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---------- Forwarded message ---------

From: Samuel Sweet <goannafan@ucsb.edu>
Date: Wed, Jan 2, 2019 at 10:18 AM

Subject: [EXTERNAL] Re: Request for Peer Review - Lesser Slender Salamander
To: Russell, Daniel <daniel russell@fws.gov>

Dear Mr Russell,

Thank you for the chance to review the draft Species Status Assessment Report for
Batrachoseps minor. 1 have attached a copy here with my remarks in red. These correct a few
minor errors and add a few items that I think might be helpful in supporting your conclusions.
I agree with the report in its principal determinations. With respect to your specific questions:

(1) Have we assembled and considered the best available scientific and commercial
information relevant to this species? Yes. The published information on B. minor (notably in
the Lannoo volume) is seriously outdated, and the Service has retained and assembled all new
information as it has received, as far as I know. These new data warrant a lot more optimism
about the population trends and status of the species.

(2) 1Is our analysis of this information correct?

I believe that it is, with the few corrections I have noted in the text. The CBD petition was
misinformed about a number of factors. Many things specific to B. minor remain unknown, but the
report is fully justified in using inferences about these items based on related species of
Batrachoseps, since there is little ecological variation in the genus. We do not have enough
information about the effects of Bd for my taste, but the report correctly notes that the disease has
been endemic in the range of B. minor for at least 5 decades, and that historic localities still support
populations.

(3) Are our scientific conclusions reasonable in light of this information?

I believe that they are. Over the past 35 years I have principally advocated for the listing of
western amphibian species (e.g., arroyo toads, red-legged and yellow-legged frogs, California tiger
salamanders), but my familiarity with B. minor going back to 1971 (30 years before it was formally
described) leads me to feel that there is no compelling rationale to list it, since it faces no serious
threats, and certainly none that listing could help resolve.

I will close by noting that my lab group continues to monitor populations of B. minor and to seek
additional populations, and that we keep the Service informed. I believe we have discovered a
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An adult Lesser Slender Salamander from coastal south central California. Photo credit: Kenneth Wray
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EXECUTIVE SUMMARY



On July 11, 2012, we, the U.S. Fish and Wildlife Service (Service), received a petition from the Center for Biological Diversity requesting that 53 species of reptiles and amphibians, including the lesser slender salamander (Batrachoseps minor), be listed as endangered or threatened and that critical habitat be designated for these species under the Endangered Species Act. The petition states that lesser slender salamanders have become rare, and raises habitat loss, road mortality, climate change, and pesticide drift as potential threats to the species. On September 18, 2015, we published a 90-day finding that the petition presented substantial scientific or commercial information indicating that the petitioned action may be warranted (80 CFR 56427-56428). In September 2016, we published a 7-Year National Listing Workplan (https://www.fws.gov/endangered/what-we-do/listing-workplan.html), which called for completion of the status review for the lesser slender salamander by the end of September, 2019. In this Species Status Assessment, we evaluate the biological status of the lesser slender salamander, both currently and into the future, by considering the species’ resiliency, redundancy, and representation. The scientific information presented here is for the purpose of informing our 12-month finding. 



In 2001, the lesser slender salamander was described as a unique species based primarily on genetics, and also morphology. The lesser slender salamander is one of 21 species in the genus Batrachoseps (slender salamanders) in the Family Plethodontidae (lungless salamanders) that occur in California (plus one species that is limited to Oregon). The lesser slender salamander has the smallest average adult size of all slender salamanders and has a robust body and relatively long legs and short tail for its size when compared to other slender salamander species.



The lesser slender salamander has been observed in eight occurrence locations that occur entirely within the Santa Lucia Mountain Range in San Luis Obispo County, California. From north to south the occurrences are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York Mountain, (4) Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout Creek. Two of the eight occurrence locations are on U.S. Forest Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger District); the other six occurrence locations are on private land. The lesser slender salamander is currently known to be present in all eight occurrence locations. Abundance data for the lesser slender salamander are not well known rangewide or at any of the eight occurrence locations. 



Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial spaces needed to hide from predators and for feeding and that are moist to meet the species’ requirements for breeding. A resilient lesser slender salamander population is one that is self-sustaining and has suitable habitat for feeding, breeding, and sheltering. Representation in the lesser slender salamander is the breadth of diversity across historical latitudinal, longitudinal, and elevation gradients, as well as climatic gradients. Lesser slender salamander redundancy contributes to the ability of the species to withstand catastrophic events (e.g., widespread drought, catastrophic wildfire, and flooding) which is related to the number, distribution, and resilience of populations. 



We identified potential threats that could negatively affect lesser slender salamanders and thus pose a risk to resiliency, representation, and redundancy of the species We evaluated habitat loss, pesticide drift, road mortality, changing climate effects, and disease as potential threats to the lesser slender salamander and determined that changing climate and disease are the most likely threats to the species.



Current effects to the lesser slender salamander from increased temperatures due to changing climate include, but are not limited to: reduction of cool, moist areas that supply habitat and reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at night when conditions are suitable. Slender salamanders use damp locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps, suggesting that they may be behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding, and sheltering in a changing climate. The species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a current population-level effect.



As for disease, Batrachochytrium dendrobatidis (Bd) has been found in lesser slender salamanders, however the vulnerability of the species to Bd infection and developing chytridiomycosis is unknown. Two congeners have differing susceptibility. In B. attenuatus, there is some level of susceptibility to infection, however it appears that Bd prevalence has been decreasing over time in this species. In contrast, B. luciae appears to be highly susceptible to wild Bd infection. While the lesser slender salamander has been shown to be susceptible to Bd, there are no data to suggest current die-offs. The species may continue to be affected by disease on the individual level, but we do not expect a current population-level effect.



At this time, the best available information indicates that the species is extant at seven of eight occurrence locations. These occurrence locations encompass the north-south and east-west gradients within its limited distribution, maintaining the relevant genetic diversity and associated adaptive capacity for the species that comprise representation. While redundancy will always be very limited for local, endemic species with a naturally limited range, it appears that the redundancy of the lesser salamander is sufficient.



We assessed likely change in climate and disease 25 years into the future. Projections of climate change along the central coast of California indicate that temperature will increase in the next 25 years. As for disease, we know that lesser slender salamanders have tested positive for Bd, but we do not know the species’ vulnerability to Bd infection and developing chytridiomycosis. Bd appears to have been in California since the 1960s, peaked in the 1990s, and decreased since then. 



We forecast the status of the lesser slender salamander after 25 years under two plausible future scenarios, one with continued climate-related effects and disease at the current level, and a second with continued climate-related effects and increased disease susceptibility. Under Scenario 1 (Climate and Disease Continuation), we found that lesser slender salamanders may be behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding, and sheltering in a changing climate. If current trends in climate continue, the species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a population-level effect in the next 25 years. As for disease, we determined that there may be decreased disease prevalence in the lesser slender salamander in the future, due to assumed similarity in disease susceptibility to B. attenuatus. Given that currently we do not anticipate that disease is population-level threat to the lesser slender salamander, at this continued level with disease susceptibility similar to B. attenuates, we do not anticipate a population-level effect in the next 25 years. We do not anticipate combined or synergistic effects of these threats under this scenario to pose population-level risk to the species into the future.



Under Scenario 2 (Climate Continuation and Increased Disease), the climate portion is the same as in Scenario 1 and therefore we anticipate that if current trends in climate continue, we do not anticipate a population-level effect in the next 25 years. As for potential increase in disease, under this scenario we assume greater susceptibility to Bd. It is possible that the lesser slender salamander has similar susceptibility to B. luciae, which appears to be highly susceptible to wild Bd infection. Based on the USGS findings that 2 of the occurrence locations tested were positive for Bd, in the next 25 years, we assume that approximately 2 of the 8 occurrence locations will have an associated mass die off and population declines due to Bd. This could decrease the resiliency of those 2 lesser slender salamander occurrence locations. The resiliency of the rest of the occurrence locations would not be affected. If there were extirpations, species representation and redundancy could be reduced.



In summary, under the first future scenario, occurrence location resiliency and species representation and redundancy would likely remain unchanged. Under the second future scenario, disease could act as a population-level threat to the species, but would not occur rangewide. 
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[bookmark: _Toc528321313]1.0	INTRODUCTION



This report is the species status assessment (SSA) for the lesser slender salamander (Batrachoseps minor). We, the U.S. Fish and Wildlife Service (Service), developed this SSA for the lesser slender salamander to compile and evaluate the best available scientific information regarding the species’ biology and factors that influence the species’ viability.



[bookmark: _Toc528321314]Petition History



On July 11, 2012, we received a petition from the Center for Biological Diversity requesting that 53 species of reptiles and amphibians, including the lesser slender salamander (Batrachoseps minor), be listed as endangered or threatened and that critical habitat be designated for these species under the Endangered Species Act. The petition states that lesser slender salamanders have become rare and raises habitat loss, road mortality, climate change, and pesticide drift as potential threats to the species. On September 18, 2015, we published a 90-day finding that the petition presented substantial scientific or commercial information indicating that the petitioned action may be warranted (80 CFR 56427-56428). In September 2016, we published a 7-Year National Listing Workplan (https://www.fws.gov/endangered/what-we-do/listing-workplan.html), which called for completion of the status review for the lesser slender salamander by the end of September, 2019. In this Species Status Assessment, we evaluate the biological status of the lesser slender salamander, both currently and into the future, by considering the species’ resiliency, redundancy, and representation. The scientific information presented here is for the purpose of informing our 12-month finding. 



[bookmark: _Toc528321315]2.0	METHODOLOGY



As described in our guidance document, the SSA Framework (Service 2016a, entire), an SSA Report first begins with a compilation of the best available information on the species (taxonomy, life history, and habitat) and its ecological needs at the individual, population, and/or species levels based on how environmental factors are understood to act on the species and its habitat. Next, an SSA Report describes the current condition of the species’ habitat and demographics, and the probable explanations for past and ongoing changes in abundance and distribution within the species’ ecological settings (that is, areas representative of geographic, genetic, or life history variation across the range of the species). Lastly, an SSA forecasts the species’ response to probable future scenarios of environmental conditions. An SSA uses the conservation biology principles of resiliency, representation, and redundancy (collectively known as the “3Rs”, Shaffer and Stein 2000, pp. 308-311) as a lens through which we can evaluate the current and future condition of the species (Smith et al. 2018, entire). Ultimately, an SSA characterizes a species’ ability to sustain populations in the wild over time based on the best scientific understanding of current and future abundance and distribution within the species’ ecological settings.



[image: ]Figure 1. Species Status Assessment Framework





· Resiliency describes the ability of populations to withstand stochastic disturbance. Resiliency is positively related to population size and growth rate and may be influenced by connectivity among populations. Generally speaking, populations need abundant individuals within habitat patches of adequate area and quality to maintain survival and reproduction in spite of disturbance.



· Representation describes the ability of a species to adapt to changing environmental conditions over time. It is characterized by the breadth of genetic and environmental diversity within and among populations. Measures may include the number of varied niches occupied, the gene diversity, heterozygosity or alleles per locus.



· Redundancy describes the ability of a species to withstand catastrophic events. Redundancy is characterized by having multiple, resilient populations distributed within the species’ ecological settings and across the species’ range. It can be measured by population number, spatial extent, and degree of connectivity.



This document draws scientific information from resources such as primary peer-reviewed literature, reports submitted to the Service and other public agencies, species occurrence information in Geographic Information Systems (GIS) databases, and expert experience and observations. It is preceded by and draws upon analyses presented in other Service documents including the 90-day finding (Service 2015). Finally, we coordinated closely with our partners engaged in ongoing research. This assures consideration of the most current scientific and conservation status information.
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[bookmark: _Toc528321317]3.1	Taxonomy



The lesser slender salamander is one of 21 species in the genus Batrachoseps (slender salamanders) in the Family Plethodontidae (lungless salamanders) that occur in California (Highton et al. 2017, pp. 27-28).



In the early 1950s, there was thought to be one species of slender salamander throughout California; however, by the end of the decade multiple species of slender salamanders were recognized, and in 2001, the lesser slender salamander was described as a distinct species (Jockusch et al. 2001, pp. 54, 65-67). Jockusch et al. (2001, pp.65-66, 72-81) described morphological and genetic differences between the lesser slender salamander and other slender salamander species; however, slender salamanders are not easily differentiated through morphology alone.



[bookmark: _Toc528321318]3.2	Species Description



Slender salamanders are small, with bodies that are rounded with costal and caudal grooves similar in appearance to the body segments of earthworms, and with short limbs (Stebbins and McGinnis 2012, p. 124-125). Slender salamanders have four toes on both front and hind feet; all other western salamanders typically have four toes on front and five toes on hind feet (Stebbins 2003, p. 182). Slender salamanders can have a dorsal stripe of reddish, tan, or buff (Stebbins 2003, p. 182).



The lesser slender salamander has the smallest average adult size of all slender salamanders, with a snout-to-vent range of 2.5 to 4.6 cm (1 to 2.3 in.) (Stebbins and McGinnis 2012, p. 137). Although small in size, the species has a robust body and relatively long legs but a short tail for its size when compared to other slender salamander species (Stebbins and McGinnis 2012, p. 137). Coloring of lesser slender salamanders is dark blackish brown above and a dorsal stripe may or may not be present, which can be tan with pink to apricot highlights especially prominent in the tail (Stebbins 2003, p. 191). Individuals usually have orange thighs, and their skin displays a matte finish (not shiny) in comparison to other slender salamander species resident in coastal central California.



[bookmark: _Toc528321319]3.3	Genetics



Jockusch et al. (2001, entire) analyzed morphology, allozymes, and mitochondrial DNA of individual lesser slender salamanders collected from two locations in San Luis Obispo County, California, and individuals of other species of slender salamanders from other areas within Monterey, San Luis Obispo, Santa Cruz, San Benito, Fresno, and Kern Counties in California. Their analyses resulted in the description of four new slender salamander species that were previously treated as a single species, B. pacificus.



The lesser slender salamander resides in the B. pacificus species group (Wake and Jockusch 2000, p. 100), which is comprised of six slender salamander species that reside in three geographically disjunct units in coastal California (Jockusch et al. 2001, p. 83). These six species are: B. minor, B. pacificus, B. major, B. luciae, B. incognitus, and B. gavilanensis.



Slender salamanders (Batrachoseps spp.) are extremely sedentary as evidenced by the extensive differentiation across relatively small geographic areas (Jockusch et al. 2001, pp. 81-83).

Based upon cytochrome b, divergence time estimates of lesser slender salamander separation from its closest geographically located congeners in the B. pacificus group are, in millions of years before present: B. luciae 17.3-6.9, B. incognitus 9.8-3.9, and B. gavilanensis 16.3-6.5 (Jockusch et al. 2001, pp. 86-87). Additionally, the lesser slender salamander is allopatric from these three species.



The lesser slender salamander is sympatric (occurring within the same geographical area of another species, overlapping in distribution) with another slender salamander species, B. nigriventris (Jockusch et al. 2001, p. 86), but they are paraphyletic (species descended from a common evolutionary ancestor or ancestral group, but not sharing/including all of the ancestor’s descendant groups) (Jockusch et al. 2001, p. 82), as B. nigriventris resides in the B. relictus  (*see below) species group (Jockusch et al. 1998, p. 14). Additionally, they do not share niches within coinciding areas of similar habitat (e.g., oak woodland). The lesser slender salamander is typically found on heavily-shaded slopes with rocky outcrops, with a dense understory of poison oak, while B. nigriventris is typically found in more open woodlands on flatter ground with a dense cover of leaf litter and grasses (S. Sweet pers. comm. 2017).  The two species may occur within 3 m of one another along habitat boundaries.



[bookmark: _Toc528321320]3.4	Summary – Species Background



In 2001, the lesser slender salamander was described as a unique species based primarily on genetics, and also morphology (Jockusch et al. 2001, entire). The lesser slender salamander is 1 of 21 species of slender salamanders that occur in California. The species has the smallest average adult size of all slender salamanders and has a robust body and relatively long legs with orange thighs and short tail for its size when compared to other slender salamander species.
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[bookmark: _Toc528321322]4.1	Range



Slender salamanders in the genus Batrachoseps range almost continuously along the Pacific Coast from about 62 miles (100 km) north of the California border in Curry County, Oregon, to about 186 miles (300 km) south of the California border near El Rosario, Baja California Norte, Mexico (Jockusch et al. 2001, pp. 54-55.)



The range of the lesser slender salamander extends less than 30 linear miles, and it occurs entirely within the Santa Lucia Mountain Range in San Luis Obispo County, California (Jockusch et al. 2001, p. 66).(add Sweet pers,. comm. 2017?)



(****) Now recast as the nigriventris group, see E. L. Jockusch, I. Martinez-Solano, R.W. Hansen, & D. B. Wake. 2012.  Morphological and molecular diversification of slender salamanders (Caudata: Plethodontidae: Batrachoseps) in the southern Sierra Nevada of California with descriptions of two new species.  Zootaxa 3190:1-30.




Figure 2. Distribution of 18 described species and several lineages corresponding to undescribed species of Batrachoseps in California from Jockush and Wake (2002, p. 364). Note that B. minor is geographically distinct from other species in the pacificus group, but its range overlaps with that of B. nigriventris of the nigriventris group.  This map does not include Sierran species from Jockusch et al 2012.
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Eight occurrences of the lesser slender salamander have been found at locations along the Santa Lucia Range in San Luis Obispo County, California. From north to south the occurrence locations are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York Mountain, (4) Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout Creek (S. Sweet pers. comm. 2017.). We define “occurrences locations” as the locality where lesser slender salamanders have been found. Two of the 8 occurrence locations are on U.S. Forest Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger District); the other 6 occurrence locations are on private land.  The Cuesta Ridge site is based on a single specimen collected (1972) prior to a devastating wildfire (1994), and efforts to relocate the species at that site since then have failed,



Figure 3. Eight occurrence locations of B. minor as described by Dr. Samuel Sweet of University of California, Santa Barbara, in August 2017.
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The Las Tablas Ridge occurrence location is near Cypress Mountain Road, which is west of U.S. 101 and north of California Highway 46, and is on private land. 



The Black Mountain occurrence location is along north facing slopes in the vicinity of Black Mountain, which is west of U.S. 101 and north of California Highway 46, and is on private land.



The York Mountain occurrence location is along northeast facing slopes adjacent to York Mountain Road, which is west of U.S. 101 and north of California Highway 46, and is on private land.



The Santa Rita Creek occurrence location is along north facing slopes adjacent to Santa Rita Creek Road, which is west of U.S. 101 and east of Old Creek Road, and is on private land. At present, this is the most extensive occurrence comprised of multiple locations where lesser slender salamanders have been observed. (S. Sweet pers. comm. 2015).



The Toro Creek occurrence location is along the old Highway 41, which is west of U.S. 101 and north and west of (current) California Highway 41, and is on private land but within the Los Padres National Forest boundary.



The Cerro Alto occurrence location is within a U.S. Forest Service recreation area of the Los Padres National Forest, Santa Lucia Ranger District, with a campground and hiking trails, which is west of U.S. 101 and south of California Highway 41. There is no Forest Service management plan in place for the Los Padres that includes amphibian management. There is a forest-wide management plan that outlines general approaches to forest management, and management plans are developed on a project-by-project basis (Cooper pers. comm. 2018).



The Cuesta Ridge occurrence location is at the Cuesta Ridge Botanical Reserve on U.S. Forest Service lands, Los Padres National Forest, Santa Lucia Ranger District, which is west of U.S. 101 and south of California Highway 41.



The Trout Creek occurrence location is along northwest facing slopes adjacent to a forest road near the junction of Water Canyon and Trout Creek, which is east of U.S. 101 and south of California Highway 58, and is on private land but within the Los Padres National Forest boundary.



[bookmark: _Toc528321324]4.3	Abundance  



The abundance of lesser slender salamanders is not well known rangewide or at any of the occurrences. Surveys for lesser slender salamanders have been irregular since the 1970s and we are not aware of any studies having been conducted to estimate lesser slender salamander abundance that would inform trends in the numbers of individuals in any occurrence over time.



[bookmark: _Toc528321325]4.4	Summary – Historical Range, Distribution, and Abundance



The lesser slender salamander has been observed in eight occurrence locations that occur entirely within the Santa Lucia Mountain Range in San Luis Obispo County, California. Two of the 8 occurrence locations are on U.S. Forest Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger District); the other 6 occurrence locations are on private land. Abundance data for the lesser slender salamander is not well known rangewide or at any of the eight occurrences.



[bookmark: _Toc528321326]5.0	LIFE HISTORY 



[bookmark: _Toc528321327]5.1	Breeding



Little is known specifically about lesser slender salamander breeding; however, information is available for the plethodontid family and Batrachoseps genus of slender salamanders. 



Many plethodontid salamanders (including all western North American species) reproduce on land and do not require an aquatic larval phase (Stebbins and McGinnis 2012, p. 104). This is attributed to the egg’s large yolk in which the embryo goes through the gilled larval stage to hatch as a miniature adult (Stebbins and McGinnis 2012, p. 104). Slender salamander (Batrachoseps spp.) eggs are fertilized internally, and when laid, are connected to one another by filaments resembling a string of beads (Stebbins and McGinnis 2012, p. 106). Most slender salamanders (Batrachoseps spp.) lay their eggs in fall, after the first rains that end the summer dry period, and embryos develop over the winter months (Stebbins and McGinnis 2012, p. 105, 125). Eggs require a damp, concealed location that will remain moist over the several-month development period (Stebbins and McGinnis 2012, p. 104). A moist egg capsule is needed for the passage of oxygen to the gills of the embryo, which are pressed against the inner surface of the egg capsule (Stebbins and McGinnis 2012, p. 65). The nest site is usually a moist rock crevice, under bark of a rotting log, or a ground cavity (Stebbins and McGinnis 2012, p. 64). Suitable microsites are apparently deep underground, as clutches are rarely found and unknown for most species.



[bookmark: _Toc528321328]5.2	Life Cycle



The lesser slender salamander life cycle is comprised of an egg, juvenile, and adult. There are no data specific to the details of the life cycle of the lesser slender salamander. Maiorana (1976, entire) examined the life-history patterns of Batrachoseps attenuatus and reported that at the beginning of their first dry season, hatchlings are approximately one-tenth the weight of an average adult and therefore may have lower survival rates than adults through periods of prolonged drought and reduced food sources (Maiorana 1976, p. 605). She also reported that in woodland habitat, 95% of adult female B. attenuatus reproduce each year and lay 7 to 8 eggs, and maturity is at 2.5 years (3 dry seasons). Data on longevity were not available, but a long adult life was suggested, potentially up to 6 years (Maiorana 1976, p. 605-606).



[bookmark: _Toc528321329]5.3	Feeding



Slender salamander (Batrachoseps spp.) food includes newly hatched earthworms (Class Oligochaeta), small slugs (Class Gastropoda), spiders (Class Arachnida), large mites (Class Arachnida), juvenile snails (Class Gastropoda), millipedes (Class Diplopoda), sowbugs (Order Isopoda), and other small invertebrates that inhabit surface-litter areas and subterranean openings (Stebbins and McGinnis 2012, p. 127).

 

[bookmark: _Toc528321330]5.4	Sheltering



Little is known specifically about lesser slender salamander sheltering; however, information is available for the plethodontid family and Batrachoseps genus of slender salamanders. During the daytime, plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at night when moisture conditions are suitable (Stebbins 2003, p. 168). Slender salamanders (Batrachoseps spp.) have been found in damp locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps (Stebbins 2003, p. 183).  Batrachoseps minor favor smaller logs and pieces of bark that rest lightly on the surface, as opposed to being partly embedded in soil.  They retreat from the surface as the leaf litter dries out, and in response to overnight temperatures at or below freezing.



[bookmark: _Toc528321331]5.5	Summary – Life History



Lesser slender salamanders reproduce on land and do not require an aquatic larval phase. Eggs are laid in concealed, damp locations that will remain moist for the duration of embryo development. At hatching, lesser slender salamander juveniles are similar to adults in morphology but smaller in body size. Lesser slender salamanders feed on a variety of small invertebrate prey found under logs and rocks or in the other small crevices and underground shelters in which they reside.



[bookmark: _Toc528321332]6.0	GENERAL HABITAT DESCRIPTION



Habitat for the lesser slender salamander is comprised of shaded slopes with deep leaf litter and an abundant understory of poison oak (Toxicodendron diversilobum) (Jockusch et al. 2001, p. 66). The species occurs in wooded habitats containing tanbark oak (Notholithocarpus densiflorus), coast live oak (Quercus agrifolia), blue oak (Quercus douglasii), sycamore (Platanus racemosa), and California laurel (Umbellularia californica) (Stebbins and McGinnis 2012, p. 137), and with abundant lower story vegetation dominated by poison oak (Jockusch et al. 2001, p. 66). The lesser slender salamander prefers closed-canopy northward facing steeper slopes with rock outcrops and shallow soil (S. Sweet pers. comm. 2017) and are typically found at an altitude above 1300 feet (400m) (Jockusch et al. 2001, p. 66). Known sites range from 850-2180 feet (260-660m}, but the species mostly selects habitat types that occur on the middle third of local ridges at 300-400 m.



[bookmark: _Toc528321333]7.0	SPECIES NEEDS



[bookmark: _Toc528321334]7.1	Individual Needs



Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial spaces, such as earthworm burrows, rock crevices, or under wooden debris (logs). These small spaces allow individuals to hide from larger predators and also provide the small invertebrate prey needed by lesser slender salamanders for feeding. Moist areas within lesser slender salamander habitat are required for breeding to maintain moisture for developing embryos within eggs and required by individuals to avoid desiccation over the typically long periods without rainfall (California summer).



[bookmark: _Toc528321335]7.2	Population Needs



Population dynamics of the lesser slender salamander are not well understood. Lesser slender salamander populations need suitable habitat that supports survival of individuals and an adequate number of reproducing individuals with vital rates that maintain self-sustaining populations despite stochastic events.



[bookmark: _Toc528321336]7.3	 Species Needs



The lesser slender salamander needs multiple resilient populations distributed across the range of the species.



[bookmark: _Toc528321337]7.4	Resiliency, Representation, and Redundancy



Resiliency



Resiliency describes the ability of the populations to withstand stochastic events. Measured by the size and growth rate of each population, resiliency gauges the probability that the populations comprising a species are able to withstand or bounce back from environmental or demographic stochastic events.



Lesser slender salamander population-level resiliency is a function of its size and its growth rate. A resilient lesser slender salamander population is one that is self-sustaining and has suitable habitat for feeding, breeding, and sheltering. 



Representation



Representation describes the ability of a species to adapt to changing environmental conditions. Measured by the breadth of genetic or environmental diversity within and among populations, representation gauges the probability that a species is capable of adapting to environmental changes.



Representation in the lesser slender salamander is important across the range of the species. Although we expect local endemics, such as the lesser slender salamander, to naturally harbor less adaptive capacity than wide-ranging species. Species that span environmental gradients (spatially and temporally heterogeneous environments) are expected to harbor the most phenotypic and genetic variation (Lankau et al. 2011, p. 320). Thus, preserving the breadth of diversity of a species requires maintaining populations across historical latitudinal, longitudinal, and elevation gradients, as well as climatic gradients. We do not have information on the genetic diversity for lesser slender salamanders but assume that maintenance of resilient occurrences across the north-south and east-west gradients within its historically limited distribution is representation for the species. 



Redundancy



Redundancy describes the ability of a species to withstand catastrophic events. Measured by the number of populations, their resiliency, and their distribution (and connectivity), redundancy gauges the probability that the species has a margin of safety to withstand or can bounce back from catastrophic events. 



Lesser slender salamander redundancy is a function of the number and distribution of resilient populations across the range relative to the degree and spatial extent of potential catastrophic events. Distribution is related to the number of occurrences. Catastrophic events which could affect lesser slender salamander occurrences include disease, widespread drought and periods of extreme heat resulting in the loss of soil moisture in lesser slender salamander habitat, catastrophic wildfire, and torrential rainstorms resulting in sediment/debris flows or widespread flooding.



[bookmark: _Toc528321338]7.5	Summary -- Species Needs



Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial spaces needed to hide from predators and for feeding, and that are moist to meet the species’ requirements for breeding. A resilient lesser slender salamander population is one that is self-sustaining and has suitable habitat for feeding, breeding, and sheltering. Representation in the lesser slender salamander is maintained by preserving the breadth of diversity across historical range. Lesser slender salamander redundancy is a function of the number and distribution of resilient populations across the range relative to the degree and spatial extent of potential catastrophic events, such as disease, widespread drought, wildfire, and flood effects.



[bookmark: _Toc528321339]8.0	CURRENT CONDITIONS



[bookmark: _Toc528321340]8.1	Abundance and Distribution



Prior to 2015, the lesser slender salamander was known to occur in six locations. Since that time, two additional locations have been discovered. The lesser slender salamander is currently known to be present in seven of eight occurrence locations (S. Sweet pers. comm. 2017).



The Las Tables Ridge, Black Mountain, York Mountain, Santa Rita Creek (from where the holotype was collected in 1975), Cerro Alto, and Cuesta Ridge are historical occurrence locations (Jockusch et al. 2001, p. 65-66 page #s are incorrect).



Individual lesser slender salamanders were observed at Las Tablas Ridge, Black Mountain, York Mountain, and Santa Rita Creek, occurrences annually between 2011 and 2018 (S. Sweet pers. comm. 2019).  The Cuesta Ridge (1972) and Cerro Alto (2008) records are single specimens with no subsequent observations.



The Toro Creek occurrence was discovered in 2016 (S. Sweet pers. comm. 2017) and the Trout Creek occurrence was discovered in 2015, and have been observed there each year since (S. Sweet pers. comm. 2019).



Current abundance for the lesser slender salamander at each occurrence is unknown. The data required to make abundance estimates for each occurrence are lacking and therefore population estimates cannot be made at this time.

Table 1. Historic and current distribution of B. minor 

		Occurrence

		Historic

		Current



		Las Tables Ridge

		X

		Present in 2011-2018



		Black Mountain

		X

		Present in 2011-2018



		York Mountain

		X

		Present in 2011-2018



		Santa Rita Creek

		X

		Present in 2011-2018



		Cerro Alto

		X

		Not seen since 2008



		Cuesta Ridge

		X

		Not seen since 1972



		Toro Creek

		--

		Discovered in 2016



		Trout Creek

		--

		Discovered in 2015









We evaluated potential threats to the lesser slender salamander, including habitat loss, pesticide drift, road mortality, climate change, and disease. We evaluated overutilization, collection, and predation to see if they were actually occurring or were a significant problem, and we did not find any information to indicate that they are a concern for the lesser slender salamander now or into the future.



Dr. Samuel Sweet, Professor, University of California, Santa Barbara, conducted graduate work on the lesser slender salamander in the 1970s and in the winter of 2011 began to reinvestigate the status of the species. According to Dr. Sweet, lesser slender salamanders were easily found recently at most recorded localities and numbers may be reduced compared to the 1970s, but this is true for all plethodontid (lungless) salamanders in central California as a consequence of extended drought, but more generally as a result of a long-term climatic shift driven by the Pacific Decadal Oscillation. 



Dr. Sweet provided the following related to threats to the species (S. Sweet pers. comm. 2015):



· Habitat loss—In the areas inhabited by lesser slender salamanders there has been no habitat change of any kind in over 45 years. York Mountain Vineyards and Winery have not farmed grapes on site since its main building was destroyed in the 2003 San Simeon earthquake, and only recently (2015) replanted in the original footprint.



· Pesticide drift—Lesser slender salamanders living nearby the winery do not seem to be affected.



· Road mortality—In the California Roadkill Observation System, as of September 27, 2015, no roadkill of lesser salamanders has been reported.



· Climate change—This is a major factor for all native amphibians in California.



· Disease—The fungal disease, Batrachochytrium dendrobatidis (Bd), may be affecting the lesser slender salamander (S. Sweet pers. comm. 2017).



The Service accessed AmphibiaWeb on March 27, 2017 (http://amphibiaweb.org/cgi/amphib_query?where-genus=Batrachoseps&where-species=minor ), which states: “Fewer than five of these [lesser slender] salamanders have been seen in the past decade despite many attempts to find them. Although some areas within the historical range of this species have been modified for agriculture (i.e., conversion to vineyards), ample habitat remains and there is no obvious reason for this decline in abundance.” Although land was converted several decades ago for the York Mountain Vineyards and Winery, this land conversion occurred adjacent to, but not within, habitat for the lesser slender salamander.



We have been unable to find any data suggesting that pesticide drift is a threat to the lesser slender salamander or its habitat.  While there are many vineyards east of the Santa Lucia crest in central San Luis Obispo County and the number is growing, there is a climatic line 2-5 km east of all known B. minor localities, termed the ‘fog line’, west of which it is too damp to grow wine grapes.



The Service accessed the California Roadkill Observation System (http://www.wildlifecrossing.net/california/) on August 21, 2018, and found no records documenting road mortality of lesser slender salamanders (or any other slender salamander species). Our search corroborates the information provided by Dr. Sweet regarding the lack of data supporting road mortality as a threat to lesser slender salamanders.  The CBD petition also listed “road-building and improvements” as a threatening factor, but all known localities are on or along minor roads with minimal current maintenance.  New roads (US hwys 41 and 46) bypass these older routes in providing connections between the Salinas Valley and the coast, and there is no evident reason to significantly modify the older roads.



Batrachochytrium dendrobatidis (Bd) is a fungal pathogen which can cause chytridiomycosis, a highly infectious amphibian disease associated with mass die-offs, population declines and extirpations, and potentially species extinctions on multiple continents (Berger et al. 1998, pp. 9031-9036; Bosch et al. 2001, pp. 331-337; Lips et al. 2006, pp. 3165-3166).



The best available information we have regarding the lesser slender salamander has led us to determine that we need to consider further how climate change and disease are impacting the viability of the lesser slender salamander in this SSA now and into the future.



[bookmark: _Toc528321342]8.3	Potential Threats



8.3.1	Changes in Climate Conditions



The summer of 2017 was the warmest in California since record keeping began in the late 1800’s (not a possessive, but a plural, no apostrophe) (NOAA National Centers for Environmental Information 2018). Considering data up to 2015, Brown et al. (2016, entire) reported that most of the warming occurred in the past 35 years with 15 of the 16 warmest years occurring since 2001. The 3-year period from 2012 to 2014 was the hottest and driest in California in the 100-year timeframe considered (Mann and Gleick 2015, p. 3858), and it was the most severe drought in California in the past 1,200 years (Griffin and Anchukaitis 2014, p. 9017). According to Thorne et al. (2017, entire), this trend appears likely to continue; however recent projections for California indicate that while temperatures will significantly increase, no significant change in precipitation is predicted (He et al. 2018, entire). Also, He et al. (2018, p. 17) reports a decreasing tendency for severe droughts.



The lesser slander salamander is a Priority 2 (out of 3) taxon for drought vulnerability based on the California Department of Fish and Wildlife’s rapid assessment of the vulnerability of sensitive California wildlife to extreme drought (CDFW 2016, p. 28). Drought vulnerability was assessed for special status amphibians, reptiles, birds, and mammals using scores for three risk categories and three life history/status criteria. Priority 1 were those taxa found to be most vulnerable to extended or frequent severe drought and resultant risk of extirpation. Priority 2 was created to capture taxa that have an elevated drought risk but do not meet the conditions of high priority taxa, which were placed in Priority 1. Priority 3 included all other taxa evaluated with lower drought risk.



Current effects to the lesser slender salamander from increased temperatures due to climate change include, but are not limited to: reduction of cool, moist areas that supply habitat and reduced survival of all life stages. During the daytime, plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at night when conditions are suitable. Slender salamanders use damp locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps, suggesting that they may be behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding, and sheltering in a changing climate. The species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a current population-level effect.  



8.3.2	Disease



Disease has the potential to cause catastrophic loss of lesser slender salamanders. There are two pathways by which disease could result in a catastrophic mortality event for the lesser slender salamander. Mortality events could be caused by existing pathogens or through the introduction of novel pathogens.



The chytrid fungus Batrachochytrium dendrobatidis (Bd) was identified in 1999 and has been attributed to the primary cause of decline for many amphibians. Bd is a fungal pathogen that can cause chytridiomycosis and it has been documented in wild lesser slender salamander individuals. A second type of chytrid fungus (Batrachochytrium salamandrivorans, Bsal) is emerging in Europe. While Bsal primarily affects salamanders, frogs can also become infected and spread this disease. Additionally, the disease Ranavirus has been documented in northern California but has not been observed in lesser slender salamanders, but could be spread into the range of the lesser slender salamander.



Given the high risk of Bsal invasion, the Service recently listed 20 amphibian genera known to carry Bsal as injurious under the Lacey Act to limit importation into the United States (USFWS 2016, entire). Despite this protection, it is possible that an unknown carrier or illegal import could introduce this pathogen into salamander populations in California.



Emerging infectious diseases (EIDs) have been increasing in large part because of globalization and the increased frequency and rapidity of international travel and trade (McLean 2007, p. 262; Brand 2013, p. 447; Smith et al. 2017, pp. 30-31). Global wildlife trade is a significant contributor and occurs mostly through uncontrolled or illegal networks, and involves millions of birds, mammals, reptiles, amphibians, and fish every year (Karesh et al. 2005, p. 1000; Smith et al. 2017, pp. 30-31). Increasingly, disease is being recognized as a driver of population declines and extinctions (Brand 2013, p. 447; McPhee and Greenwood 2013, p. 6), and amphibians are one of the vertebrate groups most negatively impacted by the introduction of EIDs world-wide (Martel et al. 2014; Chambouvet et al. 2015; Berger et al. 2016, entire).



Batrachochytrium dendrobatidis



Batrachochytrium dendrobatidis (Bd) is a fungal pathogen which can cause chytridiomycosis, a highly infectious amphibian disease associated with mass die-offs, population declines and extirpations, and potentially species extinctions on multiple continents (Berger et al. 1998, pp. 9031-9036; Bosch et al. 2001, pp. 331-337; Lips et al. 2006, pp. 3165-3166). Bd attacks the keratinized tissue of amphibian skin and can lead to thickened epidermis, lesions, body swelling, lethargy, loss of righting reflex, and death in all life stages (Berger et al. 1998, pp. 9031-9036; Bosch et al. 2001, p. 331; Carey et al. 2003, p. 130). Chytridiomycosis infection rates among amphibians exposed to Bd vary by species (Woodhams et al. 2007, p. 4), and resistance to Bd infection in some amphibians is likely related to levels of antimicrobial peptides found in skin secretions (Woodhams et al. 2007, p. 4), beneficial skin bacteria (Harris et al. 2006, p. 55), and possibly frequent skin shedding (Woodhams et al. 2007, p. 6). The effects of chytridiomycosis can vary among host species and life stages (Gervasi et al. 2013) and can even vary between populations of the same species (Bradley et al. 2015). Resistance can be reversed under certain environmental conditions, for example those that can exert stress and immunosuppression (Ramsey et al. 2010). Thus, the prevalence of Bd (i.e., number of positives/number sampled) in different populations is likely reflecting the interaction between the host, the pathogen strain, and the environmental conditions they encounter (Spitzen-Van der Sluijs et al. 2014; Bacigalupe et al. 2017).



Lesser slender salamanders are susceptible to contracting chytrid. The U.S. Geological Survey (USGS) conducted an analysis of samples collected in 2017 from eight individual lesser slender salamanders. Their provisional results for Bd in lesser slender salamanders determined that, of the three occurrence locations from which samples were taken, all samples from two of the occurrence locations (Toro Creek and Santa Rita Creek) were Bd positive, while those from Trout Creek were negative for Bd (R. Fisher pers. comm. 2018).



The prevalence of Bd in lesser slender salamanders is not known; however, a study was conducted on another slender salamander species that occurs in California, B. attenuates (Sette et al. 2015, entire). Sette et al. (2015) found Bd infection and spread in B. attenuatus in proximity to the greater Bay Area of northern California. From the museum specimens used in their study, Bd was first found in B. attenuatus during the 1960s (Sette et al. 2015, p. 24). Bd prevalence in B. attenuatus peaked in the 1990s, and in 2013 the prevalence of Bd in B attenuatus had decreased from the levels found in the 1990s (Sette et al. 2015, pp. 24-25). 



The effects of Bd infection on lesser slender salamanders are not known; however, studies on the effects of Bd to two other slender salamander species that occur in California, B. attenuatus and B. luciae, have been conducted. Weinstein (2009, entire) conducted studies investigating the effects of Bd on B. attenuatus. Under one study, Weinstein (2009, p. 655) collected 30 living individuals of B attenuatus from the wild, 19 of which were determined to have been infected with Bd in the wild; 18 (95%) died within 70 days and all of the individuals infected with Bd died in the lab over the course of the approximate 120-day study, while 10 of 11 uninfected individuals survived. In a second study, Weinstein (2009, pp. 654-657) collected individuals of B. attentuatus from the wild and infected them with Bd in the lab; those held in the experimental dry conditions (95% relative humidity) began reducing their zoospore counts after inoculation and all individuals lost their infections and survived more than 95 days. This suggests that slender salamanders could shed Bd infection during dry periods. Sparagon (2015) examined Bd susceptibility in individuals carrying wild Bd infections and individuals inoculated with lab grown Bd. Experiments demonstrated significant differences in B. luciae mortality rates from wild Bd and lab grown Bd infections. Those with wild infections had a 77.8% mortality rate; those infected in the lab had a 25% mortality rate, suggesting that B. luciae is susceptible to infection and death from wild Bd (Sparagon 2015, pp. 20-25). 



The details of how Bd moves through the environment resulting in the spread of disease is not well understood, but could occur through reservoir species (Reeder et al. 2012, pp. 4-5). The Pacific chorus frog (Pseudacris regilla) is common and widespread across California (Stebbins and McGinnis 2012, pp. 180-181). Pacific chorus frogs can withstand high Bd zoospore loads without symptoms or mortality (Reeder et al. 2012, pp. 2-3). Additionally, four species of Pacific newts (Genus Taricha) are common and widespread across coastal California (Stebbins and McGinnis 2012, pp. 92-103) and may serve as a reservoir for chytridiomycosis in terrestrial salamanders (Chaukulkar et al. 2018, p. 6). Infected bullfrog (Rana catesbiana) tadpoles can also be effective vectors of Bd (Miaud et al. 2016, entire). Lesser slender salamanders do not have an aquatic phase, unlike Pacific chorus frogs and Pacific newts which require an aquatic larval phase, and the ability for Bd zoospores to survive can be reduced in dry terrestrial environments, potentially lessening the likelihood of Bd spread from reservoir species with an aquatic life stage to slender salamanders.



Batrachochytrium salamandrivorans 



The fungal pathogen Bsal invaded Europe from Asia around 2010 and is responsible for causing mass die-offs of fire salamanders (Salamandra salamandra) in northern Europe (Martel et al. 2014, p. 631; Fisher 2017, p. 300-301). Given unregulated trade and the recent discovery of Bsal in amphibians, there is concern about the introduction of a novel pathogen causing extirpations of salamander populations in North America which have never been exposed to the disease (Yap et al. 2017, entire). While we still do not have a clear understanding of all of the salamander species that will be susceptible to Bsal, there is concern that lesser slender salamanders could be impacted. The Pacific coast, including the range of the lesser slender salamander, is one the regions with the highest risk of introduction of Bsal (Richgels et al. 2016, p. 5; Yap et al. 2015, p. 482) and highest risk of Bsal to native salamanders (Richgels et al. 2016, p.6).



Given the high risk of Bsal invasion, the Service recently listed under the Lacey Act 20 amphibian genera known to carry Bsal as injurious, in order to limit importation into the United States (Service 2016b, entire). The USGS conducted an analysis of samples collected in 2017 from eight individual lesser slender salamanders. Their provisional results for Bsal determined that of the three occurrence locations from which samples were taken, all samples were negative for Bsal (R. Fisher pers. comm. 2018).



Ranaviruses 



Ranaviruses are another emerging group of pathogens affecting amphibian populations worldwide. Ranavirus is one of five genera in the family Iridoviridae, a family of viruses known to infect a diversity of invertebrate and ectothermic (cold-blooded) vertebrate hosts. Ranaviruses were originally detected in frogs (Granoff et al. 1965, pp. 237-255; Rafferty 1965, pp. 11-17) but are now known to infect and cause disease in fish, reptiles, and other amphibians (Marschang and Miller 2012, p. 1). Ranaviruses are often virulent and can cause systemic infections in amphibians (Daszak et al. 1999, p. 742). Mortality caused by ranaviruses has been reported from five continents and in most of the major families of frogs and salamanders (Gray et al. 2009, pp. 243-244).



Amphibian larvae seem to be the developmental stage most susceptible to ranaviruses (Daszak et al. 1999, p. 742), with physical characteristics of infections in larval stages including skin hemorrhages, ulcers, and bloating (Marschang and Miller 2012, p. 1). Overt signs of infection may not be exhibited in juvenile and adult stages (Daszak et al. 1999, p. 742), but when present typically include skin abnormalities (e.g., sloughing, hemorrhaging) and sometimes necrosis (tissue death) of digits and limbs (Cunningham et al. 1996, pp. 1539, 1541; Jancovich et al. 1997, p. 163). The exact mechanism by which Ranavirus infections cause amphibian mortalities remains unclear, but hemorrhaging in skeletal tissue (Daszak et al. 1999, p. 743) and extensive necrosis in the liver, spleen, kidneys, and digestive tract have been observed in infected individuals (Gray et al. 2009, p. 253). It is also postulated that viral infections may suppress the immune system, resulting in secondary invasion by opportunistic pathogens (Miller et al. 2008, p. 448).



Sutton et al. (2015, entire) sampled fourteen species of Plethodontid salamanders (none from genus Batrachoseps) from Great Smoky Mountains National Park and tested the individuals for Ranavirus. Of the total 566 salamanders that were sampled, 103 were positive for Ranavirus, across 11 of the 14 species (Sutton et al. 2015, p. 324). Ranavirus outbreaks among lesser slender salamanders have not been documented. 



[bookmark: _Toc528321343]8.4	Summary -- Current Condition



The lesser slender salamander is currently known to be present in seven of eight occurrence locations; presumably the species’ current range is the same as its historic range. Current population abundance for the lesser slender salamander at each occurrence is unknown. The two threats that could be have the greatest impact on populations or rangewide are: (1) changing climate conditions, and (2) disease. 



Current effects to the lesser slender salamander from increased temperatures due to climate change include, but are not limited to: reduction of cool, moist areas that supply habitat and reduced survival of all life stages. During the daytime, plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at night when conditions are suitable. Slender salamanders use damp locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps, suggesting that they may be behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding, and sheltering in a changing climate. The species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a current population-level effect.



As for disease, Bd has been found in lesser slender salamanders, however the vulnerability of lesser slender salamanders to Bd infection and developing chytridiomycosis is unknown. Two congeners have differing susceptibility. In B. attenuatus, there is some level of susceptibility to infection, however it appears that Bd prevalence has been decreasing over time in this species. In contrast, B. luciae appears to be highly susceptible to Bd infection. While the lesser slender salamander has been shown to be susceptible to Bd there are no data to suggest current die-offs, and individual lesser slender salamanders may have the potential to shed the infection as habitat conditions become drier over the summer months, which would decrease the prevalence of disease in the population.



At this time, climate effects and disease are potential threats that could affect all salamander species. Currently the best available data indicates that climate change and disease will affect B. minor on an individual level. We do not anticipate that climate effects or disease are population-level threats to the species because B. minor is flexible in behavior and can find suitable habitat when faced with the effects of climate change and the prevalence of disease may be reduced due to drier conditions. 



All of the previously discussed threats may act on the lesser slender salamander in combination and we evaluated all of these threats combined to examine the total effect on the species. In particular, threats such as habitat loss, road mortality, climate change and disease may act on the lesser slender salamander in combination to affect the species. Some minor habitat loss may occur along with random road mortalities and continued climate change effects with occasional disease could occur together to affect the lesser slender salamander. Yet, even cumulatively, there is little suggest that anything more than a few individuals are being currently affected. We evaluated the combined effects of pesticide drift, overutilization, collection or predation and we found no information to indicate that they are a concern for the lesser slender salamander under current conditions. The totality of effects from all of the identified threats is likely to affect the lesser slender salamander on the individual scale, but we do not anticipate that these combined effects are having negative impacts at the population- or on the species-wide scale. 



