Evaluation of Cavity Use of Base and Mid-stem Girdled Trees in a Second-Growth Stand on the Middle Fork Ranger District, Willamette National Forest, Thirteen Years after Treatment
To provide habitat for cavity-dependent wildlife species, the Willamette National Forest has attempted to create hundreds of snags in timber harvest units using a variety of techniques.  Questions have arisen as to the effectiveness of various methods for creating snags, the degree of cavity use of the snags, and the longevity of the snags after treatment.  A recent investigation of cavity use of created snags indicated a need for unbiased sampling of these wildlife trees and a need to investigate wildlife use of older treatments (Wooley, et al. unpublished).  Selection of trees by walk-about searches of units looking for snags may be biased because snags that fall down or treated trees that remain healthy are more likely to be missed than standing dead trees. Also, much of the cavity use of snags, especially nesting, appear to begin more than 10 years after treatment and sampling older treatments provides a better time-frame for evaluating the persistent of the snags.
A 940-acre __-year-old stand of Douglas-fir second growth in the Ninth Creek River drainage of the Middle Fork (previously Oakridge) Ranger District was commercially thinned in 1993 (?). The stand was level at 2750 feet elevation in a Douglas-fir-western hemlock/rhododendron association (McCain and Diaz 2002).   In 1994, in about one-third of the thinned stand, one live Douglas-fir tree was girdled with two cuts at the base on the trunk and a second nearby tree was similarly girdled about 30–50 feet above the ground at a treatment density of one girdled pair per acre.   In one 50-acre block, the location of every paired treatment was identified on an aerial photo and the girdled trees were labeled with metal tags.  This provided us an opportunity to revisit a known sample of treated trees 13 years after treatment and measure 1) effectiveness of base and mid-stem girdling in killing trees; 2) longevity of the snags following treatment; and 2) amount of cavity use of the trees for the two treatments.
Methods
Trees were easily located on the ground from the aerial photos and surveyed for cavity use and decay features in fall of 2007 following standard forest-wide snag monitoring procedures with minor modifications (McKenzie River Ranger District, unpublished monitoring form).   Relevant attributes evaluated here include diameter at breast height, stem height, tree mortality  or presence of dead tops, number of foraging and nesting cavities, and evidence of nesting and foraging by pileated woodpeckers.  A stressed tree is defined as one with a dead top or substantial amount of yellowing and thinning needles.  A downed snag is defined as a dead tree 20 feet or less in height.  A short snag is defined as dead tree 21–40 feet in height.  The snag definitions follow the Forest Plan Snag standards and guidelines that require wildlife retention snags be greater than 20 feet in height and suggest that retention snags should be greater than 40 feet in height to be most beneficial for wildlife.  A cut snag was defined as a labeled snag with girdling marks that had subsequently been fallen with a chain saw.  Foraging cavities were any non-nesting hole created by wildlife that was at least 1 inch in diameter and extended past the bark.  We assumed that all trees left in harvest units are used to some degree by birds for foraging and wanted to focus on cavity excavation.  Bark gleaning and sapsucker drill holes are not evaluated in this report.  A nesting cavity was any hole excavated at least several inches into the wood of the tree that appeared large enough to hold an adult bird and young.  Cavities were identified by visually inspecting all sides of the tree with binoculars.  Pileated woodpecker use was identified by the large rectangular or oval shape and size of the cavities (Bull et al. 1990).
A paired base and mid-stem girdled tree was found at all 50 locations indicated on the project photo.  All but one were labeled with tag numbers that matched that recorded on the photo.  We believe the one exception is due to labeling error and interpret the data to represent a complete sample of snag treatment in one 50-acre area.  Results are compared between the two snag creation methods without discussion of sampling variability.  

