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Looking north, downslope over western edge of 2840-670 rd. - #630 trail fen system, Hood River Ranger District. Elev. = 5180-5260 feet
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Leaf of the insectivorous roundleaf sundew at Goodfellow (n) groundwater-fed wetland, Zigzag Ranger District.  
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Summary

Sites on Mt. Hood National Forest (MTH) that were reasonably suspected to include groundwater-fed wetlands (fens) were visited between 6/20-8/5 2016.  Independent of this project, another site was visited on 9/20/2012.  The intent of these visits was to inventory for rare plants associated with these wetlands, and to record a coarse biophysical description of the setting.  At least 16 of the 20 sites visited can be described as either wetlands or meadow-wetlands that include varying amounts of persistently wet, fen/groundwater-fed wetland habitat.  Zero target species but two otherwise notable species accounting for four distinct occurrences/populations at four wetland or meadow-wetlands were detected during site visits.

[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_0490_camas prairie from nw.jpg]
Looking east down the long axis of Camas Prairie from its upper northwest corner, Barlow Ranger District.  Elev. = 3160 feet.  Note stunted lodgepole pine saplings in mid- and foreground.

Introduction

This project is part of a series of Forest-level inventories within U.S. Forest Servive Region 6 that are focused on better understanding the regional distribution of rare and uncommon fen-loving plants, as well as of the  fens/groundwater-fed wetlands which support them.  These inventories typically involve several days of pre-field analysis followed by 3-4 weeks of fieldwork by 1-2 persons.  To date, the project lead has conducted either focused or opportunistic surveys for fens and fen-loving rare plants on the Deschutes, Ochoco, Fremont-Winema, Malheur, Umatilla, and Wallow-Whitman National Forests, and the Klamath Falls Resource Area of the Lakeview U.S. Bureau of Land Management District in Oregon, and the Gifford Pinchot, Olympic, Okanogan-Wenatchee and Colville, and Mt. Baker-Snoqualmie National Forests in Washington.
While probably somewhat dependent on geographic locale, fens have been noted to play important roles in water quality maintenance and carbon retention.  Fen ecosystems in Oregon and Washington are particularly notable for at least two other reasons.  First, these ecosystems are locally either rare or uncommon, tending to be quite small in their individual aerial extent, and are generally very sparsely distributed within the mountains of these two states.  For instance, on Deschutes National Forest in central Oregon, which may well be the most thoroughly inventoried and fen-rich forest in Oregon or Washington, the collective acreage of currently known fens is only about 460 acres, a mere 0.03% of the total acreage of the 1.6 million acre forest.  Second, and as noted by Bedford and Godwin (2003), in spite of being an extremely tiny spatial component of the regional landscape, fen ecosystems contribute very disproportionately to local levels of plant biodiversity, particularly with regard to rare and uncommon plant species.  For example, taxa found in seasonally or persistently groundwater-fed wetlands account for over 20% of rare, threatened and endangered Oregon plant species documented on Deschutes National Forest (Oregon Biodiversity Information Center, 2016).  It is likely that fen-loving plant species make similar contributions to local biodiversity on many of the other forests on and east of the Cascade crest in Oregon and Washington.
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Looking east over the remarkable fen ecosystem at Goodfellow (n) wetland, Zigzag Ranger District.  Elev. = 2840 feet.
This project was of particular interest to the project lead due to his relatively scant field experience regarding the distribution, character, and floras of groundwater-fed wetlands on west of the Cascade crest in Washington and Oregon.

Objectives

The geographic scope of this project was all four ranger districts of Mt. Hood National Forest  The intent of this study was to identify a group of sites on the Forest that were reasonably likely to include fen habitats, and could be visited and examined with preferably no more than 1-2 hours hiking time, each way.  Examination was to include development of a list of on-site bryophytes and vascular plants, including sensitive and other notable plant species, and a cursory description of vegetative structure, site wetness and soils, and site condition.  It was hoped that this examination would allow at least a tentative recognition of sites as fens as opposed to some other type of wetland or meadow, and allow some type of comparison among sites.  “Target species” are species that the project lead was hoping, if not reasonably expecting, to find within the project area and that 1) have status as Forest Service Region 6 (R6) sensitive (SEN) or strategic (STR) species, or 2) are listed as S1-S2 and List1-3 in the August 2016 “Rare, Threatened and Endangered Species of Oregon”, published by the Oregon Biodiversity Information Center (ORBIC) and 3) are known associates of groundwater-fed wetlands.  “Notable species” are essentially rare or uncommon species that the project lead did not anticipate encountering in the field. Target species for this project are presented in Appendix A.

[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_3010.JPG]
Looking SSE over the remarkably wet Meadows Creek groundwater-fed wetland, Hood River Ranger District.  
Elev. = 4200-4280 feet.


Methods

The primary data source utilized in pre-field analysis for this project was wetland mapping provided by the USF&WS National Wetland Inventory (NWI).  Other data sources, including site information for selected fen indicator taxa (FIT) extracted from the Consortium of PNW Herbaria (CPNWH) website, Mt. Hood NF Natural Resource Manager (NRM) Threatened, Endangered, and Sensitive Plant species database (TESP), and suggestions by Forest staff, were ultimately a minor component of project planning.  The NWI utilizes a very large set of wetland categories.  Prior experience with the NWI has allowed the project lead to determine that the PEMB and PEMC categories are most strongly correlated with fens and fen-like ecosystems.  A more detailed explanation of these codes is available at http://www.fws.gov/wetlands/data/wetland-codes.html, but briefly, “P” = palustrine, “EM” = emergent, and “B” = substrate saturated to surface for extended periods during the growing season.  “C” = seasonally flooded, and “SS” = scrub-shrub.  The list of candidate fen and fen-like ecosystems for this project was derived from an initial collection of NWI PEMB and PEMC sites screened for ease of access and promise as assessed by examining NAIP aerial imagery views.  Field visits to fen candidate sites usually involved driving, parking, and some amount of trail and/or cross-country hiking.  Upon arrival at a site, an effort was made to identify and walk through structurally differentiable plant communities within the site.  Typically, the time spent at any site was directly related to the size of the site and the extent and pattern of biophysical diversity within that site.  Types of information collected at a site included a plant species list, plant collections, a brief description of site character (vegetation structure, wetness and adjacent topography), soil probes, photographs and GPS coordinates of selected features.  Plant species lists were never comprehensive.  Known taxa were generally always recorded.  Unknown taxa, after consideration of taxon’s potential significance in interpreting site conditions, were either collected to provide an opportunity for later identification, simply noted in field notebook, or left for some other, less time-sensitive visit.  Field visits to fen candidate sites are best done in late summer or fall, in order to better assess the relative contributions of seasonal surface water vs. persistent, diffusely-discharging groundwater in contributing to wetness at the site.  Late summer visits, however, may mean that detection and identification of some plant species will be more difficult because flowering and even fruiting periods have already passed.
[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_3031.JPG]
Looking west over soppy groundwater-fed wetland from upper NE corner of Latourell Prairie, Zigzag Ranger District.  Elev. = 3020-3060 feet.
Results

Nineteen sites were visited during 17 field days between 6/20/2016 and 8/5/2016.  The large majority of sites were on Zigzag Ranger District (12) followed by Barlow Ranger District (4), Hoood River Ranger District (3), and Clackamas River Ranger District (0).  Additionally, one site (Camas Prairie on Barlow Ranger District) visited by the project lead in 2012 is included in this report.  Number of sites visited per district is directly related to number of candidate sites per district identified during pre-field analysis. Nearly 2850 NWI wetland polygons representing 84 lacustrine or palustrine categories are mapped within the boundaries of Mt. Hood NF.  Forest-wide 146/450 PEMB/PEMC polygons are mapped, with the following distribution across the Districts:  Barlow 36/28, Clackamas River 15/219, Hood River 66/56, and Zigzag 29/147.  With a preference given to the larger polygons, and use of NAIP aerial imagery, PEMB/PEMC polygons were selected, examined and briefly described on each District as follows:  Barlow 24/15, Clackamas River 16/0, Hood River 20/26, Zigzag 19/73.  From this initial examination, 18/34 candidate PEMB/PEMC polygons were selected for potential field visits.  The distribution of these candidate sites among the Districts was Barlow 3/1, Clackamas River 0/0, Hood River 10/8, and Zigzag 5/25.  Prioritization of these 52 candidate sites was ongoing during the period of site visits, due to factors such as actual accessibility, assessed habitat potential based on NAIP interpretation and subsequent field experience, and limitations by time. The 19 sites visited are mapped in Appendix B.  Site elevations ranged from 2780 feet at Goodfellow (s) within the Bull Run Watershed Management Unit on Zigzag Ranger District, to 5430 feet at Camp Windy on Barlow Ranger District.  A biophysical description of these sites is presented in Appendix C.  One hundred fifteen plant taxa/83 species, including 14 Carex species and 19 bryophyte species were noted among the sites visited.  This group of plants is presented in Appendix D.  Zero target species and two otherwise notable species accounting for four distinct occurrences/populations at four meadow/wetlands were detected during site visits.  Detected occurrences of these species are presented in Table 1 below.
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White beaksedge (Rhynchospora alba) at Goodfellow (n) wetland, Zigzag Ranger District.
Table 1.  Project target taxa and otherwise notable taxa newly detected on Mt. Hood NF.  VP = Vascular Plant; B = Bryophyte.
	Target species w/ newly detected sites
	Common name
	District
	Site

	None
	
	
	

	Notable species w/ newly detected sites
	
	
	

	Rhynchospora alba (VP)
	white beaksedge
	Zigzag
	Goodfellow (s)

	Rhynchospora alba
	
	Zigzag
	Goodfellow (n)

	Rhynchospora alba
	
	Zigzag
	2656-126 rd

	Tetraplodon mnioides (B)
	
	Zigzag
	Dry Meadow




Table 2.  Sites ranked by count of fen indicator taxa (FIT).  Peat thickness determined by soil probes.  Acres represents site area actually surveyed on ground by project lead, and entered as site survey polygon in NRM TESP.  Camas Prairie data collected during site visit by project lead on 9/20/2012.
	Site
	District
	FIT count
	Peat thickness (inches)
	Acres

	Little Crater (s)
	Zigzag
	23
	51+
	14.4

	Camas Prairie
	Barlow
	21
	52+
	47.3

	Latourelle Prairie
	Zigzag
	20
	52+
	51.4

	Goodfellow (s)
	Zigzag
	18
	52+
	3.3

	2656-309 (S11)
	Zigzag
	18
	51+
	4.8

	2656-126
	Zigzag
	18
	37
	4.8

	Jackpot Meadow
	Zigzag
	18
	27
	6.0

	Elk Meadows
	Hood River
	17
	54+
	33.9

	Goodfellow (n)
	Zigzag
	16
	51+
	3.5

	Little Crater (n)
	Zigzag
	16
	30
	25.0

	Meadows Creek
	Hood River
	15
	51+
	7.4

	26-226
	Zigzag
	15
	51+
	2.6

	Dry Meadow
	Zigzag
	15
	51+
	30.8

	Bonney Meadows
	Barlow
	13
	45
	37.7

	Boulder Creek
	Barlow
	13
	51+
	3.4

	Camp Windy
	Barlow
	12 
	51+
	1.3

	1228-128
	Zigzag
	12
	51+
	8.6

	2656-309 (S14)
	Zigzag
	9
	37
	1.6

	Eightmile Meadow
	Barlow
	7
	32
	3.8

	#630 Trail
	Hood River
	7
	36
	5.3


 
Discussion

Sites of two “notable” species (rare or uncommon taxa whose detection on Mt. Hood NF was not anticipated) were newly documented during this project.  More information about each of these species is presented below.

Rhynchospora alba (white beaksedge).  The three newly detected sites of this species appear to be first records for Mt. Hood NF.  This species is 2016 ORBIC G5S2, List 2, and OR-SEN on the current Regional Forester Special Status Species List of July 13, 2015.  ORBIC cites records from “Clac, Jack, Lane, Linn, Mari and Mult?)” Counties.  Documented sites occur on Rogue River-Siskiyou, Siuslaw and Willamette NFs according to the Regional Forester SSS List.  All three newly documented sites on Mt. Hood NF are in Clackamas Co.  The newly detected sites at Goodfellow (s) and Goodfellow (n) are within the Bull Run Watershed Management Area and presumably free of potential threats associated with Forest management activities.  The 2656-126 rd. site is important to note should its meadow become subject to any forest management activities within the supporting meadow.  The site is open to public recreational use, but is somewhat remote and not easily accessible by either road or foot.

