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Abstract
A GIS model of high-probability habitat for the species Corydalis aquae-gelidae was developed for lands administered by both the Salem District of the Bureau of Land Management and the Willamette National Forest.  The model was based on habitat characteristics of currently known populations in Oregon and Washington, and was weighted slightly towards the characteristics of known sites on the Salem BLM and Willamette National Forest.  Habitat criteria beyond those found in written site descriptions and habitat details in the published literature were supplemented with local knowledge from botanists of the BLM and Forest Service units in question.  The model was developed using existing vegetation GIS data, elevation (DEMs), aspect, streams, and satellite remote sensing vegetation data (from WODIP, the “Western Oregon Digital Imagery Project”).  After development of the model, 20 randomly selected areas were field-surveyed  in order to validate and improve the model, and to locate new populations of the species. 15 days of survey were done on the Willamette National Forest, and 5 on the Salem District BLM.  Each survey included the nearest wet meadow (when one was present in the vicinity) as a control.  One new site of the species was located on the Willamette National Forest in modeled high-probability habitat.
Introduction
Corydalis aquae-gelidae Peck & Wilson (= C. aqua-gelidae, Corydalis caseana Gray ssp. aquae-gelidae (M.E. Peck & Wilson) Zetterlund & Lidén) is a rare vascular plant species occurring in the Cascade Mountains of northwestern Oregon and southwestern Washington.  It is a species that grows in or very near cold-water streams, and is generally not widespread along the streams in which it occurs.  The Oregon Natural Heritage Program, which tracks the distribution, rarity, and threats to Oregon native plants, currently lists the species as “rare, uncommon or threatened, but not immediately imperiled” both in Oregon and Globally.  The species is on their “List 1” - “taxa that are threatened with extinction”.  The US Fish and Wildlife Department currently lists the species as a “Species of Concern”.  It is currently a candidate for listing as endangered by the Oregon Department of Agriculture. 

Because of its limited distribution and relatively narrow habitat range, modeling potential or high-probability habitat for Corydalis aquae-gelidae is both desirable and useful.  A habitat model for the species provides a ready-made resource for the purposes of evaluating land management activities that could impact unknown populations.  The model could, in this case, serve either as a trigger for pre-disturbance surveys for the species or for blanket mitigations to avoid impacts to the species without necessarily knowing whether the species is present or not.  The model also serves to facilitate the discovery of more populations, to provide a base for further refinement of the model, and to encourage further scientific discovery and knowledge of the species.

The Willamette National Forest and Salem District BLM were funded to model and inventory Corydalis habitat on the lands they administer by an “Interagency Special Status and Sensitive Species Program” (ISSSSP) grant after a call for project proposals in the winter of 2005.  The ISSSSP is a federal interagency program in the Pacific Northwest dealing with rare species and the transition from the Northwest Forest Plan’s list of “Survey and Manage” species to the agencies’ “Special Status” (BLM) and “Sensitive” (Forest Service) lists.  Corydalis aquae-gelidae was a former Survey and Manage species under the Northwest Forest Plan as well as a long standing Special Status/Sensitive for the agencies.

Prior to habitat modeling, both the Salem District BLM and the Willamette National Forest had known sites of Corydalis aquae-gelidae.  The Salem District BLM had seven known sites and the Willamette National Forest had two.  Sites of the species are relatively well-distributed in the area surrounding the Salem BLM and the Mt. Hood National Forest, but very sparse on the Willamette National Forest.  Prior to 2003, when the second site was found, the known site on the Willamette National Forest was very disjunct from the more abundant sites to the north.  The discovery of the second site on the Willamette after 21 years without a new site renewed interest in the species and raised questions of the possibility of there being more undiscovered sites in habitat types that were not often surveyed.  Both of the sites on the Willamette National Forest occur in tall-shrub dominated (Alnus sinuata and/or Acer circinatum) riparian areas with little or no coniferous canopy.  Willamette National Forest botanists had been surveying riparian areas associated with land management activities for years without turning up any new sites, but these project areas did not often include this type of habitat.  The ISSSSP’s call for proposals in the winter of 2005 provided a funding opportunity for survey of these rarely surveyed habitat types, which would otherwise remain under-investigated.  The Willamette National Forest contacted the Salem District BLM and the two agencies submitted a joint proposal.

Work began on habitat modeling in May of 2005.  The modeling work for both agencies was done by the Willamette National Forest.  The Salem BLM and Willamette National Forest GIS models were done separately due to differences in availability and type of vegetation and streams data.  The Willamette National Forest’s Corydalis model was completed by analyzing existing Willamette GIS data.  The Salem BLM model was more complicated and involved use of remote sensing and statewide GIS data.  Details of the modeling process can be found under “Methods”, below.

