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EXECUTIVE SUMMARY

The Estancia Basin Watershed Health, Restoration and Monitoring Steering Committee (Steering
Committee) oversees forest thinning projects and monitoring of forest and watershed health in
the Estancia Basin in coordination with the New Mexico Forest anceréfmd Restoration
Institute. The primary goals of the Steering Committee are to improve forest health and create
defensible space from wildfire. Funding for forest and watershed monitoring has been provided
by the New Mexico Water Trust Board.

In 2007, SVCA Environmental Consultants (SWCA) was awarded a contract to conduct
monitoring for forest thinning effectiveness on the eastern slopes of the Manzano Mountains.
SWCA finalized a comprehensive monitoring plan in March 80@8ich is available online at

the New Mexico Forest and Wat e htpitvendv.niiferiong/or at i o
images/stories/pdfs/Estancia_Basin_Monitoring/EstanciaBasinMonitoring. it}  provides
background information, research questions, and a discussion of methoo® relatorest

thinning and monitoring. The monitoring plan calls for two years oftipireing data to provide
background information on all study sites prior to implementing thinning treatments and
monitoring treatment effectiveness. Results from the 2@089,2010, and 201 monitoring

seasons are presented in the 2008, 22090, and 2014annual reports, which can also be found

on the New Mexico Forest and Watershed Restor
forest and watershed monitoriage to determine the effectiveness of standard prescribed forest
thinning on soils, hydrology, water yield and quality, vegetation, and wildlife. SWCA is
responsible for planning and implementing forest thinning monitoring in order to evaluate these
resouces. SWCA has also assumed responsibility for the South Mountain Weather Station that
was previously installed by another contractor in 2006. After monitoring began, three major
wildfires (Ojo Peak, Trigo, and Big Spring) occurred in the monitoring ardate 2007 and

early 2008. The Trigo fire destroyed one of the forest thinning monitoring sites, which was
replaced during summer 2008. SWCA has additionally initiated a monitoring study -Gfrjgust

fire recovery on private forest lands.

This 202 Annual Report provides information on the results of forest thinning anevpladire
monitoring during the calendar year 20 ummaries of weather data from the South Mountain
Weather Station, which serve as a baseline for monitoring area climatamatiso provided

Initial 2008, 2009, and 2010 baseline pmeatment monitoring data from permanent monitoring
study sites provide information on rainfall, ambient and soil temperatures, soil moisture, soil
surface profiles to assess erosion over time,ssoflice stability, soil chemistry, bird and small
mammal composition and relative abundance, and vegetation composition, structure, and cover.
2011and 2012monitoring data represent information on the above paramadterg with data

on medium to large ®sed wildlife and livestockfor the first two years following thinning
treatments. The monitoring sampling design employs paired monitoring plots at two
pifion/juniper Pinus edulis/Juniperus monospeimaoodland sites and two ponderosa pine
(Pinus ponderosgsites. One plot of each pair was randomly selected and treated by thinning tree
stands in late 2010/early 2011. Those thinning treatments were completed in early 2011, and
SWCA will continue to monitor the above mentioned parameters through at leagzQliihéeo
examine the impacts and effectiveness of forest thinning treatments. Not only are paired study
plots being compared to each other in a treatment/control design, but each treated plot will be
monitored over time in order to assess change res@tngthinning treatments.
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Results from thesecondyear of postreatment monitoring data revealsunilar differences in
parameter values between treatment and control plototicatred last year, but hrior to
thinning treatments.

Tree and woodyegetation structure was greatly changed from the thinning treatments,
resulting in more open forest staraisthe treated watersheds

Tree basal areas were reduced on the treatment plots according to New Mexico State
Forestry guidelinesChilili pre-treament basal area was 2%5Quare feéacre and was
reduced to 8@quare feéacre, Wester basal area was 2g0are feéacre pretreatment

and 99square fedacre postreatment, Kelly was 155quare fedacre pretreatment and

47 square feéacre postreatment, and Vigil was 12dquare fedacre pretreatment and

39 square feéacre postreatment.

Tree diameter size class measurements of all treatment and control plots showed that
control plots had on average a larger number of trees in the smaleetdiaclasses

when compared to treatment plots where trees were more evenly distributed between
diameter size classes.

During the 202 monitoring period, relatively few rainfall eventgeneratedsurface
runoff eventsbasin wide In fact flows only occured at the Vigil watersheds whetee
treated watersheds dhehigher peak flows and runoff ratios when compared to the
controls. Future monitoring of flow events will reveal if this increased runoff on thinned
sites persists and for how long.

Soil moistue was found to be higher on treated plots than control plots, especially during
dry periods following rainfall events.

Herbaceous vegetation canopy cover was highgrifn/junipertreated plots compared

to the control plotsbut not treated plots at pderosa pine siteglerbaceous vegetation

cover was probably even higher than measured on treated plots, because domestic
livestock heavily grazed the treated plots prior to vegetation measurements.

Bird densities and species richness were found to behahtreated plots than control
plots, especially atpifionjuniper sites however the species composition of bird
communities was more similar among pairs of control and treatment plots at each site and
forest type than between control and treatment pldtsn sites and forest types

Rodent densities declined on treated pkttgonderosa pine sit¢deer mice) but not
pifionjuniper sitegpiionmice).

Large and mediumsized native wildlife species were found to be more frequent on
control plots than treated plots @fion/juniper sites, and domestic livestock were found
to be more frequent on treated plots at all sites.

Other parameters such as soil chemistry, sofiasarerosion and surface stability, and
bird communities have not yet shown differences between treatment and control plots.

Given againthat 202, like 2011, was an extreme drought year in the region, some parameter
responses mastill have been dampenég a lack of rainfall.
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1.0 INTRODUCTION

This 2012 Annual Report provides summaries of monitgridata collected during the 2012

calendar year for the Estancia Basin Watershed Health, Restoration and Monitoring Steering
Committee (Steering Committee). Details about research questions and the background and
administration of this monitor i n\Yatepshed Healtht may
and Moni toring Project: Moni toring Pl an Ev a
Environmental Consultants [SWCA] 2008), which is available at the New Mexico Forest and
Watershed Restoration Institute (Restoration Institute) websitp:/(iMtvw.nmfwri.org). The

2008 Monitoring Plan provides detailed information on the background knowledge of forest
thinning in the Southwest and presents the goals and methodologies for the Estancia Basin forest
thinning monitoring project. The 2008 Annudkeport (SWCA 2009) also provides important
background information for the Trigo wildfire monitoring project that was initiated in 2008.
Previous year so6 annu2810,and @0l summarizefowerall n2ofQitdrihg 200 ¢
findings from thosdour years, and they also may be found at the Restoration Institute website.

The Steering Committee oversees forest thinning and effectiveness monitoring of forest thinning
on ponderosa pineP{nus ponderosa forests and pifion/juniperP{nus edulis/Juniperus
monosermg woodlands on private and state lands on the eastern slopes of the Manzano
Mountains, New Mexico. Principal members of the Steering Committee include the CGlaunch
Pinto, East Torrance, and Edgewood soil and water conservation districts; New Mexé&o Stat
Forestry; and the Restoration Institute. The Restoration Institute is additionally providing
oversight and public relations for forest thinning and monitoring activities.

The principal goals of the Steering Committee are to create defensible spackrayvmes and
other structures from wildfire and to improve overall forest health, following forest thinning
prescriptions determined by New Mexico State Forestry. The primary goals of forest thinning
monitoring are to determine the impacts of standard pbest forest thinning on soils,
hydrology, water yield and quality, vegetation, and wildlife.

The scope of work for this monitoring project
request for proposals as follows:

1. Plan and implement methods to detae how vegetation thinning and removal affect
water yield.

2. Plan and implement methods of establishing reliable and repeatable vegetation
monitoring methods to allow for both qualitative interpretation and quantitative
documentation of change in vegetatstructure and composition over time.

3. Plan and implement methods of monitoring small mammal and avian populations, which
are indicators of ecosystem health.

SWCA is currently under contract for five years of monitoring, beginning in 2008, and is
respondile for study site maintenance, data collection, data management, data analysis and
interpretation, and information dissemination (including monthly meetings, monthly reports, and
annual reports). The current Steering Committee plan calls for three yehesaline pre
thinning treatment monitoring (2008010), thinning treatments implemented during the winter

of 2010 and 2011, and two years of pweatment monitoring (2012012).
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Several new subprojects were added to the overall monitoring proje@@8n ibcluding posfire
monitoring of soils, hydrology, vegetation, and wildlife on private forest lands following the
Trigo wildfire. These tasks involve developing and implementing ephemeral stream and
groundwater monitoring to assess the effects di lartest thinning and the Trigo fire on water
resources, as well as assuming the operation and reporting for the South Mountain Weather
Station (SMWS), initiated by EnviroLogic in 2006. A map of all study sites for these projects is
presented irFigure 1.1 (note that the SMWS is located north of Edgewood, New Mexico, and is
not on the map presentedrigure 1.1, but is on the map presentedrigure4.1 in Chapted.

This 202 Annual Report is similar in format to the previous 2008, 2@09,0,and 201 annual
reports, and it provides complete data files (appended on DVD) and summarretirgfsifrom

field monitoring measurements conducted during the calendar 3@g2 for the primary
subprojects: 1) forest thinning monitoring of weather, soils, hydrology, vegetation, and wildlife;
2) overall Manzano watershed ephemeral stream and grougrdmanitoring, associated with
both forest thinning and pestildfire monitoring; and3) SMWS weather and soil moisture data,
including addenda representing the four quarterly22@ports. Data collected in 2008, 2009,
and 2010 represent baseline condisigrior to forest thinning treatments, which were begun in
late 2010 and were completed by May 2011. Data collected after thinning in 2011 will then
provide measures of thinning treatment effectiveness and a comparison dfeasent
environmental conilons. Monitoring data from subsequent years will provide data on thinning
treatment effects over time.

This report provides analyses of parameter changes ovefivthgears of monitoring and
comparisons of paired treatment and control plots to evaliestiment effects. Some statistical
tests of parameter values between paired study plots are also provided to comgarsipige
treatment baseline conditions to ptstatment conditions in order to determine if the paired
plots differ in parameter vaés resulting from imposed thinning treatments. Additionally,-post
Trigo fire monitoring data collected in 2008, 2009, 2010, and 2011 provide information on the
recovery of soils and vegetation following the fire. In late 2011, Trigo fire monitoring was
swspended due to safety issues regarding falling dead treesTrRyustfire monitoring may
resume at some future date.

