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EXECUTIVE SUMMARY

The Estancia Basin Watershed Health, Restoration and Monitoring Steering Committee (Steering
Committee) oversees forest thinning projects and monitoring of forest and watershed health in the
Estancia Basin in coordination with the New Mexico Forest ancisaed Restoration Institute.

The primary goals of the Steering Committee are to improve forest health and create defensible
space from wildfire. Funding for forest and watershed monitoring has been provided by the New
Mexico Water Trust Board.

In 2007, VCA Environmental Consultants (SWCA) was awarded a contract to conduct
monitoring for forest thinning effectiveness on the eastern slopes of the Manzano Mountains.
SWCA finalized a comprehensive monitoring plan in March #088ailable online at the New

Mexi ¢ o Forest and Wat er shed Restoration Il ns
images/stories/pdfs/Estancia_Basin_Monitoring/EstanciaBasinMonitoring.flaf ~ provides
background information, research questions, and a discussion of methods relatest thiftning

and monitoring(SWCA 2008) The monitoring plan calls fo2 years of prehinning data to

provide background information on all study sites prior to implementing thinning treatments and
monitoring treatment effectiveness. Results from theB2Bbugh 2013monitoring seasons are

presented in the 2008, 2009, 202011, 2012 and 2013nnual reportsespectivelywhich can

al so be found on the New Mexico For eRebsultsand Wa
from 2014 are presented here

The principal goals of forest and watershed monitoring are to determine the effectiveness of
standard prescribed forest thinning on soils, hydrology, water yield and quality, vegetation, and
wildlife. SWCA is responsible for planning and implementing&tithinning monitoring in order

to evaluate these resources. SWCA has also assumed responsibility for the South Mountain
Weather Stationwvhichwas previously installed by another contractor in 2006. After monitoring
began, three major wildfires (Ojo Pedkigo, and Big Spring) occurred in the monitoring area in

late 2007 and early 2008. The Trigo fire destroyed one of the forest thinning monitoring sites,
which was replaced during summer 2008. SWCA implemented a monitoring study-atigost

fire recovey on private forest lands from 20@8 2012. Fire monitoring measurements were
discontinued at the end of the 2011 monitoring season due to dead tree fall hazards in the
monitoring areas. Monitoring in those areas may resume in the future, as condlibons a

This 204 AnnualReport provides information on the results of forest thinning during the calendar
year 208. Summaries of weather data from the South Mountain Weather Station, which serve as
a baseline for monitoring area climate data, are alsodged. Initial 2008, 2009, and 2010 baseline
pretreatment monitoring data from permanent monitoring study sites provide information on
rainfall, ambient and soil temperatures, soil moisture, soil surface profiles to assess erosion over
time, soil surfacestability, soil chemistry, bird and small mammal composition and relative
abundance, and vegetation composition, structure, and ddositoring data fron2011to 2014
represent information on the above parameters along with data on rm&dedto largewildlife

and livestock for the first years following thinning treatments.

SWCA Environmental Consultants April 2015



Estancia Basin Watershed Health and Monitoring Projéétl4Annual Repdr

The monitoring sampling design employs paired monitoring plots at two pifion/jupers(
edulis/Juniperus monosperinaoodland sites and two ponderosa piRe(s ponderogasites.

One plot of each pair was randomly selected and treated by thinning tree stands in late 2010/early
2011. Those thinning treatments were completed in early 2011, and SWCA will continue to
monitor the abowenentioned parameters through at least JWid 20 examine the impacts and
effectiveness of forest thinning treatments. Not only are paired study plots being compared to each
other in a treatment/control design, but each treated plot will be monitored over time to assess
changs resulting from thining treatments.

Results from thdourth year of postreatment monitoring data revealed similar differences in
parameter values between treatment and control fplot®se thadccurred last year, but not prior
to thinning treatments.

1 Tree and woody vesation structure was greatly changed from the thinning treatments,
resulting in more open forest stands on the treated watersheds.

1 Tree basal areas were reduced on the treatment plots according to New Mexico State
Forestry guidelineghe Chilili pre-treatment basal area was 210 square feet/acre and was
reduced to 80 square feet/atheWester basal area was 220 square feet/acregatnent
and 99 square feet/acre postatmentthe Kelly basal areavas 155 square feet/acre pre
treatment and 47 squafeet/acre podteatment, anthe Vigil basal areavas 124 square
feet/acre prareatment and 39 square feet/acre {astment.

1 Tree diameter size class measurements of all treatment and control plots showed that
control plots had on average a largamber of trees in the smaHldiameter classes when
compared to treatment plots where trees were more evenly distributed between diameter
size classes.

1 During the 202 monitoring period, relatively few rainfall events generated surface runoff
events basrwide. However, several paired flows did occur and contrary to previous years
finds the control watershetisd higher peak flows and runoff ratios when compared to the
treatmentsFuture monitoring of flow events will reveal if tmgw findingpersists ad for
how long.

1 Soil moisture was higher on treated plots than control plots, especially during dry periods
following rainfall events except on the Vigil site where the control and treatment were
similar.

1 Herbaceous vegetation canopy cover was sigmtlg higher on both pifion/juniper treated
plots and at one ponderosa pine treated plot compared to the control plots, and cover was
significantly higher on the treatment plot at one ponderosa pine site, but there was no
significant difference at the othponderosa pine site. Herbaceous vegetation cover was
probably even higher than measured on treated plots, because domestic livestock grazed
the treated plots prior to vegetation measuremehistbaceous vegetation grew
considerably in the region followingeavy July August and early September rains.

1 A-repeat photo point monitoring protocol was developed and implemented in 2014 to serve
as a rapid and lowost method for forest thinning effectiveness monitoring. Findings from
photo point monitoring wereonsistent with quantitative measurements on the same
thinning treatment plots, showing a decrease in tree densities, increased herbaceous

SWCA Environmental Consultants April 2015



Estancia Basin Watershed Health and Monitoring Projéétl4Annual Repdr

vegetation, and stable soil surfaces. This photo monitoring method may be applied to
private lands thinning projectsroughout the area in 2015 as a way to expand the thinning
effectiveness monitoring.

1 Bird densities and species richness were found to be higher on treated plots than control
plots, especially at pifion/juniper sites. Bird species composition was mol& simong
pairs of control and treatment pl@tseach site and forest tyfies., by locationduring the
spring breeding season, but more similar among treatment plots and contr(lelolty
treatment typepduring the fall migration time. These results indicate that the thinning
treatments are not affecting bird communities during the breeding season, but that more
birds are attracted to the treated plots during fall migration.

1 Rodent densities remained r@baly low in 2013 and were lower on most of the treatment
plotsthan on control plots. Pifianice (Peromyscus trugdominated at the pifion/juniper
sites anditone ponderosa sitdeer micgP. maniculatuswere most common at the other
ponderosa pineite. Pifion mice weréess abundant on treated plots at the pifion/juniper
sites

1 Native large animals recorded from remote wildlife cameras such as mu{©deepileus
hemionu}, elk (Cervus canadengisand rabbits(Leporidae)were most abundant on
contrd plots, while domestic livestock were far more abundant on treated plots at both
pifion/juniper and ponderosa pine sites.

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

Given that 204, like 2013,2012 and 2011, werdrought yeas in the region, some parameter
responses may have been dampened by a lack of rainfall.
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1.0 INTRODUCTION

This 204 Annual Report provides summaries of monitoring data collected during thé 201
calendar year for the Estancia Basin Watershed Health, Restoration and Monitoring Steering
Committee (Steering Committee). Details about research questions and the background and
administration of this monitoring project may be found in Bstancia BasinVatershed Health

and Monitoring Project: Monitoring Plan Evaluatior(2008 Monitoring Plan) (SWCA
Environmental Consultants [SWCA] 2008), which is available at the New Mexico Forest and
Watershed Restoration Institute (Restoration Institute) welsite/{www.nmfwri.org/images/
stories/pdfs/Estancia_Basin_Monitoring/EstanciaBasinMonitoriny.pdhe 2008 Monitoring

Plan provides detailed information on the background knowledge of forest thinning in the
Southwest and presents the goals and methodologiethdoEstancia Basin forest thinning
monitoring project. The 2008nnual Repor{SWCA 2009) also provides important background
informationaboutthe Trigo wildfire monitoring project that was initiated in 2008. Previous annual
reports for 2008, 2009, 201011, 2012 and 2013ummarize overall monitoring findings from
those6 years, and they also may be found at the Restoration Institute website.

The Steering Committee oversees forest thinning and effectiveness monitoring of forest thinning
on ponderosa pe @Pinus ponderosa forests and pifion/juniperP{nus edulis/Juniperus
monospermp woodlands on private and state lands on the eastern slopes of the Manzano
Mountains, New Mexico. Principal members of the Steering Committee include the Glaunch
Pinto, EasfTorrance, and Edgewodsbil and Water Conservation DistrigtiNew Mexico State
Forestry; and the Restoration Institute. The Restoration Institute is additionally providing oversight
and public relations for forest thinning and monitoring activities.

The pincipal goals of the Steering Committee are to create defensible space around homes and
other structurego protect againswildfire and improve overall forest health, following forest
thinning prescriptions determined by New Mexico State Forestry. The primary goals of forest
thinning monitoring are to determine the impacts of standard prescribed forest thinning on sails,
hydrdogy, water yield and quality, vegetation, and wildlife.

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

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

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

3. Plan and implement methods of monitoring small mammal and avian populations, which
are indicators of ecosystem health.
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SWCA is currently under contract félyears of monitoring, beginning in 2008, and is responsible
for study site maintenance, dataleotion, data management, data analysis and interpretation, and
information dissemination (including monthly meetings, monthly reports, and annual reports). The
current Steering Committee plan calls Byears of baseline pithinning treatment monitoring
(2008 2010), thinning treatments implemented during the winter of 2010 and 2014 ,|east5

years of postreatment monitoring (2012015).

Several new subprojects were added to the overall monitoring project in 2008, includifigepost
monitoring ofsoils, hydrology, vegetation, and wildlife on private forest lands following the Trigo
wildfire. These tasks involve developing and implementing ephemeral stream and groundwater
monitoring to assess the effects of both forest thinning and the Triganfwnat@r resources, as

well as assuming the operation and reporting for the South Mountain Weather Station (SMWS),
initiated by EnviroLogic in 2006. A map of all study sites for these projects is preseirigdra

1.1 (note that the SMWS is located north of Edgewood, New Mexico, and is not on the map
presented ifrigurel.1, but is on the map presentedrégure4.1in Chapter 4

This 204 Annual Report is similar in format to the previous 202@&)9, 2010, 20112012 and
2013annual reports, and it provides complete data files (appended on DVD) and summaries of
findings from field monitoring measurements conducted during the calendar yehafo2Qte
primary subprojects: 1) forest thinning nitmning of weather, soils, hydrology, vegetation, and
wildlife; 2) overall Manzano watershed ephemeral stream and groundwater monitoring, associated
with both forest thinning and pestldfire monitoring; and 3) SMWS weather and soil moisture
datacollection, including addenda representing the four quarterly 2013 reports. Data collected in
2008, 2009, and 2010 represent baseline conditions prior to forest thinning treatments, which were
begun in late 2010 and were completed by May 2011. Data collectedhaiteéng in 2011 will

then provide measures of thinning treatment effectiveness and a comparison-toégiosnt
environmental conditions. Monitoring from subsequent years will provide data on thinning
treatment effects over time.

This report providesanalyses of parameter changes over thgears of monitoring and
comparisons of paired treatment and control plots to evaluate treatment effects. Some statistical
tests of parameter values between paired study plots are also provided to comfiaraipge
treatment baseline conditions to postatment conditions in order to determine if the paired plots

differ in parameter values resulting from imposed thinning treatments. Numerous discretdglata

have been collected, and SWCA has been active inimgedata collection, storage, and
management plans for each of the subprojects. SWCA has created metadata for each of these data
sets that outline the date range of each sktiethe collection methods, the unit measurements, and

the abbreviations and cesl used within each data file. The metadata files will also state any
caveats or general commenfswhich the viewer should be aware before analyzing the data.

SWCA is making these data available in a form that can be easily disseminated, using readily
available software such as Microsoft Word and Excel. Some information, such as those data
collected from the WatchDog Mini Weather Stations, is collected using proprietary software.
These data are converted into Microsoft Excel files so they can be vigwkd general public.

SWCA also intends to make the data available in forms that are easy to analyze. Some data, such

as those related to the flumes, which are record&mmute intervals, must be partitioned into

several files, as the dataexceed Micmf t Excel 6s capacity of data
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made available to the Restoratidnstitute for dissemination on its website. Note that
measurements from various aspects of monitoring are reported in English units (e.g., feet, acres),
while others are reported in metric units (meters, hectares). The protocols for monitoring
measurements were obtained from different sources that use different units of measure. The U.S.
Department of Agriculture (USDA) Agricultural Research Service Rangelamiting Manual

(Herrick et al. 2005) uses metric units, while the U.S. Forest Service (USFS) Forest Inventory and
Analysis Guide (USFS 2005) uses English units. In general, scientific research worldwide has
adopted the metric system as the standard éarsorements, while some federal and state agencies
use English units of measure. For ease of comparison, values are presented in this report with both
English and metric units, except where not feasible.

This 204 Annual Report provides summaries of fingenfrom field monitoring measurements
conducted during the calendar year 2@hd compares them with previous years for the above
mentioned projects and subprojects. This report is partitioned into different sections for each
subproject: 1)ntroduction(this section), 2) forest thinning monitoring, 3) ephemeral stream and
groundwater monitoring, 4) SMWS data, and 5) planned monitoring f&r (3@ar8).
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Figure 1.1. Map of all Estancia Basin forest and wagrshed monitoring locations
addressed in this report.
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2.0 FOREST THINNING MONI TORING

Details offorest thinning monitoring protocols were provided in the 2008 Monitoring Plan (SWCA
2008). Background information on the known environmental effects of forest thinning on
Southwestern forest ecosystems was also presented in the 2008 Monitoring Plarwitdong
detailed discussions of the experimental study design and methods used in this research to measure
various environmental responses to forest thinning treatments. Since 2008 there have been some
significant updates to Southwest forest ecology, climatielfire, and forest thinning literature.

Section 2.1 provides a literature review update for all resource areas included in this monitoring
study in order to keep this project up to date with the most current information.

2.1 UPDATED LITERATURE REVIEW FOR THE ENVIRONMENTAL
EFFECTS OF FOREST THINNING IN THE SOUTHWEST

The sections below address recent research findibhgatthe effects of forest thinning in the
American Southwest and New Mexico on natural resources thatldresseth this monitoring
study. Climate and resources g@resented below in the same order as they are organized in this
monitoring report.

2.1.1 CLIMATE

As mentioned in the original monitoring plan (SWCA 2008), climate change is likely to
significantly affect the findings dhis forest thinning monitoring study, as drought intensifies and
temperaturencrease across New Mexicoeéent key articke on changingouthwest and New
Mexico climate by Gutzler (2013ndLlewellyn and VaddeyZ013 discuss how the climate of

the Southweshas been documented lascomingwarmer andess predictable, and how drought

is becoming more common and more severe than in the Pastaverage annual ambient
temperatures for the Uppand MiddleRio Granderegiors of New Mexico (Colorado border to

Truth or ConsequenceseM Mexico has increased from 19742012 by-16.4 degrees Celsius

(°C) (2.5degrees FahrenheftH]), and in mountainous areas that increase has been even greater
at-16.3°C @.7°F) (Llewellyn and Vaddey 2013Winter temperatures (Rember, Januayand
February) have been warming by as much-1&5°C @.3°F) since 1970 National Weather
Service [NW$ 2015). Longterm episodic droughts have occurred in the Southwest region for
centuries (Gutzler 2013), but the region is stroraffggcted by ongoing and projected century
scale climate chandklewellyn and Vaddey 20137 he start of 2014 was extremely dry statewide.
January was the driest on record, going back to 1B®8S 2015. Precipitation from January
through April was only 4% of normal with an average deficit across the staté.08 centimeters

(cm) (1.61 inches Precipitation increased from May through October and then declined in
November. Due to the higher #n average precipitation in July and Septembererall
precpitation was 95% of normal through the first 11 months in 2014. The drought monitor for
December 2014 shows that 65% of the state is still in moderate to extreme drought, and the project
area specifically izategorized asbnormally dry NWS 2015. Llewellyn and Vaddey (2013)
attributethe climate changebserved in th&outhwesto humanrcaused increases in greenhouse
gases and report on a strong regional warming trend in recent temperature data that modifies
natural drought/high precipitation fluctuaiis by enhancing evaporative losses and decreasing
snowpack in mountainous regions to the nast#eBrown and Mote 2009As the climate warms,
intense storms are expected to increase in the region (Gutzler 2013), and a greater fraction of total
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annual pecipitation is expected to come from single intense rainfall or snowfall events as
compared to more frequent lamensity stormsAllan and Soden 2008; Intergovernmental Panel
on Climate Chang2007 Tebaldi et al. 2006 etrie et al. (2014) demonstrdteat fewer single
storm events ar@letermining precipitation amounts in centrand southerrNew Mexico,
especially during the monsoon season, #rad the number of such storms has declirzeul
become more variablever the last decad&hesefewer but meoe intense events at@sobeing
documented in the regidoy others(Allan and Soden 200&roisman et al. 2008Y.he periodic
drought and intense rainfall patterns theg projected for the regidAlexander et al. 20064urd

and Coonrod 200&utzler 2013Gutzler and Robbins 2011) are expected to result in significantly
diminished stream flow and drier surface conditiddswWellyn and Vaddey 2013eager et al.
2008), causing the Southwésslimate to become even more arid thaeutrentlyis over the
coming decades.

There is strong evidence in the literature that changing climates are affecting forest resources
(Allen et al. 2010Bonan 2008; Breshears et al. 2009; Floyd et al. 28€§rénet al. 2009Raffa

et al. 2008yan Mantgem et aR009 Williams et al. 2013Woodall et al. 201)1 The 2014 National
Climate Assessment)(S. Global Change Research Progr2®i4) projects increased wildfire,
forest diseaseand drought for theSouthwest region as a result of climate changetteB
undestanding of climate change is neededrderto aid forest resource management planning
(Allen et al. 2019 Ganey and Vojta (2011) monitored tree mortality in drotggtéssed mixed

conifer and ponderosa pif@erestsin Arizona thatwereimpacted by droght from 19970 2007
(Breshears et al. 2005). They observed considerable tree mortality across almost 100% of their
plots, attributed primarily to insect attack resulting from drought and tree water Jthess.
hypothesize that climate change will hégwimpact these forest typdscausehey are not well
adapted to longerm drought conditions.

