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

In 2007, SWCA Environmental Consultants (SWCA) wasarded a contract to conduct
monitoring for forest thinning effectiveness on t&stern slopes of the Manzano Mountains.
SWCA finalized a comprehensive monitoring plan iarth 2008—available online at the New
Mexico Forest and Watershed Restoration Institut&ebsite (http://www.nmfwri.org/
images/stories/pdfs/Estancia_Basin_Monitoring/Egt&BasinMonitoring.pdf)—that  provides
background information, research questions, andseusision of methods relative to forest
thinning and monitoring (SWCA 2008). The monitoriptan calls for 2 years of pre-thinning
data to provide background information on all stuglies prior to implementing thinning
treatments and monitoring treatment effectivenRgsults from the 2008, 2009, 2010, 2011, and
2012 monitoring seasons are presented in the ZI®, 2010, 2011, and 2012 annual reports,
respectively, which can also be found on the Newxibte Forest and Watershed Restoration
Institute’s website.

The principal goals of forest and watershed moimtpiare to determine the effectiveness of
standard prescribed forest thinning on soils, higdyy water yield and quality, vegetation, and
wildlife. SWCA is responsible for planning and irapienting forest thinning monitoring in
order to evaluate these resources. SWCA has adsonasl responsibility for the South Mountain
Weather Station, which was previously installedabgther contractor in 2006. After monitoring
began, three major wildfires (Ojo Peak, Trigo, &id Spring) occurred in the monitoring area
in late 2007 and early 2008. The Trigo fire destpne of the forest thinning monitoring sites,
which was replaced during summer 2008. SWCA implastea monitoring study of post-Trigo
fire recovery on private forest lands from 20082@il2. Fire monitoring measurements were
discontinued at the end of the 2011 monitoring @easue to dead tree fall hazards in the
monitoring areas. Monitoring in those areas maymesin the future, as conditions allow.

This 2013 Annual Report provides information on tiesults of forest thinning during the
calendar year 2013. Summaries of weather data ttenSouth Mountain Weather Station,
which serve as a baseline for monitoring area d¢kndlata, are also provided. Initial 2008, 2009,
and 2010 baseline pre-treatment monitoring data foermanent monitoring study sites provide
information on rainfall, ambient and soil temperag) soil moisture, soil surface profiles to
assess erosion over time, soil surface stability] shemistry, bird and small mammal
composition and relative abundance, and vegetatomposition, structure, and cover.
Monitoring data from 2011 to 2013 represent infaioraon the above parameters along with
data on medium-sized to large wildlife and livegtdor the first 3 years following thinning
treatments.
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The monitoring sampling design employs paired nooimg plots at two piflon/junipeP{nus
edulis/Juniperus monosperinaoodland sites and two ponderosa piRe(s ponderogasites.
One plot of each pair was randomly selected andtdde by thinning tree stands in late
2010/early 2011. Those thinning treatments wereptetad in early 2011, and SWCA will
continue to monitor the above-mentioned paramétemigh at least June 2015 to examine the
impacts and effectiveness of forest thinning treatts. Not only are paired study plots being
compared to each other in a treatment/control dedigt each treated plot will be monitored
over time to assess changes resulting from thinmesyments.

Results from the third year of post-treatment nmmy data revealed similar differences in
parameter values between treatment and contrad pdothose that occurred last year, but not
prior to thinning treatments.

Tree and woody vegetation structure was greatiyngbd from the thinning treatments,
resulting in more open forest stands on the treasddrsheds.

Tree basal areas were reduced on the treatmerst @bobrding to New Mexico State
Forestry guidelines: Chilili pre-treatment basadamwas 210 square feet/acre and was
reduced to 80 square feet/acre, Wester basal aas®®0) square feet/acre pre-treatment
and 99 square feet/acre post-treatment, Kelly basssd was 155 square feet/acre pre-
treatment and 47 square feet/acre post-treatmadtVagil basal area was 124 square
feet/acre pre-treatment and 39 square feet/actegasment.

Tree diameter size class measurements of all tesdt@nd control plots showed that
control plots had on average a larger number adsti@ the smaller-diameter classes
when compared to treatment plots where trees wene ravenly distributed between
diameter size classes.

During the 2013 monitoring period, relatively fewinfall events generated surface
runoff events basin-wide. In fact flows only ocadrat the Vigil watersheds where the
treated watersheds had higher peak flows and ruraiibs when compared to the
controls. Future monitoring of flow events will eal if this increased runoff on thinned
sites persists and for how long.

Soil moisture was higher on treated plots thanrobmiots, especially during dry periods
following rainfall events.

Herbaceous vegetation canopy cover was signifiganigher on both pifion/juniper
treated plots and at one ponderosa pine treatddcpiopared to the control plots, and
cover was significantly higher on the treatment jplibone ponderosa pine site, but there
was no significant difference at the other ponderpse site. Herbaceous vegetation
cover was probably even higher than measured atetteplots, because domestic
livestock grazed the treated plots prior to vegatameasurements. Despite the drought,
herbaceous vegetation grew considerably in theorefpllowing heavy July and early
September rains.
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Bird densities and species richness were founcethigher on treated plots than control
plots, especially at pifion/juniper sites. Bird specomposition was more similar among
pairs of control and treatment plots at each gsiie farest type (i.e., by location) during
the spring breeding season, but more similar ani@agment plots and control plots (i.e.,
by treatment type) during the fall migration tinfdese results indicate that the thinning
treatments are not affecting bird communities dytime breeding season, but that more
birds are attracted to the treated plots durinignfiggration.

Rodent densities remained relatively low in 2013l amere lower on most of the
treatment plots than on control plots. Pinyon n{ieeromyscus trugidominated at the
pifion/juniper sites and at one ponderosa site; deéee . maniculatus were most
common at the other ponderosa pine site. Pifion mere especially less abundant on
treated plots at the pifion/juniper sites, whilerda&e were present only on treated plots
at the piflon/juniper sites.

Native large animals recorded from remote wildléameras such as mule deer
(Odocoileus hemionliselk (Cervus canadensgisand rabbits (Leporidae) were most
abundant on control plots, while domestic livestoaire far more abundant on treated
plots at both pifion/juniper and ponderosa pinessite

Other parameters such as soil chemistry, soil ser&xosion and surface stability, and
bird communities have not yet shown differencesvben treatment and control plots.

Given that 2013, like 2012 and 2011, was an extréraaght year in the region, some parameter
responses may have been dampened by a lack ddlfainf
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This 2013 Annual Report provides summaries of nuoimg data collected during the 2013
calendar year for the Estancia Basin Watershedtli{eRlestoration and Monitoring Steering
Committee (Steering Committee). Details about neteguestions and the background and
administration of this monitoring project may beuaol in theEstancia Basin Watershed Health
and Monitoring Project: Monitoring Plan Evaluatior{2008 Monitoring Plan) (SWCA
Environmental Consultants [SWCA] 2008), which isaidable at the New Mexico Forest and
Watershed Restoration Institute (Restoration lat&)t website (http://www.nmfwri.org/images/
stories/pdfs/Estancia_Basin_Monitoring/EstanciaBésinitoring.pdf). The 2008 Monitoring
Plan provides detailed information on the backgtkmowledge of forest thinning in the
Southwest and presents the goals and methodoldgiethe Estancia Basin forest thinning
monitoring project. The 2008 Annual Report (SWCA2Palso provides important background
information about the Trigo wildfire monitoring peat that was initiated in 2008. Previous
annual reports for 2008, 2009, 2010, 2011, and Xikf@Amarize overall monitoring findings
from those 5 years, and they also may be founkeaRestoration Institute website.

The Steering Committee oversees forest thinningedfettiveness monitoring of forest thinning
on ponderosa pineP{nus ponderosa forests and pifion/juniperP{nus edulis/Juniperus
monospermpa woodlands on private and state lands on the masiepes of the Manzano
Mountains, New Mexico. Principal members of theeBitey Committee include the Claunch-
Pinto, East Torrance, and Edgewood Soil and Watais€rvation Districts; New Mexico State
Forestry; and the Restoration Institute. The Raestmm Institute is additionally providing
oversight and public relations for forest thinnanrgd monitoring activities.

The principal goals of the Steering Committee arereate defensible space around homes and
other structures to protect against wildfire angrave overall forest health, following forest
thinning prescriptions determined by New Mexicot&taorestry. The primary goals of forest
thinning monitoring are to determine the impactstaindard prescribed forest thinning on soils,
hydrology, water yield and quality, vegetation, avittilife.

The scope of work for this monitoring project wascribed in the Steering Committee’s 2007
request for proposals as follows:

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

2. Plan and implement methods of establishing reliabled repeatable vegetation
monitoring methods to allow for both qualitativetarpretation and quantitative
documentation of change in vegetative structurecamaposition over time.

3. Plan and implement methods of monitoring small mahand avian populations, which
are indicators of ecosystem health.
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SWCA is currently under contract for 7 years of maing, beginning in 2008, and is
responsible for study site maintenance, data dolecdata management, data analysis and
interpretation, and information dissemination (utthg monthly meetings, monthly reports, and
annual reports). The current Steering Committea phlls for 3 years of baseline pre-thinning
treatment monitoring (2008-2010), thinning treatte@mplemented during the winter of 2010
and 2011, and 4 years of post-treatment monitd@20d1-2015).

Several new subprojects were added to the ovelitoring project in 2008, including post-fire
monitoring of soils, hydrology, vegetation, and diife on private forest lands following the
Trigo wildfire. These tasks involve developing amdplementing ephemeral stream and
groundwater monitoring to assess the effects di fartest thinning and the Trigo fire on water
resources, as well as assuming the operation gmltireg for the South Mountain Weather
Station (SMWS), initiated by EnviroLogic in 2006.map of all study sites for these projects is
presented in Figure 1.1 (note that the SMWS istéataorth of Edgewood, New Mexico, and is
not on the map presented in Figure 1.1, but idenmap presented as Figure 4.1 in Chapter 4).

This 2013 Annual Report is similar in format to gxevious 2008, 2009, 2010, 2011, and 2012
annual reports, and it provides complete data f{lgspended on DVD) and summaries of
findings from field monitoring measurements conddctiuring the calendar year 2013 for the
primary subprojects: 1) forest thinning monitoriogweather, soils, hydrology, vegetation, and
wildlife; 2) overall Manzano watershed ephemeralean and groundwater monitoring,
associated with both forest thinning and post-wiédimonitoring; and 3) SMWS weather and
soil moisture data collection, including addendpresenting the four quarterly 2013 reports.
Data collected in 2008, 2009, and 2010 represeselin@ conditions prior to forest thinning
treatments, which were begun in late 2010 and werepleted by May 2011. Data collected
after thinning in 2011 will then provide measurdstlinning treatment effectiveness and a
comparison of post-treatment environmental conagidvonitoring from subsequent years will
provide data on thinning treatment effects oveetim

This report provides analyses of parameter chamyes the 6 years of monitoring and
comparisons of paired treatment and control plotsvialuate treatment effects. Some statistical
tests of parameter values between paired studg plet also provided to compare pre-thinning
treatment baseline conditions to post-treatmenditimms in order to determine if the paired
plots differ in parameter values resulting from ospd thinning treatments. Numerous discrete
data sets have been collected, and SWCA has b&ee &ccreating data collection, storage, and
management plans for each of the subprojects. SW&Acreated metadata for each of these
data sets that outline the date range of each datathe collection methods, the unit
measurements, and the abbreviations and codeswied each data file. The metadata files
will also state any caveats or general commentalo€h the viewer should be aware before
analyzing the data.

SWCA is making these data available in a form traat be easily disseminated, using readily
available software such as Microsoft Word and Ex&ime information, such as those data
collected from the WatchDog Mini Weather Statioisscollected using proprietary software.
These data are converted into Microsoft Excel fdlegshey can be viewed by the general public.
SWCA also intends to make the data available imfothat are easy to analyze. Some data, such
as those related to the flumes, which are recoml&minute intervals, must be partitioned into

SWCA Environmental Consultants 2 March 2014



Estancia Basin Watershed Health and Monitoring Potjj 2013 Annual Report

several files, as the data exceed Microsoft Exaedigacity of data rows. All of these data are
being made available to the Restoration Institate dissemination on its website. Note that
measurements from various aspects of monitoringegrerted in English units (e.g., feet, acres),
while others are reported in metric units (metdrsctares). The protocols for monitoring
measurements were obtained from different soutcsuse different units of measure. The U.S.
Department of Agriculture (USDA) Agricultural Resela Service Rangeland Monitoring
Manual (Herrick et al. 2005) uses metric units, lelthe U.S. Forest Service (USFS) Forest
Inventory and Analysis Guide (USFS 2005) uses Bhglinits. In general, scientific research
worldwide has adopted the metric system as thelatdrfor measurements, while some federal
and state agencies use English units of measureease of comparison, values are presented in
this report with both English and metric units, epicwhere not feasible.

This 2013 Annual Report provides summaries of figdifrom field monitoring measurements
conducted during the calendar year 2013 and comphesn with previous years for the above-
mentioned projects and subprojects. This repogaiditioned into different sections for each
subproject: 1) introduction (this section), 2) fetréhinning monitoring, 3) ephemeral stream and
groundwater monitoring, 4) SMWS data, and 5) planmenitoring for 2014 (year 7).

SWCA Environmental Consultants 3 March 2014



Estancia Basin Watershed Health and Monitoring Potjj 2013 Annual Report

Bt e 2" 4

/ ”p‘/ - o

*,3,*.’: SEyrnalillo £ ki g o @f. 1

T ALY X

/alancia vt ‘o B | o
WV, 2 T A 7

e tae Py , - e y 4

[Sletar Puebiiops - - {ft‘!@}@ e

Ponderosa L /" P —

ciFIrrance
Tl

T
e

v g \:\%\(ﬂ 5
| ;MJ

W s
Ponderosal_

e
@  Forest Thinning Site Land Ownership PrOject Location
¢ Post-Fire Monitoring Plot gy Bureau of i N
Land Management  Forest Thinning
&  Piezometer Site )
) - U.S. Forest Service Miles
L e - Reservation 0 1 2 4
—— Highway e — 1:250,000
—— Local Road Bl state oo |
e e . [SWCA .
s = fer e

Figure 1.1. Map of all Estancia Basin forest and wtarshed monitoring locations
addressed in this report.
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Details of forest thinning monitoring protocols weprovided in the 2008 Monitoring Plan
(SWCA 2008). Background information on the knowwissnmental effects of forest thinning
on Southwestern forest ecosystems was also presgentee 2008 Monitoring Plan, along with
detailed discussions of the experimental studygiesind methods used in this research to
measure various environmental responses to fonestihg treatments. Since 2008 there have
been some significant updates to Southwest foozdbgy, climate, wildfire, and forest thinning
literature. Section 2.1 provides a literature revigpdate for all resource areas included in this
monitoring study in order to keep this project aplate with the most current information.