[bookmark: _Toc528321344]8.5	 Summary Current Condition – Resiliency, Representation, and Redundancy



We do not have data to determine the resiliency of lesser slender salamander populations. Resiliency is positively related to population size and growth rate and may be influenced by connectivity among populations. We would need information on abundance, growth rate, or an acceptable proxy to determine resiliency and currently no data are available to us. At this time, the best available information indicates that the species is extant at all eight occurrence locations. These occurrence locations encompass the north-south and east-west gradients within its limited distribution, presumably maintaining the relevant adaptive capacity for the species that comprises representation. While redundancy will always be very limited for local, endemic species with a naturally limited range, we believe the lesser slender salamander would be able to withstand a catastrophic event because having 7 or 8 populations likely provides them with enough redundancy to recover from such a loss.  Also, it is likely that further populations will be discovered within the known range due to increased access to private lands.  A new site was discovered in December 2018, and is awaiting genetic confirmation as B. minor.



[bookmark: _Toc528321345]9.0	POTENTIAL FUTURE CONDITIONS



We use 25 years as our future timeframe as it encompasses 1-2 regular drought cycles in California and encompasses projections for climate change. We forecast the status of the lesser slender salamander after 25 years under two plausible future scenarios, one with continued climate-related effects and disease at the current level, and a second with continued climate-related effects and increased disease susceptibility.



[bookmark: _Toc528321346]9.1	Changes in Climate Conditions



Changes in climate have been observed in recent years and are predicted to continue in California (Frankson et al. 2017, p. 1). This can include extreme events such as multi-year droughts or heavy rain events (Frankson et al. 2017, pp. 2–5). Pierce et al. (2013, entire) estimated future changes in temperature and precipitation patterns in California by the 2060s and determined that historically maximum July temperatures are likely to increase and heat waves may span longer durations. Summer temperatures are anticipated to increase along the central coast of California (Pierce et al. 2013, p. 843 figure 2b), which could lead to increased evapotranspiration (Diffenbaugh et al. 2015, p. 3994). Droughts associated with increased warming in California are anticipated to increase (Diffenbaugh et al. 2015, p. 3934; Williams et al. 2015, p. 6826; Cook et al. 2015, p. 6). Additionally, Cvijanovic et al. (2017, p. 8) identified that as the Artic sea-ice cover decreases, precipitation amounts in California decrease, resulting in the potential increase in future droughts in California. Dettinger (2011, pp. 521-522) determined that in the future, extreme storm events may increase in severity beyond historic levels of intensity with potential to increase flood risks and to increase the potential for flooding to occur before and after the primary historical flood season in California. 



He et al. (2018, p. 4) evaluated historical and projected precipitation and maximum and minimum temperature data, and developed projections for 2020–2099 based on climate model simulations for hydrologic basins of California. The study used two 40-year future periods, mid-century (2020–2059) and late-century (2060–2099), which was compared to a historical (baseline) period of 1951–1990 (He et al. 2018, p. 6). All projections on mean annual maximum temperature and minimum temperature showed significant increasing trends. However, no significant trends were detected in historical annual and wet season precipitation for any study regions (He et al. 2018, p. 14-15). When looking at drought projections, there was no consensus among projections; however, the majority of projections show a decreasing tendency for severe droughts due to increase in annual precipitation (He et al. 2018, p. 17). While there were no significant trends in precipitation for any study regions, most regions are also expected to see an increase in annual precipitation, with the Central Coast region experiencing a +6.4% under RCP 4.5 scenario by mid-century, and an increase of +6.2% by late-century (He et al. 2018, pp. 8–9; Figure 4a, 4c).



Overall, projections of climate change along the central coast of California indicate that temperature will increase over the next 25 years. Patterns of precipitation in the future are less clear; however, when storms do occur, they will likely be more severe than historical/baseline conditions.



[bookmark: _Toc528321347]9.2	Disease



Bd has been confirmed in the lesser slender salamander but the specific effects of Bd infection in wild individuals and how this might change in the next 25 years is unknown. Some amphibian species appear to be tolerant of infection from Bd, while others experience extirpation (Louca et al. 2014, entire). Padgett-Flohr and Hopkins (2009, entire) evaluated museum specimens and found that Bd has been in central California since at least 1961, suggesting Bd is now endemic throughout most of central California, (Padgett-Flohr and Hopkins 2009, p. 8).



Xie et al. (2016) projected how climate may influence Bd distribution globally into the future (Xie et al. 2016, entire). They found that Bd ranges will shift into higher latitudes and altitudes (Xie et al. 2016, p. 14) but did not project future virulence in areas where Bd already occurs. Changes in climate could create situations (e.g., microclimate suitable for the pathogen, shifting species distributions) that shift the pattern for Bd, which could increase or decrease disease risk for the lesser slender salamander and other amphibians (e.g., Adams et al. 2017, entire). 



For Bsal, Richgels et al. (2016, entire) predict that the Pacific coast, southern Appalachian Mountains and mid-Atlantic regions will have the highest relative risk from Bsal, if it were to get into the United States. Given the high risk of Bsal invasion, the Service recently listed 20 amphibian genera known to carry Bsal as injurious under the Lacey Act to limit importation into the United States (USFWS 2016, entire). Given this, we do not anticipate that Bsal is likely cause population-level declines in the lesser slender salamander in the next 25 years.



[bookmark: _Toc528321348]9.3 Cumulative Effects



All of the previously discussed threats may act on the lesser slender salamander in combination and we evaluated all of these threats combined to examine the total effect on the species. In particular, threats such as habitat loss, road mortality, climate change and disease may act on the lesser slender salamander in combination to affect the species. Some minor habitat loss may occur along with random road mortalities and continued climate change effects with occasional disease could occur together to affect the lesser slender salamander. Yet, even cumulatively, there is little suggest that anything more than a few individuals are being currently affected. We evaluated the combined effects of pesticide drift, overutilization, collection or predation and we found no information to indicate that they are a concern for the lesser slender salamander in the future. The totality of effects from all of the identified threats is likely to affect the lesser slender salamander on the individual scale, but we do not anticipate that these combined effects are having negative impacts at the population- or on the species-wide scale. 
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Under Future Scenario 1 (Climate and Disease Continuation), we evaluated the status of the lesser slender salamander after 25 years with continued climate-related effects and disease at the current level. Projections of climate change along the central coast of California indicate that temperature will increase over the next 25 years. Patterns of precipitation in the future are less clear.



Current effects to the lesser slender salamander from increased temperatures due to climate change include, but are not limited to: reduction of cool, moist areas that supply habitat and reduced survival of all life stages. During the daytime, plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at night when conditions are suitable. Slender salamanders use damp locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps, suggesting that they may be behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding, and sheltering in a changing climate. The species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a current population-level effect.



As for disease, Bd has been found in lesser slender salamanders, however the vulnerability of lesser slender salamanders to Bd infection and developing chytridiomycosis is unknown. Two congeners have differing susceptibility. In B. attenuatus, there is some level of susceptibility to infection, however it appears that Bd prevalence has been decreasing over time in this species. In contrast, B. luciae appears to be highly susceptible to Bd infection in the wild. While the lesser slender salamander has been shown to be susceptible to Bd there are no data to suggest current die-offs. In this scenario, we assume that the lesser slender salamander is able to stave off a large-scale disease event due to similarity in disease susceptibility and trends to B. attenuatus. Given that currently we do not anticipate that disease is population-level threats to the lesser slender salamander, at this continued level and with similarity in disease susceptibility and trends to B. attenuates, we do not anticipate a population-level effect in the next 25 years.



[bookmark: _Toc528321350]9.5	Future Scenario 2: Climate Continuation and Increased Disease



Under Future Scenario 2 (Climate Continuation and Increased Disease), we evaluated the status of the lesser slender salamander after 25 years with continued climate-related effects and increased disease susceptibility. The climate portion of this scenario is the same as in Scenario 1 and therefore we anticipate that if current trends in climate continue, the species may be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a population-level effect in the next 25 years.



As for potential increase in disease, under this scenario we assume greater susceptibility to existing pathogens. Specifically, Bd has been found in lesser slender salamanders, however the vulnerability of lesser slender salamanders to Bd infection and developing chytridiomycosis is unknown. It is possible that the lesser slender salamander has similar susceptibility to B. luciae, which appears to be highly susceptible to wild Bd infection. The USGS tested eight individual lesser slender salamanders collected in 2017 for Bd and found that 2 of the 3 sampled occurrence locations were positive for Bd. Specifically, of the three occurrence locations from which samples were taken, all samples from two of the occurrences (Toro Creek and Santa Rita Creek) were Bd positive, while those from Trout Creek were negative for Bd (R. Fisher pers. comm. 2018). 



Given that (1) Bd is currently found in 2 populations, (2) Bd appears to have been in California since the 1960s, peaked in the 1990s, and decreased since then, and (3) the effects of chytridiomycosis can even vary between populations of the same species (Bradley et al. 2015, entire), we predict that in the next 25 years, 2 of the 8 occurrence locations will have an associated mass die off and population declines due to Bd under the assumption that the lesser slender salamander has similar susceptibility to B. luciae,. The extent of the population declines will be dependent on the variation in infection rate and whether there are resistant individuals who are selected for during such a disease event. Disease at a population-level within 2 of the 8 occurrence locations in the next 25 years would decrease the resiliency of those infected lesser slender salamander occurrence locations. If occurrence locations were extirpated due disease, this would decrease the species already limited distribution.



[bookmark: _Toc528321351]9.6	Summary of Future Threats



We assessed likely change in climate effects and disease 25 years into the future. Projections of climate change along the central coast of California indicate that temperature will increase in the next 25 years. Current effects to the lesser slender salamander from increased temperatures due to climate change include, but are not limited to: reduction of cool areas that supply habitat and reduced survival of all life stages. The species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a current population-level effect.



Potential future effects from disease to the lesser slender salamander are unknown. We know that lesser slender salamanders have tested positive for Bd, but we do not know the species’ vulnerability to Bd infection and developing chytridiomycosis. Bd appears to have been in California since the 1960s, peaked in the 1990s, and decreased since then. The effects of chytridiomycosis can vary between populations of the same species (Bradley et al. 2015). The prevalence of Bd (i.e., number of positives/number sampled) in different populations is likely reflecting the interaction between the host, the pathogen strain, and the environmental conditions they encounter (Spitzen-Van der Sluijs et al. 2014; Bacigalupe et al. 2017). We forecast the status of the lesser slender salamander after 25 years under two future scenarios, one with continued climate-related effects and disease at the current level, and a second with continued climate-related effects and increased disease susceptibility.



Under Scenario 1 (Climate and Disease Continuation), we found that lesser slender salamanders may be behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding, and sheltering in a changing climate. If current trends in climate continue, the species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a population-level effect in the next 25 years. As for potential disease, we determined that the lesser slender salamander may able to stave off a large-scale disease event due to assumed similarity in disease susceptibility to B. attenuatus. Given that currently we do not anticipate that disease is a population-level threat to the lesser slender salamander, at this continued level with susceptibility similar to B. attenuates, we do not anticipate a population-level effect in the next 25 years.



Under Scenario 2 (Climate Continuation and Increased Disease), the climate portion is the same as in Scenario 1 and therefore we anticipate that if current trends in climate continue, we do not anticipate a population-level effect in the next 25 years. As for potential increase disease, under this scenario we assume greater susceptibility to Bd. It is possible that the lesser slender salamander has similar susceptibility to B. luciae, which appears to be highly susceptible to wild Bd infection. Based on the USGS findings that 2 of the occurrence locations tested positive for Bd, we assume that approximately 2 of the 8 occurrence locations will have an associated mass die off and population declines due to Bd in the next 25 years. This could decrease the resiliency of those 2 lesser slender salamander occurrence locations. The resiliency of the rest of the occurrence locations would not be affected. If there were extirpations, species representation and redundancy could be reduced.



In summary, both of the two future scenarios do not anticipate a population-level effect from changing climate in the next 25 years. Our first future scenario does not anticipate that disease is population-level threat to the lesser slender salamander in the next 25 years; whereas the second future scenario suggests that disease could be a population-level threat to the species, but would not occur rangewide. 



[bookmark: _Toc528321352]10.0	OVERALL SYNTHESIS 



[bookmark: _Toc514227139][bookmark: _Toc528321353]Resiliency, Redundancy, and Representation



At this time, we do not have any data to determine the resiliency of lesser slender salamander populations. However, the best available information indicates that the species is extant at 7 of 8 occurrences*. These occurrences encompass the north-south and east-west gradients within its limited distribution, maintaining species representation. While redundancy will always be limited for species with limited range, it appears that the redundancy of the lesser salamander is sufficient. * the new locality is close to the Cuesta Ridge site



[bookmark: _GoBack]In the future, we assessed the status of the lesser slender salamander under two scenario 25 years into the future. The first future scenario does not anticipate a population-level effect from changing climate or disease in the next 25 years, suggesting that occurrence location resiliency and species representation and redundancy would remain unchanged. Our second future scenario does not anticipate a population-level effect from changing climate but does anticipate that disease could be a population-level threat to the species, but would not occur rangewide. Where disease occurs the resiliency of those populations would be reduced. If populations were able to recover from declines and no extirpations occurred, species representation and redundancy may remain unchanged. If extirpations occurred, species representation and redundancy could be reduced.
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APPENDIX I. Existing Regulatory Mechanisms



Eight occurrences of the lesser slender salamander have been found at locations along the Santa Lucia Range in San Luis Obispo County, California. From north to south the occurrence locations are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York Mountain, (4) Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout Creek (S. Sweet pers. comm. 2017.). We define “occurrences locations” as the locality where lesser slender salamanders have been found. Two of the 8 occurrence locations are on U.S. Forest Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger District); the other 6 occurrence locations are on private land, of which, 2 are within the Los Padres National Forest boundary (Toro Creek and Trout Creek).



Federal Mechanisms



All Federal agencies are required to adhere to the National Environmental Policy Act (NEPA) of 1970 (42 U.S.C. 4321 et seq.) for projects they fund, authorize, or carry out. Prior to implementation of such projects with a Federal nexus, the NEPA requires the agency to analyze the project for potential impacts to the human environment, including natural resources. The Council on Environmental Quality’s regulations for implementing the NEPA states that agencies shall include a discussion on the environmental impacts of the various project alternatives (including the proposed action), any adverse environmental effects that cannot be avoided, and any irreversible or irretrievable commitments of resources involved (40 CFR part 1502). The public notice provisions of the NEPA provide an opportunity for the Service and other interested parties to review proposed actions and provide recommendations to the implementing agency. The NEPA does not impose substantive environmental obligations on Federal agencies—it merely prohibits an uninformed agency action. However, if an Environmental Impact Statement is prepared for an agency action, the agency must take a “hard look” at the consequences of this action and must consider all potentially significant environmental impacts. Federal agencies may include mitigation measures in the final Environmental Impact Statement as a result of the NEPA process that may help to conserve the Panamint alligator lizard or its habitat.



[bookmark: Land_Use_and_Resource_Management_Plans][bookmark: National_Park_Service_Organic_Act_of_191]The Organic Act of 1897 (16 U.S.C. 475–482) established general guidelines for administration of timber on U.S. Forest Service (USFS) lands, which was followed by the Multiple-Use Sustained- Yield Act (MUSY) of 1960 (16 U.S.C. 528–531), which broadened the management of USFS lands to include outdoor recreation, range, watershed, and wildlife and fish purposes.



[bookmark: National_Forest_Management_Act]The National Forest Management Act (NFMA) of 1976 (16 U.S.C. § 1600 et seq.) requires the USFS to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. 528–531). The NFMA outlines the process for the development and revision of the land management plans and their guidelines and standards [16 U.S.C. 1604(g)]. A new National Forest System (NFS) land management planning rule (Planning Rule) was adopted by the USFS in 2012 (77 FR 21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision of land management plans for all units of the NFS to maintain and restore NFS land and water ecosystems while providing for ecosystem services and multiple uses. Land management plans (also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and resources; (2) meet the need for forest restoration and conservation, watershed protection, and species diversity and conservation; and (3) assist the USFS in providing a sustainable flow of benefits, services, and uses of NFS lands that provide jobs and contribute to the economic and social sustainability of communities (77 FR 21261, April 9, 2012). A land management plan does not authorize projects or activities, but projects and activities must be consistent with the plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of plant and animal communities, including species-specific plan components in which a determination is made as to whether the plan provides the “ecological conditions necessary to . . . contribute to the recovery of federally listed threatened and endangered species . . .” (77 FR 21265; April 9, 2012).



The Record of Decision for the final Planning Rule was based on the analyses presented in the Final Programmatic Environmental Impact Statement, National Forest System Land Management Planning (77 FR 21162–21276; April 9, 2012), which was prepared in accordance with the requirements of the NEPA. In addition, the NFMA requires land management plans to be developed in accordance with the procedural requirements of the NEPA, with a similar effect as zoning requirements or regulations as these plans control activities on the national forests and are judicially enforceable until properly revised (Wilkinson and Anderson 2002, entire).



Two of the 8 occurrence locations are on U.S. Forest Service Lands (Los Padres National Forest, Santa Lucia Ranger District) and 2 others occurrences are within the Los Padres National Forest boundary. There is no Forest Service management plan in place for the Los Padres that includes amphibian management. There is a forest-wide management plan that outlines general approaches to forest management, and management plans are developed on a project-by-project basis (Cooper pers. comm. 2018).



State Mechanisms



The lesser slender salamander is designated as a California Department of Fish and Wildlife Species of Special Concern (California Department of Fish and Wildlife Natural Diversity Database, 2018). It is the goal and responsibility of the California Department of Fish and Wildlife to maintain viable populations of all native species. To this end, the Department has designated certain vertebrate species as Species of Special Concern because declining population levels, limited ranges, and/or continuing threats have made them vulnerable to extinction. The goal of designating species as “Species of Special Concern” is to halt or reverse their decline by calling attention to their plight and addressing the issues of concern early enough to secure their long term viability. Not all “Species of Special Concern” have declined equally; some species may be just starting to decline, while others may have already reached the point where they meet the criteria for listing as a “Threatened” or “Endangered” species under the State Endangered Species Act. The lesser slender salamander is not listed under the State Endangered Species Act.



California SSCs should be considered during the environmental review process under the California Environmental Quality Act (CEQA; California Public Resources Code §§ 21000-21177). Similar to the Federal NEPA, the CEQA requires State agencies, local governments, and special districts to evaluate and disclose impacts from “projects” in the State. Section 15380 of the CEQA Guidelines indicates that California SSCs should be included in an analysis of project impacts if they can be shown to meet the criteria of sensitivity outlined therein. 
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ninth population near the historic Cuesta Ridge site a few days ago, but some subtle differences are
leading me to seek genetic confirmation via Elizabeth Jockusch before making a definitive
statement.

Sincerely,

Sam Sweet
Professor, EEM Biology eeand Curator of Herpetology,
Cheadle Center, University of California Santa Barbara

On Thu, Dec 20, 2018 at 12:33 PM Russell, Daniel <daniel russell@fws.gov> wrote:

Dear Dr. Sweet:

The U.S. Fish and Wildlife Service (Service) is soliciting independent scientific reviews of the
information contained in our 2018 draft Species Status Assessment Report for the Lesser Slender
Salamander (Batrachoseps minor). Once finalized, this Species Status Assessment report (SSA
report) will provide the underlying science on which we will base our decision on whether the
species warrants listing as endangered or threatened under the Endangered Species Act of 1973
(16 U.S.C. 1531 et seq.). You were identified by our Ventura Fish and Wildlife Office as a
potential peer reviewer based on your area of expertise.

This request is provided in accordance with our July 1, 1994, peer review policy (USFWS 1994, p.
34270) and our current internal guidance. This request also satisfies the peer review
requirements of the Office of Management and Budget's "Final Information Quality Bulletin for
Peer Review." The purpose of seeking independent peer review of the SSA is to ensure use of the
best scientific and commercial information available; to ensure and maximize the quality,
objectivity, utility, and integrity of the information upon which we base listing and recovery
actions; and to ensure that reviews by recognized experts are incorporated into our final
rulemaking processes. Please let us know if you would like us to provide any of the referenced
materials to help facilitate your review.

Please note that we are not seeking advice on policy or recommendations on the legal status of
the species. Rather, we request that peer reviewers focus their review on identifying and
characterizing scientific uncertainties, and on ensuring the accuracy of the biological and land and
water use information in the SSA. Specifically, we ask peer reviewers to focus their comments on
the following:

(1) Have we assembled and considered the best available scientific and commercial
information relevant to this species?

(2) Is our analysis of this information correct?
(3) Are our scientific conclusions reasonable in light of this information?

Our updated peer review guidelines also require that all peer reviewers fill out a conflict of
interest form. We will carefully assess any potential conflict of interest or bias using applicable
standards issued by the Office of Government Ethics and the prevailing practices of the National
Academy of Sciences (http://www.nationalacademies.org/coi/index.html). Divulging a conflict
does not invalidate the comments of the reviewer; however, it will allow for transparency to the
public regarding the reviewer's possible biases or associations. If we receive comments from a
reviewer that we deem to have a substantial conflict of interest, we will evaluate the comments in
light of those conflicts, and may choose not to give weight to those comments if the conflict is
viewed as problematic. You may return the completed conflict of interest form either prior to or
with your peer review.

So that we may fully consider any input and coordinate other peer review comments as we
develop the final SSA, and ensure adequate time to complete our 12-month finding, we are
requesting peer review comments by January 10, 2019. If you are willing to peer review but are
unable to complete your assessment during this time period, please let me know when we may
anticipate receiving your comments. We will summarize and respond to the substantive
comments raised by all peer reviewers and use the information, as appropriate, in the final SSA.

While we welcome your peer review comments in any format you are most comfortable using, it
would be especially helpful if you could use the attached Comment Matrix Excel spreadsheet.


mailto:daniel_russell@fws.gov
http://www.nationalacademies.org/coi/index.html

This will make it easier to compile and keep a record of all the comments received and then
incorporate them into our report. We would also appreciate receiving a copy of your Curriculum
Vitae for our records. Please be aware that your completed review of the SSA, including your
name and affiliation, will be included in the administrative record for this evaluation and will be
available to interested parties upon request.

If you have any questions about the draft SSA report, or our listing policies in general, please feel
free to contact me at any time at (916) 978-6191. Please submit your comments and associated
materials to the contact information below, and you may also include the cc: list to this email in
your reply.

Thank you very much for your consideration.

Sincerely,
Dan Russell
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Daniel Russell - Regional Listing Coordinator
Pacific Southwest Regional Office, Region 8

U.S. Fish and Wildlife Service

2800 Cottage Way, Room W-2606

Sacramento, CA 95825

Office (916) 978-6191

Cell (916) 335-9060
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EXECUTIVE SUMMARY

On July 11, 2012, we, the U.S. Fish and Wildlife Service (Service), received a petition from the
Center for Biological Diversity requesting that 53 species of reptiles and amphibians, including
the lesser slender salamander (Batrachoseps minor), be listed as endangered or threatened and
that critical habitat be designated for these species under the Endangered Species Act. The
petition states that lesser slender salamanders have become rare, and raises habitat loss, road
mortality, climate change, and pesticide drift as potential threats to the species. On September
18, 2015, we published a 90-day finding that the petition presented substantial scientific or
commercial information indicating that the petitioned action may be warranted (80 CFR 56427-
56428). In September 2016, we published a 7-Year National Listing Workplan
(https://www.fws.gov/endangered/what-we-do/listing-workplan.html), which called for
completion of the status review for the lesser slender salamander by the end of September, 2019.
In this Species Status Assessment, we evaluate the biological status of the lesser slender
salamander, both currently and into the future, by considering the species’ resiliency,
redundancy, and representation. The scientific information presented here is for the purpose of
informing our 12-month finding.

In 2001, the lesser slender salamander was described as a unique species based primarily on
genetics, and also morphology. The lesser slender salamander is one of 21 species in the genus
Batrachoseps (slender salamanders) in the Family Plethodontidae (lungless salamanders) that
occur in California (plus one species that is limited to Oregon). The lesser slender salamander
has the smallest average adult size of all slender salamanders and has a robust body and
relatively long legs and short tail for its size when compared to other slender salamander species.

The lesser slender salamander has been observed in eight occurrence locations that occur entirely
within the Santa Lucia Mountain Range in San Luis Obispo County, California. From north to
south the occurrences are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York
Mountain, (4) Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout
Creek. Two of the eight occurrence locations are on U.S. Forest Service Lands (Cerro Alto and
Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger District); the other six occurrence
locations are on private land. The lesser slender salamander is currently known to be present in
all eight occurrence locations. Abundance data for the lesser slender salamander are not well
known rangewide or at any of the eight occurrence locations.

Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial
spaces needed to hide from predators and for feeding and that are moist to meet the species’
requirements for breeding. A resilient lesser slender salamander population is one that is self-
sustaining and has suitable habitat for feeding, breeding, and sheltering. Representation in the
lesser slender salamander is the breadth of diversity across historical latitudinal, longitudinal, and
elevation gradients, as well as climatic gradients. Lesser slender salamander redundancy
contributes to the ability of the species to withstand catastrophic events (e.g., widespread
drought, catastrophic wildfire, and flooding) which is related to the number, distribution, and
resilience of populations.


https://www.fws.gov/endangered/what-we-do/listing-workplan.html

We identified potential threats that could negatively affect lesser slender salamanders and thus
pose a risk to resiliency, representation, and redundancy of the species We evaluated habitat loss,
pesticide drift, road mortality, changing climate effects, and disease as potential threats to the
lesser slender salamander and determined that changing climate and disease are the most likely
threats to the species.

Current effects to the lesser slender salamander from increased temperatures due to changing
climate include, but are not limited to: reduction of cool, moist areas that supply habitat and
reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist
places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at
night when conditions are suitable. Slender salamanders use damp locations under logs, bark,
and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps,
suggesting that they may be behaviorally flexible to finding locations with the appropriate
conditions for breeding, feeding, and sheltering in a changing climate. The species may continue
to be affected by changes in climate on the individual level due to increasing temperatures, but
we do not anticipate a current population-level effect.

As for disease, Batrachochytrium dendrobatidis (Bd) has been found in lesser slender
salamanders, however the vulnerability of the species to Bd infection and developing
chytridiomycosis is unknown. Two congeners have differing susceptibility. In B. attenuatus,
there is some level of susceptibility to infection, however it appears that Bd prevalence has been
decreasing over time in this species. In contrast, B. /uciae appears to be highly susceptible to
wild Bd infection. While the lesser slender salamander has been shown to be susceptible to Bd,
there are no data to suggest current die-offs. The species may continue to be affected by disease
on the individual level, but we do not expect a current population-level effect.

At this time, the best available information indicates that the species is extant at seven of eight
occurrence locations. These occurrence locations encompass the north-south and east-west
gradients within its limited distribution, maintaining the relevant genetic diversity and associated
adaptive capacity for the species that comprise representation. While redundancy will always be
very limited for local, endemic species with a naturally limited range, it appears that the
redundancy of the lesser salamander is sufficient.

We assessed likely change in climate and disease 25 years into the future. Projections of climate
change along the central coast of California indicate that temperature will increase in the next 25
years. As for disease, we know that lesser slender salamanders have tested positive for Bd, but
we do not know the species’ vulnerability to Bd infection and developing chytridiomycosis. Bd
appears to have been in California since the 1960s, peaked in the 1990s, and decreased since
then.

We forecast the status of the lesser slender salamander after 25 years under two plausible future
scenarios, one with continued climate-related effects and disease at the current level, and a
second with continued climate-related effects and increased disease susceptibility. Under
Scenario 1 (Climate and Disease Continuation), we found that lesser slender salamanders may be
behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding,
and sheltering in a changing climate. If current trends in climate continue, the species may



continue to be affected by changes in climate on the individual level due to increasing
temperatures, but we do not anticipate a population-level effect in the next 25 years. As for
disease, we determined that there may be decreased disease prevalence in the lesser slender
salamander in the future, due to assumed similarity in disease susceptibility to B. attenuatus.
Given that currently we do not anticipate that disease is population-level threat to the lesser
slender salamander, at this continued level with disease susceptibility similar to B. attenuates, we
do not anticipate a population-level effect in the next 25 years. We do not anticipate combined or
synergistic effects of these threats under this scenario to pose population-level risk to the species
into the future.

Under Scenario 2 (Climate Continuation and Increased Disease), the climate portion is the same
as in Scenario 1 and therefore we anticipate that if current trends in climate continue, we do not
anticipate a population-level effect in the next 25 years. As for potential increase in disease,
under this scenario we assume greater susceptibility to Bd. It is possible that the lesser slender
salamander has similar susceptibility to B. luciae, which appears to be highly susceptible to wild
Bd infection. Based on the USGS findings that 2 of the occurrence locations tested were positive
for Bd, in the next 25 years, we assume that approximately 2 of the 8 occurrence locations will
have an associated mass die off and population declines due to Bd. This could decrease the
resiliency of those 2 lesser slender salamander occurrence locations. The resiliency of the rest of
the occurrence locations would not be affected. If there were extirpations, species representation
and redundancy could be reduced.

In summary, under the first future scenario, occurrence location resiliency and species
representation and redundancy would likely remain unchanged. Under the second future
scenario, disease could act as a population-level threat to the species, but would not occur
rangewide.
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1.0 INTRODUCTION

This report is the species status assessment (SSA) for the lesser slender salamander
(Batrachoseps minor). We, the U.S. Fish and Wildlife Service (Service), developed this SSA for
the lesser slender salamander to compile and evaluate the best available scientific information
regarding the species’ biology and factors that influence the species’ viability.

1.1 Petition History

On July 11, 2012, we received a petition from the Center for Biological Diversity requesting that
53 species of reptiles and amphibians, including the lesser slender salamander (Batrachoseps
minor), be listed as endangered or threatened and that critical habitat be designated for these
species under the Endangered Species Act. The petition states that lesser slender salamanders
have become rare and raises habitat loss, road mortality, climate change, and pesticide drift as
potential threats to the species. On September 18, 2015, we published a 90-day finding that the
petition presented substantial scientific or commercial information indicating that the petitioned
action may be warranted (80 CFR 56427-56428). In September 2016, we published a 7-Year
National Listing Workplan (https://www.fws.gov/endangered/what-we-do/listing-
workplan.html), which called for completion of the status review for the lesser slender
salamander by the end of September, 2019. In this Species Status Assessment, we evaluate the
biological status of the lesser slender salamander, both currently and into the future, by
considering the species’ resiliency, redundancy, and representation. The scientific information
presented here is for the purpose of informing our 12-month finding.

2.0 METHODOLOGY

As described in our guidance document, the SSA Framework (Service 2016a, entire), an SSA
Report first begins with a compilation of the best available information on the species
(taxonomy, life history, and habitat) and its ecological needs at the individual, population, and/or
species levels based on how environmental factors are understood to act on the species and its
habitat. Next, an SSA Report describes the current condition of the species’ habitat and
demographics, and the probable explanations for past and ongoing changes in abundance and
distribution within the species’ ecological settings (that is, areas representative of geographic,
genetic, or life history variation across the range of the species). Lastly, an SSA forecasts the
species’ response to probable future scenarios of environmental conditions. An SSA uses the
conservation biology principles of resiliency, representation, and redundancy (collectively
known as the “3Rs”, Shaffer and Stein 2000, pp. 308-311) as a lens through which we can
evaluate the current and future condition of the species (Smith ez al. 2018, entire). Ultimately, an
SSA characterizes a species’ ability to sustain populations in the wild over time based on the best
scientific understanding of current and future abundance and distribution within the species’
ecological settings.
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Resiliency describes the ability of populations to withstand stochastic disturbance. Resiliency is
positively related to population size and growth rate and may be influenced by connectivity
among populations. Generally speaking, populations need abundant individuals within habitat
patches of adequate area and quality to maintain survival and reproduction in spite of
disturbance.

Representation describes the ability of a species to adapt to changing environmental conditions
over time. It is characterized by the breadth of genetic and environmental diversity within and
among populations. Measures may include the number of varied niches occupied, the gene
diversity, heterozygosity or alleles per locus.

Redundancy describes the ability of a species to withstand catastrophic events. Redundancy is
characterized by having multiple, resilient populations distributed within the species’ ecological
settings and across the species’ range. It can be measured by population number, spatial extent,
and degree of connectivity.

This document draws scientific information from resources such as primary peer-reviewed
literature, reports submitted to the Service and other public agencies, species occurrence
information in Geographic Information Systems (GIS) databases, and expert experience and
observations. It is preceded by and draws upon analyses presented in other Service documents
including the 90-day finding (Service 2015). Finally, we coordinated closely with our partners
engaged in ongoing research. This assures consideration of the most current scientific and
conservation status information.

SPECIES BACKGROUND

Taxonomy



The lesser slender salamander is one of 21 species in the genus Batrachoseps (slender
salamanders) in the Family Plethodontidae (lungless salamanders) that occur in California
(Highton et al. 2017, pp. 27-28).

In the early 1950s, there was thought to be one species of slender salamander throughout
California; however, by the end of the decade multiple species of slender salamanders were
recognized, and in 2001, the lesser slender salamander was described as a distinct species
(Jockusch et al. 2001, pp. 54, 65-67). Jockusch et al. (2001, pp.65-66, 72-81) described
morphological and genetic differences between the lesser slender salamander and other slender
salamander species; however, slender salamanders are not easily differentiated through
morphology alone.

3.2 Species Description

Slender salamanders are small, with bodies that are rounded with costal and caudal grooves
similar in appearance to the body segments of earthworms, and with short limbs (Stebbins and
McGinnis 2012, p. 124-125). Slender salamanders have four toes on both front and hind feet; all
other western salamanders typically have four toes on front and five toes on hind feet (Stebbins
2003, p. 182). Slender salamanders can have a dorsal stripe of reddish, tan, or buff (Stebbins
2003, p. 182).

The lesser slender salamander has the smallest average adult size of all slender salamanders, with
a snout-to-vent range of 2.5 to 4.6 cm (1 to 2.3 in.) (Stebbins and McGinnis 2012, p. 137).
Although small in size, the species has a robust body and relatively long legs but a short tail for
its size when compared to other slender salamander species (Stebbins and McGinnis 2012, p.
137). Coloring of lesser slender salamanders is dark blackish brown above and a dorsal stripe
may or may not be present, which can be tan with pink to apricot highlights especially prominent
in the tail (Stebbins 2003, p. 191). Individuals usually have orange thighs, and their skin displays
a matte finish (not shiny) in comparison to other slender salamander species resident in coastal
central California.

3.3 Genetics

Jockusch et al. (2001, entire) analyzed morphology, allozymes, and mitochondrial DNA of
individual lesser slender salamanders collected from two locations in San Luis Obispo County,
California, and individuals of other species of slender salamanders from other areas within
Monterey, San Luis Obispo, Santa Cruz, San Benito, Fresno, and Kern Counties in California.
Their analyses resulted in the description of four new slender salamander species that were
previously treated as a single species, B. pacificus.

The lesser slender salamander resides in the B. pacificus species group (Wake and Jockusch
2000, p. 100), which is comprised of six slender salamander species that reside in three
geographically disjunct units in coastal California (Jockusch et al. 2001, p. 83). These six species
are: B. minor, B. pacificus, B. major, B. luciae, B. incognitus, and B. gavilanensis.



Slender salamanders (Batrachoseps spp.) are extremely sedentary as evidenced by the extensive
differentiation across relatively small geographic areas (Jockusch et al. 2001, pp. 81-83).

Based upon cytochrome b, divergence time estimates of lesser slender salamander separation
from its closest geographically located congeners in the B. pacificus group are, in millions of
years before present: B. luciae 17.3-6.9, B. incognitus 9.8-3.9, and B. gavilanensis 16.3-6.5
(Jockusch et al. 2001, pp. 86-87). Additionally, the lesser slender salamander is allopatric from
these three species.

The lesser slender salamander is sympatric (occurring within the same geographical area of
another species, overlapping in distribution) with another slender salamander species, B.
nigriventris (Jockusch et al. 2001, p. 86), but they are paraphyletic (species descended from a
common evolutionary ancestor or ancestral group, but not sharing/including all of the ancestor’s
descendant groups) (Jockusch et al. 2001, p. 82), as B. nigriventris resides in the B. relictus
(*see below) species group (Jockusch et al. 1998, p. 14). Additionally, they do not share niches
within coinciding areas of similar habitat (e.g., oak woodland). The lesser slender salamander is
typically found on heavily-shaded slopes with rocky outcrops, with a dense understory of poison
oak, while B. nigriventris is typically found in more open woodlands on flatter ground with a
dense cover of leaf litter and grasses (S. Sweet pers. comm. 2017). The two species may occur
within 3 m of one another along habitat boundaries.

3.4 Summary — Species Background

In 2001, the lesser slender salamander was described as a unique species based primarily on
genetics, and also morphology (Jockusch et al. 2001, entire). The lesser slender salamander is 1
of 21 species of slender salamanders that occur in California. The species has the smallest
average adult size of all slender salamanders and has a robust body and relatively long legs with
orange thighs and short tail for its size when compared to other slender salamander species.

4.0 HISTORICAL ABUNDANCE, RANGE, AND DISTRIBUTION
4.1 Range

Slender salamanders in the genus Batrachoseps range almost continuously along the Pacific
Coast from about 62 miles (100 km) north of the California border in Curry County, Oregon, to
about 186 miles (300 km) south of the California border near El Rosario, Baja California Norte,
Mexico (Jockusch et al. 2001, pp. 54-55.)

The range of the lesser slender salamander extends less than 30 linear miles, and it occurs
entirely within the Santa Lucia Mountain Range in San Luis Obispo County, California
(Jockusch et al. 2001, p. 66).(add Sweet pers,. comm. 2017?)

(****) Now recast as the nigriventris group, see E. L. Jockusch, I. Martinez-Solano, R.W.
Hansen, & D. B. Wake. 2012. Morphological and molecular diversification of slender
salamanders (Caudata: Plethodontidae: Batrachoseps) in the southern Sierra Nevada of
California with descriptions of two new species. Zootaxa 3190:1-30.
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Figure 2. Distribution of 18 described species and several lineages corresponding to undescribed
species of Batrachoseps in California from Jockush and Wake (2002, p. 364). Note that B. minor
is geographically distinct from other species in the pacificus group, but its range overlaps with
that of B. nigriventris of the nigriventris group. This map does not include Sierran species from
Jockusch et al 2012.
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4.2 Distribution

Eight occurrences of the lesser slender salamander have been found at locations along the Santa
Lucia Range in San Luis Obispo County, California. From north to south the occurrence
locations are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York Mountain, (4)
Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout Creek (S.
Sweet pers. comm. 2017.). We define “occurrences locations” as the locality where lesser
slender salamanders have been found. Two of the 8 occurrence locations are on U.S. Forest
Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger
District); the other 6 occurrence locations are on private land. The Cuesta Ridge site is based on
a single specimen collected (1972) prior to a devastating wildfire (1994), and efforts to relocate
the species at that site since then have failed,

Figure 3. Eight occurrence locations of B. minor as described by Dr. Samuel Sweet of
University of California, Santa Barbara, in August 2017.
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The Las Tablas Ridge occurrence location is near Cypress Mountain Road, which is west of U.S
101 and north of California Highway 46, and is on private land.

The Black Mountain occurrence location is along north facing slopes in the vicinity of Black
Mountain, which is west of U.S. 101 and north of California Highway 46, and is on private land.

land.

The York Mountain occurrence location is along northeast facing slopes adjacent to York
Mountain Road, which is west of U.S. 101 and north of California Highway 46, and is on private

The Santa Rita Creek occurrence location is along north facing slopes adjacent to Santa Rita
Creek Road, which is west of U.S. 101 and east of Old Creek Road, and is on private land. At
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present, this is the most extensive occurrence comprised of multiple locations where lesser
slender salamanders have been observed. (S. Sweet pers. comm. 2015).

The Toro Creek occurrence location is along the old Highway 41, which is west of U.S. 101 and
north and west of (current) California Highway 41, and is on private land but within the Los
Padres National Forest boundary.

The Cerro Alto occurrence location is within a U.S. Forest Service recreation area of the Los
Padres National Forest, Santa Lucia Ranger District, with a campground and hiking trails, which
is west of U.S. 101 and south of California Highway 41. There is no Forest Service management
plan in place for the Los Padres that includes amphibian management. There is a forest-wide
management plan that outlines general approaches to forest management, and management plans
are developed on a project-by-project basis (Cooper pers. comm. 2018).

The Cuesta Ridge occurrence location is at the Cuesta Ridge Botanical Reserve on U.S. Forest
Service lands, Los Padres National Forest, Santa Lucia Ranger District, which is west of U.S.
101 and south of California Highway 41.

The Trout Creek occurrence location is along northwest facing slopes adjacent to a forest road
near the junction of Water Canyon and Trout Creek, which is east of U.S. 101 and south of
California Highway 58, and is on private land but within the Los Padres National Forest
boundary.

4.3 Abundance

The abundance of lesser slender salamanders is not well known rangewide or at any of the
occurrences. Surveys for lesser slender salamanders have been irregular since the 1970s and we
are not aware of any studies having been conducted to estimate lesser slender salamander
abundance that would inform trends in the numbers of individuals in any occurrence over time.

4.4 Summary — Historical Range, Distribution, and Abundance
The lesser slender salamander has been observed in eight occurrence locations that occur entirely
within the Santa Lucia Mountain Range in San Luis Obispo County, California. Two of the 8
occurrence locations are on U.S. Forest Service Lands (Cerro Alto and Cuesta Ridge: Los Padres
National Forest, Santa Lucia Ranger District); the other 6 occurrence locations are on private

land. Abundance data for the lesser slender salamander is not well known rangewide or at any of
the eight occurrences.

5.0 LIFE HISTORY
5.1 Breeding

Little is known specifically about lesser slender salamander breeding; however, information is
available for the plethodontid family and Batrachoseps genus of slender salamanders.
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Many plethodontid salamanders (including all western North American species) reproduce on
land and do not require an aquatic larval phase (Stebbins and McGinnis 2012, p. 104). This is
attributed to the egg’s large yolk in which the embryo goes through the gilled larval stage to
hatch as a miniature adult (Stebbins and McGinnis 2012, p. 104). Slender salamander
(Batrachoseps spp.) eggs are fertilized internally, and when laid, are connected to one another by
filaments resembling a string of beads (Stebbins and McGinnis 2012, p. 106). Most slender
salamanders (Batrachoseps spp.) lay their eggs in fall, after the first rains that end the summer
dry period, and embryos develop over the winter months (Stebbins and McGinnis 2012, p. 105,
125). Eggs require a damp, concealed location that will remain moist over the several-month
development period (Stebbins and McGinnis 2012, p. 104). A moist egg capsule is needed for
the passage of oxygen to the gills of the embryo, which are pressed against the inner surface of
the egg capsule (Stebbins and McGinnis 2012, p. 65). The nest site is usually a moist rock
crevice, under bark of a rotting log, or a ground cavity (Stebbins and McGinnis 2012, p. 64).
Suitable microsites are apparently deep underground, as clutches are rarely found and unknown
for most species.

5.2 Life Cycle

The lesser slender salamander life cycle is comprised of an egg, juvenile, and adult. There are no
data specific to the details of the life cycle of the lesser slender salamander. Maiorana (1976,
entire) examined the life-history patterns of Batrachoseps attenuatus and reported that at the
beginning of their first dry season, hatchlings are approximately one-tenth the weight of an
average adult and therefore may have lower survival rates than adults through periods of
prolonged drought and reduced food sources (Maiorana 1976, p. 605). She also reported that in
woodland habitat, 95% of adult female B. atfenuatus reproduce each year and lay 7 to 8 eggs,
and maturity is at 2.5 years (3 dry seasons). Data on longevity were not available, but a long
adult life was suggested, potentially up to 6 years (Maiorana 1976, p. 605-606).

5.3 Feeding

Slender salamander (Batrachoseps spp.) food includes newly hatched earthworms (Class
Oligochaeta), small slugs (Class Gastropoda), spiders (Class Arachnida), large mites (Class
Arachnida), juvenile snails (Class Gastropoda), millipedes (Class Diplopoda), sowbugs (Order
Isopoda), and other small invertebrates that inhabit surface-litter areas and subterranean openings
(Stebbins and McGinnis 2012, p. 127).

5.4 Sheltering

Little is known specifically about lesser slender salamander sheltering; however, information is
available for the plethodontid family and Batrachoseps genus of slender salamanders. During the
daytime, plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten
wood, and in animal burrows, and they emerge at night when moisture conditions are suitable
(Stebbins 2003, p. 168). Slender salamanders (Batrachoseps spp.) have been found in damp
locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks,
logs, and stumps (Stebbins 2003, p. 183). Batrachoseps minor favor smaller logs and pieces of
bark that rest lightly on the surface, as opposed to being partly embedded in soil. They retreat
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from the surface as the leaf litter dries out, and in response to overnight temperatures at or below
freezing.

5.5 Summary — Life History

Lesser slender salamanders reproduce on land and do not require an aquatic larval phase. Eggs
are laid in concealed, damp locations that will remain moist for the duration of embryo
development. At hatching, lesser slender salamander juveniles are similar to adults in
morphology but smaller in body size. Lesser slender salamanders feed on a variety of small
invertebrate prey found under logs and rocks or in the other small crevices and underground
shelters in which they reside.

6.0 GENERAL HABITAT DESCRIPTION

Habitat for the lesser slender salamander is comprised of shaded slopes with deep leaf litter and
an abundant understory of poison oak (7oxicodendron diversilobum) (Jockusch et al. 2001, p.
66). The species occurs in wooded habitats containing tanbark oak (Notholithocarpus
densiflorus), coast live oak (Quercus agrifolia), blue oak (Quercus douglasii), sycamore
(Platanus racemosa), and California laurel (Umbellularia californica) (Stebbins and McGinnis
2012, p. 137), and with abundant lower story vegetation dominated by poison oak (Jockusch et
al. 2001, p. 66). The lesser slender salamander prefers closed-canopy northward facing steeper
slopes with rock outcrops and shallow soil (S. Sweet pers. comm. 2017) and are typically found
at an altitude above 1300 feet (400m) (Jockusch et al. 2001, p. 66). Known sites range from 850-
2180 feet (260-660m}, but the species mostly selects habitat types that occur on the middle third
of local ridges at 300-400 m.

7.0 SPECIES NEEDS
7.1 Individual Needs

Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial
spaces, such as earthworm burrows, rock crevices, or under wooden debris (logs). These small
spaces allow individuals to hide from larger predators and also provide the small invertebrate
prey needed by lesser slender salamanders for feeding. Moist areas within lesser slender
salamander habitat are required for breeding to maintain moisture for developing embryos within
eggs and required by individuals to avoid desiccation over the typically long periods without
rainfall (California summer).

7.2 Population Needs
Population dynamics of the lesser slender salamander are not well understood. Lesser slender
salamander populations need suitable habitat that supports survival of individuals and an
adequate number of reproducing individuals with vital rates that maintain self-sustaining

populations despite stochastic events.

7.3 Species Needs
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The lesser slender salamander needs multiple resilient populations distributed across the range of
the species.

7.4 Resiliency, Representation, and Redundancy

Resiliency

Resiliency describes the ability of the populations to withstand stochastic events. Measured by
the size and growth rate of each population, resiliency gauges the probability that the populations
comprising a species are able to withstand or bounce back from environmental or demographic
stochastic events.

Lesser slender salamander population-level resiliency is a function of its size and its growth rate.
A resilient lesser slender salamander population is one that is self-sustaining and has suitable
habitat for feeding, breeding, and sheltering.

Representation

Representation describes the ability of a species to adapt to changing environmental conditions.
Measured by the breadth of genetic or environmental diversity within and among populations,
representation gauges the probability that a species is capable of adapting to environmental
changes.

Representation in the lesser slender salamander is important across the range of the species.
Although we expect local endemics, such as the lesser slender salamander, to naturally harbor
less adaptive capacity than wide-ranging species. Species that span environmental gradients
(spatially and temporally heterogeneous environments) are expected to harbor the most
phenotypic and genetic variation (Lankau ef al. 2011, p. 320). Thus, preserving the breadth of
diversity of a species requires maintaining populations across historical latitudinal, longitudinal,
and elevation gradients, as well as climatic gradients. We do not have information on the genetic
diversity for lesser slender salamanders but assume that maintenance of resilient occurrences
across the north-south and east-west gradients within its historically limited distribution is
representation for the species.

Redundancy

Redundancy describes the ability of a species to withstand catastrophic events. Measured by the
number of populations, their resiliency, and their distribution (and connectivity), redundancy
gauges the probability that the species has a margin of safety to withstand or can bounce back
from catastrophic events.

Lesser slender salamander redundancy is a function of the number and distribution of resilient
populations across the range relative to the degree and spatial extent of potential catastrophic
events. Distribution is related to the number of occurrences. Catastrophic events which could
affect lesser slender salamander occurrences include disease, widespread drought and periods of
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extreme heat resulting in the loss of soil moisture in lesser slender salamander habitat,
catastrophic wildfire, and torrential rainstorms resulting in sediment/debris flows or widespread
flooding.

