Appendix 1

Spatial Model of Optimal Habitat for the Siskiyou Mountains Salamanders north of the Siskiyou Crest
Ed Reilly, David Clayton, Richard Nauman, Deanna Olson, Hart Welsh, Brenda Devlin

A landscape level habitat prediction model was developed utilizing existing geographic (i.e., GIS) data layers to display the location and extent of the features known to be associated with occupied salamander sites. This model was developed for the entire range of the northern population of the Siskiyou Mountains salamander, Plethodon stormi.

Previous researchers and naturalists (e.g., R.M. Storm, R.A. Nussbaum, D. Clayton, R.B. Bury, others; see Habitat, above) have offered evidence that a prerequisite for salamander habitat is rocky cobble or talus soils with cool, moist conditions. In 2001, Ollivier et al. published the results of a field level analysis undertaken to determine stand level habitat associations for Siskiyou Mountains salamander. Their study design included a stratified systematic approach with random site selection. Two strata used were forested stands (pre-canopy to old seral stages) with rocky substrates. This design allowed inference to the sampled landscape which includes the area of this conservation strategy. We examined their results to determine whether or not there were correlates with salamander presence that could be modeled across the landscape using available GIS coverages. We found three variables from the Ollivier et al. (2001) research having apparently strong association with salamander presence that could serve in such a model. These included rocky soil types with adequate interstitial spaces, forest canopy closures above 70% and conifer forest types with average tree size above 17 inch DBH (Diameter Breast Height). A fourth variable was derived during the course of our investigations, illumination index. These associations and the spatial coverages used relative to each are described further below.

Rocky substrates were included as a baseline stratum defining “minimum essential habitat” for Siskiyou Mountain salamanders in the Ollivier et al. (2001) study.  For our spatial habitat model, digital soil survey maps from Jackson and Josephine Counties, Oregon (1999), along with U.S. Forest Service Level 2 Soil Resource Inventory (SRI) mapping (1983) were used to determine the locations of suitable rocky talus and cobble soil types. Generally rock types with known locations of the salamander as well as rock types with 50 percent or more of gravel or cobble content were used in the model. 

Ollivier et al. (2001) reported canopy closure and larger conifer tree diameters were associated with salamander presence.  In Oregon, they found that the most occupied sites had minimum canopy closures > 60%, and that the average minimum canopy closure at occupied sites was 78%, with a 95 % confidence interval ranging from 71 to 84%. Average canopy closures at most occupied sites were >70%. We used 70% canopy closure in our modeling effort of optimal salamander habitat. Larger conifer trees also were included in Oregon models explaining salamander presence produced by Ollivier et al. “Large trees” were defined as those with diameters 53 cm and larger (20.8 inches). They also found a negative relationship with small conifer basal area and a positive relationship with an understory of hardwoods. We further analyzed their conifer tree data to examine the descriptive statistics of conifer tree sizes and other stand components at occupied sites.  We found the mean diameter at breast height (DBH) for all conifers at occupied sites was 17 inches. At Ollivier et al. sites without salamander detections, trees were an average of 13 inches DBH.  Similarly, the mean DBH for Douglas-fir trees (Pseudotsuga menziesii) was 17 inches at occupied sites. Over 90% of the detections occurred within stands with tree sizes of 15.7 inches and greater. Re-examining the stand ages at occupied sites, we found that <25% of stands with salamanders were <80 years old, in comparison to 42% of stands without salamanders being <80 years old.  We considered this discrepancy a reflection of likely historical stand conditions in the area, and conditions to which these salamanders have likely existed (i.e., salamanders occurring in older stands, and hence in areas with larger tree sizes).  Larger trees and older stands also may reflect more stable habitats through time, to which salamanders may consequently have more established populations.  In this conceptual model, we felt larger conifer DBH was an indicator of both good habitat quality and stability, potentially resulting in local subpopulations with higher likelihoods of persistence. Thus, in order to develop a model of high quality or optimal habitat conditions for this animal, we used the mean DBH rather than a standard error or deviation measure; we used conifer diameters > 17 inches.  

For our spatial model, canopy closure and average stand level tree size were derived from a 1995 remote sensing vegetation classification map. This map was created from Landsat 7 satellite imagery processed by Geographic Resource Solutions of Arcata, California, and was funded and administered as a cooperative project between U.S. Forest Service and Bureau of Land Management. 
Ollivier et al. (2001) results include attributes associated with ground microclimate. Cool and moist conditions are known to be associated with surface activity of these animals, and is suspected to be associated with occupancy patterns. They found associations between canopy closure and stand microclimate, and surmised that forest canopy served to retain surface conditions suitable for these salamanders. Similarly, large trees may be a surrogate for some microclimate elements. Aspect was an attribute included in the Ollivier et al. model for Oregon sites, with salamander presence associated with north-facing slopes.  We considered using aspect in our spatial modeling effort, but felt that a better indicator of microclimate also would include an integration of topography and sun position. We investigated the “illumination index” available in GIS. Illumination describes the amount and extent of solar radiation reaching the earth’s surface at any given point. Illumination differs from aspect in that aspect only describes which direction a slope or earth mass is facing. Illumination takes into account the land masses that may block the sun and cast shadow. Various alignments of mountains and valleys can cast deep shadow into ravines and canyons thus supplying the needed shade conditions that allow an area to remain moister throughout the summer months. For our model, solar illumination was derived from a 10-meter resolution USGS Digital Elevation Model. The latitude and longitude of a location within the range of P. stormi was used to compute a position for the sun and noon on June 21, the time of the year when the sun would be at its maximum height. Using the ESRI Arcview hillshade command, an illumination model was created and used as part of the matrix for the potential habitat model. We found an association between dark illumination and occupied salamander points, using the Ollivier et al. data.   Subsequent analyses have supported this association between salamander presence and the “dark side” (Welsh et al., 2007; Suzuki and Olson, Appendix 2). 