Results and Discussion
Effectiveness of Treatments in Creating Snags. Thirteen years after treatment, 90% of 50 base-girdled trees were dead compared to only 68% of trees girdled mid-stem (Figure 1).  Except for one base-girdled tree which was rated as healthy, all live girdled trees had dead tops and/or dying needles.  
Forty percent of the base-girdled trees were tall snags greater than 40 feet in height, 24% were short snags (mean height 29’, range 22’–40’), and 14% were downed snags (mean height 16’, range 10’–20’).  An additional 12% of the base-girdled trees were created snags that were later cut at 1’–20’ height because management deemed them a safety hazard to an ATV trail that was created thru the stand about 6 years prior to this study.  None of the 50 base-girdled trees had broken at the point of girdling 13 years after treatment.
Thirty-four percent of the mid-stem-girdled trees were tall snags greater than 40 feet in height, 10% were short snags (mean height 33’, range 25’–40’), and 14% were downed snags (mean height 17’, range 10’–20’).  An additional 10% of the mid-stem-girdled trees were created snags that were later cut at 3’–15’ height because management deemed them a safety hazard to an ATV trail that was created thru the stand about 6 years prior to this study.  Four of the 50 mid-stem-girdled trees had broken at or within 5’ of the point of girdling 13 years after treatment.  Trees were girdled mid-stem at 30’–50’ stem height.
The mean dbh of base-girdled and mid-stem-girdled created snags was 16.7 and 16.0 inches, respectively, which probably approximates the diameter of the trees when they were girdled.  The average dbh of live base-girdled and mid-stem-girdled trees was 19.1 and 20.1 inches, respectively, indicating some diameter growth of living girdled trees since treatment.  Thirteen years after treatment, 64% and 44% of the base-girdled and mid-stem-girdled trees, respectively, were created snags that met the minimum Forest Plan height requirements for retained snags.
Base-girding killed trees 32% more effectively over a 13-year period than mid-stem girdling 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.
Foraging Cavities in Snag Treatment. Thirteen years after treatment, 68% of the base-girdled trees had foraging cavities compared to 40% of trees girdled mid-stem (Table 1). Among trees that died, the percentage with foraging cavities was 76 and 53 for base-girdled and mid-stem girdled treatments, respectively.  Overall, there was an average of 8 foraging cavities per base-girdled tree compared to an average of 2 for mid-stem girdled trees.  Among snags (trees that were killed by the girdling), the average number of foraging cavities were 9 and 4 for base-girdled and mid-stem girdled treatments, respectively.  This suggests that base-girdling tended to kill the trees faster and promote quicker, more extensive foraging use than mid-stem girdling.   Interestingly a high degree of foraging use was observed in downed and cut snags (i.e. those <21’ tall), for the base-girdled treatment (Table 1).  
Nesting Cavities in Snag Treatments. Thirteen years after treatment, 36% of the base-girdled trees had nesting cavities compared to only 14% of trees girdled mid-stem (Table 2). Among trees that died, the percentage with nesting cavities was 40 and 21 for base-girdled and mid-stem girdled treatments, respectively.  Overall, there was an average of 1.2 nesting cavities per base-girdled tree compared to an average of 0.3 for mid-stem girdled trees.  Among snags (trees that were killed by the girdling), the average number of nesting cavities were 1.4 and 0.4 for base-girdled and mid-stem girdled treatments, respectively.  Base-girdling tended to promote quicker, more extensive nesting use than mid-stem girdling.   Twenty nine percent of downed and cut base-girdled snags had nesting cavities compared to zero percent for the mid-stem girdled snags less than 21’ tall (Table 2).  Because the monitoring was done in the fall, we could not determine actual nesting use by birds.  The only documented wildlife use of nesting cavities was the observation of one Douglas squirrel in the cavity opening of a tall mid-stem girdled snag.
Pileated Woodpecker Use of  Snag Treatment. Thirteen years after treatment, 16% of the base-girdled trees had pileated woodpecker foraging compared to 6% of trees girdled mid-stem (Table 3). Among trees that died, the percentage with pileated woodpecker use was 18 and 9 for base-girdled and mid-stem girdled treatments, respectively.  All pileated woodpecker use was associated with dead trees and all use was foraging related, except for one tall 18” dbh mid-stem girdled snag that had two potential pileated woodpecker nesting cavities.  Combining treatments, 24% of tall snags had pileated woodpecker use compared to 5% of short, downed, and cut snags.  Pileated woodpeckers were detected in the stand during all 3 days of snag monitoring in the fall.  It seems plausible that the 13-year old wildlife treatment was positively contributing to pileated woodpecker use of the regrowth stand.
Another primary cavity excavator of special interest is the red breasted nuthatch.  This bird has the smallest territory of these excavators and Willamette Forest Plan snag retention guidelines for regeneration harvest suggest that snags be distributed on a 5-acre scale to accommodate this species.  This bird was detected in the regrowth stand during the fall monitoring.
Summary

