Meadow Creek Large Woody Debris Project Phase II
Proposal
11/15/12

Contact:  Joe Platz

1.  Project Name:  Meadow Creek Large Woody Debris Phase II Project
The project is located on Meadow Creek, on lands administered by the US Forest Service.
2.  Applicant:  
US Forest Service (USFS), LaGrande Ranger District; Attn: Joe Platz; 3502 HWY 30; LaGrande, OR 97850.  Email:  jplatz@fs.fed.us.  Phone Number:  541-962-8571.  Fax Number:  541-962-8580.
3.
Participating Landowner(s) and Agencies: 

(1) USFS; Attn: Joe Platz; 3502 HWY 30, LaGrande, OR 97850; (541) 962-8571; Fax: (541) 962-8580
(2) Eastern Oregon Agricultural Research Center, Oregon State University, Tim DelCurto; P.O. Box E, Union, OR 97883; (541) 562-5129; Fax (541) 562-5349

(3) USFS Pacific Northwest Research Station, Michael Wisdom, 1401 Gekler Lane, LaGrande, OR 97850; 541-962-6532; Fax: 541-962-6504

(4) Grande Ronde Model Watershed, Lyle Kuchenbecker; 1114 J Ave., La Grande, OR 97850; 541-663-0570; Fax: 541-962-1585
(5) Bonneville Power Administration, Timmie Mandish; P.O. Box 3621; Portland, OR  97208;  PH  503-230-3983; FAX  503-230-4564
4.
Project Contact(s): 

Technical contact(s):  
Joe Platz:  3502 HWY 30, LaGrande, OR 97850; jplatz@fs.fed.us; (541) 962-8571
Administrative contact(s):  
Bill Gamble:  3502 HWY 30, LaGrande, OR 97850; bgamble@fs.fed.us; (541) 962-8582
5.  Project Location:  
The Meadow Creek Large Woody Debris Phase II Project is located on Meadow Creek, a tributary to the Grande Ronde River. The project is located on 7.25 miles of Meadow Creek (approximate RM 10 - 17) (T 3S, R 34E, S 14, 23, 26, 35; T 5S, R 35E, S 9, 26, 27, 29, 30, 32, 33, 34, 35).  The project is located within the 
Meadow Creek Watershed (1706010402); Middle Meadow Creek Subwatershed (170601040202); Reaches 1-3; Union County.  
6.  Project Objectives:  
The objective is to improve spring/summer chinook habitat, summer steelhead habitat, specifically through improving or increasing the following habitat elements. 
· Increase quantity and quality of pools within Meadow Creek
· Increase fish cover
· Increase habitat complexity

· Increase forage availability

· Increase residual pool depth

· Increase number of large and medium pieces of large woody debris in the stream

· Increase spawning gravel recruitment
· Improve stream shade 

· Improve floodplain and riparian function

· Increase riparian vegetation

· Improve ungulate grazing management to enhance the salmon and steelhead habitat elements

7.   Project Description

Introduction

Meadow Creek is spawning and rearing habitat for Snake River Basin summer steelhead and redband trout.   According to fish distribution maps, Snake River Basin rearing spring chinook salmon habitat is located approximately .5 mile downstream of the project area.  However, Meadow Creek within the project area is considered designated critical habitat for spring chinook salmon, since it is accessible to juveniles as rearing habitat (Biological Assessment for the Starkey Grazing Allotment, 2006).  In addition, chinook smolts have been located up to Ray Creek, which is located in the middle of the project area (refer to attached map).  
The summer steelhead and spring/summer chinook are federally listed under ESA as threatened species. Redband trout are on the Regional Forester's Sensitive Species List.   
Historic timber harvest removed larger conifers from the valley bottom, reducing the future recruitment of large wood to the stream. This project will rehabilitate the floodplain and instream habitat through planting, large wood/boulder additions, exclosure re/construction and riparian pasture fencing. 
Existing condition 
The Meadow Creek Project is broken into 3 reaches.  The valley bottom is forested, and riparian vegetation consists of shrub species, primarily willow and alder, with sedges and grasses.  Conifers consist of Englemann spruce, lodgepole pine, Douglas-fir, western larch, and ponderosa pine.  Historic timber harvest, including splash dams removed larger conifers from the valley bottom, reducing the future recruitment of large wood debris to the stream.   

