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The GOOSE Project IDT on the McKenzie River Ranger District, Willamette National Forest, recently sent out a scoping letter describing proposed actions.    Silviculture treatments included the thinning of “native” forested stands, generally greater than 80 years old.  Comments were received from Oregon Wild, citing references from the scientific community.
The personnel of the Central Cascades Adaptive Management Partnership, including Cheryl Friesen (Science Liaison) and Norm Michaels (Forest Silviculturist) reviewed the science referred to by Oregon Wild and other available papers related to thinning to promote diversity in stands of various ages.  The following is our interpretation of the science related to the issues that were raised.  We recommend this as a tool for Interdisciplinary Teams in future NEPA proposals, analysis, or response to comments.   A bibliography of other available science related to thinning in older stands is included at the end.  All of the papers are available on the WNF silviculture website and most are provided here in a web link. 
 ISSUE:  Understory Diversity
Scoping Comment:  Thinning in stands greater than 40 years of age may not result in greater understory diversity.
 
Response:  The effect of thinning in stands greater than 40 years of age has been studied in several projects.  

Harrington et al. (2004) describe results from the Habitat Development Study in Washington, which treated stands 35-62 years old.  They found that understory vegetation increased in coverage in almost all treatments and sub treatments.  

Ares et al. (2009) describe results from the Density Management Study in Oregon.  They found that understory vegetation richness increased 6 years after imposing 3 different thinning treatments in 40-60 year old stands, with increasing stand complexity from the recruitment of early seral and forest herbs, and both low and tall shrubs.  They also found even greater species richness when prescriptions included gaps and leave islands as part of a variable thinning treatment.   Increased overstory variability encouraged development of multiple layers of understory vegetation.   Trees retained per acre ranged from 121 in the light thin to 40 in the heaviest thin.
Davis and Puettman (2009) analyzed data from the Young Stand Thinning and Diversity Study on the Willamette National Forest.  They found that vegetation structure and composition differed between thinned and un-thinned stands, but varied little among thinning treatments.  Thinning resulted in initial declines of bryophytes, tall shrubs, and low shrubs, but they recovered within 5 years.   Herbs displayed little initial response, but a release of early-seral species was evident in the thinned stands by 5-7 years post treatment.   Later in the publication they state that all types of thinning significantly altered the understory vegetation of young, managed forests relative to the un-thinned forest by influencing canopy openness and ground disturbance.
Oregon Wild has suggested the use of McIntosh et al. (2009), which analyzed stands from the Forest Inventory Assessment.  Unfortunately, this paper’s analysis is not particularly applicable to the treatments being proposed in most WNF NEPA, and it has important limitations to recognize.  The FIA design provides an unbiased representative of nonfederal forests in western Oregon.  However, the plots were not part of an experiment designed to control for variation or to test the effects of a few factors.  As a result, the number of plots in different age classes and forest types differed, and site attributes like species composition, site productivity, and disturbance history likely differed among plots within a forest type.  The lack of balance in plot numbers has the potential to confound statistical comparisons of trends among groups, so statistical results are primarily descriptive and do not imply cause and effect.  

Heavy thinning treatments in their paper resulted in canopy cover of 62 percent, and the light treatments had a canopy cover similar to the un-thinned stands of ~78 percent.   In general, WNF thinning treatments are resulting in much lower canopy closure (closer to 40 to 50 percent), which is expected to promote diversity in the understory as described in other studies above.  We recommend that citing McIntosh et al. 2009 is not appropriate for the treatments on WNF.     

Oregon Wild has suggested the use of Andrews et al. (2005) as evidence that it is difficult to alter developmental trajectories of well-established young stands if the first management entry is at age 50.  
Andrews et al. explored how different prescriptions applied to 50 year old stands would influence the development of spotted owl habitat characteristics.   
They found that heavy thinning at ages 50 and 80 years -- followed by tree-planting and additional thinning at age 120 -- developed forest patches structurally similar to sampled spotted owl nest sites.  All of their thinning scenarios promoted the development of NSO habitat sooner than a no- management scenario.   From their paper, they inferred that management intervention can be considered as a tool to promote the development of structural complexity in young stands, and that without silvicultural treatments or natural disturbances, considerable additional time may be needed to develop the structural features associate with spotted owl nest sites.

