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Introduction  
    
            Active management of  City owned forestlands was initiated in 1995 with three primary objectives 

(Ashland Forest Plan, 2016): 

¶ Protection and promotion of the City's water supply 

¶ Maintenance and promotion of forest health 

¶ Reduction in the fire-prone nature of the forestland through active management of vegetation and      fuels 

 

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

of those objectives. Subsequent 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 employed various management practices and silvicultural 

strategies over the past 25 years. This paper describes both qualitative and quantitative approaches, results and 

analyses of management activities to date to help inform current and future management strategies 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 guided this work: 

 

1. Establish a spatially explicit mapping of standing tree mortality (~8"+ dbh) on the lower watershed 

portion of City-owned forestlands to be used as a baseline for future reference.  Analyze resulting 

landscape-level spatial patterns to help understand where and why tree mortality 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 drought, climate change and other 

factors.  

3. Determine the potential for utilizing the surveyed existing snags, in association with other low-vigor 

conifers, to support a future helicopter thinning operation  designed to improve stand conditions and/or 

otherwise meet City goals and objectives. 

4. While conducting the survey, identify and map potential non-commercial thinning opportunities and 

occurrence of  invasive plants. 

 

            This paper uses published science and other professional publications to help validate results presented but 

is by no means an exhaustive compilation of the available science. In fact, for many of the management-related 

questions discussed in this paper, published science-based information is lacking, especially for the insect that has 

contributed to the most significant mortality on the City ownership, the flatheaded fir borer Phaenops drummondi. 

The science cited is used to provide insight to, and support, some of the more complex analyses that are required 

when multiple objectives are desired in the management of a complex landscape in an era of rapidly changing 

conditions.    

 

Methods 

 
               To accomplish the multiple objectives, the entire 485 acre City-owned lower watershed area was visited 

and  surveyed (see Maps 1a,b,c,d), with several exceptions: 1) Unit LW-T;  2)  the upper half of Unit LW-U;  3) 

several non-forest areas (e.g. quarries). Although 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 management possibilities throughout the 

entire City and Parks forerstland ownership, as well as on other similar adjacent non-municipal lands.  

              Areas were generally traversed on the contour, looking both uphill and downhill for dead conifers  ~8" 

dbh and larger. Individual tree mortality was common in much of the area surveyed, but recording individual 



5 
 

snags was beyond the scope of this project. Generally, recording of snags was limited to groups of four or more 

dead conifers  in close proximity, generally within 1/10 acre. Occasional noteworthy individual trees were 

recorded, such as recently dead pine and large diameter snags (>25" DBH). Locations were identified with a 

waypoint using Avenza mapping software. For larger areas with more extensive and contiguous mortality (i.e. 

generally greater than 1/2 acre in size and including at least 30+/- dead trees),  polygons were GPS'ed in the field. 

              Mortality was recorded primarily for coniferous species- Douglas-fir , ponderosa pine and the occasional 

sugar pine. Incense cedar was also present but in small numbers with little evident mortality at this time. Dead 

hardwoods were not included, except  in the B3-E1-B4 prescribed burn unit (2018), where extensive post-fire 

mortality of Pacific madrone occurred. 

                At each waypoint/polygon, the following information was recorded: tree species, estimated number of 

snags, approximate range of DBH's, estimated time since initial mortality, and current snag merchantability  and 

subsequent potential for helicopter thinning. In the larger polygons, an estimated percent of total standing trees 

killed by species was also recorded. Standard merchantability rules were applied such as size, time since initial 

mortality (e.g. red needles still present?), amount of defect, bark slippage and subsequent exposed and cracking 

inner wood, etc.  Any other important notes or points of interest were also recorded. 

              Although snags are critically important values from a wildlife habitat perspective, most of the snags 

surveyed were 8-16" dbh and less valuable from this perspective. More valuable larger snags 17"+ dbh were 

uncommon in this survey, but tend to be more persistent than the smaller snags. 

              Ongoing snag development on the lower watershed parcel has been in a constant state of flux over the 

past 25 years with low levels of more endemic ongoing mortality, punctuated with waves of higher intensity 

outbreak levels of mortality often associated with drought. In 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 location .The 

subsequent falldown of a snag within 3-10 years after initiation has resulted in ongoing accumulations of both  

subsequent large woody debris and fuels in that same time frame.  

            A small percentage of the snags (i.e. estimated 5%+/-) recorded in this survey were newer than 3 years 

since mortality- not surprising given the last drought-related major pulse of mortality in 2015-16.  Most of these 

1-2 year old snags were considered merchantable, especially those that had recently died and/or were of a larger 

size. Larger Douglas-fir snags can retain some merchantability into the second year, although decay processes 

begin to reduce their merchantability.        