The sections below address recent research findihgst the effects of forest thinning in the
American Southwest and New Mexico on natural resgsithat are addressed in this monitoring
study. Climate and resources are presented beldeisame order as they are organized in this
monitoring report.

As mentioned in the original monitoring plan (SWC®08), climate change is likely to
significantly affect the findings of this forestithing monitoring study, as drought intensifies
and temperatures increase across New Mexico. R&egnarticles on changing Southwest and
New Mexico climate by Gutzler (2013) and Llewellamd Vaddey (2013) discuss how the
climate of the Southwest has been documented asryeg warmer and less predictable, and
how drought is becoming more common and more sethare in the past. The average annual
ambient temperatures for the Upper Rio Grande RegioNew Mexico (Colorado border to
Truth or Consequences, New Mexico) has increasech ft971 to 2012 by 2.5°F, and in
mountainous areas that increase has been everrgata2.7°F (Llewellyn and Vaddey 2013).
Long-term episodic droughts have occurred in thatl8eest region for centuries (Gutzler 2013),
but the region is strongly affected by ongoing gmdjected century-scale climate change
(Llewellyn and Vaddey 2013). Gutzler (2013) andwddlyn and Vaddey (2013) attribute this
climate change to human-caused increases in grasalgases and report on a strong regional
warming trend in recent temperature data that nmexdihatural drought/high precipitation
fluctuations by enhancing evaporative losses amtledsing snowpack in mountainous regions
to the north (see Brown and Mote 2009). As the alenwarms, intense storms are expected to
increase in the region (Gutzler 2013), and a grefagetion of total annual precipitation is
expected to come from single intense rainfall avéiall events as compared to more frequent
low-intensity storms (Allan and Soden 2008; Integgmmental Panel on Climate Change
[IPCC] 2007; Tebaldi et al. 2006). Petrie et abX2) demonstrate that fewer single storm events
are determining precipitation amounts in central southern New Mexico, especially during the
monsoon season, and that the number of such steassleclined and become more variable
over the last decade. These fewer but more intemeats are also being documented in the
region by others (Allan and Soden 2008; Groismaal.€2008). The periodic drought and intense
rainfall patterns that are projected for the redidlexander et al. 2006; Hurd and Coonrod 2008;
Gutzler 2013; Gutzler and Robbins 2011) are expetberesult in significantly diminished
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stream flow and drier surface conditions (Llewellgnd Vaddey 2013; Seager et al. 2008),
causing the Southwest climate to become even nradettean it currently is over the coming
decades.

There is strong evidence in the literature thaingieg climates are affecting forest resources
(Allen et al. 2010; Bonan 2008; Breshears et a092(Floyd et al. 2009; Negron et al. 2009;
Raffa et al. 2008; van Mantgem et al. 2009) and blester understanding of climate change is
needed to aid forest resource management planAifen (et al. 2010). Ganey and Vojta (2011)
monitored tree mortality in drought stressed migedifer and ponderosa pine forests in Arizona
that were impacted by drought from 1997 to 200&¢Bears et al. 2005). They hypothesize that
climate change will heavily impact these forestetysince they are not well adapted to long-
term drought conditions. They observed considerabke mortality across almost 100% of their
plots, attributed primarily to insect attack reswtfrom drought and tree water stress.

Other studies recorded mortality of pifion/junipeyodlands in the same area during this period
(Breshears et al. 2005; Floyd et al. 2009; Muedteal. 2005). Findings that linked drought and
insect damage to mortality in mixed-conifer and ¢gemosa pine—dominated forests were
consistent with other similar studies in the ad@amost of those studies, bark beetles of the
genuslps have been found in association with pifion/juniped ponderosa pine forests, and
Douglas-fir beetle Mendroctonus pseudotsugaand the fir engraverScolytus ventralisin
Douglas-fir Pseudotsuga menziesand white fir Abies concoloy forests (Breece et al. 2008;
Guarin and Taylor 2005; Maloney and Rizzo 2002;a8av1997; Stephens and Gill 2005), and
insect attacks were determined to be a proximabsecaf tree death, mediated by long-term
drought. Extreme climate conditions were recordedughout Ganey and Voijta’s study period,
particularly in 2002 when tree ring reconstructindicated that 2002 was the third-driest year in
over 1,400 years. Interestingly, their results seédwhat mortality was not significantly related to
either elevation or stand density. This findingidades that thinning alone may not always
alleviate moisture stress—related mortality dutinges of drought. Ganey and Vojta (2011) also
reported the relative high mortality of large treesysus smaller trees, and they expressed
concern that other studies had similar findingg.(é=loyd et al. 2009; Mueller et al. 2005; van
Mantgem et al. 2009) and that large trees are niyt @f commercial value, but also provide
important habitat and are already rare on the lzaqus (Ganey and Vojta 2011).

Research by Savage et al. (1996) and Savage €04I13) demonstrate that regeneration and
establishment of ponderosa pine is sensitive taipaly timed temperature and precipitation
patterns—particularly important are series of wearg (Brown and Wu 2005). Such climate
patterns are now affected by persistent drougltekacerbates ponderosa pine regeneration and
establishment, and increases severe wildfire (Saeagl. 2013). The long periods of drought
that have been recently observed throughout theh@est, in combination with altered forest
management practices and fire exclusion policies tdve last century, have resulted in frequent
landscape-level high-severity fires that are beytrelrange of natural variability (Allen et al.
2002; Covington and Moore 1994a, 1994b). Savagal.e2013) suggest that for Southwest
ponderosa pine forests, a specific climate windeitical for regeneration is narrowed by a
synchronous occurrence of high-severity fire andudht. Spring and summer drought
conditions have been related to high seedling rityrtéRietveld and Heidmann 1976), and
sparse vegetation cover and low moisture in thlerésllt in early freezes that also reduce the
period available for seedling establishment. Grgweriods are becoming shorter under drought
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conditions due to moisture stress. Under a clin@dtange scenario of warmer and drier
conditions, Savage et al. (2013) predict that porste pine regeneration may become all but
eliminated in the Southwest.

Soils provide plants with structural support, rnerits, and symbiotic soil biota; therefore, soill
disturbance on a site can decrease plant and joregtictivity. The effect of forest management
disturbance on soil sustainability is still rel&ty poorly known, and there are many questions
that remain on the subject (Harrison et al. 20bhndon et al. 2012; Morford et al. 2011; Powers
et al. 2005). Most research to date has centeredhenimpacts of mechanized thinning
operations that can result in severe soil distwwbgglliott et al. 1996; Miller and Sirois 1986;
Rice et al. 1972). Few studies have examined tigaatnof hand thinning operations on soil
properties.

Soil erosion, combined with other impacts from &rdisturbance, such as soil compaction, can
reduce forest sustainability and soil productivigrest soils are protected from erosion by litter
and duff, and forest litter is a primary compongotoviding nutrients and retaining water.
Thinning operations (both mechanized and hand thi)ncan remove ground surface organic
materials, thereby impacting nutrient levels and&kimg soils vulnerable to erosion. Maintaining
soil surface litter cover is the easiest way tovprngé accelerated erosion (Moghaddas 2013).
Page-Dumroese et al. (2000) have used computedsadesimulation models and found that in
many cases, the presence of at least 50% groungr ¢evg., vegetation or leaf litter) could
prevent accelerated erosion rates. Robichaud €2@L0) also suggest that levels of exposed
bare soil less than 30% to 40% following foresniiimg can generally keep soil erosion rates
“acceptably low.”

Many tree thinning/fuel treatment approaches campleeaned and implemented with minimal
bare soil exposure, thereby limiting subsequensiero(Moghaddas 2013). Researchers have
found that tree cutting by itself does not caugmificant erosion (Berg and Azuma 2010;
Moghaddas 2013; Wayman and North 2007), and tirhbevest operations usually cause less
erosion per unit area than roads (Elliott et al6)9%he greatest disturbance to soils is associated
with heavy machinery such as wheeled or trackeddeks used to drag logs to landing areas
(Litschert and MacDonald 2009; Williamson and Nigls2000); these often cause severe soll
disturbance and ground cover removal (Moghadda8)2&leep slopes are also more vulnerable
to erosion and machine impacts. Cram et al. (20@Xe studied disturbance and erosion on
intermediate (10%—25%) and steep (26%—43%) slapesthinned New Mexico mixed-conifer
forest. They conclude that operations on steepeslgenerally caused more soil disturbance, but
maintaining soil cover and minimizing large aredsbare soil were sufficient to prevent
increased erosion and sedimentation levels.

Timber harvesting can also lead to soil compactmu increased soil erosion, adversely
impacting soil and vegetation productivity (Yoho 8D9. Physical soil changes due to
compaction have been enumerated by many (see RagesBse et al. 2006) and can include
decreases in soil porosity, disturbance to the macglayer (Robichaud et al. 1993), rooting
volume and aeration, increases in soil bulk denstyength, and water content, and reduced
infiltration rates and subsequent increased sunfaeff and erosion (Greacen and Sands 1980).
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Compaction impacts are site-specific, with varifféats on forest stand productivity (Froehlich

and McNabb 1984; Gomez et al. 2002; Greacen andsSE?B0). In addition to the disturbance

associated with felling operations, a decreasdaéennumber of trees within a stand results in a
decrease in evapotranspiration, which contributesh¢reased surface flow, stream flow, and
even channel erosion (Elliott et al. 1996). Mosmpaction studies have again focused on
operations that use heavy machinery and therefsalts may not be easily extrapolated to
small-scale non-mechanized projects.

Soil erosion resulting from forest thinning opevas in turn impacts forest productivity by
decreasing soil water availability (Swanson etl8B9), removing plant-available nutrients, and
causing degradation of soil structure (Elliott Bt1®96). Removal of the loose, organic surface
materials promotes surface sealing and crustingchwtiecrease infiltration capacity and may
increase erosion (Childs et al. 1989). Erosion asallts in loss of important soil biota, such as
mycorrhizal fungi, which facilitate nutrient uptaks plants (Amaranthus et al. 1989, 1996).
Forest management can directly and indirectly changrient stores at a site. Vegetation harvest
removes nutrients in wood and/or crowns, immedyagdfecting local nutrient pools (Powers
2006). The greatest concentration of nutrients madimum water-holding capacity are in the
uppermost soil horizons; loss of these surfacersafrem erosion is therefore most damaging to
forest productivity (Moghaddas 2013). Shallow sale the most at risk, and therefore the
largest declines in productivity are most likelydocur in marginal dry environments (Elliott et
al. 1996).

Impacts to soils from thinning operations have beescribed as extraordinarily complex,

reflecting interactions among disturbance levets, water-holding capacities, nutrient cycling

properties, and climate (Elliott et al. 1996). Asserved by Childs et al. (1989) and Dickerson
(1976) environmental degradation and erosion regulfrom thinning operations could be

attributed to various factors including compactisail surface disturbance, depletion of surface
organic horizons, and removal of vegetative cover.

Numerous studies worldwide have demonstrated theatging forest density can in turn change
forest water yield (Bosch and Hewlett 1982; Browrak 1974; DeBano et al. 2004; Douglas
1983; Gary 1975; Harr 1983; Hibbert 1967; Hornbetkal. 1997; Kattleman and Ice 2004;
Keppeler and Zeimer 1990; National Research CounNRC] 2008; Reinhart et al. 1964;
Stednick 1996; Troendle 1983; Troendle and Leaf0i9Boendle et al. 2010). In general,
reducing forest cover has been found to increaderweeld, though stream flow response has
also been found to be closely related to climatatiqularly the amount and timing of
precipitation (Troendle et al. 2010). Stednick (@P8eported that in a review of 95 watersheds,
annual runoff increased by nearly 2.5 millimetarsm) for each 1% of watershed landscape
harvested. Various studies have reported that appately 20% of the basal area of the
vegetation must be removed in order to see sigmfichanges in annual runoff (Bosch and
Hewlett 1982; Hibbert 1967; Stednick 1996). Troendt al. (2010) discuss the importance of
assessing the degree to which the managementtyaciiers net precipitation to the soil by
altering interception losses and infiltration clrdegistics and the soil moisture evaporation and
transpiration. The timing of a change in streanwflithin a year depends on when precipitation
or snowmelt exceeds both evapotranspiration demaaddsoil moisture recharge requirements.
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The Fool Creek watershed study in central Colofa@® been ongoing since the late 1960s and
demonstrated that for the first 15 years afterrtimg treatments, there was increased average
annual and peak runoff flows by up to 16.2 centersee{cm) a year, with an average increase in
water yield of 10.0 cm in the first year after thimg. Increases were attributed to reduced
evapotranspiration in the thinned portion of theesshed, decreased interception, and increased
amount of water contained in the snowpack. By 2&ygost-harvest, regrowth in the thinned
areas caused a significant decline in average watdds (Troendle et al. 2010). Similar
hydrologic responses to thinning have been repariedther studies in the Rocky Mountain
region, including Wagon Wheel Gap, Colorado (Bated Henry 1928), Dead Horse Creek,
Wyoming (Troendle and King 1987), Coon Creek, Wygn(Troendle et al. 2001), and South
Dakota thinning (Anderson 1980). Troendle et al1(?) suggest that lessons learned from the
higher elevation watersheds widely studied can pyelied to lower elevations but reduced
precipitation levels (particularly in the form oh@vpack) in these areas must be considered
when predicting the intensity of the hydrologicakponse. This is borne out by Haupt (1979)
who found that in drier ponderosa pine forestseduction in basal area did not detectably
increase the snow water equivalent on south, east, west aspects, but did substantially
increase the snow water equivalent on north-fasioges.

Thinning treatments can also reduce soil moisteg@adion and evapotranspiration, especially in
wet years (Dietrich and Meiman 1974; Troendle 198988; Troendle and Kaufman 1987;
Troendle and Meiman 1984). In dry years, residuggd may use any additional soil moisture
created as a result of thinning. This means thatréghationship between stand density and soil
water depletion is statistically significant in wegtars when there is less competition for soil
water, while in dry years, there may be no correhatbetween basal area and soil water
depletion because evapotranspiration from the wesistand may use all of the available water,
regardless of the reduction in stand density. Qudrought periods, summer precipitation is low
and soil water reserves are often depleted onsgecs and across a wide range of stand
densities and forest types. Under these conditibes, thinning treatments may not cause an
increase in annual water yields unless precipitationounts exceed evaporative demand
(Troendle et al. 2010).