Numerous discrete datasets have been collected, and SWCA has been active in creating data
collection, storage, and management plans for each of the subprojects. SWCA has created
metadata for each of these datasets that outline the date range of eadh ttatasdlection
methods, the unit measurements, and the abbreviations and codes used within each data file. The
metadata files will also state any caveats or general comments to which the viewer should be
aware before analyzing the data.

SWCA is makimg these data available in a form that can be easily disseminated, using readily
available software packages such as Microsoft Word and Excel. Some information, such as those
data collected from the WatchDog Mini Weather Stations, is collected using paoprie
software. These data are converted into Microsoft Excel files so they can be viewed by the
general public. SWCA also intends to make the data available in forms that are easy to analyze.
Some data, such as those related to the flumes, which area@orfive minute intervals, must

be partitioned into several files, as the dat
of these data are being made available to the Restoration Institute for dissemination on its
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website. Note that measurenterirom various aspects of monitoring are reported in English
units (e.g., feet, acres), while others are reported in metric units (meters, hectares). The protocols
for monitoring measurements were obtained from different sources that use differentf units o
measure. The U.S. Department of Agriculture (USDA) Agricultural Research Service Rangeland
Monitoring Manual (Herrick et al. 2005) uses metric units, while the U.S. Forest Service (USFS)
Forest Inventory and Analysis Guide (USFS 2005) uses English imitgeneral, scientific
research worldwide has adopted the metric system as the standard for measurements, while some
federal and state agencies use English units of measure. For ease of comparison, values are
presented in this report with both English anetric units, except where not feasible.

This 202 Annual Report provides summaries of findings from field monitoring measurements
conducted during the calendar year 2@hd compares them with previous yefmsthe above
mentioned projects and subprdgcThis report is partitioned into different sections for each
subprojectl) Introduction (this section),) Zorest thinning monitoring3) ephemeral s¢éam and
groundwater monitoringt) SMWS dataand5) planned monitoring for 2@l(yearsix).
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Figure 1.1. Map of all Estancia Basin forest and watershed monitoring locations
addressed in this report.
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2.0 FOREST THINNING MONI TORING

Details of forest thinning monitoring protocols are provided in the 2008 Monitoring Plan
(SWCA 2008). Background information on the known environmental effects of fonesiniip

on southwestern forest ecosystemslso presented in the 2008 Monitoring Plan, along with
detailed discussions of the experimental study design and methods used in this research to
measure various environmental responses to forest thinning tréatme

Forest thinning projects on private lands on the eastern slopes of the Manzano Mountains are
overseen by the Steering Committee and include projects in both ponderosa pine forests and
pifion/juniper woodlands. Forest thinning monitoring has been dabign address forest
thinning in both of these forest types, so four monitoring study sites have been established: two
in ponderosa pine forests and two in pifion/juniper woodlands. Each ponderosa pine site has been
paired with a pifion/juniper site in tharse watershed, so that each of two watersheds has a
ponderosa pine and a pifion/juniper monitoring site. One pair of sites is situated at the northern
end of the study area (eastern slopes of the Manzano Mountains), and the other at the southern
end (sed-igure 1.1). Two paired study plots have been installed at each of the four study sites.
Descriptions of physical site characteristics such as slogeectasparent materials, plant
associations, and habitat types are provided in the 2008 Monitoring Plan (SWCA 2008). Surface
elevations of the flumes on the thinning plots can be seen ifathle2.1 below. All study sites

chosen are representative of the surrounding area; for example, all sites, excluding the Wester
property, undergo a livestock grazing regime, which is typical of the private lanoh dlse
Manzano Mountains. One plot of each pair was randomly selected for forest thinning treatments,
and the other plot of the pair will serve as an untreated control. Parameters being measured for
monitoring at each of the eight study plots includefedinambient temperature, soil moisture

and temperature, soil chemistry, soil movement, soil surface stability, soil surface hydrology
runoff, vegetation canopy cover and species composition, vegetation vertical structure, tree stand
structure, density,amposition and health, and bird and small mammal species composition and
abundance.

Table 2.1. Surface Elevations of theFlumes on theForest Thinning Plots

Site Elevation (m) Elevation (Eet)
Chilili freatment) 2,288 7,507
Chilili €ontrol) 2,292 7,520
Wester {reatment) 2,267 7,436
Wester €ontrol) 2,275 7,466
Kelly {reatment) 2,114 6,937
Kelly ¢ontrol) 2,111 6,925
Vigil (reatment) 2,068 6,783
Vigil Eontrol) 2,073 6,802

Actual forestthinning treatments were implemented in November 2010 and were completed by
May 2011. This 202 report presents theecondyear of mwstthinning treatment data and
comparisons of paired study plots. From 2011 on, the various environmental parameters being
measured will be compared between the treatment and control study plots, and each study plot
will be compared to itself over time.
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2.1 FOREST THINNING TREATMENTS

One study plot of each forest thinning monitoring pair (plots 1 and 2) was randomly selected to
be treated with the standard New Mexico State Forestry prescribed thinning treatment
(pifion/juniper or ponderosa pine prescriptions) in late 2010 and early 2011 with the other plot
being left as a control (plots T and @spectively). The minimum area andundaries for
thinning treatments were determined for each of those four plots and mapped witmatsub
accuracy global positioning system (GPS) unit in October and November 2009. Those GPS
coordinates were used to produce geographic information sy&&M maps of the treatment
areas and boundaries for each of the four treatment study plots (maps of the thinniageareas
presented in the 2009 Annual Report [SWCA 2010]). The thinning treatment areas for each of
those plots included the entire subwéters that was previously defined and mapped in 2007,
the vegetation/soils measurement plot, and the mammal and bird sampling plot, all within the
area of each treatment plot to be thinned. A minimum treatment buffer area of 10 m (33 feet) was
extended fronmthe boundaries of each subwatershed and study plot to ensure that all areas from
which soil, hydrology, vegetation, and animal measurements are being collected were thinned on
those treatment plot3.able2.2 shows which plots were treated by tree thinning and which ones
remained undisturbed as controls.

Table2.2.  Treated and Control Plots across the Four MonitoringStudy Sites

Site Treated Plot Control Plot
Chilili Plot 1 Plot 2
Kelly Plot 2 Plot 1
Vigil Plot 1 Plot 2
Wester Plot 1 Plot 2

Note that results presented above refer to plot number, and all treated plots were plot number 1 except at the Kellyesée
the treated plot was number 2.

Tree thinning treatments were conducted as planned and were inspected by New Mexico State
Forestry to ensure that all protocols were followed and that the thinning was conducted to the
agencyo6s st anda ha egiord f@rv loth endedosa fpioe and pifion/juniper
woodland. In addition to reducing the density of trees on treatment monitoring plots, the thinning
process also required that small branches from cut trees be chipjséd and spread on the
ground surdice. Largediameter wood was removed from the sites for firewdeidure 2.1
throughFigure2.4 show views of both the netneated control plots andigcent treatment plots

where trees were thinned from each of the four monitoring $ttets werephotographed in late

fall 2010 and early spring 2011, following tree thinning treatments. Note the open structure of
the trees stands and wood chips spread over the ground surfaces of the thinned plots.
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a. Nonthinned control plot (plo€).

b. Thinned treatment plot (pld@).

Figure 2.1.  Kelly pifion/juniper site thinning treatment plot after excess trees have been
removed in late 2010.
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2R e, "

a. Nonithinned control plot (plo€).

b. Thinned treatment plot (plotT).

Figure 2.2.  The Vigil pifion/juniper site following tree thinning treatments in late 2010.
Note the open stand and wood chips. Stacked wood was removed shortly
after the photograph was taken
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b. Thinned treatment plot (pld@).

Figure 2.3.  The Chilili ponderosa pine site following tree thinning.
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b. Thinned treatment plot (pld@).

Figure 2.4. The Wester ponderosa pine site in early spring 2011 following tree thinning.
The stacked wood was removed in early summer.
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2.2 RAINFALL AND TEMPERATURES

Spectrum WatchDog automated dalagging rain gauges installed at each of the paired
vegetation and soils monitoring plots at all of the study sites Fsgare 1.1) have run
continuously since they were installed in November 200gufe 2.5). The WatchDog stations

are located in openings in the tree canopy in order taceedtifects of interception. Additional
details regarding the setup of the weather stations are provided in the 2008 Monitoring Plan
(SWCA 2008). The tipping bucket rain gauges on the WatchDog stations are set to record
rainfall and snowmelt sums at eheur intervals continuously. In fall 2008, a graduated cylinder
rain gauge was added to each of the automated rain gauge locations to serve as backups in case
of power failure or other malfunction of the data loggeiggre 2.6). These graduated rain
gauges and their recorded values are checked monthly when Time Domain Reflectometer (TDR)
soil moisture and temperature readings are taken; mineral oil is also added tmatigeseat this

time to prevent evaporation of water collected. The WatchDog stations are set to record ambient
temperature, soil moisture 10 cm (4 inches) below the soil suHB@eIf), and soil temperature

-10 cm, all at ondwour increments. Soil moiste and temperature data from each WatchDog
station provids baseline comparisons for the Field Scout TDR 200 soil water content and soil
temperature data that are sampled monthly at each study plot. All data from the stations are off
loaded approximatelyevery three months and entered into a database. Summaries for
precipitation, ambient temperature, soil moisture, and soil temperature frého2@l thinning

plots are presented as examples bel@Mso presented below adengterm graphsf each of

these variables (2002012) showng any trends that may be occurriotimatically within the

region.

During the 202 monitoring periodthe droughtthat was present in 2011 was still persisting
throughout the state of New Mexico, particulaolyer the project aredigure2.7). The project

area @l within the category of exceptional drought2011, which means there are exceptional
and widespread crop/gtre losses, and shortages of water in reservoirs, streams, and wells,
creating water emergencjeshile in 2012 the drought was categorized as sevéresevere
drought can cause water shortageslting ina loss in crops and pasture lands.
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Figure 2.5. WatchDog mini weather station at the Wester ponderosa pine site.

Figure 2.6. Graduated rain gauges are used for backup in the case of failure from one of
the WatchDog weather stations.
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Figure 2.7.  Drought monitor map of New Mexico from the week of Octobeg, 2012,
showing the projed area located within Torrance County experiencinga
severedrought (U.S. Drought Monitor 2012).