Andrews et al. confirmed what several other papers had already documented, that thinning earlier in a natural stand’s successional life promotes deeper crowns and greater diameter class differentiation (Hanson et al. 1995b, Newton and Cole 1987, Carey and Johnson 1995, Poage and Tappeiner 2002).  In practice, earlier thinning also could promote the development of a more open environment for understory diversification, including shrub layers (Curtis et al. 1998).

See the discussion below for native stands greater than ~60 years old.

Issue: Prioritize program to thin youngest managed stands
Response:  In today’s economic environment, many of the stands, both managed and natural, on the WNF do not reach an age where commercial entries are feasible until age 50.   In the absence of funds to underwrite earlier, non-commercial entries, prescriptions that thin more heavily probably is the best compromise to the situation.   The priority for the WNF timber program does include young managed stands with commercial opportunities.

Oregon Wild also cites Tappeiner et al. (2002) to argue that younger stands should be prioritized for thinning before any older stands.   Tappeiner’s results favored thinning to promote complexity and growth in previously managed stands, echoing many other modeling and observational studies.   
Issue:  Thinning in older natural stands has negligible benefits.
Response:  There are a variety of tradeoffs involved with thinning in older native stands.  The research available on this subject is not as substantial as treatments of previously managed stands < 60 years of age.  A quick annotated bibliography of available literature follows.  Most of the thinning studies in older stands focused on tree growth, and very little data has been compiled on response of other features.   The need for revisits to some of these study sites to quantify other biological responses has been passed on to the research community.
	A Sustained Yield Scheme for Old Growth Douglas Fir.  Newton and Cole, 1987.
This paper is a retrospective study of two small stands thinned in 1914, age 50 and 70 at the time, to very low densities.  The two stands were thinned to about 50 and 70 square feet:  stocking in 1984 was 29 and 31 TPA, respectively.  At the time of re-measurement, tree diameters were growing at an increasing rate.  The authors felt that this demonstrated the ability to manage for old growth conditions.
	 
	

	Silvicultural approaches to develop northern spotted owl nest sites, central coast range, Oregon.  Andrews et al.  2005.
This paper is a series of simulations to evaluate different approaches to developing spotted owl nesting habitat.  They found that thinning stands at ages 50 and 80, plus other treatments, were needed to develop NSO nest habitat within 160 years.
	 
	

	Changes in Forest Structure Following Variable-Retention Harvests in Douglas-fir Dominated Forests.   Maguire et al.  2007.
This paper describes structural attributes of the DEMO study after treatment.  Stand ages ranged from 65 to 170.  Treatments were control and levels of retention of 75%, 40%, and 15%.  The paper only discussed the post-treatment tree-response parameters.
	 
	

	Conifer Response to Three Silvicultural Treatments in the Oregon Coast Foothills.  Walter and Maguire, 2004.

This study was conducted on OSU’s forest in stands 85 to 125 years old.  Group selections had 33% of stand volume removed in patches; two story regeneration had 75% of the volume removed, leaving 20 to 30 TPA; clearcuts had all but 1.2 TPA removed.  In the first 10 years about half of the trees showed increased growth rates compared to the decade before treatment.

	 
	

	Douglas-fir Forests Managing for Timber and Mature-Forest Habitat. McComb et al.  1993.
This is a simulation study for development of mature forest characteristics through commercial thinning.  The authors found that the desired stand characteristics would be obtained sooner with active management than without management.  This is a good philosophical discussion on the development of mature forests.
	 
	

	Early Effect of Two Successive Thinnings in Western Hemlock. Staebler, 1957.
This was a very light thinning in 1952 of a 49 year old stand, removing 6.1% to 7.6% of the volume.  Growth in the thinned stands was almost as much as the unthinned stands 3 and 6 years after treatment.
	 
	

	Growth After Thinning 110 Year Old Douglas-fir.  Yerkes, 1960.
This reports measurements 6 years after thinning a series of plots in a 100 year old stand, thinned in 1952.  Density was reported in basal area, with the unthinned at 247 sq ft, the light thinned at 225 sq ft, and the heavy thin at 155 sq ft.  The net increment was higher for thinned plots than for unthinned plots.
	 
