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EXECUTIVE SUMMARY

The Estancia Basin Watershed Health, Restoration and Monitoring Steering Committee (Steering
Committee) oversees forest thinning projestsl monitoring of forest and watershed health in

the Estancia Basin in coordination with the New Mexico Forest and Watershed Restoration
Institute. The primary goals of the Steering Committee are to improve forest health and create
defensible space from ldfire. Funding for forest and watershed monitorivas beerprovided

by the New Mexico Water Trust Board.

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

t he New Me xi co Forest and Wat er shed
(http://Iwww.nmfwri.org/images/stories/pdfs/Estancia_Basin_MonitoringitesaBasinMonitori
ng.pdfp that provides background informatiaresearch questionand a discussion of methods
relative to forest thinning and monitoring. The monitoring plan calls for two years of pre
thinning data to provide background information oh stldy sites prior to implementing
thinning treatments and monitoring treatment effectivenBssults from the 200&nd 2009
monitoring seasaare presented in the 20@68d 200%nnualrepors, which can also be found

on theNew Mexico Forest and Watére d Re st or awebsienThel pnngipal gpalstofe 0 s
forest and watershed monitoring are to determine the effectiveness of standard prescribed forest
thinning on soils, hydrology, water yield and quality, vegetation, and wildlife. SWCA is
responsil@ for planning and implementing forest thinning monitoring in order to evaluae the
resourcesSWCA has also assumed responsibility for the South Mountain Weather Station that
was previously installed by another contraciar 2006 After monitoringbegan, three major
wildfires (Ojo Peak, Trigo, and Big Spring) occurred in the monitoring area in late 2007 and
early 2008. The Trigo fire destroyed one of the forest thinning monitoring sites, which was
replaced during summer 2008. SWCA has additionaltyated a monitoring study of pestigo

fire recovery o private forest lands.

This 2010AnnualReport provides information on the results of forest thinning andvpitdire
monitoring during the calendar ye2010.We alsoprovide summaries of weathdata from the

South Mountain Weather Station, which serves as a baseline for monitoring area climate data.
Initial baseline prdreatment monitoring data from permanent monitoring study sites provide
information on rainfall, ambient and soil temperaturgsil moisture, soil surface profiles to
assess erosion over time, soil surface stability, soil chemistry, bird and small mammal
composition and relative abundanpa@nd vegetation composition, structure, and coVére
monitoring sampling design employsaiged monitoring plots at two pifion/junip€Pinus
edulis/Juniperus monosperinaoodland sites and two ponderosa p{Réus ponderogasites.

One plot of each pair was randomly selected and designated to be treated by forest thinning in
late 2010early 2A 1. At this time, thosehinning treatments have be&argely completed and

SWCA will then monitor the above mentioned parameters until at ledst @0examine the
impacts and effectiveness of forest thinning treatments. Not only will paired studybplots
compared to each other in a treatment/control design, but also each treated plot will be monitored
over time in order to assess change resulting from thinning treatments.
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Results from thehird year of pretreatment baseline monitoring show that feWedences in
parameters were measured between the paired study plots. In situations where we did find
differences between paired treatment and control plots, we will be able to interpret future
monitoring data from those naturally occurring differences toulis more on study plot
assessments of change over time, relative to each of the paired plots.

Third-year results from the pestildfire monitoring suggest that the Trigo fire area is slowly
regenerating. The high burn severity plots supported a d@matease in herbaceous ground
cover and reduction in bare ground, with dominance by seeded grasses such aydtphas
(Lolium perenngand tall wheatgrasg hinopyrum ponticuppas well as a variety of native forbs

and naturally seeded grassesich as blue gramaBguteloua graciliy. Early colonizers
predominantlynade up of annual forbs are now giving way to perennial forbs and grasses as soil
and surface litter and duff layers become established. GarakdQuercus gambeliand gray

oak @. griseg were prevalent throughout the highverity plots and alligator juniper
(Juniperus deppeanahat was 100% consumed by the fateowedbasal sprouting from most
dead stumpsThe lowseverity plots also exhibited elevated herbaceous cover wingpaced to

2008 and 2009measurements and were beginning to take on similar patterns of cover to the
unburned reference plots. Much of the hggverity plots had experienced 100% mortality of the
trees, and many of these trees had begun to fall, particaka result of wind throw. The lew
severity plots had exhibited patchy mortality in 2@0® 2009 some of the wotshit trees, those

that were more than 50% scorched, had begun to die as a result of the physiologicélfdtness.
trees that were tagged as alive in 2Q08% had died by 2009f the trees that were live in 2009,

a further 8% had died by 201These ranged from smallameter overtopped trees to larger
diameter dominant canopy trees that received high levedsooch and damage to the cambium
through basal charring. Some of the trees that received less scorch and basal char are surviving
however and their status will be monitored through 201

Soil erosion on the fire plots that appeared to be elevate@(@ tad decreased 3009 and

201Q but soil moverant was highly variable acrogfots. Soil movement bridge measurements
revealed both erosion and deposition at small scales. Regrowth of the herbaceous layer,
dominance of seeded grasses, dead and fales &nd increased litter layers a@bntributedto

the maintenance of the soil layer. Soil movement measamts will continue through 201The
automatic wildlife cameras that wesdginally installed in late 2008ontinue to capture wildlife

use in tle Trigo burn areaMule deer(Odocoileus hemionyisvasthe dominant species captured

in photographsin order to gain greater coverage across all plots in all seaspmew wildlife
cameras were purchased and installed in summer 2010. Each watersheasritbvee cameras,

one in each severity type.
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1.0 INTRODUCTION

This 2010 Annual Report provides summaries of monitoring data collected during the 20
calendar year for the Estancia Basin Watershed Health, Restoration amoriigrSteering
Committee (Steering Committee). Details aboegsearch questions aride background and
administration of this monitoring project may
and Monitoring Project: 2008 Monitaimgi Rlag) (SNCA n Ev a
Environmental Consultants [SWC/A008), which is available at the New Mexico Forest and
Watershed Restoration Institute (Restoration Instituwepsite (http://www.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 2008nnual Report (SWCA 2009) also prowd important
background information for the Trigo wildfire monitoring project that was initiated in 2008.
Previous year@annual reports for 2008 and 2009 summarize overall monitoring findings from

those two years, and they also may be found at the Reéstolastitute website.

The Steering Committeaverseegorest thinning and effectiveness monitoring of forest thinning

on ponderosa pineP{nus ponderosa forests and pifion/juniperP{nus edulis/Juniperus
monospermp woodlands on private and state lands the eastern slopes of the Manzano
Mountains, New Mexico. Principal members of the Steering Committee include the Claunch
Pinto, East Torrance, and Edgewood soil and water conservation districts; New Mexico State
Forestry; and the Restoration InstituteheT 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 space around homes and
other structures from wildfire and to improve overall forest health, following forest thinning
prescriptions determined by New Mexico State Forestry. The prigw@ails of forest thinning
monitoring are to determine the impacts of standard prescribed forest thinning on soils,
hydrology, water yield and quality, vegetation, and wildlife.

The scope of work for this monitoring project was described in the SteeringnCaomt ee 6 s 2 0 C
request for proposals as follows:

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

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

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

SWCA is arrenty under contract forfive years of monitoring, beginning in 280and is
responsible for study site maintenance, data collection, data management, data analysis and
interpretation, and information dissemination (including monthly meetings, monthly regqaaits
annual reports). The current Steering Committee plan callshfee years of baseline pre
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thinning treatment monitoring (2002010, thinning treatments implementedring the winter
of 2010and 2011 andtwo years ofposttreatment monitoring201 1 2012).

Several new subprojects were added to the overall monitoring project in 2008, includifigepost
monitoring of soils, hydrology, vegetation, and wildlife on private forest lands following the
Trigo wildfire. These tasks involveleveloping and impmenting ephemeral stream and
groundwater monitoring to assess the effects of both forest thinning and the Trigo fire on water
resourcesas well asassuming the operation and reporting for the South Mountain Weather
Station (SMWS), initiated by EnviroLagin 2006. A map of all study sites for these projects is
presented irFigurel.1 (note thathe SMWS is located north of Edgewood, New Mexico, and is
not on the map presentedrigurel.l1, but is onthemap presentedsFigure5.1).