In 2013 Wyatt reviewed 37 studies worldwide (31 rpewiewed articles) to answer the

guestions “how do restoration thinning treatmerdgeducted in conifer-dominated watersheds
affect the water budget?” and “how do restoratioinriing treatments impact the groundwater
system?” Results from those studies showed thagérwaeld can increase from 10% to 35%

when 20% to 100% of a conifer-dominated waterstedreéated. Groundwater results were
inconclusive. All studies showed a positive resgoofssurface water yield resulting from forest
thinning treatments, but responses varied acrassatit types. Wyatt (2013) suggests that
additional research and reviews are needed to sgldie uncertainties and variances found
across studies of forest treatment effects on seriaater yield and groundwater recharge.
Literature to date suggests that in general thatgse hydrologic response will be detected when
more than 20% of the watershed is thinned and fgrfdrests the response may be only
negligible or difficult to detect except during wedars.

Thinning and prescribed fire have been implememe&outhwest forests and woodlands in
recent years as a means of returning stands to histarical conditions, thereby decreasing
wildfire risk and improving forest health (Feendyak 2008; Keane et al. 2002; Sala et al. 2005).
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Researchers have shown how thinning of these ®rewffective in increasing individual tree
growth (Feeney et al. 1998; Ronco et al. 1985; Skioal. 2005), decreasing tree water stress
(Kolb et al. 1998; Skov et al. 2005; Wallin et 2aD04), increasing tree defense against bark
beetles through increased resin production (Kolalet1998), and increasing leaf nitrogen
concentration and hence photosynthetic capacitpme cases (Feeney et al. 1998; Wallin et al.
2004; Zausen et al. 2005).

Fulé et al. (2007) studied long-term ecosystemaesp to ponderosa pine thinning treatments in
Arizona. They reported that ponderosa pine treew gignificantly faster in treated units than in
controls, enough to reach the reference level slabarea in 6 years. However they, also
reported increased post-treatment mortality ofdairges in treated units (10.9 large trees per
hectare [ha]), compared to control units (6.2 trpes ha). They suggested that although
mortality of large trees is a concern, the treateds had vigorous growth and low density,
indicating that they would be relatively resistantfuture drought and fire events. Sala et al.
(2005) found that in the short term (1-3 yeargprtimg alone or thinning followed by burning
had resulted in increased soil water availabilind amproved physiological performance of
second-growth (Skov et al. 2005) and old-growthe(fey et al. 1998) ponderosa pine. They
reported that, despite minimal differences in segource availability, trees in managed units
where basal area was reduced had improved gasreelzand growth compared with trees in
unmanaged units.

H#IS

Much attention has been placed in recent yearsheneffects of thinning on bark beetle
infestations throughout the western United Stafes. over a decade, Southwest forests and
woodlands have been subjected to increased dromgbtt infestation, and disease, which have
resulted in a decline in forest health (Cliffordagt 2008; Shaw 2008). Mortality from drought
and bark beetle infestation of ponderosa pine, rgjéiniper, and other forest and woodland
species throughout the Southwest region increassedatically between 2000 and 2003 (Zausen
et al. 2005). Pifion pine was especially affecteith W74,771 ha of pifilon across New Mexico
and Arizona showing evidence of bark beetle attaglk2003. Some areas experienced greater
than 90% pifion mortality (Gaylord et al. 2013), huniper mortality was significantly lower.
Pifion mortality was largely a result of the pifigs ibark beetlel§s confuses(Figure 2.1),
which generally attacks water-stressed or recetghd trees (Raffa et al. 2008; Rogers 1995).
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Figure 2.1.  Pifion beetlelps confuse} This individual has been caught in pine sap or
pitch, the usual defense against the beetle.

The pifion ips bark beetle is always present at tmumnbers in pifion woodlands, attacking
unhealthy trees. When persistent drought occurspdiah pines become water stressed and the
trees produce a “stress scent” (i.e., beta-pinghms)attracts the beetles. Because of water stress
the trees are not able to fight the beetles widirthsual defense of resin (sap or pitch), so the
beetles are able to bore into the inner bark orboam. Therefore, pifion ips outbreaks are a
symptom of drought, and the beetles are able sxlhatto otherwise healthy trees because of
drought and water stress. During drought, the begtipulations grow rapidly into outbreak
situations because so many trees are vulnerabkelpEtbeetles slowly kill the trees by boring
through the bark and laying eggs from which larkiatch; the larvae begin feeding on the inner
living bark or cambium, cutting through the cambiurnere tree sap flows, cutting off sap flow,
and essentially girdling the trees. The beetles adsry blue stain fungus into the attacked host
tree, which grows in the vascular tissue and ctbgstree’s ability to draw water and transport
carbon and nutrients. The combination of larvadieg on cambium and the fungus infection
generally proves fatal to the tree (Christopherg80h3), especially if the tree is already water
stressed.

There is wide acceptance globally of a positivatrehship between drought stress and beetle
attack in trees (Huberty and Denno 2004; Jactal. &012; Raffa et al. 2008). Biotic and abiotic
stresses such as high inter-tree competition, i@farh, lightning strikes, and fire damage are
also thought to influence tree susceptibility tokbbeetle attack (Berryman 1976; Bradley and
Tueller 2001; Christiansen et al. 1987; Ruel et1898; Wallin et al. 2003). Another agent
responsible for pifilon damage in the region is tii®mp needle scaleMatsucoccus acalyptus
Herber), a native sap-sucking insect that can defoliatan¢hes, killing small trees or
weakening trees to the extent they fall victimrte ips beetle.

Drought stress can impact trees physiologicallyaoting their hydraulic function (McDowell et
al. 2008; Ryan 2011; Sala et al. 2010), reducinpataydrate production, and reducing carbon
available for resin production (McDowell et al. B)®ala et al. 2010). Thinned stands of several
pine species have been reported to be less sudedptitree-killing bark beetles (e.g., Amman et
al. 1988; Brown et al. 1987; Mitchell et al. 19&artwell and Stevens 1975; Schowalter and
Turchin 1993). Research in northern Arizona fornegke has suggested greater ponderosa pine
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resistance to bark beetles, based on higher résin in thinned or thinned and then burned
stands compared to unthinned stands (Feeney¥138; Kolb et al. 1998; Wallin et al. 2004).

To examine the impacts of the recent drought in Nésxico, Gaylord et al. (2013) tested the
hypothesis that drought predisposes trees to ireteatk in New Mexico. They quantified the
effects of water availability on insect attacks andrtality of pifion pine and oneseed juniper.
They found that pifion began dying 1 year after ghbunitiation, with higher mortality in plots
that had removal of 45% of the ambient annual pretion, relative to other treatments (i.e.,
irrigation to produce 125% of ambient annual pri¢gatpn, a control, and ambient precipitation).
They found that beetles (both bark and twig) weresent in 92% of dead pifion trees. For
juniper, treatments had no effects on insect attaalesistance but needle browning was highest
in the plots that underwent water removal. Theycbtahed that their results provided strong
evidence that more than 1 year of severe drougthtwaater stress predisposes pifion to insect
attacks and increases mortality, whereas 3 yeattseodame drought only causes partial canopy
loss in juniper.

Zausen et al. (2005) reported that thinning stalodfower tree densities (with and without
ensuing prescribed fire treatments) decreased posa@ine water stress as indicated by higher
Cp during the peak of the dry season (late Jurte) 5 years after thinning and 3 to 10 years
after the most recent prescribed burn, comparetd witmanaged stands in northern Arizona.
They attributed these results to increased wataitedoility to trees resulting from decreased tree
competition in thinned stands.

Pifion and juniper in the region are also infectedhwdwarf mistletoe Arceuthobium
divaricatun) (Figure 2.2) on pines and true mistletoes ongeni They are small parasitic
flowering plants that draw water and nutrients frdm host tree, impacting the tree’s normal
growth and reproductive processes. Increased ritgrial associated with severe mistletoe
infestations (Mathiasen et al. 2002), but even inamcases, dwarf mistletoe and true mistletoe
are thought to increase the host tree’s suscaptibal other damaging agents such as insect and
disease.
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Figure 2.2. Dwarf mistletoe Arceuthobium divaricatum growing on pifion.

%

A major objective of ponderosa pine restoratiotoisncrease understory and shrub production
(Korb 2001), making herbaceous production a clitregponse variable for monitoring the
effects of treatments during ponderosa pine faoestbration. Most research to date has explored
the effect of thinning and fire on understory proiilon, and generally indicates that thinning and
burning increases understory vegetation biomas®I[AR009; Fulé et al. 2001; Laughlin and
Fulé 2008; Moore et al. 2006; Stoddard et al. 2@tbpdard and McGlone 2008; Wienk et al.
2004).

Thinning treatments to reduce overstory densityehagpeatedly been shown to increase
understory productivity, particularly when pre-treant stands are dense (Bedunah et al. 1988;
McConnell and Smith 1970; Metlen and Fiedler 200&jore and Deiter 1992; Thysell and
Carey 2001). Understory responses in dry foreststhought to be driven by changes in
availability of limiting resources, primarily nitgen and water (Coomes and Grubb 2000; Kolb
and Robberecht 1996; Riegel et al. 1992, 1995dd&tal et al. (2011) found that plant species
richness was positively related to both the percdm@inge in canopy cover and basal area as a
result of tree removal. Total plant cover was alsvgyeater in all treated units than in control
units. Plant cover was positively correlated tohbibte percent change in canopy cover and the
tree basal area.

Matchett et al. (2010) evaluated short-term effeofs thinning methods on Southwest
pifion/juniper woodlands. They found that thinnimgatments increased the abundance of
herbaceous vegetation, with pre-treatment tree dance dictating the strength of the increase.
Increases in perennial grass cover and densitgspanse to thinning was usually greatest at
lower levels of pre-treatment pifion/juniper domicanNative annual forb cover and density
responded fairly equally along the tree dominancadignt. Shrub abundance declined in
response to pre-treatment tree dominance, ancg#pemnse to thinning treatments appeared more
subtle than for herbaceous vegetation. Speciesegh within the two thinning treatments
steadily increased relative to the control over toarse of the 3 years following treatment.
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Species richness was also consistent across the/pifiiper dominance gradient. Stimulation of
herbaceous cover may have implications for fireeag@rby enhancing continuity of surface fuels
especially during dry years. Matchett et al. (20d@cluded that thinning-induced increases in
perennial grass cover in areas of high tree donsmavere mainly due to an increase in growth
of individuals present prior to the treatment, ppased to an increase due to the recruitment of
new individuals. Ramirez et al. (2008) report sanifinding in pifion/juniper forest in New
Mexico, where thinning treatments increased herias@egetation cover and biomass.

Since 1990 researchers and land managers have deaméo experiment with restoration
techniques in pifion/juniper woodlands (Jacobs eR@0D2). The primary restoration treatment
(thinning and application of slash mulch) in thisidy was demonstrated to be an effective
remediation technique for increasing herbaceougrg®tabilizing soils, and supporting surface
fire. Monitoring showed that the restoration treatialso increased the resilience of vegetation
to drought effects.

According to a review of research by Abella (20q@¥vious studies did not consistently show
an increase in ground flora diversity in pondergsae forests. Studies that have shown
significant increases in species richness withtimeat (Laughlin and Fulé 2008; Metlen and
Fiedler 2006; Moore et al. 2006) have reported mimmum threshold basal area required (down
to 10 square meters fitha) before a significant increase in herbaceauslyction can occur.
Previous research has also shown similar relatipasbetween ground flora production and
basal area. Clary and Ffolliott (1966) found thedugpd flora biomass was higher in thinned
stands (compared with unthinned stands) with residasal area of 5 to 18*ha, but there was
no significant difference among treatments whert-fitianing basal area exceeded 18ha.

Abella and Covington (in press) found that totalameapecies richness per square meter did not
differ significantly among control, low-, and meditntensity thinning treatments, but high-
intensity treatment areas did yield a richnesseawig high as other treatments. This indicates that
a lower limit stand density threshold needs to asspd before species richness increases. Few
studies have assessed community composition fallgwhinning in Southwest forests. Only
Abella and Covington (in press) have statisticalyaluated overall community compositional
differences among treatments. They reported suhitepositive native species compositional
differences between control plots and thinned amchdd plots 3 years after treatment. Many
authors have noted the need for future researdmstmguish the effects of mechanical thinning
on understory dynamics from the effects of presdtiburning (Abella 2009; Fulé et al. 2001).

&"() *+$+! 1%

Non-native or exotic invasive weed species’ respamsthinning has been studied by various
researchers (Allen et al. 2002; Crawford et al. 1208riffis et al. 2001; Hunter et al. 2006;
Keeley 2006; Stoddard and McGlone 2008). Thinniag penerally been found to promote the
establishment of exotic weed species (Hunter é2G4)6). Nelson et al. (2008) found that exotic
species showed small but highly significant incesam cover and richness in response to both
thinning and burning. Cover and richness of exbados showed small increases with intensity
and disturbance and time since treatment. In csintn@y found no significant effect of thinning
or burning on understory plant composition, nom#igant differences among treatments in
canopy cover and species richness of native plants.
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Stoddard and McGlone (2008), studying a Southwestderosa pine forest, found that
disturbances associated with restoration treatmfacibtated the establishment of exotic weed
species. Exotic weed species abundance and richnessased significantly in response to
treatment intensity. Within 2 years of treatmentptee species made up 50% and 45% of the
indicator species in the medium- and high-intengiiyts, respectively. After 2 years, exotic
species had declined in proportion to native sgectver and richness, and after 6 years exotic
species were only a minor component of the plantroanity.

The exotic invasive weed cheatgraBsofnus tectorumis a concern in pifion/juniper-dominated
woodlands following treatment (Matchett et al. 2D1Application of wood chips following
mastication has been shown to reduce the dominahcheatgrass (Wolk and Rocca 2009),
which may be a result of increased soil carbon ftbexmulch leading to reduced soil nitrogen
levels that inhibit growth of invasive plants. Ahatively, the mulch may significantly shade the
soil surface and inhibit seed germination and segdjrowth. Reduced dominance of exotic
invasive weeds such as cheatgrass can lead tassttalensity, cover, and diversity of native
species, which could provide an additional berwdfitee thinning treatments.

The effects of thinning on bird populations havestnaften been based on observational studies
after forest treatments or post-fire salvage loggn wildfire (Bock and Block 2005; Kotliar et
al. 2002; Saab et al. 2004; Saab and Powell 208&)y authors have found that the removal of
small-diameter trees typical of fuel reduction treents has a neutral to positive effect on avian
species (Gaines et al. 2010; Hurteau et al. 20@8e& et al. 2009; Verschuyl et al. 2011; White
et al. 2013), though studies have revealed thabreses are generally species specific.