Other studies recorded mortality pifionjuniper woodlands in the same area during this period
(Breshears et al. 2006joyd et al. 2009Mueller et al. 2005)Findings that linked drought and
insect damage to mortality in mixewnifer and ponderosa pindominated forests were consistent
with other similar studies in the area. In most of those studies, bark beetles of thipghiave

been found in association withfionjuniper and ponderogaine forestsand Dougladir beetle
(Dendroctonus pseudotsugaeand the fir engraver Scolytus ventralis in  Douglasfir
(Pseudotsuga menzidsiand white fir(Abies concoloy forests(Bree® et al. 2008; Guarin and
Taylor 2005;Maloney and Rizzo 200&avage 1997Stephens and Gill 2005), and insect attacks
were determined to be a proximate cause of tree death, mediated tgriondroughtExtreme
climate conditions were recorded throughou Ga n ey g20Ml)stWdy petiod, articularly

in 2002 when tree ring reconstruction indicated that 2002 was theditést year in over 1,400
years.Interestingly, their results showed that mortality was not significantly related to either
elevaton or stand density. This finding indicates that thinning alone may not always alleviate
moisture stregselated mortality during times of drought. Ganey and Vojta (2011) also eeport
the relative high mortality of large treesrgussmaller trees, anthéy expressed concern that other
studies had similar findings (e.gloyd et al. 2009Mueller et al. 2005; van Mantgem et al. 2009)
and that large trees are not only of commercial value, but also provide important habitat and are
already rare on the lasdape (Ganey and Vojta 2011).

Research by Savage et 61996 and Savage et a{2013 demonstrate that regeneration and
establishment of ponderosa pine is sensitive to specifically timed temperature and precipitation
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pattern® particularly important areseries of wet years (Brown and Wu 2005). Such climate
patterns are now affected by persistent drought that exacerbates ponderosa pine regeneration and
establishment, and increases severe wildfire (Savage et al. 2013). The long periods of drought that
have been recently observed throughout the Southwest, in combination with altered forest
management practices and fire exclusion policies over the last century, have resulted in frequent
landscapdevel highseverity fires that are beyond the range of natuaalability (Allen et al.

2002 Covington and Moore 1994 1994bh. Savage et al. (2013) suggest that for Southwest
ponderosa pine forests, a specific climate window critical for regeneration is narrowed by a
synchronous occurrence of higbverity fire andirought. Spring and summer drought conditions

have been related to high seedling mortality (Rietveld and Heidmann 1976), and sparse vegetation
cover and low moisture in the fall result in early freezes that also reduce the period available for
seedling estblishment. Growing periods are becoming shorter under drought conditions due to
moisture stress. Under a climate change scenario of warmer and drier conditions, Savage et al.
(2013)predictthat ponderosa pine regeneration may become all but eliminatieel 8outhwest.
Similarly, Williams et al.(2013, utilizing a forest drought stress index for southwestern forests
and projected climate models, suggest a transition of forests in the southwestern Unites States
towards distributions unfamiliar to modenvitization.

2.1.2 SOILS

Soils provide plants with structural support, nutrients, and symbiotic solil; bieeefore sal
disturbance on a site can decrease plant and forest productivity. The effect of forest management
disturbance on soil sustainabilityssll relatively poorly knownand many questions remain on

the subjectKlarrison et al. 2011johnson et al. 201Morford et al. 2011 Powers et al. 2005
According to a recent nationwide survey of forest managers, soil productivity is a considdration o
80% of respondents when selecting fuel reduction techniques (Busse et al.n2ddeler few
respondents ranked soil as a primary conedran selecting techniqgues when compared to other
factors like cost, effectiveness, ease of, asel environmentalkictors Most research to date has
centered on the impacts of mechanized thinning operations that can result in severe soil disturbance
(Elliott et al.1996; Miller and Sirois 198@®ice et al. 1972). Few studies have examined the impact

of hand thinning oerations on soil propertie8 u s s e €014 stddy foumd that most
practitioners were not concerned about the impact of hand thinning on soil propertiea ldiok to

of mechanized equipment and lmtensity treatments, which could explain a lacktefature on

the subject.Soil erosion, combined with other impacts from forest disturbance, such as soll
compaction, can reduce forest sustainability and soil productivity. Forest soils are protected from
erosion by litter and duff, and forest littegiprimary componenproviding nutrients and retaining

water. Thinning operations (both mechanized and hand thinning) can remove ground surface
organic materials, thereby impacting nutrient levels and making soils vulnerable to erosion.
Maintaining soil sirface litter cover is the easiest way to prevent accelerated erosion (Moghaddas
2013). Pagdumroese et al. (200@aveused computebased soil simulation models and found

that in many cases, the presence of at lea% §@®und cover (e.g., vegetationleaf litter) could

prevent accelerated erosion rates. Robichaud et al. (2010) also suggest that levels of exposed bare
soil less than 3@ to 40% following forest thinning can generally keep soil erosion rates
Afacceptably | ow. o

Many tree thinning/fuel #atment approaches can be planned and implemented with minimal bare
soil exposure, thereby limiting subsequent erosion (Moghaddas 2013). Researchers have found
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that tree cutting by itself does not cause significant ero8eng(and Azuma 201 oghaddas

2013 Wayman and North 2007), and timber harvest operations usually cause less erosion per unit
area than roads (Elliot#t al1996). The greatest disturbande soilsis associated with heavy
machinery such as wheeled or tracked skidders used to dratp ll@ggling areas (Litschert and
MacDonald 2009Williamson and Nielson 20Q0theseoften cause severe soil disturbance and
ground cover removal (Moghaddas 2013{eep slopes are also more vulnerable to erosion and
machine impacts. Cram et al. (200i@vestudied disturbance and erosion on intermediaté&(10

25%) and steep (261 43%) slopes in a thinned New Mexico mixednifer forest. They conclude

that operations on steep slopes generally caused more soil disturbance, but maintaining soil cover
and minimizing large areas of bare soil were sufficient to prevent increased erosion and
sedimentation levels.

Timber harvesting can also lead to soil compadiiatincreased soil erosipadversely impacting

soil and vegetation productivit(isse et al. 20% Ponder et al. 201%;0ho 1980). Physical soil
changes due to compaction have been enumerated by many (sd2uRagese et al. 2006) and

can include decreases in soil porasdisturbance to the organic layer (Robichaud et al. 1993)
rooting volume andheration increases in soil bulk density, strengdnd water contentand
reduced infiltration rates and subsequent increased surface runoff and erosion (Greacen and Sands
1980). Compaction impacts are s#jgecific, with varied effects on forest stanbguctivity
(Froehlich and McNabb 1984omez et al. 2002Greacen and Sands 1980). In addition to the
disturbance associated with felling operations, a decrease in the number of trees within a stand
results in a decrease in evapotranspiration, which ibotés to increased surface flow, stream
flow, and even channel erosion (Elliett al. 1996). Most compaction studies have again focused

on operations thaiseheavy machineryand therefore results may not be easily extrapolated to
smaltscale normechaiezed projects.

Soil erosion resulting from forest thinning operations in turn impacts forest productivity by
decreasing soil water availability (Swanson et al. 1989), removing-glaiible nutrients, and
causingdegradation of soil structure (Elliott al. 1996). Removal of the loose, organic surface
materials promotes surface sealing and crustivigch decrease infiltration capacity and may
increase erosion (Childs et al. 1989). Erosion also results in loss of important soil biota, such as
mycorrhizalfungi, which facilitate nutrient uptake by plants (Amaranthus et al. 1989, 199é}t
management can directly and indirectly change nutrient stores at a site. Vegetation harvest
removes nutrients in wood and/or crowns, immediately affecting locabntupbols (Powerst

al. 2005. The greatest concentration of nutrients and maximum watleing capacity are in the
uppermost soil horizon$oss of these surface layers from erosion is therefore most damaging to
forest productivity (Moghaddas 2013). 8bw soils are the most at risand therefore the largest
declines in productivity are most likely to occur in marginal dry environments (Elliott et al. 1996).

Impacts to soils from thinning operations have been described as extraordinarily complex,
reflecting interactions among disturbance levels, soil wabéding capacities, nutrient cycling
properties, and climate (Elliott et al. 1996). As observed by €kilchl. (1989) and Dickerson
(1976) environmental degradation and erosion resulting from itlgnoperations could be
attributed to various factgrécluding compaction, soil surface disturbance, depletion of surface
organic horizonsand removal of vegetative cover.

SWCA Environmental Consultants 8 April 2015



Estancia Basin Watershed Health and Monitoring Projéétl4Annual Repdr

2.1.3 HYDROLOGY

Numerous studies worldwide have demonstrated that changing foresy @amsin turn change

forest water yieldBaker 1986, 2008Bosch and Hewlett 198Brown et al. 1974; DeBano et al.

2004; Douglas1983; Gary 1975; Harr 1988Btibbert 1967 Hornbeck et al. 1997; Kattleman and

Ice 2004; Keppeler and Zeimer 1990; National Research Council 2008; Reinhart et al. 1964;
Robles et al. 2014tednick 1996Troendle 1983Troendle and Leaf 1980 roendle et al. 2000

In general reducing forest car has been found to increase water yield, though stream flow
response has also been found to be closely related to climate, particularly the amount and timing
of precipitation (Troendle et al. 2010). Stedn(tR96 reported thain a review of 95 waterdus,

annual runoff increased by nearly Zillimeters (nm) for each 1% of watershed landscape
harvestedvarious studies have reported that approximately 20% of the basal area of the vegetation
must be removed in order to see significant changes in arumf (Bosch and Hewlett 1982
Hibbert 1967 Stednick 1996)Others have found that runoff increases were negligible for basal
area reductions below 30%, and that runoff increases were contingent upon time since treatment
and winter precipitation (OcbaT April) thresholdsBaker 2003Brown et al. 1974Robleset al.

2014). Baker (2003) reported increased runoff o%d & 40% whena 30% to 100% reduction in

basal area of ponderosa pine forests was implemenfedendle et al. (2010 discuss the
importarce of assessing the degree to which the management activity alters net precipitation to the
soil by altering interception losses and infiltration characteristics and the soil moisture evaporation
and transpiration. The timing of a change in stream flovhiwia year depends on when
precipitation or snowmelt exceeds both evapotranspiration demand and soil moisture recharge
requirements. The Fool Creek watershed study in central Colorado has been ongoing since the late
1960s and demonstrated that for thetfir'S years after thinning treatmentisere was increased
average annual and peak runoff flows by up to £¢6196.4 inchesg year, with an averagecrease

in water yieldof 10.0cm (3.9 inches)n the first year after thinning. Increases were attribtwed
reduced evapotranspiration in the thinned portion of the watershed, decreased interaegtion
increased amount of water contained in the snow@yR8 years posharvest, regrowth in the
thinned areas caused a significant decline in average walds yTroendle et al. 2010). Similar
hydrologic responses to thinning have been reported in other studies in the Rocky Mountain region,
including Wagon Wheel Gap, Colorado (Bates and Henry 1928), Dead Horse Creek, Wyoming
(Troendle and King 1987), Coon &k, Wyoming (Troendle et al. 2001), and South Dakota
thinning (Anderson 1980). Troendle et al. (2010) suggest that lessons learned from the higher
elevation watersheds widely studied can be applied to lower elevations but reduced precipitation
levels (paticularly in the form of snowpack) in these areas must be considered when predicting
the intensity of the hydrological respon3dis isborne outoy Haupt (1979) who found that in

drier ponderosa pine forests, a reduction in basal area did not detéutabhse the snow water
equivalent on south, east, and west aspects, but did substantially increase the snow water
equivalent on nortfiacing slopes.

Thinning treatments can also reduce soil moisture depletion and evapotranspesgtemnially in

wet yeas (Dietrich and Meiman 1974; Troendle 1987, 1988; Troendle and Kaufman 1987;
Troendle and Meiman 1984)n dry yearsresidual trees mayseany additional soil moisture
created as a result of thinning. This means that the relationship between standasfehsiil

water depletion is statistically significant in wet years when there is less competition for soil water,
while in dry years, there may be no correlation between basal area and soil water depletion because
evapotranspiration from the residualretamay use all of the available water, regardless of the
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reduction in stand densitpuring drought periods, summer precipitation is low and soil water
reserves are often depleted on all aspects and across a wide range of stand densities and forest
types.Under these conditionree thinning treatments may not cause an increase in annual water
yields unless precipitation amounts exceed evaporative demand (Troendle et al. 2010).

Robles et al. (2014)n a modeled study of thinning impacts on runoff in bawstern ponderosa
pine, demonstrate that modeled runoff from thinned forests was approximately 20% greater than
unthinned forests and that runoff gains occurred during droughts and pluvials. Snilstoric
studies, theesearcheragreethat runoff ginswere temporary, ceasirfgyearsafterthinning. As
proposed by Baker (2008) the historicBeaver Creek watershedudy, they hypothesize that
thinning effects on runoff were short lived due to regeneration of the undevstpetation The
Robles ¢al. (2014) studyvaluateghinning and runofts it relateso the work proposed under

the FourForest Restoration Initiative (4FRI) (BS2013). The 4FRI is a congressionally funded
program to accelerate mechanical thinning and prescribed burning &mnosational forest with

the objective of reestabliking forest structure, pattermnd composition to improve forest
resiliency and functionRobles et al. (2014) suggest that the accelerated thinning, as proposed
under 4FRI, can improve surface watenoff, a key ecosystem functipand provide other
indirect benefits to soil moisture and productivity.

A number of studies have found that runoff gains resulting from thinning were best predicted by
winter precipitation totals (Baker 1988rown et al. 1974Robles et al. 2014). Robles et al. (2014)
report increased runoff totals even during drought years in thinned forests. They also suggest that
the same thinning intensity in a pluvial year could generate double the additional runoff as
compared to unthinned watersheds. This has implications for forest management decisions if
drought and pluvial periods can be predicted. Objectives to increase runoff could more likely be
met by thinning in a pluvial period, while objectives to reduce tafaisic wildfire or drought
mortality could be met through thinning during drought periods (Robles et al. 2014).

In 2013 Wyatt reviewed 37 studies worldwide (31 peerewed articles) to answer the questions
Ahow do restor at i on ctadhniconiderdongnatdd watershede affecsthec o n d L
water budggoand fAhow do restoration thinning treat
Results from those studies showed that water yield can indreas& 0% to 35% when 2@ to

100% of a conifedominated watershed is treated. Groundwater results were inconclusive. All
studies showed a positive response of surface water yield resulting from forest thinning treatments,
but responses varied across climatic types. Wyatt (2013) sadgastadditional reseeh and

reviews are needed to address the uncertainties and variances found across studies of forest
treatment effects on surface water yield and groundwater recharge. Literature to date suggests that
in general the greatest hydrologic response will beated whemmorethan 20% of the watershed

is thinned and for dry forests the response may be only negligible or difficult to detect except
during wet years.

2.1.4 TIMBER

Thinning and prescribed fire have been implemented in Southwest forests and woodieceistin
years as a means of returning stands to more hiskoanditions thereby decreasing wildfire risk

and improving forest healtlréeney et al. 2008; Keane et al. 208ata et al. 2005). Researchers
have shown how thinning of these forests is ¢ffedn increasing individual tree growtkRéeney

et al. 1998Ronco et al. 1985; Skov et al. 2005), decreasing tree water stress (Kolb et al. 1998;
Skov et al. 208; Wallin et al. 2004), increasing tree defense against bark beetles through increased
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resin production (Kolb et al. 1998), and increasing leaf nitrogen concentration and hence
photosynthetic capacity in some cases (Feeney et al. 1998; Wallin et alz2a06dn et al. 2005).

Fulé et al.(2007) studied longterm ecosystem response to ponderasa hinning treatments in
Arizona. They reported that ponderosa pine trees grew significantly faster in treated units than in
controls, enough to reach the reference level of basal area in 6Hyeamser theyalso reported
increased pogtreatment moslity of large trees in treated units (10.9 large tpgrshectare [h3)
compared to control units (6.2 trggsr hg. They suggested that although mortality of large trees

is a concern, the treated units had vigorous growth and low density, inditetirtgey would be
relatively resistant to future drought and fire eveSta et al(2009 found that in the shoterm

(i 3 years), thinning alone or thinning followed by burning had resulted in increased soil water
availability and improved physiolocgl performance of secofgtowth (Skov et al. 2() and old

growth (Feeney et al. 1998) ponderosa pine. They reghtrat, despite minimal differences in

soil resource availability, trees in managed units where basal area was reduced had improved gas
exchange and growth compared with trees in unmanaged units.

Bark Beetles

Much attention has been placed in recent years on the effects of thinning on bark beetle infestations
throughout the westernrlited States For over a decad&outhwest forests and woadlds have

been subjected to increased drought, insect infestation, and disease, which have resulted in a
decline in forest health (Clifford et al. 2008; Shaw 2008). Mortality from drought and bark beetle
infestation of ponderosa pine, pifimiper, and oher forest and woodland species throughout the
Southwest region increased dramatically between 2000 and 2003 (Zausen et al. 2005). Pifion pine
was especially affected, with 774,7%a of pifion across New Mexico and Arizona showing
evidence of bark beetletatk by 2003. Some areas experienced greater than 90% pifion mortality
(Gaylord et al. 2013), while juniper mortality was significantly loviifion mortality was largely

a result of the pifion ips bark beetlpq confusés(Figure 2.1), which generally attacks water
stressed or recently dead treBaffa et al. 2008Rogers 1995)A plethora of recent research has
focused on the effects that restoration treatments dlavhe species resistance/susceptibility to

bark beetlesn ponderosa pine foresiSaylord 2014).

Figure 2.1.  Pifion beetle (ps 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 low numbers in pifion woodlands, attacking
unhealthy trees. When persistent drought occurs and pifion pines bectanstmessed and the
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trees produce a -isene)teisatracts hebedtles. Bécausesof watertsieessa
the trees are not able to fight the beetles with their usual defense of resin (sap or pitch), so the
beetles are able to bore intioe inner bark or cambium. Therefore, pifion ips outbreaks are a
symptom of drought, and the beetles are able to atacitherwise healthy trees because of
drought and water stress. During drought, the beetle populations grow rapidly into outbreak
situatons because so many trees are vulnerable Igdeeetles slowly kill the trees by boring
through the bark and laying eggs from which larvae hdakehlarvaebegin feeding on the inner

living bark or cambium, cutting through the cambium where tree seys,ftutting off sap flow

and essentially girdling the trees. The beetles also carry blue stain fungus into the attacked host
tree, which grows in the vascular tissue and
carbon and nutrients. The cométiion of larval feeding on cambium and the fungus infection
generally proves fatal to the tree (Christopherson 2013), especially if the tree is already water
stressed.