This 2AL0 AnnualReport is similar in format to the previous 2088 200%nnualrepors, and

it provides complete data files (appended DWD) and summaries of findings from field
monitoring measurements condedt during the calendar year 20I6r the four primary
subprojects: 1) forest thinning monitoring of weather, soils, hydroleggetation, and wildlife;

2) postTrigo wildfire monitoring of soils, vegetatignand wildlife; 3) overall Manzano
watershed ephemeral stream and groundwater monitoring, associated with both forest thinning
and postwildfire monitoring; and4) SMWS weathe and soil moisture datancluding addenda
representing the four quarterly 2009 repoBsata collected in 20082009 and 2010represent
baseline conditions prior to forest thinning treatments, whiere begun in late 201énd are
scheduled tawompletedin early 201. Datacollected after thinning in 201Will then provide
measures of thinning treatment effectivengadherence to the New Mexico State Forestry
thinning prescriptionsanda comparison of podgteatmentnvironmentatonditions Monitoring
data from subsequent years will provide data on thinning treatment effects over time.

This report provides some ansdg of parameter chaeg over the thregears of badme data to

provide an evaluation ofatural variation in parameter valugger time Some statistical tesof
parameter values between paired study plots are also provided for the three years of baseline data
in order to determine if the paired plots differ in parameter values prior to imposed thinning
treatments.Additionally, postTrigo fire monitoring data collected in 2002009 and 2010

provide information on the recovery of soils and vegetation following the fire, and data from
subsequent years will provide information on the rate of recovery and change following the
impacts of that wildfire.

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 tieeralage of each dataset, the collection
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 analyzingdtdata.

SWCA is makingthese 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 StationscaBected using proprietary
software. These data are converted into Microsoft Excel files so they can be viewed by the
general publicSWCA also intend to make the data available in forms that are easy to analyze.
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Some data, such as those related tolthmads, which are recorded in fareinute intervals, must

be partitioned into severalflegas t he data exceeds Microsoft EX
of these data are being made available to the Restoration Institute for disseminatisn on
websie. Note that measurements from 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 sourcesigbadifferent units of
measure. The U.S. Department of Agriculture (USDA) Agricultural Research Service Rangeland
Monitoring Manual (Herrick eal. 2005) uses metric units, while the U.S. Forest Service (USFS)
Forestinventory and AnalysisGuide (USFS 20@5) usesEnglish units. In general, scientific
research worldwide has adopted the metric system as the standard for measurements, while some
federal and state agencies use English units of medsorezase of comparisonalies are
presented ithis report with both English and metric uniexcept where not feasible

This 2010 Annual Report provides summaries of findings from field monitoring measurements
conduckd during the calendar year 20fbd the above mentioned projects and subprojects. This
report is partitioned into different sections for each subproject: 1) forest thinning monitoring; 2)
postwildfire monitoring; 3) ephemeral stream and groundwater monitoring, associated with both
forest thinning and postildfire monitoring; 4)SMWS dataand 5)planned monitoringor 2011

(year fou).
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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 are provided in tB808 Monitoring Plan (SWCA 2008).
Background information on the known environmental effects of forest thinning on southwestern
forest ecosystems is presented in 2008 Monitoring Plan, along with detailediscussions of

the experimental study design and methods used in this research to measure various
environmental responses to forest thinning treatments.

Forest thinning projects on private lands on the eastern slopes of the Manzano Mountains are
overseenby the Steering Committee and include projects in both ponderosa pine forests and
pifion/juniper woodlands. Forest thinning monitoring has been designed to address forest
thinning in both of these forest types, so four monitoring study sites have bedislestalwo

in ponderosa pine forests and two in pifion/juniper woodlands. Each ponderosa pine site has been
paired with a pifion/juniper site in the same watershed, so that each of two waterghads ha
ponderosa pine and a pifion/juniper monitoring site. Eaeof 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-igurel1.1). Two paired study plots have been installed at each of the four study sites.
Descriptions of physical site characteristics such as slope, aspect, parent materials, plant
associationsand habitat types are provided in the 2008 Monitoring PRAWCA 2008) All

study sitexhosen are representative of the surrounding &seaxampleall sites, excluding the

Wester propertyundergo a livestock grazing regime, which is typical of the private land use in
the Manzano MountaingOne plot of eachpair 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 include rainfall, ambient temperature,
soil moisture andemperature, soil chemistry, soil movement, soil surface stability, soil surface
hydrology runoff, vegetation canopy cover and species composition, vegetation vertical
structure, tree stand structure, density, composition and health, and bird and smalhima
species composition and abundance.

Actual forest thinning treatmentgereimplementedn November2010and will be completed by

March 2011. This 201@eport presents thehird year prethinning treatment baseline data and
comparisons of paired stugyots. From 2011 onthe 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.

2.1 AUTOMATED RAIN GAUGE AND TEMPERATURE RECORDING
STATIONS

Spedrum WatchDog automated ddtagging rain gauges installed at each of the paired
vegetation and soils monitoring plott all of the study sitegsee Figure 1.1) have run
continuously since they were installed in November 2003ufe 2.1). The WatchDog stations

are located in openings in the tree canopy in omeeduce effects of interception. Additional

details regarding the setup of the weather stations are provided in the 2008 Monitoring Plan
(SWCA 2008) The tipping bucket rain gaugem the WatchDog stationsre set to record

rainfall and snowmelt sums ahehour intervals continuously. fiall 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 loggeigyre 2.2). These graduated rain
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gauges and their recorded values are checked monthly when Time Domain Reflectometer (TDR)
soil moisture andemperature readings are takemneral oil isalsoaddedto these gaugest 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 suHE@eIf), and soil temperature

-10 cm, all at ondrour incrementsSoil moisture and temperature ddtam each WatchDog
stationprovide 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 approxnately every three months and entered into a database. Summaries for
precipitation, ambient temperature, soil moistarg] soil temperature from 2000 all thinning
plotsare presented as examphesow.

Figure 2.1. WatchDog mini weather station at the Wester ponderosa pine site
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Figure 2.2.  Graduated rain gauges are used for backup in the case of failure from one of
the WatchDog weatler stations.

2.1.1 PRECIPITATION

Hourly precipitation totals have been summed to monthly totals and show similar monthly
precipitation totals between tipaired study plots at the Kelly pifion/junipgtudy sitegFigure

2.3), the Vigil pifion/juniper study sitesFigure 2.4), the Wester ponderosa pingtudy sites
(Figure2.5), andthe Chilili ponderosa pinstudy sitegFigure2.6).
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Figure 2.3.  Monthly cumulative precipitation (rainfall and snow) from the two paired
Kelly pifion/juniper study plots.
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Monthly Total Rainfall, Vigil Sites 1 and 2
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Figure 2.4.

Vigil pifion/juniper study plots.
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Figure 2.5.

Wester ponderosa pine study plots.

Monthly cumulative precipitation (rainfall and snow) from the two paired
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Monthly Total Rainfall, Chilili Sites 1 and 2
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Figure 2.6. Monthly cumulative precipitation (rainfall and snow) from the two paired
Chilili ponderosa pine study plots.

Precipitation was not recorded consistently at the Chilili ponderosa site from the WatchDog
weather station on plot 1 from January through July because of the persistent damage to the
weather station caused byokack bear. However, the WatchDog weather station on plot 2 was
not damaged and recorded all the precipitation events. The graduate cylinders that serve as
backups to the WatchDog stations also recorded the precipitation events during this period, but
only on a monthly basis (not daily).

2.1.2 AMBIENT TEMPERATURE

An example of mnthly averages of hourly ambient temperatusepresentedor the Kelly
pifion/juniper study sites(Figure 2.7). Thesegraphs show similar monthly average ambient
temperatures between the paired study pastsvas typical at all of thetudy sites.
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Figure 2.7.  Monthly average ambient temperatures from the two paired Kelly
pifion/juniper study plots.