In the early 1990’s the Wallowa-Whitman cooperated with Bonneville Power Administration to add structural complexity to the Meadow Creek.  Large wood and rock structural elements were added to the river channel. Most of the structures constructed were log sills that spanned the entire channel on the level.  The majority of the structures are no longer present, due to high flow and ice scour events.  

A stream survey of Meadow Creek was conducted in 2011.  Stream survey results indicate poor numbers of pools per mile and moderate amounts of large wood within the medium size class (see Table 1 below for stream survey results).  The Rosgen Class for reaches 1 & 3 are dominated by a C4 channel with some stream segments exhibiting B channel characteristics in reach 1.  Reach 2 is dominated by a B4 channel with some C channel characteristics.   Large and medium size classes for wood are poor for all three reaches.  However, reach 3 is more of a meadow system, where large wood has naturally been in low numbers.  The number of pools per mile is low and width to depth ratios are high for reaches 1 & 2.  Personal observation agreed with the stream survey results.  Reach 2 has poor habitat complexity and pool quality and could be improved dramatically through wood placements.  
Table 1. Results of stream habitat survey for Meadow Creek.

	Stream/Year Surveyed 
	Pools Per Mile 
	Residual

Pool

Depth 
	W/D Ratio
	Dominate Channel 

Substrate
	*LWD Large (pieces/mile)
	**LWD Medium (pieces/mile) 
	  Stream Gradient
	

	Meadow Creek 

Reach 1 (3.21 miles) (Bndry – Ray Cr)


	20
	1.7
	23
	GR
	3
	18
	2%
	

	Meadow Creek

Reach 2 (2.61 miles) (Ray Cr to end of Narrows)


	9
	1.6
	28
	GR
	4
	20
	3%
	

	Meadow Creek

Reach 3 (2.76 miles ***) 
	31
	1.8
	26
	GR
	1
	11
	3%
	


*Large LWD: Pieces >20 inches dbh and >35 feet in length.

**Medium LWD: Pieces >12 inches dbh and >35 feet in length.

***Reach 3 extends for approximately 1.25 miles upstream of the project area. 
Specific Actions

Meadow Creek Large Woody Debris Phase II

The Meadow Creek Large Woody Debris Phase II Project would place wood within 3.25 miles of Meadow creek for a total of 30 structure sites.   Planting will occur for on approximately 3 miles.  Two stream exclosure fences would be removed and reconstructed (1 mile of stream excluded) and an additional stream exclosure fence would be constructed (.15 mile of stream excluded). Approximately, one mile of pasture fence will be reconstructed.  Two riparian pasture fences will be constructed for a total of 3.3 miles of new construction.  Nine small, 1 hectare, exclosures (.25 miles of new exclosure construction per exclosure) will be constructed in Pastures 2, 3, and 5 for monitoring effects of ungulate herbivory.  A new cattle grazing system would be completely changed throughout Meadow Creek to meet habitat recovery and enhancement objectives for salmon and steelhead.  Research and appropriate funding will be in place to detect impacts and take corrective action on changes to the grazing system, if needed (see attached letter documenting research support).   
· Structure Construction  

A total of 30 structure sites will have wood/boulder input within the project.  There will be a total of 321 large pieces of wood with the root wad attached added to each site.  Approximately 27 trees will be pushed over within 300’ of structures: 1, 3-11, & 15.  The remainder of 294 trees will be hauled to staging areas from hazard trees located on the attached maps.  From the staging areas, 77 trees will be skidded to 7 structure sites (Structures: 24 - 30) and 217 trees will be flown in via helicopter.  There will be up to 111 boulders placed in conjunction with the trees.  All boulders will be obtained from on site.  Pinning with rebar will occur where logs/root wads cross and 1-3 large wood pieces will be partially buried into the streambank at each structure site.   Most of the structures are a combination of root wads and boulders.  Trees will be felled or pushed over on site or obtained through hazard trees and/or blowdown.  All of the logs, rootwads, and boulders will be imported into the creek with the use of a helicopter, excavator, chokers, where needed.     
·  Seeding
All areas disturbed by equipment will be seeded with a native grass/forb seed mix after project completion.  
 