            When invasive plants were identified, a waypoint was recorded and the species was identified. These 

waypoints were combined with invasive plant locations that were identified in the 2017 property-wide inventory 

to create a map (see Map 3) with all identified invasive plant locations and species.  

            Possibilities for needed non-commercial thinning were also recorded with the results presented in a 

separate report ("City of Ashland Lower Watershed Ownership- 2020 Non-Commercial Thinning Possibilities 

Summary", Small Woodland Services, Inc., April 2020). 

 

Results 
 

Snag Survey Results 

           

             Almost all units on the lower City ownership had some tree mortality and existing individual snags, 

although the total amount by unit varied widely. In this survey which only recorded at least 4 snags ~8" dbh and 

larger in close proximity, unit level totals ranged from 0 to 9.7 snags per acre (see Table 1). Only four units had 

no 8"+ snags other than individual or small clumps of snags (i.e. 3 or less): LW-G, LW-J, LW-Q and LW-W1. 

             Douglas-fir was by far the most abundant conifer snag 8"+ dbh (883total) identified in this survey, with 

considerably fewer  ponderosa pine (64) and a rare sugar pine (3). This was due at least in part because Douglas-

fir is the most common conifer on the lower City ownership, comprising close to 86% of the conifers 8"+ dbh in 

the 2017 inventory. There were no 8"+ dbh  incense cedar snags found in the survey. 

            While the number and size of snags varied throughout the groups of dead trees recorded in this survey, 

groups of 5-10 Douglas-fir snags in the 8-16ò DBH classes were very common. Snags 18"dbh or greater were 
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uncommon, particularly at lower elevations in the ownership while increasing at elevations above 2800'(+/-)  

where site productivities improve. These larger snags (primarily 18-24" dbh) were almost all 3 or more years 

since initial mortality and largely unmerchantable. However, these larger size classes of snags did provide 

important wildlife habitat values in most cases. 

             Unit LW-B experienced the most mortality with 487 snags total in this survey (see Appendix: Table 1). 

This total was strongly influenced by extensive mortality in Polygons 1 and 2 in subunit LW-B2 where slightly 

less than 200 snags were found (see Appendix: Table 6). Units LW-A (122), LW-E (105), LW-K (81) and LW-R 

(46) also contained high numbers of snags. All of the other units contained 22 or fewer total snags.  

              On a per acre basis, the above 4 units, along with Units F and H, all contained greater than 2.6 8"+dbh 

snags per acre, ranging up to 9.7 per acre in Unit A. All of the other units contained 1.5 or fewer snags per acre 

(see Appendix Table 1; Map 6-  "Surveyed Units with Limited Douglas-fir Mortality").     

            The most extensive within-stand mortality of Douglas-fir occurred in one general location in the lower 

City ownership- Polygons 1, 2 and 3  in Units A, B1 and B2 (see Maps 1a,b; Appendix: Table 6).  Polygon 1 in 

Unit B2 ( known as "Barranca") had almost complete mortality (90+%; see Table 6), most of which had been 

dead for many years. This represented a considerable fire hazard in close proximity to residences in the City of 

Ashland and as a result, a recent contract was completed falling existing snags and piling downed fuels in this 

area, with burning of this material to be completed in winter 2020-2021. In adjacent Polygons 2 and 3,  close to 

2/3 of the still standing Douglas-fir were dead, with resulting standing and downed dead fuels yet to be treated.  

            Ponderosa pine snags were only found in 3 units on the ownership- LW-E, LW-K and LW-M. All of these 

units are located on more southerly/southwesterly aspects as is common for distribution of ponderosa pine. The 

low prevalence of ponderosa pine snags is explained at least in part by the general lack of more southerly and 

westerly aspects on the lower City ownership.  Pine has also declined in abundance in the denser forests that have 

resulted in the 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, ponderosa pine snags were abnormally high in Polygons 4 and 5a  in Units LW-E1 and LW-B4 

These polygons were located in an area underburned in 2018 and the mortality was likely due to the effects of 

prescribed underburning and associated post-burn bark-beetle related mortality. Unit LW-M also had a higher 

number of ponderosa pine snags (and very few Douglas-fir snags) including several larger, older trees that had 

recently died within the last year. 

