springs burns
natural barriers and roads were utilized for containment, with the Hooker burn a grazed
pasture was used as a containment line on the south edge. It was also determined that the best
way to safely treat this steep and remote area was to burn across fence lines and repair the
fence afterward. Therefore, post-burn repair of the remote fence became part of the overall
strategy for this burn. Again, this burn was conducted under BLM command with support
from TNC. The ASLD reviewed the burn plan as did private landowners Dave Harris, Larry
Young and Saguarc Juniper Corporation. Approximately 80% of the planning area burned
and shrub mortality met the established objectives. This burn was unique in that it involved
almost no direct fireline activity for ignition or control. It was ignited entirely by aerial
ignition and stayed within the planned perimeter of Hot Springs wash on the north and west
and grazed pasture on the south and west,

Recommendations regarding planning and conductihg large scale watershed restoration burns:

As noted earlier, the planning and implementation of the prescribed burns was the most
collaborative component of this entire project. Because of this collaborative effort acreage -
goals were exceeded by over 150%. This collaborative approach allowed activities to happen
on a scale that made this project successful and caused significant changes in the Hot Springs
watershed. In areas like Muleshoe it is clearly important whenever possible to be planning on
landscape scales regardless of property ownership. These plans and burns are examples of
collaboration that worked well for all parties involved.

During this project burns were planned and implemented each year on an individual basis.
This approach resulted in a duplication of process and it limited the options for burning any
given year. Future watershed restoration projects may benefit from a more comprehensive
burn plan approach that creates a variety of potential units, any one of which can be
implemented depending on local weather conditions, available fire management resources and
grazing rotations. This approach would reguire more work initially but result in greater
flexibility. The completion of an approved Muleshoe EMP before this project started laid the
groundwork for the applied work included in this project. Future watershed restoration
projects using fire will require additional environmental review if a similar process has not
been complefed. '

The Double R burn in 1998 was planned for and conducted on land managed exclusively by
BLM and TNC. In the end this approach made the burn more challenging, and subsequent
burns were planned for larger areas including additional property owners. The lesson of the
Double R burn is a good one for other fire practitioners as well. Larger burn units with more
lateral options for management can support safer, more efficient operations.

Fire activity photos are included in Appendix A.
o 10
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FENCING COMPONENT

The fencing component of this project was straightforward — construct 3.0 miles of fence on
the southeast side of the CMA to keep neighboring livestock from entering upper Bass
Canyon riparian area. The goal was simple, but this is very rough country with no vehicular
access, so constructing the fence was labor intensive. Before the fence construction an AWPF
funded archeological survey was conducted in 1998 on contract by Desert Archeology of
Tucson. Hopkins Fence Company of Wickenburg built the fence during the early months of
1999. A crew of 4 worked for approximately six weeks with the result being a fire proof (all
steel) fence that meets federal wildlife friendly standards. The fence construction went slow
because all material was hauled to the fenceline by pack mule and all construction was done
with hand labor. The three mile fence includes several gates that allow TNC staff or
neighbors to move trespassing livestock throughout the area. The fence location is shown on
Map 1. ' :

Muleshoe staff has been maintaining the fence since it’s completion. Approximately 2 times
per year they patrol the fence and repair any damage that is found. To date the fence is
holding up well with minimal damage due to wildlife crossing and monsoonal caused erosion.

SIGNAGE COMPONENT.

Several of the sensitive riparian areas on the Muleshoe are accessible by all terrain vehicles or
off road vehicles (ORVs). The Muleshoe Ecosystem Management Plan (1998) calls for the
climination of ORV use in these riparian areas. In order to support the implementation of that
strategy and to reduce adverse ORV impacts, the AWPF funded the purchase and installation
of signs at 10 strategic locations where historically ORV access has been a problem. The
location of the signs is shown on map 3. The signs were purchased from the Carsonite
Company and were installed during the second year of this grant. A replacement set of signs
was purchased in anticipation of the need to periodically replace lost or damaged signs. To
date none of the signs have been destroyed or stolen and they seem to be having the desired
effect. Preserve staff patro] the areas where the signs are located on a regular basis as they
conduct a variety of on-site management activities. During these patrols they bave noted
minimal travel beyond the signs, certainly less that was evident before the signs were in place.
The only complaints have been from two hunters who visited the headquarters and were
unhappy about not being able to drive in the riparian area. An example of the signs is
included in Appendix K. '
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MONITORING METHODS, RESULTS AND DISCUSSION
INTRODUCTION

Four streams in the Hot Springs watershed--Double R, Bass, Wildcat and Hot Springs--
support mixed broadleaf deciduous riparian forest and assemblages of 2-5 native fish species.
Gila chub (Gila intermedia), a native fish endemic to the Gila River basin and a Candidate for
federal listing by the U.S. Fish and Wildlife Service, is present in 3 of the 4 streams (Table 1).
Despite their ecological values, these 4 perennial streams persist in a degraded condition.
Frequent, intense floods have (1) reduced the density of mature riparian trees; (2) stripped
away streamside vegetation, leaving stream banks unprotected and subject to erosion; and (3)
limited recruitment of tree seedlings and saplings compared to other, better condition riparian
reference sites on the Muleshoe (BLM 1998). Frequent floods have also (4) eroded the
channel and floodplain resulting in bed-lowering, reduced aquifer storage and reduced
baseflows (W, Ostercamp, pers. comm.). Finally, frequent floods and reduced baseflows have
(5) reduced the extent and quality of aquatic habitat for native fish, especially pool specialists,
compared to a better condition reference site on the Muleshoe (Hardy et al. 1990; BLM 1998).

To restore and enhance riparian and aquatic habitat in the four perennial streams, the
Conservancy and Bureau Land Management (BLM) have initiated a long-term project to
improve watershed condition--specifically, the goal is to increase the abundance and cover of
perennial grasses and reduce cover by shrubs (BLM 1998). This vegetation change is being
accomplished by restoring fire as a natural process to the Hot Springs watershed using
prescribed burns and continued grazing rest.

Several lines of evidence suggest that wildfires were frequent in semi-desert grasslands in
Arizona prior to the 1870's. Fire history reconstructions using fire-scarred trees indicate an
average fire frequency of every 2-10 years for pine-mixed conifer forests in borderland
mountain ranges (Baisin 1988; Swetnam et al. 1989; Swetnam and Betancourt 1990; Baisin
and Swetnam 1995; Swetnam and Baisin 1996); the assumption is that lower-elevation semi-
desert grasslands burned at least at the same frequency. Kaib et al. 1996 used synchronous
fires in adjacent canyons in the Chiricahua Mountains to estimate grassland fire frequencies
and found intercanyon intervals between 7.4 and 8.1 years between 1600 and 1875, Pollen
cores taken from borderland cienegas surrounded by grasslands contained abundant charcoal
suggesting continuous, high frequency fire events prior to 1900. Finally, Bahre (1985)
summarized local newspaper accounts of wildfires in southeastern Arizona and found that
large grassland fires declined after 1882.

Over the last century, grazing by livestock has reduced the extent and frequency of these
wildfires (by reducing the density of fine fuels needed to carry these fires) with the result that
semi-desert grassland watersheds, like those at the Muleshoe, have become invaded by shrubs
(e.g., Cable 1967, Wright 1974, Wright and Bailey 1982, Archer and Smeins 1991).
Livestock grazing has also had direct impacts on the vegetation in semi-desert grasslands,
reducing the abundance and cover of perennial grasses, especially tall- and mid-statured
bunchgrasses (Humphrey and Mehrhoff 1958, Buffington and Herbel 1964, Bydenstein 1966,
Hazel 1967, Bahre and Bradbury 1978, Heitschmidt 1990, Briske 1991, Stuth 1991). These
vegetation changes have had profound effects on watershed hydrological processes and
stream hydrology (e.g. Bosch and Hewlett 1982, Davis 1984, Debano and Schmidt 1990,
Debano et al. 1984, Heede and Rinne 1990, Horton 1937, Lewis 1968, Simanton et al. 1977,

12



{

o8 E W

] BN EEE R G R WS B 8 ) @)

Stabler 1985, Stephens and Knowlton 1986, Thurow 1991, Wilcox et al. 1988, Woolhiser et
al. 1990, USDA 1940).

The relationships between watershed vegetation, watershed hydrological processes, stream
hydrology, and riparian condition are summarized in Figure 1. These relationships have been
documented in a number of studies conducted in semi-desert grassland, chaparral, woodland
and forested plant communities (see above references, also Stromberg et al. 1991, 1996;
Hardy et al. 1990; Johnson and Carothers 1982). However, these studies focus on only
portions of the overall model and there is no comprehensive study at a single site that attempts
to document all (or most) of these relationships. For this reason, we established long-term

“monitoring of upland and riparian vegetation, stream flow, floodplain and channel

geomorphology, aquatic habitat and native fish populations at the Muleshoe.