·  Planting 

Approximately, 3 miles of stream will be planted with 9,500 deciduous rooted seedlings and 12,500 conifer seedlings and 5500 cuttings.  Native species will be used.  All of the planting will be completed by hand.  The deciduous seedlings will be protected (as much as possible) from drought. Drought protection includes scalping (by hand), watering the trees twice during the first year, adding soil moisture granules, tree mat placement, and shade cards.  In deciduous planting areas outside exclosures, there will be 1100 pods to protect plantings from livestock/wildlife grazing (Approximately 550 pods of the 1100 pods will be constructed in association with the Phase I portion of the project).  Approximately 50% of the deciduous seedlings will not be protected with pods     within the Phase I and Phase II project areas, so that differences in protected versus unprotected seedlings can be monitored over time (in relation to the new livestock grazing system and livestock versus mule deer/elk exclusion versus non-exclusion areas).  The deciduous seedlings within livestock exclosures will be tubed with vexar to protect from wildlife grazing.  The conifer seedlings will be watered twice during the first year.  Plantings that are not protected from both livestock and wild ungulate grazing will have research funding in place to detect excessive impacts and take corrective action, if needed (see attached letter documenting research support).  
·  Fence construction and reconstruction 

Approximately 1 mile of exclosure fence will be removed and be replaced at two locations. This fence was constructed in the 1960s.  The fence will exclude 1 mile of fish habitat.  An additional .2 mile of new exclosure fence will be constructed.  This fence will exclude an additional .15 mile of habitat. Approximately, one mile of pasture fence will be reconstructed.  Two new riparian pasture fences will be constructed for a total of 3.3 miles of new construction.  Nine small, 1-hectare, exclosures (.25 miles of new exclosure construction per exclosure) will be constructed in Pastures 2, 3, and 5.  Three of these exclosures will be wild ungulate/livestock exclosures.  The next three exclosures will be livestock exclosures, only.  The last three exclosures will be wild ungulate exclosures, only.  New livestock fences will be maintained by Eastern Oregon Agricultural Research Center (EOARC), Oregon State University, as part of their establishment and management of the new cattle grazing system to enhance Meadow creek riparian recovery for salmon and steelhead, as proposed here. Ungulate exclosures will be maintained by the USFS Pacific Northwest Research Station (PNW) as part of their long-term monitoring of wild versus domestic ungulate grazing effects on salmon and steelhead habitat.  This monitoring by PNW will be done in partnership with EOARC.   Research funding will be in place prior to construction of “research specific” exclosures (see attached letter documenting research support).   
· Livestock grazing and associated monitoring—see section below
Integrated Management of Cattle, Elk, and Mule Deer to Enhance Riparian Habitat for Salmonids in Meadow Creek: A Potential Prototype for Riparian Enhancement Projects in the Pacific Northwest 

Intensive herbivory by domestic and wild ungulates can dramatically affect vegetation structure and composition in riparian systems.  In western North America, these effects are of particular concern in riparian systems where intensive, long-term herbivory by ungulates has the potential to substantially reduce or eliminate deciduous, highly palatable species of aspen (Populus tremuloides), cottonwood (Populus trichocarpa), and willow (Salix spp.).  These deciduous plant species are vital components of riparian systems that support healthy populations of salmonid species.  Thus, most riparian enhancement projects for salmonids include a variety of activities designed to increase the abundance and maintenance of aspen, willow, and cottonwood as an essential core of riparian habitat.

Despite recognition that domestic and wild ungulates can dramatically affect riparian vegetation goals for salmonids, integrated management of these ungulates remains a major and unresolved issue for effective recovery of riparian systems.  Three major ungulates, cattle, elk (Cervus elaphus), and mule deer (Odocoileus hemionus), commonly co-occur in riparian systems in most areas of the Interior Pacific Northwest where salmonid recovery efforts are underway.  And yet, design and application of best management practices for integrated and simultaneous management of all three ungulates has not been included in past salmonid enhancement projects.  Typically, most riparian enhancement projects have included corridor fencing to exclude cattle use of riparian zones under the assumption that domestic grazing is the sole or main cause for not achieving riparian vegetation goals.  However, past corridor fencing of cattle to meet riparian vegetation goals has largely demonstrated that herbivory by wild ungulates typically also needs to be addressed.  That is, in areas where corridor fencing of cattle has occurred, riparian vegetation goals for salmonid enhancement can be negated by continued herbivory by wild ungulates.    

