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Introduction

Active management o€ity owned forestlandwas initiated in 1995 with three primary objectives
(Ashland Forest Plan, 2016):
1 Protection anghromotion of the City's water supply
1 Maintenance and promotion of forest health
1 Reduction in the firgorone nature of the forestland through active management of vegetation and  fuels

In the past 25 years, ongoing tree mortality from insect and diselated agents has challenged accomplishment

of those objectivesSubsequent attempts to implement effective management activities, is very complex and
rapidly changing in a world with forests under increasing stressors, including from droughts and climate change.
Amidst this complexity and uncertainty, the City has emgtbvarious management practices and silvicultural
strategies over the past 25 years. This paper describes both qualitative and quantitative approaches, results and
analyse®f management activities to datehelp inform current and future managementeagias on the City
ownership. To that end, Small Woodland Services, Inc. conducted field inventories in March of 2020 to identify
and map standing tree mortality in the lower watershed portion of the City of Ashland ownership. The following
objectives gided this work:

1. Establish a spatially explicit mapping sthndingree mortality ¢8"+ dbh) on the lower watershed
portion of Cityowned forestlands to be used as a baseline for future reference. Analyze resulting
landscapdevel spatial patterns to lpeunderstand where and wirgemortality may be occurring on
City lands

2. Combine spatial data with qualitative assessments derived over 25 years to make suggestions about
future management potentials given expected increased stressors from drougtet,ctlange and other
factors.

3. Determine the potential for utilizing the surveyed existing snags, in association wittoathégor
conifers, to support a future helicopter thinning operatiesignedo improve stand conditions and/or
otherwise meet Gjtgoals and objectives.

4. While conducting the survey, identify and map potentiatcommercial thinning opportunities and
occurrence of invasive plants.

This paper usegublishedscienceand other professionglblications to help validatesalts presented but
is by no means an exhaustive cadlafion of the available science. In fact, for many of the managemiatéd
guestions discussed in this paper, published scieased information is lacking, especially foe thsect that has
contributed tothe most significant mortality on th&ty ownership theflatheaded fir borePhaenops drummondi
The science cited is usedgmvide insight to, andupport some of the more complex analyses that are required
when multiple objectives are dediran the management of a complex landscape in an era of rapidly changing
conditions.

Methods

To accomplish the multiple objectiveletentire485 acreCity-ownedlower watershed aresasvisited
and surveye@see Maps 1a,b,c,dyith severalexceptiors: 1) Unit LW-T; 2) the upper half of UnitW-U; 3)
several nofforest areas (e.g. quarried)though this area is only a portion of the 1100 acres addressed in the
Ashland Forest Plan, which includes numerous areas managed by Ashland Parks and Recreation, the survey and
subsequent results presented herein are intended to be able to inform nesmagesibilities throughout the
entire City and Parks forerstland ownership, as well as on other similar adjacentnigipal lands.

Areas wergyenerallytraversedn the contoydooking both uphill and downhill for dead conifers3"
dbh and largenndividual tree mortality was common in much of the area surveyedeboitdingindividual



shagswas beyond the scope of this projeggenerally, recording of snags was limitedjtoups of four or more
dead conifers in clogaroximity, generally within 1/10 acr®ccasional noteworthy individual trees were
recorded, such as recently dead pine and large diameter snags (>25'LD&#tipnswere identifiedwith a
waypoint using Avepa mapping softward-or larger areas with moextensive and contiguous mortal{fye.
generallygreater than 1/2 acre in size and inahgdat least 38/- dead tre€s polygons were GPS'ed in the field

Mortality was recorded primarily for coniferous speei@suglasfir, ponderosa jpieand the occasional
sugar pinelncense cedavasalso presrt but in small numbers with tle evident mortality at this timéead
hardwoods were not included, except in theEB3B4 prescribed burn un{2018) where extensivpostfire
mortality of Pacific madrone occurred.