13
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METHODS
UPLAND VEGETATION MONITORING

To investigate changes in semi-desert grassland vegetation in response to the prescribed
burns, permanent monitoring plots (50 m x 45 m) were set up within and adjacent to the burn
units. For the Double R burn, eight plots were established in the unit; these were first
measured in fall (September-October) 1996 and re-sampled in fall 1998, i.e., the first growing
season after the burn, and, again, in fall 1999, two growing seasons after the burn. All of
these plots were burned. For the Hot Springs burn, permanent plots located in the burn unit
were measured in fall, 1998, before the burn and re-sampled in fall, 2000, two growing
seasons after the burn, as were control plots located in and adjacent to the burn unit. These
plots represent three different treatment groups: 8 plots were burned a single time, ie., during
the Hot Springs Burn; 6 plots were burned either 2 or 3 times in a 5-year period, ending with
the Hot Springs Burn; and 6 plots were left unburned as controls. These three treatment
groups are hereafter referred to as: burn, repeat, and control groups.

All of the above plots were selected in representative vegetation for that portion of the unit or,
in the case, of control plots were selected to be representative or similar to plots in the burned
area. The corners of each plot were permanently marked with rebar and rock cairns and the
location of the northwest corner stake determined using a hand-held GPS unit (Garmin 12XL)
to facilitate relocation.

To determine changes in shrub cover, five 40-m long transects were set up in each plot and
canopy cover by species was measured along each of these transects using a line-intercept
method. The transects were located at 10-meter intervals in each plot; the same transects
were re-measured in subsequent surveys.

To determine changes in grass abundance, the presence or absence of annual and perennial
grasses in nested quadrats along 10 transects was recorded (i.e., frequency sampling). Three
quadrat sizes were used: 10 cm x 10 cm; 40 cm x 40 em; 1 m x 1 m; these nested quadrats '
were placed along transect lines at 2-m intervals for a total of 20 quadrats per transect and 200
quadrats per plot. The transects were located randomly within plots using a stratified random
design, with a single transect placed in each 5 m-segment of the plot to ensure an adeguate
distribution of transects within plots. The location of transects was re-assigned each time
plots were re-sampled. Since frequency of occurrence is measured in percent, the ability to
detect change is limited when frequencies are less than 20% or greater than 80%. Nested
quadrats permit simultaneous tracking and comparison of species and functional groups that
differ greatly in abundance or that increase or decrease over time by up to several orders of
magnitude. In these cases, the proportionate change in frequency is the normalized metric for
comparison.

To determine changes in substrate composition, two methods vielding similar results were
employed. For the Double R burn, cover of different, non-overlapping substrate categories
was determined by placing a U-shaped pointer at the four corners of each 40 crn x 40 cm
quadrat along transects and recording the cover type hit. Cover categories included: rock,
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soil, gravel, litter, and live basal--the latter defined as the living basal area of annual and
perennial grasses and herbs. A total of 80 points (hits) per transect and 800 points (hits) per
plot were recorded. For the Hot Springs burn, starting in 1998, we began measuring substrate
cover in a different way. Using the 10 frequency sampling transects and the 5 shrub transects
and extending them to 50 meters, point intercept measurements were made at 1-meter
intervals along each transect using a 10" long pointer. For each measurement, we recorded
whether the pointer hit the base of a grass or herb (by species) and, if no live cover was
intercepted, we recorded the substrate at that point (i.e., soil/gravel, litter, and rock). A total
of 50 points (hits) per transect and 750 points (hits) per plot were recorded. In addition to
measuring substrate cover by category, this method also provides another estimate of
perennial and annual grass abundance to augment that obtained from frequency sampling.

To determine changes in grass/herbaceous composition, particularly the relative change in
herbs by weight, the three most abundant (by weight) grass and herb species were ranked in
the 40 cm x 40 cm quadrats placed along frequency sampling transects; quadrats were placed
at 2-m intervals for a total of 20 quadrats per transect and 200 quadrats per plot. Dry weight
rank, as this method is called, is a standard range monitoring technique and is reviewed in
Ruyle (1990).

A plant species list from the vegetation monitoring plots is in Appendix B.

STREAM FLOW MONITORING

To determine changes in stream flow resulting from variation in annual precipitation and
watershed vegetation changes, we monitored stream flow (baseflow) each month using a
Marsh-McBirney flow meter at a single permanent site along Hot Springs, Bass, and Wildcat
Creeks. Stream flow measurements were taken by trained TNC field technicians following
the methodology described in The Nature Conservancy’s Hydrologic Monitoring Manual
{TNC 1996) which was reviewed by Arizona Department of Water Resources.

We also mapped the extent of surface flow on USGS 7.5’quads in Bass, Double R, Wildcat
and Hot Springs Creeks in May, 1998, using topographic landmarks. In May, 2000, the
extent of surface flow was re-mapped using a hand-held GPS unit.

NATIVE HSH AND AQUATIC HABITAT MONITORING

In 1991, we established 8 permanent monitoring stations for native fish and aquatic habitat
along the perennial portion of Bass, 5 permanent stations along Hot Springs and 2 permanent
stations in Double R; in 1995, 2 permanent stations were established along Wildcat Creek.
These stations ranged from 50 m to 200 m in length and were located adjacent to permanent
stream or canyon features, making them easy to relocate. At each station (transect), we
sampled all of aquatic habitat along that station for native fish using seines or a backpack
electroshocker depending on the stream. Hot Springs and Bass were sampled using seines
while Double R and Wildcat were sampled with an electroshocker because the latter are too
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shallow to seine and the substrate is predominately cobbles. Although Double R has been
sampled since 1991, we switched from seining to electroshocking in 1995 because we felt that
our estimates of fish population size from seining were unreliable. Because the numbers of
fish captured by the two methods differ making comparisons difficult, only data collected
after 1995 were analyzed for trends. In addition, Wildcat and Double R were sampled “to
depletion”. This involves blocking-off a 5-10 m portion of the stream at both ends with seines
and collecting fish over sequential passes with the shocker until the number captured on a
pass is less than 10% of the number captured on the initial pass. In Bass and Hot Springs
Creeks, transects were vigorously seined so that all aquatic habitat was sampled at least once;
individual seine hauls never exceeded a distance of 2 times the width of stream.

In Hot Springs, Bass, and Double R, prior to sampling, the stream transect was divided into
macrohabitats using the classification of McCain et al. (1989) and each macrohabitat was
sampled independently and completely. The number of fish captured by species and by age-
class (juveniles and adults, determined by size) in each seine haul or shocking period was
recorded for each macrohabitat along with the distance of the seine haul or the number of
shocking seconds in that macrohabitat. From these data, we calculated relative abundance by
species and age-class for each station or the entire stream. In addition, we estimated absolute
abundance (density) by dividing fish numbers by the distance seined or time spent
electroshocking (i.e., number of fish/meter seined or number of fish/seconds shocking). This
controls for year-to-year differences in sampling effort. Table 1 identifies the fish species that
occur in the four streams.

Table 1: Native fish fauna in Muleshoe Preserve CMA Streams

R

Agosla chrysogaster X X X X
Longfin Dacej
Catostomus insignis X X
Sonoran Sucker
Gila intermedia X X b 4
Gila Chub
Pantosteus clorii X x
Desert Sucker ,
Riinichtiys vsculus X A X X
Speciied Dacei

For each of the sequential macrohabitats along a stream transect in Bass, Double R, and Hot
Springs, we recorded the length of that macrohabitat, width, 8-10 random depth
measurements, maximum depth, cover of woody debris (in meter2) and length of undercut
bank (in meters). Transects in Wildcat Creek were sampled in segments but no macrohabitat
data were taken.

To further investigate aquatic habitat changes in Hot Springs Creek, in April 1999, we re-
sampled a permanent monitoring transect established and measured for the first time by BLM
in 1994. The transect was approximately 600 m in length. For each survey, the transect was
divided into sequential macrohabitats (see above) and the length, width, average depth, and
maximum depth of each was recorded. In addition, all instream cover was classified and
measured. Cover categories included: overhanging vegetation (< 1 m high and extending
over the water surface); emergent and floating vegetation; and woody debris, all measured in
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meter2; undercut bank, measured in meters; and riparian canopy cover, measured in percent.

To investigate short-term impacts of the Double R Burn on native fish resulting from off-site
effluent emanating from the burn area (i.e., runoff with elevated nutrient or sediment levels},
we established four 50-m stream reaches in Bass, two located above the Double R confluence
(unaffected, control reaches), the other two located below the confluence (affected reaches).
These reaches or stations were sampled seasonally in April-May and October in 1998 and
1999 to determine the effects of winter and summer runoff events on fish populations and
aquatic habitat. Fish numbers were estimated using an electroshocker and depletion sampling
and aquatic habitat was sampled as described above for the permanent fish-aquatic habitat
stations in Bass Creek. Habitat parameters and fish population estimates were compared in_
the affected and control reaches before and after burning.

FLOODPLAIN AND CHANNEL GEOMORPHOLOGY MONITORING

Thirteen permanent transects spanning the width of the floodplain were established in 3
streams. Each was surveyed for its elevational profile (cross-section), using a TOPCON
Auto-Level transit. In March 1999, five floodplain cross-sections were established in both
Bass and Hot Springs and three in Double R. The transects were distributed uniformly along
the length of these streams. Both ends of the transect were permanently marked with rebar
and a survey cap and their locations determined with a hand-held GPS unit; photos were taken
of the rebar and surrounding area to aid in relocation. Transects will be re-surveyed after 10
years and the frequency of monitoring evaluated and determined for the next 10-year period.
The floodplain cross-section data will be compared between sampling periods to identify
changes in floodplain morphology and for evidence of sediment aggradation and terrace
development.