There is wide acceptance globally of a positive relationship between drought strds=etad
attack in treesHuberty and Denno 2004dactel et al. 201 ZRaffa et al. 2008)Biotic and abiotic
stresses such as high intexe competition, defoliation, lightning strikes, and fire damage are also
thought to influence tree susceptibility tark beetle attack (Berryman 198radley and Tueller
2001;Christiansen et al. 198Fettig et al. 2007Ruel et al. 1998; Wallin et al. 2003). Another
agent responsible for pifion damage in the region is the pifion needlévatsiecoccus acalyptus
Herbeat), a native sasucking insect that can defoliate branches, killing small trees or weakening
trees to the extent they fall victim to thesbeetle.

Drought stress caaffecttrees physiologically, impacting their hydraulic function (McDowell et
al. 20@B; Ryan 2011Sala et al. 2010), reducing carbohydrate production, and reducing carbon
available for resin production (McDowell et al. 2Q@&la et al. 2010). Thinned stands of several
pine species have been reported to be less susceptible-kdlingebark beetles (e.gAmman et

al. 1988; Brown et al. 198Fettig et al. 2007; Gaylord 201Mitchell et al. 1983 Sartwell and
Stevens 1975; Schowalter and Turchin 1993). Research in northern Afiaoexample has
suggested greater ponderosa pinestasce to bark beetles, based on higher resindtahoverall
improvements in tree vigpimn thinned or thinnednd therburned stands compared to unthinned
stands (Feeney et al. 1998; Kolb et al. 1998; Wallin et al. 2@er research has attributed
improved resilience to bark beetle in thinned stands to changes in microclimate (temperature, wind
movementand stand structuréisaylord 2014). Some studies have proposed thresholds below
which bark beetle attacks on ponderosa pine are less probabler(Getyal. 2010Negronet al.

2000 Negrén and Popp 2004)however an established threshold basal area still remains
inconclusive (Gaylord 2014).

To examine the impacts of the recent drought @awWexico, Gaylord et al. (2013) tested the
hypothesis thatirought predisposes trees to insect attacklew Mexica They quantified the

effects of water availability on insect attacks and mortalityidbppine and oneseed juniper.

They found thapifionbegan dying 1 year after drought initiation, with highenrtality in plots

that had removal of 45% of the ambient annu@&cipitation relative to other treatmentse(,

irrigation to produce 125% of ambient annpedcipitation,a contro] and ambienprecipitatior).

They found that beetles (both bark andgjwvere present in 92% of deaidi@gn trees. For juniper,
treatments had no effects on insect attack or resistance but needle browning was highest in the
plots that underwent water remov&hey concludd that their results providkstrong evidence
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thatmore thanl yea of severe drought and water stress predisposes po insect attacks and
increases mortality, whereas 3 years of the same drought only causes partial canopy loss in juniper.

Zausen et a(2005 reporedthat thinning stands to lower tree densities (with and without ensuing
prescribed fire treatments) decreased ponderosa pine water stress during the peak of the dry season
(late June) 8o 16 years after thinning andt8 10 years after the most recent smebed burn,
compared with unmanaged stands in northern Arizona. They atttithgse results to increased

water availability to trees resulting from decreased tree competition in thinned Sthatts.

predicted climate changgenarios of increasing drghtin the southwest, Gaylord (2014) states

that thinning treatments may mitigate water stress and thereby lessen the likelihoodetldrk

driven tree mortality.

Pifion and juniper in the region are also infected with dwarf mistl&@ethobium diaricatum

(Figure2.2) on pines and true mistletof8horadendrorsp.)on juniper. They are small parasitic

flowering plants that draw water and nutrients from thet host r e e |, i mpacting th
growth and reproductive processes. Increased mortality is associated with severe mistletoe
infestations (Mathiasen et al. 2002), but even in minor cases, dwarf mistletteiamistletoe

are thought to increasethehost r ee6s susceptibility to other
disease.

Figure 2.2. Dwarf mistletoe (Arceuthobium divaricatum growing on pifion.

2.1.5 UNDERSTORY VEGETATION

A major objective of ponderogaine restoration is to increase understory and shrub production
(Korb 2001), making herbaceous production a critical response variable for monitoring the effects
of treatments during ponderosa pine forest restorakftwst research to date has explored the
effect of thinning and fire on understory production, and generally indicates that thinning and
burning increases understory vegetation biomass (Abellg Eo@et al. 2001 Laughlin and Fulé

2008; Moore et al. 20063toddard et al. 201 Btoddard and EGlone 2008Wienk et al. 2004).
Studies of the effects of thinning on understory species have been reviewed by Korb and Springer
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(2003), with a general conclusion that understory productivity in ponderosa pine is inversely
related to the density of the enstory treesl(aughlin et al. 2005Smith 2011).

Thinning treatments to reduce overstory density have repeatedly been shown to increase
understory productivityparticularly when préreatment stands are den&e=@unah et al. 1988;
McConnell and Smith 197 Metlen and Fiedler 200®/00ore and Deiter 1992; Thysell and Carey
2001). Understory responses in dry forests are thought to be driven by changes in availability of
limiting resources, primarily nitrogen and wat&opmes and Grubb 2000; Kolb and Robbhte

1996; Riegel et al. 1992, 1995). Stoddard et al. (2011) found that plant species richness was
positively related to both the percent change in canopy cover and basal area as a result of tree
removal. Total plant cover was always greater in all treatéd than in control units. Plant cover

was positively correlated to both the percent change in canopy cover and the tree basal area.

Smith @011 found that precipitation is a strong determinant of understory response following
thinning, concluding thdbng-term drought can compromise the ability of vegetatmrespond

to managemenClimate influences on understory response have been discussed in a number of
studies Bataineh et al. 2006; Fué al. 2002Moore et al. 2006Sabo et al. 2008), with a general
finding of a strong positive correlation between annual precipitation and understory productivity
and diversity Abella and Covington 2008mith 2011).

Matchett et al. (2010) evaluated shtmtm effects of thinning mebds on Southwest pifianiper
woodlands. They found that thinning treatments increased the abundance of herbaceous
vegetation, with préreatment tree dominance dictating the strength of the increase. Increases in
perennial grass cover and density inpasse to thinning was usually greatest at lower levels of
pretreatment pifiofjuniper dominance. Native annual forb cover and density responded fairly
equally along the tree dominance gradient. Shrub abundance declined in responteaimpeat

tree donmance and the response to thinning treatments appeared more subtle than for herbaceous
vegetation. Species richness within the two thinning treatments steadily increased relative to the
control over the course of the 3 years following treatment. Spaclagess was also consistent
across the pifidjuniper dominance gradient. Stimulation of herbaceous cover may have
implications for fire spread by enhancing continuity of surface fuels especially during dry years.
Matchett et al. (2010) conclud¢hat thiming-induced increases in perennial grass cover in areas

of high tree dominance were mainly due to an increase in growth of individuals present prior to
the treatment, as opposed to an increase due to the recruitment of new individuals. Ramirez et al.
(2008) report similar finding inpifilonjuniper forestin New Mexico, where thinning treatments
increased herbaceous vegetation cover and biomass.

Since 1990 researchers and land managers have teamed up to experiment with restoration
techniques in pifidjuniper woodlands(Jacobs et al. 2002The primary restoration treatment
(thinning and application of slash mulch) in this study was demonstrated to be an effective
remediation technique for increasing herbaceous cover, stabilizing soils, and supporting surface
fire. Monitoring showedthat the restoration treatment also increased the regl@negetation

to drought effects.

According to a review of research by Abella (2009), previous studies did not consistently show an
increase in ground flora diversity ponderosa pine forestStudies that have shown significant
increases in species richness with treatmeatghlin and Fulé 2008yletlen and Fiedler 2006
Moore et al. 2006) have reported a minimum threshold basal area required (dbvsdoare

SWCA Environmental Consultants 14 April 2015



Estancia Basin Watershed Health and Monitoring Projéétl4Annual Repdr

meters[m?]/ha) before a significant increase in herbaceous production can occur. Previous
research has also shown similar relationships between ground flora production and basal area.
Clary and Ffolliott (1966) found that ground flora biomass was higher in thstaedgcompared

with unthinned standsyith residual basal area oft 18 m?ha, but there was no significant
difference among treatments when pibéhning basal area exceededri®ha.

Abella and Covington004) found that total mean specigshnesger square metelid not differ
significantly among control, lowand mediurrintensity thinning treatments, but hightensity
treatment areas did yield a richness twice as high as other treatments. This indicates that a lower
limit stand densitythreshold needs to be passed before species ricmueeasesFew studies

have assessed community composition following thinningaathwestorests. Only Abella and
Covington @004 have statistically evaluated overall community compositional difteren
among treatments. They reported subtle but positive native species compositional differences
between control plots and thinned and burned plots 3 years after treatment. Many authors have
noted the need for future research to distinguish the effeatgecanical thinning on understory
dynamics from the effects of prescribed burning (Abella 260& et al. 2001).

In a review of the National Fire and Fire Surrogates study by Mehadr(2013), theauthos state

that most literature on the effects toéatment on ecosystem processes finds that standard fuel
treatments generally cause modest effects on most components-fofedityecosystems, the
magnitude of effects correlates well with the intensity of the treatment and most variables quickly
recove to pretreatment levels.

Exotic Invasive Weeds

Non-native or exotic invasive weed spediessponse to thinning has been studied by various
researchers (Allen et al. 2002rawford et al. 2001; Griffis et al. 2001; Hunter et al. 2006; Keeley
2006;Korb and Springer 200&toddard and McGlone 2008). Thinning has generally been found

to promote the establishment of exotic weed species (Hunter et al. 2006). Nelson et al. (2008)
found that exotic species showed small but highly significant increasesén and richness in
response to both thinning and burning. Cover and richness of exotic herbs showed small increases
with intensity and disturbance and time since treatment. In contrast they found no significant effect
of thinning or burning on understoplant composition, nor significant differences among
treatments in canopy cover and species richness of native phaiffs et al. (2001) report a
stronger response by exotic species than native species to thinning in terms of species richness and
abwdance.

Stoddard and McGlone (20Q8ytudying a Southwest ponderosa pine forest, found that
disturbances associated with restoration treatments facilitated the establishment of exotic weed
species. Exotic weed species abundance and richness increasédastynin response to
treatment intensity. Within 2 years of treatmesmotic species made up %@land 45% of the
indicator species in the medidrand highintensity plots respectively After 2 years, exotic
species had declined in proportion to naspecies cover and richnessid after 6 years exotic
species were only a minor component of the plant community.

The exotic invasive weed cheatgraBsofnus tectorumis a concern in pifidjuniperdominated
woodlands following treatment (Matchett et 8D10). Application of wood chips following
mastication has been shown to reduce the dominance of cheatgrass (Wolk and Rocca 2009), which
may be a result of increased soil carbon from the makotingto reduced soil nitrogen levels that
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inhibit growth ofinvasive plants. Alternative]ghe mulch may significantly shade the soil surface

and inhibit seed germination and seedling growth. Reduced dominance of exotic invasive weeds
such as cheatgrass can lead to increased density, @odetiversity of nativepecies, which could
provide an additional benefit of tree thinning treatments.

2.1.6 BIRDS

The effects of thinning on bird populationavemost often been based on observational studies
after forest treatments or pd#te salvage logging or wildfireBock and Block 2005Kotliar et al.

2002 Saab and Powell 2005aab et al. 2004According to Hutto et al[2014), birds are a highly
effective and useful ecological indicator group since large numbers of species can be detected
using a single method (Hutto 98 Hutto et al. 2014). This is especially important in evaluating
forest restoration because each species is associated with a distinct vegetation condition, and their
community structure is sensitive to forest structure (Hutto et al. 20ty authordave found

that the removal of smatliameter trees typical of fuel reduction treatmemas a neutral to
positive effect on avian specie&dines et al. 2010Hurteau et al. 2008; Kalies et al. (&)
Verschuyl et al. 203, White et al. 2018 though stuiks have revealed that responses are generally
species specifiand/or vary over time, attributable to the pace of vegetation response of the
understory and overstory strata (Yegorova 20¥&gorova (2013) found that biekgetation
relationships are hidy dynamic, which theauthor attributes to intrinsic population processes
rather than plasticity in avian habitat selection.

Kalies et al. (2009) in a study of wildlife responses to thinningaathwestern conifer forests
found that at the guild levederial foraging birds beneditlfrom smaltdiametertreeremoval but
they had negative responses targediameter treeverstory removalGround shrubforaging
birds responded positively to overstory remowgalggesting that the treatment was effective i
maintaining or enhancing understory and shrub cover (Ffolliott and Gottfried Y88& et al.
2000). Woodpeckers, however, declined following overstory removdlee occurrence
probability of bark foragers and seed eaters was more closely associhtathiniic variabled
that is annual variability of food resources like bark beef@aylord 2014) seed mastand
composition of tree species. Foliage insectivondsch glean invertebrates from foliage of trees
and shrubswere associated with higheee cover and fuel reduction that reduced cover of these
species impacted the foliage insectivoisk gleaners responded differenthith their response
being related to intermediate canopy cover and reduced shrub Gayord (2014) relates bark
bedle infestations, like those observed acrossShhwest, with providing insectivorous avian
species with increased food, as well as creating habitat for esstyng birds.

Hurteau et al. (2008) reported an increase in western blugimtla mexicaa) densitiesas a
result ofincreasing foraging opportunitigsost thinning(Hurteau et al. 2008). Wightman and
Germaine (2006) had similar findinygreatments to reduce tree densities and increase herbaceous
vegetation provide a more abundant food sowed improved habitat quality for bluebirds.
Mountain chickadeeg¢Poecile gambe)ihave been found to be negatively affected by timber
management practices (Hurteau et al. 2068ductions in density of the species are consistent
with other studies (Frangb 1978 McCallum et al. 1999).

A study by Hurteau et al. (2008) found that treatments to reduce forest fuels had little effect on
avian diversity over 4 yearbut did affect some aspects of species composition and abundance.
Their results suggest thalthough the smabcale forest treatments they studied may have
influenced the avian species present, natural annual variation in disreistronger source of
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variation. Similarly Szaro and Balda (1986) found that various intensities of forest thinning
treatments influenced bird density and species richbessreatments had a greater influence on
community composition.

White et al. (2013) used computer simulations to evaluate avian response to fuel reduction
treatments in coniferous forests. Theygested that although fuel reduction treatments may
provide or improve suitable habitat for some species, treatments may cause an overall but minimal
cumulative reduction in species richness. Simulations also showed that treatments that created a
more comjex stand structure increased the occurrence probability by greater than 30% for a larger
number of avian species than typical fuel reduction methods and led to smaller predicted
reductions in species richness. Their models suggest that a greater nuawi&n species would

be retained by using a treatment that adds or retains forest structural heterogeneity. Kalies et al.
(2009) similarly found that a mosaic of forest conditions may be the most appropriate technique
for providing suitable habitat for aide range of forest passerines. They suggest that landscape
level forest treatments applied by land managers throughout the country will have only modest
effects on avian species.

When assessing treatment impacts on avian species, Robinson (2010) siuexp#rimental
units are often not large enough to capture meaningful population responses, which may obscure
impacts that would only emerge on treatments at larger scales.

2.1.7 RODENTS

The effectiveness of thinning to either promote or maintain habitat lessd@smonstrated for a
number of foresfloor specialists and generalists (Carey and Wilson 2@tkzen et al. 2007
Hayward et al. 1999%lenner and Sullivan 2003uzuki and Hayes 2003Vilson and Carey
2000). Thinning treatmentdiaveincreased forest gial and temporal heterogeneity, diversified
habitat available for wildlifeand in turn restored a native, diverse assemblage of animal species
(Allen et al. 2002Noss et al. 2006with any significant management action likely to favor some
species oveothers (Mclver et al. 2013). Mclver et al. (2013) in a review of fire surrogate studies
across the bited Statessummarize that species that favor drier microhabitat conditions have been
found to respond more positively to management actions that iedneas and light at the forest
floor (Huang et al. 2007gxpose bare mineral soil (Boerner et al. 20D®yease grass cover due

to decreased shrub cover (Collins et al. 2087} increase within stand heterogené@yindale

et al. 2006).

Several studis have found early and positive responses of small fibtbestmammals to thinning
(Converseet al.2006a, 2006b; Muzika et al. 2004; Sullivan et al. 2005; Suzuki and Hayes 2003;
Wilson and Carey 20Q0Wilson and Forsman 2013) with numerous authors tejgpithat
reductions in canopy cover may increase herbaceous plant and shrub cover (Bagne and Finch 2010
Block et al. 2005;Carey and Johnson 1998onverse et al. 2006 Lee et al. 2008). This
understory response results in increased structure andiplargity on the forest floor, providing

food, shelter, and protective cover for small mammikssponses were generally strongest in
forests that originally lacked understory cover and shrub components (Wilson and Forsman 2013).

In a 6year study of thining effects on small mammal populations in ponderosa pine forests,
Bagne and Finch (2010) found positive or neutral effects of thinning on the small mammals
examined.Out of 4 years of poghinning data, positive effects lasted for up to 3 years-post
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thinning.As found by other authors, positive effects were attributed to increases in downed woody
debris Converse et al. 2006a, 2008¥anning and Edge 2004), herbaceous understory plants
(Converse et al. 2006a; Manning and Edge 208dzuki and Hayes 2003gnd habitat
heterogeneity (Carey and Wilson 2Q004uzika et al. 2004)Bagne and Finch (2010) repedta

lack of negative effects on small mammals, which they suggest indicates that ecosystem function
remainsintact following largescale thinning with nmimal soil disturbance in this watershed.
Some species were positively affected for a short period asBagk and Fincf010)also found

that precipitation, flooding potentiahnd capture probabilities are important when examining
changes in small mamal populations and likely influenced the timing of small mammal responses
to thinning thus abiotic influences need to be considered when evaluating treatment effects.
Mclver et al. (2013) in a comprehensive review of the literature, suggest that aarbssad
spectrum of the ecosystem, treatment response tended to be subtleegistemt, suggesting a
single entry of mechanical treatment is unlikely to cause major or persistent changes in most
ecosystem properties. Any changes that did occur whétéesand transient, lasting only 1 to 3
years Boerner et al. 200 oates et al. 2008).

The Northern Arizona University Ecological Restoration Instit(@©10) looked at time since
treatment effects in ponderosa pine on mammal density was an imporiabtevéor four key
speciesThey concluded that species associated with denser cover were the only ones to increase
in occupancy with increased densitihe presence of slash piles and duration of the slasltd piles
presenceproduced positive occupancy regges from all but one small mammée pocket
gopher{Geomyidae)a burrowing specie$he presence of downed wood or slash is important for
some speciesChambers 2002Converse et al. 20@B particularly deer mic§Peromyscus
maniculatu$, because of its use for cover, nestiagd food A number of researchers have found

that most groundiwelling rodents responded positively to srthiimetertreeremoval and that

deer mouse densities increased following treatmkatis 2010;Kalies et & 2009 Zwolak
2009).The Northern Arizona Universitgtudy acknowledged the importance of downed wood as
an important habitat feature for some members of the small mammal community, but concluded
that the presence of downed wood is less important tharstovy and understory vegetation
composition and structur€onverse et al. (2006a) also found that although woody debris created
during thinning operations may provide greater protective cover for small mammals, the eventual
removal of these materials snaesult in reductions of small mammal populatioRsirther,
thinning operations may open foresigreasing the success of predators hunting small mammals
(Gese et al. 1995).

