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Created Wildlife Tree Literature Review
Oregon and Washington, USA
Hope and McComb (1994) surveyed Pacific Northwest wildlife biologists on their approaches to wildlife tree management.  Their findings highlighted numerous issues related to communication, education, funding, politics, and lack of ecological data.  Many of the issues appear to still exist, even though snag habitat enhancement techniques have been occurring for several decades.  
This document attempts to address some of the lingering issues through a review of over 100 papers on wildlife tree creation.   Methods, longevity, and influences of stand and landscape conditions are summarized.  This paper does not provide guidance on how to evaluate snag habitat or species use at the stand or landscape scale.  That information is available in the Mellen-McLean et al. 2017 DecAid Tool (https://apps.fs.usda.gov/r6_decaid/views/index.html).
The science presented here strongly indicates that not all snags are created equal in terms of suitability for cavity excavation and use by cavity nesters (Bednarz et al. 2004 and Jackson and Jackson 2004).  Also, simply creating a certain number of snags per area in all likelihood will not result in the retention of natural keystone processes needed to support wildlife tree users.  Appropriate conservation strategies to protect interdependent forest communities must be designed to maintain the complex biotic interactions among fungi, insects, microorganisms, cavity excavators, and other wildlife.   

Methods for creating wildlife trees
Bull et al. (1981) and Bull 1980 first reported experiences using explosives to top trees in combination with inoculation of Polyporus anceps to create Ponderosa pine snags. They found that woodpeckers readily foraged on snags created in this manner: 82% of ponderosa pine and 92% of lodgepole had foraging activity within one year of creation.
Carey and Sanderson (1981) evaluated routing (using a drill to create holes) as a technique to accelerate cavity formation in hardwoods.  They also applied biological (fungal culture) and chemical (glycerol) inducing materials they felt may be useful in combination with routing.  After 3 years, 139 trees were still structurally sound, but 5 red maples had fractured at the routing site.  About a third of the cavities contained standing water; 18% were closed by callus.  Partially closed cavities (about 80% of all cavities) were used by southern flying squirrels (Glaucomnys volans) for feeding and denning.  This treatment was in hardwoods only: it is undocumented how well it would work for conifers.
As interest in creating wildlife trees increased so did the number of methods used.  Bull and Partridge (1986) tested the following 6 methods in ponderosa pine: saw-topping, blasting, girdling, fungal inoculation, girdling combined with inoculation, herbicide injection, and insect pheromone baiting.  Girdling occurred approximately 1 meter above the ground.  Inoculation species included Fomitopsis pinicola and Dichomitus squalens, while pheromone baiting was done to attract Dendroctonous brevicomis.  They found that saw-topping yielded the best cost/benefit results.  Trees died immediately, had low fall rates, and were used statistically more frequently by cavity nesting birds than snags created by other methods.
Lewis (1998) completed a summary of snag and wildlife tree creation techniques.  He found that topping trees with chainsaw or explosives, and girdling at or near the base of the crown, were extensively used methods.  He reported costs of treatment, as well operational specifications, safety considerations, and the numbers of trees created using these methods.  The use of chainsaw to top trees was less expensive than explosives, while girdling was the least expensive method.  Fungal inoculation, cavity creation, and limbing were all reported to be cheaper when used in conjunction with topping or girdling.  
Parks et al. (1999), saw close to l00% mortality of girdled ponderosa pine after 3 years, with the girdle at 1m above ground.  Bull and Partridge (l986) girdled trees with two parallel saw cuts, but did not remove the bark and cambium.  Girdling trees above the first whorl of branches did not result in loss of the entire snag due to wind-shear breaks at the wound site (Lewis 1998).  Parks et al. (1999) reported cavities in girdled ponderosa pine trees after 7 years.
Lewis (1998) has a thorough paper comparing treatments.  His paper states that girdling can create a dead but intact top, providing a taller snag; however, this intact top makes a girdled tree more susceptible to wind-shear at the wound site.  If girdling is done at breast height (basal girdling) and wind-shear breaks the tree at the wound site, little or no snag habitat will remain.  Alternatively, girdling in or near the base of the crown (crown girdling) can preserve much of the bole if wind-shear breaks the snag at the wound site.   Girdling can be done in conjunction with fungal inoculation and limbing, at increased cost.  Girdling may result in a sap rot rather than a heart rot, potentially reducing the suitability of some snags and nesting habitat (Carey and Gill 1983, Neitro et al. 1985).  Sap rots, however, can provide suitable excavating conditions in tree species with a wide layer of sapwood ( e.g., ponderosa pine; Bull et al. 1997).  Snag monitoring on the Colville National Forest documented natural fungal infection, insect infestation, and wildlife use of crown-girdled trees (M. Borysewicz, USDA Forest Service, Metaline Falls, WA, pers. comm.).  In New Mexico, Parks et al. (1999) found that most of 102 ponderosa pines killed by basal girdling were used by woodpeckers as foraging substrate and that 20% contained woodpecker nest cavities <10 years after being girdled.  Girdling appeared to be the safest and least expensive of the commonly used snag-creation techniques.
 Hallett et al. (2001) found that initial decline (i.e., reaching decay class 2) was faster for ponderosa pine and western larch than for Douglas-fir.  Western larch lost bark (decay class 4) earlier than other species.  Topped trees declined more quickly than girdled trees, but girdled trees reached decay class 4 faster.  The proportion of trees with evidence of foraging and cavities increased with decay class.  Western larch was used more for foraging than other species, but there was no effect of treatment on foraging use.  In contrast, topped Douglas-fir and grand fir were used more for foraging than girdled trees at later decay classes.  Cavities were observed only in trees that were topped.  Interspecific differences in presence of cavities were not observed before decay class 1.  Western larch had the lowest frequency of cavities, whereas grand fir had the highest.  Their conclusion was that the type of treatment and the tree species need to be considered together to determine the longevity of these habitat elements over long time periods. 
For example, Hallett et al. (2001) felt that the period of availability of artificial snags can be lengthened by selecting a mixture of tree species for snag creation and by staggering treatment.  Western larch became less useful for foraging earlier than other species, whereas species such as grand fir may provide nesting habitat earlier.  Similar recommendations have been made to forest managers to strive for high species richness, density, and diversity when selecting suitable habitat to manage for cavity nesters (Scott et al. 1977; Mannen et al. 1980; Steeger and Hitchcock, 1998; Zarnowitz and Manuwal 1985).  It also could be advisable to stagger treatment of leave trees over a period greater than 10 years.  This strategy would ensure a more natural distribution of snags in all decay classes over a longer period of time. 
Brandeis et al. (2002) looked at creating snags by girdling, silvicide treatment, and saw-topping.  Silvicide-treated and fully topped trees took just over 1 year to die; girdled trees took slightly over 2 years to die.  Trees topped at mid-crown took almost 3 years to die.   Top breakage began 4 years after treatment.  Snag-creation method and artificial inoculation did not appreciably affect woodpecker activity after 4 years.  Rather, length of time the snag had been dead had the most influence on use.
Doerr (2008) found base-girding (at base of trunk) killed trees 32% more effectively over a 13-year period than mid-stem girdling (30-50 feet above ground) and did not result in higher “fall-down” rates over this period.  Thirty two percent of mid-stem girdled trees were alive - but stressed - compared to 8% of base-girdled trees.  The mid-stem treatments are likely to add more additional snags to the stand over time than base-girdled treatments.  However, diameter growth of the stressed trees (estimated at about 4” dbh in 13 years) has been slowed by the girdling, so resultant snags will likely have smaller diameters than the average live trees in the regrowth stand. 
Cox (2009) also looked at base girdling and found it to be a low-cost method with benefits expected to last at least 15−20 years post-treatment, given that 77% of the base-girdled trees persisted as snags greater than 20 feet tall 10 years after treatment, and that over 92% of these snags/trees had excavated cavities and holes.  He also saw that 10 to 20% of the girdled trees did not die within the first ten years and therefore, they would not contribute to achieving any snag objectives within that period.  Sick/dying trees however would likely contribute to snag objectives in the next decade. 
In Shea et al. (2002), after 6 years they found differences in the rate of deterioration (tree fading rates, branchlet retention, bole failure, top breakage, bark sloughing), woodpecker feeding activity, cavity excavation, and insect diversity comparing girdled versus pheromone-baited trees (western pine beetle (Dendroctonus brevicomis Leconte).  Their data indicated that bark beetle-killed trees provided a more biologically rich snag that is both suitable and acceptable to cavity dependent species.  