To address this issue, the Eastern Oregon Agricultural Research Center, Oregon State University, in partnership with the USFS Pacific Northwest Research Station, proposes to implement and monitor 4 ungulate management treatments as part of an integrated approach for salmonid habitat enhancement on Meadow Creek. The first treatment would consist of a new 5-pasture deferred rotation system along the entire portion of Meadow Creek in which woody debris placement and willow plantings will occur for salmonid habitat enhancement (Refer to the attached map).  This new grazing system would be implemented as part of this proposal, and specifically designed to promote habitat recovery of riparian systems to enhance salmon and steelhead habitat. This new grazing system would be designed to minimize cattle utilization of browse species (deciduous plant species) to 20% or less. throughout the summer grazing season.  Up to 100 cow-calf pairs from Eastern Oregon Agricultural Research Center, Oregon State University would be used, facilitating more adaptable control over the grazing system in contrast to use of a permitee’s cattle.  Only EOARC cattle would be used under this riparian grazing system, thus allowing complete control as well as flexibility in how the cattle grazing system is implemented and adapted to meet riparian enhancement objectives for salmon and steelhead. Over time, this will allow for more timely and adaptive changes to improve the system in response to monitoring results, such that an optimal system can be demonstrated in relation to riparian enhancement goals. 
Under this 5-pasture deferred rotation system, one of the four lower elevation pastures (refer to map) would be rested during the later stages of the grazing season each year.  Grazing would start on June 15th and continue through October 15th.  Past research in the Smith Bally pasture, which encompasses part of Meadow Creek, suggests that cattle distribution relative to the riparian area is not a significant issue until upland vegetation becomes dormant.  As a result, the grazing strategy will use rest to accommodate pasture/riparian recovery during the late season.  In addition, this grazing system will provide a “platform” to utilize a number of tools to improve late season use that will include strategic supplementation, offstream water, and herding.  We will also use this research area to look at cow types, breed types, and other biotic attributes of animals to better understand and manage their distribution and grazing habits. Diet composition research suggests that consumption of woody vegetation (willow, alder, snowberry, huckleberry, etc.) can be minimized by ensuring that grasses/forbs are succulent and available for late season use.  

To implement this new grazing system with the 5 pastures, a set of new cattle fences will be constructed with BPA funding under this proposal and thereafter maintained by Eastern Oregon Agricultural Research Center (refer to attached map). This new grazing system represents a controlled but free-range grazing system for cattle combined with free-range grazing by elk and mule deer.  This management treatment, referred to as treatment 1, represents “extant grazing” by all ungulates, but with strict controls on cattle grazing to achieve browse utilization objectives for cattle. Treatment 1 areas will not be excluded to livestock or wild ungulates. The other 3 ungulate management treatments are (2) complete exclusion of cattle but open to free-range grazing by elk and deer; (3) complete exclusion of elk and deer but open to cattle grazing; and (4) exclusion of all ungulates. To implement these additional 3 treatments at an ecologically meaningful scale, each treatment type will be implemented with a set of 1-hectare exclosures that will be established across three sections of Meadow Creek in a manner that spans the entire area of proposed salmonid enhancement (Refer to map).  The ungulate exclosures to evaluate and monitor the effects of wild versus domestic grazing, and effects of no ungulate grazing, will be established by the USFS Pacific Northwest Research Station in partnership with Eastern Oregon Agricultural Research Center.       

To implement treatment 2 (complete exclusion of cattle but open to elk/mule deer herbivory), the exclosures will be built with livestock fencing.  To implement both treatment 3 (complete exclusion of elk/mule deer but open to cattle) and treatment 4 (all ungulate exclusion), exclosures will be built with 8-foot-high ungulate-proof fencing.  Use of cattle grazing under treatment 3 will be designed to replicate the same level of grazing utilization of browse species as specified under the 5-pasture deferred rotation system (treatment 1), with cattle grazing trials in treatment 3 that occur early (July) and late (September). 