RIPARIAN VEGETATION MONITORING

'An objective of the project is to increase the density of riparian trees in non-seedling size

classes and to improve the ratio of sapling to adult trees in Hot Springs, Bass, and Double R
(BLM 1998). To detect these changes, three monitoring stations--two in Hot Springs and one
in Bass--were established and monitored by BLM in 1994 and a new station was established
in Double R in 1998; these were surveyed in spring 1998 and 2000. Stations ranged from 600
to 800 meters in length. Ten to twelve belt transects, 10-feet in width, and spanning the entire
floodplain, perpendicular to the stream, were set up at each site; the transects were not
permanent so precise relocation was not required. The distance between transects was
approximately 75 meters. Within each belt transect, the number of seedlings, saplings, adult
trees were counted by species. The length of each transect was also recorded so that densities
of the different age-classes could be calculated. In addition, the number of adult and mature
trees were counted by species between consecutive belts and recorded separately. Seedlings
were operationally defined as plants < 1 ¢m in diameter at breast height (dbh) or <2 m tall,
saplings were defined as plants 1- 15 cm dbh or > 2 m tall; and adult trees were > 15 cm dbh.
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PHOTOGRAPHIC MONITORING

Photographic monitoring was performed in conjunction with all field monitoring (upland
vegetation, riparian vegetation, native fish and aquatic habitat) and was designed to augment
quantitative monitoring and document qualitative changes in community structure and
composition. Datasheets provided in the Arizona Water Protection Fund’s Outline for
Photographic Monitoring Plan for initial photographic takes and retakes at each photopoint
were completed. Photographs were made at the time of field monitoring.

For upland vegetation, photopoints were established at the four corners of each vegetation
plot, marked with rebar and rock cairns, and two photographs were taken at each photopoint
showing vegetation within and surrounding the plot.

For native fish and aquatic habitat, a single photopoint was established at the upstream and
downstream end of each permanent native fish/aquatic habitat monitoring station in Bass, Hot
Springs, Wildcat, and Double R. Two photographs, one looking upstream and the other
downstream, were taken at each photopoint location. Precise relocation of photopoints was
not critical since the objective was to augment aquatic habitat measurements.

For riparian vegetation, a single photopoint was established at the upstream and downstream
end of each of the monitoring stations (reaches). Two photographs were taken at each
photopoint, one looking upstream and one looking downstream. Given the dynamic nature of
the floodplain, we were unable to permanently mark the photopoint locations, which were
approximately in the middle of the channel. In addition, transect locations within the
monitoring station were not permanent.

RESULTS

A variety of statistical tests were used to investigate changes in vegetation, aquatic habitat and
fish populations pre- and post-burn and over time; two-tailed probability levels for these tests
are reported unless otherwise noted. However, one-tailed tests are justified when an a priori
directional prediction can be made. This is the case for many of the comparisons presented
here given the known effects of fire on semi-desert grassland vegetation and the established
relationships between watershed vegetation, watershed hydrological processes, and the
condition of riparian and aquatic habitats. The significance level for statistical comparisons
was set at p < 0.05. In comparisons involving variables expressed in percent, an angular
transformation was used on the data prior to conducting the test to normalize variances,
reported mean values and their standard errors were calculated on untransformed data.
SYSTAT Version 6.0 (1996) was used for statistical analysis. Where appropriate, type of
analysis, significant levels and degrees of freedom are provided.

Tables summarizing monitoring data collected during the project funded period are found in
Appendix E. Maps 2 and 3 indicate the location of the vegetation, riparian and aquatic
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monitoring activities. Other maps depicting soil complexes, watershed boundaries, and
ecological grassland states (BLM 1998) are included in Appendix H.

UPLAND VEGETATION

Double R Burn

The Double R burn resulted in a more than 77% reduction in the mean cover of shrubs on
plots immediately after the burn (paired t-test; t = 5.9, 7 df, p < 0.001; Figure 2). However,
by the second growing season post-burn, there was a small, i.e. 2%, but significant increase in
shrub cover on plots due primarily to resprouting of individuals that survived the burn (paired
t-test; t = 2.6, 7 df, p < 0.05). Shrub species responded differently to burning: species like
mesquite (Prosopis velutina) were either killed outright or, more frequently, were top-killed
and then resprouted from a surviving root stock (Figure 3); for others, like amole (4gave
schotti) or soap weed (Yucca arizonica) that grow in large patches, most ramets were killed
by the burn but some in the patch survived and began reproducing vegetatively. Still, others,
like snakeweed (Guitterizia sarothrae), were killed by the burn but could potentially re-
colonize via seedling recruitment after wet winters. Post-burn recruitment of snakeweed was
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not evident on plots after two-growing seasons (Figure 4; paired t-test, t = 0.08, p > 0.93).
Thus, repeated burns are needed to kill young shrubs and knock back, i.e., top-kill, others.

To investigate the effect of the burn on substrate cover, we compared litter, live basal cover,
and total ground cover in plots pre- and post-burn. Live basal cover includes grasses
(perennial and annual) and herbaceous vegetation. Total ground cover, calculated as the
simple arithmetic sum of litter and live basal cover, is an important indicator of watershed
condition since it measures the watershed's capacity to capture and retain precipitation runoff,
prevent soil erosion, and encourage infiltration (Horton 1937, USDA 1940; Simanton et al.
1977; Woolhiser et al. 1990; Thurow 1991). Furthermore, Wilcox et al. (1988) have shown
that grass cover was the dominant factor in reducing runoff and increasing infiltration while
shrub cover had no significant effect. Trombel et al. (1974), Meeuwig (1970) and Dortignac
and Lover (1961) found litter cover to be important in infiltration.

Mean litter cover in plots was significantly reduced by the Double R Burn, from a pre-burn
value of 26.6% down to 17% in the first growing season after the burn (Figure 5; paired t-test,
t=2.67, 7 df, p < 0.05). However, there was no significant increase in litter cover by the
second growing season (paired t = 0.6, 7 df, p > 0.57). Live basal cover fully recovered to
pre-burn levels one growing season after the burn (paired t = 0.83, 7 df, p > 0.40), and more
than doubled from 10.7% to 22.7% over the second growing after the burn (Figure 5; paired t
=5.4,7 df, p<0.001). This increase was presumably due, in part, to the reduction in shrubs,
which increased water availability for growth and recruitment of herbaceous vegetation
including grasses. Consistent with this, total ground cover was reduced by the burn--from
35.3% to 27.7% (paired t = 2.21, 7 df, p = 0.06)--but fully recovered to 40.3% by two
growing seasons after the burn. The apparent increase in 1999 over the pre-burn level was not
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statistically significant (paired t = 1.25, 7 df, p > 0.25). However, this result does not mean
that no change occurred because with only 8 plots statistical power was low. Therefore, it is
instructive to examine the change in total ground cover in individual plots. Five out of eight
plots showed significantly greater total cover (litter + live basal) two growing seasons after
the burn compared to pre-burn levels (Figure 6; all X?s> 5.3, 1df, all p's < 0.02); one plot
(OP) had significantly less total cover (X* =28.8, 1 df, p <0.001), and 2 of 8 plots (BW,WR)
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showed no change in total cover between 1996 and 1999. In the latter plots, ground cover in
1999 was less than pre-burn levels because litter had not fully recovered after the burn. Thus,
the majority of plots experienced an increase in total cover over pre-burn levels suggesting
that watershed condition had improved over most, but not all, of the unit after only two
growing seasons.

Did the increase in live basal cover after two growing seasons represent an increase in annual
grasses, perennial grasses or both? To measure changes in grass abundance, we compared the
frequency of perennial and annual grasses in quadrats, combining species into the two
functional groups. We used the 0.16 m? quadrat size for annuals and the 0.01 m” quadrat for
perennials so that frequencies for both would fall between 20-80% (see Methods). The
frequency of occurrence of annual grasses increased significantly from 21.8% before the burn
(1996) to 31.6% two growing seasons after the burn (1999), a proportionate increase in
abundance of over 40% (Figure 7; paired t-test, 1-tailed; t =2.4, 7 df, p < 0.05). This
estimated increase is conservative since frequency sampling measures only presence or
absence and doesn't distinguish between quadrats containing 1 vs. 20 individuals. Similarly,
the abundance of perennial grasses increased significantly from 35.3% before the burn to
44.4% two growing seasons after the burn, a proportionate increase of over 25% (Figure 7,
paired t-test, 1-tailed; t = 2.1, 7 df, p < 0.05). Looking at the individual plots, 6 out of 8 plots
showed a significant increase in perennial grass abundance two growing seasons after the
burn compared to pre-burn levels (all X%s>28, 1df all p's <0.05), 1 plot (BM) showed a
significant decrease (X*=15.0, 1 df, p < 0.001), while another plot (PR) showed no difference
in perennial grass abundance pre- vs. post-burn (Figure 8).