The use of bark beetle pheromones was also tested by Ross and Niwa (1997) as a means to create standing dead trees and improve wildlife habitat.  This study found that bark beetle pheromones could be used effectively to create snags for improving wildlife habitat: all of the trees baited were attacked, and many were dead within 1 year.   

Bull and Partridge (1986) found that western pine beetle (Dendroctonus brevicomis LeConte) pheromones were less effective than topping for producing ponderosa pine snags.   
Arnett (2010) found that creating snags with a feller-buncher was a viable option for increasing snags in young forests.  But he acknowledged there is research indicating that certain bird species require taller and larger snags than those created with this tool.
Wooley et al. 2007 looked at ~ 15 year old treatments in young plantations, including girdling, topping, and inoculation.   Aggressive treatments, such as saw-topping, blasting, and girdling, were effective in killing trees.  Girdling treatments showed a slightly lower rate of mortality, requiring several more years before reaching at least 80% mortality.  Inoculation only treatments showed very low mortality among created trees.  
Weiss et al. 2018 characterized decay patterns in jack pine snags (Pinus banksiana) that had been killed by prescribed fire, topping, and girdling and determined the effects of these treatments on subsequent snag use by subcortical insects and primary cavity-nesting birds.  Topped snags had the highest levels of past insect colonization, were softer, and had higher proportions of loose bark remaining on the boles.  Trees killed by prescribed fire had the greatest number of foraging excavations and cavities.  Girdled snags had the lowest evidence of past insect colonization and showed different levels of decay and insect use at different vertical positions on the snag bole.  Their findings suggest that different jack pine snag treatments result in unique decay trajectories that may influence snag use by an array of wildlife taxa.   
The use of fungal inoculum was adapted by Baker and others (1996) using a shotgun or rifle approach.  They found that fungal inoculum was viable after being fired into Douglas-fir bolts.  Filip and others (2004) put this method into practice and also found it to be a viable way to introduce decay to the inside of Douglas-fir trees.  In 2013, Bednarz et al. continued this work with Fomitopsis pinicola and found a higher proportion of treatment trees displayed F. pinicola conks than did control trees.  At least 36.8% of the treated trees had conks.  There was also significantly more woodpecker excavations and sapsucker (Sphyrapicus spp.) foraging holes associated with the fungal inoculations than at control trees.  In addition to F. pinicola, an ensemble of fungi and other micro-organisms was found in the wounds, suggesting that wounding of a healthy tree under the right circumstances may be sufficient to initiate this natural process in younger forests.
The authors also felt that results from their study and Bull et al. (1981) suggested that fungal inoculation is probably not useful to employ in conjunction with some other snag-creating techniques (i.e., tree topping, herbicide injection) because the relatively rapid death caused by these techniques and the natural exposure to attacking bark beetles and the ambient presence of spores and hyphae are probably satisfactory to quickly and naturally infect snags with local fungi.  They recommend F. pinicola for inoculation into western hemlock and other soft-wood species: not for Douglas-fir.  Based on limited results reported by Filip et al. (2011), F. cajanderi or F. officinalis might be a useful species to evaluate further for inoculation into Douglas-fir.  Importantly, they recommended inoculations be made at least at the height of the lower live crown of trees, but higher (8-15m) would probably be more effective as decay columns grow downward more rapidly with the force of gravity (Jackson and Jackson, 2004).   
Hildebrand et al. (2006) studied Douglas-firs on Alsea Ranger District that had been inoculated with stem decay fungi (F. cajanderi) within the crown, coupled with a lower dowel with F. pinicola or Phellinus pini below the crown.  Though destructive sampling revealed decay at 90% of dowels, the extent of the advanced decay in most trees was not yet sufficient to accommodate a cavity nest by year 5, and no foraging activity was seen.
High cut stumps could also be considered as a created habitat for snag users.  Gustaffson et al. 2012 documented high cut stumps being used as a wildlife management technique in both Sweden and Norway.  Morrison et al. 1980 did a summary of cavity heights preferred by cavity nesters, and concluded that few species will readily use high-cut stumps.  Raphael (unpubl. data; Raphael and White 1984) in the eastern Sierra Nevada found only one species (Mountain Chickadee) used stumps under 1 m in height.  Taller stumps (1-2 m tall) were also used by white-headed woodpecker, northern flicker, mountain bluebird, and house wren, though rarely.  They recommended stumps be created in groups, rather than as scattered individuals (Bull 1980, Evans and Conner 1999).  Morrison (1978) studied the deterioration of high cut stumps and their use in the Sierra Nevada for 5-6 years post-treatment.  All conifer species studied, except incense cedar, were heavily used for foraging.  Few nests were excavated in any tree species.  Pine stumps deteriorated more rapidly than fir.