The new livestock grazing system would be implemented by EOARC in 2014 (June 15 – October 15), following the establishment of the new livestock fence line and establishment of the modified pastures in the summer and fall of 2013.  All ungulate exclosures would be constructed in summer 2013 by contract as part of the integrated enhancement activities for salmonids.  These 4 ungulate treatment types will be implemented and monitored as a “prototype” for potential applications in future salmonid enhancement projects.  
Monitoring vegetation responses to the new livestock grazing system and to the different types of ungulate exclosures would start in summer of 2013 (pre-treatment estimate of conditions) and continue during the summers of 2014 under this proposal.  Monitoring vegetation responses to the different management treatments is expected to provide a foundation for future designs of integrated management of domestic and wild ungulates for future salmonid enhancement projects.  Results will also be used to improve future research designs to address the topic of domestic versus wild ungulate herbivory effects in riparian systems.  All vegetation monitoring would be done jointly by EOARC and PNW. 
Monitoring the vegetation responses to these 4 different management treatments will focus, particularly, on shrub responses.  Detailed sampling methods are described in Appendix 1.  For the proposed willow plantings, we will geo-reference a large sample of randomly-selected willows within each treatment type and replicate to estimate the survival and structural development of willows in response to the grazing management treatments.  For each treatment type and replicate, up to 500 willows will be randomly selected for monitoring over time.  The following characteristics of the willows will be monitored over the life of the enhancement project: (1) survival; (2) height; (3) canopy volume; and (4) ungulate utilization.  

Monitoring the survival and structural development of willows will be complemented with sampling of general vegetation conditions over time.  A series of line transects and plots will be systematically placed across the pastures, treatment types, and replicates to estimate the composition and structure of conifers, shrubs, grasses, and forbs.  Sampling methods and plot size or belt width will vary by the size classes of life forms sampled.  See Appendix 1 for details.     

Vegetation sampling by EOARC and PNW would begin in the summer of 2013 before establishment of the 4 treatment types so that initial starting conditions for the willows and general vegetation can be estimated.  Sampling to monitor willow plantings would be done twice each year: before the start of cattle grazing within each pasture and treatment type (early to mid-June), and again after cattle grazing has ended in each pasture (early to mid-October).  Sampling of general vegetation characteristics will occur once each year before the start of cattle grazing within each pasture and treatment type (early to mid-June).  This sampling as part of monitoring vegetation responses to ungulate herbivory would be conducted in 2013 and 2014 under this project.  Longer-term monitoring of vegetation responses to ungulate herbivory would continue each summer beyond 2014 for ten years.  
Benefits 

Benefits include increased quantity and quality of pools; increased fish cover; increased habitat complexity; improved riparian/wetland communities; increased number of large and medium pieces of large woody debris in the stream; and increased spawning gravel recruitment.

Benefits from the complete change in livestock grazing management and follow-on monitoring of vegetation responses will provide information on different management techniques and strategies to enhance and restore native salmonid streams with active livestock and wild ungulate grazing systems.  These benefits are not only anticipated in response to the positive management changes in livestock grazing in Meadow Creek, but are anticipated to have high relevance to issues of how both domestic and wild ungulates can be effectively managed to enhance salmonid recovery in stream systems throughout the Interior Pacific Northwest.  The new livestock grazing system would continue beyond 2014 and would be modified only if monitoring results indicate that changes are needed to better achieve riparian recovery objectives for salmon and steelhead.  
Project Maintenance 

Maintenance of the exclosure fencing, pods and vexar tubing would be completed by the USFS.  Maintenance would involve ensuring the fencing/tubing is up after spring flows every year (June).  Once the trees/shrubs are above browse height or exhibit sufficient growth to withstand grazing pressure, the pod fencing and vexar tubes will be removed or used in additional areas on the stream.  Livestock fences will be maintained by Eastern Oregon Agricultural Research Center as part of their long-term grazing research and monitoring partnership with the USFS Pacific Northwest Research Station at Starkey Experimental Forest and Range. Ungulate exclosure fences will be maintained by the USFS Pacific Northwest Research Station as part of this same long-term research and monitoring partnership.
Permits
NEPA, ESA consultation with NMFS and USFWS, and permits from the US Army Corps of Engineers/Department of State Lands will need to be obtained for this project.  All instream work will be performed in the instream work window, which is July 1 – July 31.   
Monitoring Plan 
Monitoring specific to livestock grazing will be conducted according to the “Livestock grazing and associated monitoring” section above, as led and implemented by the PNW and EOARC.
Monitoring specific to project activities would be accomplished to assure that activities conform to objectives of the Forest Plan.  Project level monitoring is a component of Forest Plan monitoring.  The following types of monitoring would be accomplished:

Implementation Monitoring – Is the project design being implemented as planned?