2.2.1 PRECIPITATION

Hourly precipitation totals have been summed to monthly totals and show similar monthly
precipitation totals between the paired study plothatKelly pifion/juniper study sitegigure

2.8). This graph show similar monthly precipitation values between the paired study plots, as
was typical at all of the gty sites Annual precigtation values for 2002012 averaged for the
ponderosand pifion/junipersitesareshown belowin Figure2.9. This figure clearly shows the
variability in precipitation values throughout the study period with the last two years being well
below the longerm averagef 14.4 inches\\Vestern RegionaClimate Cente2013). The total
precipitation received in 2012 was 11.5 inches at the pifion/juniper sites and 6.8 inches at the
ponderosa sites, which typically receive more precipitation because of the increased elevation.
This longterm average is &m a weather station in Mountainair that has a period of record
beginning May 1, 190@Vestern Regional Climate Center 2013

All tipping bucket rain gages were functioning properly during the 2012 monitoring season.
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Figure 2.8.

Monthly cumulative precipitation (rainfall and snow) from the two paired

Kelly pifion/juniper study plots in 2012
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Figure 2.9.  Annual precipitation valuesfrom 2009 2012 on thepifion/juniper and
ponderosa pinesites which highlight the drought in 2011 2012.
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2.2.2 AMBIENT TEMPERATURE

An example of monthly averages of hourly ambient temperatures is presentde: Kelly
pifion/juniper study sitesF{gure 2.10). This graph show similar monthly average ambient
temperatures between the paired study plots, as was typical at all of the studylsteserage
ambient temperatures are also presented for yearsi2002 which show a steady rise
temperaturesince the studypegun in 2008(Figure 2.11). The average temperature at the
pifion/juniper(13°C [B5°F]) site was well above the loigrm average for the areahile the
ponderosasites (10.7°C b1.3F]), which are higher in elevation, were equal to the {t@mm
average for the regiofl0.8°C pB1.5°F]). This average was taken from the ldegm weather
station located in MountainaifWestern Regional Climate Center 2p13The temperature
increase seein this study isalso what has beearccurring stateide and even at a national scale.
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Figure 2.10. Monthly average ambient temperatures from the two paired Kelly
pifion/juniper study plots in 2012
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Figure 2.11. Annual average ambienttemperature values & the pifion/juniper and
ponderosa pinesites 2009 2012

2.2.3 SOIL MOISTURE

An example of monthly averages of hourly0 cm soil moisture readings are presented for the
paired study plots at the Kelly pifion/juniper sikégure2.12). Soil moisture was measured with
Watermark soil moisture probes that measure soil water tension in kilopascal (kPa) values that
are directly equivalent to California Bearing Ratio jckailues for soil water saturation. Results

for paired plots were generally similaMore detailed information on the trends in soil moisture

can be found in th8ection2.3.1below on soil TDR measurements.
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Figure 2.12. Monthly average soil moisture tensions-(0 cm) from the two paired Kelly
pifion/juniper study plots in 2012

2.2.4 OIL TEMPERATURE

An example of monthly averages of houfly0 cm soil temperature readings are presented for
the paired study plots at the Kelly pifion/juniper sit€sg(re 2.13). The graphs show similar
monthly average soil temperatures between the paired study plots (T ahdd@h study sites,
which was generally the pattern across all sites.

A figure showing the annual soil temperatures for both the ponderogafandjunipersites is
also presented belofFigure2.14).
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Figure 2.13. Monthly average soil temperature {10 cm) from the two paired Kelly
pifion/juniper study plots in 2012
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Figure 2.14. Annual average soil temperature valuest the pifion/juniper and ponderosa
pine sites 2009 2012
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2.3 SoILs
231 ENTIRE StuDY PLOT SOIL WATER CONTENT AND TEMPERATURE (TDR)

Continuous hourly soil moisture and temperature measurements recorded by the WatchDog
station at each plot only provide a single reference point measurement for each plot, measured
and recorded hourly. In order to sample soil moisture and temperaturétrations throughout

each vegetation and soil monitoring plots, a portable Field Scout TDR 200 soil moisture meter

was used. Further information on the detailed methods can be found in the 2008 Annual Report
(SWCA 2009).

Average percent soil volumetric veas content orthe pifion/juniper and ponderopéots from

2008 through 2.is displayed below irfrigure 2.15 andFigure2.16. These results show that

the pifion/juniper and ponderossites are acting in similar fashion prior to the thinning
treatments completed in 2011. Averagenual soil moisture between the padd plotsis
presented below fa2008 2012 from all forest thinning plotsRigure2.17 Figure2.20). These

figures indicate that the treated sites retain on average more soil moisture throughout the year,
especially after storm events and during times of drought. These figures also show the difference
in soil moisture between the treatment and cdmgromore pronounced on the pifion/juniper plots

than the ponderosa pine plots. This finding can likely be contributed to the decrease in canopy
cover and the increase in ground cover in the form of wood chips. Whether these findings
continue to persishto the future remains to be seen.
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Figure 2.15. Annual average soil moisture percentage for the pifion/juniper site2008
2012; moisture readings were averaged annually from the monthly readings.
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Figure 2.16. Annual average soil moisture percentagéor the ponderosa sites20082012
moisture readings wereaveraged annually from themonthly readings
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Figure 2.17. Averageannual soil moisture readings taken inat the Chilili site, 2008 2012
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Figure 2.18. Averageannual soil moisture readings taken at the Kelly site2008 2012
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Figure 2.19. Averageannual soil moisture readings taken at the Vigil site2008 2012
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Figure 2.20. Averageannual soil moisture readings taken at the Wester site2008 2012

2.3.2 SOIL SURFACE STABILITY

Soil surface stability was measured and scored in Jun2 &g the Soil Stability Test Kits
developed by th&).S. Department of Agricultur@gricultural Resource Service (Herrick et al.
2005) Figure2.21). Further details of the measurement methods and a review of the literature
can be found in the 2008 Monitoring Plan (SWCA 200&jgure 2.22 through Figure 2.25
provide average soil surface stability scores for each ofainesample site$or 20081 2012
except for Chilili which is 20092012. Figure 2.26 through Figure 2.29 provide average
subsurface (1 cm below the soil surface,-brcm) soil stability scores for each of tfeur
sampling sitegor 2008 2012 except for Chilili which is 20092012

In general, the data show there was not much of a change sugaite or subsurface stability

from 2008 to 2012, meaning the thinning practices did not initially affect stability. The data do
show, however, that the stability scores are higher on the ponderosa pine sites (Chilili and
Wester) than on the pifion/junipsites (Kelly and Vigil)(Figure 2.30 and Figure 2.31). This
difference canlargely be attributed to the large accumulation of organic matter that occurs
underneath tree canopies in the ponderosa pine vegetation type, which can add as much as 2,000
pounds/acre/year of fine fuels (Ffolliott et al. 1968). Most soils at the sitasumsel were
underneath litter layers and contained organic material and fungi.
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Figure 2.21. Soil stability test in use on the study sites.
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Figure 2.22. Soil surface stability average scores fo€hilili , 20091 2012(18
subsamples/subplot).
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Figure 2.23. Soil surface stability average scores for Kelly2008 2012 (18
subsamples/subplot).
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Figure 2.24. Soil surface stability average scores for Vigil2008 2012 (18
subsamples/subplot).
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Figure 2.25.

Soil surface stability average scores for Weste2008 2012 (18
subsanples/subplot).
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Figure 2.26. Soil subsurface {1 cm) stability average scores fo€hilili , 20091 2012(18

subsamples/subplot
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Figure 2.27. Soil subsurface(-1 cm) stability average scores for Kelly2008 2012 (18

subsamples/subplot).
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Figure 2.28. Soil subsurface {1 cm) stability average scores for Vigjl2008 2012 (18

subsamples/subplot).
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Figure 2.29. Soil subsurface {1 cm) stability average scores for Weste2008 2012 (18
subsamples/subplot).
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Figure 2.30. Soil surface stability average scores for thpifion/juniper and ponderosa
sites 2008 2012.
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Figure 2.31. Soil subsurface {1 cm) stability average scores for the pifion/juniper and
ponderosa sites2008 2012.

2.3.3 SOIL MOVEMENT

Soil movement was monitored usisgil movement bridges (called soil erosion bridges in the
2008 report) Figure 2.32) modeled after White and Loftin (2000). Permanent bridge support
posts were installed at consistent, systematically determined, and unbiased locations at one of
each of the vegetation and soil subplots for a total of three bridges at each paired plot at all four
sites. Please refer to the 2008 Annual Report for detail@itoring protocols and literature
associated with soil movement (SWCA 200%igure 2.33 shows the micraoil topography

profile from one of the three sampling points at the Kelly pifion/juniper site foii 2002 The

graph clearly shows the yearly variability associated witih movement on a plot and a slight

trend for overall soil losswer the Five-year period.Figure 2.34 through Figure 2.37 show
average solil profile values averaged over all points per bridge, and over three bridges per paired
plot, for 2008, 2009, 2010, 20land 2012 Thesefigures showlittle overall change in average

soil surface levels over thatvé-year peiod and between the control and treatmenbe
processes of soil erosion and soil deposition can clearly be seen when plotting data fixam all f
years. Over a series of years, this study will document losses and/or gains to the soil surface
profiles at ech bridge site and will provide average values for each of the eight plots in this
study.

Through two years of posteatment monitoringno differences ha been observed between the
control and treatment. However, one factor to take into consideration is the lack of large
precipitation eventsFor the past two years the project area has been in a severe draibhas
resulted in very few overland flowvents occurring that typically move large amounts of
sediment. Overall, it does not appear that the treatments have caused danfagesdd
resources. Whether thesesuls persist into the future is still up for debate with only future
monitoring provding a conclusive answer.
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Figure 2.32. Measurement of soil surface topography using a soil movement bridge helps
understand the yearly variability associated with soil topography.