Tetraplodon mnioides (a dung moss).  This species is ORBIC G5S3, List 3 and while WA-STR in the Regional Forester SSS List, it has no sensitive or strategic status in Oregon.  ORBIC lists sites in “Bent, Clac, Doug, Lane, Linc, Linn, Mari, Polk, Till” Counties.  List 3 is defined by ORBIC as a Review list.  A review of the Mt. Hood NF NRM TESP database indicates that a 2014 detection by Scott Loring in or near the Oak Fork Campground, Zigzag Ranger District, is the only previous record of this moss on the Forest. 

[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_3119_temn70 spts@dry mdw.JPG]
Sporophytes of the dung moss Tetraplodon mnioides at Dry Meadow, Zigzag Ranger District.

GDEs

Groundwater-fed wetlands, seeps and springs are collectively referred to as groundwater-dependent ecosystems, or GDEs (USDA-USFS 2012).    Springs are typically point sources of groundwater discharge.  The behavior of the discharge, whether perennial or seasonal, and volume, can vary greatly among springs.  Groundwater-fed wetlands, i.e., wetlands whose primary water source is groundwater, are generally associated with areas of diffuse groundwater discharge.  Among groundwater-fed wetlands, groundwater discharge periods appear to represent a continuum, with periods ranging from early-season to persistent through the snow-free season.  Depending on the character of the feeding aquifer, and annual precipitation variances, discharge periods can notably vary within individual groundwater-fed wetlands. Seeps can be challenging to characterize because depending on their size and location, they can resemble either springs or small groundwater-fed wetlands.  

Wetlands and meadows

Wetlands are areas where generally hydric soils are at least seasonally inundated or saturated with water so as to support a predominantly hydrophytic flora, i.e., a set of plant species that are adapted to occupying soils that are at least periodically, very wet.  Commonly referenced types of wetlands include marshes, swamps, bogs and fens.  While wetlands are identified based on features largely determined by hydrology, meadows are recognized first and foremost by vegetation.  Generally, meadows are sites where, although shrubs and trees may be present, herbaceous vegetation is dominant.  Hence, fens dominated by herbaceous vegetation can appropriately be referred to as a type of wetland, as well as a meadow.  And of course, many meadows are absolutely not wetlands.  Further complicating the process of description, fens that are meadows, and non-wetland meadows, can and commonly do, coexist as larger wetland/meadow complexes or systems.
[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_2967_mead@bonney mdw.JPG]
Christina Mead, MTH NF East Zone Botanist, taking field notes at Bonney Meadow, Barlow Ranger District.
Groundwater, groundwater-fed wetlands (fens), bogs

Groundwater, at least with reference to GDEs, is water that, through infiltration of rain and melting snow, has moved underground to a site where as a point source, or diffusely, it discharges or saturates the soil at or near the soil surface.  The schedule of discharge or saturation at the soil surface ranges from seasonal to persistent.  Groundwater is typically nutrient-poor, unless it has acquired nutrients in travelling along its subsoil journey.  Groundwater-fed wetlands are generally best expressed at sites with some topographic gradient, although wetlands in basins or overtopping ponds and lake edges have been described as groundwater-fed wetlands as well.  Groundwater-fed wetlands are also referred to as fens, although this term can be ambiguous in its meaning, as differing definitions of “fen” are in common use.  For purposes of managing and protecting rarity on public lands, both at the species and ecosystem scale, it seems appropriate to adopt a more inclusive fen definition such as offered by Bedford and Godwin (2003) who define fens as “wetlands that develop where a relatively constant supply of ground water to the plant rooting zone maintains saturated conditions most of the time and the water chemistry reflects the minerology of the surrounding and underlying soils and geological materials.”  Or more concisely, Hájek et al. (2006) have defined fens as “groundwater-fed wetlands that host low productive nutrient-limited vegetation dominated by Cyperaceae and bryophytes.”  Groundwater-fed wetlands typically have peaty, organic soils, but as noted in these definitions, soils neither need, nor should, be a defining criterion.
It is commonplace to hear the term “bog” being applied to a wetland that is actually a fen.  True bogs appear to be quite rare in montane settings in both Washington and Oregon.  As is often the case with fens, bogs are perpetually wet peatlands.  However, the primary water source for bogs is generally considered to be direct, on-site precipitation.  Additionally, the water table associated with the saturated peat of bogs is consistently perched above the primary local water table. Bog vegetation is typically dominated by species of Sphagnum moss.

[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_3064_lebo@2656-309(s11).JPG]
David Lebo, MTH NF West Zone Botanist, doing the old “photograph the photographer” 
routine at the 2656-309 (s11) wetland, Zigzag Ranger District.
Groundwater-fed wetlands are particularly important biophysical features on USFS lands due to 1) the disproportionately large number of rare and uncommon plant species they support, 2) the susceptibility of their generally very wet, peaty soils to negative physical alteration due to certain management practices, thus degrading the habitat that these wetlands provide for rare and uncommon species, and 3) the general rarity of this type of wetland across the forest landscape.

Rates of peat accumulation

Soil probes by the project lead at the Lava Lakes fen in the central Oregon Cascades indicated a rate of peat accumulation of about 0.8 inches per century.  Dating utilized a layer of Mazama pumice and ash originally deposited about 7700 years before present (upon which the fen peat developed) as well as a layer of ash from more local eruptions about 2200 years ago (Scott et al. 1990).  Notably, Cooper and Wolf (2006) give a rate of peat accumulation in Rocky Mountain fens of about 20 cm per thousand years (approximately 0.8 inches per century).
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Small cranberry (Vaccinium oxycoccos) shoot (l) and fruit (r) at Little Crater (s) wetland, Zigzag Ranger District.

Recognizing fens in the field

Efforts at fen recognition in the field sometimes result in an uncertain assessment, and generally require considering multiple types of interrelated features including site wetness, topography, hydrology, soil character and plant community structure and composition.  

Site wetness – It is understood from personal field observations that sites persistently and primarily wetted by groundwater are likely to exhibit the greatest diversity of fen indicator species and also likely to have developed the thickest layers of organic soil/peat.  It is likely that many of these sites have been hydrologically stable for thousands of years.  These sites are often saturated at or near the soil surface through all or most of the snow-free season.  Because of the capillary properties of cellulose-rich peat, surfaces of peaty soil can be wet even while the water table is 10-15 cm or more beneath the surface.  Groundwater-wetted sites in the field appear to exist on a continuum between persistently wetted and seasonally wetted.  Seasonally wetted sites are evidently wetted primarily by groundwater, but their soils are only saturated early in the growing season, and range from damp, or even moist, as early as August.  These sites have multiple fen-indicator taxa and have peaty soils.  Unanswered questions about these sites concern 1) the apparent potential for oxidative loss of peat during the period of non-saturation in the upper portion of the soil column and 2) the period of time over which the aquifer feeding these sites has exhibited this seasonal behavior.  Site visits late in the growing season/snow-free season are hugely helpful in surmising both the primary water source and the seasonality of that source, for a wetland.  Many meadows have wet soil in the spring or early summer due to direct, on-site wetting by rain or snow-melt and/or due to surface transport and delivery of rain and melt-waters by laminar or channeled flow, or even seasonal groundwater discharge.  Wet soils, late in the season, in the absence of obvious, nearby surface water sources (e.g. water tables of perennial creeks and ponds), or recent heavy precipitation events, are strong circumstantial evidence that site wetness is primarily attributable to groundwater.
[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_3088_lebo@little crater (s).JPG]
David Lebo kneeling in the midst of the most species-rich fen habitat encountered during the project, just 
south of the central portion of the Little Crater (s) wetland/meadow system, Zigzag Ranger District.
Topography and hydrology – Generally, topography appears to be a very important underlying determinant of hydrology at fen sites.  Along with subsurface geology that can direct locations of aquifer discharge, the topographic and hydrologic features at a given fen site can be referred to as the hydrogeomorphological (HGM) setting of that fen.  It is convenient to recognize two basic HGM settings, slopes and basins, although multiple sub-types of the former HGM setting are recognized.  
Most fens in Oregon and Washington that have been visited by the project lead are in topographic settings that slope to some degree, ranging from steep to very slight.  These settings include ridge shoulders, saddles, headwaters, side slopes, benches, toe-slopes and valley bottoms.  In concept, sloping settings provide the least ambiguous evidence of the primary water source of wet soil.  Surface water sources (snowmelt, rainwater) are unlikely to be persistent water sources on slopes unless they are moving within channels, which can be observed, and are typically either perennial or intermittent.  If there are no perennial channels in the immediate vicinity of a wetland, or channels are present but are clearly intermittent, groundwater becomes a likely explanation for the wetness of local soil.  Sloping fens appear to generally rely on settings where subsurface water, following a gravitational gradient, encounters a confining layer that redirects the aquifer to the soil surface.  Fens can also form where the path of a shallow aquifer is excavated, as is often seen in roadside cut-bank fens.  There may be an element of this interception phenomenon in the formation of the common toe-slope fen as well.  Valley bottoms are perhaps the most difficult setting among sloping fens in which to surmise primary water source.  This is due in part because valley bottoms may include active drainage channels carrying water into the fen from upland sources.  Water in these active channels may wet adjacent soil through horizontal, subsurface movement.  In such situations, it seems quite possible that surface water from an active channel that has secondarily become groundwater, may co-mingle with true groundwater making subsurface entry to the fen from aquifers on adjacent slopes.   Hydrological interpretations can also be complicated in cases where valley bottom topographic gradient is very slight.  This promotes longer retention and in turn, infiltration, of episodic, weakly channeled surface flow from adjacent uplands, as well as of meltwater from the annual winter snowpack sitting directly atop the wetland.  Although slope percentages varies greatly between sites, and in some instances, within sites, it is probably appropriate to regard all fen habitats observed during this project, as sloping fens.  The extremes would range from very steep-sloped, as at the 2840-670 rd./#630 trail and Boulder Creek sites, to the essentially flat, nearly zero percent gradients observed at Goodfellow (n) and Dry Meadow.  
The project lead’s understanding of the nature of basin fens is based on uncomfortably few observations.  The concept seems well-exemplified by fen habitat situated around the perimeter of a basin pond with drainage largely limited to periods of episodic high water.  It is likely that, dependent on the specific basin setting, groundwater, surface water and direct precipitation may all contribute in varying amounts to soil wetness.  The concept may also apply to very low gradient, peaty meadows with no evident drainage output or input, and an inferred primary water source being the meltwater of the meadow’s annual snowpack.  This concept may also apply to peaty wetlands that form from the overtopping of ponds in basins or very low gradient meadows.  Peatlands matching all the basin fen scenarios described above has been observed during the Oregon and Washington field visits of the project lead, if not during the course of this project’s fieldwork on Mt. Hood NF.  A common, but not universal feature of these “basin fens” is a lower count of fen indicator taxa. 

[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_3091_dran@little crater (s).JPG]
English sundew (Drosera anglica) at Little Crater (s) wetland/meadow, Zigzag Ranger District.
Soil character – As noted above, in his field experience in Oregon and Washington, the project lead has found that organic soils of varied thicknesses are typically present at sites that, based on the HGM setting and vegetation, are regarded as fens.  However, some sites that by HGM setting and vegetation clearly appear to be fens, may have soil organic layers that are thin or lacking.  The history of these sites can be fairly evident, as in cases where human activity has removed “overburden” down to an aquifer surface (aggregate collection for topping local roads) or interrupted an aquifer’s subsoil path (roadside cut-banks).   Other instances of evident fens with little or no organic soil development are less readily understood.  Some HGM settings favorable to fens may have only recently been created by local natural, geomorphological disturbances.  At other wetland sites, thick organic soil layers may be present in the apparent absence of a primary groundwater influence.  An example of this latter situation may be exemplified by the wetland in the northwest arm of the Little Crater (n) wetland/meadow complex.  The survey effort did not extend further north than just beyond a large, pond-forming impoundment.  Here, in a wet, sedge-dominated broad valley bottom with little evidence of persistent groundwater contribution, soil probes found an organic soil layer 52+” thick.  It seems likely that annual surface water input is the primary contributor to wetness at this site.

Vegetation - Whether HGM interpretations of primary water source(s) at a particular setting are seemingly simple or challenging, supporting evidence from the local vegetation can provide greatly important insight.  This understanding eventually resulted in the project lead developing an informal and slowly, ever-growing list of “fen indicator taxa”.

[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_3103_metr70@ elk mdws.JPG]
The distinctive, fen-loving moss, Meesia triquetra at Elk Meadows, Hood River Ranger District.