A fisheries biologist/hydrologist would be on site during project operations to ensure that the project design and mitigation measures would be implemented as planned.  

Effectiveness Monitoring -  Were the desired results achieved?

· Structure construction:  Monitoring of structures would involve photo points of before and after operations occur.  Follow up photo points would occur at year 1, year 3, and year 5 after project completion.  This monitoring will be completed by the USFS.

· Stream Survey:  Region 6 Level II Stream Habitat Inventory would be conducted prior to (completed) and @ year 1 and year 5 after completion.  This monitoring will be completed by the USFS.

· Plant/seed survival:  Native plantings and seeded areas would be evaluated for survival on a yearly basis for three years after project completion through photo points and determining plant survival.  If plant/seed survival is poor, then subsequent planting and/or seeding would occur.  This monitoring will be completed by the Eastern Oregon Agricultural Research Center, Oregon State University and the USFS Pacific Northwest Research Station.

· Overall vegetation Improvements:  This monitoring will be conducted according to the “Livestock grazing and associated monitoring” section above.

· Noxious weeds:  Noxious weeds would be monitored, yearly, for five years after project operations.  This monitoring will be completed by the USFS.

Reports - 
· Meadow Creek Phase II Reports:  A preliminary final report that describes the actual implementation of this project and associated monitoring would be completed in the winter of 2014.  A final report would be completed in the winter of 2015.  After final report completion, monitoring reports would be completed the following winter after monitoring is completed. 
· Monitoring findings specific to livestock grazing will be incorporated in an annual report for ten years after project completion.  The first report will be completed in the winter of 2014. 
Work Dates 

Phase II

Structure construction would occur from July 1, 2013 through July 31, 2013.  

Log, root wad, boulder, and woody debris hauling will occur in June of 2013. 

Seeding and mulching will occur in the Fall of 2013.  

Exclosure and pasture fence construction will occur from May of 2013 through November of 2013.

The new livestock grazing system would be implemented in June 2014 by EOARC and PNW Research Station and continue, annually, from June – October each year, until effectiveness monitoring results indicate any potential modifications that may be desirable to further meet vegetation goals for salmonids.  
Planting and pod construction will occur from April 2014 to June of 2014.  

8.  Project Budget

The project budgets are attached.

9.  Attachments

Attachments include:  (1) Project Budget, (2) Vicinity Map, (3) Project Description Map, (4) Photos (attached) (5) Appendix 1, and (6) PNW Research Funding Letter.
[image: image1.jpg]



Meadow Structure Site # 19, Phase II.
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Meadow Creek Structure Site #21, Phase II.
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This photo showing condition of exclosure fence in Phase II.  This fence will be removed and replaced. It was constructed in the 1960s.
Appendix 1: Sampling Methods to Monitor Vegetation Responses to Integrated Ungulate Management on Meadow Creek

Tree recruitment and regeneration

Tree recruitment, compositions, size, and density will be sampled in permanent 4 x 10 plots established across the pastures and treatment types.   Trees (< 20cm dbh) within each 40m2 plot will be identified and placed into height and size classes (>0.5m ht, 0.5-1m ht, 1-1.5m ht, 0-2.5cm dbh, 2.5-5cm dbh, 5-8 cm dbh, 8-13 cm dbh, 13-15 cm dbh, and 15-20 cm dbh). Sampling will be staggered through time.