Kalies et al. (2009) in a study of wildlife respesso thinning on Southwestern conifer forests
found that at the guild level, aerial foraging kidgdenefit from small-diameter tree removal, but
they have negative responses to overstory removae foliage and bole foraging birds
responded neutrally or positively to the small-deaen tree removal but negatively to overstory
removal. Woodpeckers, however, declined followingerstory removals. Ground shrub—
foraging birds responded positively to overstoryjnoeal, suggesting that the treatment was
effective in maintaining or enhancing understorg ahrub cover (Ffolliott and Gottfried 1989;
Yorks et al. 2000). The occurrence probability afkforagers and seed eaters was more closely
associated with abiotic variables—that is, annwalability of food resources like bark beetles,
seed mast, and composition of tree species. Foiiesgetivores, which glean invertebrates from
foliage of trees and shrubs, were associated wighen tree cover, and fuel reduction that
reduced cover of these species impacted the foliagectivores. Bark gleaners responded
differently, with their response being related ntermediate canopy cover and reduced shrub
cover.

Hurteau et al. (2008) reported an increase in wegsikiebird Sialia mexicanpdensities as a
result of increasing foraging opportunities (Huted al. 2008). Wightman and Germaine (2006)
had similar findings—treatments to reduce tree iessand increase herbaceous vegetation
provide a more abundant food source and improvdutdtaquality for bluebirds. Mountain
chickadeesKoecile gambejihave been found to be negatively affected by éimbanagement
practices (Hurteau et al. 2008); reductions in ersf the species are consistent with other
studies (Franzreb 1978; McCallum et al. 1999).
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A study by Hurteau et al. (2008) found that treatitado reduce forest fuels had little effect on
avian diversity over 4 years, but did affect sorapeats of species composition and abundance.
Their results suggest that although the small-séalest treatments they studied may have
influenced the avian species present, natural drvasaation in density is a stronger source of
variation. Similarly Szaro and Balda (1986) fourmhtt various intensities of forest thinning
treatments influenced bird density and speciesgsh, but treatments had a greater influence on
community composition.

White et al. (2013) used computer simulations tal@ate avian response to fuel reduction
treatments in coniferous forests. They suggestat although fuel reduction treatments may
provide or improve suitable habitat for some specieeatments may cause an overall but
minimal cumulative reduction in species richnegmutations also showed that treatments that
created a more complex stand structure increageddturrence probability by greater than 30%
for a larger number of avian species than typic&l freduction methods and led to smaller
predicted reductions in species richness. Theiretsoduggest that a greater number of avian
species would be retained by using a treatment #Hdds or retains forest structural

heterogeneity. Kalies et al. (2009) similarly foutha@t a mosaic of forest conditions may be the
most appropriate technique for providing suitabdditat for a wide range of forest passerines.
They suggest that landscape-level forest treatmampsied by land managers throughout the
country will have only modest effects on avian sp&c

The effectiveness of thinning to either promoteraintain habitat has been demonstrated for a
number of forest-floor specialists and general{§arey and Wilson 2001; Gitzen et al. 2007;
Hayward et al. 1999; Klenner and Sullivan 2003; #iiand Hayes 2003; Wilson and Carey
2000). Thinning treatments have increased foreatiapand temporal heterogeneity, diversified
habitat available for wildlife, and in turn restdra native, diverse assemblage of animal species
(Allen et al. 2002; Noss et al. 2006a).

Several studies have found early and positive mesgo of small forest-floor mammals to
thinning (Converse et al 2006a, 2006b; Muzika et2@04; Sullivan et al. 2005; Suzuki and
Hayes 2003; Wilson and Carey 2000; Wilson and Farsr8013) with numerous authors
reporting that reductions in canopy cover may iaseeherbaceous plant and shrub cover (Bagne
and Finch 2010; Block et al. 2005; Carey and Johri€95; Converse et al. 2006c; Lee et al.
2008). This understory response results in incebaseicture and plant diversity on the forest
floor, providing food, shelter, and protective covier small mammals. Responses were
generally strongest in forests that originally kedkunderstory cover and shrub components
(Wilson and Forsman 2013).

In a 6-year study of thinning effects on small masmhipopulations in ponderosa pine forests,
Bagne and Finch (2010) found positive or neutr&at$ of thinning on the small mammals
examined. Out of 4 years of post-thinning data,tpeseffects lasted for up to 3 years post-
thinning. As found by other authors, positive effewere attributed to increases in downed
woody debris (Converse et al. 2006a, 2006b; Manamd) Edge 2004), herbaceous understory
plants (Converse et al. 2006a; Manning and Edge;280zuki and Hayes 2003), and habitat
heterogeneity (Carey and Wilson 2001; Muzika ek@D4). Bagne and Finch (2010) reported a
lack of negative effects on small mammals, whiayteuggest indicates that ecosystem function
remains intact following large-scale thinning withinimal soil disturbance in this watershed.
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Some species were positively affected for a sheribg as well. Bage and Finch also found that
precipitation, flooding potential, and capture pbiiities are important when examining
changes in small mammal populations and likelyuseficed the timing of small mammal
responses to thinning; thus, abiotic influencesdrteebe considered when evaluating treatment
effects.

Northern Arizona University Ecological Restoratidnstitute (2010) looked at time since
treatment effects in ponderosa pine on mammal teasd reported time since treatment was an
important variable for four key species. They cadeld that species associated with denser
cover were the only ones to increase in occupanttyincreased density. The presence of slash
piles and duration of the slash piles’ presencelyced positive occupancy responses from all
but one small mammal, the pocket gopher, a burrgwpecies. The presence of downed wood
or slash is important for some species (Chambedg;200nverse et al. 2006a), particularly deer
mice Peromyscus maniculatysbecause of its use for cover, nesting, and fédodumber of
researchers have found that most ground-dwellindents responded positively to small-
diameter tree removal and that deer mouse densitesased following treatment (Kalies 2010;
Kalies et al. 2009; Zwolak 2009). The Northern Ana University study acknowledged the
importance of downed wood as an important habgature for some members of the small
mammal community, but concluded that the presericdowned wood is less important than
overstory and understory vegetation composition sindcture. Converse et al. (2006a) also
found that although woody debris created duringrtimg operations may provide greater
protective cover for small mammals, the eventuahaeal of these materials may result in
reductions of small mammal populations. Furtheinrting operations may open forests,
increasing the success of predators hunting sneaathmals (Gese et al. 1995).

/

In many watersheds throughout the Southwest, o6 ®f ponderosa pine forests are
considered at high risk of crown fires becauseefsg structure and unnaturally high levels of
accumulated fuels (Allen et al. 2002; Covington &mdore 1994a, 1994b). Given the state of
these forests, high-severity wildfires are now campiace and are associated with a number of
significant and undesirable ecological impacts (@gwn and Moore 1994a, 1994b; Fulé et al.
1997). Wildfires, which burn at a high severityybdahe ability to disrupt, damage, and destroy
ecosystem functioning through the consumption efuithderstory and overstory vegetative cover
and the protective litter and duff layers. The dgimg effect of wildfires on ecosystem
functioning, in particular vegetative response, Hmeen well documented throughout the
literature (Abella et al. 2012; Brown et al. 20@3mbell et al. 197 Ffolliott et al. 2008; Neary

et al. 2008). Many studies have assessed theamdaip between native and exotic species
response following fire (Abella et al. 2012; Fortinet al. 2010; Hunter et al. 2006; Keeley et al.
2003; Stohlgren et al. 1999), reporting variousitiehships between native and exotic species
richness and cover. Abella et al. (2012) write thased on a synthesis of literature a general
postulate is that native plant species richness cover are positively correlated with exotic
richness and cover. In their Arizona ponderosa gindy, they also found that environmental
variables (specifically soil total nitrogen and emholding capacity) were more strongly related
than disturbance to exotic species richness andrd¢dbella et al. 2012).

Research has found the loss of surface cover follpwa high-intensity wildfire greatly increases
erosion rates, as well as surface runoff and suwiesggsediment transportation (Benavides-
Solorio and MacDonald 2001; DeBano et al. 1998; oand Martin 2001; Neary et al. 2008;
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Rich 1962). The high incidence of exposed bare awil low tree canopy cover following high-
intensity wildfire also increases the potential fayn-native species invasions (Hunter et al.
2006; Wolfson et al. 2005).

To mitigate fire effects on ecosystem resourcagh4severity burn areas typically undergo post-
wildfire rehabilitation treatments. Pyke et al. (2) suggested that in the absence of intensive
post-fire rehabilitation of native species, nonvetpecies will outcompete many native plants,
increasing fire risk and changing the age structfréhe wildland area. The methods most
commonly used in rehabilitation efforts include #pplication of mulch, contour felling of trees,
and aerial seeding (Robichaud et al. 2000). THerlaf these techniques, aerial seeding, is the
most commonly used method by land managers dugetedse of application, relative low cost
compared to the other techniques, and ability mitlinon-native species invasion, and is
mandated by U.S. federal polices when economicayéB 2004; Peppin et al. 2010; Stella et al.
2010). Species typically used in the seeding poc@® non-native annuals or short-lived
perennials; these species typically have low prodeigotential in forested systems and/or are
sterile hybrids (Beyers 2004; Everett et al. 1986ppin et al. 2010; Robichaud et al. 2000;
Stella et al. 2010). Grasses tend to be used nifitest because of their ability to establish and
colonize sites in a short period (Barclay et al0£0Everett et al. 1990). The effectiveness of
aerial seeding is still heavily debated. Severeéne studies have addressed the effectiveness of
post-wildfire seeding (Barclay et al. 2004; Pepgtimal. 2010; Stella et al. 2010).

Peppin et al. (2010) conducted a systematic reakthe literature on post-wildfire seeding in
the western United States in order to answer a eumibquestions on the effectiveness of aerial
seeding. The questions posed in this review weres derial seeding reduce erosion or reduce
non-native plant cover, and how does seeding affietive plant communities? From this
comprehensive review, which looked at over 30 maltilons, the researchers concluded that the
ability for seeding to reduce erosion and non-mat@stablishment is still inconclusive. The
review also yielded that aerial seeding followingviédfire generally decreases native cover
within the first few growing seasons, but there mo¢ much long-term data to assess how this
structure changes through time.
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Forest thinning projects on private lands on thetexa slopes of the Manzano Mountains are
overseen by the Steering Committee and includeept®jin both ponderosa pine forests and
pifion/juniper woodlands. Forest thinning monitorings been designed to address forest
thinning in both of these forest types, so four rmaing study sites have been established: two
in ponderosa pine forests and two in pifion/junipeodlands. Each ponderosa pine site has been
paired with a piflon/juniper site in the same wdteds so that each of the two watersheds has a
ponderosa pine and a pifion/juniper monitoring €ee pair of sites is situated at the northern
end of the study area (eastern slopes of the Manlzkruntains), and the other is at the southern
end (see Figure 1.1). Two paired study plots haenbnstalled at each of the four study sites.
Descriptions of physical site characteristics swash slope, aspect, parent materials, plant
associations, and habitat types are provided i2@@8 Monitoring Plan (SWCA 2008). Surface
elevations of the flumes on the thinning plots t@nseen in Table 2.1 below. All study sites
chosen are representative of the surrounding doweaxample, all sites, excluding the Wester
property, undergo a livestock grazing regime, whihypical of the private land use in the
Manzano Mountains. One plot from each pair was gang selected for forest thinning
treatments, and the other plot of the pair sen&sam untreated control. Parameters being
measured for monitoring at each of the eight stldys include rainfall, ambient temperature,
soil moisture and temperature, soil chemistry, smlvement, soil surface stability, soil surface
hydrology runoff, vegetation canopy cover and spectcomposition, vegetation vertical
structure, tree stand structure, density, commsiand health, and bird and small mammal
species composition and abundance.

Table 2.1. Surface Elevations of the Flumes on thHeorest Thinning Plots

Actual forest thinning treatments were implementetlovember 2010 and were completed by
May 2011. This 2013 report presents the third yefrpost-thinning treatment data and
comparisons of paired study plots. From 2011 onw#rd various environmental parameters
being measured have been compared between thenérgahnd control study plots, and each
study plot will be compared to itself over time.

One study plot of each forest thinning monitorir@rfplots 1 and 2) was randomly selected to
be treated with the standard New Mexico State FRgreprescribed thinning treatment

(pifion/juniper or ponderosa pine prescriptions)aiie 2010 and early 2011, with the other plot
being left as a control (plots T and C, respecyivelhe minimum area and boundaries for
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thinning treatments were determined for each o$e¢hfour plots and mapped with a sub-meter
accuracy global positioning system (GPS) unit inoBer and November 2009. Those GPS
coordinates were used to produce geographic infommaystem (GIS) maps of the treatment
areas and boundaries for each of the four treatstendy plots (maps of the thinning areas are
presented in the 2009 Annual Report [SWCA 2010Rhe Thinning treatment areas for each of
those plots included the entire subwatershed tlaat pveviously defined and mapped in 2007,
the vegetation/soils measurement plot, and the namamd bird sampling plot, all within the
area of each treatment plot to be thinned. A mimmiteatment buffer area of 10 meters (m; 33
feet) was extended from the boundaries of each at#rshed and study plot to ensure that all
areas from which soil, hydrology, vegetation, antreal measurements are being collected were
thinned on those treatment plots. Table 2.2 shohisiwplots were treated by tree thinning and
which ones remained undisturbed as controls.

Table 2.2. Treated and Control Plots across the FouMonitoring Study Sites

75 %& ( § % & % %S ) § #& *$ ' )
%$ ) #& +

Tree thinning treatments were conducted as plaanedwere inspected by New Mexico State
Forestry to ensure that all protocols were folloveed that the thinning was conducted to the
standards developed by the agency for the regiorbdth ponderosa pine and pifion/juniper
woodland. In addition to reducing the density eEs on treatment monitoring plots, the thinning
process also required that small branches frontrees be chipped on-site and spread on the
ground surface. Large-diameter wood was removerh ftoe sites for firewood. Figure 2.3
through Figure 2.6 show views of both the non-gdatontrol plots and adjacent treatment plots
where trees were thinned from each of the four toang sites. Plots were photographed in late
fall 2010 and early spring 2011, following treenthing treatments. Note the open structure of
the tree stands and wood chips spread over thexgrsurfaces of the thinned plots.
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a. Non-thinned control plot (plot C).

b. Thinned treatment plot (plot T).

Figure 2.3.  Kelly pifion/juniper site thinning treatment plot after excess trees were
removed in late 2010.
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a. Non-thinned control plot (plot C).

b. Thinned treatment plot (plot T).

Figure 2.4.  The Vigil pifion/juniper site following tree thinning treatments in late 2010.
Note the open stand and wood chips. Stacked wood sveemoved shortly
after the photograph was taken.
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a. Non-thinned control plot (plot C).

b. Thinned treatment plot (plot T).

Figure 2.5.  The Chilili ponderosa pine site followig tree thinning.
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a. Non-thinned control plot (plot C).

b. Thinned treatment plot (plot T).

