 Ecology and Management of Big Huckleberry

Literature Review 
[image: image1.jpg]



Prepared by the USFS R6 Ecology Program 
September, 2016

This document was compiled by Cheryl Friesen, USFS Science Liaison, using previous work done by David Lebo in 2009, Wes Wong in 2015, Jessica Hudec in 2016, and others.  Funding was provided by an NFF Grant obtained by the Gifford Pinchot Collaborative.
Table of Contents

Ecology and Management of Big Huckleberry

Prepared by the R6 Ecology Program, September, 2016

Ecology









Page

Sexual and Vegetative Reproduction ……………………………………………..  3
Seed…………………………………………………………………………………....3
Vegetative Reproduction…………………………………………………………….3
Flowering………………………………………………………………….………….3
Pollinators……………………………………………………………………………4
Dispersal Biology………………………………………………………….…………4
Genetic Differentiation and Diversity………………………………….…………..4
Site Characteristics/Succession……………………………………….……………5
Fire Ecology or Adaptations……………………………………………..………....6
Berry Production………………………………………………………..…………..6
Threats…………………………………………………………………….…………8
Tribal Interests…………………………………………………………….………..9
Management

Management Observations from Research………………………………………10
Management Options from Demonstrations……………………………………..13
Other Resources……………………………………………………………………17
References………………………………………………………………………….18
[image: image2.jpg]



Ecology and Management of Big Huckleberry
Prepared by the R6 Ecology Program, August, 2016
---------------------------------------------------------------------------------
Ecology
Sexual and Vegetative Reproduction: 
Big huckleberry may reproduce through seed or by vegetative production from adventitious buds on rhizomes (Ingersol and Wilson 1990; Stark 1989) and root crown (Agee 1994).  Reproduction through seed is rare under natural conditions.  Populations are usually maintained through lateral expansion of vegetative clones (Ingersol and Wilson 1990; Stark 1989).
Seed: 
Flowers are pollinated by bees (Hunn and Norton 1984; Martin 1979) with each stem node having the capacity to produce 1 berry (Dahlgreen 1984).  A typical berry carries 47 seeds.  Mean germination is around 42% (Stark and Baker 1992).  Simulations showed that even a small local seed source greatly increases population growth rates, thereby balancing strong consumer pressure (Yang 2011).
Vegetative Reproduction:
Big huckleberry possesses an extensive system of rhizomes (Haeussler et al. 1990; Miller 1997), with adventitious buds distributed evenly along the length of the rhizome (Miller 1997). Vegetative production is relied upon highly for regeneration after disturbance (Ingersol and Wilson 1990).  Fruit productivity is more sensitive to solar radiation than vegetative production (Dahlgreen 1984).
Flowering:
Huckleberry flowers develop in early spring when adequate moisture is provided by snow melt and precipitation.  Lingering snow packs on mesic aspects could delay flower formation and protect bushes from frosts that are fatal in open areas on xeric aspects (Minore and Smart 1975).  
Seedlings and clonal shoots begin flowering and fruiting three to five years after establishment (Minore et al. 1979, Barney 1999).
Pollinators:

The inverted urceolate flowers of V. membranaceum are highly specialized for pollination by long-tongued bees, such as bumblebees (Bombus).  The pollen is shed from pores in the anthers onto the bodies of bees that vibrate the flowers. The pollen is sticky and heavy, not easily transported by wind.  Bumblebees and other specialized wild solitary bees are capable of “sonicating” or vibrating the pollen from the anther.  Maintaining dense native plantings along the perimeter of a planting will encourage nesting by wild bees and aid with pollination (OSU 2016). 
Since V. membranaceum is insect-pollinated and predominantly outcrossing, pollen flow between source populations has the potential of adding genetic diversity to founders (vander Kloet 1988; S. Yang, unpublished data).
Fruit set of understory shrubs is rarely limited by inadequate pollination (Stephenson 1981, Niesenbaum 1993).
Dispersal Biology:

The dispersal biology of V. membranaceum is complex, hence, expectations for the effect of founding are unclear.  On the one hand, this species is strongly outcrossing (as opposed to selfing), and dispersed by highly mobile frugivorous dispersal agents, traits that may promote high levels of gene flow and long-distance dispersal.  Kin-structured dispersal is also likely, as a single fruit contains numerous seeds (Yang 2008).
Observed frugivorous visitors in secondary succession include coyotes, cedar waxwings, varied thrushes, Townsend’s solitaires, white-crowned sparrows, black bears, and golden-mantled ground squirrels.  During the time when V. membranaceum fruit is available, numerous coyote scats containing partially and completed digested fruits can be found along coyote travel corridors.  Because more than 3500 seeds can be found in a single coyote scat, we suspect that coyotes play a major role in seed dispersal.   Bears can also remove high quantities of fruit (Yang 2008).  Big huckleberry was one of the few animal-dispersed plants beginning to colonize the primary successional Pumice Plan at Mount St. Helens (Yang 2008).