Shrub-layer development

Characterization of the shrub layer responses to the treatments will involve estimating several response variables using multiple sampling techniques. The absolute and relative cover of shrub species will be estimated using the line-intercept method.  Transects will run along the center of each 4 x 10m permanent plot.  Stem density will be estimated using variable-width belt transects located within the permanent 4x10m plots.  Stems < 1m in height will be identified, enumerated, and their height measured within a 2-m wide transect through the center of each permanent plot (2x10m transect), while stems ≥1m will be identified and counted, and their height measured within a 4m wide belt transect.  Sampling stem density and height will not include subshrubs such as Arcostaphylos uva-ursi, Chimaphila umbellate, Linnaea borealis, Mahonia repens and Vaccinium scoparium.  Data collection will occur during mid-summer (July) each year, and continue for the life of the enhancement project (at least 4 years).

Recruitment and treatment effects on Salix spp.


To document survival and structural development of the willow plantings across pastures and treatment types, individual willow plants will be located, mapped using real-time differential global positioning systems (Trimble Pathfinder ProXRS), and permanently tagged.   For each individual, the following data was recorded at each census:  height, number of stems, diameter at breast height of tallest stem (if applicable), sex (for dioecious species if flowers/fruit are present), reproductive activity (number of flowers or fruit), canopy cover (longest and shortest canopy diameters); Martínez and López-Portillo 2003), and shrub volume using the equation derived from the basic ellipsoid volume formula (2/3πH (A/2 x B/2) where H = plant height from the base to the uppermost photosynthetically active portion of the shrub, and A and B are perpendicular diameter readings taken at 50% of the plant height (Thorne et al. 2000).  If a plant has produced fruit, and appears to have fewer than 500 fruits, all fruits will be counted.  For plants with more than 500 fruit, the shrub will divided into quarters, and I will randomly select one of the quarters to count fruit and multiply that number by four to estimate fruit production.  For species with more than one seed per fruit, a sub-sample of fruit will be taken to estimate seed production per plant.  Individual shrubs will be visited twice each year (July and September).  At each census individual plants will be check for survival, and if alive, the same growth and reproductive data listed above will be recorded.  During visits, the plots will be intensively searched for new recruits, and when found, recruits will be permanently tagged and demographic data collected through time. 

During the September sampling period, and after each annual grazing event, we will also estimate the herbivory rate and damage intensity (sensu Gómez 2005).  Herbivory rate is defined as the proportion of tagged plants that are browsed.  This will be determined by checking the tagged plants prior to and immediate after browse treatments for the presence of damage by ungulates.  For individuals that were browsed, we will estimate damage intensity by re-measuring the variable listed above (e.g. maximum height, volume, etc.), and calculating the difference between the pre- and post-browse measurements.  For example if the volume of a S. scouleriana individual was 0.08m3 prior to browsing, and 0.04m3 after browsing, the damage intensity would be 50% (0.04/0.08).

Understory development

The understory includes forbs, grasses, subshrubs (e.g. A. uva-ursi, C. umbellate, L. borealis, M. repens and V. scoparium) and non-vascular plants.  To monitor changes in understory composition, and structure among treatments and through time, two 1m2 quadrats will be place in each 4 x 10 m plot.  


Species abundance will be measured using percent cover, which is the percentage of the quadrat covered by the vertical projection of the perimeter of the organism.  Percent cover is the most commonly used abundance measure for plants due to its repeatability and comparability between different estimation methods (McCune and Grace 2002).  Cover will be scored as cover classes previously shown to be an effective methods of detecting community change through time (Mitchell et al. 1988).  We will use the arcsine square root cover class scale (Mcune and Grace 2002): 0, 1-5, 5-25, 25-50, 50-75, 75-95, 95-99, 99-100.


In addition to measuring species abundance, we will also estimate the total cover of all vegetation, and percent cover by life form (shrub, tree, grass, etc.).  For shrubs, cover values will be further subdivided into three palatability classes (low, medium, high).  Frequency or presence/absence data for all species will be recorded in a nested 10 x 10 cm plot in the upper right hand corner of each quadrat and be used to estimate species richness.


Additional variables may be used as covariates, and will be recorded for each quadrat, including: percent cover of litter, downed wood, bare ground, rock, tree stem, and biotic crust.  Digital photos will be taken for visual documentation.

Response variables from the data include: percent cover of total vegetation, percent cover and frequency of particular species, life forms, or subsets of species (palatable shrubs, non-native plants, etc.), species richness, and species diversity.