Base girdling is a low-cost method of providing increased snags, foraging cavities, and nesting cavities in regrowth stands approaching 16 inches in diameter.  Benefits are expected to last at least 15−20 years post-treatment, given that 68% of the base-girdled trees persisted as snags greater than 20 feet tall 13 years after treatment and that over 80% of these snags had excavated cavities.  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.
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	Table 1.  % of Base and Mid-Stem Girdled Trees with Foraging Cavities and Mean Number of Foraging Cavities/Tree 13 years Post-treatment.  

	
	% with Foraging Cavities / Mean Number (n)

	
	Base Girdle
	Mid-stem Girdle

	Tall Snag (>40')
	85 / 12 (20)
	59 / 4 (17)

	Short Snag (21-40')
	75 / 9 (12)
	100 / 7 (5)

	Downed Snag (<21')
	86 / 8 (7)
	29 / 1 (7)

	Live Stressed
	0 / 0 (4)
	12 / 0.2 (16)

	Live Healthy
	0 / 0 (1)
	None

	Cut Snag
	33 / 4 (6)
	20 / 1 (5)

	% of total
	68 / 8 (50)
	40 / 2 (50)

	% live trees
	0 / 0 (6)
	13 / 0.2 (16)

	% of snags
	76 / 9 (44)
	53 / 4 (34)


	Table 2.  % of Base and Mid-Stem Girdled Trees with Nesting Cavities and Mean Number of Nesting Cavities/Tree 13 years Post-treatment.  

	
	% with Nesting Cavities / Mean Number (n)

	
	Base Girdle
	Mid-stem Girdle

	Tall Snag (>40')
	45 / 1.9 (20)
	29 / 0.5 (17)

	Short Snag (21-40')
	50 / 1.3 (12)
	40 / 0.8 (5)

	Downed Snag (<21')
	29 / 1.1 (7)
	0 / 0 (7)

	Live Stressed
	0 / 0 (4)
	0 / 0 (16)

	Live Healthy
	0 / 0 (1)
	None

	Cut Snag
	17 / 0.2 (6)
	0 / 0 (5)

	% of total
	36 / 1.2 (50)
	14 / 0.3 (50)

	% live trees
	0 / 0 (6)
	0 / 0 (16)

	% of snags
	40 / 1.4 (44)
	21 / 0.4 (34)

	Table 3.  % of Base and Mid-Stem Girdled Trees with Pileated Woodpecker Cavities 13 years Post-treatment.  

	
	% with Cavities From Pileated Woodpeckers1 

	
	Base Girdle
	Mid-stem Girdle

	Tall Snag (>40’)
	30
	182

	Short Snag (21-40’)
	8
	0

	Downed Snag (<21’)
	14
	0

	Live Stressed
	0
	0

	Live Healthy
	0
	----

	Cut Snag
	0
	0

	% of total
	16
	6

	% live trees
	0
	0

	% of snags
	18
	9

	1For sample size refer to Table 2. All cavities are foraging cavities unless otherwise indicated. 
2Includes one snag with 2 pileated woodpecker nesting cavities.
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