An example of minthly averages of hourhd0 cm soil moisture readings are presented for the
paired study plots at thieelly pifion/junipersite (Figure 2.8). Soil moisturewas measured with
Watermark soil moisture probes that measure soil water tension in kilopascal (kPa) values that
are directly equivalent to California Bearing Ratio (cbr) values for soil water satufdgsalts

for paired plots were generally similar.
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Figure 2.8.  Monthly average soil moisturetensions(-10 cm) from the two paired Kelly
pifion/juniper study plots.
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2.1.3 0IL TEMPERATURE

An example of manthly averages of hourl10 cm soil temperature readings are presented for
the paired study plots at thKelly pifion/juniper sites Kigure 2.9). The graphs show similar
monthly average soil temperatures between the paired study plots (1 and 2) at both study sites
which was generally the pattern across all sites
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Figure 2.9.  Monthly average soil temperature {10 cm) from the two paired Kelly
pifion/juniper study plots.

2.2 ENTIRE STuDY PLOT S0IL WATER CONTENT AND TEMPERATURE
(TDR)

Continuous hourly soil moisture and temperature measntmecorded bythe 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 temperature from locations throughout
each vegetation and soil monitoriptpts, a portable Field Scout TDEO0 soil moisture meter

was used. Further information on the detailed methods can be found in thAr2008 Report

(SWCA 2009.

An example ofaverage percent soil volumetric water content and temperature readinghdérom
Chilili ponderosa pine pairedtudy plots are shown iRigure 2.10 and Figure 2.11. These
figures indicate little difference in soil water content and soil temperatures between the two
paired plots athe Chilili site. Thesebaseline datahow thatthe subwatersheds are functioning
similar in regards to soil moisture and teargiture. After thinning treatments are implemented
any significant differences, if they exist, then likely can be attributed to the treatment.

There were several issues with the equipment sufgdulingthat did not allow for all the
measurements to bakien on a monthly basis 201Q The TDR probe broke sometime after the
May measurements and was sent back for repair in June. This probe was returned in working
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order in September. The soil temperature probe also had mechanical asglisabsequently
datawere not gatheredn July and Augusthowever, these probes were replabgdSeptember

so that the dateollectioncould continue. Monthly readings will be taken throughout 2011 and
beyond.

® Chilili 1 = Chilili 2
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Figure 2.10. Soil moisture readings taken in 201Qvith the Field Scout TDR200at the
Chilili ponderosa pine study plots.

® Chilili 1 = Chilili 2
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Figure 2.11. Soil moisture readings taken in 201Qvith the Field Scout TDR200at the
Chilili ponderosa pinestudy plots.
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2.3 SOIL SURFACE STABILITY

Soil surface stability wameasured and scored Jnine 201Qusing the Soil Stability Test Kits
developed by the USDA Agricultural Resource Service (Herrick et al. 2008yre 2.12).

Further details of the measurement methaad a review of the literaturean be found in the

2008 Monitoring Plan(SWCA 20®). Figure2.13 providesaverage soil surface stability scores

for each of the eight subplots representing each of the vegetation and soils sampling plots from
the four sites (Chilili, Kelly, Vigil, and Wester). Scores are iparted by subplot and overstory
vegetation canopy typerigure 2.14 providesaverage soil subsurface (1 cm below the soil
surface or-1 cm) stability scores for e&cof the eight subplots.

In general, soils under tree canopies had higher scores than at oth&rtsdiesvas also the case

in 2008and 2009 The higher scores here are due largely to the large accumulation of organic
matter that occurs underneath tresnopies especially within the ponderosa pine vegetation

type, which can add as much a®@0 poundsacre/year of fine fuels (Ffolliott et al. 1968). Most

of those soils at the sites measured were underneath litter layers and contained organic material
and fungi. Statistical testwill be conducted next year after treatment to see if the restoration
treatments have any effect on soil stability scores.

Figure 2.12. Soil stability test in use on the studites.
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Figure 2.13. Soil surface stability average scores by site, plot, subplot (18
subsamples/subplot), and overstory vegetation canopy typ€= Chilili, K =
Kelly, V = Vigil, and W = Wester.
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Figure 2.14. Soil subsurface {1 cm) stability average scores by site, plot, subplot (18
subsamples/subplot), and overstory vegetation canopy typ€= Chilili, K =
Kelly, V = Vigil, and W = Wester.

2.4 SOIL MOVEMENT BRIDGES

Soil movementvas monitored using soil movement bridges (called soil erosion bridgdsein
2008 report) Figure 2.15) modeled after White and Loftin (2000Permanent bridge support
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postswereinstalled 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 2088nual Report for detailed monitoring protocols and literature
associated with soil moveme(BWCA 2009) Figure 2.16 shows the micreoil topography

profile from one of the three sampling points at the Kgdlfion/juniper ste for 2008 2009 and

201Q The graphclearly shows the yearly variability associated with soil movement on a plot
and a slight trend for overall soil loss over the thyear periodFigure2.17 shows average soll
profile values averaged over all points per bridge, and over three bridges per paired plot, for
2008, 2009, and 2010. This figure shaat there has been little overall change in average soil
surface levels over that thrgear period of timeThe processes of soil erosion and soil
deposition can clearly be seen when plotting data fibthree years After thinning treatments

are comptted posttreatment data will be available toropare with prareatment datalhese
comparisons will allow us to assethe changes in soil movement potentially caused by
restoration treatmesitOver a series of years, this study will document lossef®agdins to the

soil surface profiles at each bridge site and will provide average values for each of the eight plots
in this study (Chilili, Kelly, Vigil, and Wester).

Figure 2.15. Measurement of soilsurface topography using a soil movemertiridge helps
understand the yearly variability associated with soil topography.
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2008-2010 Soil Profile for Kelly 1 - E Bric
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Figure 2.16. Soil surface profile from the soil movement bridge located at thKelly

pifion/juniper site 1over 2008 2009 and 2010, showing variation in the soll
surface profile over a threeyear period. Each point I 21 on theX axis
represents one measurement point from the soil surface to the level bridge
above the surfacePoint 11 isthe set point (head of a spike) for calibration
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Figure 2.17. Average soil surface profiles, averaged from three soil movement bridges
located on each of the paired study plots over the thregear period, 2008
2010.

2.5 <S0IL CHEMISTRY

Thechemistrycomprising the soils an important parameter in the overall health and functioning

of a watershed. In particular, the top layer of soil, tRkofizon, is important because it is the

zone where most biological activity occurs and therefore the most fertile [agerA-horizan 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 and soil biotavhich directly affect the abilitgf soil to infiltrate water. Understanding the
chemical makeup of a soil before treatment or disturbance can shed light on how restoration
techniques affect the chemiacampositionof the soil.

Baselinemeasurementsf soil chemistry were obined in 208, 2009 and 201(before thinning
treatments at the Kelly, Vigil, and Wester sjt€ilili was not included until the 2009 sampling
because this plot had yet to be established. The purpose of takingrteaserements to
guantify changes to sathemstry potentially caused by thinning activities. The methods used in
2008, however, were slightly different than those used in 20092010and can be a reason for

any large differences seen between years. The soil samples were obtaineditsmdiameer
(1.6-inch-diameter) 20-cm-deep(8-inch-deep)impact soil corer at the four corners of theee
established vegetation plotBigure 2.18). In 2008 the 12 subs#les 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, so the subsamples were
combined into one bag for eachiesand sent to th&lew Mexico State University Soils and
Water Testing (SWAT)aboratory for further analysis. In 20@&d 2010 the collection of the

12 subsamples was combined into the same bag at the time of samplingpddlessamples
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were consideed to be representative of the study ar2@869 and 2010 samples were sent to the
SWAT laboratory for analysis. These methods followed the USFS Forest Inventory and
Analysis Guide procedures (USFS 2005).

Figure 2.18. Soil cores were taken using an impact corer, shown above, for chemical
analysis.

The variables measured ke SWAT lalvratory included saturated paste pH, electronic
conductivity, total soluble salts¢dium calcium and magnesiurjy sodium adsorption ration,
organic matternitrogen f(itrate (NOs), bicarbonate phosphorous, potassium, and a texture
estimate. The initial results of soil organic matter and the macro nutnignaigen,phosphorus,
and potassium from saneg taken in 2008009 and 2010are presented iRigure2.19 through
Figure2.22.