7.5 Summary -- Species Needs

Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial
spaces needed to hide from predators and for feeding, and that are moist to meet the species’
requirements for breeding. A resilient lesser slender salamander population is one that is self-
sustaining and has suitable habitat for feeding, breeding, and sheltering. Representation in the
lesser slender salamander is maintained by preserving the breadth of diversity across historical
range. Lesser slender salamander redundancy is a function of the number and distribution of
resilient populations across the range relative to the degree and spatial extent of potential
catastrophic events, such as disease, widespread drought, wildfire, and flood effects.

8.0 CURRENT CONDITIONS
8.1 Abundance and Distribution

Prior to 2015, the lesser slender salamander was known to occur in six locations. Since that time,
two additional locations have been discovered. The lesser slender salamander is currently known
to be present in seven of eight occurrence locations (S. Sweet pers. comm. 2017).

The Las Tables Ridge, Black Mountain, York Mountain, Santa Rita Creek (from where the
holotype was collected in 1975), Cerro Alto, and Cuesta Ridge are historical occurrence
locations (Jockusch et al. 2001, p. 65-66 page #s are incorrect).

Individual lesser slender salamanders were observed at Las Tablas Ridge, Black Mountain, York
Mountain, and Santa Rita Creek, occurrences annually between 2011 and 2018 (S. Sweet pers.
comm. 2019). The Cuesta Ridge (1972) and Cerro Alto (2008) records are single specimens
with no subsequent observations.

The Toro Creek occurrence was discovered in 2016 (S. Sweet pers. comm. 2017) and the Trout
Creek occurrence was discovered in 2015, and have been observed there each year since (S.
Sweet pers. comm. 2019).

Current abundance for the lesser slender salamander at each occurrence is unknown. The data
required to make abundance estimates for each occurrence are lacking and therefore population
estimates cannot be made at this time.

Table 1. Historic and current distribution of B. minor

Occurrence Historic Current
Las Tables Ridge X Present in 2011-2018
Black Mountain X Present in 2011-2018
York Mountain X Present in 2011-2018
Santa Rita Creek X Present in 2011-2018
Cerro Alto X Not seen since 2008
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Cuesta Ridge X Not seen since 1972
Toro Creek - Discovered in 2016
Trout Creek - Discovered in 2015

We evaluated potential threats to the lesser slender salamander, including habitat loss, pesticide
drift, road mortality, climate change, and disease. We evaluated overutilization, collection, and
predation to see if they were actually occurring or were a significant problem, and we did not
find any information to indicate that they are a concern for the lesser slender salamander now or
into the future.

Dr. Samuel Sweet, Professor, University of California, Santa Barbara, conducted graduate work
on the lesser slender salamander in the 1970s and in the winter of 2011 began to reinvestigate the
status of the species. According to Dr. Sweet, lesser slender salamanders were easily found
recently at most recorded localities and numbers may be reduced compared to the 1970s, but this
is true for all plethodontid (lungless) salamanders in central California as a consequence of
extended drought, but more generally as a result of a long-term climatic shift driven by the
Pacific Decadal Oscillation.

Dr. Sweet provided the following related to threats to the species (S. Sweet pers. comm. 2015):

e Habitat loss—In the areas inhabited by lesser slender salamanders there has been no habitat
change of any kind in over 45 years. York Mountain Vineyards and Winery have not farmed
grapes on site since its main building was destroyed in the 2003 San Simeon earthquake, and
only recently (2015) replanted in the original footprint.

e Pesticide drift—Lesser slender salamanders living nearby the winery do not seem to be
affected.

e Road mortality—In the California Roadkill Observation System, as of September 27, 2015,
no roadkill of lesser salamanders has been reported.

e Climate change—This is a major factor for all native amphibians in California.

e Disease—The fungal disease, Batrachochytrium dendrobatidis (Bd), may be affecting the
lesser slender salamander (S. Sweet pers. comm. 2017).

The Service accessed AmphibiaWeb on March 27, 2017
(http://amphibiaweb.org/cgi/amphib_query?where-genus=Batrachoseps&where-species=minor ),
which states: “Fewer than five of these [lesser slender] salamanders have been seen in the past
decade despite many attempts to find them. Although some areas within the historical range of
this species have been modified for agriculture (i.e., conversion to vineyards), ample habitat
remains and there is no obvious reason for this decline in abundance.” Although land was
converted several decades ago for the York Mountain Vineyards and Winery, this land
conversion occurred adjacent to, but not within, habitat for the lesser slender salamander.
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We have been unable to find any data suggesting that pesticide drift is a threat to the lesser
slender salamander or its habitat. While there are many vineyards east of the Santa Lucia crest in
central San Luis Obispo County and the number is growing, there is a climatic line 2-5 km east
of all known B. minor localities, termed the ‘fog line’, west of which it is too damp to grow wine
grapes.

The Service accessed the California Roadkill Observation System
(http://www.wildlifecrossing.net/california/) on August 21, 2018, and found no records
documenting road mortality of lesser slender salamanders (or any other slender salamander
species). Our search corroborates the information provided by Dr. Sweet regarding the lack of
data supporting road mortality as a threat to lesser slender salamanders. The CBD petition also
listed “road-building and improvements” as a threatening factor, but all known localities are on
or along minor roads with minimal current maintenance. New roads (US hwys 41 and 46)
bypass these older routes in providing connections between the Salinas Valley and the coast, and
there is no evident reason to significantly modify the older roads.

Batrachochytrium dendrobatidis (Bd) is a fungal pathogen which can cause chytridiomycosis, a
highly infectious amphibian disease associated with mass die-offs, population declines and
extirpations, and potentially species extinctions on multiple continents (Berger ef al. 1998, pp.
9031-9036; Bosch et al. 2001, pp. 331-337; Lips et al. 2006, pp. 3165-3166).

The best available information we have regarding the lesser slender salamander has led us to
determine that we need to consider further how climate change and disease are impacting the
viability of the lesser slender salamander in this SSA now and into the future.

8.3 Potential Threats
8.3.1 Changes in Climate Conditions

The summer of 2017 was the warmest in California since record keeping began in the late 1800’s
(not a possessive, but a plural, no apostrophe) (NOAA National Centers for Environmental
Information 2018). Considering data up to 2015, Brown et al. (2016, entire) reported that most of
the warming occurred in the past 35 years with 15 of the 16 warmest years occurring since 2001.
The 3-year period from 2012 to 2014 was the hottest and driest in California in the 100-year
timeframe considered (Mann and Gleick 2015, p. 3858), and it was the most severe drought in
California in the past 1,200 years (Griffin and Anchukaitis 2014, p. 9017). According to Thorne
et al. (2017, entire), this trend appears likely to continue; however recent projections for
California indicate that while temperatures will significantly increase, no significant change in
precipitation is predicted (He et al. 2018, entire). Also, He et al. (2018, p. 17) reports a
decreasing tendency for severe droughts.

The lesser slander salamander is a Priority 2 (out of 3) taxon for drought vulnerability based on
the California Department of Fish and Wildlife’s rapid assessment of the vulnerability of
sensitive California wildlife to extreme drought (CDFW 2016, p. 28). Drought vulnerability was
assessed for special status amphibians, reptiles, birds, and mammals using scores for three risk
categories and three life history/status criteria. Priority 1 were those taxa found to be most
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vulnerable to extended or frequent severe drought and resultant risk of extirpation. Priority 2 was
created to capture taxa that have an elevated drought risk but do not meet the conditions of high
priority taxa, which were placed in Priority 1. Priority 3 included all other taxa evaluated with
lower drought risk.

Current effects to the lesser slender salamander from increased temperatures due to climate
change include, but are not limited to: reduction of cool, moist areas that supply habitat and
reduced survival of all life stages. During the daytime, plethodontid salamanders inhabit moist
places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at
night when conditions are suitable. Slender salamanders use damp locations under logs, bark,
and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps,
suggesting that they may be behaviorally flexible to finding locations with the appropriate
conditions for breeding, feeding, and sheltering in a changing climate. The species may continue
to be affected by changes in climate on the individual level due to increasing temperatures, but
we do not anticipate a current population-level effect.

8.3.2 Disease

Disease has the potential to cause catastrophic loss of lesser slender salamanders. There are two
pathways by which disease could result in a catastrophic mortality event for the lesser slender
salamander. Mortality events could be caused by existing pathogens or through the introduction
of novel pathogens.

The chytrid fungus Batrachochytrium dendrobatidis (Bd) was identified in 1999 and has been
attributed to the primary cause of decline for many amphibians. Bd is a fungal pathogen that can
cause chytridiomycosis and it has been documented in wild lesser slender salamander
individuals. A second type of chytrid fungus (Batrachochytrium salamandrivorans, Bsal) is
emerging in Europe. While Bsal primarily affects salamanders, frogs can also become infected
and spread this disease. Additionally, the disease Ranavirus has been documented in northern
California but has not been observed in lesser slender salamanders, but could be spread into the
range of the lesser slender salamander.

Given the high risk of Bsal invasion, the Service recently listed 20 amphibian genera known to
carry Bsal as injurious under the Lacey Act to limit importation into the United States (USFWS
2016, entire). Despite this protection, it is possible that an unknown carrier or illegal import
could introduce this pathogen into salamander populations in California.

Emerging infectious diseases (EIDs) have been increasing in large part because of globalization
and the increased frequency and rapidity of international travel and trade (McLean 2007, p. 262;
Brand 2013, p. 447; Smith et al. 2017, pp. 30-31). Global wildlife trade is a significant
contributor and occurs mostly through uncontrolled or illegal networks, and involves millions of
birds, mammals, reptiles, amphibians, and fish every year (Karesh et al. 2005, p. 1000; Smith et
al. 2017, pp. 30-31). Increasingly, disease is being recognized as a driver of population declines
and extinctions (Brand 2013, p. 447; McPhee and Greenwood 2013, p. 6), and amphibians are
one of the vertebrate groups most negatively impacted by the introduction of EIDs world-wide
(Martel et al. 2014; Chambouvet et al. 2015; Berger et al. 2016, entire).

21



Batrachochytrium dendrobatidis

Batrachochytrium dendrobatidis (Bd) is a fungal pathogen which can cause chytridiomycosis, a
highly infectious amphibian disease associated with mass die-offs, population declines and
extirpations, and potentially species extinctions on multiple continents (Berger et al. 1998, pp.
9031-9036; Bosch et al. 2001, pp. 331-337; Lips et al. 2006, pp. 3165-3166). Bd attacks the
keratinized tissue of amphibian skin and can lead to thickened epidermis, lesions, body swelling,
lethargy, loss of righting reflex, and death in all life stages (Berger et al. 1998, pp. 9031-9036;
Bosch et al. 2001, p. 331; Carey et al. 2003, p. 130). Chytridiomycosis infection rates among
amphibians exposed to Bd vary by species (Woodhams et al. 2007, p. 4), and resistance to Bd
infection in some amphibians is likely related to levels of antimicrobial peptides found in skin
secretions (Woodhams et al. 2007, p. 4), beneficial skin bacteria (Harris et al. 2006, p. 55), and
possibly frequent skin shedding (Woodhams et al. 2007, p. 6). The effects of chytridiomycosis
can vary among host species and life stages (Gervasi ef al. 2013) and can even vary between
populations of the same species (Bradley et al. 2015). Resistance can be reversed under certain
environmental conditions, for example those that can exert stress and immunosuppression
(Ramsey et al. 2010). Thus, the prevalence of Bd (i.e., number of positives/number sampled) in
different populations is likely reflecting the interaction between the host, the pathogen strain, and
the environmental conditions they encounter (Spitzen-Van der Sluijs et al. 2014; Bacigalupe et
al. 2017).

Lesser slender salamanders are susceptible to contracting chytrid. The U.S. Geological Survey
(USGS) conducted an analysis of samples collected in 2017 from eight individual lesser slender
salamanders. Their provisional results for Bd in lesser slender salamanders determined that, of
the three occurrence locations from which samples were taken, all samples from two of the
occurrence locations (Toro Creek and Santa Rita Creek) were Bd positive, while those from
Trout Creek were negative for Bd (R. Fisher pers. comm. 2018).

The prevalence of Bd in lesser slender salamanders is not known; however, a study was
conducted on another slender salamander species that occurs in California, B. attenuates (Sette et
al. 2015, entire). Sette et al. (2015) found Bd infection and spread in B. attenuatus in proximity
to the greater Bay Area of northern California. From the museum specimens used in their study,
Bd was first found in B. attenuatus during the 1960s (Sette et al. 2015, p. 24). Bd prevalence in
B. attenuatus peaked in the 1990s, and in 2013 the prevalence of Bd in B attenuatus had
decreased from the levels found in the 1990s (Sette et al. 2015, pp. 24-25).

The effects of Bd infection on lesser slender salamanders are not known; however, studies on the
effects of Bd to two other slender salamander species that occur in California, B. attenuatus and
B. luciae, have been conducted. Weinstein (2009, entire) conducted studies investigating the
effects of Bd on B. attenuatus. Under one study, Weinstein (2009, p. 655) collected 30 living
individuals of B attenuatus from the wild, 19 of which were determined to have been infected
with Bd in the wild; 18 (95%) died within 70 days and all of the individuals infected with Bd
died in the lab over the course of the approximate 120-day study, while 10 of 11 uninfected
individuals survived. In a second study, Weinstein (2009, pp. 654-657) collected individuals of
B. attentuatus from the wild and infected them with Bd in the lab; those held in the experimental
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dry conditions (95% relative humidity) began reducing their zoospore counts after inoculation
and all individuals lost their infections and survived more than 95 days. This suggests that
slender salamanders could shed Bd infection during dry periods. Sparagon (2015) examined Bd
susceptibility in individuals carrying wild Bd infections and individuals inoculated with lab
grown Bd. Experiments demonstrated significant differences in B. luciae mortality rates from
wild Bd and lab grown Bd infections. Those with wild infections had a 77.8% mortality rate;
those infected in the lab had a 25% mortality rate, suggesting that B. luciae is susceptible to
infection and death from wild Bd (Sparagon 2015, pp. 20-25).

The details of how Bd moves through the environment resulting in the spread of disease is not
well understood, but could occur through reservoir species (Reeder et al. 2012, pp. 4-5). The
Pacific chorus frog (Pseudacris regilla) is common and widespread across California (Stebbins
and McGinnis 2012, pp. 180-181). Pacific chorus frogs can withstand high Bd zoospore loads
without symptoms or mortality (Reeder et al. 2012, pp. 2-3). Additionally, four species of Pacific
newts (Genus Taricha) are common and widespread across coastal California (Stebbins and
McGinnis 2012, pp. 92-103) and may serve as a reservoir for chytridiomycosis in terrestrial
salamanders (Chaukulkar et al. 2018, p. 6). Infected bullfrog (Rana catesbiana) tadpoles can also
be effective vectors of Bd (Miaud et al. 2016, entire). Lesser slender salamanders do not have an
aquatic phase, unlike Pacific chorus frogs and Pacific newts which require an aquatic larval
phase, and the ability for Bd zoospores to survive can be reduced in dry terrestrial environments,
potentially lessening the likelihood of Bd spread from reservoir species with an aquatic life stage
to slender salamanders.

Batrachochytrium salamandrivorans

The fungal pathogen Bsal invaded Europe from Asia around 2010 and is responsible for causing
mass die-offs of fire salamanders (Salamandra salamandra) in northern Europe (Martel et al.
2014, p. 631; Fisher 2017, p. 300-301). Given unregulated trade and the recent discovery of Bsal
in amphibians, there is concern about the introduction of a novel pathogen causing extirpations
of salamander populations in North America which have never been exposed to the disease (Yap
et al. 2017, entire). While we still do not have a clear understanding of all of the salamander
species that will be susceptible to Bsal, there is concern that lesser slender salamanders could be
impacted. The Pacific coast, including the range of the lesser slender salamander, is one the
regions with the highest risk of introduction of Bsal (Richgels et al. 2016, p. 5; Yap et al. 2015,
p. 482) and highest risk of Bsal to native salamanders (Richgels et al. 2016, p.6).

Given the high risk of Bsal invasion, the Service recently listed under the Lacey Act 20
amphibian genera known to carry Bsal as injurious, in order to limit importation into the United
States (Service 2016b, entire). The USGS conducted an analysis of samples collected in 2017
from eight individual lesser slender salamanders. Their provisional results for Bsal determined
that of the three occurrence locations from which samples were taken, all samples were negative
for Bsal (R. Fisher pers. comm. 2018).

Ranaviruses
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Ranaviruses are another emerging group of pathogens affecting amphibian populations
worldwide. Ranavirus is one of five genera in the family Iridoviridae, a family of viruses known
to infect a diversity of invertebrate and ectothermic (cold-blooded) vertebrate hosts. Ranaviruses
were originally detected in frogs (Granoff et al. 1965, pp. 237-255; Rafferty 1965, pp. 11-17) but
are now known to infect and cause disease in fish, reptiles, and other amphibians (Marschang
and Miller 2012, p. 1). Ranaviruses are often virulent and can cause systemic infections in
amphibians (Daszak ef al. 1999, p. 742). Mortality caused by ranaviruses has been reported from
five continents and in most of the major families of frogs and salamanders (Gray et al. 2009, pp.
243-244).

Amphibian larvae seem to be the developmental stage most susceptible to ranaviruses (Daszak et
al. 1999, p. 742), with physical characteristics of infections in larval stages including skin
hemorrhages, ulcers, and bloating (Marschang and Miller 2012, p. 1). Overt signs of infection
may not be exhibited in juvenile and adult stages (Daszak et al. 1999, p. 742), but when present
typically include skin abnormalities (e.g., sloughing, hemorrhaging) and sometimes necrosis
(tissue death) of digits and limbs (Cunningham et al. 1996, pp. 1539, 1541; Jancovich et al.
1997, p. 163). The exact mechanism by which Ranavirus infections cause amphibian mortalities
remains unclear, but hemorrhaging in skeletal tissue (Daszak et al. 1999, p. 743) and extensive
necrosis in the liver, spleen, kidneys, and digestive tract have been observed in infected
individuals (Gray et al. 2009, p. 253). It is also postulated that viral infections may suppress the
immune system, resulting in secondary invasion by opportunistic pathogens (Miller et al. 2008,
p. 448).

Sutton et al. (2015, entire) sampled fourteen species of Plethodontid salamanders (none from
genus Batrachoseps) from Great Smoky Mountains National Park and tested the individuals for
Ranavirus. Of the total 566 salamanders that were sampled, 103 were positive for Ranavirus,
across 11 of the 14 species (Sutton et al. 2015, p. 324). Ranavirus outbreaks among lesser
slender salamanders have not been documented.

8.4 Summary -- Current Condition

The lesser slender salamander is currently known to be present in seven of eight occurrence
locations; presumably the species’ current range is the same as its historic range. Current
population abundance for the lesser slender salamander at each occurrence is unknown. The two
threats that could be have the greatest impact on populations or rangewide are: (1) changing
climate conditions, and (2) disease.

Current effects to the lesser slender salamander from increased temperatures due to climate
change include, but are not limited to: reduction of cool, moist areas that supply habitat and
reduced survival of all life stages. During the daytime, plethodontid salamanders inhabit moist
places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at
night when conditions are suitable. Slender salamanders use damp locations under logs, bark,
and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps,
suggesting that they may be behaviorally flexible to finding locations with the appropriate
conditions for breeding, feeding, and sheltering in a changing climate. The species may continue
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to be affected by changes in climate on the individual level due to increasing temperatures, but
we do not anticipate a current population-level effect.

As for disease, Bd has been found in lesser slender salamanders, however the vulnerability of
lesser slender salamanders to Bd infection and developing chytridiomycosis is unknown. Two
congeners have differing susceptibility. In B. attenuatus, there is some level of susceptibility to
infection, however it appears that Bd prevalence has been decreasing over time in this species. In
contrast, B. luciae appears to be highly susceptible to Bd infection. While the lesser slender
salamander has been shown to be susceptible to Bd there are no data to suggest current die-offs,
and individual lesser slender salamanders may have the potential to shed the infection as habitat
conditions become drier over the summer months, which would decrease the prevalence of
disease in the population.

At this time, climate effects and disease are potential threats that could affect all salamander
species. Currently the best available data indicates that climate change and disease will affect 5.
minor on an individual level. We do not anticipate that climate effects or disease are population-
level threats to the species because B. minor is flexible in behavior and can find suitable habitat
when faced with the effects of climate change and the prevalence of disease may be reduced due
to drier conditions.

All of the previously discussed threats may act on the lesser slender salamander in combination
and we evaluated all of these threats combined to examine the total effect on the species. In
particular, threats such as habitat loss, road mortality, climate change and disease may act on the
lesser slender salamander in combination to affect the species. Some minor habitat loss may
occur along with random road mortalities and continued climate change effects with occasional
disease could occur together to affect the lesser slender salamander. Yet, even cumulatively,
there is little suggest that anything more than a few individuals are being currently affected. We
evaluated the combined effects of pesticide drift, overutilization, collection or predation and we
found no information to indicate that they are a concern for the lesser slender salamander under
current conditions. The totality of effects from all of the identified threats is likely to affect the
lesser slender salamander on the individual scale, but we do not anticipate that these combined
effects are having negative impacts at the population- or on the species-wide scale.

8.5 Summary Current Condition — Resiliency, Representation, and Redundancy

We do not have data to determine the resiliency of lesser slender salamander populations.
Resiliency is positively related to population size and growth rate and may be influenced by
connectivity among populations. We would need information on abundance, growth rate, or an
acceptable proxy to determine resiliency and currently no data are available to us. At this time,
the best available information indicates that the species is extant at all eight occurrence locations.
These occurrence locations encompass the north-south and east-west gradients within its limited
distribution, presumably maintaining the relevant adaptive capacity for the species that
comprises representation. While redundancy will always be very limited for local, endemic
species with a naturally limited range, we believe the lesser slender salamander would be able to
withstand a catastrophic event because having 7 or 8 populations likely provides them with
enough redundancy to recover from such a loss. Also, it is likely that further populations will be
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discovered within the known range due to increased access to private lands. A new site was
discovered in December 2018, and is awaiting genetic confirmation as B. minor.

9.0 POTENTIAL FUTURE CONDITIONS

We use 25 years as our future timeframe as it encompasses 1-2 regular drought cycles in
California and encompasses projections for climate change. We forecast the status of the lesser
slender salamander after 25 years under two plausible future scenarios, one with continued
climate-related effects and disease at the current level, and a second with continued climate-
related effects and increased disease susceptibility.

9.1 Changes in Climate Conditions

Changes in climate have been observed in recent years and are predicted to continue in
California (Frankson et al. 2017, p. 1). This can include extreme events such as multi-year
droughts or heavy rain events (Frankson et al. 2017, pp. 2-5). Pierce et al. (2013, entire)
estimated future changes in temperature and precipitation patterns in California by the 2060s and
determined that historically maximum July temperatures are likely to increase and heat waves
may span longer durations. Summer temperatures are anticipated to increase along the central
coast of California (Pierce et al. 2013, p. 843 figure 2b), which could lead to increased
evapotranspiration (Diffenbaugh ef al. 2015, p. 3994). Droughts associated with increased
warming in California are anticipated to increase (Diffenbaugh et al. 2015, p. 3934; Williams et
al. 2015, p. 6826; Cook et al. 2015, p. 6). Additionally, Cvijanovic et al. (2017, p. 8) identified
that as the Artic sea-ice cover decreases, precipitation amounts in California decrease, resulting
in the potential increase in future droughts in California. Dettinger (2011, pp. 521-522)
determined that in the future, extreme storm events may increase in severity beyond historic
levels of intensity with potential to increase flood risks and to increase the potential for flooding
to occur before and after the primary historical flood season in California.

He et al. (2018, p. 4) evaluated historical and projected precipitation and maximum and
minimum temperature data, and developed projections for 2020-2099 based on climate model
simulations for hydrologic basins of California. The study used two 40-year future periods, mid-
century (2020-2059) and late-century (2060—2099), which was compared to a historical
(baseline) period of 1951-1990 (He et al. 2018, p. 6). All projections on mean annual maximum
temperature and minimum temperature showed significant increasing trends. However, no
significant trends were detected in historical annual and wet season precipitation for any study
regions (He et al. 2018, p. 14-15). When looking at drought projections, there was no consensus
among projections; however, the majority of projections show a decreasing tendency for severe
droughts due to increase in annual precipitation (He ez al. 2018, p. 17). While there were no
significant trends in precipitation for any study regions, most regions are also expected to see an
increase in annual precipitation, with the Central Coast region experiencing a +6.4% under RCP
4.5 scenario by mid-century, and an increase of +6.2% by late-century (He et al. 2018, pp. 8-9;
Figure 4a, 4c¢).

Overall, projections of climate change along the central coast of California indicate that
temperature will increase over the next 25 years. Patterns of precipitation in the future are less
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clear; however, when storms do occur, they will likely be more severe than historical/baseline
conditions.

9.2 Disease

Bd has been confirmed in the lesser slender salamander but the specific effects of Bd infection in
wild individuals and how this might change in the next 25 years is unknown. Some amphibian
species appear to be tolerant of infection from Bd, while others experience extirpation (Louca et
al. 2014, entire). Padgett-Flohr and Hopkins (2009, entire) evaluated museum specimens and
found that Bd has been in central California since at least 1961, suggesting Bd is now endemic
throughout most of central California, (Padgett-Flohr and Hopkins 2009, p. 8).

Xie et al. (2016) projected how climate may influence Bd distribution globally into the future
(Xie et al. 2016, entire). They found that Bd ranges will shift into higher latitudes and altitudes
(Xie et al. 2016, p. 14) but did not project future virulence in areas where Bd already occurs.
Changes in climate could create situations (e.g., microclimate suitable for the pathogen, shifting
species distributions) that shift the pattern for Bd, which could increase or decrease disease risk
for the lesser slender salamander and other amphibians (e.g., Adams et al. 2017, entire).

For Bsal, Richgels et al. (2016, entire) predict that the Pacific coast, southern Appalachian
Mountains and mid-Atlantic regions will have the highest relative risk from Bsal, if it were to get
into the United States. Given the high risk of Bsal invasion, the Service recently listed 20
amphibian genera known to carry Bsal as injurious under the Lacey Act to limit importation into
the United States (USFWS 2016, entire). Given this, we do not anticipate that Bsal is likely
cause population-level declines in the lesser slender salamander in the next 25 years.

9.3 Cumulative Effects

All of the previously discussed threats may act on the lesser slender salamander in combination
and we evaluated all of these threats combined to examine the total effect on the species. In
particular, threats such as habitat loss, road mortality, climate change and disease may act on the
lesser slender salamander in combination to affect the species. Some minor habitat loss may
occur along with random road mortalities and continued climate change effects with occasional
disease could occur together to affect the lesser slender salamander. Yet, even cumulatively,
there is little suggest that anything more than a few individuals are being currently affected. We
evaluated the combined effects of pesticide drift, overutilization, collection or predation and we
found no information to indicate that they are a concern for the lesser slender salamander in the
future. The totality of effects from all of the identified threats is likely to affect the lesser slender
salamander on the individual scale, but we do not anticipate that these combined effects are
having negative impacts at the population- or on the species-wide scale.

9.4 Future Scenario 1: Climate and Disease Continuation
Under Future Scenario 1 (Climate and Disease Continuation), we evaluated the status of the

lesser slender salamander after 25 years with continued climate-related effects and disease at the
current level. Projections of climate change along the central coast of California indicate that
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temperature will increase over the next 25 years. Patterns of precipitation in the future are less
clear.

Current effects to the lesser slender salamander from increased temperatures due to climate
change include, but are not limited to: reduction of cool, moist areas that supply habitat and
reduced survival of all life stages. During the daytime, plethodontid salamanders inhabit moist
places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at
night when conditions are suitable. Slender salamanders use damp locations under logs, bark,
and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps,
suggesting that they may be behaviorally flexible to finding locations with the appropriate
conditions for breeding, feeding, and sheltering in a changing climate. The species may continue
to be affected by changes in climate on the individual level due to increasing temperatures, but
we do not anticipate a current population-level effect.

As for disease, Bd has been found in lesser slender salamanders, however the vulnerability of
lesser slender salamanders to Bd infection and developing chytridiomycosis is unknown. Two
congeners have differing susceptibility. In B. attenuatus, there is some level of susceptibility to
infection, however it appears that Bd prevalence has been decreasing over time in this species. In
contrast, B. luciae appears to be highly susceptible to Bd infection in the wild. While the lesser
slender salamander has been shown to be susceptible to Bd there are no data to suggest current
die-offs. In this scenario, we assume that the lesser slender salamander is able to stave off a
large-scale disease event due to similarity in disease susceptibility and trends to B. attenuatus.
Given that currently we do not anticipate that disease is population-level threats to the lesser
slender salamander, at this continued level and with similarity in disease susceptibility and trends
to B. attenuates, we do not anticipate a population-level effect in the next 25 years.

9.5 Future Scenario 2: Climate Continuation and Increased Disease

Under Future Scenario 2 (Climate Continuation and Increased Disease), we evaluated the status
of the lesser slender salamander after 25 years with continued climate-related effects and
increased disease susceptibility. The climate portion of this scenario is the same as in Scenario 1
and therefore we anticipate that if current trends in climate continue, the species may be affected
by changes in climate on the individual level due to increasing temperatures, but we do not
anticipate a population-level effect in the next 25 years.

As for potential increase in disease, under this scenario we assume greater susceptibility to
existing pathogens. Specifically, Bd has been found in lesser slender salamanders, however the
vulnerability of lesser slender salamanders to Bd infection and developing chytridiomycosis is
unknown. It is possible that the lesser slender salamander has similar susceptibility to B. luciae,
which appears to be highly susceptible to wild Bd infection. The USGS tested eight individual
lesser slender salamanders collected in 2017 for Bd and found that 2 of the 3 sampled occurrence
locations were positive for Bd. Specifically, of the three occurrence locations from which
samples were taken, all samples from two of the occurrences (Toro Creek and Santa Rita Creek)

were Bd positive, while those from Trout Creek were negative for Bd (R. Fisher pers. comm.
2018).
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Given that (1) Bd is currently found in 2 populations, (2) Bd appears to have been in California
since the 1960s, peaked in the 1990s, and decreased since then, and (3) the effects of
chytridiomycosis can even vary between populations of the same species (Bradley et al. 2015,
entire), we predict that in the next 25 years, 2 of the 8 occurrence locations will have an
associated mass die off and population declines due to Bd under the assumption that the lesser
slender salamander has similar susceptibility to B. /uciae,. The extent of the population declines
will be dependent on the variation in infection rate and whether there are resistant individuals
who are selected for during such a disease event. Disease at a population-level within 2 of the 8
occurrence locations in the next 25 years would decrease the resiliency of those infected lesser
slender salamander occurrence locations. If occurrence locations were extirpated due disease,
this would decrease the species already limited distribution.

9.6 Summary of Future Threats

We assessed likely change in climate effects and disease 25 years into the future. Projections of
climate change along the central coast of California indicate that temperature will increase in the
next 25 years. Current effects to the lesser slender salamander from increased temperatures due
to climate change include, but are not limited to: reduction of cool areas that supply habitat and
reduced survival of all life stages. The species may continue to be affected by changes in climate
on the individual level due to increasing temperatures, but we do not anticipate a current
population-level effect.

Potential future effects from disease to the lesser slender salamander are unknown. We know that
lesser slender salamanders have tested positive for Bd, but we do not know the species’
vulnerability to Bd infection and developing chytridiomycosis. Bd appears to have been in
California since the 1960s, peaked in the 1990s, and decreased since then. The effects of
chytridiomycosis can vary between populations of the same species (Bradley et al. 2015). The
prevalence of Bd (i.e., number of positives/number sampled) in different populations is likely
reflecting the interaction between the host, the pathogen strain, and the environmental conditions
they encounter (Spitzen-Van der Sluijs et al. 2014; Bacigalupe et al. 2017). We forecast the
status of the lesser slender salamander after 25 years under two future scenarios, one with
continued climate-related effects and disease at the current level, and a second with continued
climate-related effects and increased disease susceptibility.

Under Scenario 1 (Climate and Disease Continuation), we found that lesser slender salamanders
may be behaviorally flexible to finding locations with the appropriate conditions for breeding,
feeding, and sheltering in a changing climate. If current trends in climate continue, the species
may continue to be affected by changes in climate on the individual level due to increasing
temperatures, but we do not anticipate a population-level effect in the next 25 years. As for
potential disease, we determined that the lesser slender salamander may able to stave off a large-
scale disease event due to assumed similarity in disease susceptibility to B. attenuatus. Given
that currently we do not anticipate that disease is a population-level threat to the lesser slender
salamander, at this continued level with susceptibility similar to B. attenuates, we do not
anticipate a population-level effect in the next 25 years.
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Under Scenario 2 (Climate Continuation and Increased Disease), the climate portion is the same
as in Scenario 1 and therefore we anticipate that if current trends in climate continue, we do not
anticipate a population-level effect in the next 25 years. As for potential increase disease, under
this scenario we assume greater susceptibility to Bd. It is possible that the lesser slender
salamander has similar susceptibility to B. luciae, which appears to be highly susceptible to wild
Bd infection. Based on the USGS findings that 2 of the occurrence locations tested positive for
Bd, we assume that approximately 2 of the 8 occurrence locations will have an associated mass
die off and population declines due to Bd in the next 25 years. This could decrease the resiliency
of those 2 lesser slender salamander occurrence locations. The resiliency of the rest of the
occurrence locations would not be affected. If there were extirpations, species representation and
redundancy could be reduced.

In summary, both of the two future scenarios do not anticipate a population-level effect from
changing climate in the next 25 years. Our first future scenario does not anticipate that disease is
population-level threat to the lesser slender salamander in the next 25 years; whereas the second
future scenario suggests that disease could be a population-level threat to the species, but would
not occur rangewide.

10.0 OVERALL SYNTHESIS
Resiliency, Redundancy, and Representation

At this time, we do not have any data to determine the resiliency of lesser slender salamander
populations. However, the best available information indicates that the species is extant at 7 of 8
occurrences™®. These occurrences encompass the north-south and east-west gradients within its
limited distribution, maintaining species representation. While redundancy will always be limited
for species with limited range, it appears that the redundancy of the lesser salamander is
sufficient. * the new locality is close to the Cuesta Ridge site

In the future, we assessed the status of the lesser slender salamander under two scenario 25 years
into the future. The first future scenario does not anticipate a population-level effect from
changing climate or disease in the next 25 years, suggesting that occurrence location resiliency
and species representation and redundancy would remain unchanged. Our second future scenario
does not anticipate a population-level effect from changing climate but does anticipate that
disease could be a population-level threat to the species, but would not occur rangewide. Where
disease occurs the resiliency of those populations would be reduced. If populations were able to
recover from declines and no extirpations occurred, species representation and redundancy may
remain unchanged. If extirpations occurred, species representation and redundancy could be
reduced.
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APPENDIX I. Existing Regulatory Mechanisms

Eight occurrences of the lesser slender salamander have been found at locations along the Santa
Lucia Range in San Luis Obispo County, California. From north to south the occurrence
locations are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York Mountain, (4)
Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout Creek (S.
Sweet pers. comm. 2017.). We define “occurrences locations” as the locality where lesser
slender salamanders have been found. Two of the 8 occurrence locations are on U.S. Forest
Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger
District); the other 6 occurrence locations are on private land, of which, 2 are within the Los
Padres National Forest boundary (Toro Creek and Trout Creek).

Federal Mechanisms

All Federal agencies are required to adhere to the National Environmental Policy Act (NEPA) of
1970 (42 U.S.C. 4321 et seq.) for projects they fund, authorize, or carry out. Prior to
implementation of such projects with a Federal nexus, the NEPA requires the agency to analyze
the project for potential impacts to the human environment, including natural resources. The
Council on Environmental Quality’s regulations for implementing the NEPA states that agencies
shall include a discussion on the environmental impacts of the various project alternatives
(including the proposed action), any adverse environmental effects that cannot be avoided, and
any irreversible or irretrievable commitments of resources involved (40 CFR part 1502). The
public notice provisions of the NEPA provide an opportunity for the Service and other interested
parties to review proposed actions and provide recommendations to the implementing agency.
The NEPA does not impose substantive environmental obligations on Federal agencies—it
merely prohibits an uninformed agency action. However, if an Environmental Impact Statement
is prepared for an agency action, the agency must take a “hard look™ at the consequences of this
action and must consider all potentially significant environmental impacts. Federal agencies may
include mitigation measures in the final Environmental Impact Statement as a result of the NEPA
process that may help to conserve the Panamint alligator lizard or its habitat.

The Organic Act of 1897 (16 U.S.C. 475-482) established general guidelines for administration
of timber on U.S. Forest Service (USFS) lands, which was followed by the Multiple-Use
Sustained- Yield Act (MUSY) of 1960 (16 U.S.C. 528-531), which broadened the management
of USFS lands to include outdoor recreation, range, watershed, and wildlife and fish purposes.

The National Forest Management Act (NFMA) of 1976 (16 U.S.C. § 1600 et seq.) requires the
USFS to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. 528—
531). The NFMA outlines the process for the development and revision of the land management
plans and their guidelines and standards [16 U.S.C. 1604(g)]. A new National Forest System
(NFS) land management planning rule (Planning Rule) was adopted by the USFS in 2012 (77 FR
21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision
of land management plans for all units of the NFS to maintain and restore NFS land and water
ecosystems while providing for ecosystem services and multiple uses. Land management plans
(also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and
resources; (2) meet the need for forest restoration and conservation, watershed protection, and
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species diversity and conservation; and (3) assist the USFS in providing a sustainable flow of
benefits, services, and uses of NFS lands that provide jobs and contribute to the economic and
social sustainability of communities (77 FR 21261, April 9, 2012). A land management plan
does not authorize projects or activities, but projects and activities must be consistent with the
plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of plant and animal
communities, including species-specific plan components in which a determination is made as to
whether the plan provides the “ecological conditions necessary to . . . contribute to the recovery
of federally listed threatened and endangered species . . .” (77 FR 21265; April 9, 2012).

The Record of Decision for the final Planning Rule was based on the analyses presented in the
Final Programmatic Environmental Impact Statement, National Forest System Land
Management Planning (77 FR 21162-21276; April 9, 2012), which was prepared in accordance
with the requirements of the NEPA. In addition, the NFMA requires land management plans to
be developed in accordance with the procedural requirements of the NEPA, with a similar effect
as zoning requirements or regulations as these plans control activities on the national forests and
are judicially enforceable until properly revised (Wilkinson and Anderson 2002, entire).

Two of the 8 occurrence locations are on U.S. Forest Service Lands (Los Padres National Forest,
Santa Lucia Ranger District) and 2 others occurrences are within the Los Padres National Forest
boundary. There is no Forest Service management plan in place for the Los Padres that includes
amphibian management. There is a forest-wide management plan that outlines general
approaches to forest management, and management plans are developed on a project-by-project
basis (Cooper pers. comm. 2018).

State Mechanisms

The lesser slender salamander is designated as a California Department of Fish and Wildlife
Species of Special Concern (California Department of Fish and Wildlife Natural Diversity
Database, 2018). It is the goal and responsibility of the California Department of Fish and
Wildlife to maintain viable populations of all native species. To this end, the Department has
designated certain vertebrate species as Species of Special Concern because declining population
levels, limited ranges, and/or continuing threats have made them vulnerable to extinction. The
goal of designating species as “Species of Special Concern” is to halt or reverse their decline by
calling attention to their plight and addressing the issues of concern early enough to secure their
long term viability. Not all “Species of Special Concern” have declined equally; some species
may be just starting to decline, while others may have already reached the point where they meet
the criteria for listing as a “Threatened” or “Endangered” species under the State Endangered
Species Act. The lesser slender salamander is not listed under the State Endangered Species Act.

California SSCs should be considered during the environmental review process under the
California Environmental Quality Act (CEQA; California Public Resources Code §§ 21000-
21177). Similar to the Federal NEPA, the CEQA requires State agencies, local governments, and
special districts to evaluate and disclose impacts from “projects” in the State. Section 15380 of the
CEQA Guidelines indicates that California SSCs should be included in an analysis of project
impacts if they can be shown to meet the criteria of sensitivity outlined therein.
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Daniel Russell - Regional Listing Coordinator
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—————————— Forwarded message ---------

From: Richard Highton <rhightol@umd.edu>

Date: Sun, Dec 23, 2018 at 8:53 AM

Subject: [EXTERNAL] Re: Request for Peer Review - Lesser Slender Salamander
To: Russell, Daniel <daniel russell@fws.gov>

Dear Mr. Russell.

I am sorry to say that I am not an expert on the Lesser Slender Salamander and don't
know much of anything about it. I did suggest a revision of
the taxonomy of Batrachoseps attenuatus, but that was not based on field experience in
California, but on papers by people in California (Jockusch and
Wake) that have studied it. I'm sure you are also contacting them..

Cordially,

Richard Highton

On Thu, Dec 20, 2018 at 3:52 PM Russell, Daniel <daniel russell@fws.gov> wrote:
Dear Dr. Highton:

The U.S. Fish and Wildlife Service (Service) is soliciting independent scientific reviews of the
information contained in our 2018 draft Species Status Assessment Report for the Lesser Slender
Salamander (Batrachoseps minor). Once finalized, this Species Status Assessment report (SSA
report) will provide the underlying science on which we will base our decision on whether the
species warrants listing as endangered or threatened under the Endangered Species Act of 1973
(16 U.S.C. 1531 et seq.). You were identified by our Ventura Fish and Wildlife Office as a
potential peer reviewer based on your area of expertise.

This request is provided in accordance with our July 1, 1994, peer review policy (USFWS 1994, p.
34270) and our current internal guidance. This request also satisfies the peer review
requirements of the Office of Management and Budget’s "Final Information Quality Bulletin for
Peer Review." The purpose of seeking independent peer review of the SSA is to ensure use of the
best scientific and commercial information available; to ensure and maximize the quality,
objectivity, utility, and integrity of the information upon which we base listing and recovery
actions; and to ensure that reviews by recognized experts are incorporated into our final
rulemaking processes. Please let us know if you would like us to provide any of the referenced
materials to help facilitate your review.

Please note that we are not seeking advice on policy or recommendations on the legal status of
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the species. Rather, we request that peer reviewers focus their review on identifying and
characterizing scientific uncertainties, and on ensuring the accuracy of the biological and land and
water use information in the SSA. Specifically, we ask peer reviewers to focus their comments on
the following:

(1) Have we assembled and considered the best available scientific and commercial
information relevant to this species?

(2) Is our analysis of this information correct?
(3) Are our scientific conclusions reasonable in light of this information?

Our updated peer review guidelines also require that all peer reviewers fill out a conflict of
interest form. We will carefully assess any potential conflict of interest or bias using applicable
standards issued by the Office of Government Ethics and the prevailing practices of the National
Academy of Sciences (http://www.nationalacademies.org/coi/index.html). Divulging a conflict
does not invalidate the comments of the reviewer; however, it will allow for transparency to the
public regarding the reviewer's possible biases or associations. If we receive comments from a
reviewer that we deem to have a substantial conflict of interest, we will evaluate the comments in
light of those conflicts, and may choose not to give weight to those comments if the conflict is
viewed as problematic. You may return the completed conflict of interest form either prior to or
with your peer review.

So that we may fully consider any input and coordinate other peer review comments as we
develop the final SSA, and ensure adequate time to complete our 12-month finding, we are
requesting peer review comments by January 10, 2019. If you are willing to peer review but are
unable to complete your assessment during this time period, please let me know when we may
anticipate receiving your comments. We will summarize and respond to the substantive
comments raised by all peer reviewers and use the information, as appropriate, in the final SSA.

While we welcome your peer review comments in any format you are most comfortable using, it
would be especially helpful if you could use the attached Comment Matrix Excel spreadsheet.
This will make it easier to compile and keep a record of all the comments received and then
incorporate them into our report. We would also appreciate receiving a copy of your Curriculum
Vitae for our records. Please be aware that your completed review of the SSA, including your
name and affiliation, will be included in the administrative record for this evaluation and will be
available to interested parties upon request.

If you have any questions about the draft SSA report, or our listing policies in general, please feel
free to contact me at any time at (916) 978-6191. Please submit your comments and associated
materials to the contact information below, and you may also include the cc: list to this email in
your reply.

Thank you very much for your consideration.

Sincerely,
Dan Russell
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From: Elizabeth Jockusch <elizabeth.jockusch@uconn.edu>

Date: Wed, Jan 9, 2019 at 1:11 PM

Subject: [EXTERNAL] Re: Request for Peer Review - Lesser Slender Salamander
To: Russell, Daniel <daniel russell@fws.gov>

Dear Dan,

Attached please find my comments on the draft report, along with some supporting documents
and the signed conflict of interest report. I’m happy to help as best I can in any additional
capacity that assists in your evaluation of this species.

Sincerely,

Elizabeth

Elizabeth Jockusch
Professor, Ecology and Evolutionary Biology

University of Connecticut
860-486-4452
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An adult Lesser Slender Salamander from coastal south central California. Photo credit: Kenneth Wray
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EXECUTIVE SUMMARY



On July 11, 2012, we, the U.S. Fish and Wildlife Service (Service), received a petition from the Center for Biological Diversity requesting that 53 species of reptiles and amphibians, including the lesser slender salamander (Batrachoseps minor), be listed as endangered or threatened and that critical habitat be designated for these species under the Endangered Species Act. The petition states that lesser slender salamanders have become rare, and raises habitat loss, road mortality, climate change, and pesticide drift as potential threats to the species. On September 18, 2015, we published a 90-day finding that the petition presented substantial scientific or commercial information indicating that the petitioned action may be warranted (80 CFR 56427-56428). In September 2016, we published a 7-Year National Listing Workplan (https://www.fws.gov/endangered/what-we-do/listing-workplan.html), which called for completion of the status review for the lesser slender salamander by the end of September, 2019. In this Species Status Assessment, we evaluate the biological status of the lesser slender salamander, both currently and into the future, by considering the species’ resiliency, redundancy, and representation. The scientific information presented here is for the purpose of informing our 12-month finding. 



In 2001, the lesser slender salamander was described as a unique species based primarily on genetics, and also morphology. The lesser slender salamander is one of 21 species in the genus Batrachoseps (slender salamanders) in the Family Plethodontidae (lungless salamanders) that occur in California. The lesser slender salamander has the smallest average adult size of all slender salamanders and has a robust body and relatively long legs and tail for its size when compared to other slender salamander species.	Comment by elj: True that 21 species are recognized, but only 20 occur in CA (not wrighti)



The lesser slender salamander has been observed in eight occurrence locations that occur entirely within the Santa Lucia Mountain Range in San Luis Obispo County, California. From north to south the occurrences are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York Mountain, (4) Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout Creek. Two of the eight occurrence locations are on U.S. Forest Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger District); the other six occurrence locations are on private land. The lesser slender salamander is currently known to be present in all eight occurrence locations. Abundance data for the lesser slender salamander are not well known rangewide or at any of the eight occurrence locations. 	Comment by elj: nine—details below	Comment by elj: I believe this reflects a misunderstanding of where animals have and have not been found recently; to my knowledge, at 3 of 9 sites (Black Mountain, Atascadero Creek, Cuesta Ridge), B. minor has not been reported recently. This of course does not mean that they aren’t there—access is limited at some of these places.  At one of the recently discovered localities (Cerro Alto), only 1 individual has been found, in 2008; repeated surveys at that site since its discovery have not yielded additional individuals of B. minor.	Comment by elj: Agreed that there’s no info. on absolute abundances, but there is some information on relative abundances—so there are a few localities where we can definitely say the animals do NOT appear to be abundant (historically and/or at present) and a few localities where we can definitively say that abundances have decreased, although we cannnot precisely quantify the decrease.



Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial spaces needed to hide from predators and for feeding and that are moist to meet the species’ requirements for breeding. A resilient lesser slender salamander population is one that is self-sustaining and has suitable habitat for feeding, breeding, and sheltering. Representation in the lesser slender salamander is the breadth of diversity across historical latitudinal, longitudinal, and elevation gradients, as well as climatic gradients. Lesser slender salamander redundancy contributes to the ability of the species to withstand catastrophic events (e.g., widespread drought, catastrophic wildfire, and flooding) which is related to the number, distribution, and resilience of populations. 



We identified potential threats that could negatively affect lesser slender salamanders and thus pose a risk to resiliency, representation, and redundancy of the species We evaluated habitat loss, pesticide drift, road mortality, changing climate effects, and disease as potential threats to the lesser slender salamander and determined that changing climate and disease are the most likely threats to the species.