The four factors outlined above were combined and mapped to show areas with rocky substrate, forest stands with average tree size of 17 inches DBH or greater and 70% canopy or greater. In addition, the solar illumination was added to display areas with high proportion of shade in the summer. The resulting map (Figure A1.1) of potential salamander habitat was used for delineation of high quality habitat to be used for conservation planning and the establishment of salamander management sites. 
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Figure A1.1: Map of the optimal habitat areas (brown) predicted from this spatial model. 
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Appendix 2

Assessment of Risk to Conservation of Siskiyou Mountains Salamanders in the Applegate Watershed

Nobuya (Nobi) Suzuki, Department of Zoology, Oregon State University, Corvallis.
Deanna (Dede) Olson, USDA Forest Service, Pacific Northwest Research Station.

Due to a lack of sufficient biological and ecological information, it is often difficult for conservation biologists and planners to conduct a population viability analysis or to develop an effective conservation plan for rare species.  The Siskiyou Mountains salamander (Plethodon stormi) is a rare endemic species only found in the Siskiyou Mountains in southwestern Oregon and northwestern California.  It is a U.S.D.A. Forest Service Sensitive Species in Region 6 and Region 5; a U.S.D.I. Bureau of Land Management, Sensitive Species in Oregon; and it was formally classified as a survey and manage species under the U.S. federal Northwest Forest Plan and currently is petitioned for protection under the federal Endangered Species Act.  
Habitat associations for Siskiyou Mountains salamanders were quantified using field data on habitat attributes measured at systematically located survey points (Ollivier et al. 2001).  Because detailed habitat characteristics cannot be readily inventoried in the field for a broad landscape, application of habitat models developed from field data are inherently limited in geographical scope.  In contrast, some habitat attributes, such as dominant vegetation types and many abiotic characteristics, can be efficiently estimated over an entire landscape using remote sensing or other related techniques without an intensive field sampling.  Such inventory information across the landscape has become increasingly available on Geographic Information Systems (GIS) databases in recent years for many geographic regions.  
Along with habitat information, GIS databases typically include spatial distributions of factors that may impose risk to persistence of species across the landscape.  Some of the potential risk factors for late-seral associated species may include land allocation and ownership pattern, road density, fuel accumulation in fire prone areas, and management activities considered for the wildland-urban interface.  In the present study, we propose that information from GIS databases can be used to assess vertebrate-habitat relationships and to develop habitat suitability models that are applicable at broad spatial scales for Siskiyou Mountains salamanders.  Furthermore, we evaluate relative likelihood of persistence for Siskiyou Mountains salamanders across the landscape by quantifying the distributional relationship among habitat suitability, known species distributions, and potential risk factors. 

Our objectives were: 1) to develop a GIS based habitat suitability model for the northern population of Siskiyou Mountains salamanders in the Applegate watershed of Oregon; and 2) to develop a landscape map to assess risks to persistence of Siskiyou Mountains salamanders in the Applegate watershed.

Methods

Habitat Suitability Model
We tested association of Siskiyou Mountain Salamanders with the following habitat variables available from GIS layers: June solar illumination, distribution of rocky soils, distribution of Douglas-fir, distribution of Oregon white oak, and distribution of white fir.  The original GIS layers of solar illumination, distribution of rocky soils, and vegetation classification were described in Reilly et al. (Appendix 1).  For distribution of tree species and rocky soils, we counted number of original pixels (25 m x 25 m) where each tree species was recorded as dominant or soil type was classified as having rocky substrate; the pixels were counted for every 100-acre grid cell across the range of the northern population of Siskiyou Mountains salamanders in the Applegate watershed.  Similarly, June solar illumination was calculated for every 100-acre grid cell by averaging solar index values of original pixels (10 m x 10 m).  We used 39 spatial coordinates with positive detection of Siskiyou Mountains salamanders identified by Ollivier et al. (2001) and also generated 39 random spatial coordinates for this study.  Values for the 5 habitat variables from 100-acre grid cells were compared between 39 spatial coordinates with salamander detections and 39 random spatial coordinates using logistic regression analysis (SAS Institute Inc. 1995).  The logistic regression model was used as a habitat suitability model to evaluate relative probability of species occurrence across the landscape and also included in the subsequent assessment of conservation risk.  Because the random coordinates were selected retrospectively, the logistic regression model does not produce estimates of prospective probability of occurrence; however, the estimates of coefficients for explanatory variables from retrospective study are same as those from prospective study (Ramsey and Schafer 1997:596).  Therefore, the model was sufficient to produce relative estimates of probability for species occurrence across the landscape.  Based on the logistic regression model, we calculated relative probability of salamander occurrence for all the 100-acre grid cells and produced a spatial map of habitat suitability for the northern population of Siskiyou Mountains salamanders.  The corresponding GIS coverage of habitat suitability was used in the subsequent assessment of conservation risk.   