While the range of high-probability habitat for Corydalis aquae-gelidae is relative narrow, the known range of potential habitat is fairly wide.  For the purposes of modeling, potential habitat includes all perennially flowing steams flowing through shrubby or forested vegetation above 1000 feet and below 4500 feet in elevation.  A model of this habitat would not be very useful, as it would include nearly all perennial streams in the Cascades and foothills.  This difficulty is compounded by the effects of latitude on the species.  An example of this is that a stream at 1500 feet in elevation at the northern extent of the range might be equivalent to a 3500’ elevation at the southern extent.  So while 1500’ and forested might be appropriate habitat in the north, the same habitat might be inappropriate in the south.  A high-probability model has much narrower criteria and yields a model that is much more likely to actually reflect the majority of the habitat in which the species has been known to occur, and will overcome some of the extremes from the outer limits of the range.  The models developed for the Salem BLM and Willamette National Forest land bases were formulated along this line of reasoning, and incorporated assumptions that tend to both compensate for the effects of latitude and to fit with local botanists’ ideas of potential habitat in their areas.  The distinction of potential habitat and high-probability habitat is somewhat vague in this light.  Applying the modeling criteria used in this study to the entire range of the species would result in a high-probability model, but relative to the present land bases it would seem to be less narrowly-defined and more akin to a potential habitat model.

Field inventory was done on a selection of random survey areas.  Because of funding allocations, 5 days of survey were completed on the Salem District BLM and 15 days of survey were completed on the Willamette National Forest.  Survey sites were randomly selected using a random number table and the sequential numerical stand number assigned to each habitat polygon.  For the Salem BLM, 5 stands were identified by linking to the first 5 numbers in the random number table. Other stands in the area were lumped with the identified stand based on proximity.  These lumped groups constituted a “survey-day”.   These randomly-selected survey-days could be replaced with the next stand number in the random number table if they overlapped too much with one of the other survey-days.  For the Willamette, 15 stands were identified in the same way.  Later, a group of 10 alternates was produced as a refinement of the model for the Willamette National Forest.  The group of 10 alternates was selected at random, but selection of individual alternates for survey in the field was not done at random.  The selections were based on logistics and for distribution across the forest. Alternates were not produced for the Salem BLM because of generally better habitat further north.  Each day of survey included the survey of at least one wet meadow (if one was present in the vicinity) as a control.

One new site of Corydalis aquae-gelidae was discovered within an area of modeled high-probability habitat on the Willamette National Forest.
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       Figure 1: Survey Areas Modeled & Surveyed. Corydalis aquae-gelidae Found.
Methods
Based on habitat descriptions from sighting forms, Oregon Natural Heritage Information Center database records, ISMS database records, Agency conservation documents, scientific literature, and local knowledge, the following habitat traits were determined to be common to all known sites:

1. Elevation between 1000 and 4500 feet (the reported range is slightly narrower than this, but for the purposes of the model, elevations were expanded to the next 500 foot interval).

Sites are associated with relatively cold perennial streams.

These criteria are too broad to produce a manageable or useful model of habitat areas with a high likelihood of supporting populations of Corydalis aquae-gelidae.

While there were definite exceptions, there were some other habitat characterizations gleaned from the various data sources that served to narrow the habitat range to a more manageable and useful high-probability set, especially with regard to the present study area.  These characterizations suggested the following narrower criteria:
1. Elevation within 1 standard deviation of the mean Oregon Corydalis site elevation, or at the upper end of the elevation range.
2. Riparian vegetation, including devil’s club (Oplopanax horridus), Sitka alder (Alnus sinuata), vine maple (Acer circinatum), stink currant (Ribes bracteosum), salmonberry (Rubus spectabilis), etc.
3. Shrubby Non-southern aspect.
4. Headwater streams.
5. Shrubby areas low in coniferous canopy cover, especially Sitka alder patches. 
For the Salem/Willamette study area it was decided that shrubby areas of relatively low conifer canopy cover would constitute the base dataset.  Further refinements were made by applying stand history, stand inventory data, stream presence and type, and elevation criteria.

The methods used in developing the models for the Salem District BLM were very different from those used for the Willamette National Forest.  The details of each process are covered under separate headings below.
The Willamette National Forest Model

The Willamette National Forest has a well-developed special habitat GIS layer that delineates areas like those described above.  Because of the type of GIS data available, the Willamette model was easier to develop and in some ways more sophisticated than the Salem BLM model.

The main GIS dataset used for this modeling effort was the Forest’s “Veg” layer – a polygon coverage with stand numbers that make it linkable to the Oracle “Vegis” database.  Vegis contains information on stand composition, history, land cover, major species, land use, habitat features, etc.  Once the polygon coverage was linked to Vegis and converted to a shapefile, it was a simple matter to select stands of the general vegetation habitat type that Corydalis might inhabit.  The criteria used to select these “stands” were: 