Current effects to the lesser slender salamander from increased temperatures due to changing climate include, but are not limited to: reduction of cool, moist areas that supply habitat and reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at night when conditions are suitable. Slender salamanders use damp locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps, suggesting that they may be behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding, and sheltering in a changing climate. The species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a current population-level effect.



As for disease, Batrachochytrium dendrobatidis (Bd) has been found in lesser slender salamanders, however the vulnerability of the species to Bd infection and developing chytridiomycosis is unknown. Two congeners have differing susceptibility. In B. attenuatus, there is some level of susceptibility to infection, however it appears that Bd prevalence has been decreasing over time in this species. In contrast, B. luciae appears to be highly susceptible to wild Bd infection. While the lesser slender salamander has been shown to be susceptible to Bd, there are no data to suggest current die-offs. The species may continue to be affected by disease on the individual level, but we do not expect a current population-level effect.



At this time, the best available information indicates that the species is extant at all eight occurrence locations. These occurrence locations encompass the north-south and east-west gradients within its limited distribution, maintaining the relevant genetic diversity and associated adaptive capacity for the species that comprise representation. While redundancy will always be very limited for local, endemic species with a naturally limited range, it appears that the redundancy of the lesser salamander is sufficient.	Comment by elj: In my judgment, this overstates the evidence; I would phrase as best available information indicates that the species is extant at at least 5 of the nine locations.  (There is insufficient information about the population status at the other four localities.  In two of those places, I and others have looked repeatedly, without finding individuals, suggesting that if they are present, they are very low abundance.  Both of these are localities known from only a single individual, so no conclusion can be drawn about whether the population is extant.)  At one locality, Atascadero Creek, repeated searches, primarily by Sam Sweet, and also by me, have only yielded B. nigriventris.  I have never been to Black Mountain; I believe that Sam Swet has, but I nearly 100% sure that no B. minor have been reported from there since the 1970s.



We assessed likely change in climate and disease 25 years into the future. Projections of climate change along the central coast of California indicate that temperature will increase in the next 25 years. As for disease, we know that lesser slender salamanders have tested positive for Bd, but we do not know the species’ vulnerability to Bd infection and developing chytridiomycosis. Bd appears to have been in California since the 1960s, peaked in the 1990s, and decreased since then. 



We forecast the status of the lesser slender salamander after 25 years under two plausible future scenarios, one with continued climate-related effects and disease at the current level, and a second with continued climate-related effects and increased disease susceptibility. Under Scenario 1 (Climate and Disease Continuation), we found that lesser slender salamanders may be behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding, and sheltering in a changing climate. If current trends in climate continue, the species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a population-level effect in the next 25 years. As for disease, we determined that there may be decreased disease prevalence in the lesser slender salamander in the future, due to assumed similarity in disease susceptibility to B. attenuatus. Given that currently we do not anticipate that disease is population-level threat to the lesser slender salamander, at this continued level with disease susceptibility similar to B. attenuates, we do not anticipate a population-level effect in the next 25 years. We do not anticipate combined or synergistic effects of these threats under this scenario to pose population-level risk to the species into the future.	Comment by elj: If one has to choose whether to predict similarity to B. luciae or B. attenuatus, B. luciae is much more closely related, and thus a better justified choice.  



Under Scenario 2 (Climate Continuation and Increased Disease), the climate portion is the same as in Scenario 1 and therefore we anticipate that if current trends in climate continue, we do not anticipate a population-level effect in the next 25 years. As for potential increase in disease, under this scenario we assume greater susceptibility to Bd. It is possible that the lesser slender salamander has similar susceptibility to B. luciae, which appears to be highly susceptible to wild Bd infection. Based on the USGS findings that 2 of the occurrence locations tested were positive for Bd, in the next 25 years, we assume that approximately 2 of the 8 occurrence locations will have an associated mass die off and population declines due to Bd. This could decrease the resiliency of those 2 lesser slender salamander occurrence locations. The resiliency of the rest of the occurrence locations would not be affected. If there were extirpations, species representation and redundancy could be reduced.



In summary, under the first future scenario, occurrence location resiliency and species representation and redundancy would likely remain unchanged. Under the second future scenario, disease could act as a population-level threat to the species, but would not occur rangewide. 






TABLE OF CONTENTS
1.0	INTRODUCTION	7
1.1	Petition History	7
2.0	METHODOLOGY	7
3.0 	SPECIES BACKGROUND	8
3.1	Taxonomy	8
3.2	Species Description	9
3.3	Genetics	9
3.4	Summary – Species Background	10
4.0	HISTORICAL ABUNDANCE, RANGE, AND DISTRIBUTION	10
4.1	Range	10
4.2	Distribution	12
4.3	Abundance	13
4.4	Summary – Historical Range, Distribution, and Abundance	13
5.0	LIFE HISTORY	14
5.1	Breeding	14
5.2	Life Cycle	14
5.3	Feeding	14
5.4	Sheltering	15
5.5	Summary – Life History	15
6.0	GENERAL HABITAT DESCRIPTION	15
7.0	SPECIES NEEDS	15
7.1	Individual Needs	15
7.2	Population Needs	16
7.3	 Species Needs	16
7.4	Resiliency, Representation, and Redundancy	16
7.5	Summary -- Species Needs	17
8.0	CURRENT CONDITIONS	17
8.1	Abundance and Distribution	17
8.2	Potential Threats Considered and Not Carried Forward	Error! Bookmark not defined.
8.3	Potential Threats	19
8.4	Summary -- Current Condition	23
8.5	 Summary Current Condition – Resiliency, Representation, and Redundancy	24
9.0	POTENTIAL FUTURE CONDITIONS	25
9.1	Changes in Climate Conditions	25
9.2	Disease	26
9.3 Cumulative Effects	26
9.4	Future Scenario 1: Climate and Disease Continuation	26
9.5	Future Scenario 2: Climate Continuation and Increased Disease	27
9.6	Summary of Future Threats	28
10.0	OVERALL SYNTHESIS	29
Resiliency, Redundancy, and Representation	29
REFERENCES CITED	30





[bookmark: _Toc528321313]1.0	INTRODUCTION



This report is the species status assessment (SSA) for the lesser slender salamander (Batrachoseps minor). We, the U.S. Fish and Wildlife Service (Service), developed this SSA for the lesser slender salamander to compile and evaluate the best available scientific information regarding the species’ biology and factors that influence the species’ viability.



[bookmark: _Toc528321314]Petition History



On July 11, 2012, we received a petition from the Center for Biological Diversity requesting that 53 species of reptiles and amphibians, including the lesser slender salamander (Batrachoseps minor), be listed as endangered or threatened and that critical habitat be designated for these species under the Endangered Species Act. The petition states that lesser slender salamanders have become rare and raises habitat loss, road mortality, climate change, and pesticide drift as potential threats to the species. On September 18, 2015, we published a 90-day finding that the petition presented substantial scientific or commercial information indicating that the petitioned action may be warranted (80 CFR 56427-56428). In September 2016, we published a 7-Year National Listing Workplan (https://www.fws.gov/endangered/what-we-do/listing-workplan.html), which called for completion of the status review for the lesser slender salamander by the end of September, 2019. In this Species Status Assessment, we evaluate the biological status of the lesser slender salamander, both currently and into the future, by considering the species’ resiliency, redundancy, and representation. The scientific information presented here is for the purpose of informing our 12-month finding. 



[bookmark: _Toc528321315]2.0	METHODOLOGY



As described in our guidance document, the SSA Framework (Service 2016a, entire), an SSA Report first begins with a compilation of the best available information on the species (taxonomy, life history, and habitat) and its ecological needs at the individual, population, and/or species levels based on how environmental factors are understood to act on the species and its habitat. Next, an SSA Report describes the current condition of the species’ habitat and demographics, and the probable explanations for past and ongoing changes in abundance and distribution within the species’ ecological settings (that is, areas representative of geographic, genetic, or life history variation across the range of the species). Lastly, an SSA forecasts the species’ response to probable future scenarios of environmental conditions. An SSA uses the conservation biology principles of resiliency, representation, and redundancy (collectively known as the “3Rs”, Shaffer and Stein 2000, pp. 308-311) as a lens through which we can evaluate the current and future condition of the species (Smith et al. 2018, entire). Ultimately, an SSA characterizes a species’ ability to sustain populations in the wild over time based on the best scientific understanding of current and future abundance and distribution within the species’ ecological settings.



[image: ]Figure 1. Species Status Assessment Framework





· Resiliency describes the ability of populations to withstand stochastic disturbance. Resiliency is positively related to population size and growth rate and may be influenced by connectivity among populations. Generally speaking, populations need abundant individuals within habitat patches of adequate area and quality to maintain survival and reproduction in spite of disturbance.



· Representation describes the ability of a species to adapt to changing environmental conditions over time. It is characterized by the breadth of genetic and environmental diversity within and among populations. Measures may include the number of varied niches occupied, the gene diversity, heterozygosity or alleles per locus.



· Redundancy describes the ability of a species to withstand catastrophic events. Redundancy is characterized by having multiple, resilient populations distributed within the species’ ecological settings and across the species’ range. It can be measured by population number, spatial extent, and degree of connectivity.



This document draws scientific information from resources such as primary peer-reviewed literature, reports submitted to the Service and other public agencies, species occurrence information in Geographic Information Systems (GIS) databases, and expert experience and observations. It is preceded by and draws upon analyses presented in other Service documents including the 90-day finding (Service 2015). Finally, we coordinated closely with our partners engaged in ongoing research. This assures consideration of the most current scientific and conservation status information.
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The lesser slender salamander is one of 21 species in the genus Batrachoseps (slender salamanders) in the Family Plethodontidae (lungless salamanders) that occur in California (Highton et al. 2017, pp. 27-28).	Comment by elj: change CA to western North America, or alternatively change 21 to 20 (21 species of Batrachoseps; 20 occur in CA)



In the early 1950s, there was thought to be one species of slender salamander throughout California; however, by the end of the decade multiple species of slender salamanders were recognized, and in 2001, the lesser slender salamander was described as a distinct species (Jockusch et al. 2001, pp. 54, 65-67). Jockusch et al. (2001, pp.65-66, 72-81) described morphological and genetic differences between the lesser slender salamander and other slender salamander species; however, slender salamanders are not easily differentiated through morphology alone.



[bookmark: _Toc528321318]3.2	Species Description



Slender salamanders are small, with bodies that are rounded with costal and caudal grooves similar in appearance to the body segments of earthworms, and with short limbs (Stebbins and McGinnis 2012, p. 124-125). Slender salamanders have four toes on both front and hind feet; all other western salamanders typically have four toes on front and five toes on hind feet (Stebbins 2003, p. 182). Slender salamanders can have a dorsal stripe of reddish, tan, or buff (Stebbins 2003, p. 182).



The lesser slender salamander has the smallest average adult size of all slender salamanders, with a snout-to-vent range of 2.5 to 4.6 cm (1 to 2.3 in.) (Stebbins and McGinnis 2012, p. 137). Although small in size, the species has a robust body and relatively long legs and tail for its size when compared to other slender salamander species (Stebbins and McGinnis 2012, p. 137). Coloring of lesser slender salamanders is dark blackish brown above and a dorsal stripe may or may not be present, which can be tan with pink to apricot highlights especially prominent in the tail (Stebbins 2003, p. 191).



[bookmark: _Toc528321319]3.3	Genetics



Jockusch et al. (2001, entire) analyzed morphology, allozymes, and mitochondrial DNA of individual lesser slender salamanders collected from two locations in San Luis Obispo County, California, and individuals of other species of slender salamanders from other areas within Monterey, San Luis Obispo, Santa Cruz, San Benito, Fresno, and Kern Counties in California. Their analyses resulted in the description of four new slender salamander species that were previously treated as a single species, B. pacificus.	Comment by elj: I would modify to say as a portion of a single species (since B. pacificus still exists—with all subspecific lineages of the former B. pacificus complex raised to species status)



The lesser slender salamander resides in the B. pacificus species group (Wake and Jockusch 2000, p. 100), which is comprised of six slender salamander species that reside in three geographically disjunct units in coastal California (Jockusch et al. 2001, p. 83). These six species are: B. minor, B. pacificus, B. major, B. luciae, B. incognitus, and B. gavilanensis.	Comment by elj: now 7 described species; Jockusch et al. 2015, p 80	Comment by elj: 7th species now included is is B. gabrieli



Slender salamanders (Batrachoseps spp.) are extremely sedentary as evidenced by the extensive differentiation across relatively small geographic areas (Jockusch et al. 2001, pp. 81-83).

Based upon cytochrome b, divergence time estimates of lesser slender salamander separation from its closest geographically located congeners in the B. pacificus group are, in millions of years before present: B. luciae 17.3-6.9, B. incognitus 9.8-3.9, and B. gavilanensis 16.3-6.5 (Jockusch et al. 2001, pp. 86-87). Additionally, the lesser slender salamander is allopatric from these three species.	Comment by elj: italicize gene name



The lesser slender salamander is sympatric (occurring within the same geographical area of another species, overlapping in distribution) with another slender salamander species, B. nigriventris (Jockusch et al. 2001, p. 86), but they are paraphyletic (species descended from a common evolutionary ancestor or ancestral group, but not sharing/including all of the ancestor’s descendant groups) (Jockusch et al. 2001, p. 82), as B. nigriventris resides in the B. relictus species group (Jockusch et al. 1998, p. 14). Additionally, they do not share niches within coinciding areas of similar habitat (e.g., oak woodland). The lesser slender salamander is typically found on slopes with rocky outcrops, with a dense understory of poison oak, while B. nigriventris is typically found on flatter ground with a dense cover of leaf litter and grasses (S. Sweet pers. comm. 2017).	Comment by elj: The sentiment is correct, but the precise wording is not.  
I would recommend revising to “but they are not closely related within Batrachoseps, as B. nigriventris resides in the B. nigriventris species group (Jockusch et al. 2015, p. 74)	Comment by elj: I would modify slightly—certainly in the old days, they were found essentially side-by-side, and in my limited experience, I have also found them that way.  
recommended phrasing:  Additionally, they have differentiated niches within.......




[bookmark: _Toc528321320]3.4	Summary – Species Background



In 2001, the lesser slender salamander was described as a unique species based primarily on genetics, and also morphology (Jockusch et al. 2001, entire). The lesser slender salamander is 1 of 21 species of slender salamanders that occur in California. The species has the smallest average adult size of all slender salamanders and has a robust body and relatively long legs and tail for its size when compared to other slender salamander species.	Comment by elj: 21 in western North AM. or 20 in CA



[bookmark: _Toc528321321]4.0	HISTORICAL ABUNDANCE, RANGE, AND DISTRIBUTION



[bookmark: _Toc528321322]4.1	Range



Slender salamanders in the genus Batrachoseps range almost continuously along the Pacific Coast from about 62 miles (100 km) north of the California border in Curry County, Oregon, to about 186 miles (300 km) south of the California border near El Rosario, Baja California Norte, Mexico (Jockusch et al. 2001, pp. 54-55.)	Comment by elj: This omits B. wrighti—in northern/central OR



The range of the lesser slender salamander extends less than 30 linear miles, and it occurs entirely within the Santa Lucia Mountain Range in San Luis Obispo County, California (Jockusch et al. 2001, p. 66).




Figure 2. Distribution of 18 described species and several lineages corresponding to undescribed species of Batrachoseps in California from Jockush and Wake (2002, p. 364). Note that B. minor is geographically distinct from other species in the pacificus group, but its range overlaps with that of B. nigriventris of the nigriventris group.	Comment by elj: Suggest update with Jockusch et al. 2015, FIgure 1a map, since taxonomy has been updated, and groups renamed since this figure.  I’m happy to provide a version of that figure without the population numbers
I would also recommend adding an arrow to highlight the location of minor—it’s hard to pick out from this!

[image: ]


[bookmark: _Toc528321323]4.2	Distribution



Eight occurrences of the lesser slender salamander have been found at locations along the Santa Lucia Range in San Luis Obispo County, California. From north to south the occurrence locations are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York Mountain, (4) Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout Creek (S. Sweet pers. comm. 2017.). We define “occurrences locations” as the locality where lesser slender salamanders have been found. Two of the 8 occurrence locations are on U.S. Forest Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger District); the other 6 occurrence locations are on private land.	Comment by elj: This misses or lumps two localities: Atascadero Creek (historic locality) and Cerro Alto/Morro Creek (discovered 2008)



Figure 3. Eight occurrence locations of B. minor as described by Dr. Samuel Sweet of University of California, Santa Barbara, in August 2017.	Comment by elj: see figure I’m sending—could say with the addition of 1 historic locality vouchered in MVZ, or something along those lines.

[image: C:\Users\emorrissette\Documents\Data\Listing & Recovery\LSS SSA\Map_LSS Range.jpg]





The Las Tablas Ridge occurrence location is near Cypress Mountain Road, which is west of U.S. 101 and north of California Highway 46, and is on private land. 



The Black Mountain occurrence location is along north facing slopes in the vicinity of Black Mountain, which is west of U.S. 101 and north of California Highway 46, and is on private land.



The York Mountain occurrence location is along northeast facing slopes adjacent to York Mountain Road, which is west of U.S. 101 and north of California Highway 46, and is on private land.



The Santa Rita Creek occurrence location is along north facing slopes adjacent to Santa Rita Creek Road, which is west of U.S. 101 and east of Old Creek Road, and is on private land. At present, this is the most extensive occurrence comprised of multiple locations where lesser slender salamanders have been observed. (S. Sweet pers. comm. 2015).



The Toro Creek occurrence location is along the old Highway 41, which is west of U.S. 101 and north and west of (current) California Highway 41, and is on private land but within the Los Padres National Forest boundary.



The Cerro Alto occurrence location is within a U.S. Forest Service recreation area of the Los Padres National Forest, Santa Lucia Ranger District, with a campground and hiking trails, which is west of U.S. 101 and south of California Highway 41. There is no Forest Service management plan in place for the Los Padres that includes amphibian management. There is a forest-wide management plan that outlines general approaches to forest management, and management plans are developed on a project-by-project basis (Cooper pers. comm. 2018).	Comment by elj: Add before this: The Atascadero Creek locality is on current California Highway 41,  west of U.S. 101, and is on private land



The Cuesta Ridge occurrence location is at the Cuesta Ridge Botanical Reserve on U.S. Forest Service lands, Los Padres National Forest, Santa Lucia Ranger District, which is west of U.S. 101 and south of California Highway 41.



The Trout Creek occurrence location is along northwest facing slopes adjacent to a forest road near the junction of Water Canyon and Trout Creek, which is east of U.S. 101 and south of California Highway 58, and is on private land but within the Los Padres National Forest boundary.



[bookmark: _Toc528321324]4.3	Abundance



The abundance of lesser slender salamanders is not well known rangewide or at any of the occurrences. Surveys for lesser slender salamanders have been irregular since the 1970s and we are not aware of any studies having been conducted to estimate lesser slender salamander abundance that would inform trends in the numbers of individuals in any occurrence over time.	Comment by elj: field experience makes it clear that the relative proportion of B. nigriventris vs. B. minor in sympatric localities Black Mountain, York Mountain and Santa Rita Creek have all shifted towards a higher proportion of B. nigriventris.   (At Atascadero Creek, only nigriventris has been found, but historic records are too limited to make inferences about proportions in the 1970s.)  This does not address absolute abundances, of course, but the data—even in their current ancesdotal/museum record form—support a shift in relative proportion.



[bookmark: _Toc528321325]4.4	Summary – Historical Range, Distribution, and Abundance



The lesser slender salamander has been observed in eight occurrence locations that occur entirely within the Santa Lucia Mountain Range in San Luis Obispo County, California. Two of the 8 occurrence locations are on U.S. Forest Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger District); the other 6 occurrence locations are on private land. Abundance data for the lesser slender salamander is not well known rangewide or at any of the eight occurrences.	Comment by elj: nine	Comment by elj: 9	Comment by elj: 7



[bookmark: _Toc528321326]5.0	LIFE HISTORY 



[bookmark: _Toc528321327]5.1	Breeding



Little is known specifically about lesser slender salamander breeding; however, information is available for the Plethodontid family and Batrachoseps genus of slender salamanders. 



Plethodontid salamanders reproduce on land and do not require an aquatic larval phase (Stebbins and McGinnis 2012, p. 104). This is attributed to the egg’s large yolk in which the embryo goes through the gilled larval stage to hatch as a miniature adult (Stebbins and McGinnis 2012, p. 104). Slender salamander (Batrachoseps spp.) eggs are fertilized internally, and when laid, are connected to one another by filaments resembling a string of beads (Stebbins and McGinnis 2012, p. 106). Most slender salamanders (Batrachoseps spp.) lay their eggs in fall, after the first rains that end the summer dry period, and embryos develop over the winter months (Stebbins and McGinnis 2012, p. 105, 125). Eggs require a damp, concealed location that will remain moist over the several-month development period (Stebbins and McGinnis 2012, p. 104). A moist egg capsule is needed for the passage of oxygen to the gills of the embryo, which are pressed against the inner surface of the egg capsule (Stebbins and McGinnis 2012, p. 65). The nest site is usually a moist rock crevice, under bark of a rotting log, or a ground cavity (Stebbins and McGinnis 2012, p. 64).	Comment by elj: recommend  changing ‘require’ to ‘have’	Comment by elj: I think this goes substantially beyond what is actually known: when we find eggs, they are typically in places like this, but the total report of eggs in the wild is very low, suggeting that we don’t know th e main sites.



[bookmark: _Toc528321328]5.2	Life Cycle



The lesser slender salamander life cycle is comprised of an egg, juvenile, and adult. There are no data specific to the details of the life cycle of the lesser slender salamander. Maiorana (1976, entire) examined the life-history patterns of Batrachoseps attenuatus and reported that at the beginning of their first dry season, hatchlings are approximately one-tenth the weight of an average adult and therefore may have lower survival rates than adults through periods of prolonged drought and reduced food sources (Maiorana 1976, p. 605). She also reported that in woodland habitat, 95% of adult female B. attenuatus reproduce each year and lay 7 to 8 eggs, and maturity is at 2.5 years (3 dry seasons). Data on longevity were not available, but a long adult life was suggested, potentially up to 6 years (Maiorana 1976, p. 605-606).	Comment by elj: Wake and Castanet 1995, J. Herp. 29:60-65, used skeletochronology to study age in B. attenuatus; they found that adults were 4-8 years old



[bookmark: _Toc528321329]5.3	Feeding



Slender salamander (Batrachoseps spp.) food includes newly hatched earthworms (Class Oligochaeta), small slugs (Class Gastropoda), spiders (Class Arachnida), large mites (Class Arachnida), juvenile snails (Class Gastropoda), millipedes (Class Diplopoda), sowbugs (Order Isopoda), and other small invertebrates that inhabit surface-litter areas and subterranean openings (Stebbins and McGinnis 2012, p. 127).	Comment by elj: I cannot find a source for the newly hatched earthworms (beyond Stebbins)—I could not trace it back to a primary literature report!  I am asking around in case, e.g., someeone knows it’s in Stebbins field notes).  

My review of the primary literature would sugget that this should be revised somewhat, with an emphasis more like this:
mites, collembolans and gastropods are numerically the main documented food sources; other food sources include Diptera and other insects, spiders, isopods, earthworms

Adams 1968 (attenuatus?-check locality):
Of the 222 food items removed from the stomachs of the five salamanders, there were 127 insects, 25 snails, 5 pill bugs, 63 mites, and 2 spiders 

Bury and Martin 1973 (attenuatus):
Collembola, Diptera, mites, spiders, Pulmonata (snails + slugs, lumped)

Lynch 1985 (attenuatus): 
working through data, conclude that mites, collembolans are rel. important, but they may not be the only important food times

Maiorana (1978) (attenuatus)
mites, aphids (+ snails, collembolans, dipterans)

Cunningham (1960), B. major
observations of eating (more likely for larger prey); no stomach contents examined
earthworm; various annelid worms, earwig; Sow bugs most frequent



 

[bookmark: _Toc528321330]5.4	Sheltering



Little is known specifically about lesser slender salamander sheltering; however, information is available for the Plethodontid family and Batrachoseps genus of slender salamanders. During the daytime, Plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at night when moisture conditions are suitable (Stebbins 2003, p. 168). Slender salamanders (Batrachoseps spp.) have been found in damp locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps (Stebbins 2003, p. 183).



[bookmark: _Toc528321331]5.5	Summary – Life History



Lesser slender salamanders reproduce on land and do not require an aquatic larval phase. Eggs are laid in concealed, damp locations that will remain moist for the duration of embryo development. At hatching, lesser slender salamander juveniles are similar to adults in morphology but smaller in body size. Lesser slender salamanders feed on a variety of small invertebrate prey found under logs and rocks or in the other small crevices and underground shelters in which they reside.



[bookmark: _Toc528321332]6.0	GENERAL HABITAT DESCRIPTION



Habitat for the lesser slender salamander is comprised of shaded slopes with deep leaf litter and an abundant understory of poison oak (Toxicodendron diversilobum) (Jockusch et al. 2001, p. 66). The species occurs in wooded habitats containing tanbark oak (Notholithocarpus densiflorus), coast live oak (Quercus agrifolia), blue oak (Quercus douglasii), sycamore (Platanus racemosa), and California laurel (Umbellularia californica) (Stebbins and McGinnis 2012, p. 137), and with abundant lower story vegetation dominated by poison oak (Jockusch et al. 2001, p. 66). The lesser slender salamander prefers closed-canopy northward facing steeper slopes with rock outcrops and shallow soil (S. Sweet pers. comm. 2017) and are typically found at an altitude above 1300 feet (400m) (Jockusch et al. 2001, p. 66).	Comment by elj: I would update this given recent discoveries
Toro Creek elev. ca. 825 ft.
Atascadero Creek: ca. 1100 ft
Trout Creek elev. ca. 1200-1300 ft
Santa Rita elevs. ca. 1100 ft



[bookmark: _Toc528321333]7.0	SPECIES NEEDS



[bookmark: _Toc528321334]7.1	Individual Needs



Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial spaces, such as earthworm burrows, rock crevices, or under wooden debris (logs). These small spaces allow individuals to hide from larger predators and also provide the small invertebrate prey needed by lesser slender salamanders for feeding. Moist areas within lesser slender salamander habitat are required for breeding to maintain moisture for developing embryos within eggs and required by individuals to avoid desiccation over the typically long periods without rainfall (California summer).



[bookmark: _Toc528321335]7.2	Population Needs



Population dynamics of the lesser slender salamander are not well understood. Lesser slender salamander populations need suitable habitat that supports survival of individuals and an adequate number of reproducing individuals with vital rates that maintain self-sustaining populations despite stochastic events.



[bookmark: _Toc528321336]7.3	 Species Needs



The lesser slender salamander needs multiple resilient populations distributed across the range of the species.



[bookmark: _Toc528321337]7.4	Resiliency, Representation, and Redundancy



Resiliency



Resiliency describes the ability of the populations to withstand stochastic events. Measured by the size and growth rate of each population, resiliency gauges the probability that the populations comprising a species are able to withstand or bounce back from environmental or demographic stochastic events.



Lesser slender salamander population-level resiliency is a function of its size and its growth rate. A resilient lesser slender salamander population is one that is self-sustaining and has suitable habitat for feeding, breeding, and sheltering. 



Representation



Representation describes the ability of a species to adapt to changing environmental conditions. Measured by the breadth of genetic or environmental diversity within and among populations, representation gauges the probability that a species is capable of adapting to environmental changes.



Representation in the lesser slender salamander is important across the range of the species. Although we expect local endemics, such as the lesser slender salamander, to naturally harbor less adaptive capacity than wide-ranging species. Species that span environmental gradients (spatially and temporally heterogeneous environments) are expected to harbor the most phenotypic and genetic variation (Lankau et al. 2011, p. 320). Thus, preserving the breadth of diversity of a species requires maintaining populations across historical latitudinal, longitudinal, and elevation gradients, as well as climatic gradients. We do not have information on the genetic diversity for lesser slender salamanders but assume that maintenance of resilient occurrences across the north-south and east-west gradients within its historically limited distribution is representation for the species. 



Redundancy



Redundancy describes the ability of a species to withstand catastrophic events. Measured by the number of populations, their resiliency, and their distribution (and connectivity), redundancy gauges the probability that the species has a margin of safety to withstand or can bounce back from catastrophic events. 



Lesser slender salamander redundancy is a function of the number and distribution of resilient populations across the range relative to the degree and spatial extent of potential catastrophic events. Distribution is related to the number of occurrences. Catastrophic events which could affect lesser slender salamander occurrences include disease, widespread drought and periods of extreme heat resulting in the loss of soil moisture in lesser slender salamander habitat, catastrophic wildfire, and torrential rainstorms resulting in sediment/debris flows or widespread flooding.



[bookmark: _Toc528321338]7.5	Summary -- Species Needs



Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial spaces needed to hide from predators and for feeding, and that are moist to meet the species’ requirements for breeding. A resilient lesser slender salamander population is one that is self-sustaining and has suitable habitat for feeding, breeding, and sheltering. Representation in the lesser slender salamander is maintained by preserving the breadth of diversity across historical range. Lesser slender salamander redundancy is a function of the number and distribution of resilient populations across the range relative to the degree and spatial extent of potential catastrophic events, such as disease, widespread drought, wildfire, and flood effects.



[bookmark: _Toc528321339]8.0	CURRENT CONDITIONS



[bookmark: _Toc528321340]8.1	Abundance and Distribution



Prior to 2015, the lesser slender salamander was known to occur in six locations. Since that time, two additional locations have been discovered. The lesser slender salamander is currently known to be present in all eight occurrence locations (S. Sweet pers. comm. 2017).	Comment by elj: Most recent documented sightings at 3 historic localities are 1970s (Black Mountain, Atascadero Creek, Cuesta Ridge)	Comment by elj: nine



The Las Tables Ridge, Black Mountain, York Mountain, Santa Rita Creek (from where the holotype was collected in 1975), Cerro Alto, and Cuesta Ridge are historical occurrence locations (Jockusch et al. 2001, p. 65-66).	Comment by elj: This locality was discovered after the species was described.  But there is a historic locality W of Atascadero on Hwy. 41 in the Atascadero Creek drainage; 
Jockusch et al. 2001 were tentative about the identity of the Cuesta Ridge locality, stating that it hadn’t been examined by sequence or allozymes.  This turns out to be incorrect.  There were allozyme data, on the basis of which had been identified as B. luciae, like all B. minor.  
Cerro Alto locality was discovered in 2008 (by Iñigo Martinez-Solano and me);voucher is MVZ 266828.  I am quite certain that Sam Sweet has not found additional individuals there since, as we have taken several trips together trying to find them, and all we’ve ever had to show for it is cases of poison oak (and, if we’re lucky, some B. ngiriventris, as well)



Individual lesser slender salamanders were observed at Las Tablas Ridge, Black Mountain, York Mountain, Santa Rita Creek, Cerro Alto, and Cuesta Ridge occurrences in 2011 (S. Sweet pers. comm. 2017).	Comment by elj: I believe this must represent a misunderstanding—at each of these sites, only a single indiv. has ever been reported, in 2008 and 1977 respectively; I am also nearly certain that animals have not been found at Black Mountain since the 1970s.



The Toro Creek occurrence was discovered in 2016 (S. Sweet pers. comm. 2017) and the Trout Creek occurrence was discovered in 2015 (S. Sweet pers. comm. 2016).



Current abundance for the lesser slender salamander at each occurrence is unknown. The data required to make abundance estimates for each occurrence are lacking and therefore population estimates cannot be made at this time.

Table 1. Historic and current distribution of B. minor 

		Occurrence

		Historic

		Current



		Las Tables Ridge	Comment by elj: Should be Las Tablas—Cypress Mountain may be a better name for it; 


		X

		Present in 2011



		Black Mountain

		X

		Present in 2011	Comment by elj: To my knowledge, including records from Sam Sweet, not seen since 1970s.  I suggest rechecking with Sam about this—and also about the extent to which he has been able to search there, which is likely limited



		York Mountain

		X

		Present in 2011



		Santa Rita Creek

		X

		Present in 2011



		Cerro Alto	Comment by elj: Add row above: Atascadero Creek—historic.

For Cerro Alto—discovered in 2008; only 1 individual found (and none since then)

		X

		Present in 2011



		Cuesta Ridge

		X

		Present in 2011	Comment by elj: Known from a single specimens in the 1970s; I have made several trips—including with Sam Sweet—we have not found any additional animals



		Toro Creek

		--

		Discovered in 2016



		Trout Creek

		--

		Discovered in 2015









We evaluated potential threats to the lesser slender salamander, including habitat loss, pesticide drift, road mortality, climate change, and disease. We evaluated overutilization, collection, and predation to see if they were actually occurring or were a significant problem, and we did not find any information to indicate that they are a concern for the lesser slender salamander now or into the future.



Dr. Samuel Sweet, Professor, University of California, Santa Barbara, conducted graduate work on the lesser slender salamander in the 1970s and in the winter of 2011 began to reinvestigate the status of the species. According to Dr. Sweet, lesser slender salamanders were easily found recently at all recorded localities and numbers may be reduced compared to the 1970s, but this is true for all plethodontid (lungless) salamanders in central California as a consequence of extended drought, but more generally as a result of a long-term climatic shift driven by the Pacific Decadal Oscillation. 	Comment by elj: This is all true, but I would recommend adding that the relative of abundance of B. minor compared to B. nigriventris appears to be lower than it was in the 1970s, at least at some sites.



Dr. Sweet provided the following related to threats to the species (S. Sweet pers. comm. 2015):



· Habitat loss—In the areas inhabited by lesser slender salamanders there has been no habitat change of any kind in over 45 years. York Mountain Vineyards and Winery have not farmed grapes on site since its main building was destroyed in the 2003 San Simeon earthquake, and only recently (2015) replanted in the original footprint.



· Pesticide drift—Lesser slender salamanders living nearby the winery do not seem to be affected.



· Road mortality—In the California Roadkill Observation System, as of September 27, 2015, no roadkill of lesser salamanders has been reported.



· Climate change—This is a major factor for all native amphibians in California.



· Disease—The fungal disease, Batrachochytrium dendrobatidis (Bd), may be affecting the lesser slender salamander (S. Sweet pers. comm. 2017).



The Service accessed AmphibiaWeb on March 27, 2017 (http://amphibiaweb.org/cgi/amphib_query?where-genus=Batrachoseps&where-species=minor ), which states: “Fewer than five of these [lesser slender] salamanders have been seen in the past decade despite many attempts to find them. Although some areas within the historical range of this species have been modified for agriculture (i.e., conversion to vineyards), ample habitat remains and there is no obvious reason for this decline in abundance.” Although land was converted several decades ago for the York Mountain Vineyards and Winery, this land conversion occurred adjacent to, but not within, habitat for the lesser slender salamander.	Comment by elj: Also worth noting that their information on number of individuals seen in the past decade is out-of-date (presumably could cite Sweet pers. comm.—I am assuming he has provided you with his count data?)



We have been unable to find any data suggesting that pesticide drift is a threat to the lesser slender salamander or its habitat.



The Service accessed the California Roadkill Observation System (http://www.wildlifecrossing.net/california/) on August 21, 2018, and found no records documenting road mortality of lesser slender salamanders (or any other slender salamander species). Our search corroborates the information provided by Dr. Sweet regarding the lack of data supporting road mortality as a threat to lesser slender salamanders.



Batrachochytrium dendrobatidis (Bd) is a fungal pathogen which can cause chytridiomycosis, a highly infectious amphibian disease associated with mass die-offs, population declines and extirpations, and potentially species extinctions on multiple continents (Berger et al. 1998, pp. 9031-9036; Bosch et al. 2001, pp. 331-337; Lips et al. 2006, pp. 3165-3166).



The best available information we have regarding the lesser slender salamander has led us to determine that we need to consider further how climate change and disease are impacting the viability of the lesser slender salamander in this SSA now and into the future.



[bookmark: _Toc528321342]8.3	Potential Threats



8.3.1	Changes in Climate Conditions



The summer of 2017 was the warmest in California since record keeping began in the late 1800’s (NOAA National Centers for Environmental Information 2018). Considering data up to 2015, Brown et al. (2016, entire) reported that most of the warming occurred in the past 35 years with 15 of the 16 warmest years occurring since 2001. The 3-year period from 2012 to 2014 was the hottest and driest in California in the 100-year timeframe considered (Mann and Gleick 2015, p. 3858), and it was the most severe drought in California in the past 1,200 years (Griffin and Anchukaitis 2014, p. 9017). According to Thorne et al. (2017, entire), this trend appears likely to continue; however recent projections for California indicate that while temperatures will significantly increase, no significant change in precipitation is predicted (He et al. 2018, entire). Also, He et al. (2018, p. 17) reports a decreasing tendency for severe droughts.



The lesser slander salamander is a Priority 2 (out of 3) taxon for drought vulnerability based on the California Department of Fish and Wildlife’s rapid assessment of the vulnerability of sensitive California wildlife to extreme drought (CDFW 2016, p. 28). Drought vulnerability was assessed for special status amphibians, reptiles, birds, and mammals using scores for three risk categories and three life history/status criteria. Priority 1 were those taxa found to be most vulnerable to extended or frequent severe drought and resultant risk of extirpation. Priority 2 was created to capture taxa that have an elevated drought risk but do not meet the conditions of high priority taxa, which were placed in Priority 1. Priority 3 included all other taxa evaluated with lower drought risk.



Current effects to the lesser slender salamander from increased temperatures due to climate change include, but are not limited to: reduction of cool, moist areas that supply habitat and reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at night when conditions are suitable. Slender salamanders use damp locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps, suggesting that they may be behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding, and sheltering in a changing climate. The species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a current population-level effect.  



8.3.2	Disease



Disease has the potential to cause catastrophic loss of lesser slender salamanders. There are two pathways by which disease could result in a catastrophic mortality event for the lesser slender salamander. Mortality events could be caused by existing pathogens or through the introduction of novel pathogens.



The chytrid fungus Batrachochytrium dendrobatidis (Bd) was identified in 1999 and has been attributed to the primary cause of decline for many amphibians. Bd is a fungal pathogen that can cause chytridiomycosis and it has been documented in wild lesser slender salamander individuals. A second type of chytrid fungus (Batrachochytrium salamandrivorans, Bsal) is emerging in Europe. While Bsal primarily affects salamanders, frogs can also become infected and spread this disease. Additionally, the disease Ranavirus has been documented in northern California but has not been observed in lesser slender salamanders, but could be spread into the range of the lesser slender salamander.



Given the high risk of Bsal invasion, the Service recently listed 20 amphibian genera known to carry Bsal as injurious under the Lacey Act to limit importation into the United States (USFWS 2016, entire). Despite this protection, it is possible that an unknown carrier or illegal import could introduce this pathogen into salamander populations in California.



Emerging infectious diseases (EIDs) have been increasing in large part because of globalization and the increased frequency and rapidity of international travel and trade (McLean 2007, p. 262; Brand 2013, p. 447; Smith et al. 2017, pp. 30-31). Global wildlife trade is a significant contributor and occurs mostly through uncontrolled or illegal networks, and involves millions of birds, mammals, reptiles, amphibians, and fish every year (Karesh et al. 2005, p. 1000; Smith et al. 2017, pp. 30-31). Increasingly, disease is being recognized as a driver of population declines and extinctions (Brand 2013, p. 447; McPhee and Greenwood 2013, p. 6), and amphibians are one of the vertebrate groups most negatively impacted by the introduction of EIDs world-wide (Martel et al. 2014; Chambouvet et al. 2015; Berger et al. 2016, entire).



Batrachochytrium dendrobatidis



Batrachochytrium dendrobatidis (Bd) is a fungal pathogen which can cause chytridiomycosis, a highly infectious amphibian disease associated with mass die-offs, population declines and extirpations, and potentially species extinctions on multiple continents (Berger et al. 1998, pp. 9031-9036; Bosch et al. 2001, pp. 331-337; Lips et al. 2006, pp. 3165-3166). Bd attacks the keratinized tissue of amphibian skin and can lead to thickened epidermis, lesions, body swelling, lethargy, loss of righting reflex, and death in all life stages (Berger et al. 1998, pp. 9031-9036; Bosch et al. 2001, p. 331; Carey et al. 2003, p. 130). Chytridiomycosis infection rates among amphibians exposed to Bd vary by species (Woodhams et al. 2007, p. 4), and resistance to Bd infection in some amphibians is likely related to levels of antimicrobial peptides found in skin secretions (Woodhams et al. 2007, p. 4), beneficial skin bacteria (Harris et al. 2006, p. 55), and possibly frequent skin shedding (Woodhams et al. 2007, p. 6). The effects of chytridiomycosis can vary among host species and life stages (Gervasi et al. 2013) and can even vary between populations of the same species (Bradley et al. 2015). Resistance can be reversed under certain environmental conditions, for example those that can exert stress and immunosuppression (Ramsey et al. 2010). Thus, the prevalence of Bd (i.e., number of positives/number sampled) in different populations is likely reflecting the interaction between the host, the pathogen strain, and the environmental conditions they encounter (Spitzen-Van der Sluijs et al. 2014; Bacigalupe et al. 2017).



Lesser slender salamanders are susceptible to contracting chytrid. The U.S. Geological Survey (USGS) conducted an analysis of samples collected in 2017 from eight individual lesser slender salamanders. Their provisional results for Bd in lesser slender salamanders determined that, of the three occurrence locations from which samples were taken, all samples from two of the occurrence locations (Toro Creek and Santa Rita Creek ) were Bd positive, while those from Trout Creek were negative for Bd (R. Fisher pers. Comm. 2018).



The prevalence of Bd in lesser slender salamanders is not known; however, a study was conducted on another slender salamander species that occurs in California, B. attenuates (Sette et al. 2015, entire). Sette et al. (2015) found Bd infection and spread in B. attenuatus in proximity to the greater Bay Area of northern California. From the museum specimens used in their study, Bd was first found in B. attenuatus during the 1960s (Sette et al. 2015, p. 24). Bd prevalence in B. attenuatus peaked in the 1990s, and in 2013 the prevalence of Bd in B attenuatus had decreased from the levels found in the 1990s (Sette et al. 2015, pp. 24-25). 



The effects of Bd infection on lesser slender salamanders are not known; however, studies on the effects of Bd to two other slender salamander species that occur in California, B. attenuatus and B. luciae, have been conducted. Weinstein (2009, entire) conducted studies investigating the effects of Bd on B. attenuatus. Under one study, Weinstein (2009, p. 655) collected 30 living individuals of B attenuatus from the wild, 19 of which were determined to have been infected with Bd in the wild; 18 (95%) died within 70 days and all of the individuals infected with Bd died in the lab over the course of the approximate 120-day study, while 10 of 11 uninfected individuals survived. In a second study, Weinstein (2009, pp. 654-657) collected individuals of B. attentuatus from the wild and infected them with Bd in the lab; those held in the experimental dry conditions (95% relative humidity) began reducing their zoospore counts after inoculation and all individuals lost their infections and survived more than 95 days. This suggests that slender salamanders could shed Bd infection during dry periods. Sparagon (2015) examined Bd susceptibility in individuals carrying wild Bd infections and individuals inoculated with lab grown Bd. Experiments demonstrated significant differences in B. luciae mortality rates from wild Bd and lab grown Bd infections. Those with wild infections had a 77.8% mortality rate; those infected in the lab had a 25% mortality rate, suggesting that B. luciae is susceptible to infection and death from wild Bd (Sparagon 2015, pp. 20-25). 



The details of how Bd moves through the environment resulting in the spread of disease is not well understood, but could occur through reservoir species (Reeder et al. 2012, pp. 4-5). The Pacific chorus frog (Pseudacris regilla) is common and widespread across California (Stebbins and McGinnis 2012, pp. 180-181). Pacific chorus frogs can withstand high Bd zoospore loads without symptoms or mortality (Reeder et al. 2012, pp. 2-3). Additionally, four species of Pacific newts (Genus Taricha) are common and widespread across coastal California (Stebbins and McGinnis 2012, pp. 92-103) and may serve as a reservoir for chytridiomycosis in terrestrial salamanders (Chaukulkar et al. 2018, p. 6). Infected bullfrog (Rana catesbiana) tadpoles can also be effective vectors of Bd (Miaud et al. 2016, entire). Lesser slender salamanders do not have an aquatic phase, unlike Pacific chorus frogs and Pacific newts which require an aquatic larval phase, and the ability for Bd zoospores to survive can be reduced in dry terrestrial environments, potentially lessening the likelihood of Bd spread from reservoir species with an aquatic life stage to slender salamanders.



Batrachochytrium salamandrivorans 



The fungal pathogen Bsal invaded Europe from Asia around 2010 and is responsible for causing mass die-offs of fire salamanders (Salamandra salamandra) in northern Europe (Martel et al. 2014, p. 631; Fisher 2017, p. 300-301). Given unregulated trade and the recent discovery of Bsal in amphibians, there is concern about the introduction of a novel pathogen causing extirpations of salamander populations in North America which have never been exposed to the disease (Yap et al. 2017, entire). While we still do not have a clear understanding of all of the salamander species that will be susceptible to Bsal, there is concern that lesser slender salamanders could be impacted. The Pacific coast, including the range of the lesser slender salamander, is one the regions with the highest risk of introduction of Bsal (Richgels et al. 2016, p. 5; Yap et al. 2015, p. 482) and highest risk of Bsal to native salamanders (Richgels et al. 2016, p.6).



Given the high risk of Bsal invasion, the Service recently listed under the Lacey Act 20 amphibian genera known to carry Bsal as injurious, in order to limit importation into the United States (Service 2016b, entire). The USGS conducted an analysis of samples collected in 2017 from eight individual lesser slender salamanders. Their provisional results for Bsal determined that of the three occurrence locations from which samples were taken, all samples were negative for Bsal (R. Fisher pers. Comm. 2018).



Ranaviruses 



Ranaviruses are another emerging group of pathogens affecting amphibian populations worldwide. Ranavirus is one of five genera in the family Iridoviridae, a family of viruses known to infect a diversity of invertebrate and ectothermic (cold-blooded) vertebrate hosts. Ranaviruses were originally detected in frogs (Granoff et al. 1965, pp. 237-255; Rafferty 1965, pp. 11-17) but are now known to infect and cause disease in fish, reptiles, and other amphibians (Marschang and Miller 2012, p. 1). Ranaviruses are often virulent and can cause systemic infections in amphibians (Daszak et al. 1999, p. 742). Mortality caused by ranaviruses has been reported from five continents and in most of the major families of frogs and salamanders (Gray et al. 2009, pp. 243-244).



Amphibian larvae seem to be the developmental stage most susceptible to ranaviruses (Daszak et al. 1999, p. 742), with physical characteristics of infections in larval stages including skin hemorrhages, ulcers, and bloating (Marschang and Miller 2012, p. 1). Overt signs of infection may not be exhibited in juvenile and adult stages (Daszak et al. 1999, p. 742), but when present typically include skin abnormalities (e.g., sloughing, hemorrhaging) and sometimes necrosis (tissue death) of digits and limbs (Cunningham et al. 1996, pp. 1539, 1541; Jancovich et al. 1997, p. 163). The exact mechanism by which Ranavirus infections cause amphibian mortalities remains unclear, but hemorrhaging in skeletal tissue (Daszak et al. 1999, p. 743) and extensive necrosis in the liver, spleen, kidneys, and digestive tract have been observed in infected individuals (Gray et al. 2009, p. 253). It is also postulated that viral infections may suppress the immune system, resulting in secondary invasion by opportunistic pathogens (Miller et al. 2008, p. 448).



Sutton et al. (2015, entire) sampled fourteen species of Plethodontid salamanders (none from genus Batrachoseps) from Great Smoky Mountains National Park and tested the individuals for Ranavirus. Of the total 566 salamanders that were sampled, 103 were positive for Ranavirus, across 11 of the 14 species (Sutton et al. 2015, p. 324). Ranavirus outbreaks among lesser slender salamanders have not been documented. 



[bookmark: _Toc528321343]8.4	Summary -- Current Condition



The lesser slender salamander is currently known to be present in all eight occurrence locations; presumably the species’ current range is the same as its historic range. Current population abundance for the lesser slender salamander at each occurrence is unknown. The two threats that could be have the greatest impact on populations or rangewide are: (1) changing climate conditions, and (2) disease. 	Comment by elj: In my view, this goes beyond the evidence.  Since 2011, it has been found at 5 of 9 localities (including 2 newly discovered); it has not been reported at 3 historic localities and 1 locality known from a single specimen in 2008.  At one of the historic localities (Black Mountain), B. minor used to be adundant; at the other, it is known from a single specimen in really tough field conditions—so my impression is that it required perfect conditions and luck to find the 1st individual, and would require the same to find another.