Assessment of Conservation Risk
A risk map assesses relative risk to persistence of a species or its habitat across a given landscape.  We defined risk as a relative measure for likelihood of persistence of a species or its habitat on a given landscape.  To quantify risk (relative measure for likelihood of species persistence), we divided the project area into 2712 100-acre (40ha) grid cells and quantified 4 factors of risk and 2 factors of species persistence within each grid cell using GIS layers of these 6 factors.  Four factors of potential risk included land-allocation type, road density, relative potential for stand replacement fire, and Wildland-Urban Interface (WUI) boundary.  These four factors potentially reflect gradients of disturbance with adverse effects to habitats occupied by Siskiyou Mountains salamanders.  Assumptions of risk were subjective assessments due to a lack of data on impacts of these possible factors on salamander survival or reproduction.  Two factors of species persistence included known species occurrence and habitat suitability.  For these 2 factors, we assumed likelihood of persistence increased with known occupancy and occurrence of habitats highly associated with species detections.  In quantifying risk scores for 100 acre-grid cells on GIS layers, each of 6 factors (4 risk and 2 persistent factors) was measured in such a way that higher score indicated higher relative risk to persistence.  For example, the reciprocal of habitat suitability was used so that areas with potentially poor habitat suitability would generate higher scores, indicating high risk to persistence (or low relative likelihood of persistence) in such areas.  Risk associated with land-allocation type was based on the proximity and size of reserves and intensities of management activities allowed by current regulations on different land allocations.  According to these criteria, the lowest risk rank of 1 to the highest risk rank of 4 was assigned to the following land allocation types: wilderness areas and late-successional reserves = 1, riparian reserves and spotted owl reserve = 2, federal AMA/matrix lands = 3, and private lands = 4.  For a 100 acre grid, we determined risk score of land allocation by first multiplying area of each land type by corresponding risk rank and then by adding these numbers among all land types.  Risk scores of WUI were based on areas of WUI boundaries in grid cells assuming potential increases in risk with increasing areas of WUI boundaries.  To determine relative potential for stand-replacement fire, number of original pixels (25m x 25 mc) with high fire risk was counted for 500-acre area around every pixel on the original GIS layer; these numbers were then averaged for each 100 acre grid cell across the project area.  We assumed risk to persistence of salamanders would increase with increasing potential for stand-replacement fire.  Road density was also quantified within each 100 acre grid cell assuming that the risk would increase with increasing road densities.  After quantifying all 6 factors across the landscape, we standardized the risk scores for each factor to the unit of standard deviation so that 6 factors were comparable to each other in the same unit.  For a given factor, standardized score indicated deviation of each score from the average of all scores in number of standard deviations.  The sum of standardized scores from all 6 factors was calculated for each grid cell to produce a total risk score of a grid cell.  Summed scores were used as a simplistic approach because relative importance of various risk and persistence factors is unknown.  A more sophisticated model could weight these factors.  All 100-acre grid cells were ranked from the lowest to highest risk based on the total summed risk scores, and percentiles were assigned.  The percentiles of risk scores represent the measure of relative likelihood of persistence and were projected on z-axis in 3 dimensional maps of relative risk to persistence of Siskiyou Mountains Salamanders in the Applegate Watershed.

Results and Management Implications

The occurrence of Siskiyou Mountains salamanders was positively associated (P < 0.05) with the distribution of rocky soils and negatively associated with the distributions of Oregon white oak and white fir trees and June solar illumination.  Occurrences were also positively associated with the distribution of Douglas-fir trees when Oregon white oak and white fir were not in the model.  The logistic regression equation with these habitat parameters correctly classified 84% of occupied sites as occupied sites and 72% of random sites as random sites with overall classification level of 78%.  Based on the final logistic regression model, probabilities of detection were calculated across the landscape and used as a measure of habitat suitability for the Applegate watershed (Figure A2.1).  The model was also visually examined its validity by overlaying all the currently known sites of Siskiyou Mountain salamanders on the habitat suitability map.

[image: image2.jpg]



Figure A2.1.  Map of habitat suitability for Siskiyou Mountains salamanders based on detection probabilities predicted by the logistic regression model.  Darker colors represent higher probabilities of detection.  Overlay of currently known salamander sites indicates good correspondence between the model predictions of suitable habitat and the actual occurrence of salamanders. 

The risk map identified areas in the Applegate watershed that are potentially low risk to the persistence of Siskiyou Mountains salamanders (Figures A2.2 and A2.3).  This map does not represent elevation, but rather, the z-axis reflects risk.  However, due to a correspondence of risk and persistence factors to some geographic parameters, such as aspect, a topographic signature can be detected.  Figure  A2.3 (see “b” on map) shows an area of the landscape with a north-facing slope (i.e. dark illumination) with rocky substrates and lower fire hazard.  Some land ownership signatures also emerge on the map (Figure A2.3, see “c” on map).  The overall pattern shows a mosaic of risk to salamander persistence.  Natural land anthropogenic factors are included and a patchy survivorship trajectory at the landscape scale can be envisioned.  