2.1.8 WILD FIRE

Historically, wildfires have played a key role in maintaining theganofunctioning of ponderosa

pine forests in the American Southwest. Research has shown thestieenent fire return

intervals ranged from 2 to 15 yearssouthwestern ponderosa pine sta(@aetnam and Baisan

1996; Swetnam and Betancourt 1998cluding the Manzano Mountains in central New Mexico

where this study was conducted. However, forest management practices (wildfire suppression)
coupled with intensive livestock grazing (loss of herbaceous understory fuels) over the past century
has greatlyimited natural fires and their ecological effeotsthese ecosystems. Ponderosa pine
forests were onelei kceaompsotsaendd so fwifipharckonsi der abl
with heterogeneous spatial stand structure patterns (Allen et al. 20@2)y ldre result of the

repeat occurrence of surface fires. In many watersheds throughout the Southwest, over 90 percent
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of ponderosa pine forests are considered at high risk of crown fires because of dense structure and
unnaturally high levels of accumt#al fuels Allen et al. 2002;,Covington and Moore 1994a,
1994b). Given the state of these forebigh-severitywildfires are now commonplace and are
associated with a number of significant and undesirable ecological impacts (Covington and Moore
1994a; Fie et al. 1997). Higiseverity wildfireshave the ability to disrupt, damage, and destroy
ecosystem functioning through the consumption of the uraahel overstory vegetative cover and

the protective litter and duff layers.

The damaging effect gbresem-day wildfires on ecosystem function, in particular vegetative
response, has been well documented throughout the literAfoedia et al. 201& Brown et al.

2000; Campbell et al. 1977 folliott et al. 2008;Neary et al. 2008), with many studiedating

plant response to burn severityeftile et al. 2007_yon and Stickneyl976Ryan and Noste
1985). Lentile et al(2007) in a study ofeight wildfires found thatpostfire vegetation species
richness varied highly among patches burned with lowdaraie and high severity. They state
that variation could be attributed to fiseale variability inpostfire effects to soil, the prére
vegetation coverand the degree of resilience of the-fire vegetation to fire. Others have found
postfire plant composition to be correlated with pdse climate (Whelan 1995), litter and duff
consumption and forest floor condition (Lentile et al. 2007), and seed production (Lyon and
Stickney 1976). The relationships between native and exotic species restionseg fire report
various and inconsistent relationships between native and exotic species richness and cover
(Abella et al. 2018, Fornwalt et al. 201Gunter et al. 20068Keeley et al. 2003Stohigren et al.
1999). A literature review by Abella et §2012) concludes that native and exotic plant species
richness and cover have been primarily found to be positively correlated.

In order to mitigate fire effects on ecosystem resources,dagérity burn areas typically undergo
postfire rehabilitation treatmentsincluding the application of mulch, contour felling of trees, and
aerial seeding of exotic grassdleppin et al. 2014Robichaud 2000). The later of these
techniques, aerial seeding, is the most often used method by land managers dase tbfe
application, relative low cost compared to the other techniques, ability to limit the establishment
of local exotic invasiveand weed/ species, and is mandated bySUfederal polices when
economical (Beyers 2008¢eppin et al. 201Btella et al2010).Pyke et al. (2002) suggested that

in the absence of intensive pdse rehabilitation of native species, exotic invasive exotic species
will out-compete many native plants, increasing fire risk and changing the ecology of wildland
areas. Speciedypically used in the seeding process are exotic annuals oflisfeorperennials;

these species typically have low productive potential in forested systems and/or are sterile hybrids
(Beyers 2004Everett et al. 199@Peppin et al. 201QRobichaud 2000Stella et al. 2010). Grasses

tend to be used most often because of their ability to establish and colonize sites in a short period
(Barclay et al. 2004Everett et al. 1990).

The effectiveness of aerial seeding is still heavily debated and critics stigggmstfire seeding

can suppress the native pdéist herbaceous flora and ecbmpete shrub and tree seedlings
(Beyers 2004). Several recent studies have addressed the effectivenessnifipasiseeding
(Barclay et al. 2004; Hunter et al. 200@pPin et al. 2010; Stella et al. 2010), but lbegn studies

(>2 years) are still lacking (Peppin et al. 2014). Consensus doeshexigtver, that the success

of postfire seeding can be largely attributed to weather conditions within the treatment area
(Peppin et al. 2014), especially the amount and timing of precipitation events (Peppin et al. 2010).
A literature review on poswildfire seeding of exotic grasses in the westemtéd Stateswas
conducted by Peppin et al. (2010) in order to answer a euoflguestions on the effectiveness

SWCA Environmental Consultants 19 April 2015



Estancia Basin Watershed Health and Monitoring Projéétl4Annual Repdr

of aerial seeding. The questions posed in this review were: does aerial seeding 1) reduce erosion,
2) does itreduce exotic plant cover, and 3) how ddeaffect native plant communities? They
reportedthat seeding sed for rehabilitation to reduce erosion and exotic plant establishment had
no conclusive results. This review and other reviddes/érs 2004Beyers et al. 1998Beyers et

al. 1998) also concluded that aerial seeding following a wildfire generally desreative cover

within the first few growing seasons, but there is not enough-tlermg data to determine how this
situation changes through time.

2.2 PROJECTDESCRIPTION

Forest thinning projects on private lands on the eastern slopes of the Manzanaiivsoarg
overseen by the Steering Committee and include projects in both ponderosa pine forests and
pifion/juniper woodlands. Forest thinning monitoring has been designed to address forest thinning
in both of these forest types, so four monitoring stueagsitive been established: two in ponderosa
pine forests and two in pifion/juniper woodlands. Each ponderosa pine site has been paired with a
pifion/juniper site in the same watershed, so that eaitie o watersheds has a ponderosa pine

and a pifion/junipemonitoring site. One pair of sites is situated at the northern end of the study
area (eastern slopes of the Manzano Mountains), and theio#tghe southern end (séeure

1.1). Two paired study plots have been installed at each of the four study sites. Descriptions of
physical site characteristics such as slope, aspect, parent materials, plant associations, and habitat
types are provided in tH&08 Monitoring Plan (SWCA 2008%urface elevations of the flumes

on the thinning plots can be seerliable2.1 below. All study sites chosen are representative of

the surrounding area; for example, all sites, excluding the Wester property, undergo a livestock
grazing regime, which is typical of the private land use in the Manzano Mountains. Ofierplot

each paiwas randomly selected for forest thinning treatments, and the other plot of the pair serve
as an untreated control. Parameters being measured for monitoring at each of the eight study plots
include rainfall, ambient temperature, soil moisture and terhperasoil chemistry, soil
movement, soil surface stability, soil surface hydrology runoff, vegetation canopy cover and
species composition, vegetation vertical structure, tree stand structure, density, composition and
health, and bird and small mammal sles composition and abundance.

Table 2.1. SurfaceElevations of theFlumes on theForest Thinning Plots

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

Actual forest thinning treatments were implemented in November 20d0vere completed by
May 2011. This 204 report presents théourth year of mstthinning treatment data and
comparisons of paired study plots. From 201&anr, the various environmental parameters being
measuredhavebeencompared between the treatmantl control study plots, and each study plot
will be compared to itself over time.
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2.3 FOREST THINNING TREATMENTS

One study plot of each forest thinning monitoring pair (plots 1 and 2) was randomly selected to be
treated with the standard New Mexico State Bwyeprescribed thinning treatment (pifion/juniper

or ponderosa pine prescriptions) in late 2010 and early, 2@G11 the other plot being left as a
control (plots T and (respectively). The minimum area and boundaries for thinning treatments
were determiad for each of those four plots and mapped with anseter accuracy global
positioning system (GPS) unit in October and November 2009. Those GPS coordinates were used
to produce geographic information system (GIS) maps of the treatment areas and bedodarie
each of the four treatment study plots (maps of the thinning arepiesented in the 2009 Annual
Report [SWCA 2010]). The thinning treatment areas for each of those plots included the entire
subwatershed that was previously defined and mappe@Din, Zhe vegetation/soils measurement

plot, and the mammal and bird sampling plot, all within the area of each treatment plot to be
thinned. A minimum treatment buffer area of 1@ters(m) (33 feet) was extended from the
boundaries of each subwatershed and study plot to ensure that all areas from which soil, hydrology,
vegetation, and animal measurements are being collected were thinned on those treatment plots.
Table 2.2 shows which plots were treated by tree thinning and which ones remained undisturbed
as controls.

Table2.2.  Treated and Control Plots acros the Four Monitoring Study Sites

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

Note that results presented above refer to plot number, and all treated plots were plot numéecebt at the Kelly site where

the treated plot was number 2.

Tree thinning treatments were conducted as planned and were inspected by New Mexico State
Forestry to ensure that all protocols were followed and that the thinning was conducted to the

standardslevelopedby the agencyor the region for both ponderosa pine and pifion/juniper
woodland. In addition to reducing the density of trees on treatment monitoring plots, the thinning
process also required that small branches from cut trees be chipgéd and spread on the
groundsurface. Largaliameter wood was removed from the sites for firewéaglre2.3 through

Figure 2.6 show views of both the netneated control plots anddgcent treatment plotshere

trees were thinned from each of the four monitoring sidsts werephotographed in late fall

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

b. Thinned treatment plot (play).

Figure 2.3.  Kelly pifion/juniper site thinning treatment plot after excess treesvere
removed in late 2010.
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a. Nonthinned control plot (plo€).

=

b. Thinned treatmentiqt (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 was removed shortly
after the photograph was taken.
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b. Thinned treatment plot (plaY).

Figure 2.5.  The Chilili ponderosa pine site following tree thinning.
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~

b. Thinned treatment plot (play).

Figure 2.6. The Wester ponderosa pine site in early spring 2011 following tree thinning.
The stacked wood was removed in early summe011
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2.4 RAINFALL AND TEMPERATURES

Spectrum WatchDog automated déaigging rain gauges installed at each of the paired vegetation
and soils monitoring plots at all of the study sites Sgarel.1) have run continuously since they

were installed in November 200Figure2.7). The WatchDog stations are located in openings in

the tree canopy in oed to reduce effects of interceptigkdditional details regarding the setup of

the weather stations are provided in the 2008 Monitoring Plan (SWCA 2008). The tipping bucket
rain gauges on the WatchDog stations are set to record rainfall and snowmektsuhtur
intervals continuously. In fall 2008, a graduated cylinder rain gauge was added to each of the
automated rain gauge locations to serve as backups in case of power failure or other malfunction
of the data loggetHigure2.8). These graduated rain gauges and their recorded values are checked
monthly when Time Domain Reflectometer (TDR) soil moisture and temperature readings are
taken; mineral oil is also added these gauges at this time to prevent evaporation of water
collected. The WatchDog stations are set to record ambient temperature, soil moisture 10 cm (4
inches) below the soil surfacel0 cm), and soil temperatuget 10 tm, all atl-hourintervals

Sal moisture and temperature data from each WatchDog station provide baseline comparisons for
the Field Scout TDR 200 soil water content and soil temperature data that are sampled monthly at
each study plot. All data from the stations areloffided approxnately every three months and
entered into a database. Summaries for precipitation, ambient temperature, soil moisture, and soil
temperature from 2@ton all thinning plots are presented as examples beMddsa presented

below ardong-term graphof eachof these variables (2002014) showng any trends that may

be occurringclimatically within the region.

During the 204 monitoring period the drought that occurredin 2011 2012 and 2013still
persistedhroughout the state of New Mexico, particulasler the project aredigure2.9). The

project areadl within the category of exceptional drougint 2011, which means thereere
exceptional and widespread crohae losses and shortages of water in reservoirs, streams, and
wells, creating water emergenciés 2012and 2013the drought was categorized as sevére

severe drought can cause water shortaggglting ina loss in crops and pasture landis.2014

the moisture that the area received was able to reduce the drought rating to moderate, which can
result in some damages to crops, pastures, streams, and wells. Moderate droughts can cause
localized water shortages and result in wais restrictions.
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Figure 2.7.

Figure 2.8. Graduated rain gauges are used for backup in the case of faileof one of the
WatchDog weather stations.
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U.S. Drought Monitor
New Mexico

October 29, 2013

(Released Thursday, Oct. 31, 2013)
Valid 7 a.m. EDT

Drought Conditions (Percent Area)

None | D0-D4 | D1-D4 | D2-D4 [fscEsZ i oxY

Cument 175 | 9825 (73.96 [ 37.69 | 339 | 0.00

Last Week

10220013 175 | 9825 (73.96 [ 37.69 | 339 | 0.00

3 Months Ago
e 014 0986 |98.49 | 9550 | 7355 | 2484

Start of
Calendar Year | 0.00 |100.00|98.83 | 94.05 | 31.88 | 0.97
112013

Start of
Water Year | 1.66 | 98.34 | 74.92 | 37.81| 339 | 0.00
1012013

OneYearAgo | o7 | o903 [ 9880 |71.03 | 11.45 | 0.68
10302012

Intensit
DO Abnormally Dry - D3 Extreme D rought
D1 Moderate Drought - D4 Exceptional Drought
D2 Severe Drought

The Drought Monitor focuses on broad-scale conditions.

Local conditions may vary. See accompanying text summary

for forecast statements.

Author:

Brian Fuchs

National Drought Mitigation Center

USDA J:
e

http://droughtmonitor.unl.edu/

U.S. Drought Monitor
New Mexico

October 28, 2014
(Released Thursday, Oct. 30, 2014)
Valid 8 am. EDT
Drought Conditions (Percent Area)
None |D0-D4 |D1-D4 [D2-D4

Cumrent 16.72 | 83.28 | 62.64 | 27.80 | 1.53 | 0.00

Last Week

osiset 16.70 | 83.30 [ 6264 | 27.80 | 1.53 | 0.00

3 Months Ago
Py 0.00 [100.00 | 95.63 | 54.47 | 18.26 | 0.00

Start of
Calendar Year | 033 (99.61 [75.21 [ 3268 | 396 | 0.00
12612013

Start of
Water Year [ 16.70 | 83.30 | 62.57 | 30.04 | 8.08 | 0.00
3802014

OneYearAgo | 475 | g5 25 (7306 | 3769 | 339 | 0.00
10282013

intensity.
DO sbnomally Dry I s reme Drought
o1 Moderate Drousht I 04 E xceptional Drougnt
D2 Severe Drought

The Drought Monitor focuses on broad-scale condions.
Local conditions may vary. See accompanying text summary
for forecast staternents

Author:
Brian Fuchs
National Drought Mitigation Center

USDA
= oo

http://droughtmonitor.unl.edu/

Figure 2.9.  Drought monitor map of New Mexico from the weels of October 29, 2013 and October 28, 2014, showing the
project area located within Torrance Countydecreasing to a moderate drought as compared to ttsevere

drought the county faced in 2013U.S. Drought Monitor 2014).
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2.4.1 PRECIPITATION

Hourly precipitation totals have been summed to monthly toaadthere aresimilar monthly
precipitation total$or the paired study plots at tihilili ponderosa pinstudy sitesKigure2.10).
Thegraphin Figure2.10shows similar monthly precipitation valudsr the paired study plots, as
was typical at all of the study siteSnnual precigtation values for 2002014 averaged for the
ponderosgine andpifion/junipersitesareshown below irFigure2.11. This figure clearly shows
thevariability in precipitation values throughout the study periwith 2011 and Q12 below the
long-term averag®f 36.6 cm 4.4 inchey (Western Regional Climate Cent2014) and 2013
being slightly above. In 2014 there wasslight decreasein precipitation valuesat the
pifion/juniper sitesbut a slight increase at thenderosaine sitesThe totd precipitation received
in 2014 at the pifion/juniper sitesas42.49 cm {6.73 inchesas compared td46.10 cm {8.15
incheg in 2013. The total precipitation at the ponderosa site3Wa¥ cm {4.87inches)in 2014
as compared t81.34 cm (2.34incheg in 2013. Thelong-term average is from a weather station
in Mountainair that has a period of record beginning May 1, 19@&stern Regional Climate
Center 2024).

All tipping bucket rain gages were funi@oning properly during the 2@Imonitoring season.

Monthly Total Rainfall, Chilili Sites T and C

e Chilili T Chilili C
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Figure 2.10. Monthly cumulative precipitation (rainfall and snow) from the two paired
Chilili ponderosa pinestudy plotsin 2014.
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=¢- Pifion/Juniper Sites =ll=Ponderosa Sites
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Annual Total Precipitation (inches)

2008 2009 2010 2011 2012 2013 2014

Figure 2.11.  Annual precipitation valuesfrom 2008i 20140n the pifion/juniper and
ponderosa pinesites which highlight the drought in 2011 2012 and
increased precipitation in 2013Jollowed by a decrease in 2014 for the
pifion/juniper and increase for the ponderosa pine
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2.4.2 AMBIENT TEMPERATURE

An example of monthly averages of hourly ambient temperatures is presentd@ Chilili
ponderosa pinetudy sites Kigure 2.12). This graph show similar monthly average ambient
temperaturefor the paired study plots, as was typical at all of the study Jitesaverage ambient
temperatures are also presented fifI922014, which hada steady risen temperaturérom 2008

to 2012 then a decrease in average temperature from 2012 to 2013 for the pifion/juniper sites and
a leveling off of temperature for the ponderpsze sitesand then another increase in 2014 to the
highest average temperatures recorded since the start of the pFajece 2.13). The average
temperature at thgifion/junper (11.7°C [53.10F]) sites waswell above the longerm average
for the areawhile theponderosaine sites (1®5°C [51.12F]), which are higher in elevation, had
average temperatures that were equal to the-tiermy average for the regiq@0.8°C p1.5°F]).
This average was taken from the lelegm weather station located in Mountain@ivesern
Regional Climate Center 20l hetemperature increase sdarthis study isalso what has been
occurring stateide and even at a national scale.

Monthly Average Air Temperature, Chilili Sites T and C

e Chilili T Chilili C
25

20

y
10 \

Temperature {C)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 2.12. Monthly average ambient temperatures from the two pairedChilili
ponderosa pinestudy plotsin 2014.
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Figure 2.13. Annual average ambienttemperature values atthe pifion/juniper and
ponderosa pinesites 2009 2014.