Genetic Differentiation and Diversity:
The so-called “founder effect” is a reduction in genetic variation (diversity) in a new population resulting from it being started (founded) by only a sample (a subset) of individuals from the larger source population(s) and, therefore, representing only a sample (fraction) of the gene pool of the source population(s).  Founder populations can be at an ecological disadvantage because they may consist of individuals that lack advantageous alleles (genes) that increase the population’s fitness (e.g., drought hardiness, cold hardiness, disease resistance, etc.).  Or they may possess recessive deleterious (harmful) alleles that, if expressed, decrease the population’s fitness (Yang 2008).

Studies found no evidence of a strong founder effect in new populations at Mt. St. Helens.  Genetic diversity in the newly founded population tended to be higher than in some of the source regions.  These results indicate that high gene flow among sources and long-distance dispersal are important processes shaping the genetic diversity in young V. membranaceum populations (Yang 2008).   Research suggests that natural populations of V. membranaceum are commonly composed of diverse founders derived from long-distance dispersal.  For these and other species with similar dispersal biology, we suggest that restoration projects consider relatively large seed transfer zones encompassing diverse locations (Yang 2008).
Long-distance dispersal, combined with harsh environmental conditions, leads to colonization from multiple source populations, lack of a founder effect in the new population, and no increase in fine-scale and landscape-scale population genetic structure for V. membranaceum at Mount St. Helens (Yang 2008).
Is there high gene flow and diversity among V. membranaceum populations at Summit Lake?  Possibly not because populations may not have established by long-distance dispersal of seed from multiple source populations but rather by selfing (asexual reproduction and short-distance dispersal of seed from local plants already established in the area).  Selfing includes asexual, vegetative, and clonal reproduction: different terms for essentially the same thing (Yang 2008).
Site Characteristics/Succession: 
It is typically found in open and forested habitats between altitudes of 1000 m and 1800 m above sea level throughout the Pacific Northwest (Yang 2008).  As an understory species, big huckleberry can grow beneath a partially closed forest canopy, or in sunny openings (French, 1999; Haeussler et al. 1990).  Big huckleberry has greatest potential on cool mesic sites with minimal overstory (Dahlgreen 1984).  In mid-elevation and subalpine of the Mount Hood area, Oregon, big huckleberry is an early seral plant species (Norton et al. 1999), with greater frequency and coverage in open stands of mountain hemlock, subalpine fir, Pacific silver fir, and Douglas-fir associations.  They decrease as stands close (Douglas 1970; Lotan et al. 1981).   

Decline of big huckleberry as forests move toward climax status is inevitable, especially in areas of crown closure (Dahlgreen 1984).  Without disturbance, big huckleberry will gradually decrease in dominance, crowded out by trees (Minore 1972).
Most huckleberry fields originated from the uncontrolled wildfires that were common in the Northwest before modern fire protection and control techniques were applied.  Ecologically, these fields are seral: temporary stages in the natural succession from treeless burn to climax forest.  Without fire or other radical disturbance, huckleberries are gradually crowded out by invading trees and brush (Minore 1972).    

Fire Ecology or Adaptations: 
Big huckleberries occur in early or late seral stages, and generally have their greatest productivity on sites that had experienced disturbance about 50 years prior (Martin 1979).  

Foliage is of low flammability, allowing for survival after low severity fires, with top-kill resulting from higher severity fires.  Top-killed plants resprout from rhizomes (Dahlgreen 1984).
The clonal habit favors ecotypic variation among populations: i.e. plants subjected to regular fire intervals may be better suited to surviving fire than individuals developed under fire suppression (Dahlgreen 1984).   Seed is not an important post-fire recolonization method and is rarely found in post-fire areas (Miller 1997).
Historically, burning of big huckleberry patches by Native Americans was a regular activity in the subalpine zone of the Cascade and Pacific ranges.  To enhance production, fires were set in autumn after berry harvest to reduce invasion of shrubs and trees (Boyd 1999).  Fields of big huckleberry in the Pacific Northwest were also created by uncontrolled wildfires that occurred before effective fire suppression (Minore and Dubrasich 1978).  

Plants are consumed by fire only when adequate fuels are present to dry and preheat stems and foliage (Miller 1977).  Heat penetration into soil layers where rhizomes occur will affect big huckleberry’s ability to produce postfire - vegetative sprouts (Miller 1977).  In preferred habitats, big huckleberry will generally survive low to moderate severity fires, attaining preburn coverage in 3-7 years with stem number and density increasing (Bradley et al. 1992; Coates and Haeussler 1986).  Moderate to severe fires on coarse textured soil or areas with a thin organic layer kill underground rhizomes, resulting in heavy mortality (Coates and Haeussler 1986). 