In developing the conservation strategy for this species, the map was used to assess gaps and validity of high priority conservation sites determined by the conservation planning team.  The revisions of high priority sites determined by conservation experts were generally in agreement with the distribution of low risk areas in the map; however, some high priority sites were strategically located in high risk areas to maintain the well balanced distribution of high priority sites across the landscape.  Based on our trial application, we suggest the following utility of our risk map:

1) risk map can be used to identify potential high priority sites for conservation;

2) risk map can be used to modify existing or proposed conservation areas;

3) risk map can be used to identify existing sites in high risk areas;

4) risk map can be modified for other species; and

5) risk map can be used to increase consistency and repeatability of conservation assessment decisions relative to mapped concerns.
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Figure A2.2.  Oblique view of conservation risk map for Siskiyou Mountains Salamanders in the Applegate Watershed, southwestern Oregon.  Peaks and valleys represent higher and lower risk areas, respectively.  Each of 9 color bands represents change in risk of approximately 11 percentiles.  For example, the brightest blue areas (see circles) represent areas with the lowest risks to persistence (or grid cells with total risk scores at 11 percentile or lower), whereas the white peaks are areas with the highest risks to persistence (or grid cells with total risk scores at 89 percentile or higher).        
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Figure A2.3.  A top view of conservation risk map clearly defining the distribution of blue areas with low risk to persistence (or high relative likelihood of persistence) for Siskiyou Mountains salamanders.  Landscape patterns that emerge include: a) federal reserves in low fire hazard areas and suitable habitat; b) north-facing slopes resulting in suitable habitat and low fire risk; and c) private lands with less suitable habitats.

Some limitations of the risk map included:
1) future habitat changes were not considered;

2) risk map is not a prediction of actual likelihood of persistence but is a relative measure of likelihood based on user defined risk factors; and 

3) a measure of uncertainty was not considered in our risk map.
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Appendix 3
High Priority site Identification and Selection Criteria
	Watershed

Name
	Site Id Number
	Existing Database Number 
	Applicable Priority Selection Criteria
	Approx.

Size of Site (Acre)
	Recommended

Management Strategy
	Comments

	Slagle Creek
	SL1
	
	F, K
	17
	2
	All sites in watershed peripheral to range; SMA SL1 extends SW of site; in WUI

	
	SL2 


	
	G, H, K, N
	27 
	2
	Site adjacent to and inclusive of Riparian Reserve (RR);  in WUI

	
	SL3


	
	F, K, Q
	30
	2
	Northernmost site in watershed (and range), ridgetop; in WUI

	
	SL4
	
	D, G, H, K, N
	67
	2
	Coincident with 100-acre LSR and RR; in WUI

	Thompson Creek
	TH1
	Merges sites Ollivier 324, 322 323, 294
	D, N
	23
	2
	Entire stand above the road in good habitat 

	
	TH2
	ISMS 605
	F, G, H
	25
	2
	Includes RR, SMA extends NW of site and NW of RR,

	
	TH3
	10002 and 10003
	H, I
	70
	2
	In canyon RR, high fire hazard, north facing slope

	
	TH4 


	08001
	C, H, N
	23
	2
	Near RR, good habitat; good connectivity to next drainage; in WUI

	
	TH5
	318 and 319 and 320, 09002; 09003
	D, G, N
	130
	2
	SMA extends southward; best habitat on BLM land, down ridge



	
	TH6
	19001
	F, H, N
	31
	2
	Only site in entire canyon; Merged with LSR-100



	
	Th7
	20001; 20002
	F, H, N
	51 
	2
	In good habitat, but habitat in area limited overall; near RR



	
	TH8
	08B
	F, H, N, Q
	11
	2
	Ravine location; fair habitat

	
	TH9 


	ISMS 617
	F, H
	97
	2
	Totally in owl reserve100-acre LSR



	
	TH10 
	32001
	F, N
	72
	1
	Good habitat; large diameter trees

	Sturgis Creek
	STU1 


	DCO12
	F, H, N
	49
	1
	In 100-acre LSR; near RR; good habitat



	
	STU2
	ISMS 141
	H, J, L, N
	137
	2
	2 sites merged; in RR of class 2 stream, NE aspect

	
	STU3
	03C
	A, F, H, 
	8
	1
	NE facing, remnant habitat, SMA goes northeast to RR

	Steve’s Fork

Creek
	STE1 


	DC010
	A, F
	27
	1
	Impacted watershed, remnant habitat, SMA extends S to abut 100-acre LSR; 

	
	STE2


	DC011
	A, F
	23
	1
	Remnant habitat, SMA extends SE to NE facing slope, 

	Spencer 

Gulch
	SPN1


	ISMS 651
	A, F, I, M
	23
	2
	SMA in well defined canyon; good habitat; WUI

	
	SPN2
	17002 18001
	A, F, N
	52
	1
	SMA extends north of site; good, contiguous habitat

	Middle Fork 

Creek
	MF1 


	Merged sites 802 and 803
	C E, G, I, N
	146
	Management Strategy 2 along ridgeline approx 200 ft and Strategy 1 down slope along crest,
	In Red Butte’s Wilderness, large LSR, large contiguous block of high quality habitat that is a species refugia. 