2.4.3 SOIL MOISTURE

An example of monthly averages of hourl$0 cm soil moisture readings are presented for the
paired study plots at thehilili ponderosa pinsite (Figure2.14). Soil moisture was measured with
Watermark soil moisture probes that measure soil water tension in kilopascal (kPa) values that are
directly equivalent to California Bearing fa(cbr) values for soil water saturation. Results for
paired plots were generally simildfore detailed information on the trends in soil moisture can

be found inSection2.5.1 below on soil TDR measurements.
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Monthly Average Soil Moisture, Chilili Sites T and C
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Figure 2.14. Monthly average soil moisture tensionsi(10 cm) from the two pairedChilili
ponderosa pinestudy plotsin 2014

2.4.4 OIL TEMPERATURE

An example of monthly averages of hourli0 cm soil temperature readings are presented for the
paired stug plots at theChilili ponderosa pinesites Figure 2.15). The graphs show similar
monthly average soil temperatures between the paired study plots (T and C) stubpthites,
which was generally the pattern across all sites.

A figure showing the annual soil temperatures for both the ponderogaifamdjunipersites is
also presented belofFigure2.16).
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Monthly Average Soil Temperature, Chilili Sites T and C
@ Chilili T e Chilili C

30

Temperature {C)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 2.15. Monthly average soil temperature {10 cm) from the two pairedChilili
ponderosa pinestudy plotsin 2014.
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Figure 2.16. Annual average soil temperature valuesit the pifion/juniper and ponderosa
pine sites 2009 2014.
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25 SoIs
2.5.1 ENTIRE StuDY PLOT SoiL WATER CONTENT AND TEMPERATURE (TDR)

Continuous hourly soil moisture and temperature measurements recorded by the WatchDog station
at each plot only provide a single reference point measurement for each plot, measured and
recorded hourly. In order to sample soil moisture and temperaturédcations throughout each
vegetation and soil monitoring plots, a portable Field Scout TDR 200 soil moisture meter was
used. Further information on the detailed methods can be found in the 2008 Annual Report (SWCA
2009).

Average percent soil volumetric e content otthe pifion/juniper and ponderggiats from 2008
through 20% is displayed below irFigure 2.17 and Figure 2.18. These results show that the
pifion/juniper and ponderosites are acting in similar fashion prior to the thinning treatments
completed in 2011but after 2012 the pifion/juniper sites shoveedecrease in average soll
moisture on both control and treatment plots while the ponderosa sites show an increase in average
soil moisture on control and treatment plé&tserageannualkoil moisturebetween the paired plots

is presented below fa2008 2014 from all forest thinning plotsRigure2.19i Figure2.22). These

figures indicate that the treated sites retain on average more soil moisture throughout the year,
especially after storm events and during times of drougHbowever, when looking at the
individual sites different trends are starting to become evident. For exang\agil control and
treatmenplot (seeFigure2.21) had similar soil moistures throughout the 2014 season. This can
likely be attributed to the decline in chip cover and increase in bare ground civerKelly
pifion/juniper sites showed the converse with the treatpientetaining more soil moisture dh

the controlseeFigure2.20). The ponderosa pines sites showed the same trends as previous years
with the treatment retaining slightly more soil moisture thancthntrols. Wether these findings
continue to persist into the future remains to be seen.
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Figure 2.17. Annual average soil moisture percentage for the pifion/juniper site2008
2014; moisture readings were averaged annually from the monthly readings.
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Figure 2.18. Annual average soil moisture percentagéor the ponderosa sites2008 2014;
moisture readings wereaveraged annually from themonthly readings.
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Figure 2.19. Averageannual soil moisture readings takenat the Chilili site, 2008 2014.
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Figure 2.20. Averageannual soil moisture readings taken at th&elly site, 2008 2014.
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Figure 2.21. Averageannual soil moisture readings taken at the Vigil site2008 2014
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Figure 2.22. Averageannual soil moisture readngs taken at the Wester site2008 2014.

2.5.2 SOIL SURFACE STABILITY

Soil surfacestability was not measured in 201Since only small changes in surface stability are
detectedbn an annual basig was decided that this measurement wouldrbasasitionedio a 3-
year monitoring cycland will be measured again in the spring of 2015.

2.5.3 SOIL MOVEMENT

Soil movement was monitored using soil movement bridges (called soil erosion bridges in the
2008 report) Figure2.23) modeled after White and Loftin (200@®ermanent bridge support posts
were installed at consistent, systematically determined, and unbiased locations at one of each of
the vegetation and $aubplots for a total of three bridges at each paired plot at all four sites.
Please refer to the 2008 Annual Report for detailed monitoring protocols and literature associated
with soil movement (SWCA 2009Figure2.24 shows the micreoil topography profile from one

of the three sampling points at the Kelly pifion/juniper site for 2RO81. The graph clearly shows

the yearly variability associated with soil movementa plot and a slighitend for overall soil

loss over the -gear period.Figure 2.25 through Figure 2.28 show averagesoil profile values
averaged over all points per bridge, and over three bridges per paired plot, for 2008, 2009, 2010,
2011, 2012 2013 and 2014Thesefigures showlittle overall change in average soil surface levels
over thaté-year periodand between the control and treatmgots The processes of soil erosion

and soil deposition can clearly be seen when plotting data frahya#irs.Over a series of years,

this study will document losses and/or gains to the soil surface profiles at each bridge site and will
provide average values for each of the eight plots in this study.
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Through4 years of postreatment monitoringno differences ha been observed betweereth
control and treatmentdowever, one factor to take into consideration is the lack of large
precipitation eventd-or the pas# years the project area has been in a severe draihgithas
resulted in very few overland flow events that typically movgdaamounts of sedimeotcurring
Overall, it does not appear that the treatments have caused darttagedid resourcedVhether
theseresuls persist into the future is still up for debatath only future monitoring providing a
conclusive answer.

Figure 2.23. Measurement of soil surface topography using a soil movement bridge helps
understand the yearly variability associated with soil topography.
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Figure 2.24. Soil surface profile from the soil movement bridge located at the Kelly
pifion/juniper control plot over 2008i 2014, showing variation in the soll
surface profile over a Zyear period. Each point 1 21 on the x axis represents
one measurement pointfom the soil surface to the level bridge above the

surface. Point 11 is the set point (head of a spike) for calibration.
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Figure 2.25. Average soil surface profiledor the Chilili sites, averaged from three soil
movement bridges located on each of the paired study plots over theyear

period, 2010 2014.
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Figure 2.26. Averagechange tosoil surface profiles for the Kelly sites, averaged from
three soil movement bridges located on each of the paired study plots over
the 6-year period, 20®i 2014.
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Figure 2.27. Averagechange tosoil surfaceprofiles for the Vigil sites, averaged from
three soil movement bridges located on each of the paired study plots over
the 6-year period, 20®i 2014.
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Figure 2.28. Averagechange tosoil surface profiles forthe Wester sites, averaged from
three soil movement bridges located on each of the paired study plots over
the 6-year period, 20®i 2014.

2.5.4 0IL CHEMISTRY

The chemistryof the soil is an important parameter in the overall health and functioning of a
watershd. In particular, the top layer of soil, the-iforizon, is important because it is the zone
where most biological activity occurs aisdherefore the most fertile layerhe A-horizon is also

the layer of soil most susceptible to disturbance becausexpased at the surface to the elements

of nature andhumans Soil chemistry plays a key role in sustaining the productivity of plants and
soil biota, which directly affect the ability of soil to infiltrate water. Understanding the chemical
makeup of a sbibefore treatment or disturbance can shed light on how restoration techniques
affect the chemical composition of the soil.

Baseline measurements of soil chemistry were obtained in 2008, #8{IB)10before thinning
treatments at the Kelly, Vigil, and Wester sites; Chilili was not included until the 2009 sampling
because this plot had yet to be established. The purpose of taking these measuvasients
guantify changes to soil chemistry potentialaused by thinning activities. The methods used in
2008, however, were slightly different than those used in 2009 and 2010 and can be a reason for
any large differences seen between yeHns. soil samples were obtained usinge@#diameter
(1.6-inch-diameer), 20cm-deep (8inch-deep) impact soil corer at the four corners of the three
established vegetation plotEigure 2.29). In 2008 the 12 subsamples were placedabeled
separate bags in order to attemphouse analysis with Cardy soil kits. The variability associated
with these kits, however, proved to be too great for reliable results, so the subsamples were
combined into one bag for each site and sent to déve Mexico State University Soils and Water
Testing (SWAT) laboratory for further analysia.2009through 2014the 12 subsamplesere
combined into the same bag at the time of sampling. These pooled samples were considered to be
representative of the sty areas. The 2009, 2010, and 2011 samples were sent to the SWAT
laboratory for analysisThe New Mexico State University SWAT laboratory closed in early 2012

so the 202, 2013 and 2014amples were sent the Soil, Water, and Plant Testing Laboratdry a
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Colorado State University (CSUY.hese methods followed the USFS Forest Inventory and
Analysis Guide procedures (USFS 2005).

Figure 2.29. Soil cores were taken using an impact corer, shown above, for chieal
analysis.

The variables measured by the SWANd CSUIlaboratores included saturated paste pH,
electronic conductivity, total soluble salts (sodium, calcium, and magnesium), sodium adsorption
ratio, organic matter, nitrogen (nitrate) (B)Cbicarbonate phosphorous, potassium, and a texture
estimate.The results othe soil organic mattecontentand the macro nutriemitrogenfrom
samples takefrom 2008 2014 are presented iRigure2.30 throughFigure2.37.

The various soil chemistry compounds varied quite a bit at a given plot, between paired plots
between sites, and between years. This amount of background variation will be important to
consider in determining if thinning treatments affect soil 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 2014

=== Control
15 : Kelly
PreTreatment : PostTreatment == Treatment
10 I R
$ I / \
~ 8
(0]
o 6
| /- \\
5 4 :
2 |
|
0 T h T T T T
2008 2009 2010 2011 2012 2013 2014

Figure 2.31. Organic matter concentrations measured at the Kelly site2008 2014.

SWCA Environmental Consultants

44

April 2015



Estancia Basin Watershed Health and Monitoring Projeétt4Annual Repdr

V|g|| —4=—Treatment

PreTreatment | PostTreatment o -onio

Organic Matter %
N

2008 2009 2010 2011 2012 2013 2014

Figure 2.32. Organic matter concentrations measured at the Vigil sites2008 2014.
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Figure 2.33. Organic matter concentrations measured at the Westesites 2008 2014.
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Figure 2.34. Nitrate concentrations measired at the Chilili sites, 2009 2014.
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Figure 2.35. Nitrate concentrations measuredt the Kelly sites 2008 2014
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Figure 2.36. Nitrate concentrations measuredt the Vigil sites 2008 2014.
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Figure 2.37. Nitrate concentrations measuredat the Wester sies 2008 2014.
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2.6 FOREST THINNING HYDROLOGIC MONITORING

Monitoring flumes (Parshall flumes) complete with pressure transducers were installddat
study sites to studthe impacts of tree thinning to surface flowigure 2.38). For more detailed
information onthe methodology, site locatipand relevant background information, please refer
to the 2008 Monitoring Plan (SWCA 2008).

Figure 2.38. Parshall flume located at the thinned Chilili site.

During the 2@4 monitoring period, rainfall occurred in the project arealdfo of the days
monitored compared with2% in 2013 and. 7% of the days monitoreish 2012. However,like

most yearsa majority ofthese rainfall event&-75%)wasrelatively small and totaled less than

2.5 mm (0.1 inch). During th2014 monitoring periodonly 8 flow eventswere recorded across

all watershedsThis was an increase from 2013, but $tdlvs generally did nobccurwithout at

least 7.6 mm (0.3 inch) of rainfall, whi¢tas been the case since the beginning of the projeet

plots located in the ponderosa pisgesgenerated runoff with slight less rain (7.6 mm [0.3
inch]), whereas the pifion/juniper sites required about 12.7 mm (0.5 inch) of rain to generate runoff
events.

During the 202 monitoring periogdthere were no basiwide storm events that generated flow
across all study sitessmutaneously Many of the flumes did not even record flewentsduring

the 204 monitoring season, which is a product of the persistent drought over the régeon.
flumes that did not record surface fl@wventsduring the 204 season includethe Chilili control

and the Wester treated siteven though there were very few recordable storm evieertsls that

were beginning to showin 2011 2012 and 2013wvere notlongerpersisting During the flows

events during 2014 the control sites saw larger flows than the treatment sites, which can be
attributed to a number of factor€One factor is the intensity of the precipitation, which can be
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significantly different from one watershedtt@ other during the monsoon season. The rain gages
at the site only measure hourly precipitation; therefore, being able to tease this out would be
difficult. Another factor that could be contributing to the reduction of flows on the treated
watershedsould be a result dherecovery of thénerbaceous cover whidfas the ability to limit

the amount of overland flownd increase the soil infiltrationSeveral of thdlumes recorthg
eventsin 2014 had paired events measu@dmeans both the contrand treatment watersheds
had a flow event. Below iRigure2.39 andFigure 2.40 two paired flow events from the Kelly
watersheds are highlighted as well as a paired event from the Vigil Bitrgg2.41). The
summaryresults of these flosvcan be found ifable2.3 throughTable2.5. Since 2014 was the
first year where control flows were higher than that of thattnent sites additional monitoring is
needed to see if this new trepdrsiss into the future or if this was merely a product of monsoon
moisture patternll Parshall flumes were functioning properly during the £26&ason.
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Figure 2.39. Hydrograph showing the Kelly treatment and control treatment during a
storm flow event onAugust 4, 2014
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Table 2.3. Summary of Runoff Event for the Kelly treatment and control, August 4,
2014.
Study Sites
AUIARE RIS Kelly Treated Kelly Control

Flow start 16:45 16:50
Flow stop 18:20 18:20
Peak stage (feet) 0.687 0.77
Peak flow (cubic feet/second) 0.558 0.662
Flow duration (minutes) 100 90
Total volume oflow (cubic feet) 1819 1606
Watershed area (acres) 0.31 0.29
Volume of flow per acre (cubic feet/acre) 5867 5538
Total rainfall (inches) 2.97 2.85
Total volumetric rainfall (cubic feet) 3,342 3000
Rainfall/Runoff ratio 0.54 0.54

Ke”y Auqgust 25, 2014  —treatment

= Control

/

o o =P
o © P PN

/

/

|

Stage (feet)

[ A
/+/ \

© oo oo o0o0o
R N W b~ 01O N

N

|
|
/
L

16:50
16:55
17:05
17:10
17:15
17:20
17:25
17:30
17:35
17:40
17:45
17:50
17:55
18:00
18:05
18:10
18:15

Figure 2.40. Hydrograph showing the storm flow at theKelly treatment and control site

that occurred on August 25 204.
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Table 2.4. Summary of Runoff Event for the Kelly Sites,August 25, 2014.

Study Sites
Runoff Parameters Kelly Treated Kelly Control
Flow start 1640 1650
Flow stop 17:45 18:20
Peak stage (feet) 0.534 1.038
Peak flow (cubic feet/second) 0.371 1.039
Flow duration (minutes) 70 85
Total volume oflow (cubic feet) 836 3246
Watershed area (acres) 0.31 0.29
Volume of flow per acre (cubic feet/acre) 2697 11,193
Total rainfall (inches) 193 1.93
Total volumetric rainfall (cubic feet) 2172 2032
Rainfall/Runoff ratio 0.38 1.6
0.45 Vigil August 4, 2014~ —Treatment
e COontrol
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Figure 2.41. Hydrograph showing the storm flow at theVigil treatment and control r site
that occurred on August 4, 2014.
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Table 2.5. Summary of Runoff Event for the Vigil Sites,August 4, 2014

Study Sites
Runoff Parameters Vigil Treated Vigil Control

Flow start 16:30 15:25
Flow stop 17:05 16:15
Peak stage (feet) 0.134 04
Peak flow (cubic feet/second) 0.042 0.24
Flow duration (minutes) 35 55
Total volume of flow(cubic feet) 45 392
Watershed area (acres) 0.68 0.1
Volume of flow per acre (cubic feet/acre) 66.18 3920
Total rainfall (inches) 2.04 2.04
Total volumetric rainfall (cubic feet) 5036 5036
Rainfall/Runoff ratio 0.01 0.08

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

2.6.1 FLow FREQUENCY , DURATION , AND VOLUME

Frequency of flow will be analyzed over time as data are collected; however, based on the period
of record so fara baseline has been established for the remaining paranmdtensarameters of

flow duration and volume will likely be the least useful in assessing effects from forest thinning,
as these parameters are highly dependent on rainfall duration and intenggneral, the
ponderosapine sites generated flows of longer duration andagge volume thamndid the
pifion/juniper sites, which can likely be attributed the elevation differerseesT éble 2.1). A
summary of the number of flowvents (frequency), flow duration, and flow volume for the
observed runoff events is shownTiable2.6.
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Table 2.6. Summary of Flow Frequency, Duration, and Volume 2008 2014

Locaon | Nomberof | SUZen | Ouwaion | Volme | Medanvolume
(minutes) (minutes) (cubic feet)
Chililitreatment 4 30¢840 512.5 16.5¢17,751 9,197
Chililicontrol 8 25¢715 167.5 36¢2,564 920.5
Kellycontrol 8 25¢90 30 38¢3,246 54,5
Kellytreatment 3 15100 15 69-2,696 1819
Vigiltreatment 16 15¢115 40 46¢197 117
Vigilcontrol 8 20¢80 50 123290 218
Westertreatment 6 10¢235 102.5 394,765 210
Westercontrol 8 10¢760 90 42¢9,458 444
Qi'r']zo”derosa 26 10¢840 95 3509,458 468.5
All pifion/juniper 35 15¢115 45 38¢3,246 157.6

2.6.2 PEAK FLOW/STAGE

Peak flow can be affected by the intensity of rainfall, but it is also a measure of the flashiness of
flow; particularly in posfiire monitoring, runoff can occur rapidly with large peaks appearing very
quickly. The highest peak stage was recorded aéty Controlplot during 20140.32m [1.038

feet]), while the greatest recorded peak flow of 1.29 feet was recorded at the dvestplot

on July 2, 2010 (coinciding with the greatest observed daily rainfaBummary of peak stage
runoff events for all years is shownTiable2.7.