            Douglas-fir mortality was strongly related to elevation (see Appendix: Table 4). The lower elevation units 

below ~2800' averaged around four  8"+ dbh snags per acre, while DF snags above that elevation averaged only  

about 0.5/acre. One unit, LW-B has a series of subunits from LW-B2 through LW-B7 that are topographically 

similar but slowly ascending approximately 300' in elevation, with a corresponding general decrease in DF 

mortality (see Appendix: Table 5) 

            Douglas-fir mortality was also related to topographical slope 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 mid-slope positions, 3.5; and in lower third slope positions 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 (Subunits LW-B1, 

LW-B4; Unit LW-J) while elsewhere mortality advanced into the stand, usually in pulses associated with drought.  

In some cases, mortality of Douglas-fir was rapid and relatively complete (e.g. Polygons 1, 2 and 3- Map 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 taller Douglas-fir 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 B3-E1-B4    

 

            The Composite Burn Index (CBI) burn severity assessment (Key and Benson 2006) is a method of 

monitoring burned landscapes to determine first order fire effects. It is based on a scale of 0-3, with severity 

categories of minimal (0-0.5), low (0.5-1.5), moderate (1.5-2.5) and high (2.5-3). CBI monitoring results have 
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been determined for most of the prescribed underburning units on the City ownership in the last 7 years. CBI 

results for the prescribed underburn in May 2018 in Unit B3-E1-B4 (1.52) were the highest for any unit 

underburned on the City ownership 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 underburn on 6 

permanent plots. Results showed 7% mortality, all of one species- Pacific madrone, although there was also 

significant decline in Douglas-fir and ponderosa pine as measured by bole scorch and crown consumption. The 

plots were monitored  again in March 2020 and additional mortality had occurred (almost all Pacific Madrone), 

bringing the overall total to 20% over 22 months. This result of ongoing post-burn decline and mortality of Pacific 

madrone over time (up to three years or more) has been found elsewhere on the City ownership in similar 

situations. However, only one ponderosa pine and no Douglas-fir had died in the 6 plots re-measured in 2020, 

although both species had notable mortality within the underburned unit as a whole. The permanent plots did not 

accurately capture the mortality that occurred in two primary locations in the underburned unit- 0.5 acre Polygon 

4 and 0.9 acre Polygon 5a (see Map 1a,b).  

            Most of the Douglas-fir mortality in the underburned unit appeared to be directly related to the burn itself 

although evidence of additional flatheaded fir borer attack appeared to be continuing. Few of the ponderosa pine 

appeared to be killed outright by the prescribed burn, but dynamics associated with post-fire decreased tree vigor 

contributed to eventual bark beetle related mortality from western pine beetle and the pine engraver beetle.  This 

patchy mortality of ponderosa pine in the underburned unit was not found anywhere else on the lower watershed 

parcel in this survey, strongly suggesting a relationship between the underburn and eventual pine mortality. In 

addition, post-burn increased mortality from bark beetles following prescribed underburning has not been found 

on City ownership in other underburned units to date, suggesting that a relationship may exist between post-burn 

mortality and the higher burn severity (CBI 1.52) than in other underburns on City ownership. However, the CBI 

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 well such as topographical influences  (e.g. very steep with increased heating and 

damage of crowns), droughty conditions pre-dating the burn, low site productivities in these upper third slope 

locations, inherently reduced pre-burn tree vigor,  and perhaps others.              
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Map 1a 
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Map 1b 

 
 

 

 

 

 

 



10 
 

 

Map 2a 
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Map 2b 
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Current p otential for helicopter harvest of dead merchantable conifers 

 

            The vast majority of the surveyed snags  were beyond merchantability, having died 3 or more years ago.  

Recently dead trees that had current merchantability comprised only about 5+/-% of the total snags surveyed, and 

were widely scattered and rarely in close proximity that would allow for full payload in a turn of logs in a 

helicopter logging project. This makes economic retrieval of them unrealistic at this time due to the low total 

volume, the small piece size and the very scattered nature of that volume, particularly given that the only way to 

retrieve them is through very expensive helicopter logging. The only way that current merchantable conifer snags 

could realistically be retrieved would be if they were incorporated into a needed stand level thinning that 

generated more consistent and larger amounts of merchantable volume.  

  
Occurrence of Invasive Plant Species 

 

            The occurrence of invasive plant species was recorded in the field using Avenza technology (see 

Map 3).  A portion of these locations were then re-visited and the invasive plants removed, including all 

of the Scots broom.  