The various soil chemistry compounds varied quite a bit at a given plot, between paired plots,
between sites, and between years. This amount of background variation will be important to
considerin determinng if thinning treatmentaffect soil chemistry. Such treatment differences

will need to be above this background variation.
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Figure 2.19. Organic matter concentrations measured during 2008, 2009, and 2010; C=
Chilili, K = Kelly, V = Vigi I, and W = Wester.
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Figure 2.20. NO3-N concentrations measured during 2008, 2009, and 2010; C= Chilili, K =
Kelly, V = Vigil, and W = Wester.
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Figure 2.21. Baseline concentrations of phosphorus measured during 2008009,and
2010; C= Chilili, K = Kelly, V = Vigil, and W = Wester.
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Figure 2.22. Baseline potassium concentrations measured during 2008009,and 2010;
C= Chilili, K = Kelly, V = Vigil, and W = Wester.
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2.6 FOREST THINNING HYDROLOGIC MONITORING

Monitoring flumes (Parshall flumes) complete with pressure transdEegsre 2.23) were
installed at study sites in order to study impacts of tree thinning to surface Tiowstudy this,

flumes were installed at all four monitoring sited~or more detailed informationnothe
methodology, site location, and relevant background information, please refer to the 2008
Monitoring Plan (SWCA 2008 Note that the Bouton site was formerly a forest thinning
monitoring site, but burned in tH#08Trigo fire, and has since becomeastfire monitoring

site. The flumes have been maintained at that site and are presented here with the other flume
results.

S A s v

Figure 2.23. Parshall flume located at Chilili site plot 1.

During the 20082010 monitoring period, rainfall occurred in the project area & @8the
daysmonitored However, about 60% of these rainfall events were relatively small and totaled
less thar2.5 mm Q.1 incl). The greatest daily rainfall recorded v&s34 mm 8.36 inche$ at

the Wester site (July 2, 2010). During the same monitoring period, 45 flow events were recorded
in the flumes across the teasheds on 21 separate dayg/hile a handful of flow events
occurred where minimal (or even no) rain was recordéldemearest raigauge, flowsgenerally

did not generate without at leas6 mm (.3 inch of rainfall. The sites located in the ponderosa
pine study plotsgenerated runoff with slightly less raid.6 mm D.3 incH), whereas theifion

juniper sites reqeed aboutl2.7 mm 0.5 inch) of rain to generate runoff events.

Of the 21 days in which runoff occurred, 16 only saw runoférie or two flumes. However,
four major precipitation events generated runoff in four or more flumes: October 27, 2009; July
25, 2010; July 31, 2010; and August 15, 2010. RunoftHese events is shown Trable 2.1
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through Table 2.3 and Figure 2.24 through Figure 2.26. All of the Parshall flumes were
functioning properly during the 2010 season.

Table 2.1. Summary of Runoff Events on July 25, 2010

raametes

Flow start 18:30 1355 14:10 14:12 17:52 21:55
Flow stop 19:55 20:40 19:40 19:22 19:22 22:30
Peak stage (feet) 0.41 0.59 0.15 0.27 0.38 0.25
Peak flow (cubic 0.249 0.438 0.052 0.13 0.221 0.116
feet/second)

Flow duration 85 330 105 80 90 35
(minutes)

Total volume of 373 1958 160 290 444 179
flow (cubic feet)

Watershed area 1.6 2.06 0.68 0.1 1.03 9.2
(acres)

Volume of flow

per acre (cubic 233 950 235 2,900 431 19
feet/acre)

Total rainfall 1.12 2.26 1.9 2 1.12 0.49
(inches)

Total volumetric

rainfall (cubic 6,505 16,900 4,690 726 4188 16,364
feet)

g";‘i'gfa"/ Runoff 0.057 0.116 0.034 0.399 0.106 0.011
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Figure 2.24. Hydrograph showing the peak flow at the Wester 2 site during the flow event
on July 25, 2010.

Table 2.2. Summary of Runoff Eventson July 31, 2010

Flow start 20:55 21:12 21:02 19:45
Flow stop 21:30 1:07 22:42 22:50
Peak stage (feet) 0.17 0.15 0.7 0.3
Peak flow (cubic 0.064 0.052 0.571 0.153
feet/second)

Flow duration 35 235 100 185
(minutes)

Total volume of

flow (cubic feet) 67 367 2858 857
Watershed area 0.29 6.76 1.03 9.2
(acres)

Volume of flow

per acre (cubic 231 54 2,775 93
feet/acre)

Total rainfall 0.64 0.51 0.98 0.1
(inches)

Total volumetric

rainfall (cubic 674 12,515 3,664 30,390
feet)

rRa‘;'gfa"/ Runoff 0.099 0.029 0.780 0.028
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Figure 2.25. Hydrograph showing the peak flow at theChilili 2 site during the flow event

on July 31, 2010.
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Table 2.3. Summary of Runoff Events on August 15, 2010

rrameters

Flow start 19:40 19:10 19:35 20:15
Flow stop 19:55 20:40 20:15 20:40
Peak stage (feet) 0.17 0.16 0.24 0.11
Peak flow (cubic 0.064 0.058 0.109 0.032
feet/second)

quw duration 15 20 40 o5
(mintues)

Total volume of 35 158 131 36

flow (cubic feet)
Watershed area

1.6 2.06 0.68 9.2
(acres)
Volume of flow
per acre (cubic 22 77 193 4
feet/acre)
Total rainfall 1.13 1.13 0.64 0.41
(inches)
Total volumetric
rainfall (cubic 6,563 8,450 1,580 13,692
feet)
Rainfall/Runoft 0.005 0.019 0.083 0.003
ratio
0.16
0.14 //\\
0.12 / \
0.1
S /
° 0.08 /
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Figure 2.26. Hydrograph showing the peak flow at the Vigil 1 site during the flow event
on August 15, 2010.

With respect to site hydrology, there are four conditions that could cHzeagise oforest
thinning orfrom the effects of wildfirel) increased frequency of flow2) greater durthon and
volume of flow,3) increased peak flow, ar) a greater ratio of runoff to rainfall.
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2.6.1 FLOwW FREQUENCY, DURATION , AND VOLUME

Frequency of flow will be able to be analyzed over time as data are collected; however, based on
the period of record star a baseline has been established for the remaining parameters. The
parameters of flow duration and volume will likely be the least useful in asseffgatg from

forest thinning, as these parameters are highly dependent on rainfall duration asityintkn

general, the ponderosa sites generated flows of longer duration and greater volume than those in
the pifionjuniper sites which can likely be attributed the elevation differences. A summary of

the number of flow events (frequency), flow duvati and flow volume for the observeahoff

events is shown ifable2.4.

Table2.4.  Summary of Flow Frequency, Duration, and Volume
: Number Range of Medi_an Range of Median Volume
Location of Flow Duration Duration Volume .
Events (minutes) | (minutes) (cubic feet) (EUEIE =)

Bouton 1 3 15i 85 20 351 373 67
Bouton 2 7 301 330 82.5 14071 1,958 451.5
Chilili 1 2 185i 840 512.5 6431 17,751 9,197
Chilili 2 8 251 715 167.5 3671 2,564 920.5
Kelly 1 4 251 35 30 381 392 545
Kelly 2 1 15 15 69 69
Vigil 1 7 151115 40 461 197 117
Vigil 2 2 201 80 50 1467 290 218
Wester 1 4 1071 235 102.5 391 4,765 210
Wester 2 7 107 760 90 421 9,458 444

All ponderosa 31 101 840 95 351 9,458 468.5
ﬁ'r']i%'gf”' 14 15i 115 325 38i 392 93

2.6.2 PEAK FLOW/STAGE

Peak flow can be affected by the intensity of rainfall, but it is also a measure of the flashiness of
flow; particularly in postfire monitoring runoff can occur rapidly with large peaks appearing
very quickly. The highest peak sta@e30 m [L.29 fee}) was recorded at the Wester 2 site on
July 2, 2010 (coinciding with the greatest observed daily rair(faliure2.27). A summary of

peak stage forunoff events is shown ihable2.5.
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Figure 2.27. Hydrograph showing the peak runoff at the Wester 2 site that occurred on
the July 2, 2010

Table 2.5.