Use of created wildlife trees  
Bull (1980) found that the size of tree, time since death, and broken tops were important for cavity creation.  Woodpeckers excavated cavities in 8% of the studied ponderosa pine snags within 8 years:  85% of those trees had broken tops.  No cavities were found in lodgepole pines or ponderosa pines less than ~10” dbh.  The mean dbh of snags with cavities was 20”, which indicated a preference for large diameter trees.  Foraging use of created snags appeared to increase with snag age regardless of creation method.  Bull and Partridge (1986) found that created snags were used for foraging within 2-4 years of creation and most had foraging use after 5 years.  Hallett et al. (2001) found little foraging use of snags during their first year of creation, but reported a significant increase in foraging use as decay class increased for all methods of snag creation.  Brandeis et al. (2002) reported that woodpeckers foraged most actively on Douglas-fir snags in western Oregon 3 years after creation regardless of time after inoculation. 
Bull (1980) found 82% of the ponderosa pine snags and 92% of the lodgepole snags within the first year after trees were attacked by bark beetles had foraging activity.  Woodpeckers chipped the bark off (scaled) the trunks to obtain bark beetles or larvae.  The bark beetle larvae generally remained in the tree 1 year before they developed into adults and moved to a new host tree. 
Bull and Partridge (1986) found topped trees were used for foraging the most frequently and trees treated with herbicides were used the least.  The majority of dead trees had been attacked by bark beetles.  Filip et al. (2004) also found ~ 50% of topped snags being used 7-14 years post-treatment.  Their inoculation treatments (rifle, shotgun, no shot) didn’t show a difference in use, indicating it may take several more years before a sufficient decay column to form for wildlife use.
In a study comparing girdling and pheromone-baiting to attract bark beetles in Ponderosa pine, Shea et al. (2002) found that beetle-killed trees provided a more biologically rich snag than girdling, due to the high level of insect activity.  They also found higher woodpecker activity (both foraging and cavity creation) in beetle killed trees.  Six years following treatment nearly half of beetle-killed trees had cavities, while no girdled trees possessed cavities.  In contrast, Brandeis et al. (2002) did not find that treatment method (girdling, herbicide, topping, or inoculation) affected beetle activity, fungal fruiting body presence, or woodpecker activity.  With the exception of mid-topped trees (topped midway in the crown), all snags appeared to be suitable for nest cavity excavation.  Results from Bull and Partridge (1986) showed the majority of nests were found in saw-topped trees. 
Boleyn et al. (2002) reported few nesting or roosting cavities, which he attributed to a lack of decay due to trees only being treated within <10 years.  However, nearly half of the created snags monitored (49%) had new foraging excavations from other woodpeckers and other unidentified excavators within 10 years.  Chambers and others (1997) also found few excavated cavities in newly created snags, but found significantly more 5 years following treatment.  In addition, they detected a positive relationship between the decay class and cavity excavation in snags created by saw-topping.
Doerr (2008) found that base-girdling promoted meaningfully greater cavity use than the more expensive mid-stem girdling method, in part because mid-stem girdling only killed 68% of the trees compared to 90% for the base-girdling treatment.
Cox (2009) found that ten years after girdling <1% of his sample of snags had cavities that would function as nesting habitat, however foraging activity was recorded on 79%.
Wooley (2007) found that by year 5 following treatment, approximately 80% of trees were being used by birds for foraging, regardless of treatment.  Although there was a high degree of variation between stands, new foraging continued to increase over time. Blasted trees had a higher rate of foraging use than other trees.  No potential nest cavity excavation was observed until year 7 following treatment, regardless of the type of treatment.  Blasting and saw-topping treatments incurred the most potential nest cavity use by birds, however trees treated by either girdling or inoculation also had cavities. Potential nest cavities were not observed until year 9 and were observed most frequently in blasted trees.  No trees inoculated with fungus were found to have nesting cavities within 9 years.  By year 15, 60% of trees created by blasting were used for nest cavities
Bednarz et al. 2004 asked the question: does a tree simply need to die to become a cavity-ridden snag occupied by a succession of birds, mammals, and other forest creatures?  One pattern they saw emerging from intensive studies of keystone linkages is that most often only one, or sometimes two, primary excavator species supply the bulk of the cavities that support the entire nest webs in those systems.  For example, Martin et al. (2004) documented that the Northern Flicker furnished most cavities used by the variety of secondary cavity nesters in the mixed interior forests of British Columbia.  In that system, a distant second in importance was the Pileated Woodpecker, which especially provided cavities for the larger species of the nest web.  In the burned ponderosa pine and Douglas-fir forests of Idaho, data collected by Saab et al. (2004) suggested that Hairy Woodpeckers and Northern Flickers engineered most of the cavities that supported the nest web in that system.  In natural fire-maintained southern pine ecosystems, Conner et al. (1983) proposed that the Red-cockaded Woodpecker was essentially the exclusive keystone cavity excavator.  In the western hemlock - Douglas-fir forests of the Olympic Peninsula, the Hairy Woodpecker has been documented as the principal cavity provider in that system (Huss et al. 2002, Ripper et al. 2005).  The idea that community diversity among secondary cavity users is strongly influenced by one or two principal keystone species was a huge conservation finding of the last century.  
Lorenz et al. 2015 also highlighted a key factor related to cavity building/nests and snag hardness. They found that interior wood hardness at nests differed from random sites.  All six of the cavity excavator species in their study had nests with significantly softer interior wood than random trees.  Interior wood hardness was the most influential factor in models of nest site selection at both spatial scales that we examined: in the selection of trees within territories and in the selection of nest locations on trees. Moreover, regardless of hypothesized excavation abilities, all the species in their study appeared constrained by interior wood hardness, and only 4–14% of random sites were actually suitable for nesting.  By not accounting for this factor that limits nest building, the amount of suitable habitat might be overestimated.  Since the method used to create a dead or dying tree influences decay processes, this is an important factor to keep in mind.