Fen indicator taxa (FIT)

These are taxa that the project lead has consistently detected within fens, especially sloping fens, during his visits to fen candidate sites across multiple national forests within the Pacific Northwest (Appendix E).  This list, which is admittedly subjective and always open to edits, seems to be largely applicable across the montane Oregon and Washington fen sites visited to date, although the incidence of certain species can change geographically.  For instance, Eleocharis quinqueflora, Carex jonesii, Vaccinium uliginosum and the mosses Tomentypnum nitens and Meesia triquetra are more frequently encountered in the Cascadian fens of Oregon than those of Washington.  Conversely, Salix pedicellaris, Vaccinium oxycoccos, Eriophorum species and the mosses Campylium stellatum and Calliergon species appear to be better represented in fens of the Washington Cascades than those of Oregon.  Notably, several taxa on this list (Scheuchzeria palustris ssp. americana, Drosera rotundifolia, Triantha glutinosa, Vaccinium oxycoccos and Vaccinium uliginosum appear to be scarcely present or lacking in fens on the northeastern Oregon National Forests.  The distributions of several boreal fen-loving taxa reach south to far northern Washington, particularly north-central and northeasten Washington, but apparently, not, or scarcely, beyond.  Included in this set are the sedges Carex tenuiflora and Carex magellanica var. irrigua, and the mosses Paludella squarrosa, Scorpidium cossonii, Scorpidium scorpioides and Splachnum sphaericum (although this species was recently detected on Wallowa-Whitman NF in Oregon).  Numbers of FIT per fen site appear to correlate fairly strongly with the amount of fen habitat per site, as well as with the number and type of fen plant communities within the fen.  Generally, larger fen/wetland systems include more habitat heterogeneity and larger numbers of fen plant associations.  FIT count within fen habitats at sites visited during this project on Mt. Hood NF ranged from 7 to 23 (Table 2).  FIT counts per site of 29 (Deschutes NF, Oregon) and 28 (Gifford Pinchot NF, Washington) are the highest yet observed by the project lead. 

[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_3072_rhal3_community.JPG]
Close-up of white beaksedge community at 2656-126 rd. wetland on Zigzag Ranger District.

Biogeography of fen indicator taxa 

The Oregon-Washington fen indicator taxa recognized by the project lead are largely higher latitude, boreal taxa.  North American distributions of 12 of these taxa that are generally representative of the group are illustrated in Appendix F (species maps from NRCS Plants Database).  It’s evident from Appendix F that the distributions of the fen indicator taxa have one or more southward extensions into decidedly non-boreal latitudes.  For the most part, these southward distributional extensions are possible due to the presence of mountains (e.g., in the western US, the Cascades, Sierra Nevada, Ochoco, Blue and Wallowa Mountains, Kettle River Range, Selkirk Mountains and the Rockies).  This seems to be simply another case of the long-standing observation that, at lower latitudes, sites at higher elevations can be climatically similar to sites at higher latitudes. Hence, while at higher latitudes these species are components of boreal fen communities, in Oregon and Washington, these same species are components of montane fen communities.  But while the presence of mountains makes the presence of the Oregon-Washington fen communities possible, it is the presence of particular, coincident topographic, geologic and hydrologic features that seem to dictate the distribution of suitable montane fen habitats.  Along the Cascade crest and east, this coincidence of fen-enabling features among Region 6 forests is generally uncommon at best.

[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_3123_gw_caverning@dry mdw.JPG]
Caverning under root masses at wetland/woods interface at SE corner of Dry Meadow, Zigzag Ranger 
District.  The project lead interprets such caverning as evidence of robust, seasonal groundwater discharge.

Fens and meadows

Meadows are generally described as being dominated by herbaceous vegetation, although some shrubs or trees may be included.  As noted by Weixelman et al. (USDA, 2011), meadow classification has been addressed by a large number or workers, and guided by a broad variety of key features such as plant communities, general topography, elevational range, site potential, and moisture gradients.  A classification system developed by, and now commonly used by USFS (Hall, 1998) uses moisture gradient at its first order of grouping (dry, moist and wet), with classification within these major categories based on key indicator plant species (e.g., MW4911 = few-flowered spikerush wet meadow).  A meadow nomenclature system that describes seasonality of soil wetness provides very useful management information, but it provides little information about the physical setting that is responsible for the presence of this type of community.  In contrast, Weixelman et al. (USDA, 2011), focus on physical setting, basing their highest order of meadow classification on hydrogeomorphological (HGM) setting.  Four basic HGM settings are recognized, slope, basin/depression, riparian (well-defined drainage with defined throughput channel(s) and subsurface = well-defined drainage without defined channel(s).  Basing a meadow classification system on physical properties of meadow setting, such as HGM, is very useful in that it creates categories that are explanatory and predictive, as well as descriptive.  The experience of the project lead in visiting a large number of meadow types in Oregon and Washington has impressed him with the apparent high correlation between water source, in particular, groundwater, and the species composition of meadows.  It has become the project lead’s understanding that collectively, FIT indicate areas where the water source is predominantly groundwater, whether these areas be associated with slopes, where physical evidence for water source offers relatively confident interpretations, or basins and valleys, where physical evidence for primary water source tends to be equivocal.   As noted above, description of a meadow’s apparent wetness schedule is arguably very important in meadow management considerations.  Likewise, further describing wetness as seasonal or persistent is coarse-scale, but also useful.  Hence, where the site information is available, the project lead would argue for utilizing HGM (e.g., slope, valley bottom, basin, flat), primary water source (e.g., groundwater, surface water, snowpack) and wetness schedule (e.g., seasonal, persistent) in classifying meadows.

[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_3028_vaul@ latourell prairie.JPG]
Characteristic persistent sepals on the fruit of the bog blueberry (Vaccinium uliginosum) at Latourell Prairie.
Fens as unique ecosystems 

Some familiarity with fens and fen-like ecosystems should cause hesitation in accepting their inclusion as “riparian” landscape features.  The species composition of plant communities included within fen ecosystems is largely distinct among plant communities across the Region 6 forests visited to date by the project lead.  With some notable exceptions (e.g., overtopped ponds and lakes) this distinctness appears to be very much tied to the community water source being primarily nutrient-poor groundwater, near the source of its initial, diffuse, surface/near surface discharge.  The project lead’s current concept is that fen ecosystems may or may not contribute surface water output to riparian systems, but they do not receive significant amounts of water or nutrients from these systems.  A meadow that is regularly wetted by relatively nutrient-enriched, surface-sourced riparian water – often by means of seasonal or episodic channel flooding - will not support the plant communities associated with fens and fen-like ecosystems (Bedford and Godwin, 2003).  With this view, the project lead would offer that fens are not just wet habitats that may support notable numbers of rare or uncommon plant species, but are themselves biophysically distinct, variously rare or uncommon groundwater-supported ecosystems that in their own right, merit recognition and appropriate restorative or protective management.

Wetland condition assessments

Condition of fen habitats visited during this project appeared to be uniformly good, with little evidence of direct negative impacts from forest management actions or visitor impacts.  Negative impacts seen elsewhere in Oregon and Washington fens include cattle grazing (major issue on many forests east of the Cascade crest), sediment and possible aquifer interference issues relating to nearby unpaved roads, and unauthorized recreational use, particularly off-road vehicle use.  The only inappropriate use noted is at Elk Meadows, on the Hood River Ranger District.  Here, several user-made trails pass through the western and northeastern portion of the meadow, perhaps in part creating a shortcut across the northeastern corner of the formal trail which encircles the meadow while remaining in the meadow’s forested edge.  The user-made trails pass through a portion of the meadow that appears to be only seasonally wet, but nevertheless, wear has created points of nearly bare peat along the routes.

[image: C:\Users\rdewey\Pictures\canon powershot elph100hs\mth\IMG_3021_trgl5@latourell prairie.JPG]
Inflorescence of the fen-loving sticky tofieldia (Triantha glutinosa) at Latourell Prairie.  
Particularly notable sites

1.   Little Crater (s).  Much of this wetland/meadow system seems to be seasonally wetted by perhaps local groundwater discharge and meltwater of the annual, overlying snowpack.   Plant diversity in these portions of the system is not especially high.  In contrast, the slightly south of central portion of the system appears to be persistently, and moderately to robustly groundwater-wetted and delightfully rich in fen indicator taxa.  Hydrological interpretation of the site appears to be fairly straightforward, with groundwater feed from the western flank of towering Clear Lake Butte being the evident water source.  Barbed wire fencing, largely in disrepair, is evident in the area, including in the northern portion of the wetland/meadow system, but signs of recent use by livestock were not noted.  This site particularly warrants vigilance and protection from inappropriate recreational use or projects that might cause habitat disturbance or negatively impact the groundwater aquifer feeding the site.

2.  Goodfellow (n).  Not the most biodiverse of sites visited, but the floristic presentation as well as the ecosystem itself is likely unique, or nearly unique, on Mt. Hood NF.  The underlying geology and hydrology of this ecosystem strongly beg further study and understanding.  It would be great to set a graduate student or two loose on such a project.  And yes, this site supports what is currently far and away the largest of the three populations of the OR-SEN white beaksedge (Rhynchospora alba), which are now apparently newly documented on the Forest.  This site lies within the protective confines of the Bull Run Watershed Management Area.

3.  Camas Prairie.  This site was not visited during the course of this project, rather, on 9/20/2012.  This large, sprawling site currently has a FIT count (21) that is second only to that of Little Crater (s).  Even though the 2012 visit occurred late in the snow-free season, the northwestern quarter of the wetland/meadow was extremely wet, and topography and the modest evidence of surface water input suggested that the primary water source for this system is likely groundwater discharge.  Surprisingly, Mead (2017) has shared reports that all of Camas Prairie was relatively dry in early 2016.  As much of the flora of the northwestern quarter of this system indicates persistent, likely groundwater-fed wetness, such a report creates a sense of importance in committing to annual hydrological monitoring here.  Soil probes during the 2012 visit found a layer of gray, sticky, dense, fine-grained inorganic material underlying the peaty soils in the surveyed portion of the wetland/meadow.  Perhaps originating as a layer of volcanic ash, this material appears likely to have an important role in shaping the hydrology of Camas Prairie.  A better understanding of the underlying geology and hydrology of this site would greatly assist in assessing both the history and future of this wetland/meadow ecosystem.  Given the relatively high level of documented plant diversity at this site, the seemingly curious hydrology, and the presence of livestock grazing within the system, this site appears to be a strong candidate for a research plan to facilitate resolution of future site management questions.

Other notes

1.  Tomentypnum nitens (TONI70).  This moss is a highly reliable indicator of groundwater-fed wetland habitats in both Oregon and Washington.  TONI70 was OR-SEN on the R6 Forester’s SSS List of 12-1-2011, but was dropped from OR SSS status on the 7-13-2015 List due to the significantly increased number of known sites.  There currently appear to be 20 Washington records for this species where it is on the Washington Natural Heritage Program (WNHP) Rare Moss List with state rank not yet determined.  The known distribution of this moss within Oregon and Washington is curious.  TONI70 appears to be genuinely rare in Washington, particularly outside of the far north-central and northeastern portion of the state.  It also is uncommon to rare in Oregon, east of the Cascades.  However, in the central and southern Cascades of Oregon, it can be considered common in groundwater-fed wetlands.  For instance, on Deschutes NF, which includes the eastern flank of the Oregon central Cascades, the species has been detected at 51 of 57 wetland sites (89%) with fen character.  On the Fremont-Winema NF, TONI70 is known from 39 of 41 sites wetland sites (95%) with fen character.  Going into this project, the incidence of TONI70 on Mt.  Hood NF was not well understood.  It seemed quite possible that moss would be commonly encountered, proving the moss to be curiously well represented in the whole of the Oregon Cascades but abruptly becoming rare north of the Columbia River.  The project lead has now been able to visit at least 16 wetland sites on Mt. Hood NF that appear to provide good habitat for TONI70, and the moss was detected at only one (Camas Prairie) of these sites.  This is a percentage of occupation of a mere 6%.  It now appears that the relative rareness of TONI70 in Washington, extends into the northern Cascades of Oregon, before somewhat inexplicably, and almost explosively, becoming common in the fens of central and southern Oregon Cascades.  Notably, TONI70 is yet undetected in the southern Cascades and Sierra Nevada of California (Norris and Shevock, 2004).  It is probably more than coincidence, that the TONI70-rich portions of the Oregon Cascades, likely support far and away the highest density of fens in Oregon and Washington, which in turn, corresponds with large expanses of uncharacteristically low-gradient montane landscape, and a volcanic history that greatly promotes the formation of extensive, shallow, groundwater aquifers (notably, however, the project lead is not well-informed concerning the density of fens in southwestern Oregon).  Although to a lesser degree, another fen-loving moss, Meesia triquetra (METR70), follows the general distributional pattern of TONI70 in Oregon and Washington.  In Washington, where there are perhaps 15 records of METR70, the moss is WNHP S1 and Regional Forester’s SSS List WA-STR.  In contrast, METR70 has no recent rarity status in Oregon.  On Fremont-Winema NF, METR70 has an occupancy rate in groundwater-fed wetlands of 66% (27/41) while on Deschutes NF, has an occupancy rate of 63% (36/57).  On Mt. Hood NF, the occupancy rate for METR70 is currently 25% (4/16).