Peak Stage of Runoff Events

Bouton 1 3 0.17710.41 0.26
Bouton 2 7 0.1510.59 0.4
Chilili 1 2 0.1970.76 0.475
Chilili 2 8 0.1170.57 0.375
Kelly 1 4 0.1470.39 0.175
Kelly 2 1 0.2310.23 0.23
Vigil 1 7 0.1210.24 0.16
Vigil 2 2 0.27710.27 0.27
Wester 1 4 0.1510.85 0.19
Wester 2 7 0.1271.29 0.38
s(')'n derosa 31 0.11i1.29 0.35
ﬁ':“pp'z:’”' 14 0.121 0.39 0.175
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2.6.3 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 soil meistomditions will stillaffect the
amount of runoff. The rainfall/runoff ratio looks at the percentage of rainfall falling on the
watershed leavings surface runoff. A value of zero indicates no water left the watersited, a
value of 1 would indicatall 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. Thainfall/runoff ratios observeduring flow events from the atasheds are
summarized imable2.6 andFigure2.28. Notesome rainfall/runoff values were not calculated
due to missing rainfall data. In general, rainfall/runoff ratios were highly variable, including
some extremely high values; howeyvaimost 70% of the flow events had rainfall/runoff ratios

of less than 0.10. Ponderosa sites exhibited a slightly lower rainfall/runoff ratiqitham

juniper sites, which can likely be attributed to the large amounts of litter and duff that serve as a
sponge and retain the water.

Table 2.6. Rainfall/Runoff Ratio for Observed Flow Events

Number Range of Median
Location of Flow | Rainfall/Runoff | Rainfall/Runoff

Events Ratio Ratio
Bouton 1 3 0.007 0.057 0.013
Bouton 2 7 0.019i 0.157 0.106
Chilili 1 2 0.5611 0.561 0.561
Chilili 2 8 0.003i 0.550 0.022
Kelly 1 4 0.045i 0.460 0.088
Kelly 2 1 T T
Vigil 1 7 0.034i 0.083 0.056
Vigil 2 2 0.399i 0.479 0.439
Wester 1 4 0.029i 0.058 0.044
Wester 2 7 0.015i 0.848 0.407
All "

31 0.003i 0.848 0.058

ponderosa
All pifion- 14 0.034i 0.479 0.075
juniper
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Figure 2.28. Distribution of rainfall/runoff ratios for all observedflow events

2.7 VEGETATION

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

2.7.1 REPEAT PHOTO POINTS

Repeat photo points provide a visual means for qualitatively assessing change in woody and
herbaeous vegetation over time, and repeat pdrajats are useful to help interpret quantitative
vegetation measurement data from the same locations. Permanent photo points were established
on each of the three 2030 m (33 x 98 foot) vegetation and soils mearement subplots for a

total of three repeat photographs taken at each of the eight study plots (2grabistan all).

The first baseline photographs were takerfaih 2008. Repeaannualphotographs were again

taken infall 2009 and 2010 An example of those repeat photographs comparing the west
vegetation subplot of plot 1 #te Vigil sitein 2008 2009 and 2010ds shown inFigure2.29.
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P8t

Figure 2.29. Repeat photographs of the Vigil pifion/juniper site, west vegetation subplot
photographed in a.fall 2008,b. fall 2009 and c. fall 2010.

2.7.2 VEGETATION STRUCTURE

Vegetation vertical canopy structure was measured on each dbuheegetation and soils
subplots. The method was adapted from Herrick et al. (2005) and consistedhefon@ (6.6-
foot-long), 5-cm-diameter (2-inch-diamete)y white polyvinyl chloride @VC) pipe pole
partitioned into three differentd (6 6-foot) height layers, each with continuousd@ (4inch)
black/white increment marking$igure 2.30). The 2m (6.6-foot) PVC measurement pipe was
partitioned intofour different vertical 0.8m (1.6-foot) segments or heights above the ground
surface segment one= 2.0/ 1.5 m (6.6/4.9 feet) segment two= 1.5/1.0 m (4.9 3.3 feet)

segment three 1.0/ 0.5m (3.3 1.6 feet) and segment four 0.5'0.0m (1.6 0.0 feet)above the

ground surface. An observer recorded vegetation canopy obstruction of the black and white
marked areas on the pplehile another person held the pole vertical at three locations dbheoss
center line of each 3 (98foot) vegetation and soils monitoring subplots, one reading at 10

(33 feet), one at 2t (66 feet), and one at 30 (98 feet). The observer was locatedM {33

feet) toward the center of the plot from the pole for emtopy measurement. An overall visual
obstruction average score was then calculated for each segment of the pole over each of the three
lines per subplot, and an overall average score for each segment was then calculated for each
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plot. Vertical vegetatiorstructure profilesare not only important for assessing wildlife habitat,
but also for fire fuels structure. Additional vertical vegetation structure measurements were also
initiated on the wildlife plots in 2010.

canopy structure (photograph taken in 2008).

The average vertical vegetation structure measured from nine points on each of the paired study
plots in2010 b presented ifigure2.31. The percentages of vegetation structure across the four
bands and different heights above the ground surface as measuzédOirare presented in
Figure 2.32. The vertical vegetation structure among sites and paired plots tend to differ from
each other, and these values will provide the comparison tetlposing data in 2011. After
thinning treatmentsdecreases in vertical vegetation structure are expected from the thinning
treatment plots.
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Figure 2.31. Averagetotal visual obstruction values by vegetation foliagéom ground
level to 2 m(6.6 feet) high measured from all study plots in 2010.
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Figure 2.32. Average percent visual obstruction values by 0-f (1.6-foot) segments over
the entire 2m (6.6-foot) pole, providing relative measures of vegetation
foliage obstruction from ground level to 2 m(6.6 feet) highmeasured from all
study plots in 2010.

2.8 TREES

Tree monitoring measuremenisfall 2010includedobservatios of canopydieback, disease or
damagelive and dead statyand canopy and bole measurements

In fall 2009 SWCA randomly selected which plot in each paired watershed would be tneated
2010(Table2.7). Treatments began in late fall 2010 and will continue through spring 2011.

Table2.7.  Treatment Designation for All Plots (with basalarea totals)

Chilili 1 Treatment 192.5
Chilili 2 Control 188.3
Vigil 1 Treatment 123.8
Vigil 2 Control 128.8
Wester 1 Treatment 188.3
Wester 2 Control 182.9
Kelly 1 Control 107.8
Kelly 2 Treatment 158.8
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2.8.1 CROWN DIEBACK

Percent crown dieback is the percentage of the leafy canopy of each trekothatsigns of
physiologicalstress (i.e.brown needles and leaves). Crown dieback could result from a number
of environmental factorsfor example, drought, insect attack, qumetition and disease.
Measurement of crown dieback is highly depgmdn the time of yearmas a resultefforts are
made to take measurements consistently during late Septeémbarly October each year.
Figure2.33illustrates crown dieback across all sites.

Excluding the Vigil site, all plots showed a decrease in crown dieback from 2008 levels (see

Figure 2.33); dieback increased at both Vigil sites in 2009 but decreased considerably in 2010.

In 2010 crown dieback continued to decline at both Kelly sites and Wester 2, but increased
slightly at both Chilili sites and Wester At this point in the study, it is not possible to isolate

the cause of dieback, although observations were made of mistletoe infestation in some
ponderosa trees at the Chilili site and some beetle attack on pifion at both pifion/juniper sites.
Although cravn dieback of individual trees can be highly variable across a plot based on tree

size and position, the standard error barkigure 2.33 suggest the variation to be minimal for

all three years.
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Figure 2.33. Average percent crown diebaclof tree canopies for eaclthinning plot, 2008
201Q C= Chilili, K = Kelly, V = Vigil, and W = Wester.
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2.8.2 TREE MORTALITY

In total, 613 treesveretagged across all watersheds in this stwdiz species composition from
ponderosa pinepifion pine, oneseed juniperand alligator juniper Juniperusdeppeana In
2008 there were no dead trees tagged on any pfotsn 2008 though 201Q percent tree
mortality has been limited to jushreeplots Kelly 1 (9.4%), Wester 1 (%%), and Wester 2
(4%) (Figure 2.34). All mortality occurred in 2009. The Vigil plots that had exhibited greater
crown dieback than other plots, particularly in 206@l not experience any mortality over the
three years. Converselthe three [ots that did have mortality did not seem to exhibit higher
crown dieback than other plots over the study period. The data so far reveals no obvious
relationship betweewrown diebackratesand actual tree mortalityThe high mortality at the
Kelly site caild be attributed to a number of environmental fagtorsluding drought, beetle
infestation and competitive stress. Pastatment monitoring may help to isolate the cause of the
mortality.
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Figure 2.34. Percent tree mortality recorded across all thinning plots from 20082010.
Percent mortality is recorded in relation to tree status in 2008.