Table 2.7. Peak Stage of Runoff Events2008 2014

Location Number of Flow Events Range ((f)(fe;?ak Stage Median Peak Stagéeet)
Chilili treatment 4 0.1%0.76 0.475
Chilili control 8 0.11¢0.57 0.375
Kelly control 8 0.14¢1.038 0.175
Kelly treatment 3 0.02.0.69 0.23
Vigil treatment 16 0.06c0.46 0.19
Vigil control 8 0.2204 0.27
Wester treatment 6 0.150.85 0.19
Westercontrol 8 0.121.29 0.38
All ponderosa pine 26 0.11¢1.29 0.35
All pifion/juniper 35 0.02¢1.038 0.175
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2.6.3 RAINFALL /R UNOFF RATIO

The rainfall/runoff ratio is perhaps the most useful parameter to ob#dire¢her parameters can

vary due solely to thenagnitude or intensity of rainfall; the rainfall/runoff ratio normalizes the
flow events, although intensity and antecedent soil moisture conditions will still affect the amount
of runoff. The rainfall/runoff ratio looks at the percentage of rainfall igllon the watersheahd
leaving as surface runofA value of zero indicates no water left the watershed, and a value of 1
indicates all water falling on the watershed was observed leaving as surface runoff (this is highly
unlikely). In natural settingsthe rainfall/runoff ratio typically falls in the 0.1 to 0.3 range. The
rainfall/runoff ratios observed during flow events from the watersheds are summarizailen

2.8. In general, rainfall/runoff ratios were highly variable, including some extremely high values;
however, almost 70% of the flow events had rainfall/runoff ratios of less tharP@d@erosaine

sites exhibited a slightly lower rainfall/runoff ratiban pifion/juniper sites, which can likely be
attributed to the large amounts of litter and duff that serve as a sponge and retain the water.

Table 2.8. Rainfall/Runoff Ratio for Observed Flow Events 2008 2014

Location Number of Elow Events Range of Ra.infaII/Runoff Median Raiqfall/Runoff
Ratio Ratio
Chilili treatment 4 0.01c0.561 0.056
Chilili control 8 0.00%0.550 0.022
Kelly control 8 0.04%1.60 0.460
Kelly treatment 3 0.01:0.54 0.38
Vigil treatment 16 0.01¢0.160 0.056
Vigil control 8 0.063%0.654 0.439
Wester treatment 6 0.0290.058 0.044
Wester control 8 0.01%:0.848 0.407
All ponderosa pine 26 0.003%0.848 0.058
All pifion/juniper 35 0.01¢1.60 0.056

2.7 TREESAND OTHER VEGETATION

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

2.7.1 TREES AND WILDFIRE FUELS

Tree monitoringmeasuremestin the fall of 2014included observations of wapy dieback,
disease or damagend live and dead status.

Basal Area Measurements

Basal area measurements were taken in spring 2011. Since basal areas are unlieebhtigzd
between 2011 and 281nobasal area measurements were taken during this field s&as@11
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basal area measurements are showraile2.9. Basalarea will be measured again in tfadl of

2015.

Table29.  Treatment Designation for All Plots (with basal area totals)2011

Site Average Basal Area (square Average Basal Area (square
feet/acre) 2008 feet/acre) 2011
Chilili treatment 210 79
Chilili control 194 194
Kelly control 106 106
Kelly treatment 155 47
Vigil treatment 124 39
Vigil control 129 129
Wester treatment 220 99
Wester control 213 213

Stand Structure

Diameter measurements of tresre taken in 2012. Since diametegasurements are unlikely to

have changed significantly since 2012, diameter measurements were not takenon 20148

The measurements from 204& used below to demonstrate the stand structure and vadeus si
classes at each siteigure2.42 andFigure2.43 show the size class structure of ponderosa pine

trees(diameter at breast height [DB}at the ponderosainesites Chilili and WesterFigure2.44
andFigure 2.45 show the size class structurepiion and juniper treegdiameter at root crown
[DRC]) at thepifion/junipersites Kelly and Vigil.
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Figure 2.42. Size classes of ponderosa pine trees measured at DBHtloa Chilili control

and treatment plots.
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Figure 2.43. Size classes of ponderosa pine trees measured at DBH on the Wester control
and treatment plots.
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Figure 2.44. Size classes giifion/juniper trees measured at DRC on the Kelly control and
treatment plots.
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Figure 2.45. Size classes giifion/juniper trees measured at DRC on the Vigil control and
treatment plots.

Figure2.42 throughFigure2.45illustrate the difference in size classtdisution between control

and treatment plots for each site. At both pondepasasites (Chilili and Westerthe control

plots have a greater number of trees digted in the lower size class@s$ 7 inchesandto a lesser
extent 8 11 inche¥, compared to the treatment plots where trees are more uniformly distributed
across size classes and the number of srvdieneter trees1{4 inche$ is reduced. For the
pifion/junipercontrol plots on both sites (Kelly and Vigil), the greatest numberses fiall in size
classes B8 and 912 inchesDRC, respectivelyand there areelativelyfewer largediameter trees.

Both pifion/junipertreatment plots had no trees less than 4 inches,BR&€Cthe remaining trees
weremore evenly distributed across sizasdes than the control plots.

Crown Dieback

Percent crown dieback is the percentage of the leafy canopy of each tree that showed signs of
physiological stress (i.e., brown needles and leaves). Crown dieback could result from a number
of environmental fadrs, e.g, drought, insect attack, competition, and disease. Measurement of
crown dieback is highly dependent on the time of year; as a result, efforts are made to take
measurements consistently during late September to early October eaclrigaes.2.46
illustrates crown dieback across all sites.

Crowndieback levels from 2008 to 204&re presented below by site and year {(Sgare2.46).
This graph clearly shows tlieherentvariability associated with measuring crown dieb&awn
dieback of individual trees can be highly variable across a plot based on tree gpsitod and
the environmental factors it is exposed to. Dieback levels fot @@te low compeed to previous
yearsaveraging % to 4% across all plotaNe believe that dieback levels are within the normal
range of variability for all years.
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Figure 2.46. Average percent crown dieback of tree canopie®f each thinning plot, 2008
2014.

Tree Mortality

In total, 613 trees were tagged across all watersheds in this wfitildgpecies composition from
ponderoa pine, pifion pine, oneseed juniper, and alligator juniheriferus deppeanaln 2008

there were no dead trees tagged on any plots. Natural tree mortality has been low across all plots
in all 7 years Figure2.47).

The 204 season sawmited mortality (not attributed to tree cuttingh only the Kellycontrol

and Wesgr control plots. The Kellycontrol plot saw 8% mortalityall of which waslocated in the

same cluster and likely a result of the ongoing drought amnkl leeetle infestationThe Wester
control plot had one tree djevhich was likely a result of the drought and insects as sll.
demonstrated iRigure2.46, a number of plotsxperienced crown dieback in 20f¥at may result

in increased mortality in subsequent years. Tree mortality will continue to be monitored every fall.
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Figure 2.47. Percent tree mortality recorded across kthinning plots from 2008i 2014.
Percent mortality is recorded in relation to tree status in 2008.

2.7.2 VEGETATION AND GROUND SURFACE COVER MONITORING

Herbaceous \getation was again measured along line intercepts and quadrats from the vegetation
and soils plots at each site as presented in the 2009 Annual Report. Additionally, in 2010, SWCA
initiated more extensive vegetation measurements on the wildlife plotslen wr characterize
vegetation composition and structure as habitat for wildlife on those plots and to provide
guantitative data to determine how vegetation or habitat changed on the wildlife plots relative to
forest thinning treatments. Those vegetati@asurements were taken again in 2011, 2PQ23

and 2014andarebeng used to characterize vegetation changes on study plots relative to forest
thinning treatments. Vegetation was measured fremf {10.8-squarefoot) quadrats located at

each of the 3@ermanently marked rodent trapping stations on each wildlife plot in a six by six
grid, with stations at fn (33-foot) intervals (50 x 50m [164 x 164foot] plot). All herbaceous

plant species, cacgtand woody shrubs were measured on each of those(10.8squarefoot)
guadrats. The total canopy cover and maximum height in centimeters of each species was
measured per quadrat. Vegetation quadrat data were also categorized by growth form (e.g., shrub,
cacti, grass, fortotal herbaceous vegetation (gesand forbs(herbs),and life history (annual

or perennial). In addition to vegetation, soil surface cover categories also were measured on the
guadrats, including bare soil, leaf litter (and dead and downed woody material), rock, and
cryptobiotic (crypbgam) soil surface crusts. Measures of wood chip coverage on the ground
resulting from forest thinning practices were added in 201Thawe beerontinued each yea
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The vegetation and ground cover data measured from the replicated quadrats on woldlife p
provide the most appropriate data for statistical testing for differences in those cover values
resulting from thinning treatments, because there is sufficient sample replicetid®6 on each

paired plot)to perform parametric statistical testsséJ those 36 sampling quadrats were evenly
distributed over relative large areas (plots 50 m [164 feet] on a side), providing a good sampling
representation of each of the paired study plots. Data from each vegetation and ground cover type
were used to teésor differences between paired plots using paramp#iiedt-tess. Ideally, there
shouldhave beemo significant differences between paired plots prior to thinning treatments. If
thinning has an effect on any of those cover types, then a signiiiff@nénce would be expected
following thinning treatments.

Tree canopy cover and vegetation vertical structure (i.e., lower tree branches) were measured on
the wildlife plots every fall from 2010 through 2012. However, since tree structure changes very
slowly in contrast with herbaceous vegetation, tree canopyaitidal structure on the wildlife

plots are now being measured eveByyears since 2012. The next tree canopy and structure
measurements will be taken in 2015.

Results for herbaceous understory vegetation and soil surface cover types measured from the
thirty-six 1-m? (10.8squarefoot) quadrats in the fabif 2014 are presented iRigure2.48, & bb,
providing separate graphs for forbs, grasaifierbs and each soil surface cover type. Results
from 2010 prior to tree thinning treatments and in 2@ibugh 2014 following thinning
treatments also are presentedrigure2.48, a bb, to show annual change in those variables over
time. Results of statistical pairedetsts of differences between mean cover values for each of the
different vegetation and ground surface cover types measured4ra@dshown inFigure2.48

are presented ihable2.10.
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Figure 2.48. These graphs illustrate the mean valuesf cover type found aross all

vegetation quadrats among all of the study sites and paired study pldt®m
fall 2010 through 20%. Thinning treatments occurred on the treatment plots
between 2010 and 2011. Note that the vertical axis scales vary among these
graphs in order to best present each cover type. Error bars represert one
standard error of the mean.

Table 2.10. Test Results forPaired T-tests of No DifferenceBetweenMean Values of
Vegetation and Ground Cover Types Measted from Vegetation Quadrats
on Each Study Plot Pair at the Four Study Sites in 201
Site Parameter Control Mean Tr:ﬂa;r;lr?nt (sigr-l\i/f?(l:?lce)
Chilili All herbs (forbs and grasses 8.7 8.3 0.89
Forbs 2.2 1.3 0.30
Grasses 6.4 7.0 0.82
Baresoil 1.6 0 0.02
Cryptobiotic crust 1.7 0.3 0.15
Leaf litter 79.8 64.4 0.008
Wood chips 0 24.4 <0.0001
Kelly All herbs (forbs and grasses 28.1 39.8 0.05
Forbs 35 9.8 0.02
Grasses 24.6 29.9 0.39
Bare soll 13.9 16.3 0.63
Cryptobiotic crust 22.2 2.0 <0.0001
Leaf litter 42.1 24.8 0.06
Wood chips 0 19.2 0.0002
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Site Parameter Control Mean Tr:ﬂa;r;l:nt (sigé\iﬂ‘?cl::(re]ce)

Vigil All herbs (forbs and grasses 21.9 62.8 <0.0001
Forbs 2.1 28.5 <0.0001
Grasses 19.8 344 0.02
Bare soil 27.8 15.1 0.05
Cryptobiotic crust 21.0 0.03 <0.0001
Leaflitter 32.8 16.8 0.04
Wood chips 0 20.1 <0.0001

Wester All herbs (forbs and grasses 7.3 19.7 <0.0001
Forbs 15 2.6 0.25
Grasses 5.8 17.0 <0.0001
Bare soil 0.5 2.8 0.07
Cryptobiotic crust 0.4 0.3 0.72
Leaf litter 86.6 58.9 <0.0001
Wood chips 0 17.3 <0.0001

Note: Results in rows that are presented in bold were significantly different (p <0.05) between control and
treatment plots.All tests were with sample sizes of 36yglues of less than 0.05 represent significant differences.
Refer toFigure2.48 for graphical illustrations of differences in mean values.

Total herbaceous vegetation canopy cover was significantly greatertoeagdd plots at all sites
except for Chilili in 204 (seeFigure2.48, ai d; Table2.10). Total herbaceous canopy cover was

not significantly different between control and treatment plots at any site in 2010 prior to tree
thinning treatments, but total herbaceous cover was significantly greater on treated plots at all sites
exceptChilili from 2011 through 204 following thinning treatments. The amount of herbaceous
vegetation cover on treatment plots has tended to increase even more relative to contxbl plots
the three sites other than Chiliirough2014 except for develing off of canopy coveat the

Kelly sitebetween 2013 and 20{Bigure2.48, ai d). The Vigil site has shown the greatest increase

of herbaceous vegetation on the treattnglot compared to the control plot over tinieotal
herbaceous vegetation cover has been consistently about twice as high at the two pifion/juniper
sites compared to the two ponderosa pine sites over time.

Forb canopy cover was significantly higher oe treated plots at both of the pifion/juniper sites
from 2011 througt2014, but not at either of the ponderosa pine sisegigure2.48, fi h). Forb

cover attheVigil sitecontinued to increase even greater on the treatment plot than the control plot
through 2014, but declined on the treatment plot relative to the control plot at the Kelly site in
2014.The majority of forb species were summer annual plants that gmesisturbed soils and
wood chips. All of the dominant species were nateed o exotic invasive forb species were
found through 2013. However, in 2014, three species of exotic invasive weeds were found
represented by one plant onlgnd only on pifion/piper treatment pl& Those weeds were
prickly Russian thistleRalsola tragus(one plant on the Vigil treatment plptgdstem storks bill
(Erodium cicutariumy (one plant on the Kelly treatment ploand puncture vineT{ibulus
terrestrig (one plant on the Vigil treatment ploll three of these weed species are common in
the entire area and have been observed along roadsides and near the study sites siine 2008.
example of the forb growth at the Vigil treatment plot in2&1providel in Figure2.49.
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Figure 2.49. Forbs growing on disturbed soils and wood chips at thEelly site treatment
plot, October 2014 The visible dominant speciess native annual forb, fetid
goosefootfChenopodium gravolernsNote that 13 on the white board refers to
the location not the year.

Grasscanopycoverhas tended to increase overall from 2@irbugh2014 but not consistently

on all plots Grass cover was significantly higher only on the treated atdhe Vigil pifion/juniper

site and at the Wester ponderosa pine site i 200t there were not significant differences in
grass cover at thiéelly and Chilili sites(seeFigure2.48, i l; Table2.10). Grass cover incesed
steadily on the treated plot at the Vigil site from 2010 to420ith significantly greater cover on

the treatment plot since 201@rass covewassignificantly higher on the treated plot at the Wester
ponderosginesite even before thinning treatnte in 2010. Howevethrough 2014, iass cover

on the treatment pldtascontinued to increasmore rapidly angbroportionately more so than on

the control platindicating a positive response to the thinning treatment. Dominant grasses at the
two pifion/pniper sites that responded positively to tree thinning were perennial species such as
blue grama Bouteloua graciliy a n d gallatanleu@phisjamesi). Those grasses grew
through the wood chips from existing individual plants that were in place fwithinning
treatments, unlike annual forbs that colonized the disturbed soils and wood chips. Blue grama
growing through wood chips at the Vigil site is showifrigure2.50.
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Figure 2.50. Perennial blue grama growing through wood chipgforeground) at the Kelly
pifion/juniper site treatment plot in 2014. Note that the blue grama had been
grazed down bylivestock.

The extent of Aresoil surfaces has beeariable among control and treatment plots since 2010
and there have be@mw consistent patterns since thinning treatments in 2Hd{gure2.48, mi

p; Table2.10). Bare soilwas significantly higher on control plots thantreated plots at the two
pifion/juniper sites, butat at the two ponderosa pine sifesm 2010through 2013In 2014the
amount of bare soil was no longer greater on the Kelly treatment plot compared to the control plot
butbare soil did remain significantly greater on the Vigil control plot in 28&éFigure2.48, mi

p; Table2.10). Bare soil is an inversa otherground covefeatures such as vegetatitegf litter,

and wood chipsTheaddition of wood chips in late 2010 resulted in less bare soil on treatment
plots following thinning treatments at those two pifion/juniper sites. Considerable amounts of leaf
litter were already present on the ground at the posdepme sites, so additional wood chips did

not change the amount of bare soil present as at the pifion/juniper sites where more bare soil was
present to begiwith. Increases in herbaceous vegetation since 2011 have likely affected variation
in the amount®f exposed bare soil, but not in a clear way, probably due to changes in leaf litter,
wood chipsand biotic crusts.

Cryptobiotic or biotic soil crust covésas tended to inease on all control plots from 2011 through
2014 with a decrease at the Westamtrol plot between 2013 and 2014. Biotic soil cnabt
significantly higher on the control plots than on the treatment plots at both of the pifion/juniper
sites, but not at either ponderosa pine site idZ8&eFigure2.48, git; Table2.10). However,

biotic soil crust cover was significantly higher on those control plots prior to thinning treatments
in 2010, so the difference is apparently not due to thinning treatment effects, even though wood
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chips probably covered biotic crusts on sailfaces.Recent increases in biotic crust cover may
be associated with increased late summer rainfall in 2013 and 2014.

Leaf litter cover was not significantly differebetweenany of the paired control and treatment
plots in 2013, but it was higher dmet control plots at both ponderosa pine sites in 2011 and 2012
following thinning treatments, but not in 2010 prior to treatmes¢eFigure 2.48, Ui x; Table

2.10). This finding may be due to the addition of wood chips in 2Q0Q1 that covered the
extensive leaf litter layers at those two ponderosa pine siteg, tvitwo pifion/juniper sites had

less leaf litter than bare soil, as stated above. Since 2012, leaf litter is probably now starting to
accumulate on the ground surface, becoming more equal between control and treatment plots.

Wood chipshaveremained ginificantly higher on all treated 2011 following thinning treatments
(seeFigure2.48, yi bb; Table2.10). No wood chips existed prior to thinning treatments in 2010
andtheywere applied only to the treated plots in late 2010. Wood chip cover on the treated plots
declined by about 20% on all plots between 2011 ardi® 2indicating some decomposition or
redistribution and/or increased herbaceous plant canopy cover over woodbaiips2012, wood

chip cover has remained fairly constant at the two pifion/juniper Bit@14, wood chip cover
increased back up to about 20% cover at the two ponderosa pine sites. No new wood chips have
been added at those sit8sich fluctuations aréelieveddue to redistribution of chips following
heavy rain and runoff events, asiuiftsin relative ground surface cover with other coleatures
Figure2.51 shows an example of wood chips that have been redistributed on the guoiace s

from heavy rain and runoff on the Kelly treatment plot in 2014.