Thus, the Double R Burn in 1998 resulted in a decrease in shrub cover and an increase in
annual and perennial grass abundance in plots after only two growing seasons. In addition,
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total ground cover, a summation of litter and live basal cover, increased significantly after the
burn in a majority of plots in the unit. Since grass cover is the dominant factor reducing
runoff and increasing infiltration (Wilcox et al. 1988), there is good evidence that the burn
improved watershed condition within two growing seasons. With additional time and growth
of the newly recruited grasses, litter and live basal cover should continue to increase, leading
to further improvement in watershed condition.
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Hot Springs Burn

Like the previous burn, the Hot Springs burn resulted in a substantial reduction in shrub cover
on burn and repeat burn plots compared to controls. Prior to the burn, there were significant
differences in shrub cover between treatment groups (Figure 9; ANOVA, F215=4.9, p <
0.05); in particular, shrub cover on repeat plots was significantly lower than on burn and
control plots (Fisher's Least Significant Difference Test, both p's <0.05). This difference was
presumably due to the effect of previous prescribed burns on shrub cover in repeat plots. By
two growing seasons after the burn, shrub cover was significantly reduced on burn and repeat
plots compared to controls (Figure 9; ANOVA, Fz,;5 = 22.0, p < 0.001). Shrub cover was
reduced to a similar level on burn and repeat plots two growing seasons after the burn (6.4%
and 7.2% respectively; Fisher's LSD test, p > 0.65). However, cover on control plots
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remained high (27.4%). In relative terms, shrub cover was reduced most on burn plots
(82.7%), followed by repeat plots (40.8%) and showed little change on controls (1.1%).
These relative changes are all significantly different from one another (Fisher's LSD test; all
p's < 0.05). Thus, prescribed burns reduce shrubs and repeated burns remain effective in
keeping shrubs knocked back, periodically reversing the increase that occurs after a burn.

To assess how various shrub species were affected by prescribed burns, we compared the
proportionate change in cover pre- vs. post-burn for 5 common shrub species: Acacia
constricta, Guitterizia sarothrae, Prosopis velutina, Agave schotti, and Juniperus
coahuilensis. Proportionate change was calculated as the difference in mean cover before and
after burn divided by the mean pre-burn cover. Although sample sizes were small, the
relative reduction in cover due to the burn was similar for 4 of the 5 species and ranged from
77% to 98% (Fisher's test, all p's > 0.25). Juniper differed from the other 4 species, showing a
significantly smaller reduction (19.2%) after the burn (Fisher's test, all p's < 0.001).

To investigate the effect of the Hot Springs burn on grass abundance, we compared the
frequency of perennial and annual grasses in nested quadrats pre- vs. post-burn. There was no
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herbs on burn and repeat plots increased in absolute terms by 0.08% and 0.6%, respectively,
while cover decreased on control plots by 0.9% (Figure 18). Although these changes were
small, the differences between control plots vs. burn and repeat plots were significant
(Fisher's test, p's < 0.05).
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To summarize the above results, the abundance and basal cover of perennial grasses was
similar before and after the burn on burn plots such that the burn appeared to mitigate the
decrease in perennial grass cover observed on control plots. This beneficial effect of burning
may be restricted to areas or plots that were burned only once. Repeated burns over a 5-year
period resulted in a reduction in the abundance but not basal cover of perennial grasses on
plots suggesting that burning at this frequency can be stressful to perennial grasses. The burn
increased annual grass abundance and cover on plots, with repeated burns over a 5-year
period increasing annuals to a greater extent than a single burn did. This greater increase on
repeat plots was presumably due not only to a reduction in shrubs (compared to control plots)
but also a reduction in perennial grass abundance (compared to burn plots). Similarly, the
burn increased the basal cover of herbs on burn and repeat plots compared to controls. In this
case, however, the change on burn plots was similar to that on repeat plots.

To investigate the effect of the burn on litter, live basal, and total ground cover, we compared
burn and control groups. Before the burn, litter and live basal cover were similar on plots
(Figure 19; t-tests; tie = 1.5, 12 df, p > 0.18; tiyye = 1.8, 12 df, p = 0.13), although, total
ground cover was significantly on control plots than on burn plots (51.2% and 34.2%
respectively; t-test, t = 3.7, 12 df, p = 0.003). By two growing seasons after the burn, litter
cover was significantly lower on burn plots compared to controls (21.9% and 38.0%
respectively; t = 4.0, 12 df, p = 0.002; Figure 19) presumably because litter was consumed by
the fire while increasing on controls. After the burn, live basal cover was greater on burn
plots compared to controls (12.1% and 4.3% respectively; t = 6.2, 12 df, p < 0.001) as was
total ground cover but the latter difference was only marginally significant (t = 2.09; 12 df,
p=0.059).
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unchanged. These young trees self-thin as they compete for available nutrients and light,
accounting for this decrease over time. Because of the absence of flood events between 1998
and 2000, recruitment of cottonwood, willow and sycamore would be minimal and would not
offset the mortality from competition. Since 1998, the number of adult trees within the belt
transects and the density of adults increased in all reaches with the exception of Lower Hot
Springs. The density of sapling plus adult trees was highest in 1998 and decreased slightly in
all reaches since then except in Double R Canyon. Because of their spatial distribution, it is
unlikely that more than one adult tree will occur within a 10-foot belt. Therefore in 1998, we
began counting the number of adult trees within and between successive belts to obtain the
total number of trees along the length of the monitoring reach or station (referred to as block
density). Table 3 compares adult tree density estimated from the belt transects with that
estimated from the entire block. We believe the latter is a more accurate measure of tree
density within the floodplain because it eliminates sampling error. Using this estimate, tree
density increased at all sites between 1998 and 2000, approaching but not reaching the
targeted densities set in the plan.

The density of riparian trees is considered one of the best indicators of properly functioning
condition because tree density affects bank-building, bank armament, terrace development,
and dissipation of flood energy. Sapling to tree ratios are a measure of the structural diversity
of the riparian community and recruitment of young trees.
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STREAMFLOW

The results of analyses of stream flow data are presented in the following section. Monthly
instream flow measurements, in cubic feet per second, are recorded in Table 4 and Figure 21
through 23. Map 6 depicts the extent of perennial flow in May 1998 and May 2000 in Bass,
Hot Springs, Wildcat and Double R creeks. The extent of perennial flow observed May 2000

was slightly less than that in May 1998 in all streams; presumably due to the lack of

precipitation during the winter months of 2000 (Figure 24).
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AQUATIC HABITAT AND NATIVE FISH POPULATIONS
Based on the conceptual model, the effect of improved watershed conditions should benefit

aquatic habitat and native fish populations. Data collected in several streams from 1991 to
2000 indicate significant improvements in both.

Hot Springs Creek

To investigate changes in aquatic habitat quality, we compared the amount of several types of
instream cover present on the BLM aquatic habitat monitoring station in 1994 and 1999.
Instream cover is an important component of aquatic habitat since it provides structural
complexity and protective cover for fish. Between 1994 and 1999, total instream cover
increased by over 3.7 times along the transect (Figure 25). This includes increases in
emergent, floating and overhanging vegetation, the latter of which increased by over 12 times
between 1994 and 1999. Similarly, undercut bank increased from 7.7 m/500 m of stream to
20.1 m/500 m (Figure 26). Percent cover by overstory riparian trees also increased by more
than 3.5 times (t-test, t = 5.4, 74 df, p < 0.001) which presumably resulted in cooler water
temperatures and greater concentrations of dissolved oxygen.
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The maximum depth of all aquatic macrohabitats showed a small, but significant increase
between 1994 and 1999 (ANOVA, F = 2.8, 1 df, p< 0.05, one-tailed test). Figure 27
summarizes the changes in mean maximum depth for pools, glides, and runs, the habitats that
showed the greatest increase in depth along the transect.

Consistent and parallel improvements in aquatic habitat and native fish populations were
evident when analyzing data collected along the 5 permanent "fish" transects between 1991
and 2000. The amount of woody debris on transects declined between 1995, when these
cover measurements were initiated, and 2000, while the amount of undercut bank increased
dramatically over this period (Figure 28).
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Much of our analysis is focused on pools, the preferred habitat of Gila chub (Gila intermedia)
because the species is a candidate for federal listing by US Fish and wildlife Service and
because pool habitat is targeted in the Muleshoe Ecosystem Management Plan, The number
of pools per mile, estimated from the 5 permanent transects, varied from year to year with no
directional trend evident for the 10-year period (Figure 29; R%2=0.17, p > 0.20). The mean
maximum depth of pools, however, has increased significantly since 1991 (Figure 30) as has
the number of deep pools per mile, defined as pools with a maximum depth greater than 0.6
meters (Figure 31). Interestingly, the correlation coefficients for the latter regressions were
larger for the 1991-1999 time period suggesting that some other factor(s) affecting habitat
depth have come into play since 1998 or 1999. We will discuss several possible reasons for
this decrease in the discussion.
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The increase in the depth of pools and other habitats since 1991 was not due to increasing
stream flow. In fact, stream flow for January, March, April, May and June have all decreased
significantly between 1991 and 2000 (all p's < 0.006) presumably in response to reduced
summer and winter rainfall that has occurred regionally over the last decade (see Discussion).
This suggests that the increase in habitat depth has resulted from a change in channel

morphology.