Does treatment type affect use?  
Schepps et al. (1999) found that external characteristics of snags have been shown to be poorly correlated with internal decay.    
Wooley et al. (2007) found that by year 5, 80% of trees had died and were being used by birds for foraging, whether they were topped, girdled, or inoculated.  Use increased as trees approached 15 years since treatment, then leveled off.   Blasted trees had a higher rate of foraging than others.  Nest cavities were not observed until year 9, most frequently in blasted trees.  No inoculated trees were found to have nesting within 9 years.  By year 15, 60% of trees created by blasting were used for potential nest cavities.
Hallet et al. (2001) found that topped snags receive more use by birds than snags created through girdling within 4-7 years since creation.  All snags created by topping had indications of use by birds over time. 
Brandeis (2002) found that woodpeckers foraged most actively on trees dead for 3 years regardless of how the snag had been created.
Bull (1980) found cavities in ponderosa pine snags within 3-8 years, and 87% of those cavities were in snags with broken tops.
Chambers et al. (1997) found that Douglas-fir created snags (created by chainsaw topping) were used within 5 years of treatment, with greater use by cavity excavators in clearcut and two-story stands vs. patch cuts.  Clumped vs. scattered pattern of snags did not seem to influence cavities.  The stands were 80-120 years old, 29” dbh snags created on average. 
Parks et al. 1999 felt that girdling may not be effective in tree species other than ponderosa pine because other tree species have relatively thin sapwood that, when decayed, is not wide enough to accommodate a cavity nest.  Because girdling weakens the bole at the point of girdle, as demonstrated  by the fact that most fallen snags of the girdled treatment broke at the girdle in their study, they recommended girdling higher on the bole (>3.5 meters) of ponderosa pine to promote cavities.
An interesting side note:  recent research (Pasanen et al. 2018) found that a greater number of sporocarp species were associated with girdled logs compared to the other types of dead wood.  The method of felling the trees (uprooting vs. chainsaw-felling) also resulted in diﬀerences in community composition.  If decay organism communities are influenced by the mechanism that causes damage or death to a tree, this may be one more reason to vary treatments. 

Created wildlife tree mortality, decay, and longevity
Long term studies of wildlife tree mortality, decay and longevity are lacking.  The longest study follows created wildlife trees 28 years (See Table 1).   
Bull and Partridge (1986) first reported that mortality was significantly higher in topped trees than other treatments such as girdling, herbicides, inoculations, and pheromones.  In 2002, Brandeis and others reported that mortality of topped trees depended on where in the crown trees were topped (i.e., the amount of crown remaining).  The majority of fully topped trees (i.e., no crown remaining) were dead within 3 years, while mid-crown topped trees had not reached 50% mortality by year 4.  They also found that all trees girdled (at tree base) and treated with herbicides were dead within 3 years.  Inoculations alone have not proven to be successful at causing mortality (Filip and Parks, 2004).
Shea et al. (2002) found that both girdling combined with pheromone baiting were highly effective in killing Ponderosa pine trees.  The beetle-killed trees died quicker than girdled trees (3 months and 2 years, respectively) and also deteriorated more rapidly, creating more suitable conditions for cavity excavation earlier.  Boleyn and others (2002) reported that the majority of Douglas-fir trees top killed were still in decay class 1 or 2 within 10 years.  
Bull and Partridge (1986) concluded fall down rates were highest for herbicide-killed trees, followed by girdled and inoculated trees, while topped trees persisted the longest. Since this study, most published literature on fall down rates has been focused on natural snags, generally following fire.  Raphael and Morrison (1987) reported 47% (small diameter class) to 82% (large diameter class) of snags remained standing, and that firs fell at a slower rate than pines on both burned and unburned plots.  Similarly, Russell and others (2006) found persistence was greater for Douglas-fir than for Ponderosa pine following wildfire in western Idaho.  Snags that were smaller and in less dense stands fell sooner than larger stems in more dense stands.  They predicted the half-life was 9-10 years for Ponderosa pine and 15-16 years for Douglas-fir.  Simulation analyses performed by Wilhere (2003) indicate that, after ~ 15 years, between 78-93% of snags will persist depending on size of the snag.  Bull (1983) found that 14% of ponderosa pines over 20” dbh class had fallen within 8 years, and 70% had fallen in the 10” dbh class.
Edworthy et al. (2012) found that cavities in trees with advanced decay had a relatively short median longevity of 7 years, whereas those in living trees had a median longevity of more than 15 years.  Cavity longevity was greater in continuous forest than in aspen grove habitat.  Interestingly, cavities formed by weak excavators survived as long as those created by Northern Flickers despite occurring in more decayed tree stems.  Thus, weak excavators may be selecting for characteristics that make a tree persistent, such as a broken top.    
Weiss et al. 2018 used a large data set of 19,622 snags from permanent plots in second-growth forests of coastal British Columbia to model snag longevity (time from tree mortality to snag fall) for three species: Douglas-fir, western hemlock, and western redcedar.  Snag longevity was strongly related to species and snag diameter.  The median snag longevity was 16 years for Douglas-fir, 11 years for hemlock and 5 years for redcedar.  Western redcedar was predominantly in the subcanopy, and its rapid fall rate was related to the small size of the snags.  In addition to diameter, other attributes (height to diameter ratio, height, and live crown ratio before death) contributed significantly to models for one or two of the species.  Site level variables did not contribute significantly to any of the models.  Snags greater than 20” dbh, especially Douglas-fir snags, have the potential for persistence well beyond 20 years in these second-growth forests, and could be important for wildlife.
Hane et al. 2019 documented the fate of 1197 created snags in 31 harvest units from 1997 to 1999 in the Cascade and Coast Ranges, Oregon. The trees were topped with harvesting equipment in second growth timber (~45 years old) and arranged at three densities and as either single or clumped created snags.   Median survival time for Douglas-fir was 21.0 years.  For western hemlock, median survival times were 12-13 years.  Under a log-logistic model, 5% of Douglas-fir snags are predicted to still be available at rotation age, so 40 snags per hectare (16/acre) would be required at harvest to maintain 2 snags per hectare (0.81/acre) through stand rotation.  Snags created from western hemlock could provide an early rotation pulse but are unlikely to last longer than 20 years.  Their results suggested that longevity can be increased by maximizing the snag size within the safety constraints of harvesting equipment.   
Gainey et al. (2015) found in mixed conifer stands in Arizona that standing rates were positively related to snag diameter, negatively related to snag height, and were lower for snags with intact tops than for broken-topped snags.  Standing rates also were positively related to topographic roughness, elevation, tree density, and an index of northness, and negatively related to slope and relative topographic exposure.  