2.  Low incidence of target and notable taxa.  The infrequency of new detections of target and notable species in the course of this project was unanticipated, and without ready explanation.  This number would undoubtedly increase with further inventory of Mt. Hood NF fens for vascular and nonvascular taxa, but this project suggests that the rate of detection would likely remain low.  Data from similar projects that the project lead has conducted on other Oregon and Washington USFS field units (Dewey, 2011, 2012, 2014, 2015, 2016, 2017) is presented in Table 3 below.



Table 3.  Numbers of newly detected sites of target and notable species on other R6 USFS field units where the project lead has conducted fen/rare plant surveys.  “Target species” and “Notable species” refers to number of species with newly detected sites.
	Field unit
	Year
	Target species
	Notable species
	Total new sites

	Wallowa-Whitman NF
	2014
	6
	4
	41

	Tonasket R.D., Okanogan-Wenatchee NF
	2015
	7
	8
	39

	4 central ranger districts, Okanogan-Wenatchee NF
	2013
	5
	4
	28

	Colville NF (surveys half completed)
	2015
	6
	3
	14

	Gifford Pinchot NF
	2010
	3
	0
	14

	Umatilla NF
	2012
	2
	1
	12

	Naches R.D., Okanogan-Wenatchee NF
	2015
	2
	3
	9

	Mt. Baker-Snoqualmie NF
	2016
	5
	2
	8

	Mt. Hood NF
	2016
	0
	2
	4



 Follow-up possibilities

1.  Find opportunities to incrementally enlarge the fen inventory initiated with this project.
2.  Explore opportunities to engage a graduate student of Hydrology, Geology, or Hydrogeology in graduate research of the hydrogeology of the Goodfellow (n) wetland site.
3.  Toward the goal of providing science-based long-term management of Camas Prairie, develop a plan for conducting incremental, interdisciplinary natural resource description and monitoring at this remarkable wetland/meadow system.
4.  Consider implementing long-term water table monitoring in the robustly groundwater-fed south-central portion of the Little Crater (s) wetland/meadow.  Groundwater-fed wetlands are surely among the most complex, biodiverse, and water-sensitive, non-aquatic ecosystems in the PNW.   They may be to the effects of ongoing climate change, as canaries are to coal mines.
5. Revisit selected project sites where soil probes detected an organic soil layer 51+” thick.  Use a 10 ft. length of 3/8” steel rebar to probe the actual depth of peat at these sites.  The remarkably groundwater-wet Meadows Creek fen would be a must to include among revisited sites.
6.  Fish around within PNW universities for academic interest in analysis of peat cores from Mt. Hood NF fens.  A primary intent would be to detect episodic climatic events that tested the resiliency of these fens.  Fens where soil probes detected organic soil layers of 51+” have very likely occupied their current locations for more than 5,000 years.  
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Appendix A – Target tax for the 2016 ISSSSP Mt. Hood NF fen/rare plant inventory project

Bryophytes 
	Calliergon richardsonii; ORBIC S1, List 3; OR STR 
	Calliergon (Pseudocalliergon) trifarium; G4; ORBIC S1, List 1; OR SEN
	Campylium stellatum; recently detected in Oregon; G5; ORBIC SNR, List 3
	Harpanthus flotovianus; ORBIC S1, List 2; OR SEN
	Hypnum lindbergii; need to supplement ORBIC records; one Oregon record on Consortium 			PNW Herbaria website
	Hypnum pratense; need to supplement ORBIC records; one Oregon record on Consortium 			PNW Herbaria website
	Splachnum sphaericum; recently detected in Oregon; not yet ranked by ORBIC

Vascular plants
	Carex capillaris; hairlike sedge; G5; ORBIC S2, List 2; SEN	
	Carex gynocrates; yellow bog sedge; G5; ORBIC S1, List 2; SEN
	Carex livida; pale sedge; G5; ORBIC S2, List 2; OR-SEN
	Carex saxitilis; russet sedge; G5; ORBIC S1, List 2; OR-SEN
	Scheuchzeria palustris ssp. americana; G5; ORBIC S2, List 2; OR-SEN	
	Utricularia minor; lesser bladderwort; G5; ORBIC S2, List 2; OR-SEN

Vascular plants with apparent preference for habitats primarily wetted by seasonal groundwater discharge
	Carex capitata; capitate sedge; G5; ORBIC S2, List 2; OR-SEN
	Carex lasiocarpa var. americana; slender sedge G5; ORBIC S2, List 2; OR-SEN
	Sisyrinchium sarmentosum; pale blue-eyed grass; G2; ORBIC S1, List 1; SEN
	





















Appendix B – Wetlands, wetland/meadows visited on Mt. Hood National Forest in 2016
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Appendix C - Site descriptions for 2016 Mt. Hood NF fen/rare plant ISSSSP project

Barlow Ranger District

1.  Bonney Meadows
Elevation:  5180-5340 feet
TRS:  T3S, R10E, S31/32
Date:  6/20-6/21/2016
Rationale:  Large meadow/wetland essentially fully mapped as NWI PEMB.
Plants:	Graminoids – ELQU2, ~ELQU2, ERIOP, CASCB, CAJO, LUZUL, JUBA
Forbs – DODEC, DRRO, PEGR2, CABI2, RAGO, HYAN2, TRGL5, VALER, VERAT,
 EQUIS, POBI6, TRIFO, SAOR2 
	Shrubs – PHYLL3, KAMI, VAUL
	Bryophytes – PHFO6, AUPA70, HAVE70, SPHAG2, SCPA24, SCUL
Soil probes:  Soil probes typically indicating minor inorganic component intermixed in the organic layer; organic soil densities typically high; thickness of organic layer often less than 3 feet.  Organic soil thicknesses detected within various portions of larger Meadows complex are as follows:  west-central lobe (southern edge adjacent to road to campground) = 12-30”; northern lobe = 36-45”; east-central lobe = 22-23”; southern lobe = 24-42”; southwestern lobe (steep slope) = 18-39”.
Notes:  A very large, sprawling meadow system approximately 800m long (N-S) and 500m wide (E-W).  This meadow complex is the headwaters of Bonney Creek which, within the meadow complex at least, appears likely to be low-volume, but perennially groundwater-fed.  All parts of meadow system are at least loosely interconnected, but while in field it was convenient to recognize multiple lobes/meadow sub-systems as follows:  central-western (southern edge at entry road to campground); northern; central eastern; southern; southwestern.  Soppy-wet soil/peat was encountered in at least portions of all lobes except the central-eastern, which generally was the least wet lobe and the lobe with the least thick organic soil.  The entire meadow complex is essentially a topographic drainage route arcing clockwise from high ground in the northwestern corner to the E, SE, S and then SW.  It is difficult to confidently assess persistence of the groundwater feed to the upper soil layers of this meadow complex with such an early date of visit.  It is likely, however, that the soppiest sites detected within all but the central-eastern lobe, typically have seasonally persistent groundwater feed.  The meadow complex provides ample opportunity to compare the morphology of what appear to be two distinct varieties of few-flowered spikerush (Eleocharis quinqueflora), which are referred to in this report as “ELQU2” and “~ELQU2”.  These apparent varieties are found in other fens in Oregon and Washington, but rarely so abundantly intermixed.  The “merely” moderate number of FIT detected here is notable, given the large size of the meadow complex, as is the very small number of FIT mosses included among this number.  
Photos:  #s 2968, 2969, 2971-2972, 2973, 2974, 2975, 2976-2977, 2978, 2979, 2980, 2981, 2982, 2983-2986, 2988, 2989, 2990, 2991, 2992-2993.

2.  Boulder Creek wetland
Elevation:  5000-5100 feet
TRS:  T3S, R10E, S30
Date:  6/22/2016
Rationale:  Smallish meadow fully mapped as NWI PEMB.
Plants:	Graminoids – CAJO, JUBA, ERIOP, ELQU2
Forbs – EQAR, RAGO, SAOR2, CABI2, PEGR2, PLSA6, DODEC, TRIFO, TRGL5,
HYAN2, SETR, POBI6, VIOLA, MONTI, VERON, DRRO
	Shrubs – VAUL, KAMI
	Bryophytes – PHFO6, AUPA70, HAVE70
Soil probes:  Organic soil layer across wetland = 22-51+”, consistently high density and pure, with no evidence of fine-grained inorganic component.  
Notes:  This is a very steeply-sloped, east-aspect wetland with multiple patches of soppy-wet soil.  GIS hydrology mapping shows the W to E-flowing Boulder Creek roughly bisecting the meadow.  However, field observations suggest that this Creek actually flows along the far southern edge of the meadow.    Groundwater-fed soppy-wet soil is patchy within this meadow, with two of the wettest patches located along the upper portion of the slope.  These very wet patches also appear to have the highest diversity of plant species per unit area within the wetland.  Weakly, or non-channeled groundwater-fed surface water enters the upper edge of the meadow at several points, but disappears into the meadow soil in route down the meadow slope.  It’s notable that this smallish, steeply-sloped wetland has a FIT count that is similar to that of the very much larger, moderately-sloped Bonney Meadows, shortly to the south.  As at Bonney Meadows, and also notable, is the low count/diversity of detected sedge and moss species at this meadow.  A later date of visit would likely allow detection/identification of additional sedge species as inflorescences become more mature.  The groundwater hydrology of this wetland is intriguing.  The aquifer feeding this wetland is very likely confined to the slope upon which the meadow is situated.  And while this slope rises to a ridgeline approximately 600 feet above the wetland, the slope gradient is very steep, suggesting that this aquifer would be prone to drain-out quickly following snowmelt each spring.  However, the presence of peat thicknesses of 51+”, as well as the detection of a moderately diverse FIT flora (13 taxa), suggests that at least some channels within the aquifer are wetting the Boulder Creek wetland on a persistent basis.
Photos:  #s 2994, 2995, 2996, 2997, 2998, 2999, 3000.

3.  Camp Windy
Elevation:  5380-5430 feet
TRS:  T3S, R10E, S19/20
Date:  6/22/2016
Rationale:  Smallish meadow largely mapped as NWI PEMB.
Plants:	Graminoids – CAJO, ELQU2, JUBA, ERIOP
Forbs – PEGR2, DODEC, TRGL5, CABI2, HYAN2, PLSA6, VERAT, SAOR2, EQAR,
RAGO, POBI6
	Shrubs – SPDO, VAUL, SORBU, KAMI, SALIX
	Bryophytes – PHFO6, BRPS70, WAEX, AUPA70
Soil probes:  Organic soil layer over much of wetland 19-32”, high density and with minor, fine-textured inorganic component.  Probe in soppy soil around border of smallish pool at upper edge of wetland found +/- low-density, pure organic layer 51+” thick.
Notes:  Wetland has a mosaic pattern of damp-moist soil and wet soil patches.  Wet soil is likely to be associated with borders of small pools or along edges of weakly topographically defined, but active, low-volume water drainage routes.  This wetland is mapped as the headwaters to a tributary of Boulder Creek.  Its hydrology is clearly groundwater based, but otherwise ambiguous.  The high density of peat and steepness of slope suggests that groundwater discharging at the upper edge of the meadow may move downslope largely along the soil surface through mostly weakly defined drainage routes.  A second steeply-sloped wetland is closely adjacent to the east of this meadow, but was not visited due to shortage of time.  The Camp Windy, Boulder Creek and Bonney Meadows wetlands have very similar FIT floras that are notably low in detected FIT sedges and mosses.
Photos:  #s 3001, 3002, 3004-3005, 3006, 3007.
4.  Eightmile Meadow
Elevation:  5060-5080 feet
TRS:  T2S, R10E, S25
Date:  6/23/2016
Rationale:  Smallish meadow largely mapped as NWI PEMB.
Plants:	Graminoids – JUBA, CAJO, ELQU2
	Forbs – CABI2, ALVA, VERAT, LUPIN, PLDI3, TRIFO, PEGR2, MIGU, POBI6, EPILO,
DODEC, MONTI, VERON, EQAR, SETR, PLSA6
	Bryophytes – PHFO6, BRWE70, AUPA70, BRPS70, DRAD2
Soil probes:  Organic soil layer, with notable intermixed fine inorganic component, ranging in thickness from 24-32”.  Base of this soil layer very firm, hard and rock-like.
Notes:  Meadow very flat, with barely perceptible tilt from SE to NW.  No evident surface water input, either perennial or seasonal.  Likely primary water source is seasonal groundwater discharge and direct infiltration from melting, overlying annual snowpack.  Notably, the reliably groundwater-loving, few-flowered spikerush (ELQU2) was detected here.  An apparent groundwater-fed channel on west edge of meadow has low-volume, slow-moving water mid-way along meadow, but channel definition and water lessen up-channel until both channel and water gone by SW corner of meadow.  Level of water in channel at least 2 feet lower than surface of adjacent meadow.  There is evidence of seasonal groundwater discharge along E edge of meadow in forms of caverning at meadow-upland interface and standing water at this interface. Minor surface flow within meadow, whether in weakly defined channels or not, originates within meadow, not at its edges.   Patchiness of very early season soil wetness along with presence of plant species such as young grasses, Veronica, Veratrum and lupine suggest that soil wetness is typically a fleeting, early season phenomenon. 
Photos:  #s 3008, 3009 