Current effects to the lesser slender salamander from increased temperatures due to climate change include, but are not limited to: reduction of cool, moist areas that supply habitat and reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at night when conditions are suitable. Slender salamanders use damp locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps, suggesting that they may be behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding, and sheltering in a changing climate. The species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a current population-level effect.



As for disease, Bd has been found in lesser slender salamanders, however the vulnerability of lesser slender salamanders to Bd infection and developing chytridiomycosis is unknown. Two congeners have differing susceptibility. In B. attenuatus, there is some level of susceptibility to infection, however it appears that Bd prevalence has been decreasing over time in this species. In contrast, B. luciae appears to be highly susceptible to Bd infection. While the lesser slender salamander has been shown to be susceptible to Bd there are no data to suggest current die-offs, and individual lesser slender salamanders may have the potential to shed the infection as habitat conditions become drier over the summer months, which would decrease the prevalence of disease in the population.



At this time, climate effects and disease are potential threats that could affect all salamander species. Currently the best available data indicates that climate change and disease will affect B. minor on an individual level. We do not anticipate that climate effects or disease are population-level threats to the species because B. minor is flexible in behavior and can find suitable habitat when faced with the effects of climate change and the prevalence of disease may be reduced due to drier conditions. 



All of the previously discussed threats may act on the lesser slender salamander in combination and we evaluated all of these threats combined to examine the total effect on the species. In particular, threats such as habitat loss, road mortality, climate change and disease may act on the lesser slender salamander in combination to affect the species. Some minor habitat loss may occur along with random road mortalities and continued climate change effects with occasional disease could occur together to affect the lesser slender salamander. Yet, even cumulatively, there is little suggest that anything more than a few individuals are being currently affected. We evaluated the combined effects of pesticide drift, overutilization, collection or predation and we found no information to indicate that they are a concern for the lesser slender salamander under current conditions. The totality of effects from all of the identified threats is likely to affect the lesser slender salamander on the individual scale, but we do not anticipate that these combined effects are having negative impacts at the population- or on the species-wide scale. 



[bookmark: _Toc528321344]8.5	 Summary Current Condition – Resiliency, Representation, and Redundancy



We do not have data to determine the resiliency of lesser slender salamander populations. Resiliency is positively related to population size and growth rate and may be influenced by connectivity among populations. We would need information on abundance, growth rate, or an acceptable proxy to determine resiliency and currently no data are available to us. At this time, the best available information indicates that the species is extant at all eight occurrence locations. These occurrence locations encompass the north-south and east-west gradients within its limited distribution, presumably maintaining the relevant adaptive capacity for the species that comprises representation. While redundancy will always be very limited for local, endemic species with a naturally limited range, we believe the lesser slender salamander would be able to withstand a catastrophic event because having 8 populations likely provides them with enough redundancy to recover from such a loss.	Comment by elj: Agreed—there are no formal data.  But I think there’s good evidence that it hasn’t fully bounced back to 1970s numbers (for reasons unknown)	Comment by elj: 9



[bookmark: _Toc528321345]9.0	POTENTIAL FUTURE CONDITIONS



We use 25 years as our future timeframe as it encompasses 1-2 regular drought cycles in California and encompasses projections for climate change. We forecast the status of the lesser slender salamander after 25 years under two plausible future scenarios, one with continued climate-related effects and disease at the current level, and a second with continued climate-related effects and increased disease susceptibility.



[bookmark: _Toc528321346]9.1	Changes in Climate Conditions



Changes in climate have been observed in recent years and are predicted to continue in California (Frankson et al. 2017, p. 1). This can include extreme events such as multi-year droughts or heavy rain events (Frankson et al. 2017, pp. 2–5). Pierce et al. (2013, entire) estimated future changes in temperature and precipitation patterns in California by the 2060s and determined that historically maximum July temperatures are likely to increase and heat waves may span longer durations. Summer temperatures are anticipated to increase along the central coast of California (Pierce et al. 2013, p. 843 figure 2b), which could lead to increased evapotranspiration (Diffenbaugh et al. 2015, p. 3994). Droughts associated with increased warming in California are anticipated to increase (Diffenbaugh et al. 2015, p. 3934; Williams et al. 2015, p. 6826; Cook et al. 2015, p. 6). Additionally, Cvijanovic et al. (2017, p. 8) identified that as the Artic sea-ice cover decreases, precipitation amounts in California decrease, resulting in the potential increase in future droughts in California. Dettinger (2011, pp. 521-522) determined that in the future, extreme storm events may increase in severity beyond historic levels of intensity with potential to increase flood risks and to increase the potential for flooding to occur before and after the primary historical flood season in California. 



He et al. (2018, p. 4) evaluated historical and projected precipitation and maximum and minimum temperature data, and developed projections for 2020–2099 based on climate model simulations for hydrologic basins of California. The study used two 40-year future periods, mid-century (2020–2059) and late-century (2060–2099), which was compared to a historical (baseline) period of 1951–1990 (He et al. 2018, p. 6). All projections on mean annual maximum temperature and minimum temperature showed significant increasing trends. However, no significant trends were detected in historical annual and wet season precipitation for any study regions (He et al. 2018, p. 14-15). When looking at drought projections, there was no consensus among projections; however, the majority of projections show a decreasing tendency for severe droughts due to increase in annual precipitation (He et al. 2018, p. 17). While there were no significant trends in precipitation for any study regions, most regions are also expected to see an increase in annual precipitation, with the Central Coast region experiencing a +6.4% under RCP 4.5 scenario by mid-century, and an increase of +6.2% by late-century (He et al. 2018, pp. 8–9; Figure 4a, 4c).



Overall, projections of climate change along the central coast of California indicate that temperature will increase over the next 25 years. Patterns of precipitation in the future are less clear; however, when storms do occur, they will likely be more severe than historical/baseline conditions.



[bookmark: _Toc528321347]9.2	Disease



Bd has been confirmed in the lesser slender salamander but the specific effects of Bd infection in wild individuals and how this might change in the next 25 years is unknown. Some amphibian species appear to be tolerant of infection from Bd, while others experience extirpation (Louca et al. 2014, entire). Padgett-Flohr and Hopkins (2009, entire) evaluated museum specimens and found that Bd has been in central California since at least 1961, suggesting Bd is now endemic throughout most of central California, (Padgett-Flohr and Hopkins 2009, p. 8).



Xie et al. (2016) projected how climate may influence Bd distribution globally into the future (Xie et al. 2016, entire). They found that Bd ranges will shift into higher latitudes and altitudes (Xie et al. 2016, p. 14) but did not project future virulence in areas where Bd already occurs. Changes in climate could create situations (e.g., microclimate suitable for the pathogen, shifting species distributions) that shift the pattern for Bd, which could increase or decrease disease risk for the lesser slender salamander and other amphibians (e.g., Adams et al. 2017, entire). 



For Bsal, Richgels et al. (2016, entire) predict that the Pacific coast, southern Appalachian Mountains and mid-Atlantic regions will have the highest relative risk from Bsal, if it were to get into the United States. Given the high risk of Bsal invasion, the Service recently listed 20 amphibian genera known to carry Bsal as injurious under the Lacey Act to limit importation into the United States (USFWS 2016, entire). Given this, we do not anticipate that Bsal is likely cause population-level declines in the lesser slender salamander in the next 25 years.



[bookmark: _Toc528321348]9.3 Cumulative Effects



All of the previously discussed threats may act on the lesser slender salamander in combination and we evaluated all of these threats combined to examine the total effect on the species. In particular, threats such as habitat loss, road mortality, climate change and disease may act on the lesser slender salamander in combination to affect the species. Some minor habitat loss may occur along with random road mortalities and continued climate change effects with occasional disease could occur together to affect the lesser slender salamander. Yet, even cumulatively, there is little suggest that anything more than a few individuals are being currently affected. We evaluated the combined effects of pesticide drift, overutilization, collection or predation and we found no information to indicate that they are a concern for the lesser slender salamander in the future. The totality of effects from all of the identified threats is likely to affect the lesser slender salamander on the individual scale, but we do not anticipate that these combined effects are having negative impacts at the population- or on the species-wide scale. 



[bookmark: _Toc528321349]9.4	Future Scenario 1: Climate and Disease Continuation



Under Future Scenario 1 (Climate and Disease Continuation), we evaluated the status of the lesser slender salamander after 25 years with continued climate-related effects and disease at the current level. Projections of climate change along the central coast of California indicate that temperature will increase over the next 25 years. Patterns of precipitation in the future are less clear.



Current effects to the lesser slender salamander from increased temperatures due to climate change include, but are not limited to: reduction of cool, moist areas that supply habitat and reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at night when conditions are suitable. Slender salamanders use damp locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps, suggesting that they may be behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding, and sheltering in a changing climate. The species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a current population-level effect.



As for disease, Bd has been found in lesser slender salamanders, however the vulnerability of lesser slender salamanders to Bd infection and developing chytridiomycosis is unknown. Two congeners have differing susceptibility. In B. attenuatus, there is some level of susceptibility to infection, however it appears that Bd prevalence has been decreasing over time in this species. In contrast, B. luciae appears to be highly susceptible to Bd infection in the wild. While the lesser slender salamander has been shown to be susceptible to Bd there are no data to suggest current die-offs. In this scenario, we assume that the lesser slender salamander is able to stave off a large-scale disease event due to similarity in disease susceptibility and trends to B. attenuatus. Given that currently we do not anticipate that disease is population-level threats to the lesser slender salamander, at this continued level and with similarity in disease susceptibility and trends to B. attenuates, we do not anticipate a population-level effect in the next 25 years.



[bookmark: _Toc528321350]9.5	Future Scenario 2: Climate Continuation and Increased Disease



Under Future Scenario 2 (Climate Continuation and Increased Disease), we evaluated the status of the lesser slender salamander after 25 years with continued climate-related effects and increased disease susceptibility. The climate portion of this scenario is the same as in Scenario 1 and therefore we anticipate that if current trends in climate continue, the species may be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a population-level effect in the next 25 years.



As for potential increase in disease, under this scenario we assume greater susceptibility to existing pathogens. Specifically, Bd has been found in lesser slender salamanders, however the vulnerability of lesser slender salamanders to Bd infection and developing chytridiomycosis is unknown. It is possible that the lesser slender salamander has similar susceptibility to B. luciae, which appears to be highly susceptible to wild Bd infection. The USGS tested eight individual lesser slender salamanders collected in 2017 for Bd and found that 2 of the 3 sampled occurrence locations were positive for Bd. Specifically, of the three occurrence locations from which samples were taken, all samples from two of the occurrences (Toro Creek and Santa Rita Creek) were Bd positive, while those from Trout Creek were negative for Bd (R. Fisher pers. Comm. 2018). 



Given that (1) Bd is currently found in 2 populations, (2) Bd appears to have been in California since the 1960s, peaked in the 1990s, and decreased since then, and (3) the effects of chytridiomycosis can even vary between populations of the same species (Bradley et al. 2015, entire), we predict that in the next 25 years, 2 of the 8 occurrence locations will have an associated mass die off and population declines due to Bd under the assumption that the lesser slender salamander has similar susceptibility to B. luciae,. The extent of the population declines will be dependent on the variation in infection rate and whether there are resistant individuals who are selected for during such a disease event. Disease at a population-level within 2 of the 8 occurrence locations in the next 25 years would decrease the resiliency of those infected lesser slender salamander occurrence locations. If occurrence locations were extirpated due disease, this would decrease the species already limited distribution.	Comment by elj: I would modify to “at least 2 populations”—since most populations not tested	Comment by elj: typo (the only one I spotted!)



[bookmark: _Toc528321351]9.6	Summary of Future Threats



We assessed likely change in climate effects and disease 25 years into the future. Projections of climate change along the central coast of California indicate that temperature will increase in the next 25 years. Current effects to the lesser slender salamander from increased temperatures due to climate change include, but are not limited to: reduction of cool areas that supply habitat and reduced survival of all life stages. The species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a current population-level effect.



Potential future effects from disease to the lesser slender salamander are unknown. We know that lesser slender salamanders have tested positive for Bd, but we do not know the species’ vulnerability to Bd infection and developing chytridiomycosis. Bd appears to have been in California since the 1960s, peaked in the 1990s, and decreased since then. The effects of chytridiomycosis can vary between populations of the same species (Bradley et al. 2015). The prevalence of Bd (i.e., number of positives/number sampled) in different populations is likely reflecting the interaction between the host, the pathogen strain, and the environmental conditions they encounter (Spitzen-Van der Sluijs et al. 2014; Bacigalupe et al. 2017). We forecast the status of the lesser slender salamander after 25 years under two future scenarios, one with continued climate-related effects and disease at the current level, and a second with continued climate-related effects and increased disease susceptibility.



Under Scenario 1 (Climate and Disease Continuation), we found that lesser slender salamanders may be behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding, and sheltering in a changing climate. If current trends in climate continue, the species may continue to be affected by changes in climate on the individual level due to increasing temperatures, but we do not anticipate a population-level effect in the next 25 years. As for potential disease, we determined that the lesser slender salamander may able to stave off a large-scale disease event due to assumed similarity in disease susceptibility to B. attenuatus. Given that currently we do not anticipate that disease is a population-level threat to the lesser slender salamander, at this continued level with susceptibility similar to B. attenuates, we do not anticipate a population-level effect in the next 25 years.	Comment by elj: perhaps a matter of emphasis, but if you were to have to put odds on scenario 1 vs. scenario 2, phylogenetic reasoning would say that disease susceptability of B. minor will be more like B. luciae (to which it is much more closely related) than B. attenuatus.  If any likelihood is implied by the ordering of scenarios, they should be switched.



Under Scenario 2 (Climate Continuation and Increased Disease), the climate portion is the same as in Scenario 1 and therefore we anticipate that if current trends in climate continue, we do not anticipate a population-level effect in the next 25 years. As for potential increase disease, under this scenario we assume greater susceptibility to Bd. It is possible that the lesser slender salamander has similar susceptibility to B. luciae, which appears to be highly susceptible to wild Bd infection. Based on the USGS findings that 2 of the occurrence locations tested positive for Bd, we assume that approximately 2 of the 8 occurrence locations will have an associated mass die off and population declines due to Bd in the next 25 years. This could decrease the resiliency of those 2 lesser slender salamander occurrence locations. The resiliency of the rest of the occurrence locations would not be affected. If there were extirpations, species representation and redundancy could be reduced.	Comment by elj: 9



In summary, both of the two future scenarios do not anticipate a population-level effect from changing climate in the next 25 years. Our first future scenario does not anticipate that disease is population-level threat to the lesser slender salamander in the next 25 years; whereas the second future scenario suggests that disease could be a population-level threat to the species, but would not occur rangewide. 



[bookmark: _Toc528321352]10.0	OVERALL SYNTHESIS 



[bookmark: _Toc514227139][bookmark: _Toc528321353]Resiliency, Redundancy, and Representation



At this time, we do not have any data to determine the resiliency of lesser slender salamander populations. However, the best available information indicates that the species is extant at all 8 occurrences. These occurrences encompass the north-south and east-west gradients within its limited distribution, maintaining species representation. While redundancy will always be limited for species with limited range, it appears that the redundancy of the lesser salamander is sufficient. 	Comment by elj: see previous comments about this



In the future, we assessed the status of the lesser slender salamander under two scenario 25 years into the future. The first future scenario does not anticipate a population-level effect from changing climate or disease in the next 25 years, suggesting that occurrence location resiliency and species representation and redundancy would remain unchanged. Our second future scenario does not anticipate a population-level effect from changing climate but does anticipate that disease could be a population-level threat to the species, but would not occur rangewide. Where disease occurs the resiliency of those populations would be reduced. If populations were able to recover from declines and no extirpations occurred, species representation and redundancy may remain unchanged. If extirpations occurred, species representation and redundancy could be reduced.
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APPENDIX I. Existing Regulatory Mechanisms



Eight occurrences of the lesser slender salamander have been found at locations along the Santa Lucia Range in San Luis Obispo County, California. From north to south the occurrence locations are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York Mountain, (4) Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout Creek (S. Sweet pers. comm. 2017.). We define “occurrences locations” as the locality where lesser slender salamanders have been found. Two of the 8 occurrence locations are on U.S. Forest Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger District); the other 6 occurrence locations are on private land, of which, 2 are within the Los Padres National Forest boundary (Toro Creek and Trout Creek).



Federal Mechanisms



All Federal agencies are required to adhere to the National Environmental Policy Act (NEPA) of 1970 (42 U.S.C. 4321 et seq.) for projects they fund, authorize, or carry out. Prior to implementation of such projects with a Federal nexus, the NEPA requires the agency to analyze the project for potential impacts to the human environment, including natural resources. The Council on Environmental Quality’s regulations for implementing the NEPA states that agencies shall include a discussion on the environmental impacts of the various project alternatives (including the proposed action), any adverse environmental effects that cannot be avoided, and any irreversible or irretrievable commitments of resources involved (40 CFR part 1502). The public notice provisions of the NEPA provide an opportunity for the Service and other interested parties to review proposed actions and provide recommendations to the implementing agency. The NEPA does not impose substantive environmental obligations on Federal agencies—it merely prohibits an uninformed agency action. However, if an Environmental Impact Statement is prepared for an agency action, the agency must take a “hard look” at the consequences of this action and must consider all potentially significant environmental impacts. Federal agencies may include mitigation measures in the final Environmental Impact Statement as a result of the NEPA process that may help to conserve the Panamint alligator lizard or its habitat.



[bookmark: Land_Use_and_Resource_Management_Plans][bookmark: National_Park_Service_Organic_Act_of_191]The Organic Act of 1897 (16 U.S.C. 475–482) established general guidelines for administration of timber on U.S. Forest Service (USFS) lands, which was followed by the Multiple-Use Sustained- Yield Act (MUSY) of 1960 (16 U.S.C. 528–531), which broadened the management of USFS lands to include outdoor recreation, range, watershed, and wildlife and fish purposes.



[bookmark: National_Forest_Management_Act]The National Forest Management Act (NFMA) of 1976 (16 U.S.C. § 1600 et seq.) requires the USFS to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. 528–531). The NFMA outlines the process for the development and revision of the land management plans and their guidelines and standards [16 U.S.C. 1604(g)]. A new National Forest System (NFS) land management planning rule (Planning Rule) was adopted by the USFS in 2012 (77 FR 21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision of land management plans for all units of the NFS to maintain and restore NFS land and water ecosystems while providing for ecosystem services and multiple uses. Land management plans (also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and resources; (2) meet the need for forest restoration and conservation, watershed protection, and species diversity and conservation; and (3) assist the USFS in providing a sustainable flow of benefits, services, and uses of NFS lands that provide jobs and contribute to the economic and social sustainability of communities (77 FR 21261, April 9, 2012). A land management plan does not authorize projects or activities, but projects and activities must be consistent with the plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of plant and animal communities, including species-specific plan components in which a determination is made as to whether the plan provides the “ecological conditions necessary to . . . contribute to the recovery of federally listed threatened and endangered species . . .” (77 FR 21265; April 9, 2012).



The Record of Decision for the final Planning Rule was based on the analyses presented in the Final Programmatic Environmental Impact Statement, National Forest System Land Management Planning (77 FR 21162–21276; April 9, 2012), which was prepared in accordance with the requirements of the NEPA. In addition, the NFMA requires land management plans to be developed in accordance with the procedural requirements of the NEPA, with a similar effect as zoning requirements or regulations as these plans control activities on the national forests and are judicially enforceable until properly revised (Wilkinson and Anderson 2002, entire).



Two of the 8 occurrence locations are on U.S. Forest Service Lands (Los Padres National Forest, Santa Lucia Ranger District) and 2 others occurrences are within the Los Padres National Forest boundary. There is no Forest Service management plan in place for the Los Padres that includes amphibian management. There is a forest-wide management plan that outlines general approaches to forest management, and management plans are developed on a project-by-project basis (Cooper pers. comm. 2018).



State Mechanisms



The lesser slender salamander is designated as a California Department of Fish and Wildlife Species of Special Concern (California Department of Fish and Wildlife Natural Diversity Database, 2018). It is the goal and responsibility of the California Department of Fish and Wildlife to maintain viable populations of all native species. To this end, the Department has designated certain vertebrate species as Species of Special Concern because declining population levels, limited ranges, and/or continuing threats have made them vulnerable to extinction. The goal of designating species as “Species of Special Concern” is to halt or reverse their decline by calling attention to their plight and addressing the issues of concern early enough to secure their long term viability. Not all “Species of Special Concern” have declined equally; some species may be just starting to decline, while others may have already reached the point where they meet the criteria for listing as a “Threatened” or “Endangered” species under the State Endangered Species Act. The lesser slender salamander is not listed under the State Endangered Species Act.



California SSCs should be considered during the environmental review process under the California Environmental Quality Act (CEQA; California Public Resources Code §§ 21000-21177). Similar to the Federal NEPA, the CEQA requires State agencies, local governments, and special districts to evaluate and disclose impacts from “projects” in the State. Section 15380 of the CEQA Guidelines indicates that California SSCs should be included in an analysis of project impacts if they can be shown to meet the criteria of sensitivity outlined therein. 
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EXECUTIVE SUMMARY

On July 11, 2012, we, the U.S. Fish and Wildlife Service (Service), received a petition from the
Center for Biological Diversity requesting that 53 species of reptiles and amphibians, including
the lesser slender salamander (Batrachoseps minor), be listed as endangered or threatened and
that critical habitat be designated for these species under the Endangered Species Act. The
petition states that lesser slender salamanders have become rare, and raises habitat loss, road
mortality, climate change, and pesticide drift as potential threats to the species. On September
18, 2015, we published a 90-day finding that the petition presented substantial scientific or
commercial information indicating that the petitioned action may be warranted (80 CFR 56427-
56428). In September 2016, we published a 7-Year National Listing Workplan
(https://www.fws.gov/endangered/what-we-do/listing-workplan.html), which called for
completion of the status review for the lesser slender salamander by the end of September, 2019.
In this Species Status Assessment, we evaluate the biological status of the lesser slender
salamander, both currently and into the future, by considering the species’ resiliency,
redundancy, and representation. The scientific information presented here is for the purpose of
informing our 12-month finding.

In 2001, the lesser slender salamander was described as a unique species based primarily on
genetics, and also morphology. The lesser slender salamander is one of 21 species in the genus
Batrachoseps (slender salamanders) in the Family Plethodontidae (lungless salamanders) that
occur in California. The lesser slender salamander has the smallest average adult size of all

slender salamanders and has a robust body and relatively long legs and tail for its size when
compared to other slender salamander species.

The lesser slender salamander has been observed in eight occurrence locations that occur entirely

within the Santa Lucia Mountain Range in San Luis Obispo County, California. From north to
south the occurrences are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York
Mountain, (4) Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout
Creek. Two of the eight occurrence locations are on U.S. Forest Service Lands (Cerro Alto and
Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger District); the other six occurrence
locations are on private land. The lesser slender salamander is currently known to be present in
all eight occurrence locations. /Abundance data for the lesser slender salamander are not well

¥ elj 1/6/19 7:45 PM

known rangewide or at any of the eight occurrence locations.

Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial
spaces needed to hide from predators and for feeding and that are moist to meet the species’
requirements for breeding. A resilient lesser slender salamander population is one that is self-
sustaining and has suitable habitat for feeding, breeding, and sheltering. Representation in the
lesser slender salamander is the breadth of diversity across historical latitudinal, longitudinal, and
elevation gradients, as well as climatic gradients. Lesser slender salamander redundancy
contributes to the ability of the species to withstand catastrophic events (e.g., widespread
drought, catastrophic wildfire, and flooding) which is related to the number, distribution, and
resilience of populations.
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Comment [1]: True that 21 species are
recognized, but only 20 occur in CA (not wrighti)
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Comment [2]: nine—details below

Comment [3]: | believe this reflects a
misunderstanding of where animals have and have
not been found recently; to my knowledge, at 3 of 9
sites (Black Mountain, Atascadero Creek, Cuesta
Ridge), B. minor has not been reported recently.
This of course does not mean that they aren’t
there—access is limited at some of these places. At
one of the recently discovered localities (Cerro
Alto), only 1 individual has been found, in 2008;
repeated surveys at that site since its discovery have

not yielded additional individuals of B. minor.
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Comment [4]: Agreed that there’s no info. on
absolute abundances, but there is some information
on relative abundances—so there are a few
localities where we can definitely say the animals do
NOT appear to be abundant (historically and/or at
present) and a few localities where we can
definitively say that abundances have decreased,
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We identified potential threats that could negatively affect lesser slender salamanders and thus
pose a risk to resiliency, representation, and redundancy of the species We evaluated habitat loss,
pesticide drift, road mortality, changing climate effects, and disease as potential threats to the
lesser slender salamander and determined that changing climate and disease are the most likely
threats to the species.

Current effects to the lesser slender salamander from increased temperatures due to changing
climate include, but are not limited to: reduction of cool, moist areas that supply habitat and
reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist
places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at
night when conditions are suitable. Slender salamanders use damp locations under logs, bark,
and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps,
suggesting that they may be behaviorally flexible to finding locations with the appropriate
conditions for breeding, feeding, and sheltering in a changing climate. The species may continue
to be affected by changes in climate on the individual level due to increasing temperatures, but
we do not anticipate a current population-level effect.

As for disease, Batrachochytrium dendrobatidis (Bd) has been found in lesser slender
salamanders, however the vulnerability of the species to Bd infection and developing
chytridiomycosis is unknown. Two congeners have differing susceptibility. In B. attenuatus,
there is some level of susceptibility to infection, however it appears that Bd prevalence has been
decreasing over time in this species. In contrast, B. luciae appears to be highly susceptible to
wild Bd infection. While the lesser slender salamander has been shown to be susceptible to Bd,
there are no data to suggest current die-offs. The species may continue to be affected by disease
on the individual level, but we do not expect a current population-level effect.

At this time, the best available information indicates that the species is extant at all eight
occurrence locations. These occurrence locations encompass the north-south and east-west

gradients within its limited distribution, maintaining the relevant genetic diversity and associated
adaptive capacity for the species that comprise representation. While redundancy will always be
very limited for local, endemic species with a naturally limited range, it appears that the
redundancy of the lesser salamander is sufficient.

We assessed likely change in climate and disease 25 years into the future. Projections of climate
change along the central coast of California indicate that temperature will increase in the next 25
years. As for disease, we know that lesser slender salamanders have tested positive for Bd, but
we do not know the species’ vulnerability to Bd infection and developing chytridiomycosis. Bd
appears to have been in California since the 1960s, peaked in the 1990s, and decreased since
then.

We forecast the status of the lesser slender salamander after 25 years under two plausible future
scenarios, one with continued climate-related effects and disease at the current level, and a
second with continued climate-related effects and increased disease susceptibility. Under
Scenario 1 (Climate and Disease Continuation), we found that lesser slender salamanders may be
behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding,
and sheltering in a changing climate. If current trends in climate continue, the species may
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continue to be affected by changes in climate on the individual level due to increasing
temperatures, but we do not anticipate a population-level effect in the next 25 years. As for
disease, we determined that there may be decreased disease prevalence in the lesser slender
salamander in the future, due to assumed similarity in disease susceptibility to B. attenuatus.
Given that currently we do not anticipate that disease is population-level threat to the lesser
slender salamander, at this continued level with disease susceptibility similar to B. attenuates, we
do not anticipate a population-level effect in the next 25 years. We do not anticipate combined or
synergistic effects of these threats under this scenario to pose population-level risk to the species
into the future.

Under Scenario 2 (Climate Continuation and Increased Disease), the climate portion is the same
as in Scenario 1 and therefore we anticipate that if current trends in climate continue, we do not
anticipate a population-level effect in the next 25 years. As for potential increase in disease,
under this scenario we assume greater susceptibility to Bd. It is possible that the lesser slender
salamander has similar susceptibility to B. luciae, which appears to be highly susceptible to wild
Bd infection. Based on the USGS findings that 2 of the occurrence locations tested were positive
for Bd, in the next 25 years, we assume that approximately 2 of the 8 occurrence locations will
have an associated mass die off and population declines due to Bd. This could decrease the
resiliency of those 2 lesser slender salamander occurrence locations. The resiliency of the rest of
the occurrence locations would not be affected. If there were extirpations, species representation
and redundancy could be reduced.

In summary, under the first future scenario, occurrence location resiliency and species
representation and redundancy would likely remain unchanged. Under the second future
scenario, disease could act as a population-level threat to the species, but would not occur
rangewide.
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2201.0 INTRODUCTION

221

222 This report is the species status assessment (SSA) for the lesser slender salamander

223 (Batrachoseps minor). We, the U.S. Fish and Wildlife Service (Service), developed this SSA for
224 the lesser slender salamander to compile and evaluate the best available scientific information
225  regarding the species’ biology and factors that influence the species’ viability.

226

2271.1 Petition History

228

229  OnlJuly 11, 2012, we received a petition from the Center for Biological Diversity requesting that
230 53 species of reptiles and amphibians, including the lesser slender salamander (Batrachoseps
231 minor), be listed as endangered or threatened and that critical habitat be designated for these

232 species under the Endangered Species Act. The petition states that lesser slender salamanders
233 have become rare and raises habitat loss, road mortality, climate change, and pesticide drift as
234 potential threats to the species. On September 18, 2015, we published a 90-day finding that the
235  petition presented substantial scientific or commercial information indicating that the petitioned
236 action may be warranted (80 CFR 56427-56428). In September 2016, we published a 7-Year

237 National Listing Workplan (https://www.fws.gov/endangered/what-we-do/listing-

238 workplan.html), which called for completion of the status review for the lesser slender

239 salamander by the end of September, 2019. In this Species Status Assessment, we evaluate the
240  biological status of the lesser slender salamander, both currently and into the future, by

241 considering the species’ resiliency, redundancy, and representation. The scientific information
242 presented here is for the purpose of informing our 12-month finding.

243

2442.0 METHODOLOGY

245

246 As described in our guidance document, the SSA Framework (Service 2016a, entire), an SSA
247 Report first begins with a compilation of the best available information on the species

248  (taxonomy, life history, and habitat) and its ecological needs at the individual, population, and/or
249 species levels based on how environmental factors are understood to act on the species and its
250  habitat. Next, an SSA Report describes the current condition of the species’ habitat and

251 demographics, and the probable explanations for past and ongoing changes in abundance and
252 distribution within the species’ ecological settings (that is, areas representative of geographic,
253 genetic, or life history variation across the range of the species). Lastly, an SSA forecasts the
254 species’ response to probable future scenarios of environmental conditions. An SSA uses the

255  conservation biology principles of resiliency, representation, and redundancy (collectively

256 known as the “3Rs”, Shaffer and Stein 2000, pp. 308-311) as a lens through which we can

257 evaluate the current and future condition of the species (Smith et al. 2018, entire). Ultimately, an
258 SSA characterizes a species’ ability to sustain populations in the wild over time based on the best
259 scientific understanding of current and future abundance and distribution within the species’

260  ecological settings.

261
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Species Status Assessment Framework

SPECIES NEEDS

Current Availability
or Condition of
those Needs

SPECIES CURRENT
CONDITION

- Future Availability
-— or Condition of
those Needs

SPECIES FUTURE
Figure 1. Species Status Assessment Framework CONDITION & VIABILITY

Resiliency describes the ability of populations to withstand stochastic disturbance. Resiliency is
positively related to population size and growth rate and may be influenced by connectivity
among populations. Generally speaking, populations need abundant individuals within habitat
patches of adequate area and quality to maintain survival and reproduction in spite of
disturbance.

Representation describes the ability of a species to adapt to changing environmental conditions
over time. It is characterized by the breadth of genetic and environmental diversity within and
among populations. Measures may include the number of varied niches occupied, the gene
diversity, heterozygosity or alleles per locus.

Redundancy describes the ability of a species to withstand catastrophic events. Redundancy is
characterized by having multiple, resilient populations distributed within the species’ ecological
settings and across the species’ range. It can be measured by population number, spatial extent,
and degree of connectivity.

This document draws scientific information from resources such as primary peer-reviewed
literature, reports submitted to the Service and other public agencies, species occurrence
information in Geographic Information Systems (GIS) databases, and expert experience and
observations. It is preceded by and draws upon analyses presented in other Service documents
including the 90-day finding (Service 2015). Finally, we coordinated closely with our partners
engaged in ongoing research. This assures consideration of the most current scientific and
conservation status information.

SPECIES BACKGROUND

Taxonomy
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The lesser slender salamander is one of 21 species in the genus Batrachoseps (slender
salamanders) in the Family Plethodontidae (lungless salamanders) that occur in California
(Highton et al. 2017, pp. 27-28).

In the early 1950s, there was thought to be one species of slender salamander throughout
California; however, by the end of the decade multiple species of slender salamanders were
recognized, and in 2001, the lesser slender salamander was described as a distinct species
(Jockusch et al. 2001, pp. 54, 65-67). Jockusch et al. (2001, pp.65-66, 72-81) described
morphological and genetic differences between the lesser slender salamander and other slender
salamander species; however, slender salamanders are not easily differentiated through
morphology alone.

3043.2 Species Description
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Slender salamanders are small, with bodies that are rounded with costal and caudal grooves
similar in appearance to the body segments of earthworms, and with short limbs (Stebbins and
McGinnis 2012, p. 124-125). Slender salamanders have four toes on both front and hind feet; all
other western salamanders typically have four toes on front and five toes on hind feet (Stebbins
2003, p. 182). Slender salamanders can have a dorsal stripe of reddish, tan, or buff (Stebbins
2003, p. 182).

The lesser slender salamander has the smallest average adult size of all slender salamanders, with
a snout-to-vent range of 2.5 to 4.6 cm (1 to 2.3 in.) (Stebbins and McGinnis 2012, p. 137).
Although small in size, the species has a robust body and relatively long legs and tail for its size
when compared to other slender salamander species (Stebbins and McGinnis 2012, p. 137).
Coloring of lesser slender salamanders is dark blackish brown above and a dorsal stripe may or
may not be present, which can be tan with pink to apricot highlights especially prominent in the
tail (Stebbins 2003, p. 191).

3213.3 Genetics
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Jockusch et al. (2001, entire) analyzed morphology, allozymes, and mitochondrial DNA of
individual lesser slender salamanders collected from two locations in San Luis Obispo County,
California, and individuals of other species of slender salamanders from other areas within
Monterey, San Luis Obispo, Santa Cruz, San Benito, Fresno, and Kern Counties in California.
Their analyses resulted in the description of four new slender salamander species that were
previously treated as a single species, B. pacificus.

The lesser slender salamander resides in the B. pacificus species group (Wake and Jockusch
2000, p. 100), which is comprised of six slender salamander species that reside in three

geographically disjunct units in coastal California (Jockusch ez al. 2001, p. 83). These six species
are: B. minor, B. pacificus, B. major, B. luciae, B. incognitus, and B. gavilanensis.

Slender salamanders (Batrachoseps spp.) are extremely sedentary as evidenced by the extensive
differentiation across relatively small geographic areas (Jockusch et al. 2001, pp. 81-83).

elj 1/6/19 2:03 PM

Comment [7]: change CA to western North
America, or alternatively change 21 to 20 (21
species of Batrachoseps; 20 occur in CA)

elj 1/6/19 6:44 PM
Comment [8]: | would modify to say as a portion

of a single species (since B. pacificus still exists—
with all subspecific lineages of the former B.
pacificus complex raised to species status)

' <l 1/6/19 2:10 PM

Comment [9]: now 7 described species; Jockusch
etal. 2015, p 80

) elj 1/6/19 2:06 PM

Comment [10]: 7" species now included is is B.
gabrieli






337 Based upon [cytochrome) b, divergence time estimates of lesser slender salamander separation

338 from its closest geographically located congeners in the B. pacificus group are, in millions of
339 years before present: B. luciae 17.3-6.9, B. incognitus 9.8-3.9, and B. gavilanensis 16.3-6.5

340  (Jockusch et al. 2001, pp. 86-87). Additionally, the lesser slender salamander is allopatric from
341 these three species.

342

343 The lesser slender salamander is sympatric (occurring within the same geographical area of

344  another species, overlapping in distribution) with another slender salamander species, B.

345  nigriventris (Jockusch et al. 2001, p. 86), but they are paraphyletic (species descended from a
346  common evolutionary ancestor or ancestral group, but not sharing/including all of the ancestor’s
347  descendant groups) (Jockusch et al. 2001, p. 82), as B. nigriventris resides in the B. relictus

348 species group (Jockusch et al. 1998, p. 14). Additionally, {they do not share niches within

349 coinciding areas of similar habitat (e.g., oak woodland). The lesser slender salamander is

350 typically found on slopes with rocky outcrops, with a dense understory of poison oak, while B.
351 migriventris is typically found on flatter ground with a dense cover of leaf litter and grasses (S.
352 Sweet pers. comm. 2017).

353

3543.4 Summary — Species Background

355

356 In 2001, the lesser slender salamander was described as a unique species based primarily on
357 genetics, and also morphology (Jockusch ef al. 2001, entire). The lesser slender salamander is 1
358 of21 species of slender salamanders that occur in California. The species has the smallest

359  average adult size of all slender salamanders and has a robust body and relatively long legs and
360 tail for its size when compared to other slender salamander species.

361

3624.0 HISTORICAL ABUNDANCE, RANGE, AND DISTRIBUTION

363

3644.1 Range

365

366 Slender salamanders in the genus Batrachoseps range almost continuously along the Pacific
367  Coast from about 62 miles (100 km) north of the California border in Curry County, Oregon, to
368  about 186 miles (300 km) south of the California border near El Rosario, Baja California Norte,
369 Mexico (Jockusch et al. 2001, pp. 54-55.)

370

371 The range of the lesser slender salamander extends less than 30 linear miles, and it occurs
372 entirely within the Santa Lucia Mountain Range in San Luis Obispo County, California
373 (Jockusch et al. 2001, p. 66).

374
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IFigure 2. Distribution of 18 described species and several lineages corresponding to undescribed
species of Batrachoseps in California from Jockush and Wake (2002, p. 364). Note that B. minor
is geographically distinct from other species in the pacificus group, but its range overlaps with
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3814.2 Distribution

382
383 Eight occurrences of the lesser slender salamander have been found at locations along the Santa
384  Lucia Range in San Luis Obispo County, California. From north to south the occurrence
385  locations are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York Mountain, (4)
386 Santa Rita Creek, (5) Toro Creek, [(6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout Creek (8.
387  Sweet pers. comm. 2017.). We define “occurrences locations” as the locality where lesser elj 1/6/19 1:47 PM _
388  slender salamanders have been found. Two of the 8 occurrence locations are on U.S. Forest F°".‘(“°f“t (B b ke er mpn e
i N A . ocalities: Atascadero Creek (historic locality) and
389  Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger Cerro Alto/Morro Creek (discovered 2008)
390  District); the other 6 occurrence locations are on private land.
391
392 Figure 3. Eight occurrence locations of B. minor as described by Dr. Samuel Sweet of
393 University of California, Santa Barbara, in August 2017.
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The Las Tablas Ridge occurrence location is near Cypress Mountain Road, which is west of U.S.
101 and north of California Highway 46, and is on private land.

The Black Mountain occurrence location is along north facing slopes in the vicinity of Black
Mountain, which is west of U.S. 101 and north of California Highway 46, and is on private land.

The York Mountain occurrence location is along northeast facing slopes adjacent to York
Mountain Road, which is west of U.S. 101 and north of California Highway 46, and is on private
land.

The Santa Rita Creek occurrence location is along north facing slopes adjacent to Santa Rita
Creek Road, which is west of U.S. 101 and east of Old Creek Road, and is on private land. At
present, this is the most extensive occurrence comprised of multiple locations where lesser
slender salamanders have been observed. (S. Sweet pers. comm. 2015).

The Toro Creek occurrence location is along the old Highway 41, which is west of U.S. 101 and
north and west of (current) California Highway 41, and is on private land but within the Los
Padres National Forest boundary.

The Cerro Alto occurrence location is within a U.S. Forest Service recreation area of the Los
Padres National Forest, Santa Lucia Ranger District, with a campground and hiking trails, which
is west of U.S. 101 and south of California Highway 41. There is no Forest Service management
plan in place for the Los Padres that includes amphibian management. There is a forest-wide
management plan that outlines general approaches to forest management, and management plans
are developed on a project-by-project basis (Cooper pers. comm. 2018).

The Cuesta Ridge occurrence location is at the Cuesta Ridge Botanical Reserve on U.S. Forest
Service lands, Los Padres National Forest, Santa Lucia Ranger District, which is west of U.S.
101 and south of California Highway 41.

The Trout Creek occurrence location is along northwest facing slopes adjacent to a forest road
near the junction of Water Canyon and Trout Creek, which is east of U.S. 101 and south of
California Highway 58, and is on private land but within the Los Padres National Forest
boundary.

4324.3 Abundance

433
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The abundance of lesser slender salamanders is not well known rangewide or at any of the
occurrences. Surveys for lesser slender salamanders have been irregular since the 1970s and we
are not aware of any studies having been conducted to estimate lesser slender salamander
abundance] that would inform trends in the numbers of individuals in any occurrence over time.

4394.4 Summary — Historical Range, Distribution, and Abundance

440
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441 The lesser slender salamander has been observed in eight occurrence locations that occur entirely
442 within the Santa Lucia Mountain Range in San Luis Obispo County, California. Two of the 8
443 occurrence locations are on U.S. Forest Service Lands (Cerro Alto and Cuesta Ridge: Los Padres
444 National Forest, Santa Lucia Ranger District); the other [§ occurrence locations are on private

445  land. Abundance data for the lesser slender salamander is not well known rangewide or at any of
446 the eight occurrences.

447

4485.0 LIFE HISTORY

449

4505.1 Breeding

451

452 Little is known specifically about lesser slender salamander breeding; however, information is
453 available for the Plethodontid family and Batrachoseps genus of slender salamanders.

454

455  Plethodontid salamanders reproduce on land and do not require an aquatic larval phase (Stebbins
456 and McGinnis 2012, p. 104). This is attributed to the egg’s large yolk in which the embryo goes
457  through the gilled larval stage to hatch as a miniature adult (Stebbins and McGinnis 2012, p.

458 104). Slender salamander (Batrachoseps spp.) eggs are fertilized internally, and when laid, are
459  connected to one another by filaments resembling a string of beads (Stebbins and McGinnis

460 2012, p. 106). Most slender salamanders (Batrachoseps spp.) lay their eggs in fall, after the first
461  rains that end the summer dry period, and embryos develop over the winter months (Stebbins and
462 McGinnis 2012, p. 105, 125). Eggs require a damp, concealed location that will remain moist
463 over the several-month development period (Stebbins and McGinnis 2012, p. 104). A moist egg
464  capsule is needed for the passage of oxygen to the gills of the embryo, which are pressed against
465  the inner surface of the egg capsule (Stebbins and McGinnis 2012, p. 65). The nest site is usually
466  a moist rock crevice, under bark of a rotting log, or a ground cavity (Stebbins and McGinnis

467 2012, p. 64),

468

4695.2 Life Cycle

470

471 The lesser slender salamander life cycle is comprised of an egg, juvenile, and adult. There are no
472 data specific to the details of the life cycle of the lesser slender salamander. Maiorana (1976,

473 entire) examined the life-history patterns of Batrachoseps attenuatus and reported that at the

474 beginning of their first dry season, hatchlings are approximately one-tenth the weight of an

475 average adult and therefore may have lower survival rates than adults through periods of

476  prolonged drought and reduced food sources (Maiorana 1976, p. 605). She also reported that in
477 woodland habitat, 95% of adult female B. attenuatus reproduce each year and lay 7 to 8 eggs,
478  and maturity is at 2.5 years (3 dry seasons). Data on longevity were not available, but a long

479 adult life was suggested, potentially up to 6 years (Maiorana 1976, p. 605-606).

480

4815.3 Feeding

482

483 Slender salamander ((Batrachoseps spp.) food includes newly hatched earthworms (Class

484  Oligochaeta), small slugs (Class Gastropoda), spiders (Class Arachnida), large mites (Class

485  Arachnida), juvenile snails (Class Gastropoda), millipedes (Class Diplopoda), sowbugs (Order
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486  Isopoda), and other small invertebrates that inhabit surface-litter areas and subterranean openings

487  (Stebbins and McGinnis 2012, p. 127).

488

4895.4 Sheltering

490

491 Little is known specifically about lesser slender salamander sheltering; however, information is

492 available for the Plethodontid family and Batrachoseps genus of slender salamanders. During the

493 daytime, Plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten

494  wood, and in animal burrows, and they emerge at night when moisture conditions are suitable

495  (Stebbins 2003, p. 168). Slender salamanders (Batrachoseps spp.) have been found in damp

496  locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks,

497  logs, and stumps (Stebbins 2003, p. 183).

498

4995.5 Summary — Life History

500

501  Lesser slender salamanders reproduce on land and do not require an aquatic larval phase. Eggs

502  are laid in concealed, damp locations that will remain moist for the duration of embryo

503  development. At hatching, lesser slender salamander juveniles are similar to adults in

504  morphology but smaller in body size. Lesser slender salamanders feed on a variety of small

505  invertebrate prey found under logs and rocks or in the other small crevices and underground

506  shelters in which they reside.

507

5086.0 GENERAL HABITAT DESCRIPTION

509

510  Habitat for the lesser slender salamander is comprised of shaded slopes with deep leaf litter and

511  an abundant understory of poison oak (Toxicodendron diversilobum) (Jockusch et al. 2001, p.

512 66). The species occurs in wooded habitats containing tanbark oak (Notholithocarpus

513 densiflorus), coast live oak (Quercus agrifolia), blue oak (Quercus douglasii), sycamore

514  (Platanus racemosa), and California laurel (Umbellularia californica) (Stebbins and McGinnis

515 2012, p. 137), and with abundant lower story vegetation dominated by poison oak (Jockusch et

516  al. 2001, p. 66). The lesser slender salamander prefers closed-canopy northward facing steeper

517 slopes with rock outcrops and shallow soil (S. Sweet pers. comm. 2017) and |are typically found

518 at an altitude above 1300 feet (400m) (Jockusch et al. 2001, p. 66).
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521 Toro Creek elev. ca. 825 ft.

5227.1 Individual Needs Atascadero Creek: ca. 1100 ft
Trout Creek elev. ca. 1200-1300 ft

523 Santa Rita elevs. ca. 1100 ft

524  Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial

525  spaces, such as earthworm burrows, rock crevices, or under wooden debris (logs). These small

526  spaces allow individuals to hide from larger predators and also provide the small invertebrate

527  prey needed by lesser slender salamanders for feeding. Moist areas within lesser slender

528  salamander habitat are required for breeding to maintain moisture for developing embryos within

529  eggs and required by individuals to avoid desiccation over the typically long periods without

530  rainfall (California summer).

531
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5327.2 Population Needs

533

534  Population dynamics of the lesser slender salamander are not well understood. Lesser slender
535  salamander populations need suitable habitat that supports survival of individuals and an

536  adequate number of reproducing individuals with vital rates that maintain self-sustaining

537  populations despite stochastic events.

538

5397.3 Species Needs

540

541  The lesser slender salamander needs multiple resilient populations distributed across the range of
542  the species.

543

5447.4 Resiliency, Representation, and Redundancy
545

546 Resiliency

547

548  Resiliency describes the ability of the populations to withstand stochastic events. Measured by
549  the size and growth rate of each population, resiliency gauges the probability that the populations
550  comprising a species are able to withstand or bounce back from environmental or demographic
551  stochastic events.

552

553  Lesser slender salamander population-level resiliency is a function of its size and its growth rate.
554 A resilient lesser slender salamander population is one that is self-sustaining and has suitable

555  habitat for feeding, breeding, and sheltering.

556
557  Representation
558

559  Representation describes the ability of a species to adapt to changing environmental conditions.
560  Measured by the breadth of genetic or environmental diversity within and among populations,
561  representation gauges the probability that a species is capable of adapting to environmental

562  changes.

563

564  Representation in the lesser slender salamander is important across the range of the species.

565  Although we expect local endemics, such as the lesser slender salamander, to naturally harbor
566 less adaptive capacity than wide-ranging species. Species that span environmental gradients

567  (spatially and temporally heterogeneous environments) are expected to harbor the most

568  phenotypic and genetic variation (Lankau ef al. 2011, p. 320). Thus, preserving the breadth of
569  diversity of a species requires maintaining populations across historical latitudinal, longitudinal,
570  and elevation gradients, as well as climatic gradients. We do not have information on the genetic
571 diversity for lesser slender salamanders but assume that maintenance of resilient occurrences
572 across the north-south and east-west gradients within its historically limited distribution is

573  representation for the species.