20082012 Soil Profile for Kelly Contrc
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Figure 2.33.  Soil surface profile from the soil movement bridge located at the Kelly
pifion/juniper control site over 2008 2012, showing variation in the soll
surface profile over a fve-year period. Each point 121 on the X axis
represents one measurement point from the soil surface to the level bridge
above the surface. Point 11 is the set point (head of a spike) for calibration.
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Figure 2.34. Average soil surface profiledor the Chilili sites, averaged from three soll
movement bridges located on each of the paired study plots over ttieee-
year period, 20®i 2012.
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Figure 2.35. Average soil surface profiles for the Kellysites, averaged from three soill
movement bridges located on each of the paired study plots over tfiee-year
period, 20(i 2012
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Figure 2.36. Average soil surface profiles for the Vigil sites, averaged frorthree soil

movement bridges located on each of the paired study plots over thed-year

period, 20087 2012
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Figure 2.37. Average soil surface profiles for the Wester sites, averaged from three soil
movementbridges located on each of the paired study plots over thevé-year

period, 20(i 2012
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2.3.4 OIL CHEMISTRY

The chemistry comprising the soil is an important parameter in the overall health and functioning
of a watershed. In particular, the top layer of st A-horizon, is important because it is the

zone where most biological activity occurs astherefore the most fertile layer. Thehrizon

is also the layer of soil most susceptible to disturbance because it is exposed at the surface to the
elements of nature and man. Soil chemistry plays a key role in sustaining the productivity of
plants ad soil biota, which directly affect the ability of soil to infiltrate water. Understanding the
chemical makeup of a soil before treatment or disturbance can shed light on how restoration
techniques affect the chemical composition of the soil.

Baseline masurements of soil chemistry were obtained in 2008, 280$2010before thinning
treatments at the Kelly, Vigil, and Wester sites; Chilili was not included until the 2009 sampling
because this plot had yet to be established. The purpose of taking thaserements is to
guantify changes to soil chemistry potentially caused by thinning activities. The methods used in
2008, however, were slightly different than those used in 2009 and 2010 and can be a reason for
any large differences seen between yeatse sbil samples were obtained using@®diameter
(1.6inch-diameter), 2&cm-deep (8inch-deep) impact soil corer at the four corners of the three
established vegetation plotBigure 2.38). In 2008 the 12 subsamples were placed in labeled
separate bags in order to attempt in house analysis with Cardy solil kits. The variability associated
with these kits, however, proved to be too great for reliable results, ssulbisamples were
combined into one bag for each site and sent to the New Mexico State University Soils and
Water Testing (SWAT) laboratory for further analysis. In 2009, 2@D4,1, and 202 the
collection of the 12 subsamples was combined into the sagatlibe time of sampling. These
pooled samples were considered to be representative of the study areas. The 2009, 2010, and
2011 samples were sent to the SWAT laboratory for analy$is.New Mexico State University

SWAT laboratory closed in early 20120 the 202 samples were sent tbe Soil, Water, and

Plant Testing Laboratory at Colorado State University (CSUhese methods followed the
USFS Forest Inventory and Analysis Guide procedures (USFS 2005).
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Figure 2.38. Soil cores were taken using an impact corer, shown above, for chemical
analysis.

The variables measured by the SWANd CSUlaboratores included saturated paste pH,
electronic conductivity, total soluble salts (sodiumcmm, and magnesium), sodium adsorption
ratio, organic matter, nitrogen (nitrate) (ByQObicarbonate phosphorous, potassium, and a texture
estimate. The results dfe soil oganic mattercontentand the macro nutriemtitrogen,from
samples takefrom 2008 2012 are presented iRigure2.39 throughFigure2.46.

The various soil chemistry compounds varied gaiteit at a given plot, between paired plots,
between sites, and between years. This amount of background variation will be important to
consider in determining if thinning treatmentseaff soil chemistry. Such treatment differences
will need to be above this background variation.
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Figure 2.39. Organic matter concentrations measuredt the Chilili sites, 2009 2012
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Figure 2.40. Organic matter concentrations measured at the Kelly site2008 2012
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Figure 2.41. Organic matter concentrations measured at the Vigil site2008 2012
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Figure 2.42. Organic matter concentrations measured at the Wester site2008 2012
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Figure 2.43. Nitrate concentrations measired at the Chilili sites, 2009 2012
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Figure 2.44. Nitrate concentrations measuredt the Kelly sites 2008 2012
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Figure 2.45. Nitrate concentrations measuredt the Vigil sites 2008 2012
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Figure 2.46. Nitrate concentrations measuredat the Wester sites2008 2012
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2.4 FOREST THINNING H YDROLOGIC MONITORING

Monitoring flumes (Parshall flumes) complete with pressure transducers were installédwat
study sites in order to study impacts of tree thinning to surface fiogure 2.47). For more
detailed information orthe methodology, site locatioand relevant background information,
please refer to the 2008 Monitoring Plan (SWCA 2008).

Figure 2.47. Parshall flume located at the thinned Chilili site.

During the 2Q2 monitoring period, rainfall occurred in the project areal@®o of the days
monitored compared witB6% of the days monitored 2011 However, abouB0% of these
rainfall events were relatively smalh@ totaled less than 2.5 mm (0.1 inch). During the same
monitoring period only eight flow eventswere recorded across all watershedbich were
considerably lower than i2010 where 16 flow events wererecorded,but greater than 2011
where only five fow events occurredFlows generally did nobccurwithout at least 7.6 mm (0.3

inch) of rainfall, whichhas been the case since the beginning of the projéw sites located in

the ponderosa pine study plots generated runoff with slightly less rairm{#.g0.3 inch]),
whereas the pifion/juniper sites required about 12.7 mm (0.5 inch) of rain to generate runoff
events.

During the 202 monitoring period there were no basitde storm events that generated flow
across all study sitesmultaneouslyMany of the flumes did not even record flaventsduring

the 202 monitoring season, which is a product of the persistent drought over the region. The
flumes that did not record surface fl@ventsduring the 202 season included both Kelly sites
andboth Chilili sites Even though there were very few recordable storm eveetsls thatvere
beginning to shown 2011 are still persisting The flumes that did record events were Vigil
treatment and control, which recordseivenflow events and Westercontrol which recorded

one (Figure 2.48). The results of these flows can be foundTiable 2.3 through Table 2.7.
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Whether the differences in peak flows on the treated watershed versus the contrdiedaters
persist remains to be seen, and with more future flows this picture will become more clear.

There were three flow eventsachthat were recorded at both of th@il sites in 2012. These
events occurred on Ju§;, August 5, and August 12012. Theonly other flow event that was
recordedon the treated Vigil siteccurred orduly 7, 2012 The flow events that occurred on the
Vigil control and treatment siteshiowed the trends that were seen in 2011 where the treatments
generally have a higher petlew and runoff ratio Figure2.49i Figure2.52). During all paired

events in 2012 the peak flows were higher on the treated watersheds while the runoff ratios
varied. Whether these restersist and if they occur at all sites is yebe determined. Given

the lack of paired events across all sitascomplete understaimgy of the effects of the
treatments is unknownAll Parshall flumes were functioning properly during the 28&ason.

Table 2.3. Summary of Runoff Events forWester Control on August 5i 6, 2012

Study Site

Runoff Parameters Wester Control
Flow start 8/5/2012 23:32
Flow stop 8/6/2012 1:57
Peak stage (feet) 0.184
Peak flow (cubic feet/second) 0.07
Flow duration(minutes) 150
Total volume of flow (cubic feet) 178
Watershed area (acres) 1.03
Volume of flow per acre (cubic feet/acre) 173
Total rainfall (inches) 2.79
Total volumetric rainfall (cubic feet) 10,447
Rainfall/Runoff ratio 0.02

Wester Control, August@b, 2012
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Figure 2.48. Hydrograph showing the storm flow at the control Wester site that occurred
on August 56, 2012.
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Table 2.4. Summary of Runoff Event for Both Vigil Sites,July 5, 2022

Study Sites
Runoff Parameters Vigil Treated Vigil Control

Flow start 15:20 15:07
Flow stop 15:45 15:37
Peak stage (feet) 0.12 0.095
Peak flow (cubic feet/second) 0.04 0.028
Flow duration (minutes) 20 30
Total volume of flow (cubic feet) 33 27.3
Watershed area (acres) 0.68 0.1
Volume of flow per acre (cubic feet/acre) 48.53 273
Total rainfall (inches) 0.63 0.76
Total volumetric rainfall (cubic feet) 1,555 275.88
Rainfall/Runoff ratio 0.02 0.10

Table 2.5. Summary of Runoff Event for the Vigil Treatment Site,July 7, 2012

Study Site
Runoff Parameters Vigil Treated

Flow start 12:40
Flow stop 13:15
Peak stage (feet) 0.06
Peak flow (cubic feet/second) 0.01
Flow duration(minutes) 35
Total volume of flow (cubic feet) 16.5
Watershed area (acres) 0.68
Volume of flow per acre (cubic feet/acre) 51.47
Total rainfall (inches) 0.3
Total volumetric rainfall (cubic feet) 741
Rainfall/Runoff ratio 0.02

Table 2.6. Summary of Runoff Events forBoth Vigil Sites,August 5, 2012

Study Sites
Runoff Parameters Vigil Treated Vigil Control

Flow start 12:40 12:42
Flow stop 13:15 13:07
Peak stage (feet) 0.18 0.113
Peak flow (cubieet/second) 0.07 0.032
Flow duration (minutes) 35 25
Total volume of flow (cubic feet) 85.2 25.5
Watershed area (acres) 0.68 0.1
Volume of flow per acre (cubic feet/acre) 125 255
Total rainfall (inches) 0.99 1.12
Total volumetric rainfall (cubieet) 2,444 406.56
Rainfall/Runoff ratio 0.03 0.06

SWCA Environmental Consultants

January 2038




Estancia Basin Watershed Health and Monitoring Projéétl2Annual Repar

Table 2.7. Summary of Runoff Events forBoth Vigil Sites,August 12, 2012
Study Sites
Runoff Parameters Vigil Treated Vigil Control
Flow start 18:40 18:47
Flow stop 19:20 19:07
Peak stage (feet) 0.30 0.156
Peak flow (cubic feet/second) 0.153 0.058
Flow duration (minutes) 40 20
Total volume of flow (cubic feet) 119 24.6
Watershed area (acres) 0.68 0.1
Volume of flow per acre (cubic feet/acre) 175 246
Total rainfall (inches) 0.89 0.86
Total volumetric rainfall (cubic feet) 2,197 312
Rainfall/Runoff ratio 0.05 0.08
0.14 — . -
Vigil Site, July 5, 201
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Figure 2.49. Hydrograph showing both paired plots from a Vigil stormflow eventon July

5, 2012.
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Vigil Treatment, July 7, 201:
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Figure 2.50. Hydrograph showing the peak flow at the treated Vigil site during the flow
event on July 7, 2012.
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Figure 2.51. Hydrograph showing both paired plots from a Vigil storm flow event on
August 5, 2012.
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Vigil Site, August 12, 2021:#—Control
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Figure 2.52. Hydrograph showing both paired plots from a Vigil stormflow event on
August 12, 2012.