Hood River Ranger District

1.  Meadows Creek
Elevation:  4200-4280 feet
TRS:  T3S, R9E, S12
Date:  6/23/2016
Rationale:  Promising NAIP appearance; mapped as NWI PEMC; convenient access.
Plants:	Graminoids – CAAQ, ~ELQU2, ELQU2, ERIOP, CAEC, CALU7
	Forbs – PLSA6, CABI2, LYAM3, SETR, EQAR, PEGR2, DODEC, DRRO, PLDI3, HYAN2,
		TRGL5, METR3
	Shrubs – VAUL, SPDO, SALIX
	Bryophytes – PHFO6, AUPA70, SPHAG2
Soil probes:  Organic layer without intermixed fine inorganic component ranging in thickness from 40-51+”.  Thin, resistant/dense stratum often encountered approximately 24” below soil surface.  Very curiously, dense, embedded objects regularly encountered at depth range of 24-36”.
Notes:  Wetland is especially notable in the robustness of its groundwater feed.  Much of meadow surface was shallowly inundated at time of visit.  Meadow is quite flat, and slope direction is very hard to perceive. Groundwater aquifer appears to be located in a topographically prime setting for constant replenishment and easy, large volume subsurface movement.  Topographic contour lines show that this wetland is located in a very symmetrical alluvial fan originating on the SE base of Mt. Hood.  The fan is bordered by Meadows Creek and Newton Creeks and includes a more centrally located Clark Creek.  Somewhat unexpectedly, State Highway 35 travels directly across this alluvial fan and is immediately adjacent to the N edge of this Meadows Creek wetland.  It would be expected that this road location posed significant issues for the highway engineers, as well as creating groundwater supply issues for the wetland immediately downslope from the highway.  At least the early season wetness of this meadow indicates that groundwater is rather freely passing under Hwy 35.  A late season (August) visit to this wetland would indicate the degree of persistence of the meadow’s groundwater supply.  The thickness of peat detected in many parts of this wetland would suggest that groundwater supply at this site is typically persistent.  As noted for the wetlands visited on Barlow District, the small number of FIT mosses detected at this site is very puzzling.
Photos:  #3010.

2.  2840-670 rd. – 630 trail
Elevation:  5180-5260 feet
TRS:  T2S, R9E, S5/6
Date:  8/2/2016
Rationale:  Largely mapped as NWI PEMB.
Plants:	Graminoids – ERIOP, CANI2, CASCB, CALU7, CAIL
	Forbs – TRGL5, SETR, PEGR2, CABI2, ARNIC, DODEC, PAFI3, EPILO, VERAT
	Shrubs – SPDO, SALIX
	Bryophytes – AUPA70, SPHAG2, PHFO6, CAST70, PLAS6, SCUL, BAFL5
Soil probes:  Over most of W-E breadth of wetland, organic layer thickness = 24-25” over rock or gritty firm base.  Far E side of wetland complex with organic layer 36” thick.
Notes:  This wetland complex is a relatively narrow W-E band of active, groundwater discharge zone occupied by meadow with intermixed shrub on a steep N-aspect, otherwise forested slope. The far-W portion of the wetland features several broad, shallow channels that are lined with a compact, continuous layer of bryophytes (Sanionia, Warnstorfia, Philonotis, Scapania, Lophozia).  Active groundwater discharge in early August, on such steep slopes, would suggest that a good-sized aquifer is feeding this wetland.  A relatively low FIT count, but an interesting topographic setting and some very unusual bryophyte community structure make this a notable wetland.
Photos:  #s 3094, 3097, 3098, 3099, 3100, 3101.

3.  Elk Meadows
Elevation:  5040-5160 feet
TRS:  T3S, R9E, S1
Date:  8/3-8/4/2016
Rationale:  Large meadow mapped NWI PEMB.
Plants:	Graminoids – CALU7, CASCB, DECE, ELQU2, CAJO, JUBA, CAUT, ERIOP, LUZUL,
AGID, MUFI2, PHLEU
	Forbs – PLDI3, PLSA6, LIGUS, PEGR2, RAGO, CABI2, EQAR, SAOR2, ASTER, DODEC,
		GECA, SPRO, TRGL5, MIPR, LUPIN, EPILO, CASTI2
	Shrubs – SALIX, VAUL, ALNUS
	Bryophytes – CAST70, SPHAG2, WAEX, PHFO6, METR70, BRWE70
Soil probes:  Thirteen probes spread across much of the meadow found an organic soil layer thickness varying from 16-54+”, with nine of these probes detecting and organic layer at least 50” thick.  The organic layer was in places apparently pure, and elsewhere with a minor component of fine inorganic material.  Nearly all probes encountered multiple thin strata of dense/resistant, apparently organic soil interlayered with less dense organic soil.  
Notes:  this is a large (600m E-W, 400m N-S) sloping, predominantly groundwater-fed meadow system.  Approximately 80% of the meadow drains E to Cold Spring Creek, with the other 20% draining W into this Creek.  There are several active, small channels draining into the meadow, with sources that largely appear to be groundwater sources shortly into the adjacent forest.  There are numerous small active and seasonal channels within the system fed by seasonal and persistent groundwater discharge within the system.  Soil moisture within the system is patchy, with areas of dry, moist, damp and soppy-wet soil spread about over the entire system.  Numerous inclusions of smallish tree/shrub communities occur over much of the system.  The largest area on continuous soppy-wet soils is in the upper NW quarter of the E-aspect system.  The largest subpopulation of the fen-loving few-flowered spikerush (ELQU2) occurs in this NW portion.  The rare grass Calamagrostis  breweri is mapped in this area as well, but was not detected during this survey.  Several entrenched user-made trails cross the north-central and NE portion of this system.  This portion of the system is only seasonally wet due to groundwater discharge.  This meadow system supports a moderately high number of FIT but continues an apparent MTH NF pattern of unexpectedly low numbers of FIT mosses.
Photos:  #s 3103-3104, 3105, 3106, 3107-3109, 3110, 3111, 3112, 3113, 3114, 3115.

Zigzag Ranger District

1.  Latourell Prairie
Elevation:  3020-3060 feet
TRS:  T1N, R6E, S24
Date:  7/18-7/19/2016
Rationale:  Very large, presumably heterogeneous meadow system largely mapped as NWI PEMC.
Plants:	Graminoids – CALU7, ~ELQU2, ERIOP, CAEC, JUEN, CAAQ, LUZUL, AGROS2,
CALE10, ELQU2, CACU5
	Forbs – HYAN2, GECA, TRGL5, DRRO, CASTI2, PEGR2, PLDI3, CABI2, SAOF3,
		DODEC, SPRO, COPA28, GALIU, EQAR, NULU, METR3, PAFI3, SOLID
	Shrubs – SPDO, KAMI, ALNUS, BEGL, SALIX, VAUL, VAOX
	Bryophytes – SPHAG2, AUPA70, PHFO6, CACU18, SCPA24  
Soil probes:  Approximately three dozen soil probes were conducted over the N-S extent of this very large meadow system.  Thicknesses of the organic soil layer varied from a few inches to 52+”.  About 1/3 of these probes detected organic layers >51”.  Organic soil character varies from pure organic to organic intermixed with a minor component of fine inorganic material.  Stratification of the organic layer (differing densities, pure vs. intermixed with inorganic) was not pronounced.
Notes:  This is a very large meadow system, extending more than ¾ mile on its SW-NE main axis.  Entry and exit were along the 222 road off the 20 road, following the powerline access route.  The perennial North Fork Bull Run River drains through the system, and for expediency, only the portion of the meadow system on the W side of the river was explored.  While the river likely transfers some water laterally from its channel into soil immediately adjacent to the channel, the predominant source of soil moisture within the system is clearly perennial and seasonal groundwater moving downslope from adjacent forested uplands, along the short axes of the system (from the NW on the W side of the river, and presumably, from the SE on the E side of the river).  Slope gradients within the meadow system are low, and it is likely that direct infiltration of overlying snowmelt seasonally contributes to soil moisture across the system.  Soil moisture on the west side of the river is patchy, with locally moist-dry areas quickly transitioning into squishy- or soppy-wet areas within a few meters or travel. At the dates of visits, soils in the majority of the surveyed portion of the meadow system were squishy to soppy wet.  There did not appear to be a strong correlation between soil moisture and depth of organic layer.  Vegetation within the meadow system is a mosaic of various sized patches of shorter-statured meadow ranging to taller statured meadow, and various stature classes and sizes of shrub-fields.  A substantial number of FIT were detected in this meadow system, but in the apparent but unexpected MTH NF pattern, a surprising low percentage of these were mosses.  It is unfortunate that a major powerline is routed exactly along the long access of this meadow system.  Vegetation alteration all along its route, even through low-stature meadow communities, is visible in aerial photography (NAIPs).  It would be interesting and potentially useful to know the schedule and type of maintenance that is associated with the powerline.  It’s likely that such maintenance carries an elevated risk of weed introduction and possibly, soil compaction (unless done over snow).  An understanding of level of disturbance associated with the initial powerline installation would also be potentially useful. USFS botanist Marty Stein in 7/10/1996 survey also found CALI7 and UTMI here.
Photos:  #s 3013, 3014, 3015, 3016, 3017, 3018, 3019, 3020-3021, 3022, 3023, 3025, 3026, 3027, 3028, 3029, 3030, 3031.  

2.  1228-128 rd.
Elevation:  3260-3280 feet (larger, E-most); 3300 feet (central, crescent-shaped)
TRS:  T2S, R7E, S8/17
Date:  7/20/2016
Rationale:  Very wet-looking meadows (NAIP) mapped NWI PEMC; easy access if 1228 rd. open.
Plants:	Graminoids – CALU7, ELQU2, CAAQ, CAEC, ERIOP, CAVE6
	Forbs – SAOF3, CABI2, EQAR, POBI6, TRGL5, CASTI2, GECA, DRRO, PAFI3, PLATA2,
PLDI3, NULU, METR3, UTMA, DODEC
	Shrubs – ALNUS, SPDO, SALIX
	Bryophytes – SPHAG2, CACU18, AUPA70, SCPA24, CAFI12
Soil probes:  Thickness of organic soil layer in main body of each of the two meadows examined = 51+”, low density to moderate density.
Notes:  The E-most and central of three closely proximate meadows shortly S of the 1228-128 rd. were visited.  An intent to visit all three meadows was set aside due to unexpected access issues.  Because the vegetation and physical characteristics of these two meadows are quite similar, so they are treated together here.  The 1228 rd. and 128 spur, both formerly paved with asphalt, have been decommissioned by ripping up large chunks of asphalt and leaving the slabs lying heaped upon one another continuously along the road.  There is no walkable shoulder along most of the length of these roads, and clambering over the asphalt slabs is slow and time-consuming.  While mapped as NWI PEMC, soils of the two meadows visited are largely soppy-wet, and likely persistently so.  The moderate number of detected FIT are mostly concentrated around the edges of these meadows.  The main bodies of the meadows are very species-poor, and dominated by water sedge (Carex aquatilis) and great burnet (Sanguisorba officinalis). At the time of visit, much of the surface of these meadows was inundated with a shallow (1/2”) water.  All three of these meadows are situated on a bench immediately below a ridgetop saddle.  Topographically, the groundwater aquifer feeding these meadows would appear to have very little catchment/infiltration area available to it.  And yet, these meadows appear to be persistently wetted and with peat thicknesses of 51+”, appear to have received a reliable groundwater supply for thousands of years.  It would be very interesting to know something of the residence time of groundwater in these meadows, from upslope entry to eventual downslope, apparently predominantly, subsurface exit.  While these meadows appear to be technically sloping fens, the dominance of two vascular plant species would suggest that groundwater residence time/chemistry sets these meadows apart from more typical sloping fens with a larger representation of numerous species, vascular and non-vascular.  
Photos:  #s 3032, 3033, 3034.
3.  Goodfellow (s)
Elevation:  2780 feet
TRS:  T2S, R7E, S5
Date:  7/21/2016
Rationale:  Very accessible NWI PEMC.
Plants:	Graminoids – CAAQ, JUBA, CALE10, AGROS2, ~ELQU2, CAEC, CALU7, DAIN, RHAL3,
CAUT, ERIOP, JUEN, LUZUL
	Forbs – CABI2, PLDI3, SETR, GALIU, MIGU, ATFI, DIPU, PETAS, LEVU, ASTER, VIOLA, 
		SAOF3, HYAN2, SPRO, DODEC, TRGL5, CASTI2, PAFI3, GECA, DRRO, 
		BLSP
	Shrubs – SPDO, KAMI, VAUL, VAOX
	Bryophytes – SPHAG2, AUPA70, PHFO6, CACU18, SCPA24
Soil probes:  Nine probes across this meadow found organic layers 19-52+” thick.  At five of these probe sites, the organic layer is less than 30” thick.  Organic layer thickness was greatest in the upper NE corner of the meadow (43”, 52+”).  Most probes encountered a basal layer of organic soil with intermixed fine inorganic 4-13” thick.
Notes:  In hiking downslope from the 1200 road to the site, encountered some impressive old growth forest that includes a western red cedar with a DBH of approximately 8 feet.  The site, which is a meadow-shrubland, occupies a bench-like area of low gradient, which slopes gently downward from north to south, and east to west.  Perhaps the western 40% if this site is shrub-dominated with vegetation height of four or more feet.  Groundwater-fed soil wetness and meadow vegetation structure is largely restricted to the eastern 60% of the site.  Soil moisture increases heading downslope through the western portion of the meadow, leading to a large area of mostly bare peat bordering an E-W drainage channel on the S border of the meadow.  This channel originates is a small pool centrally located in the meadow portion of this site, and narrows and loses volume of water moving W until no free water and little evidence of meadow channel remains.  In this area of mostly bare peat adjacent to this channel, a small population of the rare sedge relative, white beaksedge (Rhynchospora alba), was detected.  Several FIT were detected in this squishy/soppy-wet soiled lower central portion of the site, but the primary habitat supporting a diverse FIT flora is the squishy/soppy, groundwater-wetted, gently sloping eastern half of the meadow.
Photos:  #s 3039, 3040.