Figure 2.6. The Wester ponderosa pine site in earlpring 2011 following tree thinning.
The stacked wood was removed in early summer 2011.
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Spectrum WatchDog automated data-logging rain gaugetalled at each of the paired
vegetation and soils monitoring plots at all of teeidy sites (see Figure 1.1) have run
continuously since they were installed in Novem®@d7 (Figure 2.7). The WatchDog stations
are located in openings in the tree canopy in otdeeduce effects of interception. Additional
details regarding the setup of the weather statamesprovided in the 2008 Monitoring Plan
(SWCA 2008). The tipping bucket rain gauges on WatchDog stations are set to record
rainfall and snowmelt sums at 1-hour intervals owrdusly. In fall 2008, a graduated cylinder
rain gauge was added to each of the automatedyaaige locations to serve as backups in case
of power failure or other malfunction of the datmgder (Figure 2.8). These graduated rain
gauges and their recorded values are checked nyomkidn Time Domain Reflectometer (TDR)
soil moisture and temperature readings are takareral oil is also added to these gauges at this
time to prevent evaporation of water collected. WaatchDog stations are set to record ambient
temperature, soil moisture 10 cm (4 inches) beltw soil surface (10 cm), and soil
temperature at 10 cm, all at 1-hour intervals. ISobisture and temperature data from each
WatchDog station provide baseline comparisonsterRield Scout TDR 200 soil water content
and soil temperature data that are sampled moathdach study plot. All data from the stations
are off-loaded approximately every three months antéred into a database. Summaries for
precipitation, ambient temperature, soil moistare] soil temperature from 2013 on all thinning
plots are presented as examples below. Also preddwlow are long-term graphs of each of
these variables (2009-2013) showing any trendsrttaat be occurring climatically within the
region.

During the 2013 monitoring period the drought tbhaturred in 2011 and 2012 still persisted

throughout the state of New Mexico, particularlyepthe project area (Figure 2.9). The project

area fell within the category of exceptional drouigh2011, which means there were exceptional
and widespread crop/pasture losses and shortagestef in reservoirs, streams, and wells,

creating water emergencies. In 2012 and 2013, tbiegtit was categorized as severe. A severe
drought can cause water shortages resulting issaitocrops and pasture lands.
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Figure 2.7.  WatchDog mini weather station at the Weter ponderosa pine site.

Figure 2.8.  Graduated rain gauges are used for baal in the case of failure of one of the
WatchDog weather stations.
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Figure 2.9.  Drought monitor map of New Mexico fromthe week of October 29, 2013,
showing the project area located within Torrance Canty experiencing a
severe drought (U.S. Drought Monitor 2013).

Hourly precipitation totals have been summed to thgriotals, and there are similar monthly
precipitation totals for the paired study plotshe Kelly pifion/juniper study sites (Figure 2.10).
The graph in Figure 2.10 shows similar monthly pka&tion values for the paired study plots,
as was typical at all of the study sites. Annuacypitation values for 2009-2013 averaged for
the ponderosa pine and pifion/juniper sites are shHmelow in Figure 2.11. This figure clearly
shows the variability in precipitation values thgbout the study period, with 2011 and 2012
below the long-term average of 14.4 inches (WedRagional Climate Center 2013) and a slight
increase in precipitation values in 2013 at bothdewosa pine and pifion/juniper sites. The total
precipitation received in 2013 was 18.15 inchethatpifion/juniper sites and 12.34 inches at the
ponderosa pine sites, showing the ponderosa pias main below average. The long-term
average is from a weather station in Mountainaat thas a period of record beginning May 1,
1902 (Western Regional Climate Center 2013).

All tipping bucket rain gauges were functioning pedy during the 2013 monitoring season.
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Figure 2.10. Monthly cumulative precipitation (rainfall and snow) from the two paired
Kelly pifion/juniper study plots in 2013.

=14 5#% 0

-1 % 0

A\

e A

NN

Figure 2.11. Annual precipitation values from 20092013 on the pifion/juniper and
ponderosa pine sites, which highlight the droughtn 2011-2012 and
increased precipitation in 2013.
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An example of monthly averages of hourly ambiemhgeratures is presented for the Kelly
pifion/juniper study sites (Figure 2.12). This gragitows similar monthly average ambient
temperatures for the paired study plots, as wagdy@t all of the study sites. The average
ambient temperatures are also presented for 20Q8;-2¢hich had a steady rise in temperature
from 2008 to 2012 and then a decrease in averagpetature from 2012 to 2013 for the

pifion/juniper sites and a leveling off of temperattor the ponderosa pine sites (Figure 2.13).
The average temperature at the pifion/juniper (I0[890.36°F]) site was well above the long-

term average for the area, while the ponderosa $itae (9.7°C [49.46°F]), which are higher in

elevation, had average temperatures that were d@quidde long-term average for the region

(10.8°C [51.5°F]). This average was taken from tbeg-term weather station located in

Mountainair (Western Regional Climate Center 20I4)e temperature increase seen in this
study is also what has been occurring statewideegad at a national scale.
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Figure 2.12. Monthly average ambient temperaturesrbm the two paired Kelly
pifion/juniper study plots in 2013.
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Figure 2.13. Annual average ambient temperature vaks at the pifion/juniper and
ponderosa pine sites, 2009-2013.

An example of monthly averages of hourly 10 cmlgobisture readings are presented for the
paired study plots at the Kelly pifion/juniper gif@gure 2.14). Soil moisture was measured with
Watermark soil moisture probes that measure sdiémt@nsion in kilopascal (kPa) values that
are directly equivalent to California Bearing Raotr) values for soil water saturation. Results
for paired plots were generally similar. More diet@iinformation on the trends in soil moisture
can be found in Section 2.5.1 below on soil TDR soeaments.
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Figure 2.14. Monthly average soil moisture tension&§10 cm) from the two paired Kelly
pifion/juniper study plots in 2013.

An example of monthly averages of hourly 10 cmldemperature readings are presented for
the paired study plots at the Kelly pifion/junipées (Figure 2.15). The graphs show similar
monthly average soil temperatures between the gpainaly plots (T and C) at both study sites,
which was generally the pattern across all sites.

A figure showing the annual soil temperatures fothlthe ponderosa and pifion/juniper sites is
also presented below (Figure 2.16).
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Figure 2.15. Monthly average soil temperature (-18m) from the two paired Kelly
pifion/juniper study plots in 2013.
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Figure 2.16. Annual average soil temperature valueat the pifion/juniper and ponderosa
pine sites, 2009-2013.
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Continuous hourly soil moisture and temperature sueaments recorded by the WatchDog

station at each plot only provide a single refeeepoint measurement for each plot, measured
and recorded hourly. In order to sample soil moesand temperature from locations throughout
each vegetation and soil monitoring plots, a pdet&eld Scout TDR 200 soil moisture meter

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

Average percent soil volumetric water content oa piifion/juniper and ponderosa plots from
2008 through 2013 is displayed below in Figure 2ahd Figure 2.18. These results show that
the pifion/juniper and ponderosa sites are actingsimilar fashion prior to the thinning
treatments completed in 2011, but after 2012 thergjuniper sites showed a decrease in
average soil moisture on both control and treatnpdoiis while the ponderosa sites show an
increase in average soil moisture on control aadttnent plots. Average annual soil moisture
between the paired plots is presented below foB82R013 from all forest thinning plots (Figure
2.19-Figure 2.22). These figures indicate that tleated sites retain on average more soil
moisture throughout the year, especially afternstewents and during times of drought. These
figures also show the difference in soil moistuetween the treatment and control is more
pronounced on the pifion/juniper plots than the poosh pine plots. This finding can likely be
contributed to the decrease in canopy cover anghtitease in ground cover in the form of wood
chips. This pattern has been evident for both 28i® 2013 monitoring periods, whether these
findings continue to persist into the future rensdio be seen.
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Figure 2.17. Annual average soil moisture percenta&gfor the pifion/juniper sites, 2008—
2013; moisture readings were averaged annually frorthe monthly readings.
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Figure 2.18. Annual average soil moisture percenta&gfor the ponderosa sites, 2008-2013;
moisture readings were averaged annually from the onthly readings.

Figure 2.19. Average annual soil moisture readingsken at the Chilili site, 2008—-2013.
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Figure 2.20. Average annual soil moisture readingsken at the Kelly site, 2008—2013.
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Figure 2.21. Average annual soil moisture readingsken at the Vigil site, 2008—-2013.
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Figure 2.22. Average annual soil moisture readingsken at the Wester site, 2008—2013.
%

Soil surface stability was not measured in 2018c&only small changes in surface stability are
detected on an annual basis, it was decided tisatrteasurement would be transitioned to a 3-
year monitoring cycle and so will be measured agathe spring of 2015.

%

Soil movement was monitored using soil movemenddas (called soil erosion bridges in the
2008 report) (Figure 2.23) modeled after White &odtin (2000). Permanent bridge support
posts were installed at consistent, systematicidtgrmined, and unbiased locations at one of
each of the vegetation and soil subplots for d witéhree bridges at each paired plot at all four
sites. Please refer to the 2008 Annual Report &taitbd monitoring protocols and literature
associated with soil movement (SWCA 2009). Figur242shows the micro-soil topography
profile from one of the three sampling points a Kelly piflon/juniper site for 2008—2013. The
graph clearly shows the yearly variability assamatvith soil movement on a plot and a slight
trend for overall soil loss over the Five-year pdriFigure 2.25 through Figure 2.28 show
average solil profile values averaged over all gop#r bridge, and over three bridges per paired
plot, for 2008, 2009, 2010, 2011, 2012, and 2018sE figures show little overall change in
average soil surface levels over that 5-year peaiudl between the control and treatment plots.
The processes of soil erosion and soil depositeonatearly be seen when plotting data from all
5 years. Over a series of years, this study witluteent losses and/or gains to the soil surface
profiles at each bridge site and will provide ageraalues for each of the eight plots in this
study.
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Through 2 years of post-treatment monitoring, rnifecknces have been observed between the
control and treatment. However, one factor to take consideration is the lack of large
precipitation events. For the past 2 years, thgept@rea has been in a severe drought that has
resulted in very few overland flow events that tgdly move large amounts of sediment
occurring. Overall, it does not appear that thettreents have caused damage to the soil
resources. Whether these results persist into uteef is still up for debate, with only future
monitoring providing a conclusive answer.

Figure 2.23. Measurement of soil surface topographysing a soil movement bridge helps
understand the yearly variability associated with sil topography.
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Figure 2.24. Soil surface profile from the soil mogment bridge located at the Kelly
pifion/juniper control site over 2008—-2013, showingariation in the soil
surface profile over a 5-year period. Each point 121 on the x axis represents
one measurement point from the soil surface to thievel bridge above the
surface. Point 11 is the set point (head of a spikéor calibration.
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Figure 2.25. Average soil surface profiles for th€hilili sites, averaged from three soil
movement bridges located on each of the paired stugblots over the 4-year
period, 2009-2013.
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Figure 2.26. Average soil surface profiles for th&elly sites, averaged from three soil
movement bridges located on each of the paired stugblots over the 5-year
period, 2008-2013.
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Figure 2.27. Average soil surface profiles for th¥/igil sites, averaged from three soll
movement bridges located on each of the paired stugblots over the 4-year
period, 2008-2013.
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Figure 2.28. Average soil surface profiles for th&Vester sites, averaged from three soill
movement bridges located on each of the paired stugblots over the 5-year
period, 2008-2013.
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The chemistry of the soil is an important paramatethe overall health and functioning of a
watershed. In particular, the top layer of soige #-horizon, is important because it is the zone
where most biological activity occurs and is therefthe most fertile layer. The A-horizon is
also the layer of soil most susceptible to distndeabecause it is exposed at the surface to the
elements of nature and humans. Soil chemistry @aksy role in sustaining the productivity of
plants and soil biota, which directly affect thelibof soil to infiltrate water. Understandingeh
chemical makeup of a soil before treatment or distnce can shed light on how restoration
techniques affect the chemical composition of the s

Baseline measurements of soil chemistry were obthin 2008, 2009, and 2010 before thinning
treatments at the Kelly, Vigil, and Wester sitegjli was not included until the 2009 sampling
because this plot had yet to be established. Tingopa of taking these measurements was to
quantify changes to soil chemistry potentially aiby thinning activities. The methods used in
2008, however, were slightly different than thosediin 2009 and 2010 and can be a reason for
any large differences seen between years. Thaawiples were obtained using a 4-cm-diameter
(1.6-inch-diameter), 20-cm-deep (8-inch-deep) imsad corer at the four corners of the three
established vegetation plots (Figure 2.29). In 2€88 12 subsamples were placed in labeled
separate bags in order to attempt in-house analygls Cardy soil kits. The variability
associated with these kits, however, proved tmbegteat for reliable results, so the subsamples
were combined into one bag for each site and setiet New Mexico State University Soils and
Water Testing (SWAT) laboratory for further anatydn 2009, 2010, 2011, 2012, and 2013, the
12 subsamples were combined into the same bag dintle of sampling. These pooled samples
were considered to be representative of the stugsaThe 2009, 2010, and 2011 samples were
sent to the SWAT laboratory for analysis. The NewxMo State University SWAT laboratory
closed in early 2012, so the 2012 and 2013 sampézs sent to the Soil, Water, and Plant
Testing Laboratory at Colorado State University (J.SThese methods followed the USFS
Forest Inventory and Analysis Guide procedures (& 3605).
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Figure 2.29. Soil cores were taken using an impacorer, shown above, for chemical
analysis.

The variables measured by the SWAT and CSU labaeatancluded saturated paste pH,
electronic conductivity, total soluble salts (sadiicalcium, and magnesium), sodium adsorption
ratio, organic matter, nitrogen (nitrate) (JCbicarbonate phosphorous, potassium, and a &xtur
estimate. The results of the soil organic matterteat and the macro nutrient nitrogen from
samples taken from 2008-2013 are presented ind-B30 through Figure 2.37.

The various soil chemistry compounds varied quitatat a given plot, between paired plots,
between sites, and between years. This amount agbaund variation will be important to
consider in determining if thinning treatments effeoil chemistry. Such treatment differences
will need to be above this background variation.
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Figure 2.30. Organic matter concentrations measuredt the Chilili sites, 2009-2013.
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Figure 2.31. Organic matter concentrations measuredt the Kelly sites, 2008—-2013.
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Figure 2.32. Organic matter concentrations measuredt the Vigil sites, 2008—2013.
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Figure 2.33. Organic matter concentrations measuredt the Wester sites, 2008—-2013.
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Figure 2.34.

Nitrate concentrations measured at th€hilili sites, 2009-2013.
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Figure 2.35.

Nitrate concentrations measured at th&elly sites, 2008—2013.
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Figure 2.36.

Nitrate concentrations measured at th¥igil sites, 2008-2013.
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Figure 2.37.