With respect to site hydrology, there are four conditions that could change because of forest
thinning or from the effects of wildfire: 1) increased frequency of flow, 2) greater duration and
volume of flow, 3) increased peak flow, and 4) a greater rationoff to rainfall.

24.1 FLOW FREQUENCY , DURATION , AND VOLUME

Frequency of flow will be analyzed over time as data are collected; however, based on the period
of record so far a baseline has been established for the remaining parameters. The parameters of
flow duration and volume will likely be the least useful gs@ssing effects from forest thinning,

as these parameters are highly dependent on rainfall duration and intensity. In general, the
ponderosa sites generated flows of longer duration and greater volume than those in the
pifion/juniper sites, hich can likédy be attributed the elevation differenceeéTable 2.1). A

summary of all the number of flow events (frequency), flow duration, and flow voluntbeor
observed runoff events is shownTiable2.8.
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Table 2.8. Summary of Flow Frequency, Duration, and \blume, 2008 2012

ocaon | Namberof | SUSen | Oumion | volame | Medan volume
(minutes) (minutes) (cubic feet)

Chililitreatment 3 55¢840 512.5 24517,751 9,197
Chililicontrol 8 25¢715 167.5 36¢2,564 920.5
Kellycontrol 4 25¢35 30 38¢392 54.5
Kellytreatment 1 15 15 69 69
Vigiltreatment 13 15¢115 40 46¢197 117
Vigilcontrol 7 20¢80 50 123¢290 218
Westertreatment 5 10¢235 102.5 394,765 210
Westercontrol 7 10¢c760 90 42¢9,458 444
All ponderosa 23 10¢840 95 35¢9,458 468.5
All pifion/juniper 22 15¢115 325 38¢392 93

2.4.2 PEAK FLOW/S TAGE

Peak flow can be affected by the intensity of rainfall, but it is also a measure of the flashiness of
flow; particularly in posffire monitoring, runoff can occur rapidly with large peaks appearing
very quickly. The highest peak stage was recorded &t treatmensite during 2011 (0.11

m [0.37 feet]), while the greatest recorded peak flow of 1.29 feet was recorded at the Wester
control site on July 2, 2010 (coinciding with the greatest observed daily rainfall). A summary of
peak stage runoff evenfor all years is shown ifiable2.9.

Table 2.9. Peak Stage of Runoff Events2008 2012

Location Number of Flow Events Range (cf);:sak Stage Median Peak Stage (feet
Chililitreatment 3 0.1%¢0.76 0.475
Chililicontrol 8 0.11¢0.57 0.375
Kellycontrol 4 0.14¢0.39 0.175
Kellytreatment 1 0.02¢0.23 0.23
Vigiltreatment 13 0.06¢0.46 0.19
Vigilcontrol 7 0.22¢0.28 0.27
Westertreatment 4 0.1%0.85 0.19
Westercontrol 8 0.12¢1.29 0.38
All ponderosa 23 0.11¢1.29 0.35
All pifion/juniper 22 0.02¢0.46 0.175
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2.4.3 RAINFALL /R UNOFF RATIO

The rainfall/runoff ratio is perhaps the most useful parameter to observe. All other parameters
can vary due solely to the magnitude or intensity of rainfall; the rainfall/runoff ratio normalizes
the flow events, although intensity and antecedent soiston@ conditions will still affect the
amount of runoff. The rainfall/runoff ratio looks at the percentage of rainfall falling on the
watershedandleaving as surface runoff. A value of zero indicates no water left the watershed,
and a value of 1 wouldndicate all water falling on the watershed was observed leaving as
surface runoff (this is highly unlikely). In natural settings, the rainfall/runoff ratio typically falls
in the 0.1 to 0.3 range. The rainfall/runoff ratios observed during flow events tine
watersheds are summarized Table 2.10. Note that some rainfall/runoff values were not
calculateddue to missing rainfall datdn general, rainfall/runoff ratios were highly variable,
including some extremely high values; howevaimost 70% of the flow events had
rainfall/runoff ratios of less than 0.10. Ponderosa sites exhibited a slightly lower rainfall/runoff
ratio than pifion/juniper sites, which can likely be attributed to the large amounts of litter and
duff that serve as sponge and retain the water.

Table 2.10. Rainfall/Runoff Ratio for Observed Flow Events 2008 2012

Location Number of Elow Events Range of Ra!nfaII/Runoﬁ Median RaquaII/Runoﬁ

Ratio Ratio
Chililitreatment 3 0.01c0.561 0.056
Chililicontrol 8 0.003%0.550 0.022
Kellycontrol 4 0.04%0.460 0.088
Kellytreatment 1 C C
Vigiltreatment 14 0.022,0.160 0.056
Vigilcontrol 7 0.0630.654 0.439
Westertreatment 4 0.02%0.058 0.044
Westercontrol 8 0.01%:0.848 0.407
All ponderosa 23 0.003%0.848 0.058
All pifion/juniper 22 0.022¢0.479 0.075
2.5 TREES

For details regarding the research questions, monitoring protocols, and plot design for vegetation
monitoring, as well as a full literature review, please refer to the 2008 Monitoring Plan (SWCA
2008).

2.5.1 TREES AND WILDFIRE FUELS

Tree monitoring measuremenin the fall of 2012 included observations of canopy dieback,
disease or damage, live and dead status, and canopy and bole measurements.
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Basal Area Measurements

Basal area measurements were taken in spring 2011. Since basal areas are unlikely to have
changed between 2011 and 20X# basal area measurements were taken during this field
season. 2011 basal area measurements are shdahle®?.11.

Table2.11. Treatment Designation for All Plots (with basal area totals)2011
Site Average Basal Area (square Average Basalrea (square
feet/acre) 2008 feet/acre) 2011
Chilili treatment 210 79
Chilili control 194 194
Kelly control 106 106
Kelly treatment 155 47
Vigil treatment 124 39
Vigil control 129 129
Wester treatment 220 99
Wester control 213 213

Stand Structure

Diametermeasurements of trees are used below to demonstrate the stand structure and various
size classes at each sifggure 2.53 and Figure 2.54 show the size class structure of ponderosa
pine treeqdiameter at breast height [DBHJ}t the ponderosa site€hilili and Wester.Figure

2.55 and Figure 2.56 show the size class structurefion and juiper treeqdiameter at root

crown [DRC])at thepifion/junipersites Kelly and Vigil.
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Figure 2.53. Size classes of ponderosa pine trees measured at DBH on the Chilili control
and treatment plots.
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Figure 2.54. Size classes of ponderosa pine trees measured at DBH on the Wester control
and treatment plots.
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Figure 2.55. Size classes giifion/juniper treesmeasured at DRC on the Kelly control and
treatment plots.
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Figure 2.56. Size classes giifion/juniper trees measured at DRC on the Vigil control and
treatment plots.

Figure2.53 throughFigure2.56 illustrate the difference in size class distribution between control
and treatment plots for each site. At both ponderosa sites (Chilili and Wéstecpntrol plots
have a greater numbef wees distrilnted in the lower size classé€l 7 inchesandto a lesser
extent 811 inche}, compared to the treatment plots where trees are more uniformly distributed
across size classes and the number of srrdibeneter treesl{ 4 inche$ are much réuced. For

the pifion/junipercontrol plots on both sites (Kelly and Vigil), the greatest numbers of trees fall
in size classesi® and 912 inclesDRC, respectivelyand there are fewer largkameter trees
relatively. Both pifion/junipertreatment plots fthno trees less than 4 inches DRMd the
remaining trees are more evenly distributed across size classes than the control plots.

Crown Dieback

Percent crown dieback is the percentage of the leafy canopy of each tree that showed signs of
physiological stess (i.e., brown needles and leaves). Crown dieback could result from a number
of environmental factors, for example, drought, insect attack, competition, and disease.
Measurement of crown dieback is highly dependent on the time of year; as a resudt,aeéo

made to take measurements consistently during late September to early October each year.
Figure2.57illustrates crown dieback across all site

Crown dieback levels from 2008 to 2012 are presented below by site and yeeig(se.57).

This graph clearly shows theherentvariability associated with measuring crown dieback.
Crown dieback of individual trees can be highly variable across a plot based on tree size and
position and the environmental factors it is exposed to. Die back levels for 2012 were low
compaed to previous years @ss al plots except on the Chilili plots fere dieback had
increased by @ to 10% on both plots. We believe that dieback levels are within the normal
range of variability for all five years.
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Figure 2.57. Average percent crown dieback of tree canopies for each thinning plot, 2008
2012.

Tree Mortality

In total, 613 trees were tagged across all watersheds in this study with species composition from
ponderosa pine, pifion pine, oneseed juniper, and alligatgregr Juniperus deppeanaln 2008

there were no dead trees tagged on any plots. Natural tree mortality has been low across all plots
in all five years Figure2.58).

The 2012 season saw the highest mortality (not attributed to tree cutting) of all fivewjidars

most mortality recorded on previously thinned plots (with the exception of Wester). The greatest
mortality was recorded on the Vigil tte@ent plot where 36% of the remaining live trees died
between 2011 and 2012. The Vigil treatment plot also exhibited higher crown dieback than other
plots in previous yearsuggesting that the trees on that plot were experiencing environmental
stress posBly leading to the high mortality in 2012. Conversehe Vigil control plot showed

no tree mortality in any of thieve years. The Chilili and Kelly treatment plots also suffered tree
mortality of a little less than 10% in 2012. The Wester controlyés the only control plot that
exhibited mortality in 2012. This plot had suffered tree mortality in 2009,,20112012which

is likely a result of competitive stress and/or beetle damage. A number of trees at the Wester site
suffered broken/dead to@sd showed signs of drought stress. Mortality at both treatment and
control plots which may continue to suffer in subsequent yesitspbe monitored every fall.
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Figure 2.58. Percent tree mortality recorded across all thinning plots from 20082012.

Percent mortality is recorded in relation to tree status in 2008.