Gila chub have responded favorably to the increase in instream cover, maximum pool depth,
and the density of deep pools. The number of chub captured per year and chub density have
both increased significantly since 1991 (Figure 32). During the 10-year period, chub density
increased at a mean annual rate of 32.8% (Figure 33). The proportionate representation of
chub among the fish fauna in Hot Springs has also increased (Figure 34). Chub accounted for
only 0.007% of fish captures in 1991 while in 2000 they accounted for 3.8%, a more than

500-fold increase over the 10-year period.
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Fish density, expressed as the logarithm of the number of fish captured per meter haul,
increased significantly since 1991 as did the density of adult fish (Figures 35, 36). Fish
density increased at a mean annual rate of 2.2% while adult density increased by 4.4%. The

Figure 36
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regressions for 1991-1999 had larger correlation coefficients indicating stronger increasing
trends for fish density and adult density for this time period. A logarithmic or exponential
model for population change better fit the fish density data than a linear model.

34



|

r¥» r 1

|

r

| W e O O O i O g O om0 )

Bass Creek

Improvements in aquatic habitat and native fish populations were also evident when analyzing
data collected along the 8 permanent "fish" transects in Bass Creek between 1992 and 2000.

The amount of woody debris and undercut bank on transects increased between 1995 and
2000 (Figure 37). The number of pools per mile varied from year to year but there was no
directional trend (Figure 38; R? = 0.32, 8 df, p=0.11). The mean maximum depth of pools,
increased significantly since 1992 (Figure 39) but the number of deep pools per mile showed
no consistent trend with time (R* = 0.21, 8 df, p > 0.20). The increase in the maximum depth
of pools since 1992 cannot be attributed to an increase in stream flow because stream flow in
January, March, April, May and June have all decreased significantly between 1992 and 2000
(all p's < 0.03). Again, this suggests a change in channel morphology. In contrast to the
situation in Hot Springs, all of the pool habitat regressions had larger correlation coefficients
from 1992-2000 than from 1992-1999 suggesting that habitat improvements are continuing in
Bass Creek.
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The number of chub captured per year and chub density have both increased significantly
since 1992 (Figures 40, 41). The mean rate of density increase was 25.2% per year for the 9-
year period. The proportion of pools with chub also increased significantly since 1992
suggesting that chub are occupying more of the available habitat (Figure 42). Consistent with
this, the proportionate representation of chub among the fish fauna in Bass increased since
1992 (Figure 43) with chub accounting for only 0.8% of fish captures in 1992 compared to
15.6% in 2000, a more than 19-fold increase since 1992.

Fish density increased significantly between 1992 and 1999 (Figure 44) but the trend

disappeared when the 2000 data were added (R?=0.12, 8 df, p > 0.35). Adult density showed
no significant trend either from 1992-1999 or from 1992-2000 (R*s < 0.10, 7,8 df, p's > 0.45).
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Double R Creek

Consistent with the results for Hot Springs, the amount of woody debris on transects
decreased between 1995 and 2000 while undercut bank increased (Figure 45). The maximum
depth of all habitats increased from 1995 to 2000 (ANOVA, Fi 69 = 8.0, p = 0.006) including
the maximum depth of pools (R*=0.72, 5 df, p < 0.05). The number of pools per mile
showed no directional trend for the 6-year period (R* = 0.32, p=0.11). Double R Creek is
small and shallow with no deep pools; as a result only speckled dace and longfin dace, the
smaller, shorter-lived species occur there (Table 1). Like Wildcat Creek, streamflow is low to
immeasurable in May and June and from November to January appears (to the experienced
observer) to be less than 0.2 cfs.

The increase in the maximum depth of habitats was probably not due to increasing stream
flow over this period although this cannot be directly demonstrated as no measurements were
made in Double R. On the one hand, stream flow in Bass and Hot Springs were highly
correlated between 1992 and 2000 so it seems likely that stream flow in Double R, a tributary
of Bass (and Hot Springs) also decreased over this period. However, Wildcat, another
tributary of Hot Springs (but not of Bass and Double R) did not show as strong a pattern of
declining flows since 1992 suggesting that inferences from other streams should be applied

cautiously.
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Despite the apparent improvement in aquatic habitat, fish density and adult fish density in
Double R decreased between 1995 and 2000 although the latter trend was only marginally
significant (Figure 46; R quit density = 0.27, 11 df, p = 0.086). Fish density declined at a mean
rate of 19% per year, while adult density declined by 11% per year. The decline in fish
density, but not adult density, was also evident between 1995 and 1999 although the strength
of the trend was weaker compared to 1995-2000 and only marginally significant (R*=0.34,9
df, p=0.079). Double R fish monitoring in 2000 occurred a week after a large flood on
October 10-11. The decrease in fish density and adult density in Double R was probably due
in part to the October flood although the 1995-1999 results suggest that a declining trend for
fish density was already underway.
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Wildcat Creek

No habitat information was collected in Wildcat. Stream flows in March and May showed a
marginally significant decline between 1992 and 2000 (R\tarcn = 0.46, 6 df, p = 0.094; R%May
=0.37, 8 df, p = 0.082); for all other months, there was no apparent trend in stream flow with
time.

Fish density varied between 1995 and 2000 but no increasing or decreasing trend was
discerned (R = 0.004, 11 df, p > 0.8). However, adult density increased in Wildcat over this
period but the change was only marginally significant (Figure 47, R*=0.20, 11 df, p=0.075,
1-tailed test). This increasing trend was stronger between 1995 and 1999 (R*=0.30,9df, p=
0.05, 1-tailed test). Sampling in 2000 occurred after the October flood so that densities for
that year were reduced compared to pre-flood values; this would contribute to the weaker
increasing trend observed in 1995-2000 compared to 1995-1999.

SHORT-TERM BURN EFFECTS ON AQUATIC HABITAT AND NATIVE FISH
This component of the study was conducted as a Master's Thesis; a copy of the thesis can be

found in Appendix F. After its completion, errors in the thesis Figures 6, 7, 9 and 10 were
discovered and corrected. Revised figures can be found in Appendix J.
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PHOTOGRAPHIC MONITORING

During the life of the grant, over 700 photos associated with all aspects of the monitoring
were taken. Examples of the pre- and post-burn upland vegetation, native fish and aquatic
habitat, and riparian vegetation monitoring photos are documented in Appendix D. These
photos permit qualitative comparisons over time of pre-burn and post-burn vegetation and
aquatic habitat conditions.

The Nature Conservancy, Tucson Office, will maintain the original photographs. Digital

copies of the photos are provided to AZ Department of Water on five compact discs with
directory structure in Appendix G.
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DISCUSSION
SHRUBS

Single prescribed burns reduced shrub cover by an average of 77% to 83%, however
surviving shrubs began increasing immediately. In the Double R burn, this increase (2%)
during the second growing seasons post-burn was due mostly to resprouting from the
rootstock by mesquite and white-thorn acacia, but also, to a lesser extent, to vegetative
reproduction by shindagger. Thus, periodic burns are needed to keep shrubs knocked back as
demonstrated by the Hot Springs burn results. After the burn, shrub cover was reduced by
40.8% in areas burned 2 or 3 times during a 5-year period, although post-burn cover was
similar in areas burned once vs. multiple times.

The effect of single burns in reducing shrubs has been well documented in the literature (e.g.,
Cable 1967, Wright 1974, Wright and Bailey 1982, Archer and Smiens 1991). Considerable
information exists for mesquite and less information for other species. Cable (1967) found a
21% kill rate for mesquite less than 5 cm in diameter and a 10% Kkill of trees larger than 5 cm
while Reynolds and Bohning (1956) reported a 9% kill rate for a June prescribed burn. In a
wildfire, White (1969) reported a 20% mortality of mesquite trees in moderately and severely
burned areas. Occasionally, much higher kill rates have been achieved. Humphrey (1949)
reported mesquite mortality of 50% and 100% at two sites and after 15 years mesquite was
still drastically reduced at both. Our observations also indicate that kill rates for mesquite
may be quite high. Factors contributing to higher mortality rates include slope, aspect,
climatic factors, high fuel loads, and general plant vigor (Wright and Bailey 1982). Repeated
burns increase the likelihood that optimal conditions for mortality will occur.

In contrast to mesquite, snakeweed appears to be easily killed by fire (Humphrey and Everson
1951, Cable 1967, Reynolds and Bohning 1956); these studies report 95% to 100% mortality
rates. Recruitment by seed following wet winters may result in rapid reestablishment
(recovery) of snakeweed after a fire, i.e., 4 years (Cable 1967) but Humpbhrey (1949) found
that burroweed failed to reinvade a site 15 years after a wildfire. ,

Our results indicate that prescribed burns were less effective at reducing junipers than 4 other
common shrubs including shindagger, acacia, mesquite and snakeweed. Grass cover tends to
be sparse around junipers so fuel loads are inadequate to completely ignite the crown, which
can reach a height of 3-4 meters. The first burn, then, typically kills only a portion of the tree.
However, fine fuels should be heavier following the first burn, increasing the likelihood of
fire reaching the crown and igniting woody material within it in subsequent burns. Junipers
do not appear to resprout after their canopies are burned.