574
575  Redundancy
576
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577  Redundancy describes the ability of a species to withstand catastrophic events. Measured by the
578  number of populations, their resiliency, and their distribution (and connectivity), redundancy
579  gauges the probability that the species has a margin of safety to withstand or can bounce back
580  from catastrophic events.

581

582  Lesser slender salamander redundancy is a function of the number and distribution of resilient
583  populations across the range relative to the degree and spatial extent of potential catastrophic
584  events. Distribution is related to the number of occurrences. Catastrophic events which could
585  affect lesser slender salamander occurrences include disease, widespread drought and periods of
586  extreme heat resulting in the loss of soil moisture in lesser slender salamander habitat,

587  catastrophic wildfire, and torrential rainstorms resulting in sediment/debris flows or widespread
588  flooding.

589

5907.5 Summary -- Species Needs

591

592 Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial
593  spaces needed to hide from predators and for feeding, and that are moist to meet the species’
594  requirements for breeding. A resilient lesser slender salamander population is one that is self-
595  sustaining and has suitable habitat for feeding, breeding, and sheltering. Representation in the
596 lesser slender salamander is maintained by preserving the breadth of diversity across historical
597  range. Lesser slender salamander redundancy is a function of the number and distribution of
598  resilient populations across the range relative to the degree and spatial extent of potential

599  catastrophic events, such as disease, widespread drought, wildfire, and flood effects.

600

6018.0 CURRENT CONDITIONS

602

6038.1 Abundance and Distribution

604

605  Prior to 2015, the lesser slender salamander was known to occur in six locations. Since that time,
606  two additional locations have been discovered. The lesser slender salamander is currently known
607  to be present in all eightl occurrence locations (S. Sweet pers. comm. 2017).

608
609  The Las Tables Ridge, Black Mountain, York Mountain, Santa Rita Creek (from where the
610  holotype was collected in 1975), Cerro Alto], and Cuesta Ridge are historical occurrence

611  locations (Jockusch ef al. 2001, p. 65-66).

612

613  Individual lesser slender salamanders were observed at Las Tablas Ridge, Black Mountain, York
614  Mountain, Santa Rita Creek, Cerro Alto, and Cuesta Ridge occurrences in 2011 (S. Sweet pers.

615 comm. 2017).

616

617  The Toro Creek occurrence was discovered in 2016 (S. Sweet pers. comm. 2017) and the Trout
618  Creek occurrence was discovered in 2015 (S. Sweet pers. comm. 2016).

619

620  Current abundance for the lesser slender salamander at each occurrence is unknown. The data
621  required to make abundance estimates for each occurrence are lacking and therefore population
622  estimates cannot be made at this time.
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Table 1. Historic and current distribution of B. minor
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Occurrence Historic Current
Las Tables Ridge X Present in 2011
Black Mountain X Present in 2011
York Mountain X Present in 2011
Santa Rita Creek X Present in 2011
Cerro Alto X Present in 2011
Cuesta Ridge X Present in 2011
Toro Creek - Discovered in 2016
Trout Creek -- Discovered in 2015

We evaluated potential threats to the lesser slender salamander, including habitat loss, pesticide
drift, road mortality, climate change, and disease. We evaluated overutilization, collection, and
predation to see if they were actually occurring or were a significant problem, and we did not
find any information to indicate that they are a concern for the lesser slender salamander now or
into the future.

Dr. Samuel Sweet, Professor, University of California, Santa Barbara, conducted graduate work
on the lesser slender salamander in the 1970s and in the winter of 2011 began to reinvestigate the
status of the species. According to Dr. Sweet, lesser slender salamanders fwere easily found
recently at all recorded localities and numbers may be reduced compared to the 1970s, but this is
true for all plethodontid (lungless) salamanders in central California as a consequence of
extended drought, but more generally as a result of a long-term climatic shift driven by the
Pacific Decadal Oscillation. |

Dr. Sweet provided the following related to threats to the species (S. Sweet pers. comm. 2015):

* Habitat loss—In the areas inhabited by lesser slender salamanders there has been no habitat
change of any kind in over 45 years. York Mountain Vineyards and Winery have not farmed
grapes on site since its main building was destroyed in the 2003 San Simeon earthquake, and

only recently (2015) replanted in the original footprint.

* Pesticide drift—Lesser slender salamanders living nearby the winery do not seem to be
affected.

* Road mortality—In the California Roadkill Observation System, as of September 27, 2015,
no roadkill of lesser salamanders has been reported.

* Climate change—This is a major factor for all native amphibians in California.

* Disease—The fungal disease, Batrachochytrium dendrobatidis (Bd), may be affecting the
lesser slender salamander (S. Sweet pers. comm. 2017).
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658  The Service accessed AmphibiaWeb on March 27,2017

659  (http://amphibiaweb.org/cgi/amphib_query?where-genus=Batrachoseps&where-species=minor ),

660  which states: “Fewer than five of these [lesser slender] salamanders have been seen in the past

661  decade despite many attempts to find them. Although some areas within the historical range of

662 this species have been modified for agriculture (i.e., conversion to vineyards), ample habitat

663  remains and there is no obvious reason for this decline in abundance.” |Although land was

664  converted several decades ago for the York Mountain Vineyards and Winery, this land

665  conversion occurred adjacent to, but not within, habitat for the lesser slender salamander.
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670  The Service accessed the California Roadkill Observation System Lo et
671 (http://www.wildlifecrossing.net/california/) on August 21, 2018, and found no records

672 documenting road mortality of lesser slender salamanders (or any other slender salamander

673  species). Our search corroborates the information provided by Dr. Sweet regarding the lack of

674  data supporting road mortality as a threat to lesser slender salamanders.

675

676  Batrachochytrium dendrobatidis (Bd) is a fungal pathogen which can cause chytridiomycosis, a

677  highly infectious amphibian disease associated with mass die-offs, population declines and

678  extirpations, and potentially species extinctions on multiple continents (Berger et al. 1998, pp.

679  9031-9036; Bosch et al. 2001, pp. 331-337; Lips et al. 2006, pp. 3165-3166).

680

681  The best available information we have regarding the lesser slender salamander has led us to

682  determine that we need to consider further how climate change and disease are impacting the

683  viability of the lesser slender salamander in this SSA now and into the future.

684

6858.3 Potential Threats

686

6878.3.1 Changes in Climate Conditions

688

689  The summer of 2017 was the warmest in California since record keeping began in the late 1800°s

690  (NOAA National Centers for Environmental Information 2018). Considering data up to 2015,

691  Brown et al. (2016, entire) reported that most of the warming occurred in the past 35 years with

692 15 of the 16 warmest years occurring since 2001. The 3-year period from 2012 to 2014 was the

693  hottest and driest in California in the 100-year timeframe considered (Mann and Gleick 2015, p.

694  3858), and it was the most severe drought in California in the past 1,200 years (Griffin and

695  Anchukaitis 2014, p. 9017). According to Thorne et al. (2017, entire), this trend appears likely to

696  continue; however recent projections for California indicate that while temperatures will

697  significantly increase, no significant change in precipitation is predicted (He et al. 2018, entire).

698  Also, He et al. (2018, p. 17) reports a decreasing tendency for severe droughts.

699

700  The lesser slander salamander is a Priority 2 (out of 3) taxon for drought vulnerability based on

701 the California Department of Fish and Wildlife’s rapid assessment of the vulnerability of

702 sensitive California wildlife to extreme drought (CDFW 2016, p. 28). Drought vulnerability was

703 assessed for special status amphibians, reptiles, birds, and mammals using scores for three risk
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704  categories and three life history/status criteria. Priority 1 were those taxa found to be most

705  vulnerable to extended or frequent severe drought and resultant risk of extirpation. Priority 2 was
706  created to capture taxa that have an elevated drought risk but do not meet the conditions of high
707  priority taxa, which were placed in Priority 1. Priority 3 included all other taxa evaluated with
708 lower drought risk.

709

710  Current effects to the lesser slender salamander from increased temperatures due to climate

711 change include, but are not limited to: reduction of cool, moist areas that supply habitat and

712 reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist
713 places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at
714 night when conditions are suitable. Slender salamanders use damp locations under logs, bark,
715  and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps,

716  suggesting that they may be behaviorally flexible to finding locations with the appropriate

717 conditions for breeding, feeding, and sheltering in a changing climate. The species may continue
718  to be affected by changes in climate on the individual level due to increasing temperatures, but
719  we do not anticipate a current population-level effect.

720

7218.3.2 Disease

722

723 Disease has the potential to cause catastrophic loss of lesser slender salamanders. There are two
724  pathways by which disease could result in a catastrophic mortality event for the lesser slender
725  salamander. Mortality events could be caused by existing pathogens or through the introduction
726  of novel pathogens.

727

728  The chytrid fungus Batrachochytrium dendrobatidis (Bd) was identified in 1999 and has been
729  attributed to the primary cause of decline for many amphibians. Bd is a fungal pathogen that can
730  cause chytridiomycosis and it has been documented in wild lesser slender salamander

731 individuals. A second type of chytrid fungus (Batrachochytrium salamandrivorans, Bsal) is

732 emerging in Europe. While Bsal primarily affects salamanders, frogs can also become infected
733 and spread this disease. Additionally, the disease Ranavirus has been documented in northern
734  California but has not been observed in lesser slender salamanders, but could be spread into the
735 range of the lesser slender salamander.

736

737 Given the high risk of Bsal invasion, the Service recently listed 20 amphibian genera known to
738  carry Bsal as injurious under the Lacey Act to limit importation into the United States (USFWS
739 2016, entire). Despite this protection, it is possible that an unknown carrier or illegal import

740  could introduce this pathogen into salamander populations in California.

741

742 Emerging infectious diseases (EIDs) have been increasing in large part because of globalization
743 and the increased frequency and rapidity of international travel and trade (McLean 2007, p. 262;
744 Brand 2013, p. 447; Smith et al. 2017, pp. 30-31). Global wildlife trade is a significant

745  contributor and occurs mostly through uncontrolled or illegal networks, and involves millions of
746 birds, mammals, reptiles, amphibians, and fish every year (Karesh et al. 2005, p. 1000; Smith et
747 al. 2017, pp. 30-31). Increasingly, disease is being recognized as a driver of population declines
748  and extinctions (Brand 2013, p. 447; McPhee and Greenwood 2013, p. 6), and amphibians are
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one of the vertebrate groups most negatively impacted by the introduction of EIDs world-wide
(Martel et al. 2014; Chambouvet et al. 2015; Berger et al. 2016, entire).

Batrachochytrium dendrobatidis

Batrachochytrium dendrobatidis (Bd) is a fungal pathogen which can cause chytridiomycosis, a
highly infectious amphibian disease associated with mass die-offs, population declines and
extirpations, and potentially species extinctions on multiple continents (Berger et al. 1998, pp.
9031-9036; Bosch et al. 2001, pp. 331-337; Lips et al. 2006, pp. 3165-3166). Bd attacks the
keratinized tissue of amphibian skin and can lead to thickened epidermis, lesions, body swelling,
lethargy, loss of righting reflex, and death in all life stages (Berger et al. 1998, pp. 9031-9036;
Bosch et al. 2001, p. 331; Carey et al. 2003, p. 130). Chytridiomycosis infection rates among
amphibians exposed to Bd vary by species (Woodhams et al. 2007, p. 4), and resistance to Bd
infection in some amphibians is likely related to levels of antimicrobial peptides found in skin
secretions (Woodhams ef al. 2007, p. 4), beneficial skin bacteria (Harris et al. 2006, p. 55), and
possibly frequent skin shedding (Woodhams et al. 2007, p. 6). The effects of chytridiomycosis
can vary among host species and life stages (Gervasi et al. 2013) and can even vary between
populations of the same species (Bradley et al. 2015). Resistance can be reversed under certain
environmental conditions, for example those that can exert stress and immunosuppression
(Ramsey et al. 2010). Thus, the prevalence of Bd (i.e., number of positives/number sampled) in
different populations is likely reflecting the interaction between the host, the pathogen strain, and
the environmental conditions they encounter (Spitzen-Van der Sluijs et al. 2014; Bacigalupe et
al. 2017).

Lesser slender salamanders are susceptible to contracting chytrid. The U.S. Geological Survey
(USGS) conducted an analysis of samples collected in 2017 from eight individual lesser slender
salamanders. Their provisional results for Bd in lesser slender salamanders determined that, of
the three occurrence locations from which samples were taken, all samples from two of the
occurrence locations (Toro Creek and Santa Rita Creek ) were Bd positive, while those from
Trout Creek were negative for Bd (R. Fisher pers. Comm. 2018).

The prevalence of Bd in lesser slender salamanders is not known; however, a study was
conducted on another slender salamander species that occurs in California, B. attenuates (Sette et
al. 2015, entire). Sette et al. (2015) found Bd infection and spread in B. attenuatus in proximity
to the greater Bay Area of northern California. From the museum specimens used in their study,
Bd was first found in B. attenuatus during the 1960s (Sette et al. 2015, p. 24). Bd prevalence in
B. attenuatus peaked in the 1990s, and in 2013 the prevalence of Bd in B attenuatus had
decreased from the levels found in the 1990s (Sette et al. 2015, pp. 24-25).

The effects of Bd infection on lesser slender salamanders are not known; however, studies on the
effects of Bd to two other slender salamander species that occur in California, B. attenuatus and
B. luciae, have been conducted. Weinstein (2009, entire) conducted studies investigating the
effects of Bd on B. attenuatus. Under one study, Weinstein (2009, p. 655) collected 30 living
individuals of B attenuatus from the wild, 19 of which were determined to have been infected
with Bd in the wild; 18 (95%) died within 70 days and all of the individuals infected with Bd
died in the lab over the course of the approximate 120-day study, while 10 of 11 uninfected
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individuals survived. In a second study, Weinstein (2009, pp. 654-657) collected individuals of
B. attentuatus from the wild and infected them with Bd in the lab; those held in the experimental
dry conditions (95% relative humidity) began reducing their zoospore counts after inoculation
and all individuals lost their infections and survived more than 95 days. This suggests that
slender salamanders could shed Bd infection during dry periods. Sparagon (2015) examined Bd
susceptibility in individuals carrying wild Bd infections and individuals inoculated with lab
grown Bd. Experiments demonstrated significant differences in B. luciae mortality rates from
wild Bd and lab grown Bd infections. Those with wild infections had a 77.8% mortality rate;
those infected in the lab had a 25% mortality rate, suggesting that B. luciae is susceptible to
infection and death from wild Bd (Sparagon 2015, pp. 20-25).

The details of how Bd moves through the environment resulting in the spread of disease is not
well understood, but could occur through reservoir species (Reeder et al. 2012, pp. 4-5). The
Pacific chorus frog (Pseudacris regilla) is common and widespread across California (Stebbins
and McGinnis 2012, pp. 180-181). Pacific chorus frogs can withstand high Bd zoospore loads
without symptoms or mortality (Reeder et al. 2012, pp. 2-3). Additionally, four species of Pacific
newts (Genus Taricha) are common and widespread across coastal California (Stebbins and
McGinnis 2012, pp. 92-103) and may serve as a reservoir for chytridiomycosis in terrestrial
salamanders (Chaukulkar ez al. 2018, p. 6). Infected bullfrog (Rana catesbiana) tadpoles can also
be effective vectors of Bd (Miaud et al. 2016, entire). Lesser slender salamanders do not have an
aquatic phase, unlike Pacific chorus frogs and Pacific newts which require an aquatic larval
phase, and the ability for Bd zoospores to survive can be reduced in dry terrestrial environments,
potentially lessening the likelihood of Bd spread from reservoir species with an aquatic life stage
to slender salamanders.

Batrachochytrium salamandrivorans

The fungal pathogen Bsal invaded Europe from Asia around 2010 and is responsible for causing
mass die-offs of fire salamanders (Salamandra salamandra) in northern Europe (Martel et al.
2014, p. 631; Fisher 2017, p. 300-301). Given unregulated trade and the recent discovery of Bsal
in amphibians, there is concern about the introduction of a novel pathogen causing extirpations
of salamander populations in North America which have never been exposed to the disease (Yap
et al. 2017, entire). While we still do not have a clear understanding of all of the salamander
species that will be susceptible to Bsal, there is concern that lesser slender salamanders could be
impacted. The Pacific coast, including the range of the lesser slender salamander, is one the
regions with the highest risk of introduction of Bsal (Richgels et al. 2016, p. 5; Yap et al. 2015,
p- 482) and highest risk of Bsal to native salamanders (Richgels et al. 2016, p.6).

Given the high risk of Bsal invasion, the Service recently listed under the Lacey Act 20
amphibian genera known to carry Bsal as injurious, in order to limit importation into the United
States (Service 2016b, entire). The USGS conducted an analysis of samples collected in 2017
from eight individual lesser slender salamanders. Their provisional results for Bsal determined
that of the three occurrence locations from which samples were taken, all samples were negative
for Bsal (R. Fisher pers. Comm. 2018).

Ranaviruses
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Ranaviruses are another emerging group of pathogens affecting amphibian populations
worldwide. Ranavirus is one of five genera in the family Iridoviridae, a family of viruses known
to infect a diversity of invertebrate and ectothermic (cold-blooded) vertebrate hosts. Ranaviruses
were originally detected in frogs (Granoff et al. 1965, pp. 237-255; Rafferty 1965, pp. 11-17) but
are now known to infect and cause disease in fish, reptiles, and other amphibians (Marschang
and Miller 2012, p. 1). Ranaviruses are often virulent and can cause systemic infections in
amphibians (Daszak et al. 1999, p. 742). Mortality caused by ranaviruses has been reported from
five continents and in most of the major families of frogs and salamanders (Gray et al. 2009, pp.
243-244).

Amphibian larvae seem to be the developmental stage most susceptible to ranaviruses (Daszak et
al. 1999, p. 742), with physical characteristics of infections in larval stages including skin
hemorrhages, ulcers, and bloating (Marschang and Miller 2012, p. 1). Overt signs of infection
may not be exhibited in juvenile and adult stages (Daszak et al. 1999, p. 742), but when present
typically include skin abnormalities (e.g., sloughing, hemorrhaging) and sometimes necrosis
(tissue death) of digits and limbs (Cunningham et al. 1996, pp. 1539, 1541; Jancovich et al.
1997, p. 163). The exact mechanism by which Ranavirus infections cause amphibian mortalities
remains unclear, but hemorrhaging in skeletal tissue (Daszak et al. 1999, p. 743) and extensive
necrosis in the liver, spleen, kidneys, and digestive tract have been observed in infected
individuals (Gray et al. 2009, p. 253). It is also postulated that viral infections may suppress the
immune system, resulting in secondary invasion by opportunistic pathogens (Miller et al. 2008,
p. 448).

Sutton et al. (2015, entire) sampled fourteen species of Plethodontid salamanders (none from
genus Batrachoseps) from Great Smoky Mountains National Park and tested the individuals for
Ranavirus. Of the total 566 salamanders that were sampled, 103 were positive for Ranavirus,
across 11 of the 14 species (Sutton et al. 2015, p. 324). Ranavirus outbreaks among lesser
slender salamanders have not been documented.

8718.4 Summary -- Current Condition
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The lesser slender salamander is [currently known to be present in all eight occurrence locations;
presumably the species’ current range is the same as its historic range. Current population
abundance for the lesser slender salamander at each occurrence is unknown. The two threats that
could be have the greatest impact on populations or rangewide are: (1) changing climate
conditions, and (2) disease.

Current effects to the lesser slender salamander from increased temperatures due to climate
change include, but are not limited to: reduction of cool, moist areas that supply habitat and
reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist
places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at
night when conditions are suitable. Slender salamanders use damp locations under logs, bark,
and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps,
suggesting that they may be behaviorally flexible to finding locations with the appropriate
conditions for breeding, feeding, and sheltering in a changing climate. The species may continue
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to be affected by changes in climate on the individual level due to increasing temperatures, but
we do not anticipate a current population-level effect.

As for disease, Bd has been found in lesser slender salamanders, however the vulnerability of
lesser slender salamanders to Bd infection and developing chytridiomycosis is unknown. Two
congeners have differing susceptibility. In B. attenuatus, there is some level of susceptibility to
infection, however it appears that Bd prevalence has been decreasing over time in this species. In
contrast, B. luciae appears to be highly susceptible to Bd infection. While the lesser slender
salamander has been shown to be susceptible to Bd there are no data to suggest current die-offs,
and individual lesser slender salamanders may have the potential to shed the infection as habitat
conditions become drier over the summer months, which would decrease the prevalence of
disease in the population.

At this time, climate effects and disease are potential threats that could affect all salamander
species. Currently the best available data indicates that climate change and disease will affect B.
minor on an individual level. We do not anticipate that climate effects or disease are population-
level threats to the species because B. minor is flexible in behavior and can find suitable habitat
when faced with the effects of climate change and the prevalence of disease may be reduced due
to drier conditions.

All of the previously discussed threats may act on the lesser slender salamander in combination
and we evaluated all of these threats combined to examine the total effect on the species. In
particular, threats such as habitat loss, road mortality, climate change and disease may act on the
lesser slender salamander in combination to affect the species. Some minor habitat loss may
occur along with random road mortalities and continued climate change effects with occasional
disease could occur together to affect the lesser slender salamander. Yet, even cumulatively,
there is little suggest that anything more than a few individuals are being currently affected. We
evaluated the combined effects of pesticide drift, overutilization, collection or predation and we
found no information to indicate that they are a concern for the lesser slender salamander under
current conditions. The totality of effects from all of the identified threats is likely to affect the
lesser slender salamander on the individual scale, but we do not anticipate that these combined
effects are having negative impacts at the population- or on the species-wide scale.

9208.5 Summary Current Condition — Resiliency, Representation, and Redundancy
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We do not have data to determine the resiliency of lesser slender salamander populations.
Resiliency is positively related to population size and growth rate and may be influenced by
connectivity among populations. We would need information on abundance, growth rate, or an
acceptable proxy to determine resiliency and currently no data are available to us. At this time,
the best available information indicates that the species is extant at all eight occurrence locations.
These occurrence locations encompass the north-south and east-west gradients within its limited
distribution, presumably maintaining the relevant adaptive capacity for the species that
comprises representation. While redundancy will always be very limited for local, endemic
species with a naturally limited range, we believe the lesser slender salamander would be able to
withstand a catastrophic event because having [8 populations likely provides them with enough

redundancy to recover from such a loss.
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9349.0 POTENTIAL FUTURE CONDITIONS
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We use 25 years as our future timeframe as it encompasses 1-2 regular drought cycles in
California and encompasses projections for climate change. We forecast the status of the lesser
slender salamander after 25 years under two plausible future scenarios, one with continued
climate-related effects and disease at the current level, and a second with continued climate-
related effects and increased disease susceptibility.

9429.1 Changes in Climate Conditions
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Changes in climate have been observed in recent years and are predicted to continue in
California (Frankson et al. 2017, p. 1). This can include extreme events such as multi-year
droughts or heavy rain events (Frankson et al. 2017, pp. 2-5). Pierce et al. (2013, entire)
estimated future changes in temperature and precipitation patterns in California by the 2060s and
determined that historically maximum July temperatures are likely to increase and heat waves
may span longer durations. Summer temperatures are anticipated to increase along the central
coast of California (Pierce et al. 2013, p. 843 figure 2b), which could lead to increased
evapotranspiration (Diffenbaugh et al. 2015, p. 3994). Droughts associated with increased
warming in California are anticipated to increase (Diffenbaugh et al. 2015, p. 3934; Williams et
al. 2015, p. 6826; Cook et al. 2015, p. 6). Additionally, Cvijanovic et al. (2017, p. 8) identified
that as the Artic sea-ice cover decreases, precipitation amounts in California decrease, resulting
in the potential increase in future droughts in California. Dettinger (2011, pp. 521-522)
determined that in the future, extreme storm events may increase in severity beyond historic
levels of intensity with potential to increase flood risks and to increase the potential for flooding
to occur before and after the primary historical flood season in California.

He et al. (2018, p. 4) evaluated historical and projected precipitation and maximum and
minimum temperature data, and developed projections for 2020-2099 based on climate model
simulations for hydrologic basins of California. The study used two 40-year future periods, mid-
century (2020-2059) and late-century (2060-2099), which was compared to a historical
(baseline) period of 1951-1990 (He et al. 2018, p. 6). All projections on mean annual maximum
temperature and minimum temperature showed significant increasing trends. However, no
significant trends were detected in historical annual and wet season precipitation for any study
regions (He ef al. 2018, p. 14-15). When looking at drought projections, there was no consensus
among projections; however, the majority of projections show a decreasing tendency for severe
droughts due to increase in annual precipitation (He et al. 2018, p. 17). While there were no
significant trends in precipitation for any study regions, most regions are also expected to see an
increase in annual precipitation, with the Central Coast region experiencing a +6.4% under RCP
4.5 scenario by mid-century, and an increase of +6.2% by late-century (He et al. 2018, pp. 8-9;
Figure 4a, 4c¢).

Overall, projections of climate change along the central coast of California indicate that
temperature will increase over the next 25 years. Patterns of precipitation in the future are less
clear; however, when storms do occur, they will likely be more severe than historical/baseline
conditions.
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9809.2 Disease
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Bd has been confirmed in the lesser slender salamander but the specific effects of Bd infection in
wild individuals and how this might change in the next 25 years is unknown. Some amphibian
species appear to be tolerant of infection from Bd, while others experience extirpation (Louca et
al. 2014, entire). Padgett-Flohr and Hopkins (2009, entire) evaluated museum specimens and
found that Bd has been in central California since at least 1961, suggesting Bd is now endemic
throughout most of central California, (Padgett-Flohr and Hopkins 2009, p. 8).

Xie et al. (2016) projected how climate may influence Bd distribution globally into the future
(Xie et al. 2016, entire). They found that Bd ranges will shift into higher latitudes and altitudes
(Xie et al. 2016, p. 14) but did not project future virulence in areas where Bd already occurs.
Changes in climate could create situations (e.g., microclimate suitable for the pathogen, shifting
species distributions) that shift the pattern for Bd, which could increase or decrease disease risk
for the lesser slender salamander and other amphibians (e.g., Adams et al. 2017, entire).

For Bsal, Richgels et al. (2016, entire) predict that the Pacific coast, southern Appalachian
Mountains and mid-Atlantic regions will have the highest relative risk from Bsal, if it were to get
into the United States. Given the high risk of Bsal invasion, the Service recently listed 20
amphibian genera known to carry Bsal as injurious under the Lacey Act to limit importation into
the United States (USFWS 2016, entire). Given this, we do not anticipate that Bsal is likely
cause population-level declines in the lesser slender salamander in the next 25 years.

10039.3 Cumulative Effects
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All of the previously discussed threats may act on the lesser slender salamander in combination
and we evaluated all of these threats combined to examine the total effect on the species. In
particular, threats such as habitat loss, road mortality, climate change and disease may act on the
lesser slender salamander in combination to affect the species. Some minor habitat loss may
occur along with random road mortalities and continued climate change effects with occasional
disease could occur together to affect the lesser slender salamander. Yet, even cumulatively,
there is little suggest that anything more than a few individuals are being currently affected. We
evaluated the combined effects of pesticide drift, overutilization, collection or predation and we
found no information to indicate that they are a concern for the lesser slender salamander in the
future. The totality of effects from all of the identified threats is likely to affect the lesser slender
salamander on the individual scale, but we do not anticipate that these combined effects are
having negative impacts at the population- or on the species-wide scale.

10189.4 Future Scenario 1: Climate and Disease Continuation
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Under Future Scenario 1 (Climate and Disease Continuation), we evaluated the status of the
lesser slender salamander after 25 years with continued climate-related effects and disease at the
current level. Projections of climate change along the central coast of California indicate that
temperature will increase over the next 25 years. Patterns of precipitation in the future are less
clear.
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Current effects to the lesser slender salamander from increased temperatures due to climate
change include, but are not limited to: reduction of cool, moist areas that supply habitat and
reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist
places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at
night when conditions are suitable. Slender salamanders use damp locations under logs, bark,
and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps,
suggesting that they may be behaviorally flexible to finding locations with the appropriate
conditions for breeding, feeding, and sheltering in a changing climate. The species may continue
to be affected by changes in climate on the individual level due to increasing temperatures, but
we do not anticipate a current population-level effect.

As for disease, Bd has been found in lesser slender salamanders, however the vulnerability of
lesser slender salamanders to Bd infection and developing chytridiomycosis is unknown. Two
congeners have differing susceptibility. In B. attenuatus, there is some level of susceptibility to
infection, however it appears that Bd prevalence has been decreasing over time in this species. In
contrast, B. luciae appears to be highly susceptible to Bd infection in the wild. While the lesser
slender salamander has been shown to be susceptible to Bd there are no data to suggest current
die-offs. In this scenario, we assume that the lesser slender salamander is able to stave off a
large-scale disease event due to similarity in disease susceptibility and trends to B. attenuatus.
Given that currently we do not anticipate that disease is population-level threats to the lesser
slender salamander, at this continued level and with similarity in disease susceptibility and trends
to B. attenuates, we do not anticipate a population-level effect in the next 25 years.

10499.5 Future Scenario 2: Climate Continuation and Increased Disease
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Under Future Scenario 2 (Climate Continuation and Increased Disease), we evaluated the status
of the lesser slender salamander after 25 years with continued climate-related effects and
increased disease susceptibility. The climate portion of this scenario is the same as in Scenario 1
and therefore we anticipate that if current trends in climate continue, the species may be affected
by changes in climate on the individual level due to increasing temperatures, but we do not
anticipate a population-level effect in the next 25 years.

As for potential increase in disease, under this scenario we assume greater susceptibility to
existing pathogens. Specifically, Bd has been found in lesser slender salamanders, however the
vulnerability of lesser slender salamanders to Bd infection and developing chytridiomycosis is
unknown. It is possible that the lesser slender salamander has similar susceptibility to B. luciae,
which appears to be highly susceptible to wild Bd infection. The USGS tested eight individual
lesser slender salamanders collected in 2017 for Bd and found that 2 of the 3 sampled occurrence
locations were positive for Bd. Specifically, of the three occurrence locations from which
samples were taken, all samples from two of the occurrences (Toro Creek and Santa Rita Creek)
were Bd positive, while those from Trout Creek were negative for Bd (R. Fisher pers. Comm.
2018).

Given that (1) Bd is currently found in 2 populations, (2) Bd appears to have been in California

since the 1960s, peaked in the 1990s, and decreased since then, and (3) the effects of
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chytridiomycosis can even vary between populations of the same species (Bradley et al. 2015,
entire), we predict that in the next 25 years, 2 of the 8 occurrence locations will have an
associated mass die off and population declines due to Bd under the assumption that the lesser
slender salamander has similar susceptibility to B. luciae). The extent of the population declines

will be dependent on the variation in infection rate and whether there are resistant individuals
who are selected for during such a disease event. Disease at a population-level within 2 of the 8
occurrence locations in the next 25 years would decrease the resiliency of those infected lesser
slender salamander occurrence locations. If occurrence locations were extirpated due disease,
this would decrease the species already limited distribution.

10819.6 Summary of Future Threats
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We assessed likely change in climate effects and disease 25 years into the future. Projections of
climate change along the central coast of California indicate that temperature will increase in the
next 25 years. Current effects to the lesser slender salamander from increased temperatures due
to climate change include, but are not limited to: reduction of cool areas that supply habitat and
reduced survival of all life stages. The species may continue to be affected by changes in climate
on the individual level due to increasing temperatures, but we do not anticipate a current
population-level effect.

Potential future effects from disease to the lesser slender salamander are unknown. We know that
lesser slender salamanders have tested positive for Bd, but we do not know the species’
vulnerability to Bd infection and developing chytridiomycosis. Bd appears to have been in
California since the 1960s, peaked in the 1990s, and decreased since then. The effects of
chytridiomycosis can vary between populations of the same species (Bradley et al. 2015). The
prevalence of Bd (i.e., number of positives/number sampled) in different populations is likely
reflecting the interaction between the host, the pathogen strain, and the environmental conditions
they encounter (Spitzen-Van der Sluijs et al. 2014; Bacigalupe et al. 2017). We forecast the
status of the lesser slender salamander after 25 years under two future scenarios, one with
continued climate-related effects and disease at the current level, and a second with continued
climate-related effects and increased disease susceptibility.

Under Scenario 1 (Climate and Disease Continuation), we found that lesser slender salamanders
may be behaviorally flexible to finding locations with the appropriate conditions for breeding,
feeding, and sheltering in a changing climate. If current trends in climate continue, the species
may continue to be affected by changes in climate on the individual level due to increasing
temperatures, but we do not anticipate a population-level effect in the next 25 years. As for
potential disease, we determined that the lesser slender salamander may able to stave off a large-
scale disease event due to assumed similarity in disease susceptibility to B. attenuatus. Given
that currently we do not anticipate that disease is a population-level threat to the lesser slender
salamander, at this continued level with susceptibility similar to B. attenuates, we do not
anticipate a population-level effect in the next 25 years.

Under Scenario 2 (Climate Continuation and Increased Disease), the climate portion is the same
as in Scenario 1 and therefore we anticipate that if current trends in climate continue, we do not
anticipate a population-level effect in the next 25 years. As for potential increase disease, under
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1117  this scenario we assume greater susceptibility to Bd. It is possible that the lesser slender

1118  salamander has similar susceptibility to B. luciae, which appears to be highly susceptible to wild
1119  Bd infection. Based on the USGS findings that 2 of the occurrence locations tested positive for
1120 Bd, we assume that approximately 2 of the [§ occurrence locations will have an associated mass
1121 die off and population declines due to Bd in the next 25 years. This could decrease the resiliency
1122 of those 2 lesser slender salamander occurrence locations. The resiliency of the rest of the Comment [45]: 9
1123 occurrence locations would not be affected. If there were extirpations, species representation and
1124  redundancy could be reduced.

1125

1126 In summary, both of the two future scenarios do not anticipate a population-level effect from
1127  changing climate in the next 25 years. Our first future scenario does not anticipate that disease is
1128  population-level threat to the lesser slender salamander in the next 25 years; whereas the second
1129  future scenario suggests that disease could be a population-level threat to the species, but would
1130  not occur rangewide.
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113210.0 OVERALL SYNTHESIS

1133

1134  Resiliency, Redundancy, and Representation
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1136 At this time, we do not have any data to determine the resiliency of lesser slender salamander
1137 populations. However, the best available information indicates that the species is extant at all 8
1138 occurrences, These occurrences encompass the north-south and east-west gradients within its
1139 limited distribution, maintaining species representation. While redundancy will always be limited 8lj 1/8/1910:33 PM
1140  for species with limited range, it appears that the redundancy of the lesser salamander is S]?Smment [46]: see previous comments about
1141  sufficient.
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1143 In the future, we assessed the status of the lesser slender salamander under two scenario 25 years
1144  into the future. The first future scenario does not anticipate a population-level effect from

1145  changing climate or disease in the next 25 years, suggesting that occurrence location resiliency
1146 and species representation and redundancy would remain unchanged. Our second future scenario
1147  does not anticipate a population-level effect from changing climate but does anticipate that

1148  disease could be a population-level threat to the species, but would not occur rangewide. Where
1149  disease occurs the resiliency of those populations would be reduced. If populations were able to
1150  recover from declines and no extirpations occurred, species representation and redundancy may
1151  remain unchanged. If extirpations occurred, species representation and redundancy could be
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APPENDIX I. Existing Regulatory Mechanisms

Eight occurrences of the lesser slender salamander have been found at locations along the Santa
Lucia Range in San Luis Obispo County, California. From north to south the occurrence
locations are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York Mountain, (4)
Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout Creek (S.
Sweet pers. comm. 2017.). We define “occurrences locations” as the locality where lesser
slender salamanders have been found. Two of the 8 occurrence locations are on U.S. Forest
Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger
District); the other 6 occurrence locations are on private land, of which, 2 are within the Los
Padres National Forest boundary (Toro Creek and Trout Creek).

Federal Mechanisms

All Federal agencies are required to adhere to the National Environmental Policy Act (NEPA) of
1970 (42 U.S.C. 4321 et seq.) for projects they fund, authorize, or carry out. Prior to
implementation of such projects with a Federal nexus, the NEPA requires the agency to analyze
the project for potential impacts to the human environment, including natural resources. The
Council on Environmental Quality’s regulations for implementing the NEPA states that agencies
shall include a discussion on the environmental impacts of the various project alternatives
(including the proposed action), any adverse environmental effects that cannot be avoided, and
any irreversible or irretrievable commitments of resources involved (40 CFR part 1502). The
public notice provisions of the NEPA provide an opportunity for the Service and other interested
parties to review proposed actions and provide recommendations to the implementing agency.
The NEPA does not impose substantive environmental obligations on Federal agencies—it
merely prohibits an uninformed agency action. However, if an Environmental Impact Statement
is prepared for an agency action, the agency must take a “hard look™ at the consequences of this
action and must consider all potentially significant environmental impacts. Federal agencies may
include mitigation measures in the final Environmental Impact Statement as a result of the NEPA
process that may help to conserve the Panamint alligator lizard or its habitat.

The Organic Act of 1897 (16 U.S.C. 475-482) established general guidelines for administration
of timber on U.S. Forest Service (USFS) lands, which was followed by the Multiple-Use
Sustained- Yield Act (MUSY) of 1960 (16 U.S.C. 528-531), which broadened the management
of USFS lands to include outdoor recreation, range, watershed, and wildlife and fish purposes.

The National Forest Management Act (NFMA) of 1976 (16 U.S.C. § 1600 et seq.) requires the
USFS to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. 528—
531). The NFMA outlines the process for the development and revision of the land management
plans and their guidelines and standards [16 U.S.C. 1604(g)]. A new National Forest System
(NFS) land management planning rule (Planning Rule) was adopted by the USFS in 2012 (77 FR
21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision
of land management plans for all units of the NFS to maintain and restore NFS land and water
ecosystems while providing for ecosystem services and multiple uses. Land management plans
(also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and
resources; (2) meet the need for forest restoration and conservation, watershed protection, and
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species diversity and conservation; and (3) assist the USFS in providing a sustainable flow of
benefits, services, and uses of NFS lands that provide jobs and contribute to the economic and
social sustainability of communities (77 FR 21261, April 9, 2012). A land management plan
does not authorize projects or activities, but projects and activities must be consistent with the
plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of plant and animal
communities, including species-specific plan components in which a determination is made as to
whether the plan provides the “ecological conditions necessary to . . . contribute to the recovery
of federally listed threatened and endangered species . . .” (77 FR 21265; April 9, 2012).

The Record of Decision for the final Planning Rule was based on the analyses presented in the
Final Programmatic Environmental Impact Statement, National Forest System Land
Management Planning (77 FR 21162-21276; April 9, 2012), which was prepared in accordance
with the requirements of the NEPA. In addition, the NFMA requires land management plans to
be developed in accordance with the procedural requirements of the NEPA, with a similar effect
as zoning requirements or regulations as these plans control activities on the national forests and
are judicially enforceable until properly revised (Wilkinson and Anderson 2002, entire).

Two of the 8 occurrence locations are on U.S. Forest Service Lands (Los Padres National Forest,
Santa Lucia Ranger District) and 2 others occurrences are within the Los Padres National Forest
boundary. There is no Forest Service management plan in place for the Los Padres that includes
amphibian management. There is a forest-wide management plan that outlines general
approaches to forest management, and management plans are developed on a project-by-project
basis (Cooper pers. comm. 2018).

State Mechanisms

The lesser slender salamander is designated as a California Department of Fish and Wildlife
Species of Special Concern (California Department of Fish and Wildlife Natural Diversity
Database, 2018). It is the goal and responsibility of the California Department of Fish and
Wildlife to maintain viable populations of all native species. To this end, the Department has
designated certain vertebrate species as Species of Special Concern because declining population
levels, limited ranges, and/or continuing threats have made them vulnerable to extinction. The
goal of designating species as “Species of Special Concern” is to halt or reverse their decline by
calling attention to their plight and addressing the issues of concern early enough to secure their
long term viability. Not all “Species of Special Concern” have declined equally; some species
may be just starting to decline, while others may have already reached the point where they meet
the criteria for listing as a “Threatened” or “Endangered” species under the State Endangered
Species Act. The lesser slender salamander is not listed under the State Endangered Species Act.

California SSCs should be considered during the environmental review process under the
California Environmental Quality Act (CEQA; California Public Resources Code §§ 21000-
21177). Similar to the Federal NEPA, the CEQA requires State agencies, local governments, and
special districts to evaluate and disclose impacts from “projects” in the State. Section 15380 of
the CEQA Guidelines indicates that California SSCs should be included in an analysis of project
impacts if they can be shown to meet the criteria of sensitivity outlined therein.
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		Reviewer Name		Chapter		Page		Line #		Comment

		Elizabeth Jockusch						75-76		21 species, but only 20 in CA

		Elizabeth Jockusch						81 (and many subsequent species)		9 localities

		Elizabeth Jockusch						87-88		confirmed sightings at 5 localities since 2011; Cerro Alto locality known from single indiv. in 2008; Cuesta Ridge locality from single indiv. in 1977; no reports from 2 historic localities (Black Mountain, Atascadero Creek)

		Elizabeth Jockusch						88-89		Agreed that there’s no info. on absolute abundances, but there is some information on relative abundances—so there are a few localities where we can definitely say the animals do NOT appear to be abundant (historically and/or at present) and a few localities where we can definitively say that abundances have decreased, although we cannnot precisely quantify the decrease.

		Elizabeth Jockusch						127-128		In my judgment, this overstates the evidence; I would phrase as best available information indicates that the species is extant at at least 5 of the nine locations.  (There is insufficient information about the population status at the other four localities.  In two of those places, I and others have looked repeatedly, without finding individuals, suggesting that if they are present, they are very low abundance.  Both of these are localities known from only a single individual, so no conclusion can be drawn about whether the population is extant.)  At one locality, Atascadero Creek, repeated searches, primarily by Sam Sweet, and also by me, have only yielded B. nigriventris.  I have never been to Black Mountain; I believe that Sam Swet has, but I nearly 100% sure that no B. minor have been reported from there since the 1970s.

		Elizabeth Jockusch						150		If one has to choose whether to predict similarity to B. luciae or B. attenuatus, B. luciae is much more closely related, and thus a better justified choice.  

		Elizabeth Jockusch						292-3		change CA to western North America, or alternatively change 21 to 20 (21 species of Batrachoseps; 20 occur in CA)

		Elizabeth Jockusch						327-8		I would modify to say as a portion of a single species (since B. pacificus still exists—with all subspecific lineages of the former B. pacificus complex raised to species status)

		Elizabeth Jockusch						331		now 7 described species; Jockusch et al. 2015, p 80

		Elizabeth Jockusch						332-3		7th species now included is is B. gabrieli

		Elizabeth Jockusch						345-8		The sentiment is correct, but the precise wording is not.  I would recommend revising to “but they are not closely related within Batrachoseps, as B. nigriventris resides in the B. nigriventris species group (Jockusch et al. 2015, p. 74)

		Elizabeth Jockusch						348		shared niches: I would modify slightly—certainly in the old days, they were found essentially side-by-side, and in my limited experience, I have also found them that way.  
recommended phrasing:  Additionally, they have differentiated niches within......

		Elizabeth Jockusch						358		21 in western North AM. or 20 in CA

		Elizabeth Jockusch						366-9		This omits B. wrighti—in northern/central Oregon

		Elizabeth Jockusch						FIgure 2		Suggest update with Jockusch et al. 2015, FIgure 1a map, since taxonomy has been updated, and groups renamed since this figure.  I’m happy to provide a version of that figure without the population numbers; I would also recommend adding an arrow to highlight the location of minor—it’s hard to pick out from this!

		Elizabeth Jockusch						386		Cerro Alto: This misses or lumps two localities: Atascadero Creek (historic locality) and Cerro Alto/Morro Creek (discovered 2008)

		Elizabeth Jockusch						Figure 3		see figure I’m sending—could say with the addition of 1 historic locality vouchered in MVZ, or something along those lines

		Elizabeth Jockusch						415		Add  this: The Atascadero Creek locality is on current California Highway 41,  west of U.S. 101, and is on private land

		Elizabeth Jockusch						437		field experience makes it clear that the relative proportion of B. nigriventris vs. B. minor in sympatric localities Black Mountain, York Mountain and Santa Rita Creek have all shifted towards a higher proportion of B. nigriventris.   (At Atascadero Creek, only nigriventris has been found, but historic records are too limited to make inferences about proportions in the 1970s.)  This does not address absolute abundances, of course, but the data—even in their current ancesdotal/museum record form—support a shift in relative proportion.

		Elizabeth Jockusch						465-7		I think this goes substantially beyond what is actually known: when we find eggs, they are typically in places like this, but the total report of eggs in the wild is very low, suggeting that we don’t know the main sites.  But I can't give you a reference, since it's more of a statement about what we don't know.

		Elizabeth Jockusch						478-9		Wake and Castanet 1995, J. Herp. 29:60-65, used skeletochronology to study age in B. attenuatus; they found that adults were 4-8 years old

		Elizabeth Jockusch						483-7		This paragraph accurately reports Stebbins (except that I would  change invertebrates to insects since the non-insect invert. portion of the diet has been itemized.  However, I cannot find a source for the newly hatched earthworms (beyond Stebbins)—I could not trace it back to any record in the primary literature!  I am asking around in case, e.g., someone knows it’s in Stebbins field notes).  My review of the primary literaturewould sugget that this should be revised somewhat, with an emphasis more like this: mites, collembolans and gastropods are numerically the main documented food sources; other food sources include Diptera and other insects, spiders, isopods, earthworms (Source notes: Adams 1968 (attenuatus?-check locality): Of the 222 food items removed from the stomachs of the five salamanders, there were 127 insects, 25 snails, 5 pill bugs, 63 mites, and 2 spiders; Bury and Martin 1973 (attenuatus): Collembola, Diptera, mites, spiders, Pulmonata (snails + slugs, lumped); Lynch 1985 (attenuatus):  working through data, conclude that mites, collembolans are rel. important, but they may not be the only important food times; Maiorana (1978) (attenuatus): mites, aphids (+ snails, collembolans, dipterans); Cunningham (1960), B. major: observations of eating (more likely for larger prey); no stomach contents examined, so less representative; earthworm; various annelid worms, earwig; Sow bugs

		Elizabeth Jockusch						517-518		I would update this given recent discoveries: Toro Creek elev. ca. 825 ft.; Atascadero Creek: ca. 1100 ft; Trout Creek elev. ca. 1200-1300 ft; Santa Rita elevs. ca. 1100 ft.  Could say "with all but one known population at an altitude above 1000 ft"

		Elizabeth Jockusch						606-7		Most recent documented sightings at 3 historic localities are 1970s (Black Mountain, Atascadero Creek, Cuesta Ridge); only known sighting at Cerro Alto was 2008

		Elizabeth Jockusch						610		Cerro Alto locality was discovered after the species was described.  But there is a historic locality W of Atascadero on Hwy. 41 in the Atascadero Creek drainage; Jockusch et al. 2001 were tentative about the identity of the Cuesta Ridge locality, stating that it hadn’t been examined by sequence or allozymes.  This turns out to be incorrect.  There were allozyme data, on the basis of which had been identified as B. luciae, like all B. minor.  Cerro Alto locality was discovered in 2008 (by Iñigo Martinez-Solano and me); voucher is MVZ 266828.  I am quite certain that Sam Sweet has not found additional individuals there since, as we have taken several trips together trying to find them, and all we’ve ever had to show for it is cases of poison oak (and, if we’re lucky, some B. ngiriventris, as well)

		Elizabeth Jockusch						613-4		I believe this must represent a misunderstanding—at each of these sites, only a single indiv. has ever been reported, in 2008 and 1977 respectively; I am also nearly certain that animals have not been found at Black Mountain since the 1970s.

		Elizabeth Jockusch						Table 1		see comments on draft

		Elizabeth Jockusch						634-8		This is all true, but I would recommend adding that the relative of abundance of B. minor compared to B. nigriventris appears to be lower than it was in the 1970s, at least at some sites.

		Elizabeth Jockusch						633-5		Perhaps also worth noting that their information on number of individuals seen in the past decade is out-of-date (presumably could cite Sweet pers. comm.—I am assuming he has provided you with his count data?)