Wildfire Fuels
Fuel measur em

and 2012, respectively.

ents have
fall monitoring season from 20G6 2012. Measurements are taken within the four circular tree

plots on each paired watershed. Refer to the 2008 Monitoring Plan for detailed monitoring
protocols and an explanation of fuel class sizes (SWCA 2@gyre 2.59 and Figure 2.60
illustrate the percent cover by the various fuel classesach thinning plot measured in 2011

been

t aken

using

SWCA Environmental Consultants

50

January 2038

Br own



Estancia Basin Watershed Health and Monitoring Proj@étt2Annual Repadr

Avg 100ehour fuel 2011 m Avg 106hour fuel 2011
B Avg 16hour fuel 2011 m Avg thour fuel 2011

100%
90% -
80% -
20% -
10% -
0% - : : : : : : :
CT CC KT KC VI VC WT WC

Figure 2.59. Percentage of fuel in each fuel particle size class for 201 tKaur, 10-hour,
100-hour, 1,00Ghour) on all thinning plots.
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Figure 2.60. Percentage of fuel in each fuel particle size class for 2012Kaur, 10-hour,
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With reference td-igure 2.59 and Figure 2.60, the pifion/juniperplots tended to have a slightly
higher accumulatio of 1-hour fuels (fine fuels 0i®.6 cm [0.000.25 inch] in diameter)
compared to the ponderosa plots, with the exception of the Chilili treatment plot. Conversely,
100-hour and 1,00Mour fuels (woody debris > 2.5 cm [1 inch] in diameter and > 8 cm [3
inches] in diameter, respectively) were more common at the ponderosa sites. Each paired plot
was relatively consistent in terms of fuel loading by size class, except in the case of Chilili where
the treatment plot had significantly highehdur fuels; Xhour fuels at the treatment plot have
increased on 2011 levels.

Figure 2.61 shows that both Chilili plots had considerably more duff and litter tharother

plots. The volume of litter and duff found on the forest floor is related to both productivity and
decomposition. There is very little difference in duff and litter depths between treatment and
control sites because residual wood chips left énen treatment were spread thinly follong

the required prescription, so as not to significantly alter the fuel loading at each site.
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m Average Duff/Litter 2012
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3.00 -
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2.00 +

1.50 -

Average Duff/Litter Depth (inches)
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C CT KC KT VC VT wC WT

Plot
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Figure 2.61. Average combined duff and litter depths on all thinningplots, measured in
inches for 2012.

The variation in litter and duff between the Westad Chilili sites could be related to differing
decomposition rates as a result of differences in elevation and moisture regimes. Decomposition
has been found to be positively correlated with moisture gradient with greater decomposition on
more productivesites (Keane 2008); this would explain the greater depths of duff at Chilili (a
higher elevation and more productive ponderosa pine forest) versus Wester (a lower elevation,
drier and more open stand ponderosa pine forest). Overall duff and litter depehkigher on

the ponderosa sites than the pifion/juniper sites, which is to be expected since litter and duff
cover in ponderosa pine is almost continuous across the landsdaipe litter and duff is
isolated in patches immediately below the canopigiess in pifion/juniper woodlands.
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Figure2.62 shows the tons/acre of woody dead and downed fuels at each site. The pifion/juniper
sites had relativelfow fuel loading compared to the ponderosa sites, because the pifion/juniper
sites tended to have fewer largemeter woody fuels. The pifion/juniper sites exhibited greater
fine fuel loading, however, likely due to lower canopy cover that permits thettgrofv
graminoids and forbgFigure 2.63 and Figure 2.64). Shrub cover was limited at both
pifion/juniper sites. The Wester plots also had low loading compared to the Chilil(gdets
Figure 2.64); this site was relatively open, with fewer 1,8068ur fuels consequently lowering

the tons/acre totals. Chilili treatment and control plots have noticeably higher fuel loadings than
all other sites; these are dense plots with many more -h@@0fuels(many downed trees and
stumps) $ee Figure 2.64), which raised their total tons/acre. The fuel loading at the Chilili
treatment site increased consmldy in 2012, while the control site had lower fuel loading than
2011 levels; this can be attributed to a reduction in @00 fuels on the control plot from

2011 to 2012. The high levels for the Chilili control in 2012 are likely due to heavy
concentréons of largediameter fuels that have accumulated at that site.
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Figure 2.62. Fuel loading (in tons/acre) of dead and downed woody debris for all thinning
plots, 2009 2012.
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Figure 2.63. Wester control, showing the low fuel loading on the plot and lack of large
diameter dead and downed fuels.

Figure 2.64. Chilili control, showing high fuel loading with evigence of largediameter
dead and downed fuels.
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2.6 VEGETATION AND GROUND SURFACE COVER AND TREE CANOPY
VISUAL STRUCTURE MONITORING

Herbaceous vegetation was again measured along line intercepts and quadrats from the
vegetation and soils plots at each sitpeesented in the 2009 Annual Report. Additionally, in
2010, SWCA initiated more extensive vegetation measurements on the wildlife plots in order to
characterize vegetation composition and structure as habitat for wildlife on those plots and to
provide quatitative data to determine how vegetation or habitat changed on the wildlife plots
relative to forest thinning treatments. Those vegetation measurements were taken again in 2011
and 2012 and will be used to characterize vegetation changes on study |lptots te forest
thinning treatments. Vegetation was measured from thixtyl-m? (10.8squarefoot) quadrats
located at each of the 36 permanently marked rodent trapping stations on each wildlife plot in a
six by six grid, with stations at 1@ (33foot) intervals (50 x 50m [164 x 164foot] plot). All

plant species including woody trees and shrubs were measured on each of thosmeguare
guadratsA list of all plant species from all study sites is presented in AppendikhA.total

canopy cover and aximum height in centimeters of each species was measured per quadrat.
Vegetation quadrat data were also categorized by growth form (e.g., tree, shrub, cacti, grass,
forb) and lifehistory (annual or perennial). Tree canopy cover was often high abogaatieats

and was estimated by visually projecting the dimensions of the quadrat above to minimize
optical parallax. In addition to vegetation, soil surface cover categories also were measured on
the quadrats, including bare soil, leaf litter (and deaddowied woody material), rock, and
cryptobiotic (cryptogam) soil surface crusts. Measures of wood chip coverage on the ground
resulting from forest thinning practices were added in 2011 and are continued each year
including 2012.

The vegetation and grourabver data measured from the replicated quadrats on wildlife plots
provides the most appropriate data for statistical testing for differences in those cover values
resulting from thinning treatments, because there is sufficient sample replication tanperfor
parametric statistical tests. Also, those 36 sampling quadrats were evenly distributed over
relative large areas (plots 50 m [164 feet] on a side), providing a good sampling representation of
each of the paired study plots. Data from each vegetatiograndd cover type were used to test

for differences between paired plots using a standard paramtdst tdeally, there should be

no significant differences between paired plots prior to thinning treatments. If thinning has an
effect on any of those wer types, then a significant difference would be expected following
thinning treatments.

Tree canopy structure on the wildlife plots was measured by using a standard spherical
densiometer for measuring tree upper canopy closure thangertical structue method as
presented below to measure lower tree canopy closure. Tree canopy structure was measured in
the fall of 2010 and 2011 when other vegetation measurements were\fegd&ation vertical
canopy structure was measured on each of the four vegesaibroils subplots, and on all of

the wildlife monitoring plots. The method was adapted from Herrick et al. (2005) and consisted
of a 2m-long (6.6foot-long), 5cm-diameter (2inch-diameter) white polyvinyl chloride (PVC)

pipe pole partitioned into thredifferent 2m (6.6foot) height layers, each with continuous 10

cm (4inch) black/white increment markings. Thar2 (6.6foot) PVC measurement pipe was
partitioned into four different vertical 0/ (1.6foot) segments or heights above the ground
surface:segment one = 21Q0.5 m (6.64.9 feet), segment two = 150 m (4.93.3 feet),
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segment three = 1.0.5 m (3.3 1.6 feet), and segment four =00 m (1.6 0.0 feet) above the

ground surface. An observer recorded vegetation canopy obstruction of theabhthakhite

marked areas on the pole, while another person held the pole vertical at three locations across the
center line of each 3t (98foot) vegetation and soils monitoring subplots, one reading at 10 m

(33 feet), one at 20 m (66 feet), and one anBQ98 feet). On the vegetation/soils plots, the
observer was located 10 m (33 feet) toward the center of the plot from the pole for each canopy
measurement. An overall visual obstruction average score was then calculated for each segment
of the pole over &ch of the three lines per subplot, and an overall average score for each
segment was then calculated for each plot.

On the wildlife monitoring plots, both vertical structure and densiometer measurements were
taken at 11 locations on each wildlife plotl&t existing vegetation quadrat points, along the
middle lines of six quadrats running nedbuth, and eastest through the middle of each plot,

at 10m (33-foot) intervals. Vertical vegetation structure profiles are not only important for
assessing wilife habitat, but also for fire fuels structure.

Changes in tree canopy cover as measured by a spherical densitometer showed a reduction in
tree upper canopy cover on all of the treatment plots in 2011 and 2012 compared to the control
plots following treethinning in late 2010 Kigure 2.65). However, apparently due to large
variation values from measurement points, those differences were not statistically different
exapt for the Wester ponderosa pine site where tree canopy cover was significantly less on the
plot that was thinned. Changes in tree lower canopy vertical structure from ground level to a
height of 2 m (6.6 feet) also showed a reduction in lower tree cateity on the plots that

were thinned when comparing the treatment to control plots after thinning in 2011, and in 2012
(Figure2.66). In 2010 prior to tree thinng) paired plots and the two ponderosa pine sites, Chilili

and Wester, had significantly different lower canopy structure (P = 0.006, P = 0.02,
respectively), but treatment and control plots at the Kelly and Vigil pifion/juniper sites were not
different. In 2011 following tree thinning, lower tree canopy densities were significantly
different at the Chilili and Wester ponderosa pine sites, even more than in 2010 (P > 0.0001, P =
0.001, respectively), and significantly different at the Vigil pifion/juniper (§ite 0.0001), but

not at the Kelly pifion/juniper site. These differences were still present in 2012. These findings
indicate that forest thinning had a greater effect on lower canopy structure of trees than the upper
canopy and that forest thinning didewpthe tree canopy on thinned plots compared to adjacent
nortthinned control plots. Over time, the reduced tree upper and lower canopy structures will
likely develop on the treated plots, but such change will take many years as new trees become
established
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Figure 2.65. Upper tree canopy cover scores as measured from a spherical densiometer on
each of the monitoring plots. Densiometer scores range from 0 to 96, similar
to percent cover.
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Figure 2.66. Vegetation vertical structure cover from ground level to a height of 2 m (6.6
feet), measured with a vertical structure pole. The higher the score, the
denser the canopy cover (note that Kilili treatment plot had a value of zero
in 2011 and 2012).
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Results for herbaceous understory vegetation and soil surface cover types measured from the
thirty-six 1-m? (10.8squarefoot) quadrats in the fall 2012 are presentedrigure 2.67, & X,
providing separate graphs for forbs, grasaad each soil surface cover type. Results from 2010
prior to tree thinning treatments and in 2011 one year following thinning treatments also are
presented irFigure 2.67, & X, to show annual change in those variables over time. Results of
statistical paired t-tests of differences between mean cover valueseémh of the different

vegetation and ground surface cover types measured in 2012 and shéwgurm2.67 are
presented iTable2.12.
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Figure 2.67. These graphs illustrate the mean values cover type found across all
vegetation quadrats among all of the study sites and paired study plots in fall
2010, 2011and 2012. Thinning treatments occurred on the treatment plots
between 2010 and 2011. Note thaté vertical axis scales vary among these

graphs in order to best present each cover type. Error bars represent-dne
standard error of the mean.
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Table 2.12. Test Results for paired t-tests of No Difference btween Mean Values of
Vegetation and Ground Cover Types Measured from Vegetation Quadrats
on Each Study Plot Pair at the Four Study Sites in 2012