How do wildlife trees created by fire differ from trees damaged/killed by other methods? 
There is limited science to draw from for this question.  Table 2 displays a summary of mortality of trees following fire: rarely is there long term data on response by snag-using birds.   DecAID Version 3 has a comprehensive literature section that includes science related to this topic.
Raphael (1983) modelled potential response of cavity-nesting birds to the pattern of snag-fall on a burned forest (assuming that no snags are harvested following the burn).  The model was run for 45 years, specifying that each pair of primary cavity nesters required at least 48 snags (from Thomas et al. 1979) and that each primary cavity nester (PCN) excavated only 1 cavity per year.  He also set the maximum density of secondary cavity nesters (SCN) at 240 pairs per 100 ha (calculated from the upper 95% confidence interval of the mean breeding density of secondary cavity nesters from 63 censuses published in American Birds).  Many of the findings were as expected: larger snags fell at a slower rate than smaller ones, and fir snags fell slower than pine.  By year 20 nearly all of the pine snags had fallen; by year 25 nearly all the fir snags had fallen.  By year 35, no snags were left.  
The simulated response of cavity-nesting birds revealed interesting patterns.  First, density of PCN did not reach a maximum until year 18.  Until then, snags were abundant but bird numbers were limited by the lack of sufficiently decayed snags or by their territoriality.   Hairy Woodpeckers are opportunistic species that rapidly invade burned forests and are capable of excavating nests in harder (more recently killed) snags (Raphael and White 1984). Northern Flicker and Lewis's Woodpecker require softer snags for nesting; these species do not reach maximum densities until year 15 and 19, respectively.  Other species achieved maximum densities at intermediate years.  Beyond 18 years, snags were sufficiently decayed for all species, but snag density had become too low to support maximum densities of PCN.  The PCN population crashed as snag numbers were further reduced; none remained by year 30.  The populations of secondary cavity nesters lagged behind the PCN for the first 2 years, until the supply of cavities began to build up.  Thereafter, SCN numbers rose rapidly due to the accelerating rate of cavity production and the larger inventory of cavities persisting from previous years.  Maximum density was reached in year 16, 2 years earlier than achievement of maximum density of PCN. The SCN maximum persisted until year 22.  During this period, the model assumed that SCN were limited by territoriality rather than availability of cavities.   Beyond year 22, the accelerating rate of snag fall caused the number of cavities to decline to the extent that SCN were again limited by cavity ·availability.   It is interesting that the SCN persisted at maximum density for 3-4 years beyond the year when PCN began declining.  Apparently, PCN became limited by numbers of suitable snags while SCN were still finding surplus cavities present from previous years.  
This model provides an interesting framework for understanding the dynamics of snag habitat following fire.  Unfortunately, bird census data did not support the model prediction.   Both PCN and SCN declined at nearly the same rate over this 15 year period. Perhaps the model was wrong, or perhaps the small size of the study grid (8.5 ha) exaggerated year-to-year variation, masking subtle differences.   Modeled population sizes of PCN and especially SCN are higher than those actually estimated from the censuses.  Raphael recommended further monitoring and comparison with other long-term censuses on burned plots to validate model predictions.  
Saab et al. (2004) collected extensive data on factors that influence cavity occupancy related to time after fire in western forests.  They examined patterns from the temporal perspective and modelled cavity nester use over time, as opposed to using the snapshot approach and diagramming the way cavities pass among species groups (Martin et al. 2004).  They explored the influence of several variables potentially affecting post-fire occupancy by cavity-nesting birds, including the length of time since fire, the proximity of unburned forest, and tree characteristics within the burn site (e.g., tree height and diameter).  These factors were examined for their effects on both strong cavity excavators (e.g., Hairy Woodpecker) and a weak excavator, Lewis’s Woodpecker.   They documented a succession of use by cavity nesters, especially in relation to time since fire. This modeling effort indicated that strong excavators occupied cavities longer in the larger burned area.  These patterns suggest that woodpecker populations may depend substantially on forest landscape structure as well as individual tree characteristics, and that these are ephemeral habitats that change rapidly after fire.  Importantly, occupancy of cavity excavators declined more rapidly in the smaller, patchier burned area. They hypothesized this was due to colonization by predators from adjacent undisturbed habitat. Their data suggest that periodic stand-replacement fires are needed to provide high-quality habitat on a continuous basis for several important keystone woodpeckers using western conifer forests.  What proportion of the landscape should be composed of recently burned areas to sustain viable populations of primary keystone excavators is not known.
Lehmkuhl et al. (2003) sampled occurrence of bird-excavated cavities in snags in a chronosequence of 26 wildfire burns (ages 1-81 years) on the east slope of the Washington Cascade Range.  Cavities occurred in 5.5% of the recorded snags; most (69%) were in burns of subalpine fir.  Important predictors of cavities in ponderosa pine and Douglas-fir snags included large diameter (>34cm), burn age >20 years, soft-decay condition, broken-top condition, and moderate height (>2m).   Cavity-bearing ponderosa pine snags were best characterized as large- diameter (>13” dbh) snags >2 m tall and located in middle-age to older burns (>19 years old).  Cavity-bearing Douglas-fir snags were best characterized as large-diameter snags (>13” dbh), or as smaller soft snags. 
Parks et al. (1999) found that snags created by both girdling and fire began to fall after 2 years.  Seven to nine years after treatment, 53-57% had fallen.  Burned trees most often fell as a whole unit, usually breaking off belowground owing to structural failure of buttress roots.  They speculated that the intense basal fires caused the buttress roots to burn extensively, thereby making them more susceptible to colonization by decay fungi. The intense heating of the main root structure and subsequent root failure of burned trees may be in part due to the light, volcanic soils common to the project areas.  In comparison, girdled snags that fell generally broke at the girdle, leaving the root system intact.  Although burned trees fell sooner and had fewer cavities than trees that received other treatments, this may be explained in part by the fact that burned trees had smaller diameters and died up to one year sooner than girdled trees.  The burn intensity may have been excessive, leading to the failure of the main root system.  A lower intensity burn may provide snags that stand longer.
Dunn and Bailey (2012) looked at snag longevity along a chronosequence of 7 stand replacing fires in eastern Oregon.  They found longevity rates varied from 14-46% depending on species.  In their 2016 paper that studied wildfires, they found that larger snags were less likely to fall after fire, and higher fire severity increased potential for fall, except for Douglas-fir, which had a higher proportion that fell following low-severity fire.
Chambers and Mast (2005) in N. AZ found 41% of snags created in fires had fallen within 7 years, and the largest diameter snags with broken tops had the greatest chance of having cavities.
Everett (1999) found in E. Washington Cascades that 50% of ponderosa pine, Douglas-fir, lodgepole pine and subalpine fir <9” dbh snags had fallen or broke within 7-12 years after wildfire.  Sixty percent of Douglas-fir >16” had fallen by 81 years, and 50% of Engelmann spruce had fallen within 20 years that were >16”.
A study of pines and true firs following fire (Raphael and Morrison, 1987; Morrison and Raphael, 1993) showed rapid decay within the first 5 years (decay class 4 after 10 years), but also indicated that pines decayed more rapidly than firs.
Dunn and Bailey 2016 found that the volume of dead wood as snags peaked at year 6 in both Pacific Silver and western hemlock zone.  They also found that smaller snags are more likely to fall than larger snags, and larger snags are more likely to fragment than smaller snags.  Brown et al. 2013 saw similar results, but also had data to show an increase in down wood volume representing a range of diameter classes over the first 15 years, suggesting a steady influx of fire-killed wood of various sizes over that time period.   