		Elizabeth Jockusch						873		In my view, this goes beyond the evidence.  Since 2011, it has been found at 5 of 9 localities (including 2 newly discovered); it has not been reported at 3 historic localities and 1 locality known from a single specimen in 2008.  At one of the historic localities (Black Mountain), B. minor used to be adundant; at the other, it is known from a single specimen in really tough field conditions—so my impression is that it required perfect conditions and luck to find the 1st individual, and would require the same to find another.

		Elizabeth Jockusch						922		Agreed—there are no formal data.  But I think there’s good evidence that it hasn’t fully bounced back to 1970s numbers (for reasons unknown)

		Elizabeth Jockusch						1069		I would modify to “at least 2 populations”—since most populations not tested

		Elizabeth Jockusch						1109-1112		perhaps a matter of emphasis, but if you were to have to put odds on scenario 1 vs. scenario 2, phylogenetic reasoning would say that disease susceptability of B. minor will be more like B. luciae (to which it is much more closely related) than B. attenuatus.  If any likelihood is implied by the ordering of scenarios, they should be switched.

		Elizabeth Jockusch						1137-8		disagree--see earlier comments
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UCONN

UNIVERSITY OF CONNECTICUT

8 January, 2019
To whom it may concern,

At the request of the U. S. Fish and Wildlife Service, I have carefully reviewed the 2018 draft Species
Status Assessment Report for the Lesser Slender Salamander (Batrachoseps minor) with respect to the
following three questions:

(1) Have we assembled and considered the best available scientific and commercial information relevant
to this species?

(2) Is our analysis of this information correct?

(3) Are our scientific conclusions reasonable in light of this information?

My specific comments are attached; the full set of comments is entered using the comments function
within MS Word. I also added line numbers to the Word document, converted to pdf to ensure they
don’t change, and included my main comments on the excel comment sheet as well. Additionally, I
have provided a 1 page figure that highlights my understanding of the current status of each locality and
reference information for a few additional sources that I cite.

Overall, I believe that the report is comprehensive and carefully considered. Below I highlight three
points that I make in my review that I believe are worth taking into consideration before finalizing the
report.

B. minor is known from 9 distinct localities. I think the 8 listed here may reflect treating the Atascadero
Creek locality and the Cerro Alto locality as a single locality. However, these are in different
watersheds, and nearly as far apart from each other as they are from the newly discovered Toro Creek
locality, so I believe that it is more accurate to treat them as separate localities.

The report indicates that B. minor has been seen at all known localities since 2011, and thus that the best
available evidence indicates that the species is extant at all localities. However, I think that the claim
that individuals have been seen at all known localities since 2011 is most likely based on a
misunderstanding. To my knowledge (including close contact with Sam Sweet about the status of this
species), no specimens have been seen at 3 historic localities (Black Mountain, Atascadero, Cuesta
Ridge) since the 1970s. Additionally, the Cerro Alto locality, is known from a single specimen
discovered in 2008. To my knowledge, no additional specimens have been seen. Of course, none of this
is sufficient to conclude that the species does not exist at any of these localities, but I believe that in light
of this, the evidence supports a bit more cautious interpretation of the probability of population
persistence at these localities than the current draft report provides in places.

Finally, the only statements about abundance concern a lack of knowledge about abundance. At one
level, this is true and frustrating—to my knowledge, there are no systematic data or surveys that are
designed as quantitative surveys. However, the collecting records (e.g., comparisons of specimen
numbers in the Museum of Vertebrate Zoology, or of specimens of B. nigriventris vs. B. minor seen by
Sam Sweet or others when revisiting these localities) suggests that two statements about relative
abundance are supported by the current evidence:

The abundance of B. minor has declined to a much greater extent since the 1970s than has the
abundance of sympatric B. nigriventris at at least some of the historic localities.

The abundance of B. minor at several of its localities (for sure Cerro Alto and Cuesta Ridge, at
each of which only a single individual has been found) is low (and lower than at some other localities,
including for sure Santa Rita Creek, Trout Creek, and York Mountain).

Of course, I’'m happy to answer any questions you may have about my comments, and to provide any
additional input that you would find helpful.

Sincerely,

Lottt of. uc kus® C

Department of Ecology and Evolutionary Biology Elizabeth LL JOCkLl'SCh Professor
. 2

PHONE
FAX

Ecology and Evolutionary Biology
University of Connecticut
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On Dec 20, 2018, at 3:42 PM, Russell, Daniel <daniel_russell@fws.gov> wrote:

Dear Dr. Jockusch:


The U.S. Fish and Wildlife Service (Service) is soliciting independent scientific reviews of the information contained in our 2018 draft Species Status Assessment Report for the Lesser Slender Salamander (Batrachoseps minor). Once finalized, this Species Status Assessment report (SSA report) will provide the underlying science on which we will base our decision on whether the species warrants listing as endangered or threatened under the Endangered Species Act of 1973 (16 U.S.C. 1531 et seq.).  You were identified by our Ventura Fish and Wildlife Office as a potential peer reviewer based on your area of expertise.


This request is provided in accordance with our July 1, 1994, peer review policy (USFWS 1994, p. 34270) and our current internal guidance. This request also satisfies the peer review requirements of the Office of Management and Budgetb��s "Final Information Quality Bulletin for Peer Review." The purpose of seeking independent peer review of the SSA is to ensure use of the best scientific and commercial information available; to ensure and maximize the quality, objectivity, utility, and integrity of the information upon which we base listing and recovery actions; and to ensure that reviews by recognized experts are incorporated into our final rulemaking processes. Please let us know if you would like us to provide any of the referenced materials to help facilitate your review. 


Please note that we are not seeking advice on policy or recommendations on the legal status of the species. Rather, we request that peer reviewers focus their review on identifying and characterizing scientific uncertainties, and on ensuring the accuracy of the biological and land and water use information in the SSA. Specifically, we ask peer reviewers to focus their comments on the following: 


(1)     Have we assembled and considered the best available scientific and commercial information relevant to this species?


(2)     Is our analysis of this information correct?


(3)     Are our scientific conclusions reasonable in light of this information?


Our updated peer review guidelines also require that all peer reviewers fill out a conflict of interest form. We will carefully assess any potential conflict of interest or bias using applicable standards issued by the Office of Government Ethics and the prevailing practices of the National Academy of Sciences (http://www.nationalacademies.org/coi/index.html). Divulging a conflict does not invalidate the comments of the reviewer; however, it will allow for transparency to the public regarding the reviewer's possible biases or associations. If we receive comments from a reviewer that we deem to have a substantial conflict of interest, we will evaluate the comments in light of those conflicts, and may choose not to give weight to those comments if the conflict is viewed as problematic. You may return the completed conflict of interest form either prior to or with your peer review. 


So that we may fully consider any input and coordinate other peer review comments as we develop the final SSA, and ensure adequate time to complete our 12-month finding, we are requesting peer review comments by January 10, 2019. If you are willing to peer review but are unable to complete your assessment during this time period, please let me know when we may anticipate receiving your comments. We will summarize and respond to the substantive comments raised by all peer reviewers and use the information, as appropriate, in the final SSA.


While we welcome your peer review comments in any format you are most comfortable using, it would be especially helpful if you could use the attached Comment Matrix Excel spreadsheet.  This will make it easier to compile and keep a record of all the comments received and then incorporate them into our report. We would also appreciate receiving a copy of your Curriculum Vitae for our records. Please be aware that your completed review of the SSA, including your name and affiliation, will be included in the administrative record for this evaluation and will be available to interested parties upon request.


If you have any questions about the draft SSA report, or our listing policies in general, please feel free to contact me at any time at (916) 978-6191. Please submit your comments and associated materials to the contact information below, and you may also include the cc: list to this email in your reply. 


Thank you very much for your consideration.


Sincerely,
Dan Russell



**********************************************************Daniel Russell - Regional Listing Coordinator
Pacific Southwest Regional Office, Region 8
U.S. Fish and Wildlife Service 
2800 Cottage Way, Room W-2606
Sacramento, CA 95825

Office (916) 978-6191
Cell (916) 335-9060
***********************************************************
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reference information for a few additional sources that I cite.

Overall, I believe that the report is comprehensive and carefully considered. Below I highlight three
points that I make in my review that I believe are worth taking into consideration before finalizing the
report.

B. minor is known from 9 distinct localities. I think the 8 listed here may reflect treating the Atascadero
Creek locality and the Cerro Alto locality as a single locality. However, these are in different
watersheds, and nearly as far apart from each other as they are from the newly discovered Toro Creek
locality, so I believe that it is more accurate to treat them as separate localities.

The report indicates that B. minor has been seen at all known localities since 2011, and thus that the best
available evidence indicates that the species is extant at all localities. However, I think that the claim
that individuals have been seen at all known localities since 2011 is most likely based on a
misunderstanding. To my knowledge (including close contact with Sam Sweet about the status of this
species), no specimens have been seen at 3 historic localities (Black Mountain, Atascadero, Cuesta
Ridge) since the 1970s. Additionally, the Cerro Alto locality, is known from a single specimen
discovered in 2008. To my knowledge, no additional specimens have been seen. Of course, none of this
is sufficient to conclude that the species does not exist at any of these localities, but I believe that in light
of this, the evidence supports a bit more cautious interpretation of the probability of population
persistence at these localities than the current draft report provides in places.

Finally, the only statements about abundance concern a lack of knowledge about abundance. At one
level, this is true and frustrating—to my knowledge, there are no systematic data or surveys that are
designed as quantitative surveys. However, the collecting records (e.g., comparisons of specimen
numbers in the Museum of Vertebrate Zoology, or of specimens of B. nigriventris vs. B. minor seen by
Sam Sweet or others when revisiting these localities) suggests that two statements about relative
abundance are supported by the current evidence:

The abundance of B. minor has declined to a much greater extent since the 1970s than has the
abundance of sympatric B. nigriventris at at least some of the historic localities.

The abundance of B. minor at several of its localities (for sure Cerro Alto and Cuesta Ridge, at
each of which only a single individual has been found) is low (and lower than at some other localities,
including for sure Santa Rita Creek, Trout Creek, and York Mountain).

Of course, I’'m happy to answer any questions you may have about my comments, and to provide any
additional input that you would find helpful.
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EXECUTIVE SUMMARY

On July 11, 2012, we, the U.S. Fish and Wildlife Service (Service), received a petition from the
Center for Biological Diversity requesting that 53 species of reptiles and amphibians, including
the lesser slender salamander (Batrachoseps minor), be listed as endangered or threatened and
that critical habitat be designated for these species under the Endangered Species Act. The
petition states that lesser slender salamanders have become rare, and raises habitat loss, road
mortality, climate change, and pesticide drift as potential threats to the species. On September
18, 2015, we published a 90-day finding that the petition presented substantial scientific or
commercial information indicating that the petitioned action may be warranted (80 CFR 56427-
56428). In September 2016, we published a 7-Year National Listing Workplan
(https://www.fws.gov/endangered/what-we-do/listing-workplan.html), which called for
completion of the status review for the lesser slender salamander by the end of September, 2019.
In this Species Status Assessment, we evaluate the biological status of the lesser slender
salamander, both currently and into the future, by considering the species’ resiliency,
redundancy, and representation. The scientific information presented here is for the purpose of
informing our 12-month finding.

In 2001, the lesser slender salamander was described as a unique species based primarily on
genetics, and also morphology. The lesser slender salamander is one of 21 species in the genus
Batrachoseps (slender salamanders) in the Family Plethodontidae (lungless salamanders) that
occur in California. The lesser slender salamander has the smallest average adult size of all

slender salamanders and has a robust body and relatively long legs and tail for its size when
compared to other slender salamander species.

The lesser slender salamander has been observed in eight occurrence locations that occur entirely

within the Santa Lucia Mountain Range in San Luis Obispo County, California. From north to
south the occurrences are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York
Mountain, (4) Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout
Creek. Two of the eight occurrence locations are on U.S. Forest Service Lands (Cerro Alto and
Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger District); the other six occurrence
locations are on private land. The lesser slender salamander is currently known to be present in
all eight occurrence locations. /Abundance data for the lesser slender salamander are not well

¥ elj 1/6/19 7:45 PM

known rangewide or at any of the eight occurrence locations.

Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial
spaces needed to hide from predators and for feeding and that are moist to meet the species’
requirements for breeding. A resilient lesser slender salamander population is one that is self-
sustaining and has suitable habitat for feeding, breeding, and sheltering. Representation in the
lesser slender salamander is the breadth of diversity across historical latitudinal, longitudinal, and
elevation gradients, as well as climatic gradients. Lesser slender salamander redundancy
contributes to the ability of the species to withstand catastrophic events (e.g., widespread
drought, catastrophic wildfire, and flooding) which is related to the number, distribution, and
resilience of populations.

elj 1/5/19 9:36 PM

Comment [1]: True that 21 species are
recognized, but only 20 occur in CA (not wrighti)

elj 1/6/19 6:37 PM
Comment [2]: nine—details below

Comment [3]: | believe this reflects a
misunderstanding of where animals have and have
not been found recently; to my knowledge, at 3 of 9
sites (Black Mountain, Atascadero Creek, Cuesta
Ridge), B. minor has not been reported recently.
This of course does not mean that they aren’t
there—access is limited at some of these places. At
one of the recently discovered localities (Cerro
Alto), only 1 individual has been found, in 2008;
repeated surveys at that site since its discovery have

not yielded additional individuals of B. minor.

elj 1/6/19 6:39 PM

Comment [4]: Agreed that there’s no info. on
absolute abundances, but there is some information
on relative abundances—so there are a few
localities where we can definitely say the animals do
NOT appear to be abundant (historically and/or at
present) and a few localities where we can
definitively say that abundances have decreased,
although we cannnot precisely quantify the
decrease.
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We identified potential threats that could negatively affect lesser slender salamanders and thus
pose a risk to resiliency, representation, and redundancy of the species We evaluated habitat loss,
pesticide drift, road mortality, changing climate effects, and disease as potential threats to the
lesser slender salamander and determined that changing climate and disease are the most likely
threats to the species.

Current effects to the lesser slender salamander from increased temperatures due to changing
climate include, but are not limited to: reduction of cool, moist areas that supply habitat and
reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist
places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at
night when conditions are suitable. Slender salamanders use damp locations under logs, bark,
and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps,
suggesting that they may be behaviorally flexible to finding locations with the appropriate
conditions for breeding, feeding, and sheltering in a changing climate. The species may continue
to be affected by changes in climate on the individual level due to increasing temperatures, but
we do not anticipate a current population-level effect.

As for disease, Batrachochytrium dendrobatidis (Bd) has been found in lesser slender
salamanders, however the vulnerability of the species to Bd infection and developing
chytridiomycosis is unknown. Two congeners have differing susceptibility. In B. attenuatus,
there is some level of susceptibility to infection, however it appears that Bd prevalence has been
decreasing over time in this species. In contrast, B. luciae appears to be highly susceptible to
wild Bd infection. While the lesser slender salamander has been shown to be susceptible to Bd,
there are no data to suggest current die-offs. The species may continue to be affected by disease
on the individual level, but we do not expect a current population-level effect.

At this time, the best available information indicates that the species is extant at all eight
occurrence locations. These occurrence locations encompass the north-south and east-west

gradients within its limited distribution, maintaining the relevant genetic diversity and associated
adaptive capacity for the species that comprise representation. While redundancy will always be
very limited for local, endemic species with a naturally limited range, it appears that the
redundancy of the lesser salamander is sufficient.

We assessed likely change in climate and disease 25 years into the future. Projections of climate
change along the central coast of California indicate that temperature will increase in the next 25
years. As for disease, we know that lesser slender salamanders have tested positive for Bd, but
we do not know the species’ vulnerability to Bd infection and developing chytridiomycosis. Bd
appears to have been in California since the 1960s, peaked in the 1990s, and decreased since
then.

We forecast the status of the lesser slender salamander after 25 years under two plausible future
scenarios, one with continued climate-related effects and disease at the current level, and a
second with continued climate-related effects and increased disease susceptibility. Under
Scenario 1 (Climate and Disease Continuation), we found that lesser slender salamanders may be
behaviorally flexible to finding locations with the appropriate conditions for breeding, feeding,
and sheltering in a changing climate. If current trends in climate continue, the species may
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continue to be affected by changes in climate on the individual level due to increasing
temperatures, but we do not anticipate a population-level effect in the next 25 years. As for
disease, we determined that there may be decreased disease prevalence in the lesser slender
salamander in the future, due to assumed similarity in disease susceptibility to B. attenuatus.
Given that currently we do not anticipate that disease is population-level threat to the lesser
slender salamander, at this continued level with disease susceptibility similar to B. attenuates, we
do not anticipate a population-level effect in the next 25 years. We do not anticipate combined or
synergistic effects of these threats under this scenario to pose population-level risk to the species
into the future.

Under Scenario 2 (Climate Continuation and Increased Disease), the climate portion is the same
as in Scenario 1 and therefore we anticipate that if current trends in climate continue, we do not
anticipate a population-level effect in the next 25 years. As for potential increase in disease,
under this scenario we assume greater susceptibility to Bd. It is possible that the lesser slender
salamander has similar susceptibility to B. luciae, which appears to be highly susceptible to wild
Bd infection. Based on the USGS findings that 2 of the occurrence locations tested were positive
for Bd, in the next 25 years, we assume that approximately 2 of the 8 occurrence locations will
have an associated mass die off and population declines due to Bd. This could decrease the
resiliency of those 2 lesser slender salamander occurrence locations. The resiliency of the rest of
the occurrence locations would not be affected. If there were extirpations, species representation
and redundancy could be reduced.

In summary, under the first future scenario, occurrence location resiliency and species
representation and redundancy would likely remain unchanged. Under the second future
scenario, disease could act as a population-level threat to the species, but would not occur
rangewide.
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2201.0 INTRODUCTION

221

222 This report is the species status assessment (SSA) for the lesser slender salamander

223 (Batrachoseps minor). We, the U.S. Fish and Wildlife Service (Service), developed this SSA for
224 the lesser slender salamander to compile and evaluate the best available scientific information
225  regarding the species’ biology and factors that influence the species’ viability.

226

2271.1 Petition History

228

229  OnlJuly 11, 2012, we received a petition from the Center for Biological Diversity requesting that
230 53 species of reptiles and amphibians, including the lesser slender salamander (Batrachoseps
231 minor), be listed as endangered or threatened and that critical habitat be designated for these

232 species under the Endangered Species Act. The petition states that lesser slender salamanders
233 have become rare and raises habitat loss, road mortality, climate change, and pesticide drift as
234 potential threats to the species. On September 18, 2015, we published a 90-day finding that the
235  petition presented substantial scientific or commercial information indicating that the petitioned
236 action may be warranted (80 CFR 56427-56428). In September 2016, we published a 7-Year

237 National Listing Workplan (https://www.fws.gov/endangered/what-we-do/listing-

238 workplan.html), which called for completion of the status review for the lesser slender

239 salamander by the end of September, 2019. In this Species Status Assessment, we evaluate the
240  biological status of the lesser slender salamander, both currently and into the future, by

241 considering the species’ resiliency, redundancy, and representation. The scientific information
242 presented here is for the purpose of informing our 12-month finding.

243

2442.0 METHODOLOGY

245

246 As described in our guidance document, the SSA Framework (Service 2016a, entire), an SSA
247 Report first begins with a compilation of the best available information on the species

248  (taxonomy, life history, and habitat) and its ecological needs at the individual, population, and/or
249 species levels based on how environmental factors are understood to act on the species and its
250  habitat. Next, an SSA Report describes the current condition of the species’ habitat and

251 demographics, and the probable explanations for past and ongoing changes in abundance and
252 distribution within the species’ ecological settings (that is, areas representative of geographic,
253 genetic, or life history variation across the range of the species). Lastly, an SSA forecasts the
254 species’ response to probable future scenarios of environmental conditions. An SSA uses the

255  conservation biology principles of resiliency, representation, and redundancy (collectively

256 known as the “3Rs”, Shaffer and Stein 2000, pp. 308-311) as a lens through which we can

257 evaluate the current and future condition of the species (Smith et al. 2018, entire). Ultimately, an
258 SSA characterizes a species’ ability to sustain populations in the wild over time based on the best
259 scientific understanding of current and future abundance and distribution within the species’

260  ecological settings.

261
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Species Status Assessment Framework

SPECIES NEEDS

Current Availability
or Condition of
those Needs

SPECIES CURRENT
CONDITION

- Future Availability
-— or Condition of
those Needs

SPECIES FUTURE
Figure 1. Species Status Assessment Framework CONDITION & VIABILITY

Resiliency describes the ability of populations to withstand stochastic disturbance. Resiliency is
positively related to population size and growth rate and may be influenced by connectivity
among populations. Generally speaking, populations need abundant individuals within habitat
patches of adequate area and quality to maintain survival and reproduction in spite of
disturbance.

Representation describes the ability of a species to adapt to changing environmental conditions
over time. It is characterized by the breadth of genetic and environmental diversity within and
among populations. Measures may include the number of varied niches occupied, the gene
diversity, heterozygosity or alleles per locus.

Redundancy describes the ability of a species to withstand catastrophic events. Redundancy is
characterized by having multiple, resilient populations distributed within the species’ ecological
settings and across the species’ range. It can be measured by population number, spatial extent,
and degree of connectivity.

This document draws scientific information from resources such as primary peer-reviewed
literature, reports submitted to the Service and other public agencies, species occurrence
information in Geographic Information Systems (GIS) databases, and expert experience and
observations. It is preceded by and draws upon analyses presented in other Service documents
including the 90-day finding (Service 2015). Finally, we coordinated closely with our partners
engaged in ongoing research. This assures consideration of the most current scientific and
conservation status information.

SPECIES BACKGROUND

Taxonomy
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The lesser slender salamander is one of 21 species in the genus Batrachoseps (slender
salamanders) in the Family Plethodontidae (lungless salamanders) that occur in California
(Highton et al. 2017, pp. 27-28).

In the early 1950s, there was thought to be one species of slender salamander throughout
California; however, by the end of the decade multiple species of slender salamanders were
recognized, and in 2001, the lesser slender salamander was described as a distinct species
(Jockusch et al. 2001, pp. 54, 65-67). Jockusch et al. (2001, pp.65-66, 72-81) described
morphological and genetic differences between the lesser slender salamander and other slender
salamander species; however, slender salamanders are not easily differentiated through
morphology alone.

3043.2 Species Description
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Slender salamanders are small, with bodies that are rounded with costal and caudal grooves
similar in appearance to the body segments of earthworms, and with short limbs (Stebbins and
McGinnis 2012, p. 124-125). Slender salamanders have four toes on both front and hind feet; all
other western salamanders typically have four toes on front and five toes on hind feet (Stebbins
2003, p. 182). Slender salamanders can have a dorsal stripe of reddish, tan, or buff (Stebbins
2003, p. 182).

The lesser slender salamander has the smallest average adult size of all slender salamanders, with
a snout-to-vent range of 2.5 to 4.6 cm (1 to 2.3 in.) (Stebbins and McGinnis 2012, p. 137).
Although small in size, the species has a robust body and relatively long legs and tail for its size
when compared to other slender salamander species (Stebbins and McGinnis 2012, p. 137).
Coloring of lesser slender salamanders is dark blackish brown above and a dorsal stripe may or
may not be present, which can be tan with pink to apricot highlights especially prominent in the
tail (Stebbins 2003, p. 191).

3213.3 Genetics
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Jockusch et al. (2001, entire) analyzed morphology, allozymes, and mitochondrial DNA of
individual lesser slender salamanders collected from two locations in San Luis Obispo County,
California, and individuals of other species of slender salamanders from other areas within
Monterey, San Luis Obispo, Santa Cruz, San Benito, Fresno, and Kern Counties in California.
Their analyses resulted in the description of four new slender salamander species that were
previously treated as a single species, B. pacificus.

The lesser slender salamander resides in the B. pacificus species group (Wake and Jockusch
2000, p. 100), which is comprised of six slender salamander species that reside in three

geographically disjunct units in coastal California (Jockusch ez al. 2001, p. 83). These six species
are: B. minor, B. pacificus, B. major, B. luciae, B. incognitus, and B. gavilanensis.

Slender salamanders (Batrachoseps spp.) are extremely sedentary as evidenced by the extensive
differentiation across relatively small geographic areas (Jockusch et al. 2001, pp. 81-83).
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337 Based upon [cytochrome) b, divergence time estimates of lesser slender salamander separation

338 from its closest geographically located congeners in the B. pacificus group are, in millions of
339 years before present: B. luciae 17.3-6.9, B. incognitus 9.8-3.9, and B. gavilanensis 16.3-6.5

340  (Jockusch et al. 2001, pp. 86-87). Additionally, the lesser slender salamander is allopatric from
341 these three species.

342

343 The lesser slender salamander is sympatric (occurring within the same geographical area of

344  another species, overlapping in distribution) with another slender salamander species, B.

345  nigriventris (Jockusch et al. 2001, p. 86), but they are paraphyletic (species descended from a
346  common evolutionary ancestor or ancestral group, but not sharing/including all of the ancestor’s
347  descendant groups) (Jockusch et al. 2001, p. 82), as B. nigriventris resides in the B. relictus

348 species group (Jockusch et al. 1998, p. 14). Additionally, {they do not share niches within

349 coinciding areas of similar habitat (e.g., oak woodland). The lesser slender salamander is

350 typically found on slopes with rocky outcrops, with a dense understory of poison oak, while B.
351 migriventris is typically found on flatter ground with a dense cover of leaf litter and grasses (S.
352 Sweet pers. comm. 2017).

353

3543.4 Summary — Species Background

355

356 In 2001, the lesser slender salamander was described as a unique species based primarily on
357 genetics, and also morphology (Jockusch ef al. 2001, entire). The lesser slender salamander is 1
358 of21 species of slender salamanders that occur in California. The species has the smallest

359  average adult size of all slender salamanders and has a robust body and relatively long legs and
360 tail for its size when compared to other slender salamander species.

361

3624.0 HISTORICAL ABUNDANCE, RANGE, AND DISTRIBUTION

363

3644.1 Range

365

366 Slender salamanders in the genus Batrachoseps range almost continuously along the Pacific
367  Coast from about 62 miles (100 km) north of the California border in Curry County, Oregon, to
368  about 186 miles (300 km) south of the California border near El Rosario, Baja California Norte,
369 Mexico (Jockusch et al. 2001, pp. 54-55.)

370

371 The range of the lesser slender salamander extends less than 30 linear miles, and it occurs
372 entirely within the Santa Lucia Mountain Range in San Luis Obispo County, California
373 (Jockusch et al. 2001, p. 66).

374
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IFigure 2. Distribution of 18 described species and several lineages corresponding to undescribed
species of Batrachoseps in California from Jockush and Wake (2002, p. 364). Note that B. minor
is geographically distinct from other species in the pacificus group, but its range overlaps with
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3814.2 Distribution

382
383 Eight occurrences of the lesser slender salamander have been found at locations along the Santa
384  Lucia Range in San Luis Obispo County, California. From north to south the occurrence
385  locations are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York Mountain, (4)
386 Santa Rita Creek, (5) Toro Creek, [(6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout Creek (8.
387  Sweet pers. comm. 2017.). We define “occurrences locations” as the locality where lesser elj 1/6/19 1:47 PM _
388  slender salamanders have been found. Two of the 8 occurrence locations are on U.S. Forest F°".‘(“°f“t (B b ke er mpn e
i N A . ocalities: Atascadero Creek (historic locality) and
389  Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger Cerro Alto/Morro Creek (discovered 2008)
390  District); the other 6 occurrence locations are on private land.
391
392 Figure 3. Eight occurrence locations of B. minor as described by Dr. Samuel Sweet of
393 University of California, Santa Barbara, in August 2017.
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The Las Tablas Ridge occurrence location is near Cypress Mountain Road, which is west of U.S.
101 and north of California Highway 46, and is on private land.

The Black Mountain occurrence location is along north facing slopes in the vicinity of Black
Mountain, which is west of U.S. 101 and north of California Highway 46, and is on private land.

The York Mountain occurrence location is along northeast facing slopes adjacent to York
Mountain Road, which is west of U.S. 101 and north of California Highway 46, and is on private
land.

The Santa Rita Creek occurrence location is along north facing slopes adjacent to Santa Rita
Creek Road, which is west of U.S. 101 and east of Old Creek Road, and is on private land. At
present, this is the most extensive occurrence comprised of multiple locations where lesser
slender salamanders have been observed. (S. Sweet pers. comm. 2015).

The Toro Creek occurrence location is along the old Highway 41, which is west of U.S. 101 and
north and west of (current) California Highway 41, and is on private land but within the Los
Padres National Forest boundary.

The Cerro Alto occurrence location is within a U.S. Forest Service recreation area of the Los
Padres National Forest, Santa Lucia Ranger District, with a campground and hiking trails, which
is west of U.S. 101 and south of California Highway 41. There is no Forest Service management
plan in place for the Los Padres that includes amphibian management. There is a forest-wide
management plan that outlines general approaches to forest management, and management plans
are developed on a project-by-project basis (Cooper pers. comm. 2018).

The Cuesta Ridge occurrence location is at the Cuesta Ridge Botanical Reserve on U.S. Forest
Service lands, Los Padres National Forest, Santa Lucia Ranger District, which is west of U.S.
101 and south of California Highway 41.

The Trout Creek occurrence location is along northwest facing slopes adjacent to a forest road
near the junction of Water Canyon and Trout Creek, which is east of U.S. 101 and south of
California Highway 58, and is on private land but within the Los Padres National Forest
boundary.

4324.3 Abundance

433
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The abundance of lesser slender salamanders is not well known rangewide or at any of the
occurrences. Surveys for lesser slender salamanders have been irregular since the 1970s and we
are not aware of any studies having been conducted to estimate lesser slender salamander
abundance] that would inform trends in the numbers of individuals in any occurrence over time.

4394.4 Summary — Historical Range, Distribution, and Abundance

440
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441 The lesser slender salamander has been observed in eight occurrence locations that occur entirely
442 within the Santa Lucia Mountain Range in San Luis Obispo County, California. Two of the 8
443 occurrence locations are on U.S. Forest Service Lands (Cerro Alto and Cuesta Ridge: Los Padres
444 National Forest, Santa Lucia Ranger District); the other [§ occurrence locations are on private

445  land. Abundance data for the lesser slender salamander is not well known rangewide or at any of
446 the eight occurrences.

447

4485.0 LIFE HISTORY

449

4505.1 Breeding

451

452 Little is known specifically about lesser slender salamander breeding; however, information is
453 available for the Plethodontid family and Batrachoseps genus of slender salamanders.

454

455  Plethodontid salamanders reproduce on land and do not require an aquatic larval phase (Stebbins
456 and McGinnis 2012, p. 104). This is attributed to the egg’s large yolk in which the embryo goes
457  through the gilled larval stage to hatch as a miniature adult (Stebbins and McGinnis 2012, p.

458 104). Slender salamander (Batrachoseps spp.) eggs are fertilized internally, and when laid, are
459  connected to one another by filaments resembling a string of beads (Stebbins and McGinnis

460 2012, p. 106). Most slender salamanders (Batrachoseps spp.) lay their eggs in fall, after the first
461  rains that end the summer dry period, and embryos develop over the winter months (Stebbins and
462 McGinnis 2012, p. 105, 125). Eggs require a damp, concealed location that will remain moist
463 over the several-month development period (Stebbins and McGinnis 2012, p. 104). A moist egg
464  capsule is needed for the passage of oxygen to the gills of the embryo, which are pressed against
465  the inner surface of the egg capsule (Stebbins and McGinnis 2012, p. 65). The nest site is usually
466  a moist rock crevice, under bark of a rotting log, or a ground cavity (Stebbins and McGinnis

467 2012, p. 64),

468

4695.2 Life Cycle

470

471 The lesser slender salamander life cycle is comprised of an egg, juvenile, and adult. There are no
472 data specific to the details of the life cycle of the lesser slender salamander. Maiorana (1976,

473 entire) examined the life-history patterns of Batrachoseps attenuatus and reported that at the

474 beginning of their first dry season, hatchlings are approximately one-tenth the weight of an

475 average adult and therefore may have lower survival rates than adults through periods of

476  prolonged drought and reduced food sources (Maiorana 1976, p. 605). She also reported that in
477 woodland habitat, 95% of adult female B. attenuatus reproduce each year and lay 7 to 8 eggs,
478  and maturity is at 2.5 years (3 dry seasons). Data on longevity were not available, but a long

479 adult life was suggested, potentially up to 6 years (Maiorana 1976, p. 605-606).

480

4815.3 Feeding

482

483 Slender salamander ((Batrachoseps spp.) food includes newly hatched earthworms (Class

484  Oligochaeta), small slugs (Class Gastropoda), spiders (Class Arachnida), large mites (Class

485  Arachnida), juvenile snails (Class Gastropoda), millipedes (Class Diplopoda), sowbugs (Order
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486  Isopoda), and other small invertebrates that inhabit surface-litter areas and subterranean openings

487  (Stebbins and McGinnis 2012, p. 127).

488

4895.4 Sheltering

490

491 Little is known specifically about lesser slender salamander sheltering; however, information is

492 available for the Plethodontid family and Batrachoseps genus of slender salamanders. During the

493 daytime, Plethodontid salamanders inhabit moist places under rocks, bark, logs, within rotten

494  wood, and in animal burrows, and they emerge at night when moisture conditions are suitable

495  (Stebbins 2003, p. 168). Slender salamanders (Batrachoseps spp.) have been found in damp

496  locations under logs, bark, and rocks, in leaf litter and termite galleries, and in crevices of rocks,

497  logs, and stumps (Stebbins 2003, p. 183).

498

4995.5 Summary — Life History

500

501  Lesser slender salamanders reproduce on land and do not require an aquatic larval phase. Eggs

502  are laid in concealed, damp locations that will remain moist for the duration of embryo

503  development. At hatching, lesser slender salamander juveniles are similar to adults in

504  morphology but smaller in body size. Lesser slender salamanders feed on a variety of small

505  invertebrate prey found under logs and rocks or in the other small crevices and underground

506  shelters in which they reside.

507

5086.0 GENERAL HABITAT DESCRIPTION

509

510  Habitat for the lesser slender salamander is comprised of shaded slopes with deep leaf litter and

511  an abundant understory of poison oak (Toxicodendron diversilobum) (Jockusch et al. 2001, p.

512 66). The species occurs in wooded habitats containing tanbark oak (Notholithocarpus

513 densiflorus), coast live oak (Quercus agrifolia), blue oak (Quercus douglasii), sycamore

514  (Platanus racemosa), and California laurel (Umbellularia californica) (Stebbins and McGinnis

515 2012, p. 137), and with abundant lower story vegetation dominated by poison oak (Jockusch et

516  al. 2001, p. 66). The lesser slender salamander prefers closed-canopy northward facing steeper

517 slopes with rock outcrops and shallow soil (S. Sweet pers. comm. 2017) and |are typically found

518 at an altitude above 1300 feet (400m) (Jockusch et al. 2001, p. 66).
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5207.0 SPECIES NEEDS dCi(S)zvr::(:t [28]: | would update this given recent

521 Toro Creek elev. ca. 825 ft.

5227.1 Individual Needs Atascadero Creek: ca. 1100 ft
Trout Creek elev. ca. 1200-1300 ft

523 Santa Rita elevs. ca. 1100 ft

524  Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial

525  spaces, such as earthworm burrows, rock crevices, or under wooden debris (logs). These small

526  spaces allow individuals to hide from larger predators and also provide the small invertebrate

527  prey needed by lesser slender salamanders for feeding. Moist areas within lesser slender

528  salamander habitat are required for breeding to maintain moisture for developing embryos within

529  eggs and required by individuals to avoid desiccation over the typically long periods without

530  rainfall (California summer).

531
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5327.2 Population Needs

533

534  Population dynamics of the lesser slender salamander are not well understood. Lesser slender
535  salamander populations need suitable habitat that supports survival of individuals and an

536  adequate number of reproducing individuals with vital rates that maintain self-sustaining

537  populations despite stochastic events.

538

5397.3 Species Needs

540

541  The lesser slender salamander needs multiple resilient populations distributed across the range of
542  the species.

543

5447.4 Resiliency, Representation, and Redundancy
545

546 Resiliency

547

548  Resiliency describes the ability of the populations to withstand stochastic events. Measured by
549  the size and growth rate of each population, resiliency gauges the probability that the populations
550  comprising a species are able to withstand or bounce back from environmental or demographic
551  stochastic events.

552

553  Lesser slender salamander population-level resiliency is a function of its size and its growth rate.
554 A resilient lesser slender salamander population is one that is self-sustaining and has suitable

555  habitat for feeding, breeding, and sheltering.

556
557  Representation
558

559  Representation describes the ability of a species to adapt to changing environmental conditions.
560  Measured by the breadth of genetic or environmental diversity within and among populations,
561  representation gauges the probability that a species is capable of adapting to environmental

562  changes.

563

564  Representation in the lesser slender salamander is important across the range of the species.

565  Although we expect local endemics, such as the lesser slender salamander, to naturally harbor
566 less adaptive capacity than wide-ranging species. Species that span environmental gradients

567  (spatially and temporally heterogeneous environments) are expected to harbor the most

568  phenotypic and genetic variation (Lankau ef al. 2011, p. 320). Thus, preserving the breadth of
569  diversity of a species requires maintaining populations across historical latitudinal, longitudinal,
570  and elevation gradients, as well as climatic gradients. We do not have information on the genetic
571 diversity for lesser slender salamanders but assume that maintenance of resilient occurrences
572 across the north-south and east-west gradients within its historically limited distribution is

573  representation for the species.

574
575  Redundancy
576
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577  Redundancy describes the ability of a species to withstand catastrophic events. Measured by the
578  number of populations, their resiliency, and their distribution (and connectivity), redundancy
579  gauges the probability that the species has a margin of safety to withstand or can bounce back
580  from catastrophic events.

581

582  Lesser slender salamander redundancy is a function of the number and distribution of resilient
583  populations across the range relative to the degree and spatial extent of potential catastrophic
584  events. Distribution is related to the number of occurrences. Catastrophic events which could
585  affect lesser slender salamander occurrences include disease, widespread drought and periods of
586  extreme heat resulting in the loss of soil moisture in lesser slender salamander habitat,

587  catastrophic wildfire, and torrential rainstorms resulting in sediment/debris flows or widespread
588  flooding.

589

5907.5 Summary -- Species Needs

591

592 Lesser slender salamanders require habitat comprised of terrestrial areas with small interstitial
593  spaces needed to hide from predators and for feeding, and that are moist to meet the species’
594  requirements for breeding. A resilient lesser slender salamander population is one that is self-
595  sustaining and has suitable habitat for feeding, breeding, and sheltering. Representation in the
596 lesser slender salamander is maintained by preserving the breadth of diversity across historical
597  range. Lesser slender salamander redundancy is a function of the number and distribution of
598  resilient populations across the range relative to the degree and spatial extent of potential

599  catastrophic events, such as disease, widespread drought, wildfire, and flood effects.

600

6018.0 CURRENT CONDITIONS

602

6038.1 Abundance and Distribution

604

605  Prior to 2015, the lesser slender salamander was known to occur in six locations. Since that time,
606  two additional locations have been discovered. The lesser slender salamander is currently known
607  to be present in all eightl occurrence locations (S. Sweet pers. comm. 2017).

608
609  The Las Tables Ridge, Black Mountain, York Mountain, Santa Rita Creek (from where the
610  holotype was collected in 1975), Cerro Alto], and Cuesta Ridge are historical occurrence

611  locations (Jockusch ef al. 2001, p. 65-66).

612

613  Individual lesser slender salamanders were observed at Las Tablas Ridge, Black Mountain, York
614  Mountain, Santa Rita Creek, Cerro Alto, and Cuesta Ridge occurrences in 2011 (S. Sweet pers.

615 comm. 2017).

616

617  The Toro Creek occurrence was discovered in 2016 (S. Sweet pers. comm. 2017) and the Trout
618  Creek occurrence was discovered in 2015 (S. Sweet pers. comm. 2016).

619

620  Current abundance for the lesser slender salamander at each occurrence is unknown. The data
621  required to make abundance estimates for each occurrence are lacking and therefore population
622  estimates cannot be made at this time.
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Table 1. Historic and current distribution of B. minor
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) elj 1/6/19 2:37 PM

Occurrence Historic Current
Las Tables Ridge X Present in 2011
Black Mountain X Present in 2011
York Mountain X Present in 2011
Santa Rita Creek X Present in 2011
Cerro Alto X Present in 2011
Cuesta Ridge X Present in 2011
Toro Creek - Discovered in 2016
Trout Creek -- Discovered in 2015

We evaluated potential threats to the lesser slender salamander, including habitat loss, pesticide
drift, road mortality, climate change, and disease. We evaluated overutilization, collection, and
predation to see if they were actually occurring or were a significant problem, and we did not
find any information to indicate that they are a concern for the lesser slender salamander now or
into the future.

Dr. Samuel Sweet, Professor, University of California, Santa Barbara, conducted graduate work
on the lesser slender salamander in the 1970s and in the winter of 2011 began to reinvestigate the
status of the species. According to Dr. Sweet, lesser slender salamanders fwere easily found
recently at all recorded localities and numbers may be reduced compared to the 1970s, but this is
true for all plethodontid (lungless) salamanders in central California as a consequence of
extended drought, but more generally as a result of a long-term climatic shift driven by the
Pacific Decadal Oscillation. |

Dr. Sweet provided the following related to threats to the species (S. Sweet pers. comm. 2015):

* Habitat loss—In the areas inhabited by lesser slender salamanders there has been no habitat
change of any kind in over 45 years. York Mountain Vineyards and Winery have not farmed
grapes on site since its main building was destroyed in the 2003 San Simeon earthquake, and

only recently (2015) replanted in the original footprint.

* Pesticide drift—Lesser slender salamanders living nearby the winery do not seem to be
affected.

* Road mortality—In the California Roadkill Observation System, as of September 27, 2015,
no roadkill of lesser salamanders has been reported.

* Climate change—This is a major factor for all native amphibians in California.

* Disease—The fungal disease, Batrachochytrium dendrobatidis (Bd), may be affecting the
lesser slender salamander (S. Sweet pers. comm. 2017).
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658  The Service accessed AmphibiaWeb on March 27,2017

659  (http://amphibiaweb.org/cgi/amphib_query?where-genus=Batrachoseps&where-species=minor ),

660  which states: “Fewer than five of these [lesser slender] salamanders have been seen in the past

661  decade despite many attempts to find them. Although some areas within the historical range of

662 this species have been modified for agriculture (i.e., conversion to vineyards), ample habitat

663  remains and there is no obvious reason for this decline in abundance.” |Although land was

664  converted several decades ago for the York Mountain Vineyards and Winery, this land

665  conversion occurred adjacent to, but not within, habitat for the lesser slender salamander.
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670  The Service accessed the California Roadkill Observation System Lo et
671 (http://www.wildlifecrossing.net/california/) on August 21, 2018, and found no records

672 documenting road mortality of lesser slender salamanders (or any other slender salamander

673  species). Our search corroborates the information provided by Dr. Sweet regarding the lack of

674  data supporting road mortality as a threat to lesser slender salamanders.

675

676  Batrachochytrium dendrobatidis (Bd) is a fungal pathogen which can cause chytridiomycosis, a

677  highly infectious amphibian disease associated with mass die-offs, population declines and

678  extirpations, and potentially species extinctions on multiple continents (Berger et al. 1998, pp.

679  9031-9036; Bosch et al. 2001, pp. 331-337; Lips et al. 2006, pp. 3165-3166).

680

681  The best available information we have regarding the lesser slender salamander has led us to

682  determine that we need to consider further how climate change and disease are impacting the

683  viability of the lesser slender salamander in this SSA now and into the future.

684

6858.3 Potential Threats

686

6878.3.1 Changes in Climate Conditions

688

689  The summer of 2017 was the warmest in California since record keeping began in the late 1800°s

690  (NOAA National Centers for Environmental Information 2018). Considering data up to 2015,

691  Brown et al. (2016, entire) reported that most of the warming occurred in the past 35 years with

692 15 of the 16 warmest years occurring since 2001. The 3-year period from 2012 to 2014 was the

693  hottest and driest in California in the 100-year timeframe considered (Mann and Gleick 2015, p.

694  3858), and it was the most severe drought in California in the past 1,200 years (Griffin and

695  Anchukaitis 2014, p. 9017). According to Thorne et al. (2017, entire), this trend appears likely to

696  continue; however recent projections for California indicate that while temperatures will

697  significantly increase, no significant change in precipitation is predicted (He et al. 2018, entire).

698  Also, He et al. (2018, p. 17) reports a decreasing tendency for severe droughts.

699

700  The lesser slander salamander is a Priority 2 (out of 3) taxon for drought vulnerability based on

701 the California Department of Fish and Wildlife’s rapid assessment of the vulnerability of

702 sensitive California wildlife to extreme drought (CDFW 2016, p. 28). Drought vulnerability was

703 assessed for special status amphibians, reptiles, birds, and mammals using scores for three risk
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704  categories and three life history/status criteria. Priority 1 were those taxa found to be most

705  vulnerable to extended or frequent severe drought and resultant risk of extirpation. Priority 2 was
706  created to capture taxa that have an elevated drought risk but do not meet the conditions of high
707  priority taxa, which were placed in Priority 1. Priority 3 included all other taxa evaluated with
708 lower drought risk.

709

710  Current effects to the lesser slender salamander from increased temperatures due to climate

711 change include, but are not limited to: reduction of cool, moist areas that supply habitat and

712 reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist
713 places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at
714 night when conditions are suitable. Slender salamanders use damp locations under logs, bark,
715  and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps,

716  suggesting that they may be behaviorally flexible to finding locations with the appropriate

717 conditions for breeding, feeding, and sheltering in a changing climate. The species may continue
718  to be affected by changes in climate on the individual level due to increasing temperatures, but
719  we do not anticipate a current population-level effect.

720

7218.3.2 Disease

722

723 Disease has the potential to cause catastrophic loss of lesser slender salamanders. There are two
724  pathways by which disease could result in a catastrophic mortality event for the lesser slender
725  salamander. Mortality events could be caused by existing pathogens or through the introduction
726  of novel pathogens.

727

728  The chytrid fungus Batrachochytrium dendrobatidis (Bd) was identified in 1999 and has been
729  attributed to the primary cause of decline for many amphibians. Bd is a fungal pathogen that can
730  cause chytridiomycosis and it has been documented in wild lesser slender salamander

731 individuals. A second type of chytrid fungus (Batrachochytrium salamandrivorans, Bsal) is

732 emerging in Europe. While Bsal primarily affects salamanders, frogs can also become infected
733 and spread this disease. Additionally, the disease Ranavirus has been documented in northern
734  California but has not been observed in lesser slender salamanders, but could be spread into the
735 range of the lesser slender salamander.

736

737 Given the high risk of Bsal invasion, the Service recently listed 20 amphibian genera known to
738  carry Bsal as injurious under the Lacey Act to limit importation into the United States (USFWS
739 2016, entire). Despite this protection, it is possible that an unknown carrier or illegal import

740  could introduce this pathogen into salamander populations in California.

741

742 Emerging infectious diseases (EIDs) have been increasing in large part because of globalization
743 and the increased frequency and rapidity of international travel and trade (McLean 2007, p. 262;
744 Brand 2013, p. 447; Smith et al. 2017, pp. 30-31). Global wildlife trade is a significant

745  contributor and occurs mostly through uncontrolled or illegal networks, and involves millions of
746 birds, mammals, reptiles, amphibians, and fish every year (Karesh et al. 2005, p. 1000; Smith et
747 al. 2017, pp. 30-31). Increasingly, disease is being recognized as a driver of population declines
748  and extinctions (Brand 2013, p. 447; McPhee and Greenwood 2013, p. 6), and amphibians are
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one of the vertebrate groups most negatively impacted by the introduction of EIDs world-wide
(Martel et al. 2014; Chambouvet et al. 2015; Berger et al. 2016, entire).

Batrachochytrium dendrobatidis

Batrachochytrium dendrobatidis (Bd) is a fungal pathogen which can cause chytridiomycosis, a
highly infectious amphibian disease associated with mass die-offs, population declines and
extirpations, and potentially species extinctions on multiple continents (Berger et al. 1998, pp.
9031-9036; Bosch et al. 2001, pp. 331-337; Lips et al. 2006, pp. 3165-3166). Bd attacks the
keratinized tissue of amphibian skin and can lead to thickened epidermis, lesions, body swelling,
lethargy, loss of righting reflex, and death in all life stages (Berger et al. 1998, pp. 9031-9036;
Bosch et al. 2001, p. 331; Carey et al. 2003, p. 130). Chytridiomycosis infection rates among
amphibians exposed to Bd vary by species (Woodhams et al. 2007, p. 4), and resistance to Bd
infection in some amphibians is likely related to levels of antimicrobial peptides found in skin
secretions (Woodhams ef al. 2007, p. 4), beneficial skin bacteria (Harris et al. 2006, p. 55), and
possibly frequent skin shedding (Woodhams et al. 2007, p. 6). The effects of chytridiomycosis
can vary among host species and life stages (Gervasi et al. 2013) and can even vary between
populations of the same species (Bradley et al. 2015). Resistance can be reversed under certain
environmental conditions, for example those that can exert stress and immunosuppression
(Ramsey et al. 2010). Thus, the prevalence of Bd (i.e., number of positives/number sampled) in
different populations is likely reflecting the interaction between the host, the pathogen strain, and
the environmental conditions they encounter (Spitzen-Van der Sluijs et al. 2014; Bacigalupe et
al. 2017).