This area joins RRNF and KLNF and is a key gene flow area as the low point in Siskiyou crest. 

	
	MF2
	CVS 2005088; ISMS 156, 807, 808,428 (820); Ollivier 109, 108
	E, F, G, N
	35
	1
	Band of sites and habitat along east side of Middle Fork Applegate River in LSR, multiple sites merged

	
	MF3
	66A
	F, G, N
	111
	1
	Only site on west side of river in this area, habitat block,

	
	MF4


	Ollivier 135; ISMS 804
	F, H
	36
	1
	In RR on south side of river and west side of private block

	Middle Fork Creek
	MF5


	Ollivier 140/ ISMS 809
	F, H
	36
	1
	In RR and 100-acre LSR, west side of river, no additional habitat needed other than RR and LSR, merged with due to contiguous habitat

	
	MF6 


	Ollivier 141
	F, N
	151
	1
	Adjacent to but not in LSR, above road, abutting reserve,

	
	MF7


	Ollivier

122; 64B, 64C
	H, N
	41
	1
	Oldest stand in region, small site, south facing slope above it, north side of river, connect 3 sites in riparian area with 2 tree ht buffer,

	
	MF8
	62D
	F, H, N
	58
	1
	In RR and 100-acre LSR, west side of river, no additional habitat needed other than RR and LSR, use existing reserve as boundary

	
	MF9 
	DC 009; Ollivier 187
	F, K, N
	46
	1
	Peripheral in elevation, habitat good, small canyon to connect towards adjacent RR

	Dutch Creek
	DU1


	ISMS 4096
	E, N
	26
	1
	In LSR, all very good habitat, access impaired, extensive continuous habitat in LSR

	
	DU2
	ISMS 0644
	E, N
	19
	1
	Extensive continuous habitat in LSR

	Upper Elliot Creek
	UE1


	DC 008
	A, F, H, K, N
	67
	1 
	Refugia in fragmented watershed, SMA to south between 2 RRs and connects to LSR,

	
	UE2 


	DC 007; 58C
	A, H, K
	18
	1
	Refugia, augmenting existing RR

	
	UE3
	DC 001; DC 004
	A, F, K, N
	21
	1
	2 merged sites, elevation periphery and edge periphery

	
	UE4 


	DC 003; 56A
	A, F, H, K, N
	18
	1
	Augmenting existing RR by 17 ac, 3 sites merged

	Lower Elliot

Creek
	LE1 


	60B
	F, H, I, K, N
	36
	1
	Creek dissects east to west, habitat in south; good site at present, SMA to connect RRs 

	
	LE2 
	DC 005
	A, B, F, I, K
	13
	1
	Next to private, redundancy factor in high fire risk area, so keep because these may be at risk to disturbance, add to riparian areas south and north, fuels reduction should be considered

	
	LE3


	DC 006
	A, B, F, I, L
	47
	 1
	Species diversity hotspot; diverse herpetile species found at site

	
	LE4


	2005096
	A, D, F, A, H
	77
	1
	In LSR, extensive habitat, abutting private, large continuous block north to river,

	
	LE5


	ISMS 159
	C, H, N
	28
	1
	In LSR, high quality habitat

	
	LE6 


	ISMS 823; Ollivier 131
	H, L
	31
	1
	Hutton Guard Station; productive site 

	
	LE7 
	Ollivier 182
	
	28
	1
	In LSR, small site, oaks, productive site,

	
	LE8


	59A
	
	26
	1
	South facing, redundancy, north side of watershed, include RR,

	
	LE9 
	ISMS 824; Ollivier 144
	
	41
	1
	Merged 2 locations, in LSR and in 100-acre LSR, includes RR

	Joe Creek
	JO1


	ISMS 092
	A, F H
	19
	2
	In RR and LSR, east of stream, popular collecting area in 50’s and 60’s (productive site)

	
	JO2 


	ISMS 825; Ollivier 145
	FCHA
	27
	1
	In LSR, potential for connectivity to northwest to LE9

	
	JO3


	ISMS 093, 094, 095, 645
	A, F, H
	27
	1
	In LSR, merging contiguous habitat of 4 sites, on north slope and both sides of stream

	Carberry Creek
	CA1


	39C
	A, H, N
	91
	1
	Augment 100-acre LSR and RR with small strip (7 ac) in between, north facing slope

	
	CA2
	36C
	A, H, N
	88
	2
	Along RR, borders WUI

	
	CA3


	ISMS 146
	A, F, H
	29
	2
	In RR, in WUI, SMA along RR above road

	
	CA4
	ISMS 147, 806; Ollivier 215
	A, F, H, N
	23
	2
	Merging 2 sites in RR and 100-acre LSR, augment reserves on west side of creek in SE facing slope by about 4 ac, in WUI,