Western huckleberries may grow too slowly to take advantage of the flush of nutrients released by fire (Martin 1979).   Globe huckleberry takes 8-15 years before fruiting abundantly after broadcast burns, and depth of heat penetration into the soil strongly influenced the number of sprouts that emerged subsequent to fire (Miller 1977).
Berry Production: 
Minore et al. (1979) noted that weather influenced annual berry crops of V. membranaceum more than any site characteristic, and suggested that conclusions about site production could not be based on samples from 1 or 2 years.  Meteorological events determine yearly production, but the physical, vegetative and historical site characteristics are the ultimate factors that affect presence or absence of the globe huckleberry on a site. 
Depth and duration of previous winter snowpack, killing frosts, and erratic weather events obscure the effects of soil, topography, and elevation on berry production in any given year (Minore and Dubaisech 1978).  Huckleberry fruit production is affected by snow pack duration (Minore 1972, Minore and Dubrasich 1978), snow depth (Minore and Dubrasich 1978, Martin 1979), drought (Stark and Baker 1992), cold or wet weather during critical phases of pollination and fruit development (Shaffer 1971), and volcanic ash fall (Hunn and Norton 1984).  Sites protected from frost have more consistent fruit production (Minore and Smart 1978). 

Hunn and Norton (1984) found yields were correlated with elevation, slope, and distance east or west of the Cascade Crest.  Martin (1979) found that mesic aspects produced more fruit than xeric aspects.  Dahlgreen (1984) found that big huckleberry fruit production in southern Washington is positively associated with “adjusted solar radiation.”
Greater berry production occurs in soils high in organic matter.  Soil moisture availability will affect quality and quantity of berry production within a growing season (Stark and Baker 1992).
Huckleberries frequently grow in the partial shade of moderately open forest stands. These bushes often are large and vigorous, but they seldom produce many berries.  However, seasons occasionally occur in which shaded bushes produce a good crop (Minore 1972).

Berry production usually decreases with increased forest overstory (Minore 1984).  In Montana, aspect has the greatest effect upon berry production.  Fruit decreases from optimum northwest aspects to north, northeast, then from east to west.  Canopy cover is inversely related to berry production; however, south or west aspects show no inverse relation.  On south and west aspects, canopy removal may decrease population due to subsequent moisture stress Martin 1979).

It takes many years for seedlings and clonal shoots to begin flowering and fruiting after disturbance and establishment.  Minore (1984) found it took seven or more years, and Barney (1999) found it took at least 5 years.  Berry production increases 15 to 20 years after wildfire on mesic north or east aspects and 5 to 10 years if sites are clearcut and broadcast burned.   Most productive sites were in timber stands that were disturbed in the last 50 years.  Fruit production failed to exceed a certain threshold irrespective of aspect when the estimated tree canopy exceeded 30%, presumably because shading prevented flower formation. 
From Martin’s study, fruit production in clearcuts was dependent on the site aspect and post-logging treatment.  Percent huckleberry cover and fruit production in most mesic-aspect, broadcast-burned clearcuts were significantly higher than those of adjacent, undisturbed stands.  Fruit production was not correlated with the percent cover of or height of huckleberry shrubs, suggesting that vegetative growth and fruit production respond to different environment influences.
Although coverage of big huckleberry may have a positive response to fire disturbance, berry production is usually delayed.  Overstory removal with minimal huckleberry disturbance is recommended to increase berry production.  Frilling (2,4-D applied to frills cut in trees) and girdling are 2 methods that effectively remove an overstory with minimal disturbance Minore et al 1979).    
In general, understory species respond to stand thinning by increased biomass and cover, particularly for clonal species and woody shrubs.  Removal of canopy trees increases light, water, nutrient availability, and soil temperature.  In western Oregon huckleberry fields where conifers have invaded, berry production increased when overstory reduction methods did the least amount of damage to understory species.  Although V. membranaceum may be more abundant in the older stands (old-growth forest), berry production tends to be less closed-canopy forests.  Minore (1972) expressed concern about declines in V. membranaceum berry production due to conifer encroachment.   
Berry production declines when open-grown V. membranaceum shrubs become heavily shaded by closed forest canopies.   In the absence of wildfire, silvicultural treatments to reduce or eliminate the forest overstory are necessary if former levels of berry production are to be restored (Minore 1984).   A few years after establishment, huckleberries produce a maximum amount of berries; then production gradually declines as other shrubs and trees dominate the site (Hall, 1964).   Really old shrubs (75 years or older) may produce less fruit and fruit of lower quality than younger shrubs.  Disturbance may benefit huckleberry fruit production by destroying old stems and rejuvenating shrubs (Martin 1979).
Threats:
Fire Management:  Most huckleberry fields originated from the uncontrolled wildfires that were common in the Northwest before modern fire protection and control techniques were applied.  Ecologically, these fields are seral: temporary stages in the natural succession from treeless burn to climax forest.  Without fire or other radical disturbance, huckleberries are gradually crowded out by invading trees and brush.  A few years after establishment they produce a maximum amount of berries; then production gradually declines as other shrubs and trees dominate the site.  Lodgepole pine, mountain ash, and beargrass seem to be the most serious competitors.  The acreage occupied by thin-leaved huckleberry fields is declining rapidly as old burns become reforested and new burns become increasingly rare.  Many formerly productive huckleberry areas now produce no berries at all.  Others are shrinking as trees and brush invade along their edges (Minore 1972).
Most large wildfires have been effectively prevented or controlled in recent years, and Indian-set fires have not burned over the most heavily used, high-elevation huckleberry fields for several generations.  As a result, trees of low timber quality have been invading many high quality huckleberry fields.  These trees eventually form dense subalpine forests that crowd and shade the shrubs, eventually eliminating huckleberry production (Minore 1979). 

