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[bookmark: _Toc42004331]Project Background  
The Kootenai Tribe of Idaho (KTOI; Tribe) Wildlife Division is evaluating wetland habitat enhancement options adjacent to the United States Forest Service (USFS) Perkins Lake on the Perkins Lake Conservation Unit (PLCU) (Figure 1). The Tribe purchased the PLCU to mitigate adverse effects on fish, wildlife and their habitats caused by Albeni Falls Dam[footnoteRef:2].  The Tribe is currently preserving the PLCU, a 98.6-acre parcel that lies to the northeast of the actual USFS Perkins Lake (the open water visible in Figure 1), but is evaluating potential restoration treatments under KTOI’s Reconnect[footnoteRef:3] Project (Project). Proposed 30% treatment options have been developed for the PLCU, and are described in this report. For additional background information on the site, readers should reference previously conducted studies of the site, including but not limited to: Habitat Evaluation Procedure Report for the USFS Perkins Lake Project (KTOI 2005), Perkins Lake Conservation Unit Wildlife Habitat and Conservation Management Plan (KTOI 2014), and the Pekins Lake Conservation Unit Habitat Enhancement Opportunities Analysis (KTOI 2018).	Comment by Author: Question for Scott: Should this now be referred to as the KROME project? [2:  The Bonneville Power Administration (BPA) is responsible for mitigating the loss of fish and wildlife habitat caused by the development and operation of the Federal Columbia River Power System. The property acquisition was consistent with the Albeni Falls Wildlife Management Plan Environmental Assessment (BPA 1996) and the Wildlife Mitigation Program Final Environmental Impact Statement (BPA 1997).]  [3:  BPA project 2002-008-00 Reconnect Kootenai River with Historic Floodplain.] 


As part of this Project, this report describes:
Goals and Objectives
Site Conditions 
Limiting Factors and Design Criteria
30% Treatment Designs
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[bookmark: _Ref518376680][bookmark: _Toc42004438]Figure 1. Location of the PLCU approximate property boundary (in yellow) within the Perkins Lake valley in north Idaho. The USFS Perkins Lake open water complex is visible to the southeast. 

[bookmark: _Toc41643649][bookmark: _Toc41919023][bookmark: _Toc41920146][bookmark: _Toc42004332][bookmark: _Toc438108007][bookmark: _Toc42004333][bookmark: _Ref282639635]Goals & Objectives 
The PLCU habitat enhancement project is a subproject to the larger Reconnect Project. This effort is intended to support the Reconnect Project’s overall goal, which is to:

“Investigate and implement actions that enhance biological, terrestrial and aquatic habitats by reconnecting the Kootenai River with its historic floodplain. The project incorporates floodplain ecosystem connectivity components, including nutrients, fish and wildlife habitats, feasibility and design (BPA Project 2002-008-00).”  

The Tribe’s overall goal for the PLCU, is to:
“Conserve the full range of species, natural communities and ecological processes characteristic of the area while maintaining and/or enhancing habitat use by targeted wildlife species” (KTOI 2005). 

Management direction for the PLCU, as determined by the Kootenai Tribal Council, is to:
“Ensure that the habitat values for which the Perkins Lake Conservation Unit was conserved are maintained and/or enhanced to benefit the long-term viability of the target wildlife species impacted by the construction of Albeni Falls Dam” (KTOI 2014). 

Driven by these overarching goals and direction, the objectives of potential habitat enhancement at the PLCU have been described by the KTOI Wildlife Habitat Conservation and Management Plan and refined by the Reconnect Project’s Technical Review Team (TRT) (KTOI 2014). These objectives are:

Enhance biologically valuable but degraded peatland, wetland, and forest habitat by restoring natural hydrological function.
Improve habitat quality in riparian and emergent wetland/wet meadow habitats to allow pioneering riparian hardwood trees, shrub and grass communities to propagate and rebound with increased vigor and habitat values for fish and wildlife.
Promote pioneering species in scrub-shrub wetland and forested wetland habitats, allow for an increase of riparian and wetland acreage, and increase the diversity of plant and animal communities. 
Restore wetland and peatland habitats and function to the extent practicable. 
Minimize adverse effects to existing native wetland and riparian vegetation where remnant existing plant communities exist.
Return vegetation toward native species plant communities.
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[bookmark: _Toc42004334]Site Conditions
To evaluate the appropriateness of wetland habitat enhancement treatment options, an assessment of baseline site conditions is summarized in the following pages. This assessment characterizes land use, site hydrology, and vegetation types. More detailed information on setting, land use, climate, geology, geomorphology, wetlands, and soils information can be found in the Pekins Lake Conservation Unit Habitat Enhancement Opportunities Analysis (KTOI 2018).
[bookmark: _Toc42004335]Land use
[bookmark: _Toc534283801][bookmark: _Toc42004336]Historical Land Use
Past disturbance within the PLCU has been relatively limited but does include anthropogenic influences. European settlement began in the 1800s and by 1899, a cadastral survey and government land office (GLO) map indicates there was a trail system already in place to access USFS Perkins Lake. The very wet peatlands likely made it difficult for much human settlement within the PLCU, though because it sits within a low, broad valley, portions of the watershed adjacent to the lake were homesteaded (Jankovsky-Jones 1997). 