	
	CA5 
	37C
	A, F, H, N
	37
	2
	In RR adjacent to 2 100-acre LSRs, no additional habitat needed, in WUI

	
	CA6
	ISMS 615
	A, F, H, N
	22
	1
	Augment RR by 4 ac on north side of creek and south side of tributary junction by 15 ac

	Humbug
	HU1
	3904w 02002
	N, I
	40
	1
	In WUI; High fire zone due to high canopy; Nice habitat

	
	HU2
	3904w12004, 12003; 12005
	N
	99
	1
	Contiguous habitat patch with other known sites 

	
	HU3
	3903w06001;

3903w06002; ISMS 829
	C, E, N
	49
	1
	In RR and LSR-100; contiguous habitat with other known sites

	
	HU4
	Bury 014, Ollivier 295
	E, N
	90
	2
	In LSR-100; large block of habitat

	
	HU5
	3903W05004
	F, G, E, J, K
	37
	2
	Augment RR

	
	HU6
	16B
	A, B, 
	10
	2
	In RR,, bottom and small canyon

	Palmer Creek
	PA 1
	Ollivier 162, ISMS 810
	E, F, J, N
	19
	2
	On edge of sub-watershed and in WUI, associated with developed recreation site

	
	PA2
	ISMS 638
	J, N, L
	11
	2
	Large area of good habitat, productive site; in WUI but on other side of river from community

	
	PA3
	34D
	E, F
	34
	2
	Close to the heart of the range; in RR

	
	PA4
	31A
	F, N
	37
	1
	Close to the heart of the range; in Kinney Creek; large block of habitat

	
	PA5
	ISMS 145; 29B
	E, F
	29
	1
	Close to the heart of the range; in RR and LSR-100

	
	PA6
	30A
	E, F, N
	37
	1
	Close to the heart of the range; adjacent to RR; large block of habitat

	
	PA7
	32D
	F, I
	59
	2
	Close to heart of range; south facing slope, high fire risk; variety of conditions to maintain

	
	PA8
	ISMS 602
	F, I, N
	67
	1
	In RR, moderate risk from fire; large site

	
	PA9
	27A
	E, F, N
	55
	1
	Close to the heart of the range; in RR and LSR-100

	
	PA10
	33B
	E, F
	18
	2
	Close to the heart of the range; in RR 

	Beaver Creek
	BE1
	25D
	E, F, N
	16
	1
	Good habitat extends eastward of site; at edge of LSR-100 and RR

	
	BE2
	ISMS 817; Ollivier 238
	J, N
	28
	
	Small but productive site; moderate fire zone (in WUI)

	
	BE3
	Ollivier 240
	J, N 
	25
	2
	In WUI; large bock of habitat

	
	BE4
	ISMS 814
	F, N
	28
	2
	Good habitat to the west and south east

	
	BE5
	Ollivier 168
	E, F, N
	25
	2
	Good habitat; in RR

	
	BE6
	ISMS 815; Ollivier 176
	E, F, N
	33
	1
	In RR and near LSR-100

	
	BE7
	ISMS 812, 816, Ollivier 177, 179
	E, L, N
	104
	1
	Good habitat;10 herptile species detected, high diversity; in LSR-100 

	
	BE8
	39003W33002
	B,C,D,E,F,J,M,N
	20
	2
	Good habitat, RR

	
	BE9
	3903W34b0006
	B,C,D,E,F,J,M,N
	17
	2
	RR, in head of drainage

	
	BE10
	3903W35Bo021
	B,C,D,E,F,J,M,N
	37
	1
	GOOD HABITAT , Connects 2 RRs

	Applegate Lakefront
	AP1
	Ollivier 291
	N
	56
	1
	Good habitat; high risk and hazard; north slope old-growth (300 years)

	
	AP2
	ISMS 819
	E, F, I, N
	48
	1
	Good habitat in RR and in developed recreation site; small site with moderate fire risk

	
	AP3
	ISMS 824
	I, N
	66
	1
	Productive site; high risk and hazard, adjacent to lake with high public use

	
	AP4
	41A
	E, F, I, N 
	29
	1
	In RR; adjacent to private land; moderate risk for fire

	
	AP5
	40B
	E, F, N
	33
	2
	In RR, small site in developed recreation site

	Squaw Creek
	SQ1
	48A
	E, F
	21
	2
	In RR and LSR-100

	
	SQ2
	47A
	E, F
	25
	1
	Habitat extends northwest; in RR and LSR-100

	
	SQ3
	46A
	E, F
	23
	1
	Habitat extends south to north facing slope; in RR and LSR-100

	
	SQ4
	45A
	E, N
	78
	1
	In RR and LSR- 100; good habitat in north facing canyon

	
	SQ5
	44A, 44B
	E
	36
	1
	In RR and LSR- 100

	
	SQ6
	51B
	A, F, N
	51
	1
	Only site in north end of watershed

	Star Gulch
	ST2
	Bury 017
	A, B, C, E, G, N, L
	23
	1
	Adjacent to LSR-100

	
	ST3
	3904W18001
	B, C, D, E, F, M, N
	29
	2
	Adjacent to LSR-100

	
	ST4
	11A
	B, C, D, E, F, M, N
	40
	1
	Adjacent to LSR-100

	
	ST5
	Bury 016
	B, E, F, G, M, N
	43
	1
	Habitat extends northwest from site; in RR 