Do snags created from trees in young stands (e.g., <17” dbh) provide habitat for wildlife?
Manning and Friesen (2013) specifically looked at this question.  In 50 year old thinned Douglas-fir plantations where wildlife trees were created by saw topping and saw topping/ inoculation, they found that within 6 years of snag creation, cavity-nesting birds were foraging on and nesting in mid-sized snags created by saw-topping; inoculation of snags with heart-rot fungi increased the frequency of bark beetle and pouch fungus.  Foraging use by birds was greater in snags created by saw topping and inoculated, versus snags created by topping alone; and the usefulness of snags in the 13-17” dbh range for nesting is likely marginal, as demonstrated by the low detection rate of active nests.  
Brandeis (2002) studied this size class in thinned units and found woodpeckers foraging actively on trees dead for 3 years, regardless of how the snag had been created.  Partially topped trees that were still alive did not show any foraging.  They observed only a few partial cavities, all on fully topped trees that were dead four years after treatment. 
Bunel et al. (2002) addressed this issue indirectly by stating that smaller snags are used as foraging sites, and foraging sites may be more often limiting than cavity sites.  Moreover, through provision of perching, foraging, and hawking sites, snags of all sizes tend to increase richness and abundance of birds other than cavity nesters (Dickson et al.1983, Scott et al. 1977). 
Hallet et al. (2001) studied snags created in the 11”dbh range, and found (with the exception of the few Englemann spruce and white pine monitored at decay class 2), some evidence of foraging was observed on all species at all decay classes.  Some were used for foraging as early as one year after treatment.  The percentage of trees used for foraging increased significantly between decay class 2 and decay class 3 and between decay class 3 and decay class 4.  Compared across all species, there were no differences in the frequencies of foraging use between the different methods of snag creation at any stage of decay on these smaller snags.
Snags <19”dbh were found to be infrequently used as nest or roost sites by cavity-using wildlife in western Oregon (Mellen-McLean et al., 2017).   

Does the silvicultural prescription of the stand influence use or longevity of created wildlife trees?   ( i.e.  clearcut vs thinning vs group selection)
Manning and Friesen (2013) found weak evidence that use of created snags by cavity-nesting birds was greater in thinned stands compared to unthinned control, however they did not see any difference between thinning intensities, which ranged from light to heavy in Douglas-fir plantations 50 years old.  
Huff and Bailey (2009) found 3.5 times greater chance of survival for non-fatally treated wildlife trees under group selection vs. a clearcut.  Barry et al. (2017) found higher estimates of bird-formed cavities and more direct observations of nesting and foraging by cavity nesting birds in 2 story and clearcut treatments.  They postulated that the open stands with lower live tree densities might provide better habitat for some species.  Siebold et al. (2016) found that species richness of proxylic beetles was higher in dead wood in open forest plots compared with closed forest plots.  
Hagar et al. (2013) investigated wildlife use of snags 14-18”dbh in commercially thinned Douglas-fir units.  Eighty-nine percent of treated trees were dead within 5-6 years (saw-topped).  Trees saw-topped and also inoculated had a higher frequency of pouch fungus.  Wood boring beetles did not vary with or without inoculation.  Trees used for foraging was greater for trees killed by saw topping plus inoculating than for trees saw topped only.  Twelve percent of trees had nest cavities within 6 years.  Unthinned stands had fewer nest cavities on average than thinned stands.  Inoculum and saw-topping of trees saw greater infestations of bark beetles and pouch fungus, as well as higher proportion of use for foraging.  Most were in snags that exceeded the average diameter of created snags.  Hairy woodpeckers and red breasted sapsucker responded to thinning.   Hagar also found that 50% of the trees non-fatally treated were still alive in the heavy thin treatments after 6 years, and postulated that was related to the dynamics of epicormic branching.
Walter and MaGuire (2005) examined cavity-nesting bird use of snags created by topping mature conifers in 3 silvicultural treatments (group-selection cuts, 2-story regeneration harvests, clearcuts with retained trees) and 2 snag arrangements (clustered, scattered) in 30 Douglas-fir stands in the Oregon Coast Range.  Eight bird species nested in the created snags.  Open-canopy stands (2-story and clearcut treatments) had higher levels of avian nesting, species richness, and species diversity compared to closed-canopy, group-selection stands.  They did not find a difference in nesting levels between clustered and scattered snags.  In created snags, most active nests were in the top 25% of the bole, cavity entrances typically faced northeast, and the presence of dead branches did not alter use of snags for nesting.  Topped conifers that remained alive were rarely used for nesting or foraging.   Cavities per created snag averaged 5.1 in treatments >12 years old.  Only 1 created snag fell in the decade since topping.  Snags created by topping large conifers provided nesting and foraging structures for cavity-nesting birds under a range of silvicultural conditions, and use was influenced more by residual green tree density than snag arrangement.  In addition, created snags increased in value for birds through their first decade (88% had cavities).   
Their data suggests that silvicultural systems that maintain some cover somewhere at all times (continuous-cover) are effective at sustaining cavity nesters.  Secondary cavity nesters were higher in areas experiencing some timber removal than in mature or old growth forests.  That increase likely reflects the fact that many secondary nesters forage more effectively in openings.  In most instances the abundance of primary cavity nesters was little affected by partial harvesting, and in some instances increased in abundance.  That may reflect the fact that several primary excavators also favor small openings and edges (e.g., hairy woodpeckers; northern flicker; three-toed woodpeckers; and downy woodpecker).  For three-toed woodpeckers, Klenner and Huggard (1997) noted that preferred nest sites were within 20 meters of an edge.    
Barry et al. (2017) looked at created Douglas-fir snags 25-27 years following treatment.  The snags averaged 30” dbh.   They documented that snags in the group selection treatment experienced less bark loss and had lower evidence of use by cavity-nesting birds (as measured by total cavity cover) relative to snags created with clearcut and two-story harvest treatments.