Site Parameter Treated Mean Control Mean _P—yglue
(significance)
Chilili Forbs 0.15 0.13 0.84
Grasses 3.83 2.97 0.64
Bare soil 0.00 0.03 0.28
Cryptobiotic crust 0.00 0.00 1.00
Leaf litter 29.86 54.07 0.001
Wood chips 16.05 0.00 0.001
Kelly Forbs 3.11 0.16 0.03
Grasses 9.49 573 0.31
Bare soll 6.08 16.46 0.03
Cryptobiotic crust 0.00 9.60 0.0002
Leaf litter 18.30 18.06 0.98
Wood chips 20.00 0.00 0.0005
Vigil Forbs 14.58 1.87 0.005
Grasses 16.85 4.95 0.004
Bare soll 3.17 26.47 <0.0001
Cryptobiotic crust 0.00 7.15 0.0004
Leaf litter 14.80 20.38
Wood chips 20.69 0.00 0.0003
Wester Forbs 0.29 0.41 0.65
Grasses 7.79 4.12 0.07
Bare soil 0.69 0.18 0.29
Cryptobiotic crust 0.30 1.88 0.40
Leaf litter 40.72 70.57 0.001
Wood chips 9.00 0.00 0.005

All tests were with sample sizes of 36yaues of less than 0.05 represent significant differences. Parameters in
bold represent those with significant differences between paired plots. Refeigure2.67for graphical
illustrations of differences in mean values.

Forb canopy cover was significantly higher on the treated plots at both fith@uniper sites

in 2012, but not at either of the pomdsa pine sitesHigure2.67, a d). Forb cover at the Vigil

site was considerably higher in 2012 than before thinning treatments in 2010 and after treatments
in 2011, while forb cover on control plots remained relativibly same over théhreeyear

period. Forb cover on the Kelly site treatment plot increased dramatically in 2011 following
treatments and declined slightly in 2012, but remained significantly higher on the treated plot
following treatments in 2011. The noaity of forb species were summer annual plants that grew

on disturbed soils and wood chips. All of the dominant species were ;naiexotic invasive

forb species were found. An example of the forb growth at the Vigil treatment plot in 2012 is
providedin Figure2.68.
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Figure 2.68. Forbs growing on disturbed soils and wood chips at the Vigil site, October
2012. Domirant species includeagleaf bahiawith yellow flowers.

Grass cover was significantly higher only on the treated plot at the pifigib/juniper site ¢ee
Table2.12, Figure 2.67, & h). Grass cover increased on the treated plot at the Vigil site from
2010 and 2011 on the treated plot, but remained similar on the control plot. Grass cover also was
significantly higher on the treated plot at the Wester ponderosa site, but grass cover on the
treatment plot there had always been significantly higher thancdmtrol plot, even before
treatments in 2010. Thereforgrass cover at the Wester site did not respond differently on the
treatment plot relative to tree thinning. Dominant grasses at thepiftam/juniper sites that
responded positively to tree thingirwere perennial species such as blue graBmautéloua
gracilis) and Jamesgalleta(Pleuraphisjamesi). Those grasses grew through the wood chips
from existing individual plants that were in place prior to thinning treatments, unlike annual
forbs that ctonized the disturbed soils and wood chips. Blue grama growing through wood chips
at the Vigil site is shown iigure2.69.
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Figure 2.69. Perennial blue grama growing through wood chips at the Vigipifion/juniper
site treatment plot in 2012.

Bare soil was significantly higher on control plots than treated plots at th@ifwod/juniper

sites, but not at the two ponderosa pine sites in 20/1i8,2010 or 20119eeTable2.12, Figure

2.67, i1l). Bare soil is an inverse ground cover to leaf litter and wood chips, and the addition of
wood chips in late 2010 resulted in less bare soil on treatment plots following thinning
treatments at those tweifionjuniper sites. Considerable amounts of leaf litter were already
present on the ground at the ponderosa pine sites, so additional wood chips did not change the
amount of bare soil present as at gieonjuniper sites where more leasoil was present to
begin with. Cryptobiotic or biotic soil crust cover was significantly higher on the control plots
than on the treatment plots at both of pif@or/juniper sites, but not at either ponderosa pine site

in 2012 6eeTable2.12, Figure 2.67, mi p). However, biotic soil crust cover wagnificantly

higher on those control plots prior to thinning treatments in 2010, so the difference is apparently
not due to thinning treatment effects. Leaf litter cover was significantly higher on the control
plots at both ponderosa pine sites in 20hdl 8012 following thinning treatments, but not in
2010 prior to treatmentsdeTable2.12, Figure2.67, git). This finding is apparently due to the
addition of wood chipshat covered the extensive leaf litter layers at those two ponderosa pine
sites, while the twgifionjuniper sites had ledsaf litter than bare soil, as stated above. Wood
chips remained significantly higher on all treated plots in 2@$2n 2011 following thinning
treatmentsqgeeTable2.12, Figure2.67, Ui X). No wood chips existed prior to thinning treatments

in 2010 and were applied only to the treated plots & 281.0. Wood chip cover on the treated
plotsdeclined by about 20% on all plots between 2011 and 2012, indicating some decomposition
or redistribution, and/or increased herbaceous plant canopy cover over wood chips.
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Measurements of herbaceous vegetatiorthe thirtysix 1-m2 (108-squarefoot) quadrats also
provided information on the canopy cover of each plant species per quadrat. The similarity of
plant species composition among all of the study plots over thed&emonitoring period was
evaluated wth the analytical method called cluster analysis (McCune and Grace 2002). Cluster
analysis is useful for evaluating sets of species abundance when many species are involved.
Cluster analysis compares sets of species/abundance data and determines howhasaikets

are, then graphically represents their similarities as dendrograms or tree diagrams. The closer
terminal branches are in those diagrams, the more similar those sets of species are in terms of
composition and relative abundance. Cluster arsabysndrograms for all sites and plots for the
spring and fall sampling periods for the years 2010, 28id 2012 are presentedrigure2.70,

ai c. Cluster analysis shows that in 2010 (Begire2.70, a), prior to tree thinning treatments, the
ponderosa pine sites (Chilili and Wester) grouped together, tloa/pifiiper sites (Kelly and

Vigil) grouped together, and the paired plots at each ponderosa site were more similar to each
other than to the other site. The Vigil paired plots also grouped together, but the Kelly plots were
not as similar to each other the Kelly controlplot was to the Vigil plots, based on plant species
compositions. There were no groupings of treatment versus control plots in 2010. In 2011 and
again in 2012, those locatidrased groupings were less pronounced Bgeare 2.70, bi c), but

still more important than similarities based on treatnvensuscontrol plots. The Kelly control

plot andthe Vigil treatment plot grouped together, distinct fraih other plots. All other plots
showed weak groupings at different levels of similarity, especially the ponderosa site (Chilili and
Wester) plots, and no clear patterns were based on treatment versus control plots. These results
indicate that the tree timing treatments altered the locatioased patterns found in 2010, but do

not reveal particular treatmehased or plartommunity based groupings at this time, two years
following treatments.
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Figure 2.70. Cluster analysis results showing the similarity of monitoring sites and paired
plots based on similarity of the herbaceous plant community species
compositions: a. 2010, b. 2011, 2012.

Results of vegetation and ground cover monitoring showed that forest thinning did affect the
physical structure of the woodland from reducing tree canopy and greatly affected the ground
surface following the application of wood chips. Also, these findisgew that at both
pifionjuniper sites, herbaceous vegetation increased significantly on plots where trees were
thinned, and that the patterns of locatlmased plant community similarities were altered by
forest thinning treatments. Also, when measuringetation, we noticed that the vigorous
growth of herbaceous plants, especially grasses, on the treatedgubising grazed heavily by
domestic livestock (see wildlife camera results below). The removal of grass and forb canopies
by livestock undoubtedlyeduced canopy cover of those plants thatewseeasured in October

2012 from all of the treatment plots. Therefore, actual herb canopy covers were likely higher on
treatment plots than we measured, and the positive effects of tree thinning on those tplot
herbaceous plants, especially grassese probably even greater thdhe data show. These
findings are now two years following thinning treatments. As vegetation adjusts to the removal
of some trees, and the effects of wood chips decomposing @natwed surface, more changes

in vegetation and ground cover features are likely in years to come as a response to tree thinning.
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2.7 WILDLIFE

Birds and small mammals are being monitored in order to determine if forest thinning affects
native wildlife specis. Both birds and small mammals were recorded from separate 50rx 50
(164 x 164foot) wildlife study plots that are immediately adjacent to each of the two vegetation
and soils monitoring study plots at the four study sites. Birds and mammals were chéasure
late spring (May/June) and early fall (September/October) 2008, 2009, 201028612012 for

three consecutive days on each study plot.

2.7.1 BIRDS

The species composition and relative abundance of birds on all study plots were recorded by
observing bird by point counts from one location at the center of each wildlife study plot. Each
point count was conducted for 20 minutes at dawn for three consecutive mornings on each study
plot in both spring and fall. Spring counts are intended to assess breadingédiof the forest

and woodland habitats, and fall counts are intended to assess migratory bird use of the same
habitats. Many of the bird observations were based on hearing songs and calls and identifying
those to species. Additionally, visual observas were often recorded.