At each waypoiripolygon the following information was recordeileespecies, estimated number of
shags, approximatange ofDBH's, estimatedime since initial mortalityandcurrentsnagmerchantalbity and
subsequerpotential for helicopter thinningn the larger polygonsnestimated percent of totsiandingtrees
killed by speciesvasalsorecordedStandard rarchantabilityrules were applied such size time since initial
mortality (e.g. red needles still present?), amount of defect, bark slippagelasetjuentxposed and cracking
inner wood, etc Any other important notes or points of interest were also recorded

Although snags are cigglly important values from a wildlife habitat perspectivmst of the snags
surveyed were-86" dbhand less valuable from this perspectiMore valuabledrger snags 17"+ dbh were
uncommon in this surveyut tend to be more persistent than the smafiags

Ongoing snag development on the lower watershed parcel has been in a constant state of flux over the
past 25 years witlow levels ofmore endemiongoing mortality punctuated witlwavesof higher intensity
outbreak leved of mortality often associated with drougt that process, both inputs and reductions of snags
(e.g. falldown, removal in commercial activities) have occurred, but have varied both in time and by [®hation .
subsequent falldown of aag within 3-10 yearsafter initiationhas resulted in ongoireccumulations of both
subsequentarge woody debriand fuels in that same time frame.

A small percentagef the snagéi.e. estimate®%-++) recorded in this survey were newerrttayears
since mortality not surprising given the ladtoughtrelatedmajor pulse of mortalityn 201516. Most of these
1-2 year old snagsere considered merchantable, especially those that had recentindiedwere of a larger
size Larger Doughsfir snags can retain some merchantability into the second year, although decay processes
begin to reduce theinerchantability

When invasive plants weidentified,a waypoint wasecordedand the species was identified. These
waypoints were combined with invasive plant locations that were identified R0it¥propertywide inventory
to create a mafsee Map 3yvith all identified invasive plant locations and species.

Possiblities for needed neeommercial thinning were also recordeith the results presented in a
separate repo(t City of Ashland Lower Watershed Ownersh®20 NorCommercial Thinning Possibilities
Summary, Small Woodland Services, Inc., April 2020).

Resdts

Snag Survey Results

Almost allunits on thdower City ownership had sonieemortality and existingndividual snags
although the total amoubly unitvaried widely In this surveywhich only recordeat least 4nags ~8" dbh and
largerin close proximity, nit level totals rangeftom 0 to 97 snags per acrgee Tabld). Only four units had
no 8"+ snags other than individual or small clumps of snags (i.e. 3 or l&%s§5, LW-J, LW-Q and LWW1.
Douglasfir was by far the mosibundant conifesnag 8"+ dbh (888tal) identified in this surveywith
considerably feweponderosa ping4) anda raresugar ping3). This was due at least in part because Douglas
fir is the most common conifen thelower City ownershipcomprising close to 86% of the cong&"+ dbh in
the 2017 inventoryThere were n8"+ dbh incense cedar snags found in the survey.
While thenumber and sizef snags varied throughout the groups of dead trees recorded in this survey,
groups of 510 Douglasdfir snagsinthed 6 6 DBH c Ilveaycamenen. Smags ¥"dbh or greater were



uncommon, particularly at lower elevations in the ownerghije increasg at elevationsteove 280q+/-)
where site productiviés improve These larger snags (primarily-28" dbh) were almost all or moreyears
since initial mortality and laely unmerchantablddowever, these larger size classésnagdid provide
importantwildlife habitat valuesn most cases
Unit LW-B experienced the most mortality with 487 sntgal in thissurvey (see AppendiXiable 1).
This total was strongly influenced by extensive mortality in Polygons 1 and 2 in sUi#B2 where slightly
less than 200 snags were found (Bppendix: Table 6). Unitd W-A (122),LW-E (105),LW-K (81) andLW-R
(46) also contained higmumbes of snags. All of the other units contained 22 or fewer total snags.

On a per acre basthe abovet units, along with Units F and H, all contained greater tha®'2.6bh
snags per acreanging up to 9.peracre in Unit A All of the other units contained 1.5 or fewer snpgsacre
(seeAppendix Table 1; Map-6"Surveyed Units with Lihited Dougladir Mortality").