1. Land use = SHAB.  These are special habitats characterized by non-forested cover, or sparse coniferous forest cover.
2. Habitat feature = SA, ST, SR, MM, HD, or a combination of these codes.  SA encodes sitka alder, ST encodes shrub talus, SR encodes shrub rocky, MM encodes mesic meadow, and “HD” encodes hardwood inclusions.  These codes were chosen because all of them can include the species that commonly occur with Corydalis.  The first three are common codes for the vegetation of headwater streams and are the types in which the Willamette’s two know sites occur.
3. Land cover = SX (Shrubland).  Because of incomplete refinement of the veg layer, not all of these are coded as special habitats or have habitat feature codes.
4. Elevation from 2230 to 3312 feet.  Mean Corydalis elevation +/- 1 standard deviation.
5. Stands intersected by a 100 foot buffer of a class 2 or 3 stream.  These are perennial streams.  100 foot buffers were used to capture streams that appear as a single stream in the GIS, but which are actually braided networks of streams. Class 1 streams were excluded because they include mostly rivers that provide municipal drinking water.  Class 1 streams were thus not thought to be high and cold enough for the purposes of this model.  Class 4 streams were omitted because they are, by definition, intermittent streams.  Available habitat information indicated that the species is associated with perennial water.

These criteria were sequentially applied to the Forest’s veg layer, with the result being the first round model of high-probability Corydalis habitat.  Because of the difficulty of the terrain and the time constraints involved with access, it was decided that stands to be surveyed should be selected only from those that were within ½ mile of a road or trail.  A version of the model’s polygon layer was created to reflect this criterion.  From this filtered pool of potential habitat, 15 days worth of surveys were selected at random.  A sequential number field was  appended to the attribute table of the modeled habitat shapefile for the purpose of linking to a random number table and selecting survey sites.  The random number table was generated (from www.random.org) such that the range of random numbers was equal to the highest sequential stand number.  The 15 survey  sites were identified by selecting the first 15 numbers in the random number table.  Because the table was linked to the habitat shapefile, this automatically selected 15 stands in that dataset as well.  Identified stands could be rejected from the list of fifteen if:

1. The selected area (and others within 1.75 miles) overlapped by more than about 25 percent with another randomly selected area from the list of 15.
2. The selected area had been previous intensively surveyed as part of another project.
3. The selected area was known to be erroneously coded in the GIS.

In these cases, one of the problem stands was deleted in the random number table and the next number was highlighted.  This selected a new random stand.  This process had to be repeated several times before the stands were sufficiently separated.  

After identification of the survey areas, topographical and color photo-orthoquad maps were produced, showing the delineated model habitat areas and a circle inscribing the intended survey range for each survey-day.  These were used for navigation to the sites in the field as well as for mapping sightings and significant notes.

Alternates:
After surveying a number of survey areas on the Willamette National Forest, it was determined that the habitat at the lower end of the elevation range was not of the right character – the plant communities and water temperatures did not match the criteria at which the model was aimed.  It was decided that due to the Willamette’s position in the range of the species, the elevation criterion should be increased to the upper end of the known range of the species.  A new set of habitat polygons was generated that identified habitat from 3000 to 4500 feet in elevation.  An aspect criterion was also added for the purposes of centering the survey-days on areas with an aspect between 300 and 60 degrees azimuth.  From this more refined set of polygons, 10 alternates were randomly selected and mapped along with the polygons of the base model.  This assured that at least some of the habitat from each survey-day would include higher-elevation, headwater types of streams and plant communities.  Survey-days that were too low in elevation, too flat, or otherwise not consistent with the headwater stream assumption were replaced with alternates.  Although the pool of 10 alternates was chosen at random in the same way as the 15 original areas of the base model, the alternates that were actually surveyed were not chosen at random.  They were chosen for logistics and spread across the forest.

The alternate survey areas were mapped primarily on color photo-orthoquads, although a topographical map was produced for the McQuade 2 survey area.  The majority of the topographical maps were omitted for the alternates in the interest of time.  They were easily replaced by existing topographical district maps.
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Figure 2: An Example of Modeled Habitat on the Willamette NF (Initial Model)
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Figure 3: An Example of Improved-Model Habitat (Willamette “Alternates”).  The pink polygons are from the initial model.  The red polygon in the center was categorized as higher probability habitat in the improved model, but is present in the intial model as well.  Note that Corydalis aquae-gelidae was found in the red polygon.
Salem BLM Model

The Salem District BLM has little special habitats data in their GIS.  In order to identify non-timber areas of the appropriate characteristics it was necessary to make use of remote sensing vegetation data compiled as part of the Western Oregon Digital Imagery Project (WODIP).  The WODIP data is GRID data of land cover for all of western Oregon.

Gathering the WODIP data:
The WODIP vegetation data is available for download, by watershed, from the State BLM GIS website.  All watersheds on the Salem District BLM were downloaded.  Some of this data was for coastal watersheds.  Although Corydalis aquae-gelidae has never been found in the coast range, initial intentions were to model habitat for these watersheds as well.  While this may seem sound in principle, it is extremely data intensive and time consuming in practice.  WODIP data demands huge amounts of memory and processing time.  Because of time and funding constraints the coastal watersheds were dropped from analysis.  This left the Cascades and Willamette Valley data for processing.