Nitrate concentrations measured at th@/ester sites, 2008—2013.
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Monitoring flumes (Parshall flumes) complete wittegsure transducers were installed at all four
study sites to study the impacts of tree thinnmgurface flow (Figure 2.38). For more detailed
information on the methodology, site location, aelkvant background information, please refer
to the 2008 Monitoring Plan (SWCA 2008).

Figure 2.38. Parshall flume located at the thinnechilili site.

During the 2013 monitoring period, rainfall occwran the project area on 12% of the days
monitored compared with 17% of the days monitore@®012. However, about 85% of these
rainfall events were relatively small and totaledd than 2.5 mm (0.1 inch). During the same
monitoring period, only three flow events were melsal across all watersheds, which was the
lowest number of flows recorded thus far in thedgtu-lows generally did not occur without at
least 7.6 mm (0.3 inch) of rainfall, which has bélea case since the beginning of the project.
The plots located in the ponderosa pine sites g#gerunoff with slightly less rain (7.6 mm [0.3
inch]), whereas the pifion/juniper sites requiredubl2.7 mm (0.5 inch) of rain to generate
runoff events.

During the 2013 monitoring period, there were neitravide storm events that generated flow
across all study sites simultaneously. Many offitlm@mes did not even record flow events during
the 2013 monitoring season, which is a producthef ggersistent drought over the region. The
flumes that did not record surface flow events miythe 2013 season included the Vigil control,
both Kelly sites, and both Chilili sites. Even tigbuhere were very few recordable storm events,
trends that were beginning to show in 2011 and 28®2still persisting. The flumes that did

record events were the Vigil treatment, which rdedr three flow events, and the Wester
treatment and control, which recorded one paireeheyFigure 2.39 and Figure 2.40). The
results of these flows can be found in Table 2réubh Table 2.5. Whether the differences in
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peak flows on the treated watershed versus thealomatershed persist remains to be seen, and
with more future flows this picture will become ater. All Parshall flumes were functioning
properly during the 2013 season.
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Figure 2.39. Hydrograph showing plot from the Vigiltreatment during a storm flow event
on September 10, 2013.

Table 2.3. Summary of Runoff Event for the Vigil Treatment Site, September 10, 2013
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Table 2.4. Summary of Runoff Event for the Wester s, September 12, 2013
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Figure 2.40. Hydrograph showing the storm flow atlie treatment and control Wester site
that occurred on September 12, 2013

With respect to site hydrology, there are four ¢bods that could change because of forest
thinning or from the effects of wildfire: 1) increed frequency of flow, 2) greater duration and
volume of flow, 3) increased peak flow, and 4) eager ratio of runoff to rainfall.
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Frequency of flow will be analyzed over time asadate collected; however, based on the period
of record so far, a baseline has been establigiretié remaining parameters. The parameters of
flow duration and volume will likely be the leastaful in assessing effects from forest thinning,
as these parameters are highly dependent on fathfedtion and intensity. In general, the
ponderosa pine sites generated flows of longertiduraand greater volume than did the
pifion/juniper sites, which can likely be attributdek elevation differences (see Table 2.1). A
summary of the number of flow events (frequencigwfduration, and flow volume for the
observed runoff events is shown in Table 2.5.

Table 2.5. Summary of Flow Frequency, Duration, and/olume, 2008—-2013
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Peak flow can be affected by the intensity of @inbut it is also a measure of the flashiness of
flow; particularly in post-fire monitoring, runoffan occur rapidly with large peaks appearing
very quickly. The highest peak stage was recordeldeaChilili treatment site during 2011 (0.11
m [0.37 feet]), while the greatest recorded peakvfbf 1.29 feet was recorded at the Wester
control site on July 2, 2010 (coinciding with theegtest observed daily rainfall). A summary of
peak stage runoff events for all years is shownhable 2.6.
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Table 2.6.

Peak Stage of Runoff Events, 2008-2013
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The rainfall/runoff ratio is perhaps the most usgfarameter to observe. All other parameters
can vary due solely to the magnitude or intensityamfall; the rainfall/runoff ratio normalizes
the flow events, although intensity and anteced®eit moisture conditions will still affect the
amount of runoff. The rainfall/runoff ratio lookg &he percentage of rainfall falling on the
watershed and leaving as surface runoff. A valueeob indicates no water left the watershed,
and a value of 1 indicates all water falling on thatershed was observed leaving as surface
runoff (this is highly unlikely). In natural setts, the rainfall/runoff ratio typically falls in éh
0.1 to 0.3 range. The rainfall/runoff ratios obsehduring flow events from the watersheds are
summarized in Table 2.7. Note that some rainfaifti values were not calculated due to
missing rainfall data. In general, rainfall/runatitios were highly variable, including some
extremely high values; however, almost 70% of the fevents had rainfall/runoff ratios of less
than 0.10. Ponderosa pine sites exhibited a sjfidgbwber rainfall/runoff ratio than pifion/juniper
sites, which can likely be attributed to the laageounts of litter and duff that serve as a sponge
and retain the water.
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Table 2.7. Rainfall/Runoff Ratio for Observed FlowEvents, 2008-2013
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For details regarding the research questions, mmg protocols, and plot design for vegetation
monitoring, as well as a full literature reviewease refer to the 2008 Monitoring Plan (SWCA
2008).

Tree monitoring measurements in the fall of 2018uded observations of canopy dieback,
disease or damage, and live and dead status.

$# I 1$718*"%

Basal area measurements were taken in spring Zibte basal areas are unlikely to have
changed between 2011 and 2013, no basal area repmsus were taken during this field
season. The 2011 basal area measurements are shoalle 2.8.

Table 2.8. Treatment Designation for All Plots (wih basal area totals), 2011
| ? 2 1 ? 2
% R % *+..
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Diameter measurements of trees were taken in ZBih2e diameter measurements are unlikely
to have changed significantly since 2012, diamateasurements were not taken in 2013. The
measurements from 2012 are used below to demamdtratstand structure and various size
classes at each site. Figure 2.41 and Figure 2d® the size class structure of ponderosa pine
trees (diameter at breast height [DBH]) at the moosia pine sites, Chilili and Wester. Figure

2.43 and Figure 2.44 show the size class struatfimfion and juniper trees (diameter at root

crown [DRC]) at the pifion/juniper sites, Kelly avail.

52

)?A

Figure 2.41. Size classes of ponderosa pine treesasured at DBH on the Chilili control
and treatment plots.
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Figure 2.42. Size classes of ponderosa pine treesasured at DBH on the Wester control

and treatment plots.
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Figure 2.43. Size classes of pifion/juniper trees m&ured at DRC on the Kelly control and

treatment plots.
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Figure 2.44. Size classes of pifion/juniper trees imsured at DRC on the Vigil control and
treatment plots.

Figure 2.41 through Figure 2.44 illustrate theati#ince in size class distribution between control
and treatment plots for each site. At both pondemee sites (Chilili and Wester), the control
plots have a greater number of trees distributethénlower size classes (1-7 inches, and to a
lesser extent 8-11 inches), compared to the tredtplets where trees are more uniformly
distributed across size classes and the numbenalles-diameter trees (1-4 inches) is reduced.
For the piflon/juniper control plots on both sitéglly and Vigil), the greatest numbers of trees
fall in size classes 5-8 and 9-12 inches DRC, mtiedy, and there are relatively fewer large-
diameter trees. Both pifilon/juniper treatment phatd no trees less than 4 inches DRC, and the
remaining trees were more evenly distributed acsassclasses than the control plots.

9* ()
Percent crown dieback is the percentage of the leafiopy of each tree that showed signs of
physiological stress (i.e., brown needles and Igaverown dieback could result from a number
of environmental factors, for example, drought, etts attack, competition, and disease.
Measurement of crown dieback is highly dependenthentime of year; as a result, efforts are
made to take measurements consistently during Saefgember to early October each year.
Figure 2.45 illustrates crown dieback across #dissi

Crown dieback levels from 2008 to 2013 are preskb&dow by site and year (see Figure 2.45).
This graph clearly shows the inherent variabiligs@ciated with measuring crown dieback.
Crown dieback of individual trees can be highlyiahle across a plot based on tree size and
position and the environmental factors it is expose. Dieback levels for 2012 were low
compared to previous years across all plots, exoaepthe Chilili plots where dieback had
increased by 8% to 10% on both plots. Dieback ih320ecreased at the Chilili site and stayed
relatively constant compared with 2012 rates at\Wester site. Dieback however increased
significantly on both pifion/juniper sites, most ineably at the Kelly control site with an
increase of over 25%. Much of this dieback is fkedlated to pifion die-off that was observed to
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be particularly prevalent at the Kelly control sie believe that dieback levels are within the
normal range of variability for all 5 years.

# 6)3"

Figure 2.45. Average percent crown dieback of treeanopies for each thinning plot, 2008—
2013.
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In total, 613 trees were tagged across all watdssirethis study, with species composition from
ponderosa pine, pifion pine, oneseed juniper, digadtalr juniper Juniperus deppeanaln 2008
there were no dead trees tagged on any plots. ddtae mortality has been low across all plots
in all 5 years (Figure 2.46).

The 2012 season saw the highest mortality (noibated to tree cutting) of all 5 years, with
most mortality recorded on previously thinned pl@sth the exception of Wester). The Vigil
treatment was the only plot to experience mortatit2013; 100% of this mortality was of pifion
pine and was attributed to bark beetle infestatibmmversely, the Vigil control plot showed no
tree mortality in any of the 5 years. The Vigilatment plot has experienced the greatest percent
mortality of all plots; similarly, this plot alsaxkibited higher crown dieback than other plots in
previous years, suggesting that the trees on tlohtwere experiencing environmental stress
possibly leading to the high mortality in 2012 a&@l3. The Chilili and Kelly treatment plots
also suffered tree mortality of a little less thEO®6 in 2012. The Wester control plot was the
only control plot that exhibited mortality in 2012his plot had suffered tree mortality in 2009,
2011, and 2012, which is likely a result of comipeti stress and/or beetle damage. A number of
trees at the Wester site suffered broken/dead #&mgoks showed signs of drought stress. As
demonstrated in Figure 2.45, a number of plots e@peed crown dieback in 2013 that may
result in increased mortality in subsequent ye@rse mortality will continue to be monitored
every fall.
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Figure 2.46. Percent tree mortality recorded acrosall thinning plots from 2008—-2013.
Percent mortality is recorded in relation to tree atus in 2008.

Herbaceous vegetation was again measured along iditeecepts and quadrats from the
vegetation and soils plots at each site as pregentthe 2009 Annual Report. Additionally, in
2010, SWCA initiated more extensive vegetation measents on the wildlife plots in order to
characterize vegetation composition and structsréabitat for wildlife on those plots and to
provide quantitative data to determine how vegettatr habitat changed on the wildlife plots
relative to forest thinning treatments. Those vageh measurements were taken again in 2011,
2012, and 2013 and will be used to characterizeetatign changes on study plots relative to
forest thinning treatments. Vegetation was meastirech 1-nf (10.8-square-foot) quadrats
located at each of the 36 permanently marked rotlepping stations on each wildlife plot in a
six by six grid, with stations at 10-m (33-foot}envals (50 x 50—m [164 x 164—foot] plot). All
herbaceous plant species, cacti, and woody shruidre weasured on each of those 4-m
guadrats. The total canopy cover and maximum heightentimeters of each species was
measured per quadrat. Vegetation quadrat data alece categorized by growth form (e.g.,
shrub, cacti, grass, forb) and life history (annoglperennial). In addition to vegetation, soil
surface cover categories also were measured oquindrats, including bare soil, leaf litter (and
dead and downed woody material), rock, and cryptabi(cryptogam) soil surface crusts.
Measures of wood chip coverage on the ground raguftom forest thinning practices were
added in 2011 and are continued each year, indudi2013.

The vegetation and ground cover data measured tinemeplicated quadrats on wildlife plots
provide the most appropriate data for statistiestihg for differences in those cover values
resulting from thinning treatments, because thersufficient sample replication to perform
parametric statistical tests. Also, those 36 samgplijuadrats were evenly distributed over
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relative large areas (plots 50 m [164 feet] onda)siproviding a good sampling representation of
each of the paired study plots. Data from eachtagiga and ground cover type were used to test
for differences between paired plots using a stah@arametric t-test. Ideally, there should be
no significant differences between paired plot®mpto thinning treatments. If thinning has an
effect on any of those cover types, then a sigmifiadifference would be expected following
thinning treatments.

Tree canopy cover and vegetation vertical strucfuee lower tree branches) were measured on
the wildlife plots every fall from 2010 through 201However, since tree structure changes very
slowly in contrast with herbaceous vegetation, ttaeopy and vertical structure on the wildlife
plots are now being measured every 3 years sini@.2bhe next tree canopy and structure
measurements will be taken in 2015.

Results for herbaceous understory vegetation aidsgidace cover types measured from the
thirty-six 1-nf (10.8-square-foot) quadrats in the fall 2013 amsented in Figure 2.47, a—bb,

providing separate graphs for forbs, grasses, aold soil surface cover type. Results from 2010
prior to tree thinning treatments and in 2011 afd22following thinning treatments also are

presented in Figure 2.47, a—bb, to show annualgehamthose variables over time. Results of
statistical paired t-tests of differences betweesamcover values for each of the different
vegetation and ground surface cover types measaré®13 and shown in Figure 2.47 are
presented in Table 2.9.
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a. Herbs, Chilili.
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b. Herbs, Kelly.
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c. Herbs, Vigil.
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d. Herbs, Wester.
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e. Forbs, Chilili.
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g. Forbs, Vigil.
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h. Forbs, Wester.
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i. Grass, Chilili
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k. Grass, Vigil.
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m. Bare soil, Chilili.
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0. Bare soil, Vigil.
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g. Biotic soil crust, Chilili.
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S. Biotic soil crust, Vigil.
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u. Leaf litter, Chilili.
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v. Leaf litter, Kelly.
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w. Leaf litter, Vigil.
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X. Leaf litter, Wester.
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y. Wood chips, Chilil.
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aa. Wood chips, Vigil.

SWCA Environmental Consultants 71 March 2014



%

bb. Wood chips, Wester.

Figure 2.47. These graphs illustrate the mean valsecover type found across all
vegetation quadrats among all of the study sites drpaired study plots from
fall 2010 through 2013. Thinning treatments occurrd on the treatment plots
between 2010 and 2011. Note that the vertical axgsales vary among these
graphs in order to best present each cover type. Esr bars represent + one

Table 2.9.

standard error of the mean.