	
	ST6
	60000134/

60000592
	B, E, F, G, M, N
	28
	1
	In RR two-merge adjacent sites

	
	ST7
	12A
	B, C, D, E, F, G
	25
	1
	In RR

	
	ST8
	60000591
	B, D, E, F, G, L, J
	35
	2
	In RR

	
	ST9
	3903W23001ASHRA
	B, D, E, F, I, M, N
	48
	2
	In RR

	
	ST10
	3903W26BO025
	B, C, D, F, G, J, L, N
	181
	2
	In RR; large site to merge with 7 other points (ISMS 3903W27bo024; 3903W26bo028; 029; 030; 026; 027; 031)

	
	ST11
	10A
	G, A, M, N,
	27
	1
	In RR

	Star Gulch 
	ST12
	13C
	G, A, M, N,
	37
	2
	In WUI, RR. Low elevation

	
	ST13
	3903w08002
	B, G, A, M, N,
	14
	2
	In WUI, in RR, 

	Lower Little Applegate
	LLA1
	60000832/ Ollivier 112
	B, D, E, F, G, J, L, M, N
	57
	1
	In LSR-100

	
	LLA2
	60000623
	A, B, D, E, K, L, M, N
	31
	1
	Merge with 3 other BLM sites in RR (ISMS 3903W25bo035; 3903W26bo036; 3903W36bo038

	
	LLA4
	ISMS 3903W24bo052
	B, D, F, G, J, K, M, N
	24
	2
	Use upper BLM site for plot

	
	LLA5
	18F/ 60000624
	B, D, E, G, J, K, J, L, N
	50
	2
	In RR; edge of range

	
	LLA6
	ISMS 3903W25bo047; ISMS 3903W25bo048
	B, D, E, H, J, K, L, M, N
	34
	2
	In RR, canyon, north facing, habitat extends to the east

	
	LLA7
	ISMS 3903W36bo0485
	A, D, E, K, M, N
	25
	2
	Merge with other sites ISMS 3903W36bo044; 3903W36bo046

	Yale Creek
	YA1
	60000155
	A, B, C, D, F, G, H, J, K, M, N
	45
	2
	In RR; edge of range, use RR for site


 Appendix 4

Managing for the Siskiyou Mountains Salamander (Plethodon stormi)

in Fuel Treatment Areas around At-Risk Communities

An overarching goal of the SSS program is to prevent a need to list a given species under the Endangered Species Act (ESA). Fuels treatment activities near at-risk communities were evaluated relative to range-wide species potential for activities that could lead to a need to list under the ESA as well as site-level persistence. 

For the Siskiyou Mountains salamander, known sites were evaluated relative to our knowledge of distinct populations (Pfrender and Titus 2001, Mead et al. in press, Degross 2004).  Persistence of each of three distinct populations on federal lands was evaluated to address potential activities that might not pose a risk to site persistence and also to potential sites where activities with a high risk to site-level persistence would not compromise population-level persistence.  Also taken into consideration during this persistence evaluation was the knowledge that current known sites identified within the GeoBOB or NRIS databases for this taxon usually are point localities of individual detections. For the purposes of these management considerations, the definition of a known site includes all suitable habitat contiguous with the occupied site. If the full extent of the occupied site has been delineated, apply the following considerations to that delineated area only.  In particular, our knowledge of contiguous suitable habitat blocks within the northern half of this species’ range suggests that sites within the radius of at-risk community fuels management may often extend a fair distance beyond those areas of proposed treatment.  Management for fuels treatment may often affect only a portion of the site.  A higher risk to a portion of a site may not result in loss of that site. 
Three distinct genetic lineages of salamanders have been determined within the range of this species (Pfrender and Titus 2001, Mead et al. in press).  The groups are identified as the Applegate Group, the largest group with the most extensive range and number of sites, the Grider group, and the Scott Bar group (Figure A4.1).  The Grider/Scott Bar groups are typified by low numbers of occupied sites, relative to the Applegate group, and high levels of genetic diversity. Management considerations for fuels management treatments near at-risk communities described here are applicable only to the Applegate Group. 
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Figure A4.1. Distribution of Plethodon species and discrete populations of Plethodon stormi in the P. stormi range. 

Management within Habitat Areas
Most treatments are considered to be “low risk” to species sites in the 1 to 1½ mile fuel treatment zone (including the critical first 300 feet) surrounding developments and structures associated with a community. Treatments would not likely lead to a need to list under the federal Endangered Species Act. Treatments are specific to the Applegate Group of Plethodon stormi because this is the only population covered by this Conservation Strategy.
The Applegate Group is the largest group with the most extensive range and number of sites. Consequently, a more flexible approach to fuels management may be appropriate. The general approach for addressing fuels management at known sites within at-risk communities is a 3-pronged, hierarchical approach involving maintenance of canopy, limited ground disturbance, and seasonal restrictions.  This approach allows flexibility for management while maintaining a “low risk” to the species at the site level.  All applicable mitigation criteria should be used.  Activity-specific mitigations are discussed below.