2.8.3 FUELS

Fuel measurements were taken using Bi@wransect protocols (Brown 1974) fiall 2010
within thefour circular tree plots on each paired waterstgefer to the 2008/10onitoring Plan
for detailed monitoring protocols arah explanation of fuel class sizéSWCA 2008. Figure
2.35 illustrates the percent cover by the various fuel classes on each thinningral&igure
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2.36 displaysthe average duff and litter depths at each dlbesedata will be used as baseline
data with which postreatment data collected in fall 2011 will be compared.

@ Avg 1 hour fuel 2009 W Avg 10 hour fuel 2009
B Ava 100 hour fuel 2009 0O Ava 1000 hour fuel 2009
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N
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Figure 2.35. Percentage of fuel in eaclfuel particle size clasg1-hour, 10-hour, 100-hour,
1,000-hour) on all thinning plots; C= Chilili, K = Kelly, V = Vigil, and W =
Wester.
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Figure 2.36. Averagecombinedduff and litter depths on all thinning plots, measured in
inches C= Chilili, K = Kelly, V = Vigil, and W = Wester.

With reference toFigure 2.35, the pifionjuniper plots tended to have a slightly higher
accumulation of dhour fuels (fine fuel€.0i 0.6 cm P.0GI 0.25 inchekin diameter) compared to
the ponderosa plots. Convers&é@0-hour andl,000-hour fuels (woody debris 2.5 cm [1 inch]

in diameter and 8 cm [Bincheg in diameteyrespectively were moe common at the ponderosa
sites. Each paired plot was relatively consistent in terms of fuel loading by size sefsqure
2.35). Figure 2.36 shows thatoth Chilili plots had considerably more dudéind litterthan the
other plots The volume of littemndduff found on the forest floas related to both productivity
and decomposition.

The variation in litter and duff between the Wester and 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 moisturdigma with greater decomposition on

more productive sites (Keane 2008), this would explain the greater depths of duff at Chilili (a
higher elevation and more productigenderosa pinéorest) versus Wester (a lower elevation,
dryer and more open stapdncerosa pindorest). Overall duff and litter depths were higher on

the ponderosaitesthan thepifionjuniper sitegFigure2.37), which is to be expected since litte

and duff cover in ponderosa pine is almost continuous across the landscape while litter and duff
is isolated in patches immediately below the canopies of tregsfionjuniper woodlands
(Figure2.38).

Figure2.39 shows the tons/acre of woody dead and downed fuels at each site. The pifion/juniper
sites had relatively low fuel loaty compared to the ponderosa sites, because the pifion/juniper
sites tended to have fewer large diameter woody fliéls.pifion/juniper sites exhibited greater

fine fuel loading however geeFigure 2.35), likely due to lower canopy covéhat permits the
growth of graminoids and forbs. Shrub cover was limited at both pifion/juniper BiiesVester
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plots also had low loadingompared to the Chilili plotsthis sitewas relatively open, and
although it exhibited higher levels oftbur fuels (sedigure2.35), there were less 1,00®ur
fuels consequently lowering the tons/acral®(Figure 2.40, seeFigure 2.35). Chilili 1 and2
havenoticeably higherdel loadings than all other sitakiese aralense plat with many more
1,00Ghour fuels (many downed trees and stumgspure 2.41), which raisedtheir total
tons/a&re.

Fuel measurements will be repeated in fall 2011 following treatment at each plot to determine
changes to fuel loading as a result of thinning.

Figure 2.37. Continuous litter and duff cover and accumulations inan arroyo at Chilili 1 .
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Figure 2.38. Patchy cover of litter and duff at Vigil 1.
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Figure 2.39. Fuelloading (in tons/acre) of dead and downed woody debris for all thinning
plots; C= Chilili, K = Kelly, V = Vigil, and W = Wester.
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Figure 2.40. Wester 2,showing thelow fuel loading on the plot and lack of largediameter
dead and downed fuels

s S o ; w, i
i b, WAL S, & st il s - ; .
Figure 2.41.  Chilili 2, showinghigh fuel loadingwith evidence of large diameter dead and
downed fuels.
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2.9 VEGETATION AND GROUND SURFACE COVER MONITORING

Herbaceous vegetation was again measukhg line intercepts and quadratsom the
vegetation and soils plots at each site as presented in theA200@l Report. Additionally, n

2010 SWCA initiated more extensiveregetation measurements on the wildlife plots in order to
characterize vegetation composition and structure as habitat for wildlife on those plots and to
provide quantitative data to determine how vegetation or habitat changed on the wildlife plots
relative to forest thinning treatment¥.egetation was measurécbm 36-m? (10.7squarefoot)
guadrats located at each of the 36 permanently marked rodent trapping stateath wildlife

plotin a 6 by 6 grid, with stations at 40 (33-foot) intervals(50 x 50i m [164 x 164 foot] plot).

All plant species including woody trees and shrubs were measnireach of those squameeter
guadrats The total canopy coveand maximum height ircentimetersof each species was
measured per quadrat. Vegetation quadrat \@ata also categorized by growth form (e.g., tree,
shrub, cacti, grass, forb) and lifestory (annual or perennial). Tree canopy cover was often high
abovethe quadrats 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 (andatebdbwn woody material),

rock, and cryptobiotic (cryptogam) soil surface cru§attle dung or bane feces was also
common at the Kelly and Vigpifionjuniper sitesandwasalsomeasured as ground cover.

The vegetation and ground cover data measured from the replicated quadrats on wildlife plots
provides the most appropriate data for statisticstirtg for differences in those cover values
resulting from thinning treatments, because there is sufficient sample replication to perform
parametric statistical test#\lso, those 36 sampling quadrats were evenly distributest ov
relative large areas (p8) m[164 feet]on a side), providing a good sampling representation of
each of the paired study plots. D&tam each vegetation and ground cover type were used to test
for differences between paired plots using a standard paramtdst Itleally, there should be

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

Cover values for vegetation and ground cover types measured in the fall of 2010 are presented in
Figure 2.42 through Figure 2.47. Figure 2.42 provides separate graphs for each cover type,
scaled appropriately for each cover type on the \atsimales of the graphBigure2.43 through
Figure2.46 present all of the different cover types as paired plot comparisons for each of the four
sites, with values presented on the same vertical axis scale to provide a representation of the
relatve importance of each cover type per plbtgure 2.47 presents all cover types as
percentage of the total cover for each plot, comparatively showing how cover vgpe
proportionately over all sites and ploResults of statisticattests of differences between mean
cover values for each of the different vegetation and ground surfacetgpgsrare presented in
Table2.8.
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Figure 2.42. These graphs illustrate the mean values cover type found across all

vegetation quadats among all of the study ises and paired study plots in &ll
2010. Note that thevertical axis scales vary among tése graphs in order to
best present each cover type. Error bars represent +6ne standard error of

the mean.
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Figure 2.43. Mean cover of various vegetation and ground surface cover typeseasured
over 36mz2 (10.7-square-foot) quadrats per wildlife study plot at the Chilili
ponderosa pinesite in 2010.Error bar represent +/- one standard error of
the mean.
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Figure 2.44. Mean cover of various vegetation and ground surface cover types measured
over 36mz (10.#square-foot) quadrats per wildlife study plot at the Kelly
pifion/juniper site in 2010. Error bar represent ++ onestandard error of the
mean.
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Figure 2.45. Mean cover of various vegetation and ground surface cover types measured
over 36mz2 (10.7square-foot) quadrats per wildlife study plot at the Vigil
pifion/juniper site in 2010. Error bar represent +f one standard error of the

mean.
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Figure 2.46. Mean cover of various vegetation and ground surface cover types measured
over 36m? (10.7-square-foot) quadrats per wildlife study plot at the Wester
ponderosa pine site in 2010. Error bar represent +/one standard error of
the mean.
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Figure 2.47. Percentages of mean cover of various vegetation and ground surface cover
types measured over 36n2 (10.7-square-foot) quadrats per wildlife study

plot at all of the forest thinning study plots to illustrate relative differences
among sites and plots.
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Table2.8.  TestResults for T-tests ofNo Difference betweenM eanValues ofVegetation
and Ground Cover TypesMeasured fromVegetationQuadrats on Each
Wildlife Study Plot Pair at the Four Study Sites