	

	Individual Tree Growth Response to Variable-density Thinning in Coastal Pacific NW Forests.  Roberts, 2008.
This report covers 5 year growth of stands in the Habitat Development Study on the Olympic Peninsula.  Stand age was 38 to 63 at dbh and post harvest densities were 300 to 400 TPA.  Harvest occurred in 1997 and 1999.  They found that the thinned stands had 25% more basal area growth than unthinned.  This paper also discusses the effects of gaps and skips on growth of individual trees.
	 
	

	Light Thinning in Century-old Douglas-fir.  Steele, 1984.
This is a report on 6 year growth response of a thinning in a 97 year old stand in 1939.  Average dbh before harvest was 19 inches with 113 TPA; the harvest removed 14 TPA, leaving 99 TPA residual.  There was slightly more growth increment in the thinned than the unthinned, and the thinned had 5 times (528%) the cubic foot net growth compared to the unthinned.
	 
	 

	Natural Regeneration in Thinned Douglas-fir Stands in Western Oregon. Kuehne and Puettman,  2008.

This paper reports on tree seedling regeneration within the Young Stand Thinning and Development Study and the Density Management Study.  Ages of the Young Stand Study were 35 to 45 years, while the ages in the DMS were 50 to 80 years at the time of harvest.  Densities were 600 trees per hectare (TPH) for the control, high density thins retained 300 TPH, moderate density retained 200 TPH, and variable density thins varied from 100 to 300 TPH.  Natural regeneration was variable, and species regenerated depended on available seed source.  
	 
	 

	Extended Rotations and Culmination age of Coast Douglas-fir:  Old Studies Speak to Current Issues.   Curtis, 1995.
This is a review of 17 studies that involved thinning of stands, with maximum age up to 117 years.  Densities ranged from 52 TPA to 377 TPA.  The focus of this paper is on rotation length and culmination of MAI.  It did not appear that culmination had occurred in older stands, and the data shows that periodic thinning will extend the culmination age. 
	 
	 

	Response of Old Growth Conifers to Reductions in Stand Density in Western Oregon Forests.  Latham and Tappeiner,  2002.
This study examined the growth of trees 158 to 650 years old, 20 to 50 years after treatment.  Densities ranged from 2 to 350 TPH 25 cm and larger, 8 to 60 TPH 76 cm and larger.  Response time varied from 5 years to 15 years, and the greatest response occurred 20 years after treatment.  They found that 68% of the trees increased growth by at least 10%, and only 1.5% of the trees experienced decreased growth.  In the unthinned trees, 64% showed decreased growth.
	 
	 

	Thirteen Years of Thinning in a Douglas-fir Woodland.  Worthington, 1963.
This paper was published in 1963, reporting results of a thinning in 1949, and is a report on the economics and growth after thinning in a 53 year old stand.  There was no control, so differences between thinned and unthinned are not known.  Densities were not specified; they removed 55% of the previous 5 years growth.  Annual increment was 4.3% of volume based on starting inventory, or 6.2% of the inventory in 1962.

	Two Commercial Thinnings in Century Old Douglas-fir.  Steele, 1954.
This report shows the growth after 13 years and two thinnings in a stand starting at age 97.  The density after thinning in 1939 was 119 TPA, and in 1952 it was 76 TPA after thinning.  Net growth over the 13 year period was 7.5 times greater in the thinned than the unthinned plots.  This is the same stand that was reported in “Light thinning in Century old Douglas-fir.”

	Response to Commercial Thinning in a 110 Year old Douglas-fir Stand, PNW. Williamson, 1982.
This paper reports on the same plots as Yerkes, 19 years after treatment.  Density was expressed as a percent of normal board foot volume (McArdle, 1961), and was 77% in the light thin and 62% in the heavy thin.  Net growth averaged 119% of “normal” in lightly thinned stands, and 136% of “normal” in heavily thinned stands.  Unthinned stands had net growth that was less than “normal.”

	

	Response to Thinning 60 Year Old Douglas-fir.   Worthington,  1966.
This paper reports on the growth of two stands 30 years after the initial thinning.  The stands were thinned in 1934 and 1937; this report is for measurements made in 1964.  Density after the first thinning were 217 and 312 TPA in the moderate thinning and 126 and 144 TPA in the heavy thinning. This showed significantly greater diameter growth in thinned stands, and mentioned that net growth was greater in thinned stands, but did not quantify that amount.
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