                     

Map 3 
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   Discussion 
 
            Tree mortality generally occurs as the final outcome of a combination of assorted cumulative stressors 

which combine to produce physiological changes from which a tree cannot recover. These stressors can include 

excessive stand densities, drought and other weather-related phenomena, impacts from fire or other physical 

damage, low site productivities, soils impacts such as soil compaction, impacts from insects and diseases and 

others. These cumulative stressors typically combine to limit the available moisture to the tree. The Mediterranean 

climate of southern Oregon, with extended hot and dry summer seasons, exacerbates the role of moisture 

influencing tree mortality, particularly at lower to mid elevations like those of the lower City ownership.  

            Although moisture limitations alone are enough to cause tree mortality, it more commonly occurs when 

native insects respond to increasing tree and stand level stress and are more successful at overcoming natural tree 

defenses. This dynamic occurs with a cadre of insects that are host-specific 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 to conduct stand management to meet long-term objectives, as outcomes 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 disturbances from insect-related 

mortality while perhaps accepting some smaller scale, low to moderate severity levels of mortality from insects, 

disease and/or low severity prescribed fire. Management that helps increase the likelihood for these types of 

disturbances are much preferred 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.        

             
Douglas-fir  insect-related mortality from f latheaded fir borer 

              

            Douglas-fir is the most common tree species on the lower City ownership currently and its abundance on 

these sites is thought to be outside of historical norms (Metlen et. al 2012; Ashland Forest Plan 2016). 

 Elevated densities on these moisture-limited sites has resulted in a high level of cumulative stress of Douglas-fir. 

A number of biotic and abiotic agents  can contribute to eventual tree mortality, including site and weather factors 

such as described above.  In addition, there are a host of other biotic agents that may be contributing to Douglas-

fir decline such as Douglas fir engraver Scolytus unispinosus, Douglas-fir pole beetle Psuedohylesinus nebulosus, 

Douglas-fir twig weevil Cylindrocopturus furnissi, Douglas-fir beetle Dendroctonus preudotsugae,  Phomopsis 

canker Phomopsis lokoyae, Armillaria root disease Armillaria ostoyae, Laminated root disease Phellinus weirii 

and likely others.              

            However, on a broad scale, the primary causative biotic mortality factor affecting Douglas-fir on the City 

ownership in recent years has been  the flatheaded fir borer (FFB) Phaenops drummondi. This insect prefers 

dying, burned or recently downed hosts and is generally regarded as part of the "clean-up crew" that begins the 

process of decay of downed wood, as do most wood-boring insects. They typically have a one year life cycle, but 

can have an extended life cycle of up to 4 years (or perhaps more) depending on host quality. In southern Oregon, 

they have become well-established agents of mortality of Douglas-fir , with host-finding mediated by the trees 

broadcasting a chemical message of degraded tissue  (Schaupp 2017, 2018). 

             Historically, there has been little research, few publications and only episodic attention given to the 

species (Schaupp 2017), at least until recently when (now retired) USFS Forest Entomolgist Bill Schaupp devoted 

considerable time, energy and expertise to understanding and monitoring this species, even though the insect is 

acknowledged to be difficult to detect in the field. A major symposium in April 2017 ("The Flatheaded Fir Borer 

and Management of Low Elevation Douglas-fir in the Klamath Mountains Ecoregion: Knowns, Unknowns, and 

Best Practices", Oregon State University Extension) summarized knowledge about the insect and its occurrence. 

In that symposium, Schaupp presented a working hypothesis: "that these FFB-attacked Douglas-fir 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 Douglas-fir occupying such 

warm, dry sites."  
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              Schaupp also presented  a Maximum Entropy model (Strawn and Schaupp, 2017) that found two 

variables that offered significant contributions to model gain: elevation and available water. 

 

              

 

  

Graph 1 

                   
 

 

Schaupp also produced the following list of risk factors (***most important risk factors;      

     *moderately important risk factors):  

 

                ***  Elevation  less than 3,500 feet  

                ***   Low water availability  

                **    Pine-oak forest type    

                **    Hot, dry sites 

                *      Fire recently or long time absent 

                *       Sparse crown, poor growth 

 

 

In the same symposium, Max Bennett (OSU Extension Forester) offered 3 primary environmental variables 

associated with flatheaded fir borers in a GIS analysis-  precipitation (see Map 4; Graph 2), elevation, and soil 

water. Other factors that seemed important included: 

             ÅDF growing in or on margins of stands with Oregon white oak 

             ÅLocal topography, e.g., concave vs. convex slopes 

             ÅPatch edges vs. interiors 

             ÅLow vigor DF in the 80-120 year age class growing on marginal sites for DF           
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Map 4 

              
                     Source: Bennett 2017 

 

 

 

Graph 2 

                
                        Source: Bennett 2017 






















