Climate Change:  Climate change may influence the ecology of huckleberry by altering the pattern of the growing season.  The Northwest climate is projected to increase in winter temperature, with warmer winters and hotter-drier summers.  Precipitation regimes may shift potentially bringing more precipitation to the region in some areas, but generally a trend of similar conditions is expected across the region until 2050 (Littell 2012; Fettig et al. 2013; Kunkel et al. 2013).  Increased temperatures will shift the proportion of snow/rain delivery across the coastal to interior gradient, as well as an increase in elevation of the amount of precipitation falling as rain.  Warmer and drier conditions are and will continue to increase wildfire activity resulting in larger and potentially higher severity fires across the forests found in the range of climatic zones.  Fire regimes are anticipated to change across the coast range and Olympic peninsula, interior valleys (Bachelet et al. 2011), Cascades, and interior mountain ranges that will the influence recovery of vegetation in the areas burned.  
Many of the desired qualities and abundance of non-timber forest products (NTFP’s) like huckleberry are associated with forest seral stage, or time since disturbance, and the severity of the disturbance.  Challenges are and will likely arise around the temporal and spatial periodicity of NTFPs based on the type of disturbance and integrity of the habitats.  Many of the ecological or climatic niches of valued NTFPs are anticipated to remain the same, but as the environment changes, so will the ranges of many species in response to disturbance (Fettig et al. 2013).  
Native Bees:  Populations of the huckleberry’s primarily pollinator, native bees, have been in decline.  According to the Xerces Society, anecdotal observations have found that bumble bees adapted to cooler temperatures are in decline, while bumble bees adapted to warmer temperatures are expanding their ranges northward.  What effect this will have on local plants like huckleberry is unknown.  Impacts to fruiting and genetic diversity are possible (Spivek et al. 2011).
Non-Native Fruitflies:   Spotted Wing Drosophila, Drosophila suzukii Matsumura, is an invasive agricultural pest in Oregon, affecting primarily the small fruit and cherry industries.  It has been found on native huckleberries in Washington state.  A research lab at OSU is currently studying its distribution in Oregon and whether it is surviving on native Vaccinium.  What effect this will have on native huckleberry is unknown.   This species of fruitfly will consume ripe berries as well as those in decline.
Tribal Interests:
Due to its high yield, carbohydrate content, and sweetness, big huckleberry comprised a significant portion of the traditional diets of many aboriginal groups throughout the Pacific Northwest, and there is evidence to indicate that native peoples selectively burned portions of existing huckleberry patches to keep them in an early seral stage and enhance production (Agee 1993; French 1999; Lepofsky et al. 2005; Mack 2003; Main-Johnson 1999 and 2006; Norton et al. 1999; Richards et al. 2006; Whitlock et al. 2002).  This activity occurred until it was prohibited by the first decade of the 20th century (Fisher 1997).  For example, the huckleberry (Vaccinium spp.) is a sacred food among many Native Americans in the Pacific Northwest, and huckleberry gathering has long served as a focal point for renewing kinship and cross-tribal social ties (Fisher 2002; Knudson 1980).  There continues to be interest from Native Americans for sustainable management of and access to this resource.   
The Treaty of 1855 reserves the rights of the tribes and bands of middle Oregon to gather berries on unclaimed lands in common with the citizens of the United States.   “… the exclusive right of taking fish in the streams running through and bordering said reservation is hereby secured to said Indians; and at all other usual and accustomed stations, in common with citizens of the United States, and of erecting suitable houses for curing the same; also the privilege of hunting, gathering roots and berries, and pasturing their stock on unclaimed lands, in common with citizens, is secured to them.”  (as quoted in Jaqua 2002). 
In 1997, a Memorandum of Understanding was signed between the Mt. Hood N.F. and the Confederated Tribes of the Warm Springs Reservation.  The MOU establishes a framework for a working relationship responsive to management of the huckleberry resource:  The Forest Service agreed to recognize the importance of protecting and managing huckleberry habitat.   The Tribes and Forest Service mutually agreed to work together on long-range objectives, plans, and programs for the management of huckleberry habitat on National Forest System lands. 
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Management Observations from Research
From Minore et al. (1979)   ---   Mt. Hood
· Bulldozing provided suitable slash fuel for burning if the slash was allowed to cure for 1 year.