Processing the WODIP data: 

The process involved in making use of this data was complicated.  Many of the smaller details were left out of the following process description.  ArcGIS 8.3 and Arcview 3.2a were used to complete the GIS analysis of the WODIP data.  The steps below are the skeleton features of the process:

1. Converted  individual watershed WODIP GRID data to polygon coverages using Arc Toolbox conversion tool.
2. Converted coordinate system.
3. Converted coverages to shapefiles.
4. Exported attributes of the GRID to a dbase table in order to repopulate the attributes of the polygon coverages. The converted polygon coverages contain only the “value” field after conversion, but “value” can be used to join the polygon attribute table to the original GRID table in order to recover the lost data.
5. Repopulated polygon attributes by creating new empty fields for each of the old attributes in the GRID, then joining tables based on value, then calculating new fields equal to old fields.
6. Clipped shapefiles to BLM ownership polygons only in order to decrease file sizes and increase processing speed (some of the polygon coverages took 24+ hours to clip).  Two computers were used to speed processing.
Merged clipped watershed WODIP shapefiles into district-wide shapefile.

7. Got rid of huge polygons that form the boundaries of the individual watershed files.
8. Filtered out agricultural land.
9. Selected polygons with (covertype = “non-forest” or species = “hardwood” or canopy cover < = 55%).  The canopy-coverless-than-55% criterion was based on review of the WODIP data in areas that were known on the ground and from consulting aerial photos.  Sitka alder stands were often coded as conifer with very low canopy cover.  They were not listed as hardwood stands, even if conifers were fewer than 1 per acre.
 Made a shapefile of the features selected in previous step.

The preceeding steps provided a base of remote-sensed non-coniferous or open-coniferous vegetation, which in the west Cascades is loosely termed “special habitat”.  Some of this “special habitat” is appropriate habitat, but much is not.  For example, some of this data is from clearcuts, sedge meadows, and road cut-banks.  In order to improve the selection of this data it was necessary to further select based on the BLM’s Forest Operations Inventory (FOI) data, streams data, and elevation data (DEMs).  FOI data made it possible to filter out clearcuts, as well as to add inventoried special habitats that weren’t picked up in the satellite data.  Streams data made it possible to filter out all non-riparian special habitats.  DEMs made it possible to select based on elevation.  The steps taken in performing these analyses are detailed below:
1. Converted FOI coverage to a shapefile.
2. Intersected FOI with the latest WODIP-based polygon data (this operation basically makes a jigsaw puzzle out of WODIP, based on the polygon boundaries of FOI.  The tabular data from both layers is retained in the resulting smaller polygons.
3. Filtered out clearcuts.

4. Downloaded streams data from Oregon/Washington BLM GIS website.
5. Clipped streams data to Salem BLM ownership
Selected streams: 

HYDFLOW = “CP” (continuous perennial)

ORDER < = 5

6. Waterbody Type = “ST” or “RI” or “SC” (stream, river, or side channel)
7. Made a shapefile from the selected features
8. Got DEMs for the range of the model
9. Queried DEMs for  elevation > = 1000’ and < =4500’
10.  Merged resulting selection queries into a single shapefile
11.  Selected WODIP/FOI intersect based on elevation range shapefile.
12.  Made a shapefile of selected WODIP/FOI features
13.  Made a shapefile of streams-selection shapefile buffered by 100’ (in order to include more of the unmapped side-channels, seeps, and tributaries).
14. Selected (WODIP/FOI polys from step 11) based on intersection with stream buffers; i.e. special habitat stands at least partially within 100’ from perennial stream.
15. Made a shapfile of the select stands from step 14.
16.  Queried FOI for stands with the field “ES_” <> “FCO”.  This selects stands that are either non-forest, hardwood, or mixed hardwood/conifer.
17.  Made a layer from the selection in step 16.
18.  Selected stands from step 17 shapefile that intersect the elevation range from step 10.
19. Made a shapefile from the selection of step 18.
20.  Selected stands from step 19 shapefile that intersect stream buffers.
21.  Made a shapefile from the selected features of step 20.
22.  Linked the tables of WODIP/FOI shapefile (of  step 15) and FOI selection of step 21 in order to find stands in common between the two.
23.  Removed the link, and reversed the selection on the FOI shapefile of step 21.  This leaves the stands not in common.  These are the stands to add to WODIP/FOI of step 15.
24.  Made shapefile of the stands selected in step 23.
25.  Merged WODIP/FOI from step 15 with FOI selection from step 24.
26.  Clipped merged file from step 25 to stream buffers.  This is the final selection of riparian special habitat stands between 1000 and 4500 feet in elevation.

From this filtered pool of potential habitat, 5 days worth of surveys were selected at random.  A sequential number field was appended to the attribute table of the modeled habitat shapefile for the purpose of linking to a random number table and selecting survey sites.  The random number table was generated (from www.random.org) such that the range of random numbers was equal to the highest sequential stand number.  The 5 survey sites were identified by selecting the first 5 numbers in the random number table.  Because the table was linked to the habitat shapefile, this automatically selected 5 stands in that dataset as well.  Identified stands could be rejected from the list of fifteen if the selected area (and others within 1 mile) overlapped by more than about 25 percent with another randomly selected area from the list of 5.  In these cases, one of the problem stands was deleted in the random number table and the next number was highlighted.  This selected a new random stand.  This process had to be repeated several times before the stands were sufficiently separated.