The most extensiveithin-stand mortalityof Douglasfir occurred inrone general location ithe lower
City ownership Polygons 1, 2 and 3 in Usif, B1 and B2(see Maps 1a,b; Appendix: Table &olygon 1in
Unit B2 ( known as "Barranca") had almost complete mortali§#04 see Table §)most of which had been
dead for many year3his represented a considerable fire hazard in close proximity to residences in the City of
Ashland and as a result, a recenmtract was completed falling existing snags and piling downed fuels in this
area, with burning of this material to be completed in winter ZIZ1.1n adjacenPolygons 2 and 3¢lose to
2/3 of thestill standing Dougla$ir were deadwith resulting sanding and downed dead fuels yet to be treated

Ponderosa pine snags werdy found in 3 unit®n the ownershipLW-E, LW-K and LW-M. All of these
units are located on more southerly/southwesterly aspecte@sisonfor distribution of poderosa pineThe
low prevalence of ponderosa pine snags is explained at least in part by the general lack of more southerly and
westerly aspects dhe lower City ownershipPine has also declined in abundance in the denser forests that have
resulted inhe absence of more frequent fire in the last century. Ponderosa pine regeneration is rare in the shady
forests that have developed in the absence of fire

However, pnderosa pinenags werabnormally high in Polygsv and % in Units LW-E1 and LWB4
These polygons were located in an arederburned in 2018nd the mortality wabkely due to the effects of
prescribed underburning and associgtestburnbarkbeetle related mortalityJnit LW-M also had a higher
number of ponderosame snaggand very few Douglafir snags)including several larger, older trees that had
recently died within the last year.

Douglasfir mortality was strongly related to elevation (see Appendix: Table 4). The lower elevation units
below ~2800' averaged aroufudir 8"+ dbh snags per acre, while DF snags above that elevation averdged
about 0.5/acre. One unit, L\® has a sees of subunits fronhW-B2 throughLW-B7 that are topographically
similar but slowly ascending approximately 300" in elevation, with a corresponding general decrease in DF
mortality (see Appendix: Table 5)

Douglasfir mortality was also relatktotopographicaslope position (see Appendix: Table 2). In those
areas in the approximate upper third slope position and/or along lateral ridgelines, DF mortality averaged slightly
over 7/acre; in miglope positions, 3.5; and in lower third slope post slightly less than 1/acre.

Since 1995 and the initiation of active management of the City of Ashland forestlands, DF mortality has
been observed most commonly occurring first around edges of stands, as has been observed throughout southern
Oregon. In some cases, additional mortality failed to advance appreciably farther into the stand (SubBtits LW
LW-B4; Unit LW-J) while elsewhere mortality advanced into the stand, usually in pulses associated with drought.
In some cases, mortality Bouglasfir was rapid and relatively complete (e.g. Polygons 1, 2 aiiep 1a,b;

Appendix Table 6), while in other areas mortality occurred more slowly over time, some of which is still ongoing.
It was also observed that individual larger and/or tallendbdasfir were often first attacked in the middle interior
of an otherwise unattacked stand.

Results of burn severity/tree mortality relationships in the 2018 prescribed underburn in Unit BE1-B4

The Composite Burn Index (CBI) burn setieassessment (Key and Benson 2006) is a method of
monitoring burned landscapes to determine first order fire effects. It is based on a selevithGeverity
categories of minimal ¢0.5), low (0.51.5), moderate (1-3.5) and high (2:8). CBI montoring results have



been determined for most of the prescribed underburning units on the City ownership in the last 7 years. CBI
results for the prescribed underburrMay 2018 inUnit B3-E1-B4 (1.52) were the highest for any unit

undeburned on the Citpwnership to date, although portions of other units burned have reached similar levels of
severity.