· Bulldozing is less expensive than hand-falling but harder on the land and visual qualities.

· Huckleberry shrubs sprouted vigorously but produced no berries for at least 3 years.

· Cut and burn of 11-month old slash unit burned readily by drip torch in areas where slash was present.  Areas without slash did not burn at all.

· Pre-treating with herbicide and then burning was not successful in carrying fire.

· Overstory trees should be controlled in the areas to be managed.

· If berry production is to be maintained or increased without delays of 5 years or longer, overstory management must be done with minimal disturbance of the huckleberry understory. 

· If chemicals are an option, a one-to-one solution of 2,4-D amine and water, applied to frills cut in the individual trees, effectively kills a conifer overstory without disturbing the huckleberries.  It should be applied in the spring, just as conifer buds are breaking.

· Individual girdling would produce the result at somewhat higher cost. 

· Frilling and girdling will be least expensive when done before a dense overstory canopy develops. 

· Bulldozing and burning can be a cost effective technique for huckleberry management under large areas of dense, merchantable canopies, and where berry production delays of 5 years or longer are acceptable.

· Using a crawler-type tractor with raised bulldozer blade, all trees in a large area should be pushed over and allowed to dry for a year before burning is attempted.  Burning should then be done while soil moisture remains high, and as soon as the slash will carry a fire.  This method has a severe visual impact on the landscape; it will eliminate berry production for several years, and long-term berry production benefits are unknown. 

· Clearcutting can be effective.  Unfortunately, merchantable overstories do not always occur on areas capable of producing good huckleberry crops. 

· Sheep grazing is compatible with huckleberry production, but sometimes incompatible with huckleberry pickers.  Wherever possible, grazing should be scheduled so that sheep are out of the berry fields before the huckleberries ripen.  

· Nitrogen fertilization can be used where optimal growth and berry production are desired.  

· Planting to intensively manage for huckleberry would require that the young shrubs be planted in heavily used berry fields or in recent clearcuts where there was already berry production.

· Cultural techniques are available, and berry shrubs can be produced from seed with little difficulty. 

· In high elevation areas where spring frosts cause frequent crop failures, the frost-resistant blueleaf huckleberry could be introduced and managed.  It is low-growing and difficult to pick, however, and seems to be less productive than big huckleberry.  Mixtures of these two species probably should be grown where frequent frosts occur in the growing season. 

· Beargrass is a major competitor:   herbicides, burning and grazing have not been effective at control.

Use of fire:

· Prescribed burning is not a short-term solution to increase huckleberry production.  Burned shrubs produced vigorous new shoots but no berries. 

· Following prescribed fire, significant berry production was delayed for at least 5 years and perhaps longer.  Meanwhile, tree seedlings invaded the burned area, and reinvasion by trees may be almost as fast as huckleberry recovery.  

· When new shoots eventually produce berries, burned areas may be more productive than undisturbed areas. 

· Plants are consumed by fire only when adequate fuels are present to dry and preheat stems and foliage.   

· Moderate to severe fires on coarse textured soil or areas with a thin organic layer kill underground rhizomes, resulting in heavy mortality (Coates and Haeussler, 1986).  Heat penetration into soil layers where rhizomes occur will affect big huckleberry’s ability to produce vegetative-sprouts post-fire (Miller, 1977).

· In preferred habitats, big huckleberry will generally survive low to moderate severity fires, attaining preburn coverage in 3-7 years with stem number and density increasing (Bradley, et al., 1992; Coates and Haeussler, 1986).

· Most case studies recommend spring burning when duff moistures are high (Martin 1979; Douglas 1970; Miller 1977; Bradley et al 1992; Coates 1986).