Counts of individual birds in 2012 revealed that more birds were found on treated plots than on
control plots in both the spring and in the f&ldure2.71). Bird counts were higher on control

plots only at the Wester site in the spring, and the Vigil site in the fall. Numbers of bird species
also tended to be higher on treated plots than control plots in both spring and fall, especially at
the two pifionjuniper sites Figure 2.72). During the 2012 spring surveys, more or equal
numbers of species were found on control plots at the two ponderosa pinewsites,
considerably more species were found on treated plots aiftbgjuniper sites. In the fall, the
number of bird speciesashigher on treated plots at all sites except the Chilili ponderosa pine
site.
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Figure 2.71. Numbers of individual birds recorded from thinning treatment and control
plots across the four study sites in both spring and fall 2012.
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Figure 2.72. Numbers of bird speces recorded from thinning treatment and control plots
across the four study sites in both spring and fall 2012.

Figure 2.73 presents the species and numbers of iddals of those species summarized in
Figure 2.71 and Figure 2.72. Examinatimm of Figure 2.73 shows that in most cases, different
species of birds dominate the spring and fall bird communities. Such findings should be
expected, given that some of the species that breed at thosi $itesspring migrate south in

the fall and are replaced by species and individuals that migrated to the sites from locations
further north and/or higher in elevation.
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a. Chilili control plot, spring.
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k. Vigil control plot, fall.
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Figure 2.73. Numbers of individual birds of each species recorded from all control and
treatment study plots in 2012, both spring and fall.

Figure2.74 presents total numbers of birds from control and treatment plots, both spring and fall,
from all four study sites, fall 2008 through fall 2012. In general, overall bird counts have
increased over the years, and increases on treatsdseontrol pbts since thinning treatments

in late 2010 have shown increases on treated plots at thgiftedjuniper sites, but not at the
ponderosa pine sites.
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Figure 2.74. Total numbers of birds from both control and treatment plots at all four
study sites, fall 2008fall 2012.

Cluster analysis dendrograrfer all sites and plots for the spring and fall sampling periods for

the years 2010, 201And 2012 are presented kigure 2.75, a j. Cluster analys shows that

over the fiveyear period, 2008 through 2012, bird communities were most similar to each other
based on location. The ponderosa pine sites and plots within sites tended to group together, and
the piflon/juniper sites and plots within sites &hdo group together. This pattern was
especially pronounced during the spring breeding period. As of fall 2012, the bird communities
have not shown a response to forest thinning treatments, in which case plots would group
together based on treatment ssatather than location
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Figure 2.75. Cluster analysis dendrograms showing similarities of monitoring sites/plots
based on bird species composition, spring and fall 2010 prior to tree
thinning treatments (ai e), spring and fall 2011(fi g), and 2012 following
thinning treatments (iij).

2.7.2 SVALL MAMMALS

Small mammals (rodents) were sampled from a single six btrapxgrid (36 traps total) of live
capture rodent traps set at-i0(33-foot) intervals on each of the wildlife monitoring plots for
three consecutive nights in spring and fall, tame dates that birds were sampled in 2008, 2009,
2010, 2011and 2012. Samples from spring and fall are useful to follow trends in adults and
juveniles in order to assess breeding status and productioreasleyear, but season species
composition generbl does not change as with birds.

Counts of individual rodents in 2012 revealed that more rodents were found on treated plots than
on control plots in both the spring and in the fall at all sites except the piigitjuniper site
(Figure2.76). However, numbers of rodents increased considerably on the treatment plots in the
fall compared to numbers on those same plots in the spring of 2012, indicating a disprajgortion
increase on treated plots in 2012. Numbers of rodent species also tended to be higher on treated
plots than control plots in the fall, especially at the pAi@orjuniper sites Figure2.77). Rodent
numbers in general increased across all study sites except the Vigil site, indicating a general
increase in rodent populations in 2012, given that summer is the principal breeding period.
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Figure 2.76. Numbers of individual rodents recorded from thinning treatment and
control plots across the four study sites in both spring and fall, 2012.
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Figure 2.77. Numbers of rodent speies recorded from thinning treatment and control
plots across the four study sites in both spring and fall, 2012.

Figure 2.78 presents the species and numbers of individuals of those species summarized in
Figure2.76 andFigure2.77. Examination ofigure2.78 shows that the deer mouggefomyscus
maniculatu$ was the dominant species at the two ponderosa pineaiigshe pinyon mouse (

truei) was the dominant rodent species at the piimn/juniper sites. However, the deer mouse
also was common at the Vigil site, especially in the spring. There were little differences in
numbers of species present between daioatrol and treatment plots.
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b. Chilili treatment plot, spring
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Figure 2.78. Numbers of individual rodents of each species recorded from all control and
treatment study plots in 212, both spring and fall. Rodent species codes
correspond to the following names: PETR Peromyscus truefpinyon
mouse), PEMA =Peromyscus maniculatugeer mouse), PEFL =
Perognathus flavugsilky pocket mouse), PELE =Peromyscus leucopus
(white-footed mouse), MIME =Microtus mexicanugMexican vole), PEBO =
Peromyscus boylifbrush mouse), NEAL =Neotoma albigulawhite-throated
wood rat).
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Figure2.79, a h, presents total numbers of rodents from control and treatment plots, both spring
and fall, from all four study sites, fall 2008 through fall 2012. In general, overall rodent counts
peaked in 2009, declined in 2010, and have been increasing siigRyt1 and 2012, but were
declining between spring and fall in 2012. Rodent numbers have increased on versus!

treated plots at both ponderosa pine sites since tree thinning treatments in late 2010, indicating
that deer mice densities have declimedtreated plots at those two sites, especially the Wester
site. Rodent numbers at the twoionjuniper sites do not show any general consistent trends
between treatment and control plots since thinning treatments were imposed. Numbers of rodent
specieswvere not high enough to perform cluster analysis of rodent communities across the sites
as was done for birds above.
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Figure 2.79. Total numbers of rodents from both control and treatment plots at all four
study sites, fall 2008fall 2012.
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2.7.3 WILDLIFE CAMERAS

Wildlife cameras Figure 2.80) were established on the forest thinning paired control and
treatment monitoring plots in February 2012 in order to evaluate how medium and large wildlife
species are using the contn@rsustreated study plots. The cameras were all Leaf River IR5
infrared cameras that had a detection sensor up to 21 m (70 feet). One camera was placed on
each of theeightcontrol and treatment study plots among the four sites, Chilili, Kelly, \agil

Wester. The wildlife cameras were erected near the center of each wildlife monitoring plot,
approximately 1.2 m (4 feet) from the ground and oriented toward open areas free of trees up to
20 m (66 feet)away from each camera. The cameras operate dueggadd night using a
movement sensor infrared flash. Camera photograph cards were offloaded each month.

Figure 2.80. Automatic wildlife camera.
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Figure2.81 andFigure2.82 present summaries of numbers of different types of animals recorded
from wildlife cameras during 2012-igure 2.81 presents all types of animals summed over all
treatment and control plots from all sites. Note that one of the cameras at theiidgijuniper

site malfunctioned, so data from that site are not included. These findings show that in general,
native wildlife species such as mule dé@docoileus hemionjselk (Cervus canadensisand

wild turkey (Meleagris gallopavp are more frequent on control than treatment plots, while
domestic livestock, both cattle and horses, were more frequent on treatment plots than control
plots. Figure 2.82 shows that domestic livestock were especially abundant at the Kelly
pifionjuniper site and were about equally abundant on both the control and treatment plots at the
Wester ponderosa pine site. These findings indicate that native wildlife specigweaferythe

more dense stands of trees remaining on the control plots than the more open habitats created on
the treatment plots. In contrast, domestic livestock appear to prefer the more open treated plots
where trees were removed. The physical structiteee stands may be important, but also the
increased growth of herbaceous vegetation on trgaifemh/juniper plots may also be more
attractive to domestic livestock.
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Figure 2.81. Summary of total photographs of different animals recorded from wildlife
cameras during 2012.
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Figure 2.82. Summary of types of animals recorded from control and treatment plotsat
each study site during 2012. Note that one camera at the Vigil site
malfunctioned several times, so those incomplete data are not presented.
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3.0 EPHEMERAL WATERSHED STREAM MONITORING

Background information on the stream piezometers can be fouhd 2009 Annual Report. In
addition to the paired watershed flumes, piezometers were installed on three nearby streams in
order to gauge surface flows on a larger schigufe3.1). The 202 monitoring season saw

very few flows; however, a large flow did occur at tMigil site and destroyed the stream
piezometer Kigure3.2). Due to the damage caused to the stream piezometer from the flood, the
stage was not able to be recorded; however, it was estimated that the peak flow reached nearly
1.5m (5 feet) (Figure3.3). A new gauge made of galvanized steel was installed to replace the
damaged gauge on a subsequent site visit. The other gauge£hilithand Kelly site did not

record any flows during the 2@monitoring seasqrbut seem to be in good working order
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Figure 3.1. Location of the piezometers and wells within the Estancia Basin.
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Figure 3.2.  The Vigil piezometer in the fall of 202 after a storm event destroyed the
gauge
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Figure 3.3.  View of the Vigil piezometer facing downstream showing the high water
mark (1.5 meters) as aed line above the piezometer.

3.1 GROUNDWATER WELL MONITORING

The monitoring study is evaluating infiltration rates in the Estancia Basin by using deep pressure
sensors to monitor the level of groundwater in relation to stream flow events. By monitering th
groundwater levels in private wells located close to stream monitoring locations, changes in
recharge can be observed, and potentially the impact of thinning and burned areas can be
compared to these groundwater levels to asses any changes.

Ideally, thisproject will evaluate infiltration rates in the control areas versus burned areas and
relate this information to nearby groundwater levels. This could be accomplished by monitoring
private wells located close to stream monitoring locations. Sandianidhtiaboratory and the

U.S. Geological Survey are currently initiating well monitoring programs. Both entities have
been receptive to sharing data when they become available, though neither knows if data would
be avail abl e near datiossinghe ionmediate fatsre. gheenpnitanregtvid r | o
use deep pressure sensors to monitor the level of groundwater in relation to stream flow events.

If these data are available, they will be compared to the collected data from this project.
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