After identification of the survey areas, topographical and color or black and white photo-orthoquad maps were produced, showing the delineated model habitat areas and a circle inscribing the intended survey range for each survey-day.  These were used for navigation to the sites in the field as well as for mapping sightings and significant notes.
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Figure 4: An Example of Modeled habitat on the Salem BLM.  Note that no further improvements were made for the Salem BLM model.  Higher probability habitat could easily be modeled in the same way as was done on the Willamette.

Table 1: Summary of Surveys

[image: image5.emf]Corydalis aqua-gelidae ISSSSP Surveys, Summer 2005

Survey Area Elev. Range Date Surveyed Significant Finds Notes

Willamette

  Tumble <=3800, ave 3600 6/28/2005 NJB Bridgeporus nobilissimus Tons of excellent BRNO substrate; excellent COAQ habitat

  Monument 3400-3700 ft 7/12/2005 NJB,ACS Leptogium (cyanescens) excellent habitat, difficult access

  Pigeon 3600, 35-4000 6/15/2005 NJB,JDL Utricularia minor

Very good habitat on N aspect of Timber Butte.  Pidgeon prairie not 

good COAQ habitat - too flat and warm.

  Pinnacle 3500' 6/9/2005 NJB Good habitat.  Tons of waterfalls make travel difficult.

  N. Santiam 3000 - 3400 ft Rejected in favor of alternate.  Too low and stream too large.

  Big Meadows 3600' Rejected in favor of alternate.  Habitat too flat and warm.

  Parks / Crescent 3400-3600'

Rejected in favor of alternate. Habitat too flat, most has been 

intensively surveyed.

  Latiwi 2400-3800'

Rejected in favor of alternate.  Most recent veg layer doesn't code 

the area as special habitat (SA) anymore.  Reason unknown.  Photo 

looks OK, but opted for alternate.

  Two Girls 2700-3100' 6/7/2005 NJB,ACS moderate to poor habitat - too low and warm.

  Carmen Reservoir 2800' 6/1/2005 NJB,JDL

Weeds: CEMA4, PHAR, 

HYPE, SODU, etc

moderate to poor habitat

  Bunchgrass / Kink 2500-2800' 6/1/2005 NJB,JDL Peltigera pacifica

Good habitat.  Peltigera found on way out of survey area in mesic 

forest.

  Gold Hill 3000-3800' 6/15/2005 NJB,ACS Leptogium (cyanescens) Very good habitat.

  S. Fk. McKenzie 2300-2400' 7/7/2005 NJB,JDL Cimicifuga elata

The river habitat is too low, but surveyed N slope of Chucksney 

Mtn also.  Good COAQ habitat on Chucksney, but feels lower in 

elev than it is for some reason.  Cimicifuga found here.  Elevation 

range in this table reflects only official units from first model.

  N. Fk. Middle Fk. Willamette 2400-4200'

Rejected in favor of alternate on other side of ridge (which has a N 

aspect instead of S).

  Salt Creek 2000-3400' Rejected in favor of alternate.  Too low and stream too large.

Willamette Alternates

McQuade 2 3240-4562' 7/12/2005 NJB

Corydalis aqua-gelidae, 

Lobaria linita

Excellent habitat. COAQ found.  Within 1 mi of previously known 

site.  COAQ growing in very cold spring.  Lobaria linita found on 

Chimney Peak on way out of basin to ridgetop - not in COAQ 

habitat.

Jude Harter 3079-4132' 7/11/2005 NJB,ACS Leptogium (cyanescens)

Good habitat on Harter Mtn.  Northern survey area (not on Harter) 

moderate to poor - red alder stand around drainage of swamp.

Pyramid 3122-4998' Not surveyed but looks like excellent habitat.

Gale Hill 2978-4188' Not surveyed, but has some good habitat.

Beabe Freezeout 2624-4280' Not surveyed but looks like excellent habitat.

Canal Box 2581-3824' Not surveyed, but has some good habitat.

Ollallie Ridge 4280-4536' 6/23/2005 NJB Rhizomnium nudum

Excellent habitat.  Difficult access.  Rhizomnium scattered in 

Horespasture Mtn Sitka alder basin.

Buck Mtn 2886-4414' 6/14/2005 NJB

Carex scirpoidea var. 

stenoclaena, Castilleja 

rupicola, Leptogium 

(cyanescens)

Excellent habitat, difficult walking.  CASTS6 found on seepy rock 

face adjacent to COAQ habitat.  CARU found on cliffs on ridge 

bewteen two of the survey areas.  LE(CY) found very near CASTS6.

Little Dome/Shelter 4165-4834' 6/30/2005 NJB Rhizomnium nudum

Decent habitat?  Definitely feels different than the northern habitat.  

RHNU found in COAQ habitat on small stream.

Grasshopper Mtn 4057-4828' 6/29/2005 NJB,JDL Rhizomnium nudum Some exellent habitat here.