From Anzinger (2002)  –- Mt. Hood   

· Future huckleberry fields need to be created with stand-replacing disturbances.  Since stand-replacing fires, wild or otherwise, continue to be socially unacceptable phenomena, future huckleberry fields will most likely be created by alternative disturbances.  Future yields of big huckleberry will require management practices that mimic past disturbance regimes and slow stand development.
· Big huckleberry may require the protection of a sparse canopy, such as that provided by dead snags after a wildfire (Minore pers. comm. 2000), for vigorous growth and fruit production.  In this study, the highest fruit production class values were observed in huckleberry fields with 35-50% canopy cover and 4-7m²/ha of conifer basal area.  Therefore, selected individual trees and/or groups of trees should be left within the harvest unit even though they may be killed by subsequent broadcast burns. Forest managers should be prepared to wait as long as a decade for big huckleberry fruit production after canopy disturbance.

· Once huckleberry fields are created or re-created in areas that once supported them, frequent low-severity disturbance will be needed to prevent forest encroachment and maintain field productivity.  Prescribed burns conducted about every 20 years in late summer and early fall would most closely mirror the traditional disturbance regime. Girdling and cut-and-pile methods of forest clearing may be suited to the maintenance of existing huckleberry fields as an alternative to prescribed burning.

From Martin (1979)

· Berry volume and number decreases in stands where tree canopy density exceeds 30%.
From Hamilton and Peterson (2003)  --  Central British Columbia   
· Plant response to burning depended on the tolerance of species to burning and the timing and severity of the fire.  The severity of the burn was influenced by the depth, type, and moisture content of the humus layer; the moisture content and type of fuels; and site conditions such as slope and weather conditions at the time of burning (e.g., wind speed, temperature, and humidity).

· Spring and fall burn comparison study was done post-logging to determine effects on understory vegetation.
· Spring burn consumed more of the forest floor, but the fall burn removed twice as much of the large fuels.  Fuels were actually drier in the spring and that burn was more severe.
· Both fires removed about 60% of the fine fuel.

· V. membranaceum appeared to be favored somewhat over other shrubs by the more severe spring burn.

· Black (big) huckleberry showed considerable variability in its response to burning depending on burn severity and site factors.
· Burning initially produced a significant shift from a shrub and herb dominated understory community to an herb-community.  Over time, the shrub component regained prominence.
From Neil (2011)
Though there have been several studies looking at understory response to thinning and gap creation, their study designs either aggregated shrubs into functional groups or, the study sites did not include big huckleberry (Kerns and Rutzika, personal communications 2016).  This study looked at the relationship between overstory basal area and understory vegetation for species grouped by traits that reflect food availability for wildlife (i.e., the production of flowers, fleshy fruit, and palatable leaves) in thinned versus unthinned stands at seven Douglas-fir forests in western Oregon 6 years following thinning.  Lower overstory densities and thinnings were associated with higher cover of flowering, fleshy fruit and palatable leaf producing species.   
Management Options from Demonstrations in the vicinity of the Gifford Pinchot National Forest
1. Huckleberry Enhancement Project (Gobin et al 2011)
A cooperative project between the Tulalip Tribes and the US Forest Service with monitoring assistance from Western Washington University staff and students.  Stillaguamish River drainage, Darrington Ranger District, the Mt. Baker-Snoqualmie National Forest, Washington.  The project goal was to increase fruit production in target huckleberry fields. The fields had been producing substantial huckleberry fruit since the mature forest was harvested in the area in the 1980’s, but fruit production was declining, and conifer species were becoming established and overgrowing the huckleberry plants (Gobin et al. 2011 and Adams et al. 2011).   
Treatment:   In 2009 they thinned 28 year-old conifer stands with big-leaf huckleberry understory, reducing residual canopies to < 30% in small, trial blocks of approximately 5 acres.   In 2011, additional stands were thinned similarly, but they left islands of residual trees.  Brush was pulled away from the leave trees.
Monitoring:    Plots were installed, with measurements of canopy cover and huckleberry cover before and after thinning treatments. 
Results:   The post-thin data indicated average overstory canopy cover was reduced by 22% - 28%.   After 2 years of monitoring, they saw an increase in huckleberry plant cover, but treated sites did not differ statistically from untreated sites in berry production.   Treated sites had greater productivity due to increased area in huckleberry cover vs. area in tree cover.
2. RAC Thinning Project --  Lodgeberry  (Boyer 2008)
Gifford Pinchot National Forest, Cowlitz Valley Ranger District.  (Boyer ppt. from Huckleberry Workshop 2008).   Volcanic flat 2 ½ miles north of Mt Adams Wilderness and 2 miles east of the Yakima Reservation boundary.  Cispus Adaptive Management Area, 25 miles southeast of Randle, WA.  
Site:  Lodgepole Landscape Design Unit = 8100 acres, elevation ranges 3200 to 4700 feet.   Vegetation dominated by continuous young stands of lodgepole pine, subalpine fir, and mountain hemlock, naturally regenerated following 1918 Two Lakes Fire.  Beargrass and huckleberry understory.   Soils are shallow to mod deep derived from residuum /glacial till, cold soil temps.
 Up to 4”of tephra present from the 1980 Mt. St. Helens eruption.   Surface soils are very thin sandy loams or loamy sands.
Treatment Project 1:   1998.  Purpose is to test 4 methods of treating young Lodgepole to reduce fire hazard.
· Treatment 1 – thin conifers > 3’ tall and <4 “ diameter. BB slash.