In the early 1900s, a ditch network was constructed in the middle of the PLCU. Livestock grazing in the meadow areas (KTOI 2014), during dry meadow conditions in late summer and early fall, was reported by previous owners and neighbors (S. Soults, personal communication, April 19, 2017). Irrigation water rights show that nearby settlers used Perkins Lake to support agricultural needs. By the mid to late 1900s, large swaths of the forested uplands surrounding Perkins Lake had been logged, additional roads had been constructed throughout the valley, and the present-day configuration of ditches trending along the valley had been established (KTOI 2018). A home site appears to the west of the road and adjacent to the west portion of the PLCU with a small cleared and graded area surrounding the house in 1975. Cleared land to the southwest of the lake and PLCU appears to remain in use for agricultural purposes. 
[bookmark: _Toc482793827][bookmark: _Toc482793829][bookmark: _Toc482793831][bookmark: _Toc482793832][bookmark: _Toc482793833][bookmark: _Toc482793834][bookmark: _Toc482793835][bookmark: _Toc534283802][bookmark: _Toc42004337]Contemporary Land Use
[bookmark: _Toc283238009][bookmark: _Ref441656099]Ongoing watershed-scale impacts include logging, recreational use, and beaver management. Logging within the watershed on public and private lands and grazing within the Perkins Lake valley on the west and northeast ends continue. The open water portion of USFS Perkins Lake remains one of the more popular lakes in the area for warm water and trout fishing, however current rules restrict boat motor types (i.e., electric) to minimize impact to aquatic life (Idaho Fish and Game 2017). The popularity of the lake led to the construction and maintenance of a road in the mid-1900s along the north side of the lake, and later the addition of a boat launch and floating angler dock. The north side dock extends through the floating mats around the perimeter of the lake into the open water portion (Jankovsky-Jones 1997). As of 1997, beaver activity that had produced flooding on the USFS Perkins Lake road on the northeast side of the lake was discouraged through beaver removal (Jankovsky-Jones 1997). The extent of current beaver management is unknown. The anthropogenic ditches are no longer being used and have become revegetated and barely discernable in places (Figure 2).
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[bookmark: _Ref523903471][bookmark: _Toc534283774][bookmark: _Toc42004439]Figure 2: View is to the southeast. Note revegetated ditches trending along the valley and USFS Perkins Lake in background (June 2017).	Comment by Author: I love this shot. Would it be beneficial to overlay the PLCU boundary?
[bookmark: _Toc42004338][bookmark: _Toc42004339][bookmark: _Toc42004340][bookmark: _Toc42004341][bookmark: _Toc42004342][bookmark: _Toc42004343][bookmark: _Toc42004344][bookmark: _Toc42004345][bookmark: _Toc42004346][bookmark: _Toc42004347][bookmark: _Toc42004348][bookmark: _Toc42004349][bookmark: _Toc42004350][bookmark: _Toc42004351][bookmark: _Toc42004352][bookmark: _Toc42004353][bookmark: _Toc42004354][bookmark: _Toc42004355][bookmark: _Toc42004356][bookmark: _Toc42004357][bookmark: _Toc42004358][bookmark: _Toc42004359][bookmark: _Toc42004360][bookmark: _Toc42004361][bookmark: _Toc42004362][bookmark: _Toc41632086][bookmark: _Toc41643652][bookmark: _Toc41919026][bookmark: _Toc41920149][bookmark: _Toc42004363][bookmark: _Toc41632087][bookmark: _Toc41643653][bookmark: _Toc41919027][bookmark: _Toc41920150][bookmark: _Toc42004364][bookmark: _Toc41632088][bookmark: _Toc41643654][bookmark: _Toc41919028][bookmark: _Toc41920151][bookmark: _Toc42004365][bookmark: _Toc41632089][bookmark: _Toc41643655][bookmark: _Toc41919029][bookmark: _Toc41920152][bookmark: _Toc42004366][bookmark: _Toc41632090][bookmark: _Toc41643656][bookmark: _Toc41919030][bookmark: _Toc41920153][bookmark: _Toc42004367][bookmark: _Toc41632091][bookmark: _Toc41643657][bookmark: _Toc41919031][bookmark: _Toc41920154][bookmark: _Toc42004368][bookmark: _Toc41632092][bookmark: _Toc41643658][bookmark: _Toc41919032][bookmark: _Toc41920155][bookmark: _Toc42004369][bookmark: _Toc41632093][bookmark: _Toc41643659][bookmark: _Toc41919033][bookmark: _Toc41920156][bookmark: _Toc42004370][bookmark: _Toc41632094][bookmark: _Toc41643660][bookmark: _Toc41919034][bookmark: _Toc41920157][bookmark: _Toc42004371][bookmark: _Toc41632095][bookmark: _Toc41643661][bookmark: _Toc41919035][bookmark: _Toc41920158][bookmark: _Toc42004372][bookmark: _Toc41632096][bookmark: _Toc41643662][bookmark: _Toc41919036][bookmark: _Toc41920159][bookmark: _Toc42004373][bookmark: _Toc41632097][bookmark: _Toc41643663][bookmark: _Toc41919037][bookmark: _Toc41920160][bookmark: _Toc42004374][bookmark: _Toc41632114][bookmark: _Toc41643680][bookmark: _Toc41919054][bookmark: _Toc41920177][bookmark: _Toc42004391][bookmark: _Toc41632115][bookmark: _Toc41643681][bookmark: _Toc41919055][bookmark: _Toc41920178][bookmark: _Toc42004392][bookmark: _Toc41632116][bookmark: _Toc41643682][bookmark: _Toc41919056][bookmark: _Toc41920179][bookmark: _Toc42004393][bookmark: _Toc41632117][bookmark: _Toc41643683][bookmark: _Toc41919057][bookmark: _Toc41920180][bookmark: _Toc42004394][bookmark: _Toc41632118][bookmark: _Toc41643684][bookmark: _Toc41919058][bookmark: _Toc41920181][bookmark: _Toc42004395][bookmark: _Toc41632119][bookmark: _Toc41643685][bookmark: _Toc41919059][bookmark: _Toc41920182][bookmark: _Toc42004396][bookmark: _Toc41632120][bookmark: _Toc41643686][bookmark: _Toc41919060][bookmark: _Toc41920183][bookmark: _Toc42004397][bookmark: _Toc41632121][bookmark: _Toc41643687][bookmark: _Toc41919061][bookmark: _Toc41920184][bookmark: _Toc42004398][bookmark: _Toc42004399][bookmark: _Ref268796108]Hydrology
[bookmark: _Toc42004400]Surface Water Hydrology
The Perkins Lake valley is a hydrologically connected ecological unit that accumulates surface runoff from the hillslopes and small tributary drainages surrounding the valley. The valley includes a total watershed area of approximately 3.5 square miles, as measured at the outlet of the lake (Johnson et al. 2010). Perkins Lake then drains into Curley Creek, an approximately 10-mile-long tributary of the Kootenai River. 