The notion that repeat burns will be more effective in killing shrubs that were top-killed but
resprouted after a single burn has been discussed in the literature but not adequately tested
(Robinett 1994, Cable 1967). According to the argument, dead woody material left after the
first burn will burn at a higher temperature and have a longer residence time when ignited in a
subsequent fire, thereby increasing the probability that the root stock is killed. Cable (1965,
1967) reported only a 5% mortality of mesquite after a second burn compared to 31% after a
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single burn suggesting that repeat burns do not increase the mortality rate of mesquite.
However, burning appeared to inhibit the establishment of mesquite seedlings so that even
with low mortality rates over time repeated burns may greatly reduce densities, though not
through the mechanism discussed above.

Clearly, more information is needed on the recovery rates of different shrub species and on
the effectiveness of repeated burns in reducing them. We plan to continue conducting
prescribed burns and monitoring upland plots in order to collect this information so that we
can establish a fire frequency that will achieve our management objectives for shrubs.

GRASSES, HERBS, AND WATERSHED CONDITION

Burns were effective in increasing the abundance and cover of annual and perennial grasses
and herbs or in mitigating their decline during drought periods. The response of perennial
grasses to the two burns was qualitatively similar but differed in the details. In the Double R
burn, perennial grasses recovered to pre-burn levels one growing season after the burn and
increased by 25% two growing seasons after the burn. We believe this increase was the
result of the burn and not above-average summer rainfall in 1999. Unfortunately, the tipping
bucket on the RAWS rain gauge at the Muleshoe was inoperative for most of that year so we
do not have rainfall records to address this. Summer rainfall at other sites in southeastern
Arizona was above-average in 1999, however our impression was that it was only an average
monsoon season at the Muleshoe. A number of large storm systems circled around the
Muleshoe in summer 1999 and then moved to adjacent ranches before raining; in addition, the
number of flash floods recorded in Bass and Hot Springs Creeks in summer 1999 by our on-
site manager was not large and no greater than in 1996, an average summer rainfall year (B.
Rogers, personal observation).

In the Hot Springs burn, perennial grass abundance and cover recovered to pre-burn levels
after two growing seasons in portions of the unit that were burned once but decreased in
unburned areas. This difference in response--an absolute increase in perennial grasses in the
Double R burn and a maintenance of cover and abundance in the Hot Springs burn while
unburned areas decreased--may be due to differences in the amount of summer rainfall after
the burns. According to our hypothesis, when summer precipitation is average or above-
average, burns result in an increase in perennial grasses after two growing seasons whereas
when rainfall is below-average after the burn, burns can maintain perennial grass cover and
abundance and compensate for the effects of drought in unburned areas.

Unfortunately, without summer rainfall records for the Muleshoe in 1999 we cannot test this
hypothesis completely, but we can test the portion of it that applies to the Hot Springs burn.
(We assume when testing the hypothesis that annual summer rainfall during the year of
monitoring determines cover and frequency values of perennial grasses that year and that
preceding years have little to no effect.) According to the NRCS Ecological Site Guide,
Arizona semi-desert grasslands receive an average of 12 to 16 inches of rainfall each year
which is split 30:70 percent between winter (October-June) and summer precipitation (July-
September). Rainfall data collected from the RAWS (Remote Area Weather Station) at
Muleshoe is summarized in Figure 44. Summer rainfall was average in 1998 and below-
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average in 2000. This would explain the decline in perennial grass cover and abundance on
control plots in 2000 and supports the hypothesis that prescribed burns can mitigate the
impact of drought on perennial grasses. Similar results for perennial grasses in burned and
unburned areas were obtained for the Wildcat burn and were supported by the weather data
(Gori 1999). We feel our results are conservative since they reflect only changes after two
growing seasons. In addition, perennial grass seedlings were abundant in plots but
contributed little to our results for cover. As these seedlings become established and grow,
perennial grass cover should increase to an even greater extent in burned areas. Continued
monitoring will show this effect.

Few studies have reported increases in native perennial grasses following burns in semi-desert
grasslands. Reynolds and Bohning (1956) found that the density of Santa Rita three-awn
(Aristida californica) increased by 34% the first growing season after a burn (a dry year) and
by the end of the second growing season (another dry year) its density had doubled.
Following a 15-year burn study on the Santa Rita Experimental Range, Cable (1967)
concluded that fire had no lasting effects, beneficial or detrimental, on perennial grass cover
or production. However, the experimental and control sites were grazed throughout the study
and Cable acknowledges "a concentration of grazing on burned areas". It is unclear how
details of the grazing management system influenced his results. Valone and Kelt (1999)
found no change in the density of red three-awn (4. longiseta) one and two growing seasons
after a burn. Furthermore, the density of all perennials (grasses and herbs) was greater one
growing season after the burn on burn plots compared to controls but by the second growing
season, density was similar. They attributed the weak perennial grass response to below-
average summer precipitation after the burn. However, snakeweed, the dominant shrub at
their site, decreased to a similar extent on burn and control plots, in the latter case due to
drought. This could also account for their failure to detect a difference in perennial grass
density since water availability increased on both burn and control plots.

There is concern among ranchers and resource managers that prescribed burns followed by
drought may have a negative impact on perennial grass production and survivorship. Several
studies appear to support this view although they focus on single species rather than perennial
grasses as a group; suffer methodologically from lack of replication and confounded grazing
effects; and often represent transitory negative effects that are ameliorated after wet years.
For example, Nelson (1934) and Reynolds and Bohning (1956) found that droughts following
fire lengthened the recovery period for black grama and, when compounded with moderate
grazing, it never recovered to pre-burn basal area levels (Canfield 1939). Arizona cottontop
and tanglehead were mildly harmed by fire during dry years but recovered quickly during wet
years (Reynolds and Bohning 1956; Cable 1967).

Our results indicate that burns can benefit perennial grasses even during drought periods.
However, during drought and non-drought periods, grasses should be given enough time to
recover after a burn before livestock are re-introduced and utilization should be carefully
monitored to determine the stocking level and duration of pasture use that is appropriate to
rainfall conditions. Our results indicate that two growing seasons after a burn is the minimum
period of grazing rest needed for recovery of perennial grass to pre-burn levels. Longer
periods of rest are strongly recommended to allow seedling grasses germinating after the burn
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to become established and to ensure some net benefit from the burns, i.e., improvement of
rangeland or watershed condition.

In our study, herbs showed a similar pattern to perennial grasses in the Hot Springs burn.
That is, they recovered to pre-burn levels in the burn unit after two growing seasons but
decreased in unburned areas. Thus, prescribed burns increase herb production and cover but
climate plays an important role in determining how this fire-mediated increase is expressed.
Herbs are generally not mentioned in the literature for semi-desert grassland communities so
little is known about their response to fire. Bock and Bock (1978) reported that some species
were more common in sacaton communities after summer burning including Amaranthus,
Ipommoea, Bidens, Convolvulus, Portulaca, Chenopodium, and Ambrosia. Valone and Kelt
(1999) reported that 5 herb species responded positively to a burn and 2 negatively in the first
growing season after the burn but the effect (positive) persisted for only one species in the
second growing season; 6 out of 7 species were annuals.

Our results show that prescribed burns increased annual grasses in both average and below-
average rainfall years. This increase is presumably due to reduced competition from shrubs
(which are reduced by the burn) leaving more water and nutrients available for annuals.
Valone and Kelt (1999) reported increases in six-week grama one and two growing seasons
after a burn in years when summer rainfall was below-average. Cable (1967) and Humphrey
(1949) reported greater annual grass yields after a burn in wet years but similar yields on burn
and control plots in dry years.

This study provides evidence that successive prescribed burns at frequencies of every 2-3
years may stress perennial grasses resulting in their reduced abundance. This result was clear
from the analysis of frequency sampling data and was suggested by the analysis of cover data.
That is, basal cover increased on burn plots and decreased on repeat plots, but this difference
was not statistically significantly. Based on these results, we have modified our original plan
to re-burn units at a frequency of every 3-5 years to decrease shrubs, adjusting the frequency
to once every 8-10 years. This is consistent with Kaib et al.'s (1996) result of mean inter-fire
intervals of 7.4 to 8.1 years for grasslands around the Chiricahua Mountains. Numerous fire
histories completed in Ponderosa pine and pine-oak woodlands on "sky island" mountain
ranges also indicate a mean inter-fire interval of 7-10 years prior to 1900 (e.g., Baisan and
Swetnam 1995; Swetnam et al. 1989; Swetnam and Baisan 1996). Continued monitoring will
allow us to evaluate the effect of this lower burn frequency on shrub and perennial grass and,
if needed, to further adjust the frequency so that upland vegetation objectives are met.

Burning at high frequencies may have other unwanted consequences. Frequent wildfires (at a
mean interval of every 2.5-3 years) facilitated the spread of Lehmann's lovegrass, reduced
plant species diversity and accelerated soil erosion at a grassland site on Fort Huachuca,
Arizona (Robinett 1994). In this study, lovegrass abundance was 9% on sites that had burned
only once over a 15-year period compared to 96% on the sites burning 5 to 6 times over this
period. Robinett recommended a minimum inter-fire interval of 6-7 years and an ideal
interval of 10-15 years for sites.
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Burning 2 or 3 times over a five year period did not appear to adversely impact herbs or
annual grasses. Annual grasses increased more on repeat plots than on burn plots after the
burn in both frequency and basal cover analyses. This greater increase may be related to a
greater availability of water and nutrients on repeat plots associated with the decrease in
perennial grasses there or a greater seed bank associated with their greater abundance after the
preceeding burn. Similarly, basal cover of herbs increased more after the burn on repeat plots
than on burn plots but this latter difference was not statistically significant suggesting a
positive or neutral effect of frequent burns, not a negative one.