Levels of tree (>8"dbh) mortality were also recorded 5 months after the May 2018 unagriéurn
permanent plotsResults showed 7% mortality, all of one spedrecific madrone, although there was also
significant decline in Douglar and panderosa pine as measured by bole scorch and crown consumption. The
plots were monitoredagain in March 2020 and additional mortality had occurred (almost all Pacific Madrone),
bringing the overall total to 20% over 22 months. This result of ongoingopostdecline andnortality of Pacific
madrone over time (up to three years or more) has been found elsewhere on the City ownership in similar
situations However, mly one ponderosa pine and no Dougdfiadad died in the 6 plots mmeasured in 2020
although both species had notable mortality within the underburned unit as a. vihelpernanent plots did not
accuratelycapture the mortality that occurred in two primary locatiarthe underburned uri@.5 acre Polygon
4 and0.9acre Polygon &(see Map a,b).

Most of the Douglagir mortality in the underburnednit appeared to be directly related to the burn itself
although evidence @fdditionalflatheadedir borer attack appeared to be continuing. Few of the ponderosa pine
appeared to bkilled outright by the prescribed burn, but dynamics associatedoadtfire decreased tree vigor
contributed to eventual bark beetle related mortality froestern pine beetl@nd thepine engraver beetleThis
patchy mortality of ponderosa pine in tinederburned unit wasot found anywhere else on the lower watershed
parcel in this surveystrongly suggesting a relationship between the underburn and eventual pine miortality
addition, posburn increased mortality from bark beetles following présetiunderburning has not been found
on City ownership in other underburned units to date, suggesting that a relationship may exist betviben post
mortality andthe higher burn severity (CBI 1.52) than in other underburns on City ownership. Howe&| the
score of 1.52 is barely into the moderate range of burn severity which is often considered acceptable in most
prescribed underburning outcomes. The somewhat more severe outcomes in this burn/unit were likely also
influenced by other variables as walch agopographical influences (e.g. very steep with increased heating and
damage of crownsyiroughty conditions preating the burn, low site productivities in these upper third slope
locations, inherently reducgmte-burn tree vigor and perhaps othe
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Current p otential for helicopter harvestof dead merchantable conifers

The vast majority of the surveysdagswere beyond merchantabiljtjaving died 3 or more years ago.
Recenly deadtrees that had current merchantabitiomprisedonly about5+/-% of the total snags surveyeohd
werewidely scattered and rarelg close proximitythat would allow foifull payload in aurn of logs in a
helicopter logging project his makesconomic retrieval of them unrealistic at this time due to the low total
volume, the small piece size and the very scattered nature of that yplantieularly given that the only way to
retrieve them is ttoughvery expensive helicopter logginghe only way thaturrent merchantable conifer snags
could realistically be retrieved would be if they were incorporatetdaimeeded stand level thinnitigat
generated more consistemd larger amounts of merchantabddume.

Occurrence of Invasive Plant Species

The occurrence of invasive plant speciess recorded in the field using Awntechnology(see
Map 3) A portion of these locations were thervisited and the invasive plantsmoved, including all
of the Scots broom
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Discussion

Tree mortalitygenerally occurasthe final outcome of a combination of assorted cumulative stressors
which combine to produce physiological changes from which a tree cannot recover. These stregsttglean
excessive stand densities, droughtl other weatheelated phenomenanpactsfrom fire or other physical
damagelow site productivitiessoils impacts such as soil compactimnpacts from insects and diseasesl
others.These cumulative stressdypically combine to limit the available moistut@the tree. The Mediterranean
climate of southern Oregowijth extended hot and dry summer seaseracerbates the role of moisture
influencing tree mortalityparticularly @lower to mid elevations like those of tlmver City ownership.

Although noisture limitations alone are enough to cause tree mortialitygrecommonlyoccurs when
native insects respond to increasing tree and stand level stress and are more successful at overcoming natural tree
defenses. This dynamic occurs with dresof insects that are hespecific for any given tree species, with a
corresponding biology unique to the insect/tree. Understanding these relationships is key for land managers to be
able toconduct stand managemennteet longterm objectivesas outomes can range from mortality of a small
number of scattered individual trees to mortality of all trees of a given species from large areas in a high severity
disturbance. This report explores ways to avoid these type of high severity disturbancesdobralated
mortality while perhaps accepting some smaller scale, low to moderate severity levels of miantalitsects,
disease and/or low severity prescribed fire. Management that helps increase the likelihood for these types of
disturbances are mhgreferred over the type of high severity disturbance that is often associated to varying
degrees with wildfire which would NOT be desirable for achieving objectives for City forestlands.