The hydrology of the Perkins Lake valley is snowmelt-dominated, typical of the area’s stream systems. Snowmelt runoff typically occurs during spring, and is driven by changes in ambient air temperature, and snowpack mass and elevation distribution. Snowmelt runoff usually occurs from March through June, with peak flows occurring in the period from mid-April to mid-May. Estimates of monthly median and peak flow magnitudes at the outlet of Perkins Lake were calculated using the U.S. Geological Survey (USGS) StreamStats software (USGS 2017) and are summarized in Table 1. 

[bookmark: _Ref518376762][bookmark: _Toc42004457]Table 1: Monthly flow duration probabilities and peak flow statistics estimated at the outlet of USFS Perkins Lake (USGS StreamStats 2017).
	Median Monthly Flow Estimates
	Peak Flow Estimates

	Month
	Discharge
	Return Period
	Discharge (cfs)

	January
	1.2
	1.25 Year
	19

	February
	3.9
	1.5 Year
	24

	March
	4.3
	2 Year
	31

	April
	7.4
	5 Year
	52

	May
	6.7
	10 Year
	66

	June
	2.4
	25 Year
	87

	July
	1.6
	50 Year
	103

	August
	1.8
	100 Year
	122

	September
	1.2
	200 Year
	141

	October
	1.5
	500 Year
	165

	November
	1.1

	December
	1.1



[bookmark: _Toc42004401][bookmark: _Toc42004402][bookmark: _Toc42004403]Groundwater Hydrology
To further explore groundwater patterns at the site, hand-augured groundwater monitoring observation tubes were installed on August 8th, 2018 (Figure 3). Currently, three HOBO water level data loggers are employed across the PLCU measuring groundwater level fluctuations, and with one installed to measure ambient atmospheric conditions at the site. The Year 1 Groundwater Monitoring and Vegetation Communities memorandum provides details on data collection and analysis, and should be referenced for more information (Inter-Fluve 2020). 
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[bookmark: _Ref523899037][bookmark: _Toc42004440]Figure 3: Locations of HOBO water level data loggers installed August 8th, 2018. Sensors 1, 2, and 3 are recording groundwater levels, while Sensor 4 is recording ambient atmospheric conditions. 
The groundwater study was carried out to determine annual hydrologic patterns at the site, and to evaluate the hydrologic characteristics that drive plant community establishment. Year 1 data recorded water levels during the growing season ranging from approximately 1 foot deep (ponded over ground surface) at the beginning of the growing season (May 18), to a depth of zero in late summer when the water table dipped beneath the ground surface (Figure 4). When surface water was present, it sloped downward towards Perkins Lake at a slope approximating the valley slope at 0.03%.
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[bookmark: _Ref26269300][bookmark: _Toc42004441]Figure 4. Depth of surface water at each piezometer during the growing season. Data not available after July 30, 2019. 
[bookmark: _Toc41632123][bookmark: _Toc41643689][bookmark: _Toc41919063][bookmark: _Toc41920186][bookmark: _Toc42004404][bookmark: _Toc41632124][bookmark: _Toc41643690][bookmark: _Toc41919064][bookmark: _Toc41920187][bookmark: _Toc42004405][bookmark: _Toc41632125][bookmark: _Toc41643691][bookmark: _Toc41919065][bookmark: _Toc41920188][bookmark: _Toc42004406][bookmark: _Toc41632126][bookmark: _Toc41643692][bookmark: _Toc41919066][bookmark: _Toc41920189][bookmark: _Toc42004407][bookmark: _Toc41632127][bookmark: _Toc41643693][bookmark: _Toc41919067][bookmark: _Toc41920190][bookmark: _Toc42004408][bookmark: _Toc42004409]Plant Communities
The PLCU, set within the Perkins Lake valley, contains several different vegetation community types that were previously classified as conifer upland forest, deciduous scrub-shrub wetlands, and emergent wetlands/peatlands (CF&M and Associates 2004, KTOI 2014). To determine where to target restoration actions for this effort, we classified the PLCU valley bottom into six distinct community types using drone imagery and survey data collected in 2018 and 2019 (Figure 5).
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[bookmark: _Ref41643752][bookmark: _Toc42004442]Figure 5. Vegetation community types mapped within the PLCU using a 2019 drone image, field notes, and survey data from 2018 and 2019. Drone image overlaid with 2017 aerial.
[bookmark: _Toc42004410]Open Water (Herbaceous)
This vegetation community type includes emergent species in low-lying areas that are frequently inundated for a portion of the growing season (Figure 6A). Sedges (Carex sp), rushes (Juncus sp), softstem bulrush (Scirpus validus), and cattails (Typha sp) are frequently encountered in this community type, as well as peat (Sphagnum sp). This community type is differentiated from unclassified areas by having higher species diversity and more frequent inundation.
[bookmark: _Toc42004411]Open Water (Scrub-shrub)