4.  Goodfellow (n)
Elevation:  2840 feet
TRS:  T2S, R7E, S5
Date:  7/21/2016
Rationale:  Good access, interesting topographic setting and vegetation (NAIP view) and mapped as NWI PEMC.
Plants:	Graminoids – CAAQ, CACU5, ~ELQU2, CALU7, CALI7, CAEC, AGROS2, ERIOP,
RHAL3
	Forbs – METR3, NULU, DRRO, POTAM, GECA, SAOF3, CASTI2, EQAR, COPA28, SPRO,
HYAN2, TRGL5
	Shrubs – VAOX, KAMI
	Bryophytes – CAST70, SPHAG2, AUPA70, 
Soil probes:  Two probes in the main body of the lower half of the NWI PEMC polygon found a pure, low-density, organic soil layer 51+” thick.  
Notes:  Wetland area explored lies adjacent and immediately N of the W-most of the three Goodfellow Lakes.  Wetland was accessed by walking along 1200-018 road and then along the W edge of the lake.  NAIP imagery shows a broad, treeless wetland extending approximately 250 m NW from the N edge of the lake.  Aerial imagery shows the S-half of this wetland as an odd-looking, marbled, dull yellow-green area with the upper half of the wetland a more conventional green color and with a texture suggesting high sedge density.  On the ground, the lower meadow was found to have a very high cover value for bleached Sphagnum moss, which may be the primary reason for odd color seen in aerial view.  The N-half of the wetland was not explored as it appeared to support a low-diversity, high-density stand of tallish sedge.  The odd-colored, Sphagnum-rich portion of this wetland, which is approximately 125 m E-W and 145 m N-S, features short-statured, dense, carpet-like communities composed of taxa such as Sphagnum, Vaccinium oxycoccos, Drosera rotundifolia, Menyanthes trifoliata, Comarum palustre, Carex limosa and Rhynchospora alba.  The surface of the wetland’s S-half appears to be essentially continuous with the surface of the adjacent lake, both in elevation and in lack of relief.  This suggested that at least the S-half of the larger wetland may have formed by an overtopping development of peat over the then lake surface.  Soil probes near the interface of the lake and wetland found only deep peat, and no evidence of peat over water.  The wetland and its adjacent lake are bordered by tall, steep slopes on three sides.  While there are two mapped surface channels entering the wetland, the general wetness of this upper valley bottom geomorphological setting strongly suggests that multiple, shallow groundwater aquifers are significantly contributing to soil wetness and peat thickness at this site.  Use of a longer soil probe (e.g. 10 feet), would be one important reason to return to this site.
Photos:  #s 3042, 3043, 3044, 3045, 3046, 3048, 3049, 3051 & 3053, 3057 & 3058, 3059, 3060, 3061.

5.  2656-309 (S11)
Elevation:  3380 feet
TRS:  T4S, R8.5E, S11
Date:  7/25/2016
Rationale:  Very wet-looking (NAIP) meadow mapped NWI PEMC; good access.
Plants:	Graminoids – CAAQ, CALE10, JUBA, CALU7, CAEC, LUZUL, ELQU2, ERIOP,
JUEN, CABU6, CACU5
	Forbs – PAFI3, SAOF3, DRRO, TRGL5, POTAM, HYAN2, CABI2, SOLID, PLDI3, EQAR,
		DODEC, POBI6, PEGR2, CASTI2, SPRO, UTIN2, SETR, ASTER, MIGU, POOC2,
		LYAM3
	Shrubs – VAUL, ALNUS, BEGL, SALIX
	Bryophytes – PHFO6, AUPA70, BRPS70, SPHAG2, CACU18, CAPO17
Soil probes:  Probes E, W, S, N, central in wetland typically meeting with subsurface impeding objects but eventually finding way through organic soil to 51+”.  Peat layer commonly low density; at several sites, full insertion of the probe was achieved with a single hand.
Notes:  This is a moderately sized wetland measuring approximately 200 m (E-W) by 150 m (N-S).  GIS hydrology layer shows a tributary to Mud Creek passing through center of wetland but no such channel was detected during field visit.  No surface channels, perennial or seasonal, either entering, or running significant distances within the wetland, were observed.  Clear evidence of predominant groundwater wetting of soil in N half of wetland; hydrology of far E-side of wetland is dominated by Mud Creek.  The wetland is essentially surrounded by steep, tall slopes, with four drainages converging on the adjacent Mud Creek.  Subsurface, groundwater movement associated with each of these slopes is possible.  East of the wetland, any groundwater discharge is likely collected by Mud Creek.  Any groundwater movement from the E, W and N, however, would appear free to discharge into the wetland.  The wetland surface is essentially flat, although may have slight downward slope to S, as this is the direction of flow of Mud Creek.  Soil wetness within wetland is commonly either squishy- of soppy-wet.  It is notable that six sedge species (a large number) were detected here.  Three of these sedges are currently on the project lead’s FIT list, and the other three are commonly encountered in groundwater-fed wetlands.  
Photos:  #s 3062 &3063, 3064.

6.  2556-309 (S14)
Elevation:  3360 feet
TRS:  T4S, R8.5E, S14
Date:  7/26/2016
Rationale:  Smallish, apparently very accessible wetland mapped NWI PEMC.
Plants:	Graminoids – CALU7, ELQU2, DECE, CAAQ, CAVE6, JUBA
	Forbs – EQAR, ASTER, PLDI3, SAOF3, DODEC, GECA, SPRO, CASTI2, LYAM3
	Shrubs – SPDO, COSE16, BEGL, VAUL, SALIX
	Bryophytes – AUPA70, CACU18, CAPO17
Soil probes:  Probes in the western and eastern portions of this meadow found an extremely dense, resistant organic layer 18-37” thick.  No fine-grained inorganic component was detected within the organic layer.
Notes:  This is a smallish (140 m E-W x 60 m N-S), very flat, shrub-bordered meadow.  No surface input channels were detected, although NAIP imagery suggests that a seasonal output channel/drainage route may exist at the meadow’s SE corner.  The absence of mosses and abundance of small patches of bare peat suggests that this meadow may be briefly, seasonally inundated, but then drying relatively quickly.  The absence of evident surface water input, a topographic setting at the base of a steep slope rising nearly 300 feet above the meadow, and a very low surface gradient, suggest that the primary water sources for this meadow may be seasonal groundwater discharge and melt water from directly overlying annual snowpack.  Soils across the meadow were nowhere more than damp; not a single squishy footstep was noted.  A large sunken pool exists at the far W end of the meadow.  The origin of this pool is a compelling question.
Photos:  #3067.

7.  2656-126 rd.
Elevation:  3580-3600
TRS:  T4S, R8.5E, S14
Date:  7/26/2016
Rationale:  A reasonably accessible, wet-looking (NAIP), moderate-sized meadow mapped NWI PEMC.
Plants:	Graminoids – CAEC, ~ELQU2, CALU7, LUZUL, CAAQ, DANTH, JUBA, CABU6, RHAL3,
CAUT, JUEN, ELQU2
	Forbs – TRGL5, PAFI3, CABI2, SAOF3, DODEC, DRRO, MICRO6, HYAN2, EQAR,
ASTER, SPRO, PLDI3, GECA, UTMA
	Shrubs – BEGL, VAUL, KAMI, VAOX
	Bryophytes – AUPA70, SPHAG2, SCPA24, PHFO6, CACU18
Soil probes:  Thickest organic soil layer (37”) detected midway along E edge of meadow.  Elsewhere across the meadow organic layer thickness ranged from 22-32”.  Organic layer moderately dense.
Notes:  This moderate sized meadow (approximately 100 m E-W x 250 m N-S) lies on a large bench situated between steep, high ground to the SE and steep drainages down to Mud Creek on the N and W, and down to Salmon River on the S.  There are no mapped channels entering or leaving the meadow, and none were detected during the actual field visit.  The meadow’s large central channel, and smaller channels in the far S portion of the meadow, appear to be fed by direct input of groundwater within the meadow.  The large central channel may have early season output flow though weakly defined channels at the N end of the meadow.  Several salamanders (6-7” long, orangish-brown, lacking external gills) were observed hanging together within this central channel.  The meadow appears essentially flat and level, but drainage channels within the meadow move water slowly to the N.  The microtopography of the meadow is shallow, irregularly-shaped, 1-2 foot square depressions in bare peat, in a matrix of slightly elevated surface supporting low sedge and its thatch.  Areas of slightly greater elevation are often dominated by the moss Aulacominium palustre.  Soils in the N half of the meadow are somewhat less moist than those of the S half, and generally, soils within the meadow range from moist to damp.  Squishy-wet soils appear to be restricted to the banks of the primary N-S channel within the meadow, and a very evident, active groundwater discharge area in the far S-central part of the meadow.  The next-most moist soils within the meadow appear to be along the eastern edge of the meadow, which is a likely location for groundwater discharge along the slope break of the meadow edge and the base of the high, forested rise to the SE. 1) Lack of evident surface water input channels/flowlines, 2) bare, moss-free peat depressions, 3) bench topographic setting, and 4) general low moisture content of upper peat layer, collectively suggest that this meadow is predominantly wetted by seasonal groundwater discharge to the point of early season inundation followed by relatively rapid drying. Given this interpretation, it is almost surprising that the relatively high FIT count at this meadow could be supported by seasonal groundwater.  The explanation may lie in the observation that much of the FIT count is based on detections within those wetter areas within the meadow.  This meadow is especially notable in that the rare sedge relative Rhynchospora alba (white beaksedge), was detected in its groundwater-rich S-central portion.  
Photos:  #s 3068, 3069, 3070-3072, 3073, 3074-3077.

8.  26-226 rd.
Elevation:  4220 feet
TRS:  T3S, R9E, S19
Date:  7/27/2016
Rationale:  Reasonably accessible wetland mapped NWI PEMC.
Plants:	Graminoids – CAAQ, AGROS2, CALU7, ELQU2, ERIOP, CAEC, CAUT, CACA11
	Forbs – PLDI3, TRGL5, HYAN2, PEGR2, CASTI2, EQAR, LYAM3
	Shrubs – SALIX, VAUL
	Bryophytes – AUPA70, DRAD2, SPHAG2, WAEX, CACU18, CAPO17, PHFO6, CAST70
Soil probes:  Probes across the N-S extent of the wetland found a resistant to moderately resistant organic layer 51+” thick.  Only at the N-most extent of the wetland was an intermixed inorganic component noted.
Notes:  This smallish wetland, flanked on its E and W by tributaries to the West Fork Salmon River, is situated at a slope break of a steep, S-aspect slope rising more than 1000 feet above it.  The wetland extends approximately 220 m N-S, but averages perhaps 75 feet wide or less.  It slopes moderately to the S, losing approximately 20 feet of elevation over its 220 m length.  Soil moisture in the smaller S lobe ranges from damp in its S portion to squishy- or soppy-wet in it far N portion.  The larger N lobe includes much squishy- or soppy wet habitat with some areas shallowly (1/2” or less) inundated.  While only midway through summer at the time of visit, thickness of the peat layer suggests that this site receives largely persistent groundwater wetting through much of the summer period.  Further evidence for this understanding is provided by the relatively larger count (at MTH NF sites visited during this project) of FIT mosses.
Photos:  #s 3078, 3079.