Douglasfir insectrelated mortality from f latheaded fir borer

Douglasfir is the most commotreespecies on thimwer City ownershipcurrentlyand its abundance on

these sites is thought to be outside of historical ngktetlenet. al 202; Ashland Forest Plan 2016)

Elevated densities on these moistlingted sites has resulted ahigh level of cumulative stree$ Douglasfir.

A number of biotic and abiotic agentancontribute to eventuateemortality, including site and weather factors
suchas described abovdn addition, there are a host of othéstic agents that may be contributing to Douglas
fir decline such as Douglas fir engra®uaolytus unispinosu®ouglasfir pole beetlePsuedohylesinusethulosus
Douglasfir twig weevil Cylindrocopturus furnissiDouglasfir beetleDendroctonus preudotsuga@®homopsis
cankerPhomopsis lokoyaérmillaria root diseas@rmillaria ostoyae Laminated root disea$thellinus weirii

and likely others.

However, on a broad scale, the primary causdiotic mortality factoraffecting Dougladir on the City
ownershipin recent yearbas beentheflatheaded fir bore(FFB) Phaenops drummondrhis insect prefers
dying, burned or recently downed hosts and is generally regarded as part of theijobeew" that begins the
process of decay of downed wood, as do most vimothg insects. They typically have a one year life cycle, but
can have aextended life cycle afip to4 years (or perhaps more) depending on host quality. In southern Oregon,
they have become watistablished agents of mortality Douglasfir, with hostfinding mediatedy the trees
broadcasting a chemical message of degréidsge (Schaupp 202, 2018).

Historically, there has bedittle research, few publications andly episodic attention given to the
speciegSchaupp 2017at least until recentiwhen (nowretired USFS Forest Entomolgist Bisichaupplevoted
considerable timeenergy and expertite understanding and monitoring this specg&n thoughhte insect is
acknowledged to be difficult to detect in theld. A major synposium inApril 2017 ("The Flatheaded Fir Borer
and Managementf @ow Elevation Douglasgir in the Klamath Mountain&coregion: Knowns, Unknowns, and
Best Practicé's OregonStateUniversity Extension) summarized knowledge about the insect and its occurrence.
In that symposium, Schaupp presented a working hypoth#dsas:these FF&ittacked Douglasr are at the
lower end of their ecological amplitude, growing on marginal sites. Available moisture could be a key factor in
this. It is suspected that a more frequent fire return interval would result in far fewer Sugtaupying such
warm, dry sites
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Schaupp alspresented dMaximum Entropy model (Strawn and Schaupp, 2017) that found two
variables that offered significant contributions to model gain: elevation and available water.

Graph 1

Maximum Entropy Model
(K. Strawn, B. Schaupp, USFS)

MaxEnt calculates the probability that a species, in this case Flatheaded
Fir Borer (Phaenops drummondi), could establish and/or persist at a particular
location within a defined landscape.
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Schauppalso produced the following list of risk factors (***most important risk factors;
*moderately important risk factey:

*** Elevation less than 3,500 feet
*** | ow water availability

**  Pineoak forest type

**  Hot, dry sites

*  Fire recently or long time absent
*  Sparse crown, poor growth

In the same symposiurivlax Bennet{OSU Extension Foresteoffered3 primaryenvironmental variables
associated witflatheaded fir borers a GIS analysis precipitation(see Map 4; Graph 2¢levationand soil
water Other factors that seesh important included:

ADF growing in or on margins of stands with Orec
ALocal topography, e.g., concave vs. convex sl oy
APatch edges vs. interiors

ALow v i gheB012D Feariage class growing on marginal sites for DF



Source: Bennett 2017

SourceBennett2017

Map 4

Graph 2
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