This vegetation community type includes both emergent and scrub-shrub species in low-lying areas that are frequently inundated for a portion of the growing season (Figure 6B). Birch (Betula sp), cattails, sedges, softstem bulrush, and others were commonly found within this community. This community type is found in low-lying areas in the Southeastern half of the study area, and is differentiated from open water (herbaceous) by the inclusion of shrub species, and scrub-shrub by a longer hydroperiod.
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[bookmark: _Ref41640754][bookmark: _Toc42004443]Figure 6. Open water habitats including herbaceous (A) and scrub-shrub (B).
[bookmark: _Toc42004412]Scrub-shrub
This community type surrounds the Perkins Lake valley and forms the transition from the valley bottom, dominated by wetland species, to upland coniferous forests located upslope (Figure 7A). Species include birch, alder (Alnus sp), dogwood (Cornus sp), willow (Salix sp), and spirea (Spirea sp) with a mixed sedge understory. This community is less frequently inundated and contains more transitional species compared to open water (scrub-shrub).
[bookmark: _Toc42004413]Birch Hummocks
Birch (Betula sp) are located at the PLCU within the Southeast portion of the project area and adjacent to Perkins Lake. Birch were commonly observed growing on hummocks or areas of raised ground (Figure 7). Alder were occasionally intermixed with birch, particularly at slightly higher elevation areas on the southwest edge of the valley. The herbaceous understory varies, but is typically dominated by a mixed sedge community.
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[bookmark: _Ref41642189][bookmark: _Toc42004444]Figure 7. A) Scrub-shrub habitats occupy the valley margins at the transition from wetlands to uplands. B) Birch hummocks located on the Southeastern portion of the study area. 
[bookmark: _Toc42004414]Cattails
Cattails occupy lower elevation areas of the PLCU and typically occur either in dense monocultures, or in mixed communities associated with the open water (emergent) vegetation community type. Cattails mapped in Figure 5 are dense monoculture stands.
[bookmark: _Toc42004415]Other Areas not Classified: Mixed Sedge Community
Other areas not specifically mapped in Figure 5 contain less diverse species assemblages dominated by a mixed sedge community. These less-complex habitats are concentrated in the Northwest half of the project area. Proposed restoration actions are targeted within this community because it contains low species and topographic diversity.
[image: ]
[bookmark: _Toc42004445]Figure 8. Mixed sedge community type showing low species and topographic diversity. 
[bookmark: _Toc42004416]Site Analysis
Data developed from surface and groundwater monitoring at the site were combined with surveyed vegetation elevations to determine the elevations at which different plant species occur at the site. This information was used to set target elevations for grading of the 30% treatment designs, and will be utilized in future design phases to inform the grading plan.
[bookmark: _Toc42004417]Hydrologic controls on vegetation
Elevation, hydrology, and substrate have been demonstrated to control the long-term vegetation community composition of wetland sites (Gilman 1993). Sum exceedance value (SEV) is an index of hydrologic conditions over the growing season that combines magnitude, timing, and duration of surface flooding (Simon et al. 1997).  SEV was calculated for the growing season according to the following equation:

where n is the number of days in the growing season and is the mean daily depth of water over the ground surrounding each sensor. SEV was generally similar between the sensors, ranging from approximately 35 to 44 day-feet of water, which indicates that growing conditions are relatively consistent between up-valley areas and down-valley areas (Figure 9). This is corroborated by the observation that water table slope approximates valley slope during the wet season. In other words, up-valley areas are about as wet as down-valley areas, and water is not draining downslope quickly, resulting in significantly drier conditions upslope and wetter conditions downslope. 
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[bookmark: _Ref25652587][bookmark: _Toc42004446]Figure 9. Sum exceedance value calculated for each sensor, relative to the typical elevation around that sensor. 
[bookmark: _Toc42004418]Plant Species and Relative Elevation Analysis
While vegetation communities were mapped in plan-view to determine where restoration actions are most likely to achieve project objectives, individual species occurrences were also surveyed and compared to local topography to determine how specific actions would affect species composition. 	Comment by Author: Step 1. Map veg communities to determine where restoration actions would achieve project objectives. Which objectives?	Comment by Author: Step 2. Survey species occurrence to determine how restoration actions will affect species composition.