Site Parameter Plot 1 Mean Plot 2 Mean _p-\_/glue
(significance
Chilili Annual forbs 0.67 0.40 0.51
Perennial forbs 0.49 0.12 0.07
Annual grass 1 T T
Perennial grass 5.42 4.69 0.79
Cacti i T T
Shrubs 0.13 0.00 0.02
Trees 63.93 82.10 0.22
Bare soil 0.53 4.65 0.09
Cryptobiotic crust 0.03 0.00 0.33
Leaf litter 93.22 92.76 0.93
Rock 1.17 1.38 0.85
Cattle dung i T T
Kelly Annual forbs 0.15 0.38 0.07
Perennial forbs 2.89 0.18 0.33
Annual grass ] T [}
Perennial grass 21.29 26.61 0.38
Cacti 0.07 0.03 0.51
Shrubs 0.00 0.38 0.22
Trees 39.29 44.44 0.61
Bare soil 28.37 20.32 0.26
Cryptobiotic crust 3.50 0.47 0.01
Leaf litter 47.08 51.69 0.66
Rock 0.00 0.17 0.32
Cattle dung 0.50 0.25 0.59
Vigil Annual forbs 3.17 3.71 0.65
Perennial forbs 0.90 1.72 0.25
Annual grass 0.03 0.22 0.06
Perennial grass 16.42 17.82 0.77
Cacti 0.01 0.00 0.32
Shrubs 0.47 2.53 0.37
Trees 45.54 41.63 0.76
Bare soil 36.72 35.78 0.90
Cryptobiotic crust 8.31 19.58 0.02
Leaf litter 36.19 36.03 0.99
Rock 0.14 0.00 0.32
Cattle dung 0.06 0.00 0.32
Wester Annual forbs 1.08 0.57 0.51
Perennial forbs 1.67 3.43 0.55
Annual grass ] T T
Perennial grass 10.21 8.01 0.44
Cacti i T T
Shrubs 2.56 0.00 0.32
Trees 73.56 79.31 0.60
Bare soil 6.50 3.94 0.53
Cryptobiotic crust 5.00 1.72 0.31
Leaf litter 75.78 87.92 0.07
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Table 2.8.  Test Results for Ttests of No Difference between Mean Values of Vegetation
and Ground Cover Types Measured from Vegetation Quadrats on Each Wildlife Study
Plot Pair at the Four Study Sites continued

p-value
(significance
Wester, continued | Rock 1.00 0.42 0.39
Cattle dung i i i
All tests were with sample sizes of 36; p-values of less than 0.05 represent significant differences.
Parameters in bold represent those with significant differences between paired plots. Refer to Figure
2.42i Figure 2.47 for graphical illustrations of differences in mean values. Dashes represent instances
where that particular cover type was not found on either of the paired plots.

Site Parameter Plot 1 Mean Plot 2 Mean

Results of vegetation argfound cover data measured from wildlife plot quadrats show that in
generalthe pifionjuniper sites have more bare growsmt more perennial grass cover than the
ponderosa pine sites, and the ponderosa pine sites have greater and leaf litter cover than th
pifionjuniper sites geeFigure2.47). Tests of mean cover values betweeingaaplotsshows that

in general, paired ploteend not to be statistically diffent fom one anothersgeTable 2.8).
However in some cases paired plots were significantly different for certain paramsatrsas

shrub cover athe Chilili site andcryptobiotic crust cover at the Kelly and Vigil sites. Those
known differences will be important relative to evaluating changes in those parameter values
resulting from forest thinning treatments. In those cases, analysis will focus on comparing data
from different years from the same plot to determine thinning treatment effects.

2.10 WILDLIFE

Birds and small mammals are being monitored in order to determine if forest thinning affects
native wildlife species. Both birds and small mammals were recorded fromateep@ x 50m

(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 mamraedsmeasured in

late spring (May/Jurjeand earlyfall (September/@ober) 2008, 2009, and®010 for three
consecutive days on each study plot.

2.10.1 BIRDS

The species composition and relative abundance of birds on all study plots were recorded by
observing birds by point counts from one location at the center of each wsldidg plot. Each

point count was conducted for 20 minutes at dawn for three consecutive mornings on each study
plot in both spring andall. Spring counts are intended to assess breeding bird use of the forest
and woodland habitats, ardll counts are inded 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 observations were often recorded. A list of all bird species
observed acrosthe four study sites and counts of individuals are presented in AppAndix
SWCA encountered a total of 40 bird species from all of the study sites.

The total numbers of birds observed during the springfalh@ounts across the fosites and
paired pbts in 2010are shown irFigure 2.48 and Figure 2.49, respectively. Numbersof birds
were similar between the paired plots at each site during both seasons. More birds were recorded
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at theChilili and Weste(ponderosa pinejites in spring than ifall, while the opposite pattern
was found at th&elly andVigil (pifionjuniper)sites.
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Figure 2.48. Total numbers ofall birds observed in spring 2010 on each pldtom point
counts.
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Figure 2.49. Total numbers ofall birds observedin fall 2010 on each plofrom point
counts.
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The total number abird individualsby speges during the sprin@nd fall monitoring periodare

presented ifrigure2.50 and Figure2.51, respectively, in order of rardbundancésee Appendix
A for full names that corregpd to the codgsThe most common spring bidiag season birds
included the whitdoreasted nuthatch(Sitta carolinensiy

mountain bluebird (Sialia

currucoide$, mourning dovgZenaida macrourp and pniper titmousgBaeolophus ridgwayi

Commonfall bird species included thehipping sparromSpizella passerina
(Dendroica graciag juniper titmouse, and American crq@orvus brachyrhynchgsNote that
the unknown category includes individuals of all birds that could not be absatgatified in

Graceds

war

the field, often sparrows or other small birds that often move in small flocks and are difficult to

identify at a distangeespecially in woodland habitatdnknown birds are especially common in

the fall when mixed flocks of small migratopyrds move through the study areas.

24

22 10-a-

20 0-0-B-

18 t0-B-0-0-

[y
(=]
|

s
|

=
[
|

=]
|

Number of Birds

O N B Oy 00
|

PUA

PIS
RUHU

SSHA

WISA
WIWA

Figure 2.50. Total number of birds by species for pring 2010, on all sites and all plots,
from most abundant to least abundantRefer to Appendix A for full names

basal on codes
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Figure 2.51. Total number of birds by species forfall 2010, on all sites and all plots, from
most abundant to least abundantRefer to Appendix A for full names based
on codes.
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2.10.2 SVALL MAMMALS

Small mammals (rodents) were sampled from a single Btead grid (36 traps total) of live
capture rodent traps set at-fi0(33-foot) intervals on each of the wildlife monitoring plots for
three consecutive nights in spring datl, the same dasethat birds were sampled in 2008, 2009,
and 2010 Samples from spring arfdll are useful to follow trends in adults and juveniles in
order to assess breeding status and production over the year.

The total numbers of rodents obsesvonpairedstudy plos among the siteg springand fall
2010are presented iffigure 2.52 and Figure 2.53, respectively showing that rodent densities
were generally similar between paireatg| but varied across sites amsons The Chilili and
Vigil sites mnsistently had the highest rodent densifiiedoth seasonglominated by the pifion
mouse Peromyscus trugiat Vigil and the deer mousd®.(maniculatu$ at Chilili. Wester
consisterly had the lowest rodent densities for both seafRodent densitiesicreasedetween
spring andfall at the Vigil pifion/juniper site but decreased at thell¥ pifion/juniper site.
Densities stayed relatively constant between spring and fall at thé &mdiWester ponderosa
sites.Over the three year sampling period, rodent densities varied considerably, low in 2008,
high in 2009, and then low again in 20Hdure 2.54). Dominant species over the thigear
period included theifion mouse, deer mouse, and wHit®ted mouseR. leucopu (Figure
2.55).
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Figure 2.52. Total numbers of rodents trapped from eachpaired study plot across the
four study sites inspring 2010.
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Figure 2.53. Total numbers of rodents trapped from eachpaired study plot across the
four study sites infall 2010.
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Figure 2.54. Total number of rodents atpaired study plot across the four monitoring sites
over three years of monitoring
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Figure 2.55. Total numbers of individuals of eachrodent species across a#itudy plots
over thethree years of baseline monitoring.