· Treatment 2 – thin conifers > 3’ tall and < 6” diameter. BB slash.

· Treatment 3 – thin conifers > 3’ tall and <8” diameter. BB slash.

· Treatment 4 – thin conifers > 3’ tall and < 8” diameter. HP/Burn slash.
Monitoring:  2007
Results:

· Cutting material < 8” was effective for fire hazard reduction and potential huckleberry production.
· Some release of huckleberry noted though vigorous response observed in bear grass.

· Broadcast burning attempted in 1999 and determined too risky due to short burn window with fire season (late June or July).

Treatment Project 2 1997:  Non-commercially thin trees > 3’ tall and < 8” diameter to a 20’ spacing between tree crowns or 30’ spacing between trees. 50 tpa.  Leave all deciduous hardwoods and whitebark pine.   Lop thinning slash to a 24” height.  Variable 25-50’ buffer along FR 2329 & 5603.
Monitoring:  No record.  
3. Mowich Huckleberry Enhancement Project   (Holmonson 2006)
Gifford Pinchot National Forest, Mt. Adams Ranger District.  
Treatment:  Management of 75 year old fire regenerated stand.  Western hemlock zone (western hemlock/Alaska huckleberry/dogwood bunchberry plant association.  Thin trees to approximately 60 trees/acre (28’ x 28’) in uplands; 110 trees/acre (20’ x 20’) in riparian reserves.  2 units underburned after logging.  A percentage of the logging slash (limbs and needles) would be left on site to facilitate the burn.  1 unit thinned and hand piled and burned.  Hand fertilize 1 unit with 100 lbs/ac. Ammonium sulfate (21-0-0).
Monitoring:  No record.
4. Confederated Tribes of Warm Springs.    (Jimenez 2008)
Site:  Plant Associations --  Hemlock/Beargrass, Mt. Hemlock/LP, Silver Fir;  Soil: Howash & Pinhead (Andesite, Volcanic Ash);  Elevation Range: 4,000-4,800 ft; Annual Precip: 70-100 in
Treatment:  Intermediate thin/shelterwood.  Protect existing shrubs: log over snow pack of at least 3’; Open canopy by thinning: BA 90-110 ft2; Canopy Closure 30-50%; Reduce slash: transport treetops to the landings
Monitoring:   Little empirical data. Some observations.

Results:
· Snow pack sites immediate flush of berries first season following logging

· Families again using usual and accustomed areas

· Partial or no snow pack only now recovering

· High elevation sites approximately three years for flush of berries

5. Huckleberry Thin   (Gerwing 2011)
Clackamas River Ranger District and the Zigzag Ranger District, Mt. Hood National Forest, Oregon.  Huckleberry Thin EA, in the Abbott Burn area (USDA USDI Huckleberry Thin EA)  
Site:  Primarily lodgepole pine: the trees seeded in naturally after a wildfire, and the stand age is now approximately 80 years.
Treatment:  Trees would be retained at 85 – 95 square feet of basal area (outside of skips).

Skips (unthinned patches) would be created that would vary in size and number and would add up to 10% of each unit 
Monitoring:  Data on huckleberry plant abundance, size, and productivity were collected from 40 m2 circular monitoring plots located in four units of the “Abbott Burn” area of the Huckleberry Enhancement EA project area. To distinguish thinning treatment affects from year to year variations in huckleberry production, plots within the thinning units were paired with plots in similar forest outside the units 