Can you see how these are strategies? But we don’t know what they are tied to. 

Have assumptions been made that are driving these strategies? If so, what are they?
As described in previous sections, the valley has a slope of approximately 0.03% from the northwest portion of the valley down to Perkins Lake. Groundwater monitoring demonstrated that despite this slope, the biologically -relevant inundation metric, SEV, was relatively consistent between the three groundwater sensors. 

Because growing conditions were relatively similar across the site, a relative elevation approach was used to look at vegetation community composition as it relates to the general valley slope. A 3-dimensional surface representing the lowest elevation points along the 0.03% valley slope was developed. Elevations surveyed at each vegetation community were re-classified as feet above the mean valley slope to allow for comparison of vegetation observations at the upper and lower ends of the valley (Figure 10). While the hydroperiod primarily controls species distribution, relative elevation compared to the general valley slope is believed to at least in-part control inundation patterns at the PLCU.	Comment by Author: Hypothesis. 
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[bookmark: _Ref25655748][bookmark: _Toc42004447]Figure 10. Vegetation community variation with elevation, calculated as feet above the valley slope. Error bars represent one standard deviation from the mean.
Different plant species occur at distinct elevation ranges relative to the water levels observed, several of which overlap, resulting in mixed communities in many areas. Willow show a high degree of variation in elevation, while alder and bulrush show the lowest variation. Birch were observed both on hummocks of raised ground, and on the ground surface at higher elevations. Other factors likely determine where plants establish themselves, such as method of reproduction (seed, rhizomes, etc.), micro-topography that may control ponding of water locally, and substrate.

[bookmark: _Toc482793839][bookmark: _Toc482793841][bookmark: _Toc482793842][bookmark: _Toc482793843][bookmark: _Toc482793845][bookmark: _Toc482793847][bookmark: _Toc482793848][bookmark: _Toc482793849][bookmark: _Toc482793850][bookmark: _Toc482793851][bookmark: _Toc482793852][bookmark: _Toc482793853][bookmark: _Toc482793855][bookmark: _Toc482793856][bookmark: _Toc482793882][bookmark: _Toc482793883][bookmark: _Toc482793930][bookmark: _Toc482793931][bookmark: _Toc482793933][bookmark: _Toc482793934][bookmark: _Toc482793935][bookmark: _Toc482793936][bookmark: _Toc482793937][bookmark: _Toc482793938][bookmark: _Toc482793939][bookmark: _Toc482793940][bookmark: _Toc482793941][bookmark: _Toc446576145][bookmark: _Toc482793944][bookmark: _Toc482793945][bookmark: _Toc482793947][bookmark: _Toc482793948]
June 2020	     	48

[bookmark: _Toc42004419]Limiting Factors and Design Criteria
[bookmark: _Toc42004420][bookmark: _Toc271030251][bookmark: _Ref270678041][bookmark: _Toc271030274]Limiting Factors
Based on site assessment efforts and collaboration with the TRT, the below factors have been identified as limiting the ecological function and target wildlife habitat types of the PLCU, and its support of multiple life stages of native species. It should be noted the pre-disturbance condition of the valley remains unknown, so the extent of these impacts relative to historical conditions is uncertain. 	Comment by Author: So this is where you’d want to collect baseline information before implementing any on-the-ground changes so that you can track those changes when the project is completed. Correct?
Habitat interspersion. The PLCU landscape is relatively homogeneous in the northeast portion of the project area, with minimal topographic or vegetation diversity. Habitat conditions lack open water and are not conducive to supporting diverse species assemblages. Conversely, other community types identified in the southwest portion of the PLCU provide more diverse habitat types for a variety of native wildlife and wetland plant species. 
Hydrologic Alteration. The PLCU has been historically modified through the construction and excavation of drainage ditches, which may have resulted in altered hydrological patterns, including connectivity between the PLCU and Perkins Lake. Today, these ditches have become largely revegetated and difficult to discern.
[bookmark: _Toc42004421]Design Criteria
A number of major considerations and potential constraints were identified in the PLCU Habitat Enhancement Opportunities Analysis (KTOI 2018). Design criteria were developed based on these considerations to guide development of restoration treatment options to achieve the goals in the Perkins Lake Conservation Unit Wildlife Habitat and Conservation Management Plan (KTOI 2014). Design criteria are classified into Hydrology, Habitat, and Construction/ Engineering Feasibility categories. These design criteria guide the development of project designs, and will be updated and modified as necessary in coordination with the Tribe as the project progresses.	Comment by Author: Ideally, these would tie directly to the construction or engineered project objectives identified in the M&E Appendix. Otherwise, every project is going to have different criteria, different objectives and, ultimately, will add to your M&E burden (cost, personnel, time, etc.). 
[bookmark: _Toc42004422]Hydrology
Hydrological design criteria for the PLCU:
Increase inundation diversity at the PLCU.
Increase the area of open water habitats.
Minimize potential impacts to Perkins Lake drainage patterns and hydrology.
[bookmark: _Toc42004423]Habitat
Habitat and vegetation design criteria for the PLCU include:
Increase native vegetation diversity in areas with low vegetation diversity (ie. mixed sedge areas).
Increase topographic diversity to support a wide range of plant species.
Increase proportion of the PLCU that supports scrub-shrub and open-water habitats.
Do not negatively impact existing habitats by disturbing plant assemblages in high diversity areas or areas with peat.
Minimize potential non-native flora and fauna introductions and their impact on biotic communities and local ecological processes.
[bookmark: _Toc42004424]Construction/ Engineering Feasibility
Construction and engineering feasibility design criteria for the PLCU include: 
Design a project that is constructible given the saturated soils and peat bogs present at PLCU.
Minimize construction impacts to existing high-quality habitats.
[bookmark: _Ref282784183]
[bookmark: _Toc42004425]Conceptual Treatment Designs 
Four treatment options, along with a no-action option, have been designed to the 30% level to address known limiting factors at the site and achieve project objectives. Treatment options include the following:

1. No Action
2. [bookmark: _Hlk504131500]Treatment A: Microtopography Creation
3. Treatment B: Pocket Water Creation
4. Treatment C: Large Wood Complexity
5. Treatment D: Open Water Creation

These treatment opportunities not only address the PLCU-specific project goals, but also offer a range of construction costs and magnitudes. Treatment options are not mutually exclusive, but rather could be paired and scaled in a phased enhancement planning approach. These potential treatments were developed based on site investigations and analyses, discussions with the TRT, design criteria, and with reference to previous studies that included restoration recommendations for the area. It should be noted that the potential treatment opportunities presented are only applicable to the non-forested, low-elevation portion of the PLCU, referred to as the project opportunity area (Figure 11). 
[image: ]
[bookmark: _Ref522617143][bookmark: _Toc42004448]Figure 11: Figure showing the location of the project opportunity area within the PLCU.
[bookmark: _Toc42004426]No Action
With this approach, evolution of the project area would continue on its current trajectory (Figure 12). Given the uncertainty of the pre-disturbance condition of the valley, the extent that this trajectory deviates, if at all,  from the site’s natural trajectory remains unknown. Under this treatment, the project area would continue to respond to and recover from the historical modifications made to encourage agricultural feasibility. The nearly -homogenous ecological conditions within the northeastern portions of the project area, which may be similar to the historical condition, may persist unless influenced by outside vectors, including humans, natural events or climate. Recovery along the current ecological and functional trajectory with this passive approach would require a longer timeframe, and may not fully attain the goals and objectives set forth by KTOI for the project area. It is assumed that hummocky vegetation would continue to encroach upon the remaining discernable portions of the ditches.

[bookmark: _Toc41632139][bookmark: _Toc41643712][bookmark: _Toc41919084][bookmark: _Toc41920207]No action provides a cost-effective approach that avoids contributing to any adverse potential impact to desirable species within the PLCU and surrounding areas. However, this the unknown impacts of the legacy effects of agricultural development and the associated hydrologic alteration to the system may continue to influence the trajectory of the landscape. 
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[bookmark: _Ref522622242][bookmark: _Toc42004449]Figure 12: Existing conditions of the PLCU in a mixed sedge community (August 2018).
[bookmark: _Toc42004427][bookmark: _Toc42004428]Treatment A: Microtopography Creation
This treatment option focuses on re-creating heterogeneous topography within the northern portion of the project area, with the incorporation of small open water features where feasible. This option can be done in small sections over time, or as a pilot project in a small area. 	Comment by Author: …because we’ve determined somehow that heterogeneous topography and open water features are best for…what, exactly? Which objective?

Microtopography features would create an undulating surface with hummocks and small depressions that would be +/- one or two feet from the existing grade, reflecting the small elevational window over which vegetation communities change at the PLCU (Figure 13). This is expected to enhance topographic complexity of the emergent wetland habitat through roughening of the surface. Microtopography creation would be limited to the northwestern portion of the project area where habitat diversity is lowest. Microtopography would be designed to provide variable inundation regimes for the establishment of different vegetation communities to establish upon, mimicking the natural hummocky terrain associated with glacial deposits.	Comment by Author: Ok…so this is the objective?

In general, the microtopography work could proceed with an excavator, simply traversing the area to be treated, breaking the vegetative mat, and turning over the ground surface between one and two feet deep. This activity results in a hummocky terrain of pits and mounds, which aids surficial water retention. This activity is also useful in areas of monotypic vegetation as residual seed sources are accessed (KTOI 2001) and brought to the surface, jumpstarting restoration of vegetative diversity.  See Figure 14 for examples of microtopography work at other sites.

[image: ]
[bookmark: _Ref41488579][bookmark: _Toc42004450]Figure 13: Microtopography detail from 30% design drawings.
Creating more topographic variation and complexity through the placement of fill would will provide a wider range of wetland function types, encourage vegetative diversity, and offer more varied wildlife habitats (Figure 15). These more varied habitats are anticipated to include an increase in shallow, small open water areas and an increase in scrub-shrub habitat which is expected to establish along open water margins. The addition of both of these features is expected to increase usable habitats for target species, particularly yellow warbler, black-capped chickadee, and pond-breeding amphibians. 	Comment by Author: So, creating topographic variation and complexity is a strategy aimed at 3 objectives: provide wider range of wetland function types, encourage vegetative diversity and increase varied habitat? I would like to see a consistent wording of the specific objectives we’re aiming for.