9.  Little Crater (s)
Elevation:  3260 feet
TRS:  T5S, R8.5E, S12
Date:  7/27 – 7/28/2016
Rationale:  Easily accessible large meadow mapped NWI PEMC.
Plants:	Graminoids – CALU7, DECE, JUBA, ELQU2, JUEN, CAUT, CACU5, CAAQ, CALE10,
ERIOP, AGROS2, CAEC, CAJO
	Forbs – GECA, ASTER, POOC2, ACMI2, CASTI2, SPRO, HYFO7, POBI6, SAOR2, RUMEX,
HYAN2, VERAT, GALIU, MIPR, DRRO, TRGL5, CABI2, PEGR2, DRAN, EQUIS,
PLATA2, DODEC, LUPIN
	Shrubs – SPDO, VAUL, BEGL, VAOX
	Bryophytes – AUPA70, METR70, PHFO6, SPHAG2, CACU18, DRAD2
Soil probes:  Soil in the S lobe (S of the Salix grove) and in the far N end of the meadow was dry and nearly impenetrable at the time of visit.  Elsewhere, it was common to detect an organic layer at least 30” thick, with a fine-textured inorganic component becoming evident toward the layer’s base.  In the squishy/soppy-wet soiled central and S-central portion of the meadow, several probes detected an organic layer 51+” thick.
Notes:  This is a very long meadow (650 m NW-SE) whose long axis lies tangential to the slope break at the base of 4440 ft. Clear Lake Butte.  Soil moisture within the meadow appears to be least at its far NW and SE ends, and is wettest (squishy/soppy-wet) over a distance of approximately 230 m in the meadow’s central and S-central portion.  This soil wetness appears attributable to groundwater discharge along the meadow’s E edge, the side adjacent to Clear Lake Butte.  This band of squishy/soppy-wet soils is the portion of the meadow with the highest diversity/count of FIT plants, highest density of Drosera (sundew) plants (both species), and only population of the fen-loving moss Meesia triquetra, which elsewhere in this 2016 project was detected only at Little Crater (n) and Elk Meadows, on Hood River District.  Largely because of the habitat provided by this band of squishy/soppy, groundwater-wetted soils, the Little Crater (s) meadow has notably the highest count of FIT among the 19 sites visited during this project.
Photos:   #s 3082-3084, 3087, 3088, 3089-3090, 3091.

10.  Little Crater (n)
Elevation:  3240 feet
TRS:  T5S, R8.5E, S11
Date:  7/28/2016 
Rationale:  Very accessible large meadow mapped as NWI PEMC.
Plants:	Graminoids – JUEN, JUBA, AGROS2, ELQU2, MUFI2, CAJO, CAAQ, CACU5, LUZUL,
		CAUT
	Forbs – HYAN2, MIPR, ASTER, TRGL5, GALIU, EPILO, SPRO, UTIN2, LUPIN, RUMEX,
MIGU, POOC2, POBI6, GECA, VERAT, DODEC
	Shrubs – VAUL, ALNUS, BEGL, SPDO, SALIX
	Bryophytes – PHFO6, CAGI70, CACU18, AUPA70, SPHAG2, METR70
Soil probes:  Probes in the SE quadrant of NE lobe found an organic soil layer 20-30” thick.  A single probe in NW arm just up channel from large, impounded pond found organic soil layer 52+” thick.
Notes:  For descriptive convenience, four portions of this sprawling wetland-meadow complex can be recognized:  NE arm, N arm, NW arm and central body.  Only strong, likely persistent groundwater wetting found in SE quadrant of NE arm, and reaching W across much of the arm’s lowest (S-most) portion.  This is where nearly all FIT noted for Little Crater (n) were detected.  Groundwater discharge in this quadrant appears to be occurring along the E edge of this quadrant, at the wetland/forest interface.  The rest of the NE arm is drier soiled (damp, at best), graminoid dominated, and species poor.  No wet soils were detected in the N arm, which is dominated by taller graminoids, with patches of Salix and bog huckleberry (Vaccinium uliginosum) in its upper (N) portion.  Matted sedge thatch in this arm suggest that much of this arm experiences early season inundation.  The lower portion of the NW arm is tall shrub dominated and challenging to navigate.  An apparently perennial channel winds through the lower portion of this arm.  Travel up this arm extended only slight beyond an impoundment that maintains a large pond.  Beyond this point, the broad valley bottom appears to be dominated by taller sedges.  Seasonal inundation is evident along the portion of this arm that was visited.  Hydrology of this arm is ambiguous, but topography and low count of FIT suggests that groundwater influence in this arm is low.  The central body of this wetland-meadow complex, which includes the remarkable Little Crater Lake, was little explored due to large number of recreationist in the area at the time, and because of a sense that the considerable wetness of this area was a product of surface water catchment (in no small part from the groundwater discharge in the SE quadrant of the NE lobe).  The moderate number of FIT detected at this wetland-meadow complex is impressive given the relatively small area of habitat in the SE quadrant of the NE arm that supported most of the wetland-meadow complex’s FIT. 
Photos: # 3092.

11.  Jackpot Meadow
Elevation: 3820-3830 feet
TRS:  T4S, R8E, S25
Date:  7/29/2016
Rationale:  Very accessible moderate-sized meadow mapped NWI PEMC.
Plants:	Graminoids – JUBA, CALU7, DANTH, DECE, LUZUL, ELQU2, CABU6, CAAQ, ERIOP,
		JUNE, MUFI2, CAUT, JUEN, ~ELQU2, CAVE6, CAEC
	Forbs – HYAN2, MICRO6, SPRO, DODEC, ASTER, TRGL5, SAOF3, PAFI3, PLDI3, GECA
	Shrubs – SPDO, BEGL, VAUL, KAMI, SALIX
	Bryophytes – SPHAG2, AUPA70, CAST70, WAEX, PHFO6
Soil probes:  Probes along transect across (E-W) the central portion of the meadow found a soil organic layer 25-27” thick, often with a fine-grained inorganic component toward the base of the soil column.
Notes:  This is a long, extended teardrop-shaped meadow, 400 m along its long axis (NNW-SSE) and 120 m at the widest part of its base.  On site, it is extremely difficult to discern slope within the meadow.  There are numerous very minor seasonal channels wandering about this meadow, but where water was present in the two main channels, and any movement could be detected, the movement was to the N.  This would agree with GIS layers showing the meadow being a headwaters source for a minor N-flowing tributary to Salmon River.  There are no mapped surface water inputs to this meadow, but in the field two wet channels are evident.  The larger of these forms at the SW corner of the meadow and makes its wat N to the meadow’s N end.  A second smaller channel forms at the eastern edge of the meadow and travels a short distance before dissipating at the intrusion of lodgepole and western red cedar along the E edge of the N half of the meadow.  NAIP imagery seems to show an intermittent flowline between the SE corner of Jackpot Meadow and the lower NW corner of Dry Meadow, less than 600 m S and perhaps 10 m above Jackpot Meadow.  Early season visits would be necessary to determine the extent to which this flowline delivers surface water to Jackpot Meadow, and how any delivered water is distributed.  Squishy-wet soils were encountered over most of the central portion of the meadow, and it is here that the largest concentration of FIT species were detected.  Soils in the far W, S, and N portions of the meadow were only moist or even dry, but somewhat unexpectedly, supported many of the FIT noted in the wetter, central portion of the meadow.  It appears that this meadow is predominantly wetted by groundwater discharge.  While numerous channels occur within this meadow, most clearly appear to be developed by seasonal groundwater discharge within and along the edges of the meadow.  It is likely that groundwater is the primary source of water that flows through (or stands in, depending on season) the meadow’s largest channel, that runs from the SW corner to the N end.  The meadow’s far W, S, and N portions that were only moist or dry at the time of visit, but supporting a good number of FIT, were probably very wet due to groundwater discharge earlier in the snow-free season.  This meadow is quite notable in the large number of FIT (18) detected here, with this being largely due to a primary supporting habitat (the central squishy-wet portion) that measures only approximately 50x100 m.  Quite notably, this meadow was surveyed on 8/1/1989 by Lois Kemp.  Kemp reported four FIT not detected by Dewey on 7/29/2016.  These taxa were DRRO, PLSA6, UTIN2 and VAOX.  These taxa would bring the total count of FIT at Jackpot Meadow to 22, which now, is even more impressive given the apparently smallish area of good, persistently groundwater-wetted habitat at this site.
Photos:  # 3093.  

12.  Dry Meadow
Elevation:  3840 feet
TRS:  T4S, R8E, S25/26
Date:  8/5/2016
Rationale:  Large, easily accessible meadow mapped NWI PEMC.
Plants:	Graminoids – PHAR3, SCMI2, MUFI2, DECE, JUBA, JUNE, AGROS2, DANTH, CALU7,
~ELQU2, CABU6, ERIOP, CAAQ, CAEC, CAUT, CALAA/CAPE42
	Forbs – GECA, TRIFO, HYAN2, GALIU, SPRO, ASTER, CABI2, MICRO6, TRGL5, PAFI3, 
		PLDI3, DODEC
	Shrubs – VAUL, KAMI
	Bryophytes – AUPA70, SPHAG2, SAUN8, CAST70, TEMN70, PHFO6, WAEX
Soil probes:  Probes (2) conducted only in the far SE corner of meadow where organic layer found to be 51+” thick.
Notes:  This is a large (750 m NNW-SSE) x 160 m (WSE-ENE), essentially flat, nearly slopeless, hydrologically interesting meadow (topographic contours and development of the central channel indicate a slight downward slope to the NNW).  There is no apparent surface input to this meadow, in which no channels of any size were detected except for a central dry channel that originates at the beginning of the N 1/3 of the meadow and becomes increasing well-developed moving to the NNW.  A smaller short, dry channel runs perpendicular to the larger channel in the far N end of the meadow.  Although the meadow has no mapped drainage, it is topographically in a headwaters location. Higher ground wraps around the meadow on its E, S and W sides.   NAIP imagery suggests that a weak intermittent drainage connects Dry Meadow to Jackpot Meadow, less than 600 m N and as little as 10 m below Dry Meadow.  Soil in the main body of the meadow was dry at the time of visit.  Groundwater-loving bog huckleberry (Vaccinium uliginosum) and a very few other FIT plants were found essentially along the full length of both the E and W edges of the meadow, although soils here were either moist or dry as well.  Flattened and annealed sedge thatch, and the presence of reed canarygrass (Phalaris arundinacea) and a woolly sedge (Carex lasiocarpa or C. pellita) strongly suggest that at least the S end of the meadow is seasonally, and even if shallowly, inundated.  The source of this early season water is not obvious, but it certainly, and perhaps primarily, is meltwater from the annual snowpack lying directly atop the meadow.  Some seasonal groundwater discharge along the meadow edges is quite possible, and a few FIT are found there, but no groundwater-discharge induced caverning of soil at the meadow-forest interface was detected.  FIT present here may be largely supported by the annual meadow snowmelt.  In contrast, soils in the far S end of the meadow were either damp or squishy-wet at the time of visit.  Add to this the detection of 2/3s of the meadow’s FIT count associated exclusively with this far S end, and the presence of soil caverning at the meadow-forest interface, especially in the SE corner, and it appears very evident that persistent groundwater discharge is the primary source of water in this far, upper portion of the meadow.  It is possible that some of this groundwater finds it way, independent of defined channels, southward across the meadow’s surface. A detection of the dung moss Tetraplodon mnioides in the far SE corner of the meadow apparently is now the second record of this ORBIC List 3 species on MTH NF.  
Photos:  #s 3117, 3118, 3119-3121, 3123, 3124.