GROUND COVER AS A COMPONENT OF WATERSHED CONDITION

The prescribed burns resulted in an overall improvement in watershed condition after only
two growing seasons. This improvement was expressed as an increase in total ground cover,
a combination of litter and live basal cover. In both burns, litter failed to recover completely
to pre-burn levels after two growing seasons. However over time, litter cover should exceed
pre-burn values as grasses and herbs especially perennial ones (which increased after the
burn) continue to lay down litter in successive growing seasons. Litter influences the amount
and chemical composition of rainwater reaching the soil surface, reduces evapotranspiration,
alters energy flow by reducing photosynthetic active radiation available at the soil surface and
insulates the soil which may delay seedling emergence and root growth and activity to later in
the season (Facelli and Pickett 1991). Over time, then, the increase in litter in burned areas
should lead to higher soil moistures (i.e., reduced evaporation) which should further enhance
recruitment and growth of perennial grasses resulting in a positive feedback loop of
accelerating watershed restoration.

Unlike litter, live basal cover increased in the burn units after two growing seasons reflecting
increases in the abundance and cover of grasses and herbs there. In the Double R burn, this
resulted in a net increase in total ground cover over most of the burn unit. In the Hot Springs
burn, total ground cover was maintained at pre-burn levels in the burned area while it
decreased in unburned areas due to below-average summer rainfall. Thus, prescribed burns
have the capacity to increase ground cover in average or wet years and to buffer the effects of
droughts on watershed condition in dry years resulting in greater temporal stability in run-off,
infiltration, and soil erosion processes. This stability in conjunction with a general
improvement in watershed conditions should lead to beneficial changes in stream hydrology,
riparian forest structure, aquatic habitat, and native fish populations. In theory, changes in
stream hydrology should include a reduced intensity and frequency of floods and possibly
increased baseflows. Unfortunately, there are no continuous stream gages at the Muleshoe so
we will be unable to directly observe changes in flood magnitude and frequency. Our
streamflow monitoring has shown no increase in baseflow for Bass, Hot Sprngs or Wildcat
since 1995 when the first watershed-scale burn was conducted. However, we suspect that that
these changes will be subtle and superimposed on climatic variability. Disentangling the
effects of rainfall variation from those of management may be possible through regression
analysis by first developing relationships between climate and baseflow and then analyzing
the residuals for evidence of management effects. Additional years of streamflow and
weather data, however, are needed before this analysis is feasible. Beneficial effects of

44



stream hydrology changes will be expressed indirectly through improvements in riparian
forest structure, aquatic habitat quality and native fish populations which our monitoring was
designed to detect.

RIPARIAN FOREST STRUCTURE

Improved watershed condition appears to be leading to improvements in the structure of the
riparian forest in Bass, Hot Springs, and Double R Canyons. Target densities for saplings and
saplings plus trees were met and exceeded by 1998 largely due to the dramatic increase in the
number of saplings after 1994. From their size, these saplings appear to have recruited in
1995 following the large winter floods that year. The density of adults is also increasing at all
sites except Lower Hot Springs as surviving saplings continue to grow and eventually move
into the adult size class. We believe that the anomalous result for Lower Hot Springs is an
artifact of sampling error. This is so because when all adult trees in the reach were counted
and density calculated on the basis of the entire block, adult density increased from 1998 to
2000 as it did in all other reaches.

Removal of livestock from riparian areas on the Muleshoe may also be contributing to the
changes in riparian forest structure. Numerous studies have documented increases in
recruitment and establishment of woody and herbaceous vegetation and changes in floodplain
geomorphology and forest structure after excluding livestock from riparian pastures (see
review by Belskey et al. 1999).

AQUATIC HABITAT AND NATIVE FISH

The prescribed burns had no apparent short-term negative impacts on water quality or aquatic
habitat except that pool volume decreased significantly in the affected reach compared to the
control reach. Mooney (2000) attributed the decline to increased sediment run-off from the
burn area, which occurred sometime during the 1999 summer monsoon season. However, it
is also possible that the sediment run-off event was not directly related to the burn but the
result of a large precipitation event that occurred in the Double R portion of the Bass
watershed but not in the upper Bass watershed. Unfortunately, we are unable to test this
possibility because no rain gauges were installed in various portions of the watershed
affecting upper and lower reaches of Bass Creek.

There was some suggestion in Mooney's study that Gila chub may have declined in the
affected reach in response to the reduction in pool size there but the chub decrease was not
statistically significant. In addition, in fall 2000, a year later, chub density in Bass had
reached its greatest value since 1992 so if there was a negative effect of prescribed burning on
this species, it was a transitory one. Similarly, the decease in pool volume also appeared to be
short-lived. By fall 2000, the number of pools and maximum pool depth had both increased
to pre-burn levels (1996-1997). The transitory nature of the burn effects are not unexpected
given the dynamic nature of floods and their effects on aquatic habitat (Minckley 1981).
Furthermore, the magnitude of burn-related impacts on aquatic habitat appear to be well
within the natural range of variation observed in Bass and other Muleshoe streams over the
last decade.
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Water quality was sampled weekly before and after the burn over a 6-month period that
included the 1998 summer monsoon season (Mooney 2000). No changes in water quality
were detected. In the event a change did occur and was missed, it apparently had no adverse
impact on native fish. In fact, longfin dace increased in the affected reach after May, 1999,
this increase may be related to the sediment run-off event which reduced pool volumes,
transforming deeper pools into glides with sandy bottoms which is the preferred habitat for
this species (Minckley 1981).

Improved watershed condition has contributed to aquatic habitat improvements in Hot
Springs, Bass, and Double R and to an increase in fish populations in Wildcat, Hot Springs
and Bass Canyons since the early to mid-1990's. The habitat improvements include increases
in (1) the maximum depth of habitats including pools; (2) the number of deep pools per mile;
and (3) instream cover including undercut bank and woody debris. These improvements have
occurred despite the fact that baseflows have decreased over this period due to persistent
drought suggesting that they result from physical changes in channel morphology. Associated
with these habitat improvements, chub density increased in Bass and Hot Springs as did their
relative (percent) abundance in the fish community so that in 2000 they occurred in the
highest numbers and greatest relative abundance since monitoring began in 1991-1992. In
addition, fish density and adult density increased in Hot Springs and Wildcat respectively, but
the (increasing) trend in fish density disappeared in Bass after 1999. In addition, chub
colonized Wildcat Creek for the first time in 1999 and persisted there. The only negative
trend observed was for fish density in Double R since 1995. Fish populations on the
Muleshoe were considered to be in excellent shape in 1990 (AZGF Non Game Heritage
Database; D. Hendrickson, pers. comm.) and improvements since then underscore both how
little we know about the recovery potential of these populations and the benefits that can be
derived from grazing rest, prescribed burning, and watershed improvement.

The correlation coefficients for the trends in maximum pool depth and number of deep pools
per mile in Hot Springs were stronger between 1991-1999 than between 1991-2000. In
addition, the number of pools has decreased in Hot Springs since 1997. This suggests that
some other factor affecting pools (and other aquatic habitats) has come into play since 1998 or
1999. A possible factor is the condition of the watershed off (upstream of) the Muleshoe
Ranch where management practices differ. Alternatively, multiple prescribed burns may be
increasing channel sedimentation. Consistent with the latter explanation, Bass Creek was far
less affected by the burns than Hot Springs and the correlation coefficient for the trend in
maximum pool depth for Bass Creek was stronger for the 1992-2000 period suggesting that
improvements were continuing there. However, pool number and pool depth continue to
increase in Double R despite the fact that a significant portion of its watershed was burned
and the entire perennial portion of the stream was subject to sediment run-off from the unit.
This suggests that the negative impacts of prescribed burns on aquatic habitat depth, though
transitory, are not inevitable but depend on factors such as (1) the size and timing of a
precipitation event relative to the recovery (or increase) in total ground cover in the burn area;
(2) proportion of the watershed burned; (3) frequency the watershed burns; and (4) condition
of the riparian area at the time of the burn.
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There was also evidence from Bass, Hot Springs and Wildcat Creeks that fish density and/or
adult density trends were stronger prior to 1999 (larger correlation coefficients) and that
densities have decreased since 1998 or 1999 (see preceding Figures). These declines were
apparently not the result of the prescribed burns since they occurred in all streams including
Bass where most of the monitoring stations were unaffected by the burn. A more likely
explanation was the reduced stream flow during this period, especially in the pre-monsoon
months of May-June, 2000, when the extent of perennial flow was at its lowest point since
1991. The declining flows and seasonal loss of stream habitat may have resulted in increased
mortality of adults and juveniles, thereby lowering fish abundance. In addition, there is now
evidence from a number of streams in southern Arizona, including two at the Muleshoe, that
large floods reduce fish numbers (D. Gori, D. Backer, J. Simms, unpubl. data). All stations in
Wildcat and Double R and some stations in Bass and Hot Springs were sampled shortly after
a large flood in October 2000, reducing fish densities even further.