[image: ][image: ][image: C:\Users\mrichards\Downloads\DJI_0084 (1).JPG]
[bookmark: _Ref507673670][bookmark: _Toc42004451]Figure 14: Microtopography creation at Tidmarsh Farms Plymouth, MA (Photos taken by Inter-Fluve).
Creation of additional open water would result in a greater diversity of wetland habitat types by providing an increase in available varial zone and available aquatic habitat within the project opportunity area. This increased diversity of available wetland habitat types is expected to provide a increased opportunities for diverse flora and fauna assemblages (refer to EPA 2004 Appendix A). Within the open water features, species that prefer submergence or consistent water access, such as sphagnum, or floating mats, are expected to flourish based on open water conditions elsewhere in the project area. 	Comment by Author: Hypothesis – monitoring needed	Comment by Author: Hypothesis – monitoring needed	Comment by Author: Hypothesis – monitoring needed

Treatment areas that will be more frequently inundated following restoration implementation are intended to support target species such as bog birch (Betula glandulosa) and bog willow (Salix pedicellaris) that prefer a more seasonally-determined exposure to the water table. Sections of the project area experiencing less frequent water inundation would have higher proportions of vascular plants – most likely of the sedge and willow genera – and lower portions of sphagnum and brown mosses. 	Comment by Author: Monitoring will be required
 [image: ]
[bookmark: _Ref505174404][bookmark: _Toc42004452]Figure 15: Underlying topographic variation provides a diverse suite of habitat for a variety of plants on the southern portion of the project area.
[bookmark: _Toc42004429][bookmark: _Toc42004430][bookmark: _Toc42004431][bookmark: _Toc42004432][bookmark: _Toc282810206][bookmark: _Toc282810365][bookmark: _Toc282963455][bookmark: _Toc282810207][bookmark: _Toc282810366][bookmark: _Toc282963456][bookmark: _Toc441245104][bookmark: _Toc441245105][bookmark: _Toc441245106][bookmark: _Toc441245111][bookmark: _Toc462123497][bookmark: _Toc42004433]Treatment B: Pocket Water Creation
This treatment is intended to increase topographic variability and open water pockets in the northern portion of the project area (Figure 11). This treatment differs from “Treatment A: Microtopography Creation” by including larger open water areas, surrounded by a rim of higher elevation ground created through dig-and-pitch style excavation.	Comment by Author: …and we want to do this because….?

Pocket water features would be created of varying sizes, with depths less than one foot. The general shape of the open water features would be guided by habitat suitability needs (e.g., %water/cover mosaic), and mimic the gradual bank grade existing along the northern perimeter of Perkins Lake, while incorporating additional microtopography. The low-angle slope would maximize the surface area of available habitat and encourage a diversity of plant communities with additional microtopography. As an additional option, pocket water areas could be constructed with a channel connecting them, allowing flow and nutrients to be conveyed downstream towards the Lake. Excavation would occur mid- to late-summer to increase the likelihood of dry conditions suitable for equipment management. Spoils would be placed around the open water pockets to provide a slightly higher elevation fringe that would support establishment of shrub species and a diverse vegetation community. 
[image: ]
[bookmark: _Toc42004453]Figure 16: Pocket water creation detail from 30% design drawings.
Creating an increase in available open water habitat would provide a wider range of wetland functional types on the property, which would provide additional usable habitat areas for pond-breeding amphibians. The addition of open pocket water areas is also expected to encourage vegetative diversity, such as development of scrub-shrub habitat along open-water margins. This is supported by observations of existing plant communities surrounding Perkins Lake, which exhibit the highest diversity in the Perkins Lake valley (KTOI 2001). These communities represent an appropriate model for the proposed conditions associated with the creation of pocket water features within the project area. This will provide additional usable habitat for target avian species such as the Black-capped chickadee as well as the yellow warbler, who spend the breeding season in thickets and other re-growing habitats along streams and wetlands.

The creation of open water combined with seasonal fluctuations in precipitation and snowmelt would also increase the surface area of the “varial zone,” or the periodically inundated ground. These margins would likely attract species that prefer a more seasonally-determined exposure to the water table, characteristic of a scrub-shrub wetland habitat. This zone would likely consist of cattail (Typha latifolia) and various sedges, including (Carex lasiocarpa, Carex cusickii, and Dulichuim arundinaceum). Creation of this habitat may also encourage target species such as bog birch (Betula glandulosa) and bog willow (Salix pedicellaris) to flourish. Establishment of these thicket species would provide increased usable habitat area for target avian species, the Black-capped chickadee and yellow warbler. It is anticipated that exposure of previously buried peat deposits through the excavation of open water features would encourage the release of seed banks within the material (KTOI 2001), encouraging the growth of historically native species. 

[image: ]
[bookmark: _Ref505174282][bookmark: _Toc42004454]Figure 17: Diversity of habitat dependent on varied topography and water access (September 2017). 
[bookmark: _Toc42004434]Treatment C: Large Wood Complexity
Large wood would be placed in select areas of the site to provide habitat and increase topographic diversity. Vertical applications of large wood could function as snags. Additionally, these features may be placed to discourage settling of soil and promote the presence of organic material throughout the project area. 

This treatment is intended to provide nursery logs for plant establishment and increase topographic variability throughout the project area (Figure 11). Logs with rootwads would be placed at select locations in the northern portion of the study area, and live stakes would be installed around the wood to increase shrub cover and habitat diversity.