Test Results for Paired T-tests of No erence Between Mean Values of
Vegetation and Ground Cover Types Measured from Vegfation Quadrats

on Each Study Plot Pair at the Four Study Sites 2013
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Total herbaceous vegetation canopy cover was gignify greater on all treated plots at all sites
except for Chilili in 2013 (Figure 2.47 a—d; Tald®). Total herbaceous canopy cover was not
significantly different between control and treatmélots at any site in 2010 prior to tree
thinning treatments, but total herbaceous cover sigsificantly greater on treated plots at all
sites except Chilili from 2011 through 2013 followgi thinning treatments. The amount of
herbaceous vegetation cover on treatment plotstdreded to increase even more relative to
control plots through 2013 (Figure 2.47 a—d). Foathopy cover was significantly higher on the
treated plots at both of the pifion/juniper site@13, but not at either of the ponderosa pine
sites (Figure 2.47, f—h). Forb cover at both thélykand Vigil sites was considerably higher in
2013 than it was before thinning treatments in 2840 after treatments in 2011 and 2012. Forb
cover on control plots remained relatively constaver the 3-year period at the Vigil site, but
also increased on the control plot at the Kellg &it 2013. The majority of forb species were
summer annual plants that grew on disturbed sailisveood chips. All of the dominant species
were native; no exotic invasive forb species wexentl. An example of the forb growth at the
Vigil treatment plot in 2013 is provided in Figu2e48.
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Figure 2.48. Forbs growing on disturbed soils and @od chips at the Kelly site treatment
plot, October 2013. The visible dominant species mative annual forb, fetid
goosefoot Chenopodium gravolens

Grass cover was significantly higher only on tleated plot at the Vigil pifion/juniper site and at
the Wester ponderosa pine site in 2013 (Table Rigure 2.47, i—l). Grass cover increased
steadily on the treated plot at the Vigil site fr&@10 to 2013, but remained similar on the
control plot. Grass cover was significantly higloer the treated plot at the Wester ponderosa
pine site even before thinning treatments in 2®idwever, in 2013 grass cover on the treatment
plot continued to increase over 2012, while it aeszdd on the control plot from 2012, indicating a
positive response to the thinning treatment. Domtigrasses at the two pifion/juniper sites that
responded positively to tree thinning were perdngpecies such as blue gramBo(teloua
gracilis) and James’ galletdPleuraphis jamesji Those grasses grew through the wood chips
from existing individual plants that were in plapgor to thinning treatments, unlike annual
forbs that colonized the disturbed soils and wdugs Blue grama growing through wood chips
at the Vigil site is shown in Figure 2.49.
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Figure 2.49. Perennial blue grama growing through wod chips (foreground) at the Kelly
pifion/juniper site treatment plot in 2013. Note thathe blue grama had been
grazed down by livestock.

Bare soil was significantly higher on control pldten treated plots at the two pifion/juniper
sites, but not at the two ponderosa pine site®iB82or in 2010, 2011, or 2012 (Figure 2.47, m—
p; see Table 2.9). Bare soil is an inverse groundercto leaf litter and wood chips, and the
addition of wood chips in late 2010 resulted insldmre soil on treatment plots following
thinning treatments at those two pifion/juniperssit€onsiderable amounts of leaf litter were
already present on the ground at the ponderosa siies, so additional wood chips did not
change the amount of bare soil present as at fimnfpuniper sites where more bare soil was
present to begin with. Cryptobiotic or biotic sailust cover was significantly higher on the
control plots than on the treatment plots at bdtlthe pifion/juniper sites, but not at either
ponderosa pine site in 2013 (see Table 2.9; Figuté, g—t). However, biotic soil crust cover
was significantly higher on those control plotsoprio thinning treatments in 2010, so the
difference is apparently not due to thinning treattneffects, even though wood chips probably
covered biotic crusts on soil surfaces. Leaf litever was not significantly different between
any of the paired control and treatment plots ia2ut it was higher on the control plots at
both ponderosa pine sites in 2011 and 2012 follgwimnning treatments, but not in 2010 prior
to treatments (see Table 2.9; Figure 2.47, u—xis fihding may be due to the addition of wood
chips in 2010/2011 that covered the extensivelitaf layers at those two ponderosa pine sites,
while the two pifion/juniper sites had less leatfithan bare soil, as stated above. Since 2012,
leaf litter is probably now starting to accumulate the ground surface, becoming more equal
between control and treatment plots. Wood chipsareetd significantly higher on all treated
plots in 2012, as in 2011 following thinning treaimts (see Table 2.9; Figure 2.47, y—bb). No
wood chips existed prior to thinning treatment2®10, and they were applied only to the treated
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plots in late 2010. Wood chip cover on the tregttmts declined by about 20% on all plots
between 2011 and 2012, indicating some decompnsitio redistribution, and/or increased
herbaceous plant canopy cover over wood chips. Wbdal cover remained the same and even
increased slightly but not significantly at the Kehnd Vigil sites, indicating a shift in relative
ground surface cover with other cover categoriesedistribution of wood chips by grazing
livestock, since no new wood chips have been adotes 2010.

Measurements of herbaceous vegetation on the -gikty-m? (10.8-square-foot) quadrats also
provided information on the canopy cover of eadnplspecies per quadrat. The similarity of
plant species composition among all of the studytspkince 2010 was evaluated with the
analytical method called cluster analysis (McCuné @race 2002). Cluster analysis is useful for
evaluating sets of species abundance when maniespae involved. Cluster analysis compares
sets of species/abundance data and determinesihmlar ghose sets are, and then graphically
represents their similarities as dendrograms @& dragrams. The closer terminal branches are in
those diagrams, the more similar those sets ofiepere in terms of composition and relative
abundance. Cluster analysis dendrograms for & sibhd plots for the spring and fall sampling
periods for the years 2010 through 2013 are predeimt Figure 2.50, a—d. Cluster analysis
shows that in 2010 (see Figure 2.50, a), priorde thinning treatments, the ponderosa pine sites
(Chilili and Wester) grouped together, the pifionijper sites (Kelly and Vigil) grouped together,
and the paired plots at each ponderosa site were smoilar to each other than to the other site.
The Vigil paired plots also grouped together, Inat Kelly plots were not as similar to each other
as the Kelly control plot was to the Vigil plotsaded on plant species compositions. There were
no groupings of treatment versus control plots @01@ In 2011, and again in 2012, those
location-based groupings were less pronouncedKgpee 2.50, b—c), but still more important
than similarities based on treatment versus compliadk. In 2013, the Kelly and Vigil treatment
plots grouped together, distinct from all othertplgrobably as a result of the high densities of
herbaceous plants on the treated plots. Both Chilits still grouped together, showing that
location at Chilili was more important than treatriheffects. These results indicate that the tree
thinning treatments altered the location-basedepatfound in 2010, and that the pifion/juniper
sites are showing strong treatment effects on lcedass vegetation, but the ponderosa pine sites
less so.
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a. 2010.

b. 2011.
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c. 2012.

d. 2013.

Figure 2.50. Cluster analysis results showing themsilarity of monitoring sites and paired
plots based on similarity of the herbaceous planta@nmunity species
compositions: a. 2010, b. 2011, c. 2012, d. 2013.
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Results of vegetation and ground cover monitoringwsed that forest thinning did affect the
physical structure of the woodland by reducing tce@opy and greatly affected the ground
surface following the application of wood chips.s8J these findings show that at both
pifion/juniper sites, herbaceous vegetation inceeasgnificantly on plots where trees were
thinned, and that the patterns of location-baseshtptommunity similarities were altered by
forest thinning treatments. Also, when measuringetation, we noticed that the vigorous
growth of herbaceous plants, especially grasset)etreated plots was being grazed heavily by
domestic livestock (see wildlife camera resultobgl The removal of grass and forb canopies
by livestock undoubtedly reduced canopy cover obk¢hplants that were measured in October
2012 and 2013 from all of the treatment plots. €fme, actual herb canopy covers were likely
higher on treatment plots than were measured, laagadsitive effects of tree thinning on those
plots to herbaceous plants, especially grasses prabably even greater than the data show.
These findings are now 3 years following thinnimgatments. As vegetation adjusts to the
removal of some trees and the effects of wood ctiggomposing on the ground surface, more
changes in vegetation and ground cover featurebkafg in years to come as a response to tree
thinning.

/

Birds and small mammals are being monitored tordete if forest thinning affects native
wildlife species. Both birds and small mammals weeorded from separate 50 x 50-m (164 x
164—foot) wildlife study plots that are immediatelgijacent to each of the two vegetation and
soils monitoring study plots at the four study sitBirds and mammals were measured in late
spring (May/June) and early fall (September/Octpler2008, 2009, 2010, 2011, 2012, and
2013 for 3 consecutive days on each study plot.

/

The species composition and relative abundancerds$ lon all study plots were recorded by
observing birds by point counts from one locatibtha center of each wildlife study plot. Each
point count was conducted for 20 minutes at dawnhgee consecutive mornings on each study
plot in both spring and fall. Spring counts areemtded to assess breeding bird use of the forest
and woodland habitats, and fall counts are intenidedssess migratory bird use of the same
habitats. Many of the bird observations were basedearing songs and calls and identifying
those to species. Additionally, visual observatinese often recorded.

Counts of individual birds in 2013 revealed thatrenbirds were found on all treated plots than
on control plots in both the spring and fall, exckp at the Wester site during the fall (Figure
2.51). Numbers of bird species were also alwaykdrigor equal at Wester in the fall) on treated
plots than control plots in both spring and fallpecially at the two pifion/juniper sites (Figure
2.52).
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Figure 2.51. Numbers of individual birds recorded fom thinning treatment and control
plots across the four study sites in both spring ahfall 2013.

13

Figure 2.52. Numbers of bird species recorded frorthinning treatment and control plots
across the four study sites in both spring and fa2013.

Figure 2.53 presents the species and numbers ofidodls of those species summarized in
Figure 2.51 and Figure 2.52. Examination of FigRrgé3 shows that in most cases, different
species of birds dominate the spring and fall mmunities. Such findings should be
expected, given that some of the species that ae#wbse sites in the spring migrate south in
the fall and are replaced by species and indivaitiaat migrated to the sites from locations
farther north and/or higher in elevation.
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b. Chilili treatment plot, spring 2013.
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d. Chilili treatment plot, fall 2013.
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n. Wester treatment plot, spring 2013.
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Figure 2.53. Numbers of individuals of each bird sgcies recorded from all control and
treatment study plots in 2013, both spring and fall

Figure 2.54 presents total numbers of birds fromtrod and treatment plots, both in spring and
fall, from all four study sites from fall 2008 thugh fall 2013. In general, overall bird counts
increased over the years up to 2012, but thenrdetlin 2013. Comparisons of treated versus
control plots since thinning treatments in late @Bve shown increases on treated plots at the
two pifion/juniper sites, but not at the ponderdsa gites.
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a. Chilili, spring.
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b. Chilili, fall.
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e. Vigil, spring.
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f. Vigil, fall.
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g. Wester, spring.
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h. Wester, fall.

Figure 2.54. Total numbers of birds from both contol and treatment plots at all four
study sites, fall 2008 to fall 2013.

Cluster analysis dendrograms for all sites andspiot the spring and fall sampling periods for

2010 through 2013 are presented in Figure 2.55,Glakter analysis shows that over the 5-year
period from 2008 through 2013, bird communities evarost similar to each other based on
location. The ponderosa pine sites and plots withias tended to group together, and the
pifion/juniper sites and plots within sites tendedytoup together. This pattern was especially
pronounced during the spring breeding period. A§&atf2013, the bird communities have not

shown a strong response to forest thinning treatsnédrthat had been the case, plots would have
been grouped together based on treatment stahes thain location.
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a. 2008, fall.

b. 2009, spring.
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c. 2009, fall.

d. 2010, spring.
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e. 2010, fall.

f. 2011, spring.

SWCA Environmental Consultants 95 March 2014



g. 2011, fall

i. 2012, spring.
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j. 2012, fall.

k. 2013, spring
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l. 2013, fall.

Figure 2.55. Cluster analysis dendrograms showingrsilarities of monitoring sites/plots
based on bird species composition, spring and f&2008—-2010 prior to tree
thinning treatments (a—e), spring and fall 2011 (fg), and 2012-2013
following thinning treatments (i—l).

/

Small mammals (rodents) were sampled from a sisigley six—trap grid (36 traps total) of live-
capture rodent traps set at 10-m (33-foot) intenal each of the wildlife monitoring plots for
three consecutive nights in spring and fall, threeaates that birds were sampled in 2008, 2009,
2010, 2011, 2012, and 2013. Samples from springfahdre useful to follow trends in adults
and juveniles in order to assess breeding statipaduction over each year, but season species
composition generally does not change as with birds

Counts of individual rodents in 2013 revealed tlmtent densities tended to greater than or
equal to those on the treated plots, and that todiemsities rose through the summer and were
greater in the fall than in the spring, especiallyhe pifion/juniper sites (Figure 2.56). Numbers
of rodent species tended to be higher on treatets phan control plots in both the fall and
spring, especially at the two pifion/juniper siteg(re 2.57). These findings are consistent with
indications that that rodents are responding toitlcseecased herbaceous vegetation and likely
food resources on the treated plots in the fall.

SWCA Environmental Consultants 98 March 2014



Figure 2.56. Numbers of individual rodents recordedrom thinning treatment and
control plots across the four study sites in bothwing and fall, 2013.

| m3

Figure 2.57. Numbers of rodent species recorded fno thinning treatment and control
plots across the four study sites in both spring ahfall, 2013.

Figure 2.58 presents the species and numbers ofidodls of those species summarized in
Figure 2.56 and Figure 2.57. Examination of FigAre8 shows that the deer mouse was the
dominant species at the two ponderosa pine sitégh@npifion mousePeromyscus trugiwas

the dominant rodent species at the two pifion/jungiges, in both spring and fall 2013.
However, the deer mouse was the most abundant traaterthe treated plot at the Vigil
pifion/juniper site in the spring, while the pifiorouse was the most abundant rodent on the
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Vigil control plot in the spring and fall, and ohet treated plot in the fall. The deer mouse was
absent from the Kelly pifion/juniper control plottime spring and fall, but was present on the
Kelly treated plot in the spring and fall, and wasre abundant than the pifion mouse on the
treated plot in the spring, but less abundant ti@npifion mouse in the fall. These findings
indicate that tree thinning in the pifion/juniperagitands causes a decline in pifion mice and an
increase in deer mice. The deer mouse was more oanum the Chilili treatment plot in the
spring, but was more common on the control plothim fall. The brush mous® ( boyli)) was
found on the Chili treatment plot in fall. The Wersponderosa pine site had very low rodent
numbers, and no rodents were trapped on the treatphat in the spring or fall of 2013. Only
pifion mice were found at the Wester control plothie spring, and both deer mice and pifion
mice were found at the Wester control plot in thiédf 2013.
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a. Chilili control plot, spring 2013.
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b. Chilili treatment plot, spring 2013.
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c. Chilili control plot, fall 2013.
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d. Chilili treatment plot, fall 2013.
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e. Kelly control plot, spring 2013.
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f. Kelly treatment plot, spring 2013.
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g. Kelly control plot, fall 2013.
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h. Kelly treatment plot, fall 2013.
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i. Vigil control plot, spring 2013.
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J. Vigil treatment plot, spring 2013.
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k. Vigil control plot, fall 2013.
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. Vigil treatment plot, fall 2013.
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n. Wester treatment plot, spring 2013. No rodergseviound.
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p. Wester treatment plot, fall 2013. No animalseneund.