Results:  No record.
6. Salmonberry Timber Sale 5
We could not find the original NEPA from 1998, but we did find a NEPA review by FS Ecologist Jeanne Rice for Unit 5.  The goal was to create suitable huckleberry habitat to regenerate huckleberry shrubs, improve growing conditions for existing shrubs and enhance berry production.   Post-harvest results are described above in Anzinger’s Thesis.
Site:   The prescription treats an old burn huckleberry field probably 90-100 years old.  
Treatment:    ~ 30 acres. patch clearcut with reserves and commercial thin.  • Establish one large irregularly shaped opening with additional 2-5 acre openings. Thin from below remaining acres, leaving 125 tpa but up to 222 tpa in portions; approximately 60% of existing stand densities, favoring WL, RA, PP and WWP.  Tractor logging method;  Fuel treatment: tractor pile concentrations; Leave 6-8 wildlife trees/acre favoring DF, WRC, WL, WWP and NF. Leave largest trees.  10% of the stand acres are to be left in clumps and 5% of trees are to be left scattered throughout the stand in the largest diameters available in addition to the wildlife trees. Retain all hemlock and PSF >20” in diameter and legacy trees, protect existing huckleberry shrubs in the understory through directional felling and placement of skid trails.

Monitoring -- Pre-treatment field and NEPA review results by Jeanne Rice, FS Ecologist:  
· The large opening intended for regeneration of new shrubs is long and narrow and creates a lot of edge, decreasing the ability to maintain light to the understory for very long without followup treatments.
· The EA does not discuss what the long-term strategy would be for this area to maintain growth and eventually reach fruit production. Canopy cover and use of any prescribed burning is not discussed and may not be needed to eliminate competition (but may be needed to rejuvenate old shrubs). 
· The opening should probably be bigger but visuals and wind concerns are limiting factors on this site. 
· The prescription would meet stated objectives in the short term, namely to maintain existing huckleberry shrubs and enhance conditions for growth. Depending on post-harvest conditions of the shrubs and age, fruit production levels may rise and be more consistent than current levels.  
· The thinned portions of the stand will continue to need treatment to maintain light to the understory where there are existing shrubs. 
If asked to tweak the prescription based on studies to date and observations in the field, ideally the prescription would be a shelterwood with small openings, helicopter log maintaining a 40-50% canopy cover (or less depending on wind risk) and cool prescribed burn if needed to remove competing vegetation that would take advantage of the canopy disturbance. Favor retention of early seral species, legacy trees and windfirm trees, thin from below, protect existing huckleberry shrubs with directional felling and designated skid trails (if tractor logged), minimize soil disturbance to prevent destruction of underground rhizomes. Keep the unit off the ridge due to wind concerns. Plant at a wide spacing with early seral species such as white pine. Followup with girdling trees in the overstory. Expect some blowdown post harvest. Future treatments should continue to provide adequate light to the understory through girdling, control of competing vegetation and additional openings dependent on wind risk evaluation. This prescription may increase the chance of getting fruit production more than the existing prescription but would not meet objective for regeneration of huckleberry to any great degree. 
· Post-harvest results are described above in Anzinger’s Thesis.

Other Resources

Other huckleberry restoration projects that may generate additional ideas:  
· Mowich Huckleberry Restoration EA:  Thin conifers to a 30-40% residual canopy cover, reconstruct approximately 1.0 mile of road, yard tops attached to landings (machine pile landing slash), burn slash piles. Objective is to enhance huckleberry growth and production.
· Sawtooth Huckleberry Restoration EA:  The proposal is to enhance huckleberry production. A variety of methods for reducing tree canopy cover could occur, including lopping, girdling, firewood harvest, commercial timber harvest, and prescribed burning. (USDA USFS 2009).
· Polepatch Huckleberry Restoration EA, 2013:   Improve production of native huckleberries on 774 acres to benefit local Native Americans, recreational berry pickers, and wildlife through thinning and prescribed burning treatments.
· Summitt Thinning EA, 2005:   The proposed action is to do variable density thinning on approximately 70 acres; cut trees generally smaller than 12 inches in diameter with an average of approximately 10 inches. Ground based logging systems will be used. Logging would be conducted in the winter over snow to further protect existing huckleberry plants.  Whole tree yarding would be required to minimize slash and to maintain access to existing huckleberry plants. Thinning will generally remove the smaller trees, but the objective is to enhance structural and biological diversity by enhancing huckleberry production through variable spaced thinning. Leave tree spacing will result in an average crown closure of 30%. 

· Seattle Public Utilities Big Huckleberry Pruning Study.   They resampled 7 years after study initiation and 5 years after the three consecutive years of pruning (which was one treatment) was completed.  The data analysis and summary report is not yet complete.  High variability in huckleberry productivity was found in regards to the treatments (pruning in one year, pruning over 3 consecutive years, and no pruning).  The biggest difference was between the two blocks, so follow up investigations would involve soil characterization (soil moisture, soil organic matter…).   This year, they confirmed presence of spotted wing drosophila (Drosophila suzukii) in big huckleberry.   Amy LaBarge, Watershed Natural Resources Manager, Seattle Public Utilities (Amy.LaBarge@seattle.gov)
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