Does arrangement of wildlife trees matter? i.e. dispersed versus clumped versus within patches?
It has been theorized that, similar to harvest treatment, the spatial configuration in which snags are created may also influence bird use.  For example, snags created in clusters may provide concentrated foraging opportunities, but territorial activity could exclude other individuals from using those structures (Raphael and White 1984).  Therefore, these authors hypothesized that cavity-nesting bird use of snags (i.e., nesting and foraging) in clusters would be lower than on scattered snags because clustered snags may be more easily defended than scattered snags.
Walter and MacGuire (2005) examined cavity-nesting bird use of snags created by topping mature conifers in the Oregon Coast Range.  They did not find a difference in nesting levels between clustered and scattered snags.  Angers et al. (2012) and Siebold et al. 2016 hypothesized that clustered snags may be more likely to attract beetles or decomposer organisms that accelerate decay and cause sapwood to break down more quickly.  An increase in insect density on clustered snags may also attract more foraging birds that drill for prey (Raphael and White, 1984), resulting in accelerated effect on snag decay and bark integrity.
Chambers et al. (1997) found that Douglas-fir snags created by chainsaw topping left in clumped vs. scattered patterns did not seem to influence cavities.  The stands were 80-120 years old, with snags an average of 29” dbh. 
Kroll et al. (2012a) found that clumping may lead to reduced levels of nesting use.  They recommended distributing created snags in both clusters and individually within individual harvest units.  Linden et al. (2012) data suggested that the diversity of birds using structure retention in harvest units can be maximized at patches of >10-15 rotation age trees (i.e. species richness estimates increased with tree count).  They encouraged grouping green trees around high quality snags and other unique wildlife trees where possible.   Edge distance did not significantly affect occupancy probability for any observed species.
Bunnell et al. (2002) found that cavity nesters as a group respond asymptotically to snag density and attain half their maximum density at about 1snag/acre.  However, individual species show different responses, and there is no apparent effect of territoriality among smaller species.  They found that dispersed retention of trees and snags strongly favored secondary cavity nesters and increased their abundance and richness above that found in mature or old-growth forests.  However, abundance of primary nesters was much reduced with dispersed trees.  They also felt that large patches appeared to favor primary nesters.   Other reasons they felt that retaining trees in patches was favorable included increased improved safety during timber falling, and windthrow is much reduced relative to dispersed retention or large clearcut edges (Coates 1997, Franklin et al. 1997).  Operational efficiency can also be gained in patches with a more desirable range of diameter and decay classes that might prove difficult to select among the individual trees of dispersed retention.    
Aggregated retention may better emulate natural patterns, and nests of primary excavators often are concentrated in dense patches of snags (Bull 1980, Lundquist and Mariani 1991, Raphael and White 1984).  It is unclear whether this implies selection of dense patches for some associated value (i.e. social facilitation) or merely reflects the patchy way trees are killed by insects and disease.  
Aggregated retention of wildlife trees has been shown to be effective when larger patches are retained.  The utility of small patches appears undocumented, but Gyug and Bennett (1996) studied large seed-tree reserves in large clearcuts 25 to 29 years after harvesting.   They found more primary cavity nesters were detected in the patches than in the nearby forest, including pileated and hairy woodpeckers.  
Arnette et al. (2010) found that the highest fractions of snags with nest cavities were found in clearcut units with low density and scattered snags, but the mean did not differ among treatments.  Treatments included low-high density clumped and scattered.  They also did not find a strong relationship between snag density and foraging use.
Hane et al. (2012) tested nest survival of cavity-dependent birds in response to creating snags (using a feller buncher) in clumps of 5–7 snags or dispersed individual snags.  The snags were monitored 10 years after creation, and their average dbh was 19”.   Three species nested in sufficient numbers for analysis.  Chestnut-backed chickadee nest success was highest in the medium density clumped created snag treatment and lowest in the low density clumped treatment.  The nest success for house wrens and northern flickers did not vary by experimental treatments.  They felt that leaving either clumped snags (5-7/ha) or dispersed created snags (0.5-2.0 snags/ha) would support nest survival rates that are similar to those reported from unmanaged forests for the 3 species they were able to analyze.  
Barry et al. (2018) looked at created Douglas-fir snags 25-27 years following treatment.  The snags averaged 30” dbh.  They did not detect an effect of snag configuration on the proportion of snags used for foraging by cavity-nesting birds.

What are the benefits of creating a “tree in decline” vs. a dead tree/snag?
There is limited science to draw on for this question.  Live, decadent trees in the forest are likely important in providing long-lasting wood decay habitat and the future provision of snags (Bunnell et al., 2002).  Significant survival can be expected when Douglas-fir trees are topped in such a way that a portion of their live crown is retained.  However, Walter and Maguire 2005 found that non-fatally topped trees (10-12 years since treatment) were rarely used for nesting or foraging, presumably because of their lack of decay.  The candelabra crown structure that was observed 16-18 years after treatment in the Huff and Bailey study (2009) is known to be a classic feature of many old growth forest ecosystems (Franklin et al. 1981), and provide nesting platforms for species like marbled murrelet. Those that remain living may not be useful to snag dependent birds immediately, but they may still provide a valuable habitat for other species.
Edworthy and Martin (2014) found that cavities in living trees significantly increase in volume as they age and likely increase in quality over time, while cavities in dead trees maintain relatively constant dimensions.   

Does landscape composition surrounding harvest units with created wildlife trees influence use?
There is limited science to draw on for this question.  Kroll et al. (2012a) found that more forest species colonized created snags as the amount of forest declined within 1000m of the unit.  Early seral species colonized units when there was less forest in the vicinity.

What do we know about use over time as the re-establishing stand develops?
Studies documenting use of created snags for more than a decade following creation are lacking.  Barry et al. (2018) looked at created Douglas-fir snags in clearcuts 25-27 years following treatment.  The snags averaged 30” dbh.  Their surveys recorded few observations of birds using created snags as foraging substrates: only 11% of the created snags were used for foraging.  Most foraging observations were of chestnut-backed chickadees (41%) or pileated woodpeckers (26%).  Eighteen percent of the created snags were used for foraging or nesting.  Nesting attempts were documented by only 4 bird species (chestnut-backed chickadee, red-breasted nuthatch, red-breasted sapsucker, and northern flicker) even though there were 12 cavity-nesting species present on the study sites.  Nearly all of the nests (94%) belonged to the chestnut-backed chickadee, a weak cavity-excavating species that requires well-decayed wood for creating nest cavities.  They concluded that by year 25–27 post-treatment, created Douglas-fir snags provided limited opportunities for nesting and foraging by most cavity-nesting birds.  The greatest amount of use occurred 5–15 years post-creation.  
This study indicated that even though created snags provided habitat for cavity-nesting birds in the past, they no longer experienced widespread use by the broader cavity-nesting bird community 25–27 years after creation. The authors postulated that changes in vegetation and stand structure contributed to changes in the species composition using snags.  A subset of cavity-nesting species that require well-decayed wood for creating nesting cavities, such as the chestnut-backed chickadee or those that forage on insects in especially decayed wood within closed-canopy forests (e.g., pileated woodpecker) were the primary users of this habitat.  Most of the secondary cavity-nesting species using snags during historical surveys were open-canopy associates (e.g., violet green swallow, European starling, house wren, western bluebird; Maguire and Chambers 2005, Walter and Maguire 2005).  Thus, most of the stands at year 25-27 are now unsuitable for these species because regeneration of planted conifers in 2-story and clearcut stands has resulted in dense cover of tall vegetation surrounding created snags.   