Figure 2.58. Numbers of individual rodents of eackpecies recorded from all control and
treatment study plots in 2012, both spring and fallRodent species codes
correspond to the following names: PETR #eromyscus true{piiion mouse),
PEMA = Peromyscus maniculatu@eer mouse), PEFL sPerognathus flavus
(silky pocket mouse), PELE =Peromyscus leucopu@gvhite-footed mouse),
MIME = Microtus mexicanus(Mexican vole), PEBO =Peromyscus boylii
(brush mouse), NEAL =Neotoma albigula(white-throated wood rat).
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Figure 2.59, a—h, presents total numbers of rodeons control and treatment plots, both spring
and fall, from all four study sites from fall 20@Brough fall 2013. In general, overall rodent
counts peaked in 2009, declined in 2010, increasigtitly in 2011 and 2012, and remained
constant in 2013. Rodent numbers have increaseaootrol versus treated plots at both
ponderosa pine sites since tree thinning treatmemtmte 2010, indicating that deer mice
densities have declined on treated plots at thesesttes, especially the Wester site. In 2013,
spring rodent numbers were higher on the Chidatment plot than on the control plot, while at
the Wester site rodent numbers have remained hmhéne control plot than the treatment plot
since 2011. At the two pifion/juniper sites, rodeambers have been similar between the
treatment and control plots at the Vigil site si2€®8, but at the Kelly site, rodent numbers have
been consistently higher on the control plot in4peang, and were higher on the control plot in
the fall in 2013. In summary, rodent numbers hasenbhigher on control plots at one ponderosa
pine site and at one pifion/juniper site, but thea®e been no clear consistent differences
between treatment and control plots at the otherdites. Numbers of rodent species were not
high enough to perform cluster analysis of rodemhmunities across the sites as was done for
birds above.
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a. Chilili spring.
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c. Kelly spring.
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e. Vigil spring.
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g. Wester spring.
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h. Wester fall.

Figure 2.59. Total numbers of rodents from both cotrol and treatment plots at all four
study sites, fall 2008—fall 2013.

/

Wildlife cameras (Figure 2.60) were established tbe forest thinning paired control and
treatment monitoring plots in February 2012 to eatd how medium and large wildlife species
are using the control versus treated study plote dameras were all Leaf River IR5 infrared
cameras that had a detection sensor up to 21 rfe€f0 One camera was placed on each of the
eight control and treatment study plots among the &ites, Chilili, Kelly, Vigil, and Wester.
The wildlife cameras were erected near the centiereach wildlife monitoring plot,
approximately 1.2 m (4 feet) from the ground anéried toward open areas free of trees up to
20 m (66 feet) away from each camera. The camepasate during day and night using a
movement sensor infrared flash. Camera photograptsavere offloaded each month.
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Figure 2.60. Automatic wildlife camera.

Figure 2.61 and Figure 2.62 present summaries mibeus of different types of animals recorded
from wildlife cameras during 2013. Figure 2.61 pr&s all types of animals summed over all
treatment and control plots from all sites. Theasdifgs show that in general, native wildlife
species such as mule de€@dpcoileus hemionyiselk (Cervus canadensgisand wild turkey
(Meleagris gallopavp are more frequent on control than treatment pletkile domestic
livestock, both cattle and horses, are more fregaertreatment plots than control plots. Figure
2.62 shows that domestic livestock were especaliyndant at the Kelly pifion/juniper site and
were about equally abundant on both the control tesatment plots at the Wester ponderosa
pine site. These findings indicate that native Wgdspecies prefer the more dense stands of
trees remaining on the control plots than the nopen habitats created on the treatment plots. In
contrast, domestic livestock appear to prefer th@enopen treated plots where trees were
removed and where herbaceous vegetation covegli®hiThe physical structure of tree stands
may be important, but also the increased growthhefbaceous vegetation on treated
pifion/juniper plots appears to be more attractivédmestic livestock.
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Figure 2.61. Summary of total photographs of different animals ecorded from wildlife

cameras during 2013
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Figure 2.62. Summary of types of animals recorded from control ad treatment plots at

each stidy site during 2013.
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Background information on the stream piezometers lwa found in the 2009 Annual Report
(SWCA 2010). In addition to the paired watersheohiés, piezometers were installed on three
nearby streams in order to gauge surface flows darger scale (Figure 3.1). The 2013
monitoring season saw very few flows; however, rgdaflow did occur at the Vigil site and
destroyed the stream piezometer (Figure 3.2). Duehe damage caused to the stream
piezometer from the flood, the stage could notdmomded; however, it was estimated that the
peak flow reached nearly 1.5 m (5 feet) (Figurg.3A3new gauge made of galvanized steel was
installed to replace the damaged gauge on a subsesjite visit. The other gauges at the Chilili
and Kelly site did not record any flows during @13 monitoring season, but seemed to be in
good working order.
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Figure 3.1.  Location of the piezometers and wellsithin the Estancia Basin.
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Figure 3.2.  The Vigil piezometer in the fall of 202 after a storm event compromised the
gauge.

Figure 3.3.  View of the Vigil piezometer facing dowstream showing the high water
mark (1.5 m [5 feet]) as a red line above the pierweter.
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The monitoring study is evaluating infiltration eatin the Estancia Basin by using deep pressure
sensors to monitor the level of groundwater intretato stream flow events. By monitoring the
groundwater levels in private wells located closestream monitoring locations, changes in
recharge can be observed and the impact of thiramagburned areas can be compared to these
groundwater levels to asses any changes.

Ideally, this project will evaluate infiltration tes in the control areas versus burned areas and
relate this information to nearby groundwater lsvdihis could be accomplished by monitoring
private wells located close to stream monitoringations. Sandia National Laboratory and the
U.S. Geological Survey are currently initiating ivelonitoring programs. Both entities have
been receptive to sharing data when they becom&able though neither knows if data would
be available near the project’'s piezometer locatiorthe immediate future. The monitoring will
use deep pressure sensors to monitor the levebahdwater in relation to stream flow events.

If these data are available, they will be compaecetthe collected data from this project.

SWCA installed three well monitoring devices duriegrly to mid-June 2009. These well
monitoring locations are at Chilili, Manzano, andnB de Agua (see Figure 3.1). Each
monitoring well is equipped with Solinst Leveloggéunior pressure transducers that were
programmed to record values hourly. The Chililesdg approximately 30 m (98 feet) from the
western flume. The well is approximately 15 m (8@tj deep, and depth to groundwater when
installed is approximately 8 feet (25 feet). Then¥l@no well is shallow, approximately 8 m (25
feet) deep is dry expect for brief periods aftexgmitation events. The Punta de Agua well is in
“downtown” Punta. The well is approximately 37 n2Q1feet) deep, and depth to groundwater is
approximately 28 m (91 feet) when installed. SWC#loads data quarterly at each well
location.

Figure 3.4 through Figure 3.6 display the well daban each of the three locations monitored in
the Estancia Basin. During 2013 all wells showegeaeral decline throughout the year. The
well at Punta de Agua showed a steady decline gfrdlie course of the year, while the well at
Chilili showed a response to the snowmelt as casdem by the peak in late April 2013. The
well at Manzano remained dry for much of the 204&ssn.
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Figure 3.4. Well data from the Chilili site showinga declining water level until the
snowmelt which generates a small rise in groundwatelepth.
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Figure 3.5. Well data from the Punta de Agua sitet®wing steady rise of the
groundwater over the summer months.
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Figure 3.6. Well data from the Manzano site showinghe well being dry for most of the
year.
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The SMWS was installed by EnviroLogic to provide temgological, soil moisture, and
temperature data as part of the Estancia BasinrgViig Health and Restoration Program overseen
by the Steering Committee. EnviroLogic installed ®8MWS in September 2006 to initiate site-
specific monitoring of rainfall and soil water cent at various soil depths. For details on site
selection and monitoring protocols, please refah&o2008 Monitoring Plan (SWCA 2008). The
SMWS is within the Edgewood Soil and Water Cond@maDistrict on private property near
South Mountain, Santa Fe County, New Mexico, appnately 19 kilometers (12 miles) north of
the town of Edgewood (Figure 4.1). The intent oViEslLogic was to assess water infiltration
through soil depths, relate that to meteorologialiables, and then compare two measured
locations to determine the effects of forest tmignprojects on groundwater recharge.

The SMWS measures precipitation, wind speed arectiton, air temperature, humidity, and
solar radiation. Soil moisture and temperature @sobre situated at various depths at two
locations with distinct vegetation structure typese site within a pifion/juniper stand and one
site in an adjacent open area consisting of shradsgs. EnviroLogic referred to these locations
as “Tree” and “Meadow,” respectively. The Tree s#tesituated approximately 30 m (98 feet)
northeast of the SMWS within a grouping of onese@edber and pifion pine trees. The Meadow
site is situated approximately 11 m (36 feet) nwest of the SMWS, in vegetation dominated by
blue grama and broom snakewe€&di{jerrezia sarothrag

SWCA is now responsible for the management of i8S and the maintenance, summation, and
distribution of the data collected at this statibhe following sections summarize the data coltécte
since SWCA assumed responsibility for SMWS in ARGI08. SWCA prepared a report, “South
Mountain Weather Station: History, Data Summares] Continued Operation,” summarizing the
data collected from 2006 and 2007 by EnviroLogiegd aubmitted that report to the Steering
Committee. This report is available at the Resmmdhstitute’s website (http://mwww.nmfwri.org/).

During the 2013 monitoring season, New Mexico, ipalarly Torrance and Bernalillo Counties,
experienced a severe drought (see Figure 2.7)effbets of the drought can clearly be seen in
the result summaries below. The soil moisture nreasent at both the Meadow and Tree sites
showed long periods of drying, with only the nearface sensors showing variation (Figure
4.2—Figure 4.8). There were also no storms in 20KHB were able to produce deep seepage,
which would register with the sensors in the deepetholes. In fact, over the course of the
monitoring period, the deep soil moisture sensdrbath the Meadow and Tree sites have
remained constant with no variation. The effectthefdrought can also be seen when looking at
Figure 4.8, which displays the monthly averagesetdtive temperature and relative humidity.
This graph shows high temperatures in June andwithylow average relative humidity.

The data displayed below in Figure 4.2 through fegu8 are summarized as monthly averages
of relevant meteorological data. Figure 4.9 througigure 4.11 summarize the relevant

meteorological data on an annual basis from 2068utih 2013. These graphs display any trends
that may be occurring within the project area. Feg4.9 shows the annual precipitation and

average ambient air temperature on the same geayohit can clearly be seen that the pattern
displayed is the same trend seen at the Watchdathesestations. Figure 4.10 and Figure 4.11
show the soil moisture changes over the past 4ydyoth the Meadow and Tree sites.
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Figure 4.1.  Location of the South Mountain WeathelStation.
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Figure 4.2.

Graph showing monthly total rainfall ower the course of 2013.
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Figure 4.3.

Tree site monthly average soil moisturand total precipitation for 2013.
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Figure 4.4. Meadow site average monthly soil moista and total precipitation for 2013.
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Figure 4.5. Tree and Meadow site average monthly gonoisture and total precipitation
for 2013.
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Figure 4.6.  Minimum monthly temperature experiencedat the SMWS during 2013.
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Figure 4.7.  Maximum monthly temperature experiencedat the SMWS during 2013.
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Figure 4.8.  Daily average temperature and relativéaumidity over the course of 2013.
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Figure 4.9.  Annual precipitation and average annuaambient temperature at the SMWS

2009-2013.
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Figure 4.10. Average annual soil moisture from théwo shallow depths at the tree and
meadow sites with no difference seen between theahd 8-inch depths.
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Figure 4.11. Average annual soil moisture from théwo deep bore-hole depths (21 feet 6
inches) at the Tree and Meadow sites show no sigigéint time differences
throughout the 4 years of monitoring.
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SWCA will continue the current monitoring effortsrfyear 7 of this project by monitoring the
post-thinning treatment conditions in the late sgrilf additional funding is awarded monitoring
will continue in fall 2014 and spring 2015. SWCAllv@lso continue to manage the SMWS and
the associated weather data if funding is awarded.

Post-wildfire monitoring has been suspended ford20dcause of safety issues regarding falling
dead trees. Post-fire monitoring may commence yea or two, if sufficiently few dead trees
remain at the monitoring sites. At this time, SW@@&es not anticipate changes in the current
monitoring designs or methods for forest thinningnitoring. Reporting will include regular
monthly progress reports and a 2014 Annual Report.
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The New Mexico Water Trust Board provided fundiray this project. The Estancia Basin
Watershed Health, Restoration and Monitoring StgeiCommittee provided oversight and
coordination of this project, in cooperation withet New Mexico Forest and Watershed
Restoration Institute and New Mexico State Foreddigrdre Tarr of the Claunch-Pinto Soil and
Water Conservation District and Joe Zebrowski fritta New Mexico Forest and Watershed
Restoration Institute provided valuable oversightl support. The Bouton, Candelaria, Kelly,
Mitchell, Neff, Salazar, Sanchez, Vigil, and Wedtenilies kindly offered access to their land to
conduct forest thinning and monitoring researcbnglwith the Chilili Land Grant, Manzano
Land Grant, and the Manzano Mountain Retreat. Nesxibb State Forestry, the U.S. Forest
Service, the U.S. Geological Survey, and the Clat®iato, East Torrance, and Edgewood Soil
and Water Conservation Districts have all provigetvice and support. Vernon Kohler and
Kelly Archuleta from the Claunch-Pinto and Edgewd®ail and Water Conservation Districts
have been assisting with field data collectionskéviiatush from the New Mexico Environment
Department, Surface Water Quality Bureau, has bedpful in designing and installing stream
monitoring stations. The Estancia Basin Water Rleam&ommittee also contributed funding to
install the new Chilili ponderosa pine monitorirtgdy site. Joseph Fluder, project manager from
2007-2012, now provides oversight, and quality @sse and control. In addition to the
authors, SWCA staff Ryan Trollinger, Justin ElzadaAlayne Szymanski contributed to the
preparation of this report.
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Appendix A. List of Plant Species Encountered on Fest Monitoring Study Plots
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Attachments
CD with an electronic .pdf version of the report
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