Salem BLM

  Green Mtn / Clear Cr 2000-3350' 7/22/2005 NJB,ACS Huperzia occidentalis

Good habitat.  Corydalis scouleri present and locally abundant.  

Lots of Huperzia here.

  Table Rock Fk Molalla R 2200-3100'

6/22/2005 NJB,SP,JJ 

6/27/2005 NJB

Reed canarygrass near 

trailhead

Good habitat.  Corydalis scouleri present.

  Molalla R / Rooster Rk 2200-3900'

6/21&22/2005 NJB, 

SP, JJ

Leptogium (cyanescens), 

Huperzia occidentalis

Excellent habitat.  Corydalis scouleri hyper-abundant on N aspect of 

Table Rock Wilderness.  Sitka alder understories filled with it (so 

dense you can't see the ground in front of you), as well as in some 

moist to mesic coniferous forest areas.  Huperzia located in excellent 

COAQ hab in stream betweeen Image Creek and Deelee Creek.

  Butte Cr 2200-2500' 6/20/2005 NJB,SP,JJ Seems a little too low, but lots of Corydalis scouleri present.

  Copper Cr 2300-3600' 7/21/2005 NJB,ACS Some good to very good habitat, but some seems too low and warm.



Field Surveys

Field surveys of the selected “survey-days” of modeled habitat were completed in the months of June and July 2005.  Because of the difficulty of the terrain and the distances involved in access, it was not always possible to survey as much of the habitat delineated by the model as was anticipated in the planning phase of the project.  The survey-days were planned for an average of 30 acres per day.  In some cases it was possible to survey this quantity (or more) of the identified habitat, but in other cases it was not possible.  In the cases where it was not possible, much of the survey field time was spent walking up thousands of feet of steep streams and riparian habitats to climb to the delineated sites.  This was not necessarily wasted survey, as many of these undelineated stream sections were excellent habitat with higher coniferous canopy cover - which, while not part of the modeled high-probability habitat, was indeed potential habitat.  Table 1 gives some of the important details of these surveys, as well as rationale for inclusion or rejection of an area, and significant finds from the area.  Field surveyors listed in the table are (alphabetically) Noel Bacheller (“NJB”, Botanist, Willamette N.F.), Jessica Jackson (“JJ”, Bio. Tech., Sweet Home Ranger District Willamette N.F.), Jennifer Lippert (“JDL”, Forest Botanist, Willamette N.F.), Suzanne Phillips (“SP”, Bio. Tech., Sweet Home Ranger District, Willamette N.F.), and Alice Smith (“ACS”, District Botanist, Sweet Home Ranger District, Willamette N.F.).
Results
Twenty days of survey were completed as planned, resulting in the discovery of one new Corydalis aquae-gelidae site on the Willamette National Forest from one of the “alternates”.  In addition, 18 new Sensitive/Special Status species sites were incidentally discovered.  These incidental discoveries include the following species: 

Leptogium (cyanescens)(
Carex scirpoidea var. stenoclaena
Utricularia minor
Castilleja rupicola
Lobaria linita

Bridgeoporus nobilissimus

Huperzia occidentalis

Cimicifuga elata
Rhizomnium nudum
The new Corydalis aquae-gelidae site discovered during field survey of modeled habitat has substrate characteristics differing substantially from previously described favorable substrates.  Most known sites of Corydalis aquae-gelidae occur on rocky and gravelly or sandy soils, but the new site located in this study was found to densely occupy an organic “quicksand” muck of about 6” to 1’ in depth.  Firmer gravelly areas were present in scattered locations in the muddy matrix.  The site originates at a cold spring a short distance uphill from the mucky bench.  Because of the extremely high density of Corydalis in the vicinity of the spring, it was impossible to check the soil characteristics at the source without trampling plants.  It seemed however to be much firmer, with some cobble-sized rocks - seemingly more in line with normal substrates.

As expected, survey of the control areas (the closest wet meadows) did not yield any new Corydalis aquae-gelidae sites.  Because survey timing for Corydalis is somewhat earlier than that of most wet meadow species, survey of the controls could have missed some non-target special status and sensitive species such as Ophioglossum pussilum, Botrychium spp., Carex spp., etc.  In addition, due to time limitations, most of the controls were surveyed quickly at a level that would have revealed Corydalis or other charismatic vascular plants, but which would likely be of insufficient intensity to locate special status and sensitive bryophytes and other small or cryptic species.
Discussion
In general, the premises and processes used in producing the habitat model were successful.  Almost all of the modeled habitat that was surveyed in the field seemed to the surveyors to be possible habitat.  The exceptions were mostly habitats occurring on flat ground, below swamps, or at the extreme lower end of the elevation range.  The refinements made in the Willamette “alternates" gave a much improved selection of habitat.