Excluding livestock from perennial streams may also be contributing strongly to the observed
improvements in aquatic habitat quality and native fish populations. Numerous studies
conducted throughout the west but primarily in streams supporting salmonids indicate
improvements in substrate composition; instream cover; number and quality of pools; fish
species diversity, abundance and productivity; and food availability after removal of livestock
from stream bottoms (see excellent reviews by Belsky et al. 1999 and Rinne 1999). This
study was not designed to disentangle the effects of grazing rest in the uplands and in riparian
areas from the effects of prescribed burning in the uplands. Such a study would be very
expensive and, in fact, impossible to implement since there are not enough native fish sites,
especially ones with 4-5 species, in the state for adequate replication. Thus, given the current
study design, all we can say is that both factors are contributing to the observed improvements
in riparian forest structure, aquatic habitat quality and native fish populations.

The long-term benefits of grazing rest and prescribed burning on watershed condition and
riparian and aquatic habitats will continue to be documented at the Muleshoe Ranch through
continued, long-term monitoring. As more and more data are collected and analyzed, a
compelling case for the use of prescribed fire to restore watershed condition riparian
vegetation and aquatic habitat is beginning to emerge. Furthermore, as improvements in
riparian and aquatic habitats and the species that depend on them continue, we can adjust our
standards upward for what can be accomplished in restoration through better fire and
livestock grazing management.
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COMMUNITY OUTREACH COMPONENT

A primary goal of this project is to gather and distribute good scientifically based information
on the use of fire as a restoration tool in landscapes with semi desert grasslands and high
quality riparian and aquatic habitats. The target audience for community outreach is diverse;
ranging from local ranchers in the Willcox area to nationally dispersed fire and land
managers. This work included two types of outreach. On a day to day basis it involved
interacting with local neighbors exchanging information on the results of the project. In a
more structured way it included many presentations to both local groups such as the Willcox
and Redington NRCDs and to state and national gatherings such as the TNC Arizona annual
meeting and the National Fire Ecology Conference.

Community outreach results have been predominantly positive. The visual results of the
project are most obvious to observe through site visits. However, photographs have
communicated the results and success of the project with outstanding accuracy. Long term, it
will be important to continue presenting the results, including the analysis to various
audiences. Up until this point our conclusions have been preliminary as the data analysis was
not complete.

Feedback from our community outreach indicates that there are opportunities throughout
Arizona to duplicate this sort of cooperative watershed restoration work using fire across
ownership boundaries. The benefits are obvious for ranchers interested in rangeland
improvement, biologists focused on wildlife habitat and the general public interested in
efficient use of management dollars.

The various community outreach activities have been reported in each semi-annual report.
Photographs from the open house are in Appendix I.
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Permits

The first deliverable of this grant is for the various permits required. There were no
significant difficulties associated with obtaining the required permits. However, the
permitting process can be difficult for large prescribed fires. Much of the review work for the
past three years burns was completed prior to the start of this project during the Ecosystem
Management Planning process. The following permits or approvals were obtained during the
course of this grant.

e Archeological Clearance for fence construction, use of prescribed fire, placement of signs
on public land. A BLM staff archeologist completed the Double R burn clearance. All
other surveys and reviews were done by Desert Archeology.

e Prescribed fire NEPA review.

The BLM Safford Field Office completed three reviews.

e Prescribed fire plan approval, 1998, 1999, 2000. Approved and signed plans were
completed prior to burning. These include air operations, medical, safety, operational and
contingency strategies.

e ADEQ Smoke Management Permit. These permits were obtained each year immediately
prior to the burns.

Copies of all permits have been submitted with the five previous semi-annual reports.

Budget Summary

Overall, the funding for this project was adequate to conduct the work and produce the results
that we proposed. As with any project, as the grant activities progressed we found that in
order to make best use of the funds it was necessary to adjust the designated amounts for
several tasks. Due to cost sharing with the BLM the prescribed fire activities required less
money than anticipated, while the intensive monitoring activities took more time and money
than expected. During the course of this contract two amendments were made to address
these needs and the result has been a better product as we have been able to really focus on
the monitoring of these treatments.

The Nature Conservancy is fortunate to have a skilled Grant and Contract Administrator who
has worked with project staff to administer this project and prepare associated financial
reports. These reports have been submitted on a semi-annual basis.

Recommendations and Conclusions

If one reviews the objectives on page 4 and 5 that were established at the start of this project it
is clear that they have been met and in some cases exceeded. In the past three years this grant
has supported a significant amount of progress. However, additional time and monitoring will
be required before the full effects of this project’s activities can be determined. From the start
AWPF and TNC have recognized that this is essentially the start of a long-term restoration
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effort in a significant natural area. The Nature Conservancy, BLM and the USFS will
continue with the work that this project has supported and effectively jump-started.

As with any project, we would do certain things differently if we were to repeat the process.
The lessons of this grant are for the most part positive in nature, no insurmountable hurdles
were met and in the case of the prescribed fire component we were fortunate to have much
greater success than anticipated. We believe the use of prescribed fire as a watershed
restoration tool is a valid and effective one. These projects can be most effective if they are
planned and implemented not based on property ownership but on natural barriers and optimal
management unit designs. Clearly this approach requires coordination across administrative
lines. Even with the success of this project, more could have been accomplished with the
inclusion of more partners.

To a certain degree this project is testing the watershed-riparian processes model that TNC
has developed for semidesert grassland/riparian areas. We underestimated the amount of time
and money required to fully monitor a project of this size so that meaningful conclusions can
be reached. Future projects of this sort should recognize this and plan and budget
accordingly. Fortunately we have been able to amend this project to meet these needs but it
would have been difficult to meet the monitoring requirements otherwise. Monitoring results
obtained to date support the model: excluding livestock from riparian areas, resting grazing in
the adjacent uplands and conducting prescribed burns there will decrease shrubs, increase
perennial grasses and increase total ground cover leading to improvements in watershed
condition, riparian forest structure, quality of aquatic habitat and native fish populations.

Burns conducted during drought periods do not appear to harm perennial grasses but rather
oppose the effects of drought, resulting in more perennial grass and higher overall
productivity in burned vs. unburned areas. Thus, planning burns around prevailing climatic
patterns is unnecessary. However, the latter will affect how long rangelands need to be rested
from grazing before and after a burn. A minimum rest of two growing seasons is required for
recovery of perennial grasses to pre-burn levels and longer rest is strongly recommended to
encourage establishment of new seedlings and long-term, persistent increases in cover and
watershed condition. When livestock are re-introduced utilization should be carefully
monitored to determine the stocking level and duration of pasture use that is appropriate to
rainfall conditions.

If management objectives call for reducing shrub cover, our results indicate that burning more
frequently, that is 2-3 times in a 5-year period, is clearly advantageous. However, if the
objectives include increasing perennial grass abundance and cover, prescribed burns should
be conducted no more frequently than every 7-10 years and perhaps at longer intervals, i.e.,
every 10-15 years, as Robinett (1994) suggests. More work is needed to establish the
"optimal" burn frequency: burning too frequently, while effective at reducing shrubs, may
reduce perennial grasses while burning too infrequently may lead to increased shrub
establishment and reduced mortality after fires, may slow-down or halt the recovery and
spread of perennial grasses, and may reduce the intensity and spread of subsequent prescribed
burns as shrubs increase at the expense of perennial grasses.
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Prescribed burning may have short-term impacts on aquatic habitat as pools decrease in
volume from sediment runoff immediately after the burn. However, pool number and depth
quickly recover to pre-burn levels (i.e., within two growing seasons after a burn) and no
negative impacts were observed on native fish numbers at any time. Thus, the long-term
benefits of prescribed burning and improved watershed condition clearly outweigh any short-
term impacts so that plans to conduct prescribed burns should not be hindered by concerns
over their effects on endangered fish. We recommend that native fish and aquatic habitat be
monitored in affected vs. unaffected reaches for 2-3 years after a burn so that additional
information on this important issue is collected.

The community outreach component of a project like this should be strong and
comprehensive. We have tried to distribute the information to many different audiences, but
with additional focus and support more could have been done. In particular, local natural
resource groups such as NRCDs, farm bureau, and cattlegrowers are finding our results
interesting.
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Participant List

Permits and Authorizations:

BLM

ASLD

Arizona Dept. Environmental Quality (ADEQ)
Arizona State Museum

State Historic Preservation Office

Desert Archeology, Inc.

TNC

Fire Management Component:
BLM

USFS

ASLD

TNC

NPS

University of Arizona (U of A)
Natural Resources Conservation Service (NRCS)
Saguaro Juniper Corporation
Dave Harris

Larry Young

TNC Volunteers

Monitoring Component

BLM

TNC

UofA

TNC Volunteers

Arizona Game and Fish (AGFD)
NRCS

Fence and Signage Components
ASLD

BLM

Desert Archeology, Inc.

Hopkins Fence Company
Warbonnet Ranch

Carsonite Company

Community Qutreach

BLM USFS (TNC National)
ASLD TNC Uof A

NRCS ADWR Willcox NRCD
Willcox Area Ranchers
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Fire Activity Photographs
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Initial ignition(bottom) and progressive five
activity, Double R burn, 1998.
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Upland Vegetation Plant List
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Appendix C

Geomorphic Floodplain Transects
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Appendix D

Examples of Photopoint Monitoring
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