2.11 FOREST THINNING TREATMENTS

One study plot of each forest thinning monitoring pair (ploésexd2) was randomly selected to

be treated with the standard prescribed thinning treatnpefior{juniper or ponderosa pine
prescriptions)n late 2010. The minimum proposed area and boundaries for thinning treatments
were determined for each of those four plots and mapped with-enestiglo accuracylobal
positioning systemGP9 unit in October and November 2009. €6k GPS coordinates were
used toproducegeographic information syster®IS) maps of the proposed treatment areas and
boundaries for each of tHeur treatment study plotsr(aps of the thinning areas were presented
in the 2009 Annual RepofSWCA 2010. The proposed thinning treatment aseor each of
those plots includethe entire subwatershed that was previously defined and mapped int2€07,
vegetation/soils measurement plot, @memammal and bird sampling plot, all within the area of
each treatment plot to be thinned. A minimureatment buffer area of 1 (33 feet)was
extended fronthe boundaries aéach subwatershed and study plot to ensure that all areas from
which soil, hydrology, vegetatiomnd animal measurements are being collected are thinned on
those treatment plots. &A@l forest thinning treatmentsgegan in November 2010, and thinning
on all treatment study plots has been completed as of January 20Kellyhgifionjuniper site
treatment plot was photographed following a thinning treatment in December, Rigil@e(
2.56).
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Figure 2.56. Kelly pifion/juniper site thinning treatment plot after trees have been
removed in late 2010.
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3.0 POST-FIRE MONITORING

In April 2008 a large area of the Estancia Basin watershed was burned in thed@&&d%igo

fire. This burn area encompassed a large portion of the Cibola National Forest and also included
3,712 acres of private land ds eastern fringe. Since three large wildfires (Ojo Peak, Trigo, and
Big Spring) have burned a considerable portion of the eastern slopes of the Manzano Mountains
the impacts of wildfire on Estancia Basin watershed health are likely significant. Thngteer
Committee awarded SWCA additional funding to develop and implemenfigostonitoring to
evaluate wildfire impacts to Estancia Basin watershed health. The Trigo fire was chosen for the
monitoring because it was the largest of the three fires andemailly located within the study
region and relative tthe existing forest thinning monitoring sgeThe full fire monitoring plan

for this project was prepared and submitted to the Steering Committee in July 2008 (SWCA
2008) and the first year of matering was reported in the 2008 Annual Report (SWCAQ00

The Trigo posfire monitoring plotswere selected in Arroyo de Cuervo (Cuetfivand Cuervo

2) and in the Arroyo de Manzano (Manzatjowatersheds. Three leseverity Figure3.1) and
three highseverity Figure 3.2) plots were identified in each watershed, and three unbithed
plots were located across the watersh&udgh the permission of landowners, the plots were
selected on seven different priggparcels of land: Bouto(BOU), SancheZSAN), Manzano
Mountain RetreafMMR), Salaza(SAL), CandelarigCAN), Mitchell (MIT), and Neff(NEFF),
totaling 21 plots for the entire studyigure3.3).

This was the third year of monitoring for the Trigo fire studytonitoring on the 21 fire plots
has been completed by SWCA fall 2008, spring andfall 2009, andspring andfall 2010.
Please refer to the 2008 Annualdeet for background information and monitoring protocols.
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Typical low burn severity plot in the Trigo burn area.

Figure 3.1.

Typical high burn severity plot in the Trigo burn area.

Figure 3.2.
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Figure 3.3.  Fire monitoring plot locations.
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3.1 TREES

Tree monitoring during the 2010 field season includeaneasurements of all parameters
monitored in 2008. Measurementsdiimeter at breast heiganhd height were not taken in 2009
because very little changeas expecteth these parameters on an annual basis.

Of particular interest in 2010 was the record of live and dead status of tagged trees in order to
determine tree mortality compared to 2008 and 2009 levidiesedatawereonly collected for

the lowseverity plotsbecauseall high-severity plots received 100% tree mortality. Mortality

was noted in relation to the degree of scorch that each individual tree received during the fire in
2008. Figure 3.4 illustrates this relationship and the change in status of trees between 2008,
2009 and 2010. Some of the trees that were killed by the fire in 2008 had also fallen during this
period.
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Figure 3.4. Number of live treesin relation to percent crown scorchon all low-severity
fire plots.

Figure3.4 suggests that even if trees survived the first year after the fire, thegtdidcessarily
survive through to 2009 or 2010; 18% of the trees that were live in 2008 were recorded as dead
in 2009 of the trees that were live in 2009, a further 8% had died by 2010. The greatest losses
were recorded in the more severely burned trees (> 50% mortality)sisndy the 25 trees in

these categories in 2008 were still surviving in 2010. Simildn lagels of postire mortality

have been recorded in other studies. Ffolliott et al. (2008) observeavthttirds of ponderosa
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exposed to higiseverity fire during the RodeBhediski Fire gccurred inArizona 2002) were
deadtwo years after the event-owler and Sieg (2004)avefound that in studies, fire related
mortality was observed fromne to threeears post fire. The Trigo fire data also show a notable
threshold scorch level (approximately 50% of the crown) past whigh stevivorship is
compomised geeFigure3.4). Similar findings have been noted on other fires in ponderosa pine
forests for example Lynch (1959) notethat ponderosa tes with more than 50% crown injury
suffered the most mortality.

A number of trees that were tagged in 2008 and standing in 2008 and/or 2009 had fallen by the
fall 2010 monitoring period. The worst hit trees were the fully consumed small diameter trees
that had received deep basal charring. Crews also observed that many dead trees were being
snapped in half at a height of approximatel$ m @ fed), possibly due to strong winds at this

level and structural weakness of the bole as the treesatiagure3.5).

Figure 3.5. Salazar high-severity plot showing fallen tagged trees and trees snapped at
mid bole.

3.2 HERBACEOUSVEGETATION

Herbaceous vegetation measurements are carried suring andfall each year beginning in
fall 2008. Dramatic changes in ground cover have been observed over the monitoring period,
particularly fa the highseverity plots Figure3.6i Figure3.12).
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Figure 3.6. CAN 3-H west fall 2008) showing little to no vegetation cover and
considerable bare soll

Y

Figure 3.7. CAN 3-H west fall 2009) showing dominance by the deep rddrb fetid
goosefoot Chenopodium graveolens
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Can 3-H west (all 2010) showing dominance by the seeded grass species tall

wheatgrass Thinopyrum ponticun).

Figure 3.8.

e i

BOU 3-H west (all 2008) showing little to no vegetation cover

Figure 3.9.
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H west (pring 2009) showing increased cover of spring annuals and
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Figure 3.11. BOU 3-H west fall 2009) showing increased vegetation cover dominated by
fetid goosefoot
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Figure 3.12. BOU 3-H west fall 2010) showing greatespecies diversity, coverand
vertical structure.

3.2.1 LINE INTERCEPT DATA

Line intercept dataveretaken at each plot diour 23-m (75-foat) transects recording cover by
growth form. Figure 3.13 throughFigure 3.15 illustrate the change in cover type from 2068

2010 by severity. In 20080% of thecover along transect lines in a representativedewerity

plot (BOU XL) was leaf litter §eeFigure 3.11). In 2009 however leaf litter fell to 40% and
dropped a further 10% by 2010 to 30% of the overall cover. Grass cover went from 3% in 2008
to almost 50% in 2010 and was tth@minantcover type. Shrub cover has also slowly increased
since 2008 but still remains a minor component of the overall cover. Forb and bare ground make
up only a fraction of the overall cover and have stayed relatively constant since 2008.
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