The intitial model (which was based only on vegetation cover and elevation within 1 standard deviation of the Oregon average) identified some marginal-quality habitat, especially  on the Willamette National Forest.  This was mainly due to the inclusion habitat below 3000 feet in elevation.  The Salem BLM habitat was more difficult to assess for suitability due to smaller survey sample size and higher latitude.   It is expected that increased latitude implies a decreased lower elevational limit for the species.  Corydalis aquae-gelidae is known to occur at 550m elevation on the upper Clackamas River, which is much lower than seems habitable by the species in the Willamette National Forest.  Inclusion of lower elevations seems much more appropriate for the Salem BLM, making the elevational limits of the base model more suited for the BLM than for the Willamette.  Because of this latitudinal difference it was necessary to create the Willamette alternates using a higher elevational range and northerly aspect to identify higher probability sites on which to center survey-days.  All of the habitat identified in the Willamette alternates seemed to be excellent, and one of the alternates included a population of the species. 
The refinements made in the Willamette alternates model could easily be applied to the Salem BLM model, but they would make it even more of a high-probability model and less of a potential habitat model.  The initial model already tended more towards a high probability model because of its use of the +/- 1 standard deviation elevational range.  A true potential habitat model would include the whole known elevation.  A more suitable method of narrowing the elevational limits in order to define categories of habitat probability would be to stratify the elevational range proportionally with latitudinal position. 
A model including the whole elevation range of the species was produced for both the Salem BLM and the Willamette National Forest, but this model was not used for identifying survey areas.  After considering the ratio of low-elevation modeled habitat to to higher-elevation modeled habitat, it seemed that too much of the limited field time would be spent surveying areas with a low probability of discovering new sites.  In the interest of increasing the likelihood of actually finding new sites of Corydalis, it was decided that the model should be narrowed to the higher probability habitat defined by the elevational limit of +/- 1 standard deviation.
One fact that may be very relevant to assumptions about habitat model quality is that the Salem BLM model was a very good predictor of Corydalis scouleri habitat.  Four out of five of the BLM survey-days included populations of the species.  Some of these populations were extremely large and healthy (>5 acres continuous canopy cover). Terry Fennell, Salem BLM Cascades Resource Area Botanist, reported that he has found both scouleri and aquae-gelidae growing in the same area, but not immediately adjacent to each other.  It is also worth noting that while Corydalis scouleri was a common component of the modeled habitat on the Salem BLM, none was found on the Willamette National Forest, even in ecologically equivalent communities with almost all of the same component species.  The same is true of Isopyrum hallii.   There are very few known populations of Corydalis scouleri on the Willamette National Forest and they are much smaller and occur at lower elevations than those seen on the Salem BLM during the course of this project.  The Willamette National Forest has no known sites of Isopyrum hallii.  There seems to be an ecological difference between much of the Salem BLM’s Cascade Resource Area and the Willamette National Forest that makes the Willamette’s habitat more marginal for all three of these species. 
Only one of the four Corydalis aquae-gelidae sites reported in ISMS or the Oregon Natural Heritage Information Center’s database for the Salem BLM was predicted by the model, and neither of the sites on the Willamette were predicted.   The Salem BLM sites not predicted by the model were missed because of incomplete streams data.  The Willamette sites were also missed because of GIS data shortcomings.  The stream in which the 1984 site occurs is erroneously listed as an intermittent stream in the streams layer, which removes it from the model.  The 2003 site does not show up in the model because it occurs in an unmapped special habitat stand.  Such deficiencies are not uncommon in either the Salem BLM or the Willamette National Forest GIS data, so by no means is all of the potential habitat mapped by the model.  
Based on results and observations from this modeling and survey effort, the following refinement possibilities are suggested as means of improving the model:

1. Find or develop a GIS dataset of cold water springs (see also suggestion 4 below).
2. Develop or make use of a detailed headwater stream temperature model.  Current models appear to be very computationally intensive and their use would have used up all of the funding for this project, with a questionable payoff.

3. Very high probability habitat could be identified from headwater perennial streams without intermittent streams, swamps, marshes, lakes, or flats above them – this might give a reasonable set of springs or snowmelt streams with colder than average water.
4. Integrate a latitude-based elevational stratification model for categorizing habitat from the base model into higher-probability categories.  For example: between 44°50’ and 45°50’ N latitude, elevations of 1000-2500’ = low, 2500-3000’=moderate, 3000-4000’ = high, 4000-4500’=moderate.  This might also be helped by using aspect as well.
5. The Willamette National Forest’s vegetation GIS layer could be supplemented with WODIP data in the same way as the Salem BLM’s Forest Operations Inventory was supplemented.  This would pick up some of the unmapped special habitats that are currently missing in the vegetation layer.
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		Corydalis aqua-gelidae ISSSSP Surveys, Summer 2005

		Survey Area		Elev. Range		Date Surveyed		Significant Finds		Notes

		Willamette

		Tumble		<=3800, ave 3600		6/28/2005 NJB		Bridgeporus nobilissimus		Tons of excellent BRNO substrate; excellent COAQ habitat

		Monument		3400-3700 ft		7/12/2005 NJB,ACS		Leptogium (cyanescens)		excellent habitat, difficult access

		Pigeon		3600, 35-4000		6/15/2005 NJB,JDL		Utricularia minor		Very good habitat on N aspect of Timber Butte.  Pidgeon prairie not good COAQ habitat - too flat and warm.