Figure 2.51. Wood chips from tree thinning treatment redistributed over the ground
surface byheavysummer rain runoff at the Kelly treatment plot in 2014.The
wood chips also formed small debris dams to retain soil surface water runoff,
likely increasing infiltration and reducing soil erosion.
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Measurements of herbaceous vegetation on the #ikt§-m2 (10.8squarefoot) quadrats ab
provided information on the canopy cover of each plant species per quadrat. The similarity of plant
species composition among all of the study plots since 2010 was evaluated with the analytical
method called cluster analysis (McCune and Grace 2004teClanalysis is useful for evaluating

sets of species abundance when many species are involved. Cluster analysis compares sets of
species/abundance data and determines how similar those sets are and then graphically represents
their similarities as dendgoams or tree diagrams. The closer terminal branches are in those
diagrams, the more similar those sets of species are in terms of composition and relative
abundance. Cluster analysis dendrograms for all sites and plots for the spring and fall sampling
periods for the years 2010 through 20dre presented iRigure2.52, a e. Cluster analysis shows

that in 2010 (sekigure2.52, a), prior to tree thinning treatments, the ponderosa pine sites (Chilili
and Wester) grouped together, the pifion/juniper sites (Kelly and Vigil) grouped together, and the
paired plots at each ponderosa sigge more similar to each other than to the other site. The Vigil
paired plots also grouped together, but the Kelly plots were not as similar to each other as the Kelly
control plot was to the Vigil plots, based on plant species compositions. There vggoeIpimgs

of treatment versus control plots in 2010. In 20afdd again in 2012, those locatibased
groupings were less pronounced (Begure2.52, bi c), but stil more important than similarities
based on treatment versus control plots. In 2013, the Kelly and Vigil treatment plots grouped
together, distinct from all other plots, probah$ya result ahe high densities of herbaceous plants

on the treated plot&oth Chilili plots still grougdtogether, showing that location at Chilili was

more important than treatmenffects In 2014 the sites again separated out primarily as all
pifion/juniper and all ponderosa pine sites. The pifion/juniper plots were moae Bintreatment

type than location, but the ponderosa pine sites wereThease results indicate that the tree
thinning treatments altered the locatisased patterns found in 2010, and that the pifion/juniper
sites are showing strong treatment effectdherbaceous vegetation, but the ponderosa pine sites
less so.

Cluster Analysis

0.00 0.25 0.50 0.75 1.00 1.25 1.50

Average Distance Between Clusters

a. 2010.
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Cluster Analysis

0.00 0.25 0.50 0.75 1.00 1.25
Average Distance Between Clusters

b. 2011.

Cluster Analysis

0.0 0.5 1.0 1.5
Average Distance Between Clusters

c. 2012.

SWCA Environmental Consultants 80 April 2015



Estancia Basin Watershed Health and Monitoring Projéétl4Annual Repdr

Cluster Analysis
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Figure 252 Cluster analysis results showing the similarity of monitoring sites angaired
plots based on similarity of the herbaceous plant community species
compositions: a. 2010, b. 2011, c. 2012, d. 20&32014.
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Results of vegetation and ground cover monitoring showed that forest thinning did affect the
physical structure of the wdtandby reducing tree canopy and greatly affected the ground surface
following the application of wood chips. Also, these findings show that at both pifion/juniper sites,
herbaceous vegetation increased significantly on plots where trees were thinndéaataihe
patterns of locatioiased plant community similarities were altered by forest thinning treatments.
Also, when measuring vegetation, we noticed that the vigorous growth of herbaceous plants,
especially grasses, on the treated plots was beingdgnaaeily by domestic livestock (see wildlife
camera results below). The removal of grass and forb canopies by livestock undoubtedly reduced
canopy cover of those plants that were measured in October 2012 and 2013 from all of the
treatment plots. Therefgractual herb canopy covers were likely higher on treatment plots than
were measured, and the positive effects of tree thinning on those plots to herbaceous plants,
especially grasses, were probably even greater than the datarslese.findings are nowyears
following thinning treatments. As vegetation adjusts to the removal of some trees and the effects
of wood chips decomposing on the ground surface, more changes in vegetation and ground cover
features are likely in years to come as a response tthireeng.

2.7.3 REPEAT PHOTO POINTS

Repeat photographic monitoring has been used for a variety of rapid assessment restoration
monitoring purposes. Photmonitoring may be used for quantitative measurements of vegetation
change by actually measuring vegetatiothe photographsJarrard et al. 20124all 2001, 2002a,

2002 Hamilton 2014; Powell 2006Shaff et al. 2007 Tamarisk Coalition 2014). Photo
monitoring also has been used for stream and wetland restoration to evaluate changes in riparian
geomorphologyas well as vegetation (Kocher and Harris 208Baff et al. 2007). The value of

photo monitoring is that it is easy and inexpensive to take the photographs, and it takes little time
or expertise to analyze the photographs. The primary drawback to timltihotomonitoring is

that the analysis of the photographs is somewhat subjective, and interpretation may vary among
observers. Any photo monitoring protocol, especially interpretation and analysis, must be
standardized and consistent among users ierdodbe accurate and effective.

The photo monitoring protocol used here was developed to be consistent with the procedures and
protocols for Estancia Basin Watershed Health, Restoration and Monitddrest thinning
projects on private landowner propest and to use the SWCA experimental monitoring data as a
way to verify the scoring of repeat photographs relative to trends in the condition of soils and
vegetation, including trees, based on fieldasured quantitative data.

The purpose of repeaghotomonitoring of forest thinning projects is to evaluate gosatment
changes in environmental parameters relative to the objectives of thinning for those parameters.
Unlike hightintensity measurement monitoring, photonitoring is a rapid assessment, gaéle
evaluation of change in parameters as observed in repeagppi® over time. Rather than
measuring parameter values, visual changes in parameter conditions are scored on a linear scale
from low to high. Low to high rank scales are a common vWayaluating and scoring items such

as Likert scales used in opinion surveys, and rank scales have been developed foophoting
(Garrard et al. 203 2lso see Wikipedia.co2014for adetailed description of Likert scales). Rank
scales cover a ran@é response values, from negative to neutral to positive, and the scores can be
used to evaluate whether an attribute, parag@téem is trending in a positive, negatiee static
direction. Statistics can even be applied to rank scale scores from different people to test for

SWCA Environmental Consultants 82 April 2015



Estancia Basin Watershed Health and Monitoring Projéétl4Annual Repdr

significance differences in score trends among items from a series of photographs representing
different photgooints (Garrard et al. 2012). A raskaleis used to evaluate environmental change
as positive, negative, or static for each of the forest thinning objective parameters.

The objectives for trends in change of environmental parameters of forest thinning sites (e.g.,
reduced tree stand densiipcreased herbaceous vegetation, etc.) serve as items on a response
scoring scale. Those objectives become the parameters that are then evaluated for change. Forest
environment parameters thaeused as items for the evaluations of repeat photograpksha
parameters that can be observed and evaluated in the photographs. The parameters used also should
bethosethat are being quantitatively measured at the four experimental forest thinning monitoring
sites by SWCA. Quantitative data collected from éixperimental monitoring sitese used to

verify the scoring of environmental items in the repeat phwinitoring.

Repeat Photo Items for Evaluation

The listing of forest thinning monitoring parameters presented above (e.g., soils, hydrology,
vegetationetc.) provides the list of parameters for repeat pmmoitoringas well However, only
attributes of the parameters that can be viewed and evaluated in photographs can be used for photo
monitoring. From the above list, the following parameters wileb&luated for change in repeat
photayrapts fromtheforest thinning project sites:

1 Soils:1) Erosionand?2) surface stability.
o0 Thinning objectives are to: 1) reduce soil erosion.

o Soil erosion will appear as bare soil with surface rills, litter dams amarggdoil,
and rock and twig pedestals. Surface stability can be evaluated by differertfation
loose friable soil surfaces from crusted soil surfaces, and bareessi Vitter or
wood chip cover.

1 Hydrology: Runoff amounts cannot be evaluated fromtpgmaphsso hydrology will not
be included in photo monitorinddowever, ndications of high levels of soil erosion
involve high levels of runoff.

1 Trees and Woody Vegetatiah). Prescribed thinning treatment values for basal areas and
age classes by spes, 2) a change in growth and health of remaining treed3) a
reduction in vertical (standing) and dead/down (on the ground) wildfire fuels.

o Thinning objectives are to: 1) reduce basal areas to prescribed levels, 2) increase
growth and health of treeand 3) reduce standing fire fuels.

o Changes in tree density, vertical strucfuard tree health are relatively easy to
observe in repeat photographs.

1 Herbaceous Vegetatiori) A change in the canopy cover of herbaceous vegetation, 2) a
change in the speés composition and diversity of herbaceous vegetaiwi3) a change
in the abundance and cover of invasive exotic weed species.
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o Thinning objectives are to: 1) increase herbaceous canopy cover, 2) favor
establishment of perennial native herbs (graasdgorbs), and 3) reduce the cover
of invasive exotic weed species.

o Changes in herbaceous vegetation canopy cover and species diversity are relatively
easy to observe in repeat photographs. Photograghe near the end of the
summer growing season toew the maximum growth of herbaceous vegetation.
Some but not all exotic invasive weeds may be observed in photographs.

1 Wildlife: Cannot be evaluated from photographs.

Evaluating and Scoring Repeat Photos

Environmental changes evaluated by comparing photographs from the same photo point of the
same view, taken at different times. In most cases, the photograph taken at the latisst date
compared to the original pteeatment or baseline photograph. However, any pair of phqiogra

may be compared, depending on the need to evaluate change over any particular time period.
Repeat photograplere evaluated for environmental change using phoamitoring evaluation

forms where each environmental parameter is scored and other information recorded as follows:

1. Soil Erosion and Surface Stability

1 +2:Considerable decrease in soil erosion and increased surface stability
+1:Some decrease in soil sion and increased surface stability

0: No change in soil erosion or surface stability

= =2 =

-1: Some increased in soil erosion and reduced surface stability

1 -2: Considerable increase in soil erosion and reduced surface stability

Comments rfote other changes thare not scored and any uncertainty or questions about
scoring: Status of wood chip and leaf litter, amount of bare soil surfaces and their appearances,
down woody material status, rivulet formation, etc. Leaf litter and wood chips increase surface
stablity and reduce erosion potential. Bare soil surfaces generally have lower surface stability and
are prone to erosion, especially if surface crusts are lacking.

2. Tree Density and Vertical Wildfire Fuels

+2:Considerably lower tree density and vertical fuels
+1:Lower tree density and vertical fire fuels

0: No change in tree density and vertical fire fuels
-1: Greater tree density and vertical fire fuels

= =4 A A

-2: Considerably greater tree density and vertical fire fuels

Commentsifote other changes that anet scored and any uncertainty or questions about
scoring: Change in tree species composition, size classes, etc.
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3. Tree and Other Woody Vegetation Growth and Health

+2:Considerable growth and more healthy trees
+1:Some increased growth and more healtbgg

1

1

1 0: No change in tree growth or health

1 -1: Some decreased tree growth and tree health
1

-2: Considerable decreased tree growth and health

Commentsrfote other changes that are not scored and any uncertainty or questions about
scoring: Condition by speeis, descriptive signs of health and growth, identification of
insect/disease or other damage.

4. Herbaceous Vegetation

+2:Considerably greater herbaceous vegetation cover and diversity
+1:Greater herbaceous vegetation cover
0: No change in herbaceousgetation cover and diversity

-1: Lower herbaceous vegetation cover and diversity

= =2 A 4

-2: Considerably lower herbaceous vegetation cover and diversity

Commentsifote other changes that are not scored and any uncertainty or questions about
scoring: Change inspecies composition, canopy height, dominant native grasses, any
exotic invasive weeds, etc.

5. Other Observable Changes

Comments: Note any other changes not addressed above that may reflect site conditions
relative to soils, hydrology, vegetation, willdi and wildfire fuels. Note how livestock
grazing may affect visible vegetation cover.

RepeatPhoto Analysis

The above scorings conducted on a Photo Monitoring Restoration Effectiveness Analysis: 2
Photo Comparison photo mitoring data formthat is aMicrosoft Excel spreadsheet and
calculatsan overall score for each repeat phaamparisoranalysis for each tree thinning project

in this case each control and treatment plot at eachMit#iple photo point photographs and
scores for a particular project and time peaocethenaveraged to provide an overall average score

by using a Photo Monitoring Restoration Effectiveness Analysis: Nphitito Averages form.
Finally, a Photo Monitdng Restoration Effectiveness Analysis: Mihoto Score Trenfbrmis

used to determine score trends over time (for both single photo points and from averaged multiple
photo point¥ andto actually evaluate score trends over time. The same sasrapglied to all
photographs taken from any particutdot and across aflites and plots.
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Analysis and Interpretation of PhotdVlonitoring Data

Scores from photo monitoring data forms may be combined across various dates, locatjons, etc.
to evaluate changes individual parameter scores and overall project scores over time. Any
combination of repeat photographs may be used, depending on the various needs to evaluate
change over time relative to tree thinning projects. The Piamitoring Restoration
Effectiveness Analysis: MuliPhoto Score Trend form allows one to evaluate scores of interest
that are recorded in a table on the spreadsheet, and then those values are graphed over time to
evaluate score trends. A trend summary table also may be construsteahtarize trends across

the various parameters for any particular tree thinning project or for series of projects representing
certain geographic areas, forest types, or other categories.

The growth and health of vegetation each year depends considemalBather conditions prior

to the dates that phoefmint photographs are taken. Analysis of repeat photographs must include
considerations for previous weather conditions, especially rainfall, prior to each photograph or
series of photographs analyzed.eTinterpretation of repeat photographs and score trends must
include a discussion of weather/climate conditions over the range of time that the photographs
represent. The growth and health of vegetation observable in the photographs may be more the
resultof past weather/climate than the thinning treatment itself.

As with weather, livestock grazing can have significant effects on the cover and height of
herbaceous vegetatipthe amount of bare soil, and the surface stability and the erosion of soil
surfaces. Ifasite has experienced heavy livestock grazing,ishimotedin the comments. In such
caseslivestock grazinglike weather, may have a greater impact and observable effect than the
thinning treatment alone.

Any other environmental factors omid management/use practices, such as fellpwhinning
treatments, brush control, erosion control, etc., that may affect the appearance of sqimdrees
herbaceous vegetati@are documented and considered when evaluating repeat photographs for
tree thnning affects. All of the abovareconsidered for commenting at the bottom of each RPhoto
Monitoring Restoration Effectiveness Analysis:PRoto Comparisons form for each repeat
photograph.

SWCA hasbegun to analyze repeat photographs fromeigatstudy plots across th&our study

sites to evaluate change in the above environmental features relative to the control and forest
thinning treatment plotdJsing the above protocols, repeat photo point photographs from the
treatment plots at dlbur siteshawe beerevaluated for changes relative to tree thinning treatments.
The treatments were started and completed at all sites during the winter Gf2@0D10
Comparisons were made with photographs taken in 2008 to photographs taken in 2010 prior to
thinning teatments, and then again with photographs taken in 2010 right before treatments,
compared to photographs in 2011 immediately after treatments, and then comparisons were made
between 2011 and 2014 photographs to evaldatears of change following treatntsn All
photographs are presenteddppendix B

Summary trend scores and a graph of those scores for the Chilili ponderasagiment ploare
presented ifable2.11 andFigure2.53. None of the four parameters changed between 2008 and
2010, and onlyree density declined slightly between 2010 and 2011, and then there were no more
detectable changes between 2011 and 2014. These findings tend to correspond to the tree and
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herbaceous vegetation findings based tba measurements above. However, soil inos
measurements have shown an increase in soil loss at the Chilili treatment plot that is not reflected

in the photographs.

Table2.11. RepeatPhoto Point Interpretation ScoresAveraged overThree Photo Points
for the Chilili Ponderosa Pinelreatment Plot, 20082014
Year 1 Year 2 Overall Soll Tree ®nsity | Tree Halth Herbs
2008 2010 0 0 0 0 0
2010 2011 0 0 0.25 0 0
2011 2014 0 0 0 0 0

Note: Zero means no change over the time between photographs, positive numbers mean favorable ehange,
negative numbers mean unfavorable change.
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Figure 2.53. Parametertrend scores based on repeat photo point interpretation for the
Chilili ponderosa pine site from 2008 through 2014.

Summary trend scores and a graph of those scores filetlyepifionjuniper treatment ploare
presented inTable 2.12 and Figure 2.54. Results show that the herbaceous vegetation score
increased from 2008 to 2010 and again from 2011 to 2014. The increase from 2008 to 2010 was
apparently due to increased rainfall alone, foutn 2011 to 2014 from tree thinning treatments.
Tree density scores increased considerably from 2010 to 2011 following thinning treatments.
Between 2011 and 2014, youndiqn and juniper trees began to appear in photographs, causing
the tree density scote decline. Wood chips caused the soil score to increase between 2010 and
2011, and a decline in wood chips caused that score to decline between 2011 and 2014.
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Table 2.12. RepeatPhoto Point Interpretation ScoresAveraged overThree Photo Points
for the Kelly Pifion/juniper Treatment plot, 2008 2014
Year 1 Year 2 Overall Soil Tree nsity | Tree Halth Herbs
2008 2010 0.25 0 0 0 1
2010 2011 1.25 2 2 0 1
2011 2014 0.25 0 -1 0 2

Note: Zero means no changeer the time between photographs, positive numbers mean favorable change,
negative numbers mean unfavorable change.
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Figure 2.54. Parametertrend scores based on repeat photo point ietpretation for the
Kelly pifion/juniper treatment plot from 2008 through 2014.

Summary trend scores and a graphhaise scores for the Vigtifion/junipertreatment plot are
presented inTable 2.13 and Figure 2.55. Results show that the herbaceous vegetation score
increased from 2008 to 2010 and again from 2011 td.20ke increase from 2008 to 2010 was
apparently due to increased rainfall alone, but from 2011 to 2014 from tree thinning treatments.
Tree density scores increased considerably from 2010 to 2011 following thinning treatments.
Between 2011 and 2014, youption and juniper trees began to appear in photographs, causing
the tree density score to decline. Wood chips caused the soil score to increase between 2010 and
2011, and a decline in wood chips caused that score to decline between 2011 amti€6ddre

for tree health declined between 2011 and 2014 due to séoretpee mortality from bark beetles

and twig beetles.
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Table 2.13. Repeat Photo Point Interpretation Scores Averaged over Three Photo Points
for the Vigil Pifion/juniper Treatment plot, 2008 2014
Year 1 Year 2 Overall Soil Tree nsity | Tree Halth Herbs
2008 2010 0.25 0 0 0 1
2010 2011 0.83 1 1.3 0 1
2011 2014 0.75 0 0.3 0.3 2

Note: Zero means no change over the time between photograpbsitive numbers mean favorable change,
negative numbers mean unfavorable change.
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Figure 2.55. Parameter trend scores based on repeat photo point iatpretation for the
Vigil pifion/juniper treatment plot from 2008 through 2014.