1)
To retain suitable microclimatic conditions for salamander survival and reproduction, maintain >70% canopy closure on at least 80% of the known site and maintain no less than 40% canopy closure on the remaining 20% of the known site.  The percent of habitat affected may be determined in either of two ways: 

a) 20% of the known site and contiguous suitable habitat within the unit boundary or project area, or; 


b) 20% of the full extent of the known site and contiguous suitable habitat, including consideration of contiguous habitat that extends beyond the project boundary.

       Note: The 70% canopy closure guideline stems from research results of salamander occupancies with forest condition and should be measured using a concave spherical densiometer (Ollivier et al 2000).  

2) To retain suitable microclimatic and substrate conditions for salamander survival and reproduction, avoid ground disturbing activities on 80% of the known site.  Activities that displace, compact, or otherwise disturb the substrate either by heavy machinery or by yarding of logs or similar activities are only allowed on no more than 20% of the known site.

Note:  The "20%-rule" relative to ground disturbance is based on expert opinion as well as policy for maximum allowable levels of ground disturbance in the R-6 Forest Service Manual Supplement 2520.3 and Bureau of Land Medford District Soils Management Guidelines (George Arnold, Medford District BLM, Ashland Resource Area.  March 27, 2002, pers. comm.).

3) To reduce direct impacts to animals, it is recommended that habitat or ground disturbing activities and burning occur when salamanders are not surface-active, which is from late spring through early fall (in fall, before 1.5 inches of rain falls), or when environmental conditions are "out of protocol" (e.g., in winter, after freezing, temperatures when animals are unlikely to be near surface).

For the Applegate Group, canopy reduction below 70% and total ground disturbance is cumulative across all treatments, activities, and seasons of project implementation.  In other words, the impacts of any combination of activities that would reduce canopy or disturb the substrate need to be 20% or less of the known site. 

Activity-Specific Considerations

 To maintain a low-risk to an occupied site, the following measures are recommended. 

· Broadcast/Understory Burning – This activity can occur within the entire known site.  For reduced effects to microhabitat elements within known sites, utilize "cool" burns with short flame lengths (generally less than 2-4 feet), maintaining at least 50% of the duff layer and all possible large woody-debris post-burn.  If possible, leave areas of suitable habitat within the known site unburned. 

· Hand Piling- Avoid hand piling to the extent that the piles would cover more than 20% of a known site.  Machine piling is not recommended at a known site; however, if necessary, limit ground disturbance to 20% at known sites.

· Pile burning- Within known sites attempt to burn piles during mid-winter during freezing events, late spring, or early fall, when animals are not surface active.  In coastal areas where winter freezing is rare; attempt to burn piles outside of conditions when animals are surface active (late spring to early fall).

· Pruning- Within known sites there are no mitigations recommended for this activity unless pruning is done using heavy machinery. If so, the mitigations listed above apply.

· Understory Thinning - Within known sites canopy closure mitigations do not apply to manual thinning of suppressed understory trees and ladder fuels. Ground-disturbance mitigations (20% of a known site) apply to all activities associated with mechanized understory thinning (yarding, temporary road construction, landings, etc).

· Chipping - Within known sites there are no mitigations recommended for this activity unless the machine is hauled into a known site by heavy equipment. If so, then the ground disturbance mitigations listed above (ground disturbance limited to less than 20% of the known site) apply.

· Raking - Within known sites there are no mitigations recommended for this activity.

· Hand Firelines - Hand firelines at known sites should be limited to 20% of the known site.

High Risk Treatments

Some treatments within the 1-1 ½ mile fuels treatment zone (including the critical first 300 feet) surrounding developments and structures associated with a community could result in risk or loss of an occupied site and would not likely lead to a need to list under the ESA.
High risk treatments that could result in the loss of a site could be applied to up to 20% of the known sites within any 6th field watershed with 5 or more known sites.  However, the amount of suitable habitat (unsurveyed and/or occupied) within those sites treated may not constitute more than 20% of the total suitable habitat (unsurveyed and/or occupied) within that 6th field watershed.  A review of the currently known sites, suitable habitat, and the communities-at-risk to which these management considerations apply indicate that the potential loss of up to 20 percent of the suitable habitat or sites would not pose a significant risk to species persistence. There are relatively few 6th field watersheds that occur within the 1 to 1½ mile fuels treatment zone, in fire regime 1, 2, and 3A areas, that are within condition class 2 and 3, and have 5 or more known sites.  Consequently relatively few sites within the range of the species would potentially be impacted.  In addition, no unique genetic material would be lost as research shows that all populations within the Applegate Group are genetically very similar (Pfrender and Titus 2001). Tracking of the sites with high risk treatments would be monitored through the review of the GeoBOB or NRIS database, tracking the new fields. 

Monitoring, Reporting, and Inventory 

Monitoring Considerations
Annual accomplishment reporting in GeoBOB or NRIS should include filling out all applicable data fields (e.g., site management status, non-standard conservation action; threat type; and threat description) when impacts to known sites occur.  Site impacts and losses should be recorded into these databases in order to facilitate persistence monitoring. 
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