		Pinnacle		3500'		6/9/2005 NJB				Good habitat.  Tons of waterfalls make travel difficult.

		N. Santiam		3000 - 3400 ft						Rejected in favor of alternate.  Too low and stream too large.

		Big Meadows		3600'						Rejected in favor of alternate.  Habitat too flat and warm.

		Parks / Crescent		3400-3600'						Rejected in favor of alternate. Habitat too flat, most has been intensively surveyed.

		Latiwi		2400-3800'						Rejected in favor of alternate.  Most recent veg layer doesn't code the area as special habitat (SA) anymore.  Reason unknown.  Photo looks OK, but opted for alternate.

		Two Girls		2700-3100'		6/7/2005 NJB,ACS				moderate to poor habitat - too low and warm.

		Carmen Reservoir		2800'		6/1/2005 NJB,JDL		Weeds: CEMA4, PHAR, HYPE, SODU, etc		moderate to poor habitat

		Bunchgrass / Kink		2500-2800'		6/1/2005 NJB,JDL		Peltigera pacifica		Good habitat.  Peltigera found on way out of survey area in mesic forest.

		Gold Hill		3000-3800'		6/15/2005 NJB,ACS		Leptogium (cyanescens)		Very good habitat.

		S. Fk. McKenzie		2300-2400'		7/7/2005 NJB,JDL		Cimicifuga elata		The river habitat is too low, but surveyed N slope of Chucksney Mtn also.  Good COAQ habitat on Chucksney, but feels lower in elev than it is for some reason.  Cimicifuga found here.  Elevation range in this table reflects only official units from first model.

		N. Fk. Middle Fk. Willamette		2400-4200'						Rejected in favor of alternate on other side of ridge (which has a N aspect instead of S).

		Salt Creek		2000-3400'						Rejected in favor of alternate.  Too low and stream too large.

		Willamette Alternates

		McQuade 2		3240-4562'		7/12/2005 NJB		Corydalis aqua-gelidae, Lobaria linita		Excellent habitat. COAQ found.  Within 1 mi of previously known site.  COAQ growing in very cold spring.  Lobaria linita found on Chimney Peak on way out of basin to ridgetop - not in COAQ habitat.

		Jude Harter		3079-4132'		7/11/2005 NJB,ACS		Leptogium (cyanescens)		Good habitat on Harter Mtn.  Northern survey area (not on Harter) moderate to poor - red alder stand around drainage of swamp.

		Pyramid		3122-4998'						Not surveyed but looks like excellent habitat.

		Gale Hill		2978-4188'						Not surveyed, but has some good habitat.

		Beabe Freezeout		2624-4280'						Not surveyed but looks like excellent habitat.

		Canal Box		2581-3824'						Not surveyed, but has some good habitat.

		Ollallie Ridge		4280-4536'		6/23/2005 NJB		Rhizomnium nudum		Excellent habitat.  Difficult access.  Rhizomnium scattered in Horespasture Mtn Sitka alder basin.

		Buck Mtn		2886-4414'		6/14/2005 NJB		Carex scirpoidea var. stenoclaena, Castilleja rupicola, Leptogium (cyanescens)		Excellent habitat, difficult walking.  CASTS6 found on seepy rock face adjacent to COAQ habitat.  CARU found on cliffs on ridge bewteen two of the survey areas.  LE(CY) found very near CASTS6.

		Little Dome/Shelter		4165-4834'		6/30/2005 NJB		Rhizomnium nudum		Decent habitat?  Definitely feels different than the northern habitat.  RHNU found in COAQ habitat on small stream.

		Grasshopper Mtn		4057-4828'		6/29/2005 NJB,JDL		Rhizomnium nudum		Some exellent habitat here.

		Salem BLM

		Green Mtn / Clear Cr		2000-3350'		7/22/2005 NJB,ACS		Huperzia occidentalis		Good habitat.  Corydalis scouleri present and locally abundant.  Lots of Huperzia here.

		Table Rock Fk Molalla R		2200-3100'		6/22/2005 NJB,SP,JJ 6/27/2005 NJB		Reed canarygrass near trailhead		Good habitat.  Corydalis scouleri present.

		Molalla R / Rooster Rk		2200-3900'		6/21&22/2005 NJB, SP, JJ		Leptogium (cyanescens), Huperzia occidentalis		Excellent habitat.  Corydalis scouleri hyper-abundant on N aspect of Table Rock Wilderness.  Sitka alder understories filled with it (so dense you can't see the ground in front of you), as well as in some moist to mesic coniferous forest areas.  Huperzia located in excellent COAQ hab in stream betweeen Image Creek and Deelee Creek.

		Butte Cr		2200-2500'		6/20/2005 NJB,SP,JJ				Seems a little too low, but lots of Corydalis scouleri present.

		Copper Cr		2300-3600'		7/21/2005 NJB,ACS				Some good to very good habitat, but some seems too low and warm.
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