Summary trend scores and a graphhaise scores for the Vigtifion/junipertreatment plot are
presented ifable2.14andFigure2.56. No repeat photographs were taken in 2010, so the analysis
was between 2008, 20Jdnd 2014. Soil and herbaceous vegetatmres increased between 2008

and 2011, possible from rainfall alone, but possible also from tree thirfdaoges increased
slightly for tree density and herbaceous vegetation between 2011 and 2014, probably due to tree
thinning effects.

Table 2.14. Repeat Photo Point Interpretation Scores Averaged over Three Photo Points
for the Wester Ponderosa Pine Treatment plot, 2002014
Year 1 Year 2 Overall Soll Tree ®nsity | Tree Halth Herbs
2008 2011 0.6 1.3 0 0 1
2011 2014 0.1 0 0.3 0 0.3

Note: Zero means no change over the time between photographs, positive numbers mean favorable change,
negative numbers mean unfavorable change.
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Figure 2.56. Parameter trend scores based on repeat photo point interpretation for the
Wester ponderosa pine site treatment plot from 2008 through 2014.
Photographs were not taken in 2010.

Overall, repeat photo point analysis results were similar ta¢nedfor the same parametdfsat

we have quantitatively measured on the study plots, showing improvements in the status of tree
densities (decreased) and improvements in herbaceous vegetation (incesassd)l surface
condition following tree thinning treabents. This lowntensity approach to monitoring the
effectiveness of forest tree thinning will be expanded to other tree thinning projects as part of this
program in 2015.

2.8 WILDLIFE

Birds and small mammals are being monitored to determine if forestrigiraffects native
wildlife species. Both birds and small mammals were recorded from separate bt X183l x

164 foot) wildlife study plots that are immediately adjacent to each of the two vegetation and soils
monitoring study plots at the four study sit®irds and mammals were measured in late spring
(May/June) and early fall (September/Octobegch year from2008 through 2014 for 3
consecutive days on each study plot.

2.8.1 BIRDS

The species composition and relative abundance of birds on all study plots were recorded by
observing birds by point counts from one location at the center of each wildlife study plot. Each
point count was conducted for 20 minutes at dawn for three cdnsemornings on each study

plot in both spring and fall. Spring counts are intended to assess breeding bird use of the forest and
woodland habitats, and fall counts are intended to assess migratory bird use of the same habitats.
Many of the bird observains were based on hearing songs and calls and identifying those to
species. Additionally, visual observations were often recorded.
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Counts of individual birds in 2@revealed that more birds were found on all treated plots than on
control plots in the spng, and at all sites in thiall except foratthe Westeponderosa pinsite

and the Vigil pifion/juniper sitéFigure 2.57). Numbers of bird speciesere also consistently
higheron treatment plots at all sites in the spring and at all sites in the fall except for the Wester
site (Figure2.58).

m Control m Treatment

Number of Individuals

Chilili | Wester Chilili | Wester
Spring | Spring | Spring | Spring Fall Fall
Plot and Season

Figure 2.57. Numbers of individual birds recorded from thinning treatment and control
plots across the four study sites in both spring and fall 26t

m Control ® Treatment
14
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10

Number of Species

o N B~ OO

Chilili | Wester Chilili | Wester

Spring | Spring| Spring| Spring| Fall Fall

Plot and Season

Figure 2.58. Numbers of bird species recorded from thinning treatment and control plots
across the four study sites in both spring and fall 2013.
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Figure2.59 presents the species and numbers of individuals of those species summéiigeckin

2.57 andFigure 2.58. Examination ofFigure2.59 shows that in most cases, different species of

birds domnate the spring and fall bird communities. Such findings should be expected, given that
some of the species that breed at those sites in the spring migrate south in the fall and are replaced
by species and individuals that migrated to the sites from toatarther north and/or higher in
elevation.
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h. Wester controhnd treatmenplots, fall 2014.
95

treatment study plots in 2034, both spring and fall.

Figure 2.59. Numbers of individuals of each bird species recorded from all control and
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Figure 2.60 presents total numbers of birds from control and treatment plotsjrbsfting and

fall, from all four study sitegrom fall 2008 through fall 204. In general, overall bird counts
increased over the years up2@11 and2012, but then declined 2013and 2014 Comparisons

of treated versus control plots since thinning treatments in late 2010 have shown increases on
treated plots at the two pifion/juniper sites, but not at the ponderosa pine sites.
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Figure 2.60. Total numbers of birds from both control and treatment plots at all four
study sites,fall 2008to fall 2013.

Cluster analysis dendrograms for all sites and plots for the spring and fall sampling periods for
2008 through 204 are presented iRigure2.61, a n. Cluster analysis shows that over fgear

period from 2008 through 204, bird communities were most similar to each other based on
location. The ponderosa pine sites and plots wisliitas tended to group together, and the
pifion/juniper sites and plots within sites tended to group together. This pattern was especially
pronounced during the spring breeding period. As of fald2@ie bird communities have not
shown a strong responseftwest thinning treatments that had been the cag#ots wouldhave
beengroupedtogether based on treatment status rather than location.
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Figure 2.61. Cluster analysis dendrograms showing similarities of monitoring sites/plots
based on bird species composition, spring and fall 2008010 prior to tree
thinning treatments (ai e), spring and fall 2011 (fg), andspring and fall
2012 2014 following thinning treatments (i1 n).

2.8.2 SVALL MAMMALS

Small mammals (rodents) were sampled frosingle six by sikxtrap grid (36 traps total) of live

capture rodent traps set at-i0(33foot) intervals on each of the wildlife monitoring plots for

three consecutive nights in spring and fall, the same dates that birds were sampledhro2@d8

2014 Samples from spring and fall are useful to follow trends in adults and juveniles in order to
assess breeding status and production over each year, but season species composition generally
does not change as with birds.

Courts of individual rodents in 20! revealed that rodent densitie®re considerablgreater on

the treated plotthan on the control plotgnd that rodent densities rose through the summer and
were greater in the fall than in the spring, especially at the pifion/juniper Bitese(2.62).
Numbers of rodent speciegere the same on all paired control and treatment plots in the spring,
and also in the fall except at the Chilili and Vigil sites whergraerspecies were found on the
control plots than on the treatment pld@igure 2.63). These findings are consistent with
indications that that rodents are respondothe increased herbaceous vegetation and likely food
resources on the treated plots in the fall.
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Figure 2.62. Numbers of individual rodents recorded from thinning treatment and
control plots across thefour study sites in both spring and fall, 20%.
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Figure 2.63. Numbers of rodent species recorded from thinning treatment and control
plots across the four study sites in both spring and fall, 2@1
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Figure2.64 presents the species and numbers of individuals of those species summéiigeckin

2.62 andFigure2.63. Examination ofigure2.64 shows that theifion mous€Peromyscus trugi

was the dominant species across all of the study sites except at thepGhdiirosa pine site
where the deer mouse was more common, but whereiftba pousealso was common.The

pifion mouseavas the dominant rodent spediedoth spring and fall 2@ These findings indicate

that tree thinning in the pifilon/junipand ponderosa pingoodlands causka decline in pifion
micein 2014 The brush mouseP( boylii) was found on th&Vester control ot in the fall The
white-throated wood rat was found at both the Vigil and Chili sites but only on treatment plots,
and the whitdooted mouseR. leucopusand the silky pocket mousBgrognathus flavyswvere

found only on the only on the Vigil treatntguiot and only in the fall. Woodratdléotoma were

more common in 2014 than any time since 2008, but only in the fall of 2014. Thethvbiéed
woodrat (\. albigulg was found at both the Chilili and Kelly treatment plots only, anddhthern
plainswoodrat (. micropu$ was found only on the Vigil control plot. The silky pocket mouse
was found only on the Vigil treatment plot and only in the fall. In the fall of 2014, the Vigil
treatment plot had the greatest number of rodent species of all sitggotsdh 2014. Thse
findings indicate tharodent diversity increaserelative to tree thinning treatments, but the
dominant species, the pifion mouse, declined in abundance on treatment plots, especially at the
pifion/junipersites, relative to tree thimyg treatments.
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a. Chilili controland treatmenplots, spring 204. No rodents were trapped.
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b. Chilili control and treatmenplots, fall 2014.
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c. Kelly controland treatmenplots, spring 204.
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e. Vigil control and treatmenplots, spring 204.
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f. Vigil control and treatmenplots, fall 2014.
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g. Wester controhnd treatmenplots, spring 204.
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h. Wester controhnd treatmenplots, fall 2014.

Figure 2.64. Numbers of individual rodents of each species recorded from all contronal
treatment study plots in 2014 both spring and fall. All rodent species found
in 2014 are presented on each graph for comparative pposes, everfinone
were found at particular sites.Rodent species codes correspond to the
following names: PETR =Peromyscus truefpifion mouse), PEMA =
Peromyscus maniculatu@eer mouse), PEFL =Perognathus flavugsilky
pocket mouse), PELE #Peromyscus leucopusvhite-footed mouse), PEBO =
Peromyscus boyli{brush mouse), NEAL =Neotoma albigulawhite-throated
wood rat), NEMI = Neotoma micropugSouthern plains wood rat).

Figure2.65, a h, presents total numbers of rodents from control and treatment plots, both spring
and fall, from all four study sitésom fall 2008 through fall 204. In general, overall rodent counts
peaked in 2009, declined in 2010, increased slightR011 and 2012, remainednstanin 2013

and declined in 2014Rodent numbers have increased on control versus treated plots at both
ponderosa pine sites since tree thinning treatments in late 2010, indicating that deer mice densities
have declined ortreated plots at those two sites, especially the Wester Aitéhe two
pifion/juniper sites, the numbers of pifion mice have generally declined on the treatment plots,
indicating that reductions in pifion and juniper tree densities results in decliné®mrpice as

well. In 2014 fall rodent numbers were highacross all sites and plots than spring numbers,
indicating that rodent densities increased throughout the area inNivbers of rodent species
were not high enough to perfommeaningfulcluste analysis of rodent communities across the
sites as was done for birds above.
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Figure 2.65. Total numbers of rodents from both control and treatment plots at all four
study sites, fall 2008fall 2014.
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2.8.3 WILDLIFE CAMERAS

Wildlife camerasigure2.66) were established on the forest thinning paired control and treatment
monitoring plots in February 2012 to evaluate how medium and large wildlife species are using
the control versus treated study plots. Tnginal cameras werall Leaf River IR5 infrared
cameras that had a detection sensor up to 21 m (70 lie&X)13 we replaced the Leaf River
cameras (due to operational issues) with Truth Cam model 63010 cameras, which have performed
very well through 20140ne camera was gted on each of the eight control and treatment study
plots among the four sites, Chilili, Kelly, Vigil, and Wester. The wildlife cameras were erected
near the center of each wildlife monitoring plot, approximately 1.2 m (4 feet) from the ground and
oriented toward open areas free of trees up to 20 m (66 feet) away from each camera. The cameras
operate during day and night using a movement sensor infrared flash. Camera photograph cards
were offloaded each month.

Figure 2.66. Automatic wildlife camera (Truth Cam, model 63010)

Figure 2.67 and Figure 2.68 and present summaries of numbers of different types of animals
recorded from wildlife cameras during 2DFigure 2.67 presents all types of animals summed
over all treatment and control plots from all sites. These findings show that in general, native
wildlife species such as mule de&@docoileus hemionliselk (Cervus canadengisand wild

Me r r i tarkey (8leleagris gallopavptended to beanore frequent on control than treatment
plots, while domestic livestock, both cattle and horaesemore frequent on treatment plots than
control plots.Figure 2.68 shows that domestic livestock were especially abundant at the Kelly
pifion/junipersite, but native wildlife were most abundant at all other sifégse findings indicate

that native wildlife species prefer the malense stands of trees remaining on the control plots
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than the more open habitats created on the treatment plots. In contrast, domestic livestock appear
to prefer the more open treated plots where trees were removed and where herbaceous vegetation
cover ishigher. The physical structure of tree stands may be important, but also the increased
growth of herbaceous vegetation on treated pifion/juniper plots appears to be more attractive to
domestic livestock.
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Figure 2.67. Summary of total photographs of different animals recorded from wildlife
cameras during 204.
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Figure 2.68. Summary of types of animals recorded from control and treatment plots at
each studysite during 204.
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3.0 EPHEMERAL WATERSHED STREAM MONITORING

Background information on the stream piezometers can be found in the 2009 Annual Report
(SWCA 2010) In addition to the paired watershed flumes, piezometers were installed on three
nearby sreams in order to gauge surface flows on a larger deger€3.1). The 204 monitoring
seasonlike the 2013 season saw very few flows; howevtre flowsthatdid occur werdarge

and destroyed the stream piezometatr both the Vigil and Chilili sites. The piezometer at the
Kelly site was also damaged during a high fltawever, it was able to be repaired and restarted
(Figure3.2). The piezometers at both the Chilili and Vigil site will be relocated to a more stable
stretch of channel in order to prevent washddtse to the damage causatthe Vigil andChilili

stream piezometsthe flood, the stagecouldnot be recorded
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Figure 3.2. The Kelly piezometer in the fall of 2014 after a storm event compromised the
gauge.

3.1 GROUNDWATER WELL MONITORING

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

Ideally, this project will evaluate infiltration rates in the control areas versus burned areas and
relate this information to nearby groundwater levélss could be accomplished by monitoring

private wells located oke to stream monitoring locatiorf3andia National Laboratory and the

U.S. Geological Survey are currently initiating well monitoring progrdoth entities have been
receptive to sharing data when they become available, though neither knows if datebevoul
avail able near the projectos plrheenomtoniegiwel usel oc a't
deep pressure sensors to monitor the level of groundwater in relation to stream flow events. If these
data are available, they will be compared to thikected data from this project.

SWCA installed three well monitoring devices during early to-duide 2009. These well
monitoring locations are at Chilili, Manzano, and Punta de Aguad{geee3.1). Each monitoring

well is equipped with Solinst Levelogger Junior pressure transducers that were programmed to
record values hourlythe Chilili site is approximately 30 m (98 feet) from the western flurhe.

well is approximately 15 m (50 feet) deep, and depth to groundwater when installed is
approximately 8 feet (25 feeffhe Manzano well is shallow, pppximately 8 m (25 feet) deep is

dry expect for brief periods after precipitation eveiitee Punta de Aguaweki i n Adownt ow
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PuntaThe well is approximately 37 m (120 feet) deep, and depth to groundwater is approximately
28 m (91 feet) when installeBWCA offloads data quarterly at each well location.

Figure 3.3 throughFigure 3.4 display the well data from each of the three locations monitored in
the Estancia BasinDuring 204, like the 2013 seasorall wells showed a general decline
throughout the yeafm.he wellatPunta de Agua showed a steady decline through the course of the
year,while the well at Chilili showed a response to the snowmelt as can be siérenpaak in late

May 2014. The well at Manzano remained dry fouch ofthe 204 seasorand therefore there is
no data to present
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Figure 3.3.  Well data from the Chilili site showing a declining water level until the
snowmelt which generates a smaltise in groundwater depth.
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Figure 3.4. Well data from the Punta de Agua site showing steadyeclineof the
groundwater over the summer months.

SWCA Environmental Consultants 123 April 2015



Estancia Basin Watershed Health and Monitoring Projéétl4Annual Repdr

4.0 SOUTH MOUNTAIN WEATH ER STATION

The SMWS was installed by EnviroLogic to provide meteorological, soil moisture, and temperature
data as part of the Estancia Basin Watershed Health and Restoration Program overseen by the
Steering Committee. EnviroLogic installed the SMWS in Septer20@6 to initiate sitespecific
monitoring of rainfall and soil water content at various soil depths. For details on site selection and
monitoring protocols, please refer to the 2008 Monitoring Plan (SWCA 2008). The SMWS is within
the Edgewood Soil and Wat€onservation District on private property near South Mountain, Santa

Fe County, New Mexico, approximately 19 kilometers (12 miles) north of the town of Edgewood
(Figure4.1). The intent of EnviroLogic was to assess water infiltration through soil depths, relate
that to meteorological variables, and then compare two measured locations to determine the effects
of forest thinning projects on groundwatecharge.

The SMWS measures precipitation, wind speed and direction, air temperature, humidity, and solar
radiation.Soil moisture and temperature probes are situated at various depths at two locations with
distinct vegetation structure types: one sitthimi a pifion/juniper stand and one site in an adjacent

open area consisting of short grassesavi roLogi ¢ referred to thes:
AMeadow, 0 rTeesTpee sitd i$ situmtedyapproximately 30 m (98 feet) northeast of the
SMWS withina grouping of oneseed juniper and pifion pine tréke. Meadow site is situated
approximately 11 m (36 feet) northwest of the SMWS, in vegetation dominated by blue grama and
broom snakeweed3utierrezia sarothrakg

SWCA is now responsible for the management of the SMWS and the maintenance, summation, and
distribution of the data collected at this station. The following sections summarize the data collected
since SWCA assumed responsibility for SMWS in April 2008. 3WCpr epared a repo

Mount ain Weather Station: Hi story, Data Summar
data collected from 2006 and 2007 by EnviroLogic, and submitted that report to the Steering
Committee. This report is available attRe@ st or ati on I nstituteds websit

During the 204 monitoring season, New Mexico, particijarorrance and Bernalill@ounties,
experience@d moderate tsevere drought (sddégure2.7). The effectsof the drought can clearly

be seen in the result summaries beldtve soil moisture measurement at both the Meadow and
Tree sites showed long periods of drying, with only the 13ediace sensors sing variation
(Figure 4.21 Figure 4.8). No storms in 204 were able to prod#cdeep seepage, which would
register with the sensors in the deep borehdtefact, over the course of the monitoring period
the deep soil moisture sensors at both the Meadow and Tree sites have remained constant with no
variatior therefore they will no longer be presented unless changes odtwr effects of the
drought can also be seen when lookind-igiure 4.8, which displays the monthly averages of
relative temperature and relative humidityis graph shows high temperatures in June and July
with low average relative humidity.

The data displayed below Figure4.2 throughFigure4.8 are summarized as monthly averages
of relevant meteorological datkigure 4.9 summarize the relevant meteorological data on an
annual basis from 2009 through 20These graphs display any trentiatt may be occurring
within the project areaFigure 4.9 shows the annual precipitation and average ambient air
temperaturen the same graplnd it can clearly be seen that the pattisplayed isthe same
trend seen at th&/atchdog weather stahs.
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Figure 4.1. Location of the South Mountain Weather Station.
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