Placement of large wood is expected to expand available habitat for a variety of flora and fauna. Logs would create microtopography, increase organic material, and provide nursery logs for establishment of plants. The amount of microtopography created would depend on the size and number of wood pieces installed. 
[bookmark: _Toc42004435]Treatment D: Open Water Creation
This treatment is intended to increase coverage of open water habitats while increasing topographic diversity at the PLCU (Figure 11). Two open water ponds would be created, with hummock mounds graded between them to create a patchwork of habitat types. This treatment is similar to “Treatment B: Pocket Water Creation”, but differs with deeper open water habitat, and the inclusion of microtopography mounds rather than the elevated rim around the pocket water features. Excavation would occur mid- to late-summer to increase the likelihood of dry conditions suitable for equipment management. 

The general shape of the open water features would be guided by habitat suitability needs (e.g., %water/cover mosaic), and mimic the gradual bank grade existing along the northern perimeter of USFS Perkins Lake, while incorporating additional microtopography. The low-angle slope would maximize the surface area of available habitat and encourage a diversity of plant communities with additional microtopography. As an additional option, open water areas could be constructed with a channel connecting them, allowing flow and nutrients to be conveyed downstream towards the Lake (Figure 19). This design would aesthetically mimic a beaver dam complex and provide more functional connectivity between open water and peatland. 
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[bookmark: _Toc42004455]Figure 18: Open water creation detail from 30% design drawings.
The construction of open water features would expand available habitat for a variety of flora and fauna. Creating an increase in available open water habitat would provide a wider range of wetland functional types on the property, which would provide additional usable habitat areas for pond-breeding amphibians. The addition of open water is also expected to encourage vegetative diversity, such as development of scrub-shrub habitat along open-water margins. This is supported by observations of existing plant communities surrounding USFS Perkins Lake, which have the highest diversity in the Perkins Lake valley (KTOI 2001). These communities represent an appropriate model for the proposed conditions associated with the creation of open water features within the project area. This will provide additional usable habitat for target avian species such as the Black-capped chickadee as well as the yellow warbler, who spend the breeding season in thickets and other re-growing habitats along streams and wetlands.

The creation of open water habitat combined with seasonal fluctuations in precipitation and snowmelt would also increase the surface area of the “varial zone,” or the periodically inundated ground. These margins would likely attract species that prefer a more seasonally-determined exposure to the water table, characteristic of a scrub-shrub wetland habitat. This zone would likely consist of cattail (Typha latifolia) and various sedges, including (Carex lasiocarpa, Carex cusickii, and Dulichuim arundinaceum). Creation of this habitat may also encourage target species such as bog birch (Betula glandulosa) and bog willow (Salix pedicellaris) to flourish. Establishment of these thicket species would provide increased usable habitat area for target avian species, the Black-capped chickadee and yellow warbler.
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[bookmark: _Ref41907808][bookmark: _Toc42004456]Figure 19: Diversity of habitat dependent on varied topography and water access (September 2017). 


[bookmark: _Toc42004436][bookmark: _Ref518313553][bookmark: _Toc462123558]Summary of Opportunities
Table 2 provides a summary of the highlights of each treatment type and corresponding benefits, limitations and levels of effort. The restoration treatment alternatives presented here represent a spectrum of actions. The trajectory of an ecosystem cannot be predicted, but it can be estimated. The present trajectory of the PLCU is likely a continuation of a slightly less complex hydrologic system and ecologically-homogenous conditions characterizing the majority of the area for some time. This is partially a result of anthropogenic impacts, the legacy effects of which continue to influence the project area. However, the historical condition of the Lake is not known at this time, and the extent of these impacts is not fully understood. Further, these are not static conditions and would be influenced by abiotic and biotic vectors of change. Similarly, the ecologically diverse and regionally rare wetland species surrounding USFS Perkins Lake and the adjacent area are not static. These too would continue to be influenced by biotic change (extinction or invasion) and/or abiotic (land and visitor use, or climate change) (Hobbs et al. 2009). The No Action approach continues along this trajectory, allowing climatic and anthropogenic vectors of change to influence the landscape with no encouragement in one direction or another. The action opportunities provide process-based approaches to potentially enhance the project area, encourage native species and improve habitat quality. 
[bookmark: _Ref41919110][bookmark: _Toc42004458]Table 2. Summary of opportunities.
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No action

-Avoids potential alterations to existing habitats -Site trajectory unchanged

A: Microtopography 

creation

-Increase habitat diversity and function

-Minor increase in open water habitat

-Increase elevation complexity and plant species diversity

-Some risk to existing habitats during construction

-Likely to improve vegetation diversity over time

B: Pocket water 

creation

-Increase habitat diversity and function

-Increase in open water habitat

-Increase elevation complexity and plant species diversity

-Some risk to existing habitats during construction

-Likely to improve vegetation diversity over time

-Immediate increase open water habitats

C: Large wood 

complexity

-Increase habitat diversity and function

-Increase elevation complexity and plant species diversity

-Minimal risk to existing habitats during construction

-Likely to improve vegetation diversity over time

-Improvement to topographic diversity dependent on 

size and quantity of wood installed

D: Open water 

creation

-Increase habitat diversity and function

-Increase in open water habitat

-Increase elevation complexity and plant species diversity

-Some risk to existing habitats during construction

-Likely to improve vegetation diversity over time

-Immediate increase open water habitats
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