13.  Camas Prairie
Elevation:  3160 feet
TRS:  T5S, R10E, S17
Date:  9/20/2012
Rationale:  Site visit solicited by an area ecologist; large, complex looking (NAIP) NWI PEMC wetland.
Plants:	Graminoids – CAAQ, ELQU2, JUEN, CAUT, JUBA, ERIOP, JUNE, CAEC, CASI2, CALI7
	Forbs – HYAN2, SAOR2, ASTER, TRGL5, LYAM3, UTIN2, DRRO, DRAN, MIPR, UTMI
	Shrubs – ALNUS, VAOX, BEGL, SALIX
	Bryophytes – AUPA70, PHFO6, BRPS70, HAVE70, METR70, TONI70
Soil probes:  About a dozen probes conducted in the NW, N-central and central portion of this meadow found soil organic layers ranging from 16-52+” thick.  Least thickness was noted at the NW corner along the route of entry.  Greatest thickness in the organic layer was noted in the N-central portion, specifically, in association with UTIN-UTMI-DRAN and CALI7 plant communities.  The thinner organic layers were commonly associated with an intermixed fine-grained inorganic component while the two deepest layers appeared to be pure organic material.  An extremely dense, rubbery, abrasive soil layer was encountered in the N-central and central portions of the meadow.  This viscous material stuck fast to the tip of the probe and upon extraction was available for examination.  It is a distinctive gray color, and although rubbery and clay-like in its malleability and density, appears to be composed of coarse, sand-sized inorganic particles.  Samples were not collected for microscopic examination, however, it seems quite possible that this layer is a deposit of volcanic ash.  Failure to detect this layer in the majority of probes is puzzling, but perhaps is evidence that this layer is a product of alluvial processes rather that of direct aerial deposit.  
Notes:  The meadow description presented here is based on notes taken during an invited/requested visit in September of 2012.  The actual, on-site time during that visit was only 3-4 hours, and not nearly long enough to allow a sense of survey completion.  The survey initially followed a northern route, from the point of entry at the upper NW corner, to approximately a midway point along the N edge of the meadow.  Access was limited to the N portion of the meadow by the extreme wetness of the more central, E-W axis of the meadow.  This northern route was followed until reaching an intrusion of PICO, S into the meadow from its N edge, about 650 m from the point of entry in the upper NW corner.  Along the E edge of this PICO “intrusion”, the meadow extends northward, up into the woods approximately 60 m.  Soil moisture at the PICO intrusion abruptly changed from soppy-wet to essentially dry.  It was then decided to explore the damp-wet portion of the meadow which then appeared to lie to the S in mid-meadow and up a long, prominent toeslope occupying the S portion of the meadow.  The geologic history and hydrologic character this meadow and its water sources would be a fascinating study.  The extreme wetness of the NW and N-central portions of the meadow at the seasonally late date of visit (9/20) was unexpected and puzzling.  There is no mapped surface drainage into the W 2/3s of this meadow.  The meadow sits on something of a shelf, with higher slopes descending to the meadow on the S and SW edges, but with very little higher terrain lying to the NW and N of the very wet western half of the meadow.  Higher ground lies to the W, but much of this has surface drainage flowing N to join Clear Creek.  Yet, there were one or more distinct, impassibly wet channels running W to E along the NW and N-central portions of the meadow.  Where did this water come from?  The higher terrain immediately SW of the meadow would be a likely source of groundwater moving into the meadow, but a walk of the meadow periphery along this edge of the meadow did not strongly support the notion that this higher ground was a primary source of meadow-wetting groundwater.  Further adding to this hydrological puzzlement is a report from Barlow Ranger District staff that the W portion of the meadow was relative dry in early 2016.  This meadow is also highly interesting on account of its very diverse plant community and an apparent biogeographic anomaly.  The brief 2012 visit documented 21 FIT, which among the MTH NF wetland sites visited in this 2016 project, is second only to Little Crater (s).  Five additional FIT taxa were included on Camas Prairie species lists compiled by Lois Kemp (1989) and revised by Richard Helliwell (1990).  These additional FIT include CAJO, CALU7, PLDI3, SPRO and VAUL.  The survey area for these lists includes the entire meadow, but it is likely that these FIT were detected within the wetter, W half of the meadow.  These additional FIT bring the total FIT detected at Camas Prairie to 26, which is one of the highest Oregon or Washington FIT counts known to the project lead.  Perhaps just as notably, the Camas Prairie FIT include the short-beak sedge (Carex simulata), mud sedge (Carex limosa) and the mosses Tomentypnum nitens, Hamatocaulis vernicosus and Meesia triquetra.  These species help characterize fens in the central and southern Oregon Cascades, but were either not detected or rarely detected in the 19 MTH NF wetlands visited during this 2016 project.
Photos: #s 489, 490, 491, 492, 493-494, 495, 496, 497.  




























Appendix D – Plant taxa identified at the 20 project sites.  Asterisk denotes fen indicator taxon.

	 
	Taxon
	Code

	Graminoids
	 
	 

	 
	 
	 

	 
	Agrostis idahoensis
	AGID

	 
	Agrostis sp.
	AGROS2

	 
	Carex aquatilis*
	CAAQ

	 
	Carex buxbaumii
	CABU6

	 
	Carex canescens
	CACA11

	 
	Carex cusickii
	CACU5

	 
	Carex echinata*
	CAEC

	 
	Carex illota
	CAIL

	 
	Carex jonesii*
	CAJO

	 
	Carex lasiocarpa var. americana or C. pellita
	CALAA/CAPE42

	 
	Carex leptalea
	CALE10

	 
	Carex limosa*
	CALI7

	 
	Carex luzulina*
	CALU7

	 
	Carex nigricans
	CANI2

	 
	Carex scopulorum var. bracteosa
	CASCB

	 
	Carex utriculata
	CAUT

	 
	Carex vesicaria
	CAVE6

	 
	Danthonia intermedia
	DAIN

	 
	Danthonia sp.
	DANTH

	 
	Deschampsia cespitosa
	DECE

	 
	Eleocharis quinqueflora*
	ELQU2

	 
	Eriophorum sp. (E. gracile or E. polystachion)*
	ERIOP

	 
	Juncus balticus
	JUBA

	 
	Juncus ensifolius*
	JUEN

	 
	Juncus nevadensis*
	JUNE

	 
	Luzula sp.
	LUZUL

	 
	Muhlenbergia filiformis
	MUFI2

	 
	Phalaris arundinacea
	PHAR3

	 
	Phleum sp.
	PHLEU

	 
	Rhynchospora alba*
	RHAL3

	 
	Scirpus microcarpus
	SCMI2

	 
	 
	 

	Forbs
	 
	 

	 
	 
	 

	 
	Achillea millefolium
	ACMI2

	 
	Allium validum
	ALVA

	 
	Arnica sp.
	ARNIC

	 
	Aster sp.
	ASTER

	 
	Athyrium filix-femina
	ATFI

	 
	Blechnum spicant
	BLSP

	 
	Caltha biflora
	CABI2

	 
	Castilleja sp.
	CASTI2

	 
	Comarum palustre
	COPA28

	 
	Digitalis purpurea
	DIPU

	 
	Dodecatheon sp*.
	DODEC

	 
	Drosera anglica*
	DRAN

	 
	Drosera rotundifolia*
	DRRO

	 
	Epilolobium sp.
	EPILO

	 
	Equisetum arvense
	EQAR

	 
	Equisetum sp.
	EQUIS

	 
	Galium sp.
	GALIU

	 
	Gentiana calycosa
	GECA

	 
	Hypericum anagalloides*
	HYAN2

	 
	Hypericum formosum
	HYFO7

	 
	Leucanthemum vulgare
	LEVU

	 
	Ligusticum sp.
	LIGUS

	 
	Lupinus sp.
	LUPIN

	 
	Lysichiton americanus
	LYAM3

	 
	Menyanthes trifoliata*
	METR3

	 
	Microseris sp.
	MICRO6

	 
	Mimulus guttatus
	MIGU

	 
	Mimulus primuloides*
	MIPR

	 
	Montia sp.
	MONTI

	 
	Nuphar lutea
	NULU

	 
	Parnassia fimbriata
	PAFI3

	 
	Pedicularis groenlandica*
	PEGR2

	 
	Petasites sp.
	PETAS

	 
	Platanthera dilitata*
	PLDI3

	 
	Platanthera saccata*
	PLSA6

	 
	Platanthera sp.
	PLATA2

	 
	Polemonium occidentale
	POOC2

	 
	Polygonum bistortoides
	POBI6

	 
	Potamogeton sp.
	POTAM

	 
	Ranunculus gormanii
	RAGO

	 
	Rumex sp.
	RUMEX

	 
	Sanguisorba officinale
	SAOF3

	 
	Saxifraga oregana*
	SAOR2

	 
	Senecio triangularis
	SETR

	 
	Solidago sp.
	SOLID

	 
	Spiranthes romanzoffiana*
	SPRO

	 
	Triantha glutinosa*
	TRGL5

	 
	Trifolium sp.
	TRIFO

	 
	Utricularia intermedia*
	UTIN2

	 
	Utricularia macrorhiza
	UTMA

	 
	Valeriana sp.
	VALER

	 
	Veratrum sp.
	VERAT

	 
	Veronica sp.
	VERON

	 
	Viola sp.
	VIOLA

	 
	 
	 

	Shrubs
	 
	 

	 
	 
	 

	 
	Alnus sp.
	ALNUS

	 
	Betula glandulosa*
	BEGL

	 
	Cornus sericea
	COSE16

	 
	Kalmia microphylla*
	KAMI

	 
	Phyllodoce sp.
	PHYLL3

	 
	Salix sp.
	SALIX

	 
	Sorbus sp.
	SORBU

	 
	Spriaea douglasii
	SPDO

	 
	Vaccinium oxycoccos*
	VAOX

	 
	Vaccinium uliginosum*
	VAUL

	 
	 
	 

	Bryophytes
	 
	 

	 
	 
	 

	 
	Aulacomnium palustre
	AUPA70

	 
	Barbilophozia floerkei
	BAFL5

	 
	Bryum pseudotriquetrum
	BRPS70

	 
	Bryum weigelii
	BRWE70

	 
	Calliergon giganteum
	CAGI70

	 
	Calliergon stramineum*
	CAST70

	 
	Calliergonella cuspidata*
	CACU18

	 
	Calypogeia fissa
	CAFI12

	 
	Campylium polyganum
	CAPO17

	 
	Drepanocladus aduncus*
	DRAD2

	 
	Hamatocaulis vernicosus*
	HAVE70

	 
	Meesia triquetra*
	METR70

	 
	Philonotis fontana
	PHFO6

	 
	Plagiochila asplenioides
	PLAS6

	 
	Sanionia uncinata
	SAUN8

	 
	Scapania paludosa
	SCPA24

	 
	Scapania uliginosa
	SCUL

	 
	Sphagnum sp*
	SPHAG2

	 
	Tetraplodon mnioides
	TEMN70

	 
	Warnstorfia exannulata*
	WAEX










































Appendix E - Current list of fen indicator taxa for Oregon and Washington developed by project lead.

	Taxon Group
	Taxon Code
	Scientific Name

	Graminoids
	CAAQ
	Carex aquatilis

	
	CAEC
	Carex echinata

	
	CAGY2
	Carex gynocrates

	
	CAJO
	Carex jonesii

	
	CALI7
	Carex limosa

	
	CALU7
	Carex luzulina

	
	CAMA12
	Carex magellanica ssp. irrigua

	
	CASI2
	Carex simulata

	
	CATE5
	Carex tenuiflora

	
	ELQU2
	Eleocharis quinqueflora

	
	ERIOP
	Eriophorum spp.(E. gracile or E. polystachion)

	
	JUEN
	Juncus ensifolius

	
	JUNE
	Juncus nevadensis

	
	
	

	Forbs
	DODEC
	Dodecatheon spp. (especially D. jeffreyi)

	
	DROSE
	Drosera spp. (D. anglica or D. rotundifolia)

	
	HYAN2
	Hypericum anagalloides

	
	METR3
	Menyanthes trifoliata

	
	MIPR
	Mimulus primuloides

	
	PEGR2
	Pedicularis groenlandica

	
	PLATA2
	Platanthera spp. (P. dilatata or P. saccata)

	
	SAOR2
	Saxifraga oregana

	
	SCPAA3
	Scheuchzeria palustris ssp. americana

	
	SPRO
	Spiranthes romanzoffiana

	
	TRGL5
	Triantha glutinosa

	
	UTRIC
	Utricularia spp. (U. minor or U. intermedia)

	
	
	

	Shrubs
	BEGL
	Betula glandulosa

	
	KAMI
	Kalmia microphylla

	
	SAPE
	Salix pedicellaris

	
	VAOX
	Vaccinium oxycoccos

	
	VAUL
	Vaccinium uliginosum

	
	
	

	Bryophytes
	CACO70
	Calliergon cordifolium

	
	CAGI70
	Calliergon giganteum

	
	CARI70
	Calliergon richardsonii

	
	CAST70
	Calliergon stramineum

	
	CACU18
	Calliergonella cuspidata

	
	CAST51
	Campylium stellatum

	
	DRAD2
	Drepanocladus aduncus

	
	HAVE70
	Hamatocaulis vernicosus

	
	HAFL9
	Harpanthus flotovianus

	
	HEBL2
	Helodium (Elodium) blandowii

	
	HYPR70
	Hypnum pratense

	
	METR70
	Meesia triquetra

	
	PASQ70
	Paludella squarrosa

	
	PLEL2
	Plagiomnium ellipticum

	
	SCCO18
	Scorpidium cossonii

	
	SCSC70
	Scorpidium scorpioides

	
	SPAM5
	Splachum ampullaceum

	
	SPSP70
	Splachnum sphaericum

	
	SPHAG2
	Sphagnum spp.

	
	TONI70
	Tomentypnum nitens

	
	WAEX
	Warnstorfia exannulata




































Appendix F – Biogeography of selected fen indicator taxa.
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