Table 1:  Studies that documented condition of created wildlife trees over time. 

	Tree Species
	Time Since Damage/ treatment
	Diameter/
height
	Condition
	Method  
	Odds +/- of standing
	Study

	Douglas-fir
W. Hemlock
	19 yrs
19 yrs
	18” mean  /19’
19” mean /19’
	40% fallen
90% fallen
	Fatally topped with feller buncher
	Estimated 5% would still be standing at 40 years
	Hane et al. 2019

	Douglas-fir
	16-18 yrs
	33” avg/
55’
	4% broken
96% not broken

	Fatally topped
	
	Huff and Bailey 2009

	Douglas-fir
	16-18 yrs
	33” avg/
55’
	23% still living*
3% broken
74% dead
*50% vigorous
* 8% declining
	Non-fatally topped
	Odds increase in group harvest and w/> DBH
	Huff and Bailey 2009

	Douglas-fir
	20-
100 yrs
	
	
	natural
	> longevity w/> dbh
	Cline and Phillips 1983; Smith and Cluck 2007


	Douglas-fir
	25-27 yrs
	30” avg / 50’ tall
	91%   standing
35% broken
8% that had fallen broken at base
	Fatally topped w/chainsaw
	< bark loss in group harvest and < use
	Barry et al. 2017, 2018




Table 1, continued:  Studies that documented condition of created wildlife trees over time. 

	Tree Species
	Time Since Damage/
Treatmnt
	Diameter/
height
	Condition
	Method  
	Odds +/- of standing
	Study

	Douglas-fir
	6 yrs
	18”
	50% still alive
	Non fatally topped

	
	Hagar et al. 2013

	Douglas-fir
	10 yrs
	12”
	88% dead
	Fatally topped

	
	Kroll et al. 2012a

	Douglas-fir
	10 yrs
	14-75”
	67% dead
	Fatally topped
	
	Bolyn et al. 1999


	Douglas-fir
	13 yrs
	16”
	90% dead

68% dead
	Base Girdled

Mid-bole girdled *
*8% girdled at mid bole broke

	All live were in decline
	Doerr 2008

	Douglas-fir
	10 yrs
	15”avg
	80% dead
<1% broke/fallen
10% alive/ healthy
10% alive/declining

	Girdled breast ht. Used an ax

	
	Cox 2009




Table 1, continued:  Studies that documented condition of created wildlife trees over time. 

	Tree Species
	Time Since Damage/
Treatmnt
	Diameter/
height
	Condition
	Method  
	Odds +/- of standing
	Study

	Douglas-fir
	15 yrs



~9yrs
	15”




	80% dead



0% dead
	Girdled,
Blasted & Inoculated

Inoculated only

	
	Wooley et al. 2007

	Douglas-fir
	3 yrs

4  yrs
	16”
	100%dead

 90% dead

30% dead


	Girdled breast ht
topped below crown
topped mid crown
	All still standing
	Brandeis et al. 2002




Table 1, continued:  Studies that documented condition of created wildlife trees over time. 

	Tree Species
	Time Since Damage/
Treatmnt
	Diameter/
height
	Condition
	Method  
	Odds +/- of standing
	Study

	Ponderosa Pine and Lodgepole
	8yrs
	<10” and
>20”
	50% dead PP
38% dead LP
70% fallen in the <10” dbh class
14% fallen in the >20”dbh class

	Mt. pine beetle killed natural snags
	
	Bull 1980

	Douglas-fir, Grand Fir, PP, Larch, WRC
	4-7yrs
	11”
	93% dead



99% dead

1.5% fallen
	Girdled above 1st whorl.

Topped.

Both trtmts
	Reached decay class IV faster.

Cavities only in topped trees.

	Hallett et al. 2001

	Ponderosa Pine
	7-9 yrs
	10-30”
	50% fallen
	Girdled/ Girdled by fire

	96% had use
20% had cavities
	Parks et al. 1999

	Douglas-fir
Hemlock   
W. redcedar
	16 yrs
11 yrs
5 yrs
	8”
8”
4”
	28% fallen
61% fallen
67% fallen
	Natural mortality in managed stands 
	
	Weiss 2018





Table 2:  Summary of literature that documented condition of fire created snags over time.
	Fire Location
	Duration
	Fire type
	Mortality
	Author

	Eastern boreal Quebec
	> 10 yrs
	Low-mod. severity only common factor influencing snag persistence: severely burned stands less susceptible to falling. Bypasses of snag stage common (when living tree falls directly to forest floor)  
	w/in 2 years
continued over 10 yrs
	Angers et al. 2011

	 CA
	5 yrs
	Varied.  Crown injury significant predictor of mortality
	70-80% mortality within 2 yrs. Stabilized by yr 3
	Hood et al. 2010

	N. AZ
	3 yrs


7 yrs
	Varied. Largest diameter with broken tops most likely to have cavities

	Most still standing

41% had fallen
	Chambers and Mast 2005

	E. Slopes Cascades WA
	 7-81 yrs chrono-sequence
	Wildfire 
	50% fallen PP, DF, LPP, SAF <9”dbh
60% fallen DF in 81 year old fire;
50% Engleman spruce >16” fallen within 20 yrs
	Everett et al. 1999




Table 2, continued:  Summary of literature that documented condition of fire created snags over time.

	Fire Location
	Duration
	Fire type
	Mortality
	Author

	E. OR
	8 yrs
	Wildfire
	LP 30% fallen
	Bull 1980

	CA
	18-23yrs
	Wildfire
	LP 62% fallen <16”dbh
Jeff pine 65% fallen 9-15”dbh
	Raphael and Morrison 1987

	CO
	10yrs
	Prescribed fire
	75% fallen 16” dbh ponderosa pine
	Harrington1996

	ID
	18-20 yrs
30-32 yrs
	 Wildfire
	Ponderosa pine
Douglas fir
(Predicted ½ life)
	Russel et al. 2006

	OR
Pinus sp.,
 Abies sp., 
P. menziesii





	
14-22 yrs
24- 34 yrs
34- 46  yrs

	unmanaged high severity fire sites
<9”
9-16”
>16
	Lifespan > by size
	Dunn and Bailey 2016
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