Lesser slender salamanders are susceptible to contracting chytrid. The U.S. Geological Survey
(USGS) conducted an analysis of samples collected in 2017 from eight individual lesser slender
salamanders. Their provisional results for Bd in lesser slender salamanders determined that, of
the three occurrence locations from which samples were taken, all samples from two of the
occurrence locations (Toro Creek and Santa Rita Creek ) were Bd positive, while those from
Trout Creek were negative for Bd (R. Fisher pers. Comm. 2018).

The prevalence of Bd in lesser slender salamanders is not known; however, a study was
conducted on another slender salamander species that occurs in California, B. attenuates (Sette et
al. 2015, entire). Sette et al. (2015) found Bd infection and spread in B. attenuatus in proximity
to the greater Bay Area of northern California. From the museum specimens used in their study,
Bd was first found in B. attenuatus during the 1960s (Sette et al. 2015, p. 24). Bd prevalence in
B. attenuatus peaked in the 1990s, and in 2013 the prevalence of Bd in B attenuatus had
decreased from the levels found in the 1990s (Sette et al. 2015, pp. 24-25).

The effects of Bd infection on lesser slender salamanders are not known; however, studies on the
effects of Bd to two other slender salamander species that occur in California, B. attenuatus and
B. luciae, have been conducted. Weinstein (2009, entire) conducted studies investigating the
effects of Bd on B. attenuatus. Under one study, Weinstein (2009, p. 655) collected 30 living
individuals of B attenuatus from the wild, 19 of which were determined to have been infected
with Bd in the wild; 18 (95%) died within 70 days and all of the individuals infected with Bd
died in the lab over the course of the approximate 120-day study, while 10 of 11 uninfected
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individuals survived. In a second study, Weinstein (2009, pp. 654-657) collected individuals of
B. attentuatus from the wild and infected them with Bd in the lab; those held in the experimental
dry conditions (95% relative humidity) began reducing their zoospore counts after inoculation
and all individuals lost their infections and survived more than 95 days. This suggests that
slender salamanders could shed Bd infection during dry periods. Sparagon (2015) examined Bd
susceptibility in individuals carrying wild Bd infections and individuals inoculated with lab
grown Bd. Experiments demonstrated significant differences in B. luciae mortality rates from
wild Bd and lab grown Bd infections. Those with wild infections had a 77.8% mortality rate;
those infected in the lab had a 25% mortality rate, suggesting that B. luciae is susceptible to
infection and death from wild Bd (Sparagon 2015, pp. 20-25).

The details of how Bd moves through the environment resulting in the spread of disease is not
well understood, but could occur through reservoir species (Reeder et al. 2012, pp. 4-5). The
Pacific chorus frog (Pseudacris regilla) is common and widespread across California (Stebbins
and McGinnis 2012, pp. 180-181). Pacific chorus frogs can withstand high Bd zoospore loads
without symptoms or mortality (Reeder et al. 2012, pp. 2-3). Additionally, four species of Pacific
newts (Genus Taricha) are common and widespread across coastal California (Stebbins and
McGinnis 2012, pp. 92-103) and may serve as a reservoir for chytridiomycosis in terrestrial
salamanders (Chaukulkar ez al. 2018, p. 6). Infected bullfrog (Rana catesbiana) tadpoles can also
be effective vectors of Bd (Miaud et al. 2016, entire). Lesser slender salamanders do not have an
aquatic phase, unlike Pacific chorus frogs and Pacific newts which require an aquatic larval
phase, and the ability for Bd zoospores to survive can be reduced in dry terrestrial environments,
potentially lessening the likelihood of Bd spread from reservoir species with an aquatic life stage
to slender salamanders.

Batrachochytrium salamandrivorans

The fungal pathogen Bsal invaded Europe from Asia around 2010 and is responsible for causing
mass die-offs of fire salamanders (Salamandra salamandra) in northern Europe (Martel et al.
2014, p. 631; Fisher 2017, p. 300-301). Given unregulated trade and the recent discovery of Bsal
in amphibians, there is concern about the introduction of a novel pathogen causing extirpations
of salamander populations in North America which have never been exposed to the disease (Yap
et al. 2017, entire). While we still do not have a clear understanding of all of the salamander
species that will be susceptible to Bsal, there is concern that lesser slender salamanders could be
impacted. The Pacific coast, including the range of the lesser slender salamander, is one the
regions with the highest risk of introduction of Bsal (Richgels et al. 2016, p. 5; Yap et al. 2015,
p- 482) and highest risk of Bsal to native salamanders (Richgels et al. 2016, p.6).

Given the high risk of Bsal invasion, the Service recently listed under the Lacey Act 20
amphibian genera known to carry Bsal as injurious, in order to limit importation into the United
States (Service 2016b, entire). The USGS conducted an analysis of samples collected in 2017
from eight individual lesser slender salamanders. Their provisional results for Bsal determined
that of the three occurrence locations from which samples were taken, all samples were negative
for Bsal (R. Fisher pers. Comm. 2018).

Ranaviruses
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Ranaviruses are another emerging group of pathogens affecting amphibian populations
worldwide. Ranavirus is one of five genera in the family Iridoviridae, a family of viruses known
to infect a diversity of invertebrate and ectothermic (cold-blooded) vertebrate hosts. Ranaviruses
were originally detected in frogs (Granoff et al. 1965, pp. 237-255; Rafferty 1965, pp. 11-17) but
are now known to infect and cause disease in fish, reptiles, and other amphibians (Marschang
and Miller 2012, p. 1). Ranaviruses are often virulent and can cause systemic infections in
amphibians (Daszak et al. 1999, p. 742). Mortality caused by ranaviruses has been reported from
five continents and in most of the major families of frogs and salamanders (Gray et al. 2009, pp.
243-244).

Amphibian larvae seem to be the developmental stage most susceptible to ranaviruses (Daszak et
al. 1999, p. 742), with physical characteristics of infections in larval stages including skin
hemorrhages, ulcers, and bloating (Marschang and Miller 2012, p. 1). Overt signs of infection
may not be exhibited in juvenile and adult stages (Daszak et al. 1999, p. 742), but when present
typically include skin abnormalities (e.g., sloughing, hemorrhaging) and sometimes necrosis
(tissue death) of digits and limbs (Cunningham et al. 1996, pp. 1539, 1541; Jancovich et al.
1997, p. 163). The exact mechanism by which Ranavirus infections cause amphibian mortalities
remains unclear, but hemorrhaging in skeletal tissue (Daszak et al. 1999, p. 743) and extensive
necrosis in the liver, spleen, kidneys, and digestive tract have been observed in infected
individuals (Gray et al. 2009, p. 253). It is also postulated that viral infections may suppress the
immune system, resulting in secondary invasion by opportunistic pathogens (Miller et al. 2008,
p. 448).

Sutton et al. (2015, entire) sampled fourteen species of Plethodontid salamanders (none from
genus Batrachoseps) from Great Smoky Mountains National Park and tested the individuals for
Ranavirus. Of the total 566 salamanders that were sampled, 103 were positive for Ranavirus,
across 11 of the 14 species (Sutton et al. 2015, p. 324). Ranavirus outbreaks among lesser
slender salamanders have not been documented.

8718.4 Summary -- Current Condition
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The lesser slender salamander is [currently known to be present in all eight occurrence locations;
presumably the species’ current range is the same as its historic range. Current population
abundance for the lesser slender salamander at each occurrence is unknown. The two threats that
could be have the greatest impact on populations or rangewide are: (1) changing climate
conditions, and (2) disease.

Current effects to the lesser slender salamander from increased temperatures due to climate
change include, but are not limited to: reduction of cool, moist areas that supply habitat and
reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist
places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at
night when conditions are suitable. Slender salamanders use damp locations under logs, bark,
and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps,
suggesting that they may be behaviorally flexible to finding locations with the appropriate
conditions for breeding, feeding, and sheltering in a changing climate. The species may continue
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to be affected by changes in climate on the individual level due to increasing temperatures, but
we do not anticipate a current population-level effect.

As for disease, Bd has been found in lesser slender salamanders, however the vulnerability of
lesser slender salamanders to Bd infection and developing chytridiomycosis is unknown. Two
congeners have differing susceptibility. In B. attenuatus, there is some level of susceptibility to
infection, however it appears that Bd prevalence has been decreasing over time in this species. In
contrast, B. luciae appears to be highly susceptible to Bd infection. While the lesser slender
salamander has been shown to be susceptible to Bd there are no data to suggest current die-offs,
and individual lesser slender salamanders may have the potential to shed the infection as habitat
conditions become drier over the summer months, which would decrease the prevalence of
disease in the population.

At this time, climate effects and disease are potential threats that could affect all salamander
species. Currently the best available data indicates that climate change and disease will affect B.
minor on an individual level. We do not anticipate that climate effects or disease are population-
level threats to the species because B. minor is flexible in behavior and can find suitable habitat
when faced with the effects of climate change and the prevalence of disease may be reduced due
to drier conditions.

All of the previously discussed threats may act on the lesser slender salamander in combination
and we evaluated all of these threats combined to examine the total effect on the species. In
particular, threats such as habitat loss, road mortality, climate change and disease may act on the
lesser slender salamander in combination to affect the species. Some minor habitat loss may
occur along with random road mortalities and continued climate change effects with occasional
disease could occur together to affect the lesser slender salamander. Yet, even cumulatively,
there is little suggest that anything more than a few individuals are being currently affected. We
evaluated the combined effects of pesticide drift, overutilization, collection or predation and we
found no information to indicate that they are a concern for the lesser slender salamander under
current conditions. The totality of effects from all of the identified threats is likely to affect the
lesser slender salamander on the individual scale, but we do not anticipate that these combined
effects are having negative impacts at the population- or on the species-wide scale.

9208.5 Summary Current Condition — Resiliency, Representation, and Redundancy
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We do not have data to determine the resiliency of lesser slender salamander populations.
Resiliency is positively related to population size and growth rate and may be influenced by
connectivity among populations. We would need information on abundance, growth rate, or an
acceptable proxy to determine resiliency and currently no data are available to us. At this time,
the best available information indicates that the species is extant at all eight occurrence locations.
These occurrence locations encompass the north-south and east-west gradients within its limited
distribution, presumably maintaining the relevant adaptive capacity for the species that
comprises representation. While redundancy will always be very limited for local, endemic
species with a naturally limited range, we believe the lesser slender salamander would be able to
withstand a catastrophic event because having [8 populations likely provides them with enough

redundancy to recover from such a loss.
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9349.0 POTENTIAL FUTURE CONDITIONS
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We use 25 years as our future timeframe as it encompasses 1-2 regular drought cycles in
California and encompasses projections for climate change. We forecast the status of the lesser
slender salamander after 25 years under two plausible future scenarios, one with continued
climate-related effects and disease at the current level, and a second with continued climate-
related effects and increased disease susceptibility.

9429.1 Changes in Climate Conditions
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Changes in climate have been observed in recent years and are predicted to continue in
California (Frankson et al. 2017, p. 1). This can include extreme events such as multi-year
droughts or heavy rain events (Frankson et al. 2017, pp. 2-5). Pierce et al. (2013, entire)
estimated future changes in temperature and precipitation patterns in California by the 2060s and
determined that historically maximum July temperatures are likely to increase and heat waves
may span longer durations. Summer temperatures are anticipated to increase along the central
coast of California (Pierce et al. 2013, p. 843 figure 2b), which could lead to increased
evapotranspiration (Diffenbaugh et al. 2015, p. 3994). Droughts associated with increased
warming in California are anticipated to increase (Diffenbaugh et al. 2015, p. 3934; Williams et
al. 2015, p. 6826; Cook et al. 2015, p. 6). Additionally, Cvijanovic et al. (2017, p. 8) identified
that as the Artic sea-ice cover decreases, precipitation amounts in California decrease, resulting
in the potential increase in future droughts in California. Dettinger (2011, pp. 521-522)
determined that in the future, extreme storm events may increase in severity beyond historic
levels of intensity with potential to increase flood risks and to increase the potential for flooding
to occur before and after the primary historical flood season in California.

He et al. (2018, p. 4) evaluated historical and projected precipitation and maximum and
minimum temperature data, and developed projections for 2020-2099 based on climate model
simulations for hydrologic basins of California. The study used two 40-year future periods, mid-
century (2020-2059) and late-century (2060-2099), which was compared to a historical
(baseline) period of 1951-1990 (He et al. 2018, p. 6). All projections on mean annual maximum
temperature and minimum temperature showed significant increasing trends. However, no
significant trends were detected in historical annual and wet season precipitation for any study
regions (He ef al. 2018, p. 14-15). When looking at drought projections, there was no consensus
among projections; however, the majority of projections show a decreasing tendency for severe
droughts due to increase in annual precipitation (He et al. 2018, p. 17). While there were no
significant trends in precipitation for any study regions, most regions are also expected to see an
increase in annual precipitation, with the Central Coast region experiencing a +6.4% under RCP
4.5 scenario by mid-century, and an increase of +6.2% by late-century (He et al. 2018, pp. 8-9;
Figure 4a, 4c¢).

Overall, projections of climate change along the central coast of California indicate that
temperature will increase over the next 25 years. Patterns of precipitation in the future are less
clear; however, when storms do occur, they will likely be more severe than historical/baseline
conditions.
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9809.2 Disease
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Bd has been confirmed in the lesser slender salamander but the specific effects of Bd infection in
wild individuals and how this might change in the next 25 years is unknown. Some amphibian
species appear to be tolerant of infection from Bd, while others experience extirpation (Louca et
al. 2014, entire). Padgett-Flohr and Hopkins (2009, entire) evaluated museum specimens and
found that Bd has been in central California since at least 1961, suggesting Bd is now endemic
throughout most of central California, (Padgett-Flohr and Hopkins 2009, p. 8).

Xie et al. (2016) projected how climate may influence Bd distribution globally into the future
(Xie et al. 2016, entire). They found that Bd ranges will shift into higher latitudes and altitudes
(Xie et al. 2016, p. 14) but did not project future virulence in areas where Bd already occurs.
Changes in climate could create situations (e.g., microclimate suitable for the pathogen, shifting
species distributions) that shift the pattern for Bd, which could increase or decrease disease risk
for the lesser slender salamander and other amphibians (e.g., Adams et al. 2017, entire).

For Bsal, Richgels et al. (2016, entire) predict that the Pacific coast, southern Appalachian
Mountains and mid-Atlantic regions will have the highest relative risk from Bsal, if it were to get
into the United States. Given the high risk of Bsal invasion, the Service recently listed 20
amphibian genera known to carry Bsal as injurious under the Lacey Act to limit importation into
the United States (USFWS 2016, entire). Given this, we do not anticipate that Bsal is likely
cause population-level declines in the lesser slender salamander in the next 25 years.

10039.3 Cumulative Effects
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All of the previously discussed threats may act on the lesser slender salamander in combination
and we evaluated all of these threats combined to examine the total effect on the species. In
particular, threats such as habitat loss, road mortality, climate change and disease may act on the
lesser slender salamander in combination to affect the species. Some minor habitat loss may
occur along with random road mortalities and continued climate change effects with occasional
disease could occur together to affect the lesser slender salamander. Yet, even cumulatively,
there is little suggest that anything more than a few individuals are being currently affected. We
evaluated the combined effects of pesticide drift, overutilization, collection or predation and we
found no information to indicate that they are a concern for the lesser slender salamander in the
future. The totality of effects from all of the identified threats is likely to affect the lesser slender
salamander on the individual scale, but we do not anticipate that these combined effects are
having negative impacts at the population- or on the species-wide scale.

10189.4 Future Scenario 1: Climate and Disease Continuation
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Under Future Scenario 1 (Climate and Disease Continuation), we evaluated the status of the
lesser slender salamander after 25 years with continued climate-related effects and disease at the
current level. Projections of climate change along the central coast of California indicate that
temperature will increase over the next 25 years. Patterns of precipitation in the future are less
clear.
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Current effects to the lesser slender salamander from increased temperatures due to climate
change include, but are not limited to: reduction of cool, moist areas that supply habitat and
reduced survival of all life stages. During the daytime, Plethodontid salamanders inhabit moist
places under rocks, bark, logs, within rotten wood, and in animal burrows, and they emerge at
night when conditions are suitable. Slender salamanders use damp locations under logs, bark,
and rocks, in leaf litter and termite galleries, and in crevices of rocks, logs, and stumps,
suggesting that they may be behaviorally flexible to finding locations with the appropriate
conditions for breeding, feeding, and sheltering in a changing climate. The species may continue
to be affected by changes in climate on the individual level due to increasing temperatures, but
we do not anticipate a current population-level effect.

As for disease, Bd has been found in lesser slender salamanders, however the vulnerability of
lesser slender salamanders to Bd infection and developing chytridiomycosis is unknown. Two
congeners have differing susceptibility. In B. attenuatus, there is some level of susceptibility to
infection, however it appears that Bd prevalence has been decreasing over time in this species. In
contrast, B. luciae appears to be highly susceptible to Bd infection in the wild. While the lesser
slender salamander has been shown to be susceptible to Bd there are no data to suggest current
die-offs. In this scenario, we assume that the lesser slender salamander is able to stave off a
large-scale disease event due to similarity in disease susceptibility and trends to B. attenuatus.
Given that currently we do not anticipate that disease is population-level threats to the lesser
slender salamander, at this continued level and with similarity in disease susceptibility and trends
to B. attenuates, we do not anticipate a population-level effect in the next 25 years.

10499.5 Future Scenario 2: Climate Continuation and Increased Disease
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Under Future Scenario 2 (Climate Continuation and Increased Disease), we evaluated the status
of the lesser slender salamander after 25 years with continued climate-related effects and
increased disease susceptibility. The climate portion of this scenario is the same as in Scenario 1
and therefore we anticipate that if current trends in climate continue, the species may be affected
by changes in climate on the individual level due to increasing temperatures, but we do not
anticipate a population-level effect in the next 25 years.

As for potential increase in disease, under this scenario we assume greater susceptibility to
existing pathogens. Specifically, Bd has been found in lesser slender salamanders, however the
vulnerability of lesser slender salamanders to Bd infection and developing chytridiomycosis is
unknown. It is possible that the lesser slender salamander has similar susceptibility to B. luciae,
which appears to be highly susceptible to wild Bd infection. The USGS tested eight individual
lesser slender salamanders collected in 2017 for Bd and found that 2 of the 3 sampled occurrence
locations were positive for Bd. Specifically, of the three occurrence locations from which
samples were taken, all samples from two of the occurrences (Toro Creek and Santa Rita Creek)
were Bd positive, while those from Trout Creek were negative for Bd (R. Fisher pers. Comm.
2018).

Given that (1) Bd is currently found in 2 populations, (2) Bd appears to have been in California

since the 1960s, peaked in the 1990s, and decreased since then, and (3) the effects of
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chytridiomycosis can even vary between populations of the same species (Bradley et al. 2015,
entire), we predict that in the next 25 years, 2 of the 8 occurrence locations will have an
associated mass die off and population declines due to Bd under the assumption that the lesser
slender salamander has similar susceptibility to B. luciae). The extent of the population declines

will be dependent on the variation in infection rate and whether there are resistant individuals
who are selected for during such a disease event. Disease at a population-level within 2 of the 8
occurrence locations in the next 25 years would decrease the resiliency of those infected lesser
slender salamander occurrence locations. If occurrence locations were extirpated due disease,
this would decrease the species already limited distribution.

10819.6 Summary of Future Threats
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We assessed likely change in climate effects and disease 25 years into the future. Projections of
climate change along the central coast of California indicate that temperature will increase in the
next 25 years. Current effects to the lesser slender salamander from increased temperatures due
to climate change include, but are not limited to: reduction of cool areas that supply habitat and
reduced survival of all life stages. The species may continue to be affected by changes in climate
on the individual level due to increasing temperatures, but we do not anticipate a current
population-level effect.

Potential future effects from disease to the lesser slender salamander are unknown. We know that
lesser slender salamanders have tested positive for Bd, but we do not know the species’
vulnerability to Bd infection and developing chytridiomycosis. Bd appears to have been in
California since the 1960s, peaked in the 1990s, and decreased since then. The effects of
chytridiomycosis can vary between populations of the same species (Bradley et al. 2015). The
prevalence of Bd (i.e., number of positives/number sampled) in different populations is likely
reflecting the interaction between the host, the pathogen strain, and the environmental conditions
they encounter (Spitzen-Van der Sluijs et al. 2014; Bacigalupe et al. 2017). We forecast the
status of the lesser slender salamander after 25 years under two future scenarios, one with
continued climate-related effects and disease at the current level, and a second with continued
climate-related effects and increased disease susceptibility.

Under Scenario 1 (Climate and Disease Continuation), we found that lesser slender salamanders
may be behaviorally flexible to finding locations with the appropriate conditions for breeding,
feeding, and sheltering in a changing climate. If current trends in climate continue, the species
may continue to be affected by changes in climate on the individual level due to increasing
temperatures, but we do not anticipate a population-level effect in the next 25 years. As for
potential disease, we determined that the lesser slender salamander may able to stave off a large-
scale disease event due to assumed similarity in disease susceptibility to B. attenuatus. Given
that currently we do not anticipate that disease is a population-level threat to the lesser slender
salamander, at this continued level with susceptibility similar to B. attenuates, we do not
anticipate a population-level effect in the next 25 years.

Under Scenario 2 (Climate Continuation and Increased Disease), the climate portion is the same
as in Scenario 1 and therefore we anticipate that if current trends in climate continue, we do not
anticipate a population-level effect in the next 25 years. As for potential increase disease, under
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1117  this scenario we assume greater susceptibility to Bd. It is possible that the lesser slender

1118  salamander has similar susceptibility to B. luciae, which appears to be highly susceptible to wild
1119  Bd infection. Based on the USGS findings that 2 of the occurrence locations tested positive for
1120 Bd, we assume that approximately 2 of the [§ occurrence locations will have an associated mass
1121 die off and population declines due to Bd in the next 25 years. This could decrease the resiliency
1122 of those 2 lesser slender salamander occurrence locations. The resiliency of the rest of the Comment [45]: 9
1123 occurrence locations would not be affected. If there were extirpations, species representation and
1124  redundancy could be reduced.

1125

1126 In summary, both of the two future scenarios do not anticipate a population-level effect from
1127  changing climate in the next 25 years. Our first future scenario does not anticipate that disease is
1128  population-level threat to the lesser slender salamander in the next 25 years; whereas the second
1129  future scenario suggests that disease could be a population-level threat to the species, but would
1130  not occur rangewide.

1131

113210.0 OVERALL SYNTHESIS

1133

1134  Resiliency, Redundancy, and Representation

1135

1136 At this time, we do not have any data to determine the resiliency of lesser slender salamander
1137 populations. However, the best available information indicates that the species is extant at all 8
1138 occurrences, These occurrences encompass the north-south and east-west gradients within its
1139 limited distribution, maintaining species representation. While redundancy will always be limited 8lj 1/8/1910:33 PM
1140  for species with limited range, it appears that the redundancy of the lesser salamander is S]?Smment [46]: see previous comments about
1141  sufficient.

1142

1143 In the future, we assessed the status of the lesser slender salamander under two scenario 25 years
1144  into the future. The first future scenario does not anticipate a population-level effect from

1145  changing climate or disease in the next 25 years, suggesting that occurrence location resiliency
1146 and species representation and redundancy would remain unchanged. Our second future scenario
1147  does not anticipate a population-level effect from changing climate but does anticipate that

1148  disease could be a population-level threat to the species, but would not occur rangewide. Where
1149  disease occurs the resiliency of those populations would be reduced. If populations were able to
1150  recover from declines and no extirpations occurred, species representation and redundancy may
1151  remain unchanged. If extirpations occurred, species representation and redundancy could be

1152 reduced.
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APPENDIX I. Existing Regulatory Mechanisms

Eight occurrences of the lesser slender salamander have been found at locations along the Santa
Lucia Range in San Luis Obispo County, California. From north to south the occurrence
locations are referred to as: (1) Las Tablas Ridge, (2) Black Mountain, (3) York Mountain, (4)
Santa Rita Creek, (5) Toro Creek, (6) Cerro Alto, (7) Cuesta Ridge, and (8) Trout Creek (S.
Sweet pers. comm. 2017.). We define “occurrences locations” as the locality where lesser
slender salamanders have been found. Two of the 8 occurrence locations are on U.S. Forest
Service Lands (Cerro Alto and Cuesta Ridge: Los Padres National Forest, Santa Lucia Ranger
District); the other 6 occurrence locations are on private land, of which, 2 are within the Los
Padres National Forest boundary (Toro Creek and Trout Creek).

Federal Mechanisms

All Federal agencies are required to adhere to the National Environmental Policy Act (NEPA) of
1970 (42 U.S.C. 4321 et seq.) for projects they fund, authorize, or carry out. Prior to
implementation of such projects with a Federal nexus, the NEPA requires the agency to analyze
the project for potential impacts to the human environment, including natural resources. The
Council on Environmental Quality’s regulations for implementing the NEPA states that agencies
shall include a discussion on the environmental impacts of the various project alternatives
(including the proposed action), any adverse environmental effects that cannot be avoided, and
any irreversible or irretrievable commitments of resources involved (40 CFR part 1502). The
public notice provisions of the NEPA provide an opportunity for the Service and other interested
parties to review proposed actions and provide recommendations to the implementing agency.
The NEPA does not impose substantive environmental obligations on Federal agencies—it
merely prohibits an uninformed agency action. However, if an Environmental Impact Statement
is prepared for an agency action, the agency must take a “hard look™ at the consequences of this
action and must consider all potentially significant environmental impacts. Federal agencies may
include mitigation measures in the final Environmental Impact Statement as a result of the NEPA
process that may help to conserve the Panamint alligator lizard or its habitat.

The Organic Act of 1897 (16 U.S.C. 475-482) established general guidelines for administration
of timber on U.S. Forest Service (USFS) lands, which was followed by the Multiple-Use
Sustained- Yield Act (MUSY) of 1960 (16 U.S.C. 528-531), which broadened the management
of USFS lands to include outdoor recreation, range, watershed, and wildlife and fish purposes.

The National Forest Management Act (NFMA) of 1976 (16 U.S.C. § 1600 et seq.) requires the
USFS to develop a planning rule under the principles of the MUSY of 1960 (16 U.S.C. 528—
531). The NFMA outlines the process for the development and revision of the land management
plans and their guidelines and standards [16 U.S.C. 1604(g)]. A new National Forest System
(NFS) land management planning rule (Planning Rule) was adopted by the USFS in 2012 (77 FR
21162; April 9, 2012). The new Planning Rule guides the development, amendment, and revision
of land management plans for all units of the NFS to maintain and restore NFS land and water
ecosystems while providing for ecosystem services and multiple uses. Land management plans
(also called Forest Plans) are designed to: (1) Provide for the sustainability of ecosystems and
resources; (2) meet the need for forest restoration and conservation, watershed protection, and
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species diversity and conservation; and (3) assist the USFS in providing a sustainable flow of
benefits, services, and uses of NFS lands that provide jobs and contribute to the economic and
social sustainability of communities (77 FR 21261, April 9, 2012). A land management plan
does not authorize projects or activities, but projects and activities must be consistent with the
plan (77 FR 21261; April 9, 2012). The plan must provide for the diversity of plant and animal
communities, including species-specific plan components in which a determination is made as to
whether the plan provides the “ecological conditions necessary to . . . contribute to the recovery
of federally listed threatened and endangered species . . .” (77 FR 21265; April 9, 2012).

The Record of Decision for the final Planning Rule was based on the analyses presented in the
Final Programmatic Environmental Impact Statement, National Forest System Land
Management Planning (77 FR 21162-21276; April 9, 2012), which was prepared in accordance
with the requirements of the NEPA. In addition, the NFMA requires land management plans to
be developed in accordance with the procedural requirements of the NEPA, with a similar effect
as zoning requirements or regulations as these plans control activities on the national forests and
are judicially enforceable until properly revised (Wilkinson and Anderson 2002, entire).

Two of the 8 occurrence locations are on U.S. Forest Service Lands (Los Padres National Forest,
Santa Lucia Ranger District) and 2 others occurrences are within the Los Padres National Forest
boundary. There is no Forest Service management plan in place for the Los Padres that includes
amphibian management. There is a forest-wide management plan that outlines general
approaches to forest management, and management plans are developed on a project-by-project
basis (Cooper pers. comm. 2018).

State Mechanisms

The lesser slender salamander is designated as a California Department of Fish and Wildlife
Species of Special Concern (California Department of Fish and Wildlife Natural Diversity
Database, 2018). It is the goal and responsibility of the California Department of Fish and
Wildlife to maintain viable populations of all native species. To this end, the Department has
designated certain vertebrate species as Species of Special Concern because declining population
levels, limited ranges, and/or continuing threats have made them vulnerable to extinction. The
goal of designating species as “Species of Special Concern” is to halt or reverse their decline by
calling attention to their plight and addressing the issues of concern early enough to secure their
long term viability. Not all “Species of Special Concern” have declined equally; some species
may be just starting to decline, while others may have already reached the point where they meet
the criteria for listing as a “Threatened” or “Endangered” species under the State Endangered
Species Act. The lesser slender salamander is not listed under the State Endangered Species Act.

California SSCs should be considered during the environmental review process under the
California Environmental Quality Act (CEQA; California Public Resources Code §§ 21000-
21177). Similar to the Federal NEPA, the CEQA requires State agencies, local governments, and
special districts to evaluate and disclose impacts from “projects” in the State. Section 15380 of
the CEQA Guidelines indicates that California SSCs should be included in an analysis of project
impacts if they can be shown to meet the criteria of sensitivity outlined therein.
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actions; and to ensure that reviews by recognized experts are incorporated into our final
rulemaking processes. Please let us know if you would like us to provide any of the referenced
materials to help facilitate your review.

Please note that we are not seeking advice on policy or recommendations on the legal status of
the species. Rather, we request that peer reviewers focus their review on identifying and
characterizing scientific uncertainties, and on ensuring the accuracy of the biological and land and
water use information in the SSA. Specifically, we ask peer reviewers to focus their comments on
the following:

(1) Have we assembled and considered the best available scientific and commercial
information relevant to this species?

(2) Is our analysis of this information correct?
(3) Are our scientific conclusions reasonable in light of this information?

Our updated peer review guidelines also require that all peer reviewers fill out a conflict of
interest form. We will carefully assess any potential conflict of interest or bias using applicable
standards issued by the Office of Government Ethics and the prevailing practices of the National
Academy of Sciences (http://www.nationalacademies.org/coi/index.html). Divulging a conflict
does not invalidate the comments of the reviewer; however, it will allow for transparency to the
public regarding the reviewer's possible biases or associations. If we receive comments from a
reviewer that we deem to have a substantial conflict of interest, we will evaluate the comments in
light of those conflicts, and may choose not to give weight to those comments if the conflict is
viewed as problematic. You may return the completed conflict of interest form either prior to or
with your peer review.

So that we may fully consider any input and coordinate other peer review comments as we
develop the final SSA, and ensure adequate time to complete our 12-month finding, we are
requesting peer review comments by January 10, 2019. If you are willing to peer review but are
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mailto:deborah_giglio@fws.gov
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Conflict of Interest Disclosure Form

Note: A potential or actual conflict of interest exists when commitments and obligations are likely to be
compromised by the nominator(s)’ other material interests, or relationships (especially economic),
particularly if those interests or commitments are not disclosed.

This Conflict of Interest Form should indicate whether the nominator(s) has an economic interest in, or
acts as an officer or a director of, any outside entity whose financial interests would reasonably appear
to be affected by the addition of the nominated condition to the newborn screening panel. The
nominator(s) should also disclose any personal, business, or volunteer affiliations that may give rise to a
real or apparent conflict of interest. Relevant Federally and organizationally established regulations and
guidelines in financial conflicts must be abided by. Individuals with a conflict of interest should refrain
from nominating a condition for screening.

Date:
Name:

Position:

Please describe below any relationships, transactions, positions you hold (volunteer or otherwise), or
circumstances that you believe could contribute to a conflict of interest:

I have no conflict of interest to report.

| have the following conflict of interest to report (please specify other nonprofit and for-profit

boards you (and your spouse) sit on, any for-profit businesses for which you or an immediate family
member are an officer or director, or a majority shareholder, and the name of your employer and any
businesses you or a family member own:

| hereby certify that the information set forth above is true and complete to the best of my knowledge.
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Date:
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Sheet1

		Reviewer Name		Chapter		Page		Line #		Comment

		David B. Wake		3.2		9				Species descriptions.  I object to use of secondary sources such as Stebbins and McGinnis 2012 and Stebbins 2003.  NO NEW DATA have been published since the original description of Jockusch et al. 2001 and only it should be cited.

				3.3		9				The most authoritative reference for genetic  relationships witin Batrachoseps is Jockusch, E. L., and D. B. Wake. 2002. Falling apart and merging: diversification of slender salamanders (Plethodontidae: Batrachoseps) in the American West. Biol. J. Linn. Soc., 76:361-391.

				3.3		10				When B major was first discovered, in the late 1950s, B. nigriventris and B. minor were typically found in microsympatry and both were abundant.

				8.1		18				Observations of S. Sweet.  I do not think we have sufficient knowledge to attribute low abundances in recent years to drought, or to long-term climatic shifts.  There are other factors including human modification of environment and disease, among several others.  I disagree that there has been no habitat change at York Mountain winery location. There has been much change, including removal of a tremendous amount of debris and surface cover since 1958.  One major change I have noted at the Santa Rita Creek locality is invasion by an exotic ivy that has choked native vegetation and made it largely unsuitable for lesser slender salamanders.

				8.1		19				I know of no identification of Bd in lesser slender salamanders.  This is simple speculation.

				8.3.2		20				I see in Sect 9.5 that Bd has been recorded in the species.  Still, I think it is unlikely to be a major factor. It is mostly a factor when conditions are persistently moist -- see Wienstein paper.

						22				B ssal has not been recorded in the United States

						23				Ranaviruses are not known to cause problems for slender salamanders

				8.4		23				I strongly disagree that changing climates and disease are the greatest threats to slender salamanders.  In my opinion habitat modification is number 1, far, far more important than the other two.

				8.5		24				In my opinion redudancy is a major issue.  The salamander is very rare and it has been spotted only a handful of times outside the two main areas of occurrence at York Mt Winery area and Santa Rita-Old Creek road. They are not equipped to withstand a major catastrophe
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Remarks by reviewer David B. Wake



I first observed this species on February 5, 1960,  when the late Arden H. Brame, Jr. and I visited York Mountain Winery and collected 25 specimens that Brame felt represented two different species.  We sacrificed, preserved, cleared and stained and observed the 25 specimens and I determined that there were 10 of one kind and 15 of the other, corresponding perfectly to Brame’s sorting of the living specimens.  This convinced me there were two species.  The specimens are preserved in MVZ.  Since that time I have observed the species on a number of occasions and have noted the slow but steady decline in abundance of both species (B. nigriventris and B. minor), but especially of B. minor, which in my experience has become difficult to predictably observe.



[bookmark: _GoBack]As is recognized in the draft, I was a coauthor of the formal description of the the species Batrachoseps minor.



I have studied the draft report.  In my opinion it is competently done.  The species is so poorly known that there is of necessity a lot of speculation.  But I think in general it is a fine report.



My primary concern is that there is an over-emphasis on the potential negative effects of climate change and disease and an underemphasis on habitat modification.  I think the habitat has deteriorated severely since the 1960s, mainly by clearing and cleaning brush and by the invasion of exotic vegetation.



A bit unknown is Bd, which might have played a role in the general decline of abundance in California salamanders, which is evident to all experienced field biologists who have 50 or more years of experience.  We simply do not know.



I am impressed that Sam Sweet has found the species at all historic localities and some new ones.  I have been unable to do so, and my observations are most extensive for just two sites – the York Mt Winery are and the Santa Rita-Old Creek Road region.  In both areas I have detected considerable habitat degredation since the 1960s.



Response to questions:



(1) Have we assembled and considered the best available scientific and commercial information relevant to this species?  Yes





(2) Is our analysis of this information correct?  I think the effects of climate change and disease or overemphasized.

(3) Are our scientific conclusions reasonable in light of this information?  In general, yes, with the caveats noted.
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December 1,2018 email: wakelab@berkeley.edu

Phone: (510) 642-3567
Fax: (510) 643-8238
http://ib.berkeley.edu/labs/wake/wakelab .html

Curriculum Vitae

David B. Wake

Born in Webster, South Dakota.
Married Marvalee Hendricks in 1962. One son, Thomas Andrew.

Education:

B. A. (Magna Cum Laude), Pacific Lutheran College, 1958, Biology.
M. S. University of Southern California, 1960, Biology.
Ph.D. University of Southern California, 1964, Biology.

Positions:
1963-64
1964-66
1966-69
1969-73
1973-89
1982
1982
1969-73

1971-1998
1973-present
1988

1989
1989-2003
1991-1997
2002-2003

2004-present
2009-present

2004-present

Instructor in Biological Sciences, University of Southern California.
Instructor in Anatomy and Biology, University of Chicago.

Assistant Professor of Anatomy and Biology, University of Chicago.
Associate Professor of Zoology, University of California, Berkeley.
Professor of Zoology, University of California, Berkeley.

Guest Professor of Biology, University of Bremen, Germany (Jan.-July).
Guest Professor, Zoological Institute, University of Basel, Switzerland.
Associate Curator of Herpetology, Museum of Vertebrate Zoology,
University of California, Berkeley.

Director, Museum of Vertebrate Zoology, University of California,
Berkeley.

Curator of Herpetology, Museum of Vertebrate Zoology, University of
California, Berkeley.

Guest Scientist, Smithsonian Tropical Research Institute, Panama.
Guest Scientist, University of Paris VII.

Professor of Integrative Biology, University of California, Berkeley.
John and Margaret Gompertz Professor of Integrative Biology, University
of California, Berkeley.

Alexander Agassiz Visiting Professor, Harvard University (in residence
August-January).

Associate, Museum of Comparative Zoology, Harvard University.
Investigador Asociado, Museo de Zoologia, Universidad de Costa Rica.

Professor of the Graduate School in Integrative Biology, University of
California, Berkeley.

Professional Activities:
American Society of Zoologists: Chairman, Vertebrate Morphology Division, 1972-74;
President, 1992.
Society for the Study of Evolution: Vice President, 1974 and 1977; President, 1983.
American Society of Naturalists: President, 1989.
American Society of Ichthyologists and Herpetologists: Vice President for Membership,
1968-70; Member, Board of Governors, 1965-70, 1974-79, 1982-87, 1995-2000.
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Society of Systematic Zoology: Councillor, Class of 1977, Class of 1984.

International Congress of Systematic and Evolutionary Biology; Member of Board of
Directors of Congress II; Member, International Committee of Congress III;
Member, Program Committee of Congress IV.

World Congress of Herpetology: Member, Executive Committee, 1986-89.

Association of Systematics Collections: Member, Committee on Education and
Manpower, Council on Systematics and Society.

Systematics Agenda 2000: Member, Advisory Board, 1992-96.

Founding Chairman, Task Force on Declining Amphibian Populations IUCN) 1991-
1993, Member, Governing Board, 1993 - 2002.

Founder and Director, AmphibiaWeb (http://www .amphibiaweb.org), 1999--.

Since Retirement:

Co-Founder of HerpNET (http://www .herpnet.org/), 2003--2008 .

Founding Member and Principal Investigator, AmphibiaTree, NSF ATOL program,
2004--2009.

Co-Principal Investigator VertLife Terrestrial; A complete, global assembly of
phylogenetic, trait, spatial and environmental characteristics for a model clade (R.
Bowie, PI), NSF 1441737

Councillor, Save-The-Redwoods League, 2005--.

Research Committee, Save-The-Redwoods League, 2007--.

Chair, Section 4, Class II (Evolutionary and Population Biology, and Ecology), American
Academy of Arts and Science, 2013-2015.

Member, Membership Committee, Amphican Philosophical Society, 2015--.

Editorial Service:

Editor, Evolution, 1979-80.

Assistant (Corresponding) Editor, Biological Journal of the Linnean Society, London.
1980-1990.

Member, Comité de Lecture, Annales de Sciences Naturelles (Zoologie), Paris, 1986-
1997.

Associate Editor, Journal of Morphology, 1971-75.

Advisory Editor, The Collins Encyclopedia of Animal Evolution. Equinox, Oxford, 1986.

Consulting Editor, McGraw-Hill Encyclopedia of Science and Technology, 1993-1998.

Editorial Boards of:
Copeia, 1966-68, 1974-77.
Systematic Zoology, 1969-72, 1985-87.
Paleobiology, 1975-80.
Evolutionary Theory, 1973-2000.
Evolutionary Monographs, 1979-2000.
Acta Biotheoretica, 1986-1998.
Russian Journal of Herpetology, 1993-present.
Zoology 1993-present.
Mitteilungen aus dem Museum fiir Naturkunde in Berlin, 1997-present.
Revista de Biologia Tropical, 1998-present.
Proceedings of the National Academy of Sciences, U.S.A., 1999-2002.
Acta Zootaxonomica Sinica, 2000-2004.
Journal of Experimental Zoology, Part B: Molecular and Developmental Evolution,
1999-present.
Evolutionary Biology, 2007-2013.

Major Service Activities:
Member, Board on Biology, Commission Life Sci,, Natl. Res. Council, 1986-1994.
Member, Advisory Panel in Systematic Biology, National Science Foundation, 1976-78.
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Member, Oversight Committee for Systematic Biology and Biological Research
Resources, National Science Foundation, 1985.

Member, Review Panel for Anatomy, University of Chicago, 1975, 1984.

Member, Review Panel for Paleobiology, Yale University, 1983.

Member, Visiting Committee to Museum of Comparative Zoology, Harvard University,
1982-84.

Member, Review Panel for EPO Biology, University of Colorado, 1983.

Member, Review Panel for California Academy of Sciences, San Francisco, 1985.

Chairman, Task Force on Declining Amphibian Populations, Species Survival
Commission, IUCN, 1991-1992, Member of Board of Directors, 1991-present.

Member, National Board, National Museum of Natural History, 1990-1996.

Member, Planning Committee, Forum on Biodiversity, National Research Council,
1995-96.

Member, Governing Board, Alliance for Conservation of Amphibians, 1997-present.

Member, Committee on Economic and Non-Economic Value of Biodiversity, National
Research Council, 1995-98.

Member, Review Panel for the museums of the University of Michigan, 2000.

Director of Core Project (AmphibiaWeb) for International Biodiversity Observation Year
(2001-2002).

Since Retirement:

Member, Review Panel, Texas Memorial Museum, 2003.

Member, Review Panel, Field Museum of Natural History, 2004.

Member, Review Panel, School of Life Sciences, University of Texas, 2004.

Member, Review Panel, Dept. Ecology and Evolution, Univ. Michigan, 2010.

Founder and Director, AmphibiaWeb website (http//: amphibiaweb.org) 2000 to present,
receiving ca. 20,000 — 25,000 queries per day in 2015.

Major Invited Lectures, Symposia, etc. (partial list).

Summer Institute on Comparative Anatomy, Univ. Washington, 1968.

Summer Institute in Systematics III, Smithsonian Institution, 1969.

Symposium on Evolutionary Biology, Museum of Comparative Zoology, Harvard
University, 1973.

IT International Congress of Systematic and Evolutionary Biology, Vancouver, Canada,
1980.

Bremen Symposium on Biological Systems Theory, Bremen, Germany, 1980.

Dahlem Conference on Development and Evolution, Berlin, Germany, 1981 (member of
Organizing Committee, Moderator).

Tanner Lectures Symposium, Cambridge Univ., England, 1984.

International Conference on the Biology of the Gymnophiona, Lyon, France, 1984.

Molecular Biology and Evolutionary Theory Workshop, Howard Hughes Medical
Institute, Coral Gables, Florida, 1984.

Organizer, Silver Anniversary Symposium on Molecular and Genomic Evolution of
Amphibians and Reptiles, Society for the Study of Amphibians and Reptiles,
1982.

Organizer, Symposium on Hybridization, Society for the Study of Evolution and
American Society of Naturalists, 1984.

Keynote Address, Korean Biological Association Annual Meeting, Seoul, 1982.

Dahlem Conference, Evolution of Life Pattern and Process, Berlin, 1985 (Rapporteur).

32nd Annual Systematics Symposium, Missouri Botanical Garden St. Louis. The Biology
of Epiphytes. 1985.

Colloque International, CNRS (France): Ontogenese and Evolution. Dijon, 1986.

Dahlem Conference, Complex Organismal Functions, Integration and Evolution in
Vertebrates, Berlin, 1988 (Co-Organizer and Moderator).





Santa Fe Institute Workshop, Santa Fe. Principles of Organization in Organisms (Co-
Organizer). 1990.

Workshop on Development and Evolution. IV International Congress of Systematics and
Evolution, College Park, Maryland, 1990 (Organizer and Moderator).

Workshop on Declining Amphibian Populations. National Research Council, Irvine, CA,
1990 (Co-Organizer and Moderator).

Workshop on Reference Points in Evolution. Juan March Foundation, Madrid, 1990.

Deutches Zodlogisches Gesellschaft. Symposium on Phylogenetics, Amsterdam, 1990.

International Institute for Advanced Studies. Body Plan and its Diversity. Kyoto and
Nagoya, Japan, 1991.

The 52nd Annual Biology Colloquium. Biological Aspects of Global Climate Change,
Oregon State University, 1991.

Symposium on Systematics as an Historical Science, Milano, 1993; San Francisco, 1994.

Indiana Molecular Biology, Symposium on Origins and Evolution of Animal Body Plans,
Bloomington, 1994.

Symposium on Evolution and Biogeography of Taiwan, Taipei, 1994.

Simposium sobre Biogeografia y Conservacion de la Herpetofauna del Sureste deMéxico,
San Cristébal de las Casas, Chiapas, 1994.

Symposium on Evolution of Genetic and Developmental Programs. Stanford University,
1995.

Symposium on Evolutionary Biology for the Next Millenium. University Park, PA.
1999.

Symposium on Ecology and Evolution in the Tropics. La Paz, Mexico. 2000.

Symposium on Declining Amphibian Populations. Chengdu, China. 2000.

Symposium on Biological Sciences: Challenges for the XXI Century. General Assembly,
International Union of Biological Sciences, Naples, Italy. 2000.

Symposium on Amphibian Population Declines. Indianapolis, IN. 2001.

IBOY symposium, AAAS meeting, Boston, MA 2002.

Speaker, Symposium on Development and Evolution, ICSEB, Patras, Greece, 2002.

Since Retirement:

Missouri Botanical Garden 50th Anniversary Symposium, St. Louis, 2003,

Symposium on Biodiversity Informatics, IUBS, Cairo, Egypt, 2004.

Faculty Research Lecturer, University of California at Berkeley, 2004.

Joseph Leidy Lecture, Academy of Natural Sciences, Philadelphia, 2006.

Fellows Lecturer, California Academy of Sciences, San Francisco, 2006.

Darwin Day Lecturer, University of California at Merced, 2007.

Sackler Colloquium Speaker, In the Light of Evolution II: Biodiversity and Extinction,
Irvine, CA Dec. 2007.

Speaker, Pere Alberch Memorial Symposium, Valencia, Spain, July, 2008.

Kohlshorn Distinguished Lecturer, Univ. Minnesota, 2008.

Symposium speaker, World Congress of Herpetology, Manaus, Brazil, Aug., 2008.

Keynote Lecture, Darwin Birthday Celebration, California State University, Northridge,
Feb. 12, 2009.

Organizer and Editor, Sackler Colloquium of US National Academy of Sciences,
Biogeography, Changing Climates, and Niche Evolution, Irvine, CA December
2008 (published November 2009).

Speaker, Conference on Conceptual Change in Biology: Scientific and Philosophical
Perspectives on Evolution and Development, Max Planck Inst. for History and
Philosophy of Science, Dahlem, Berlin, July, 2010.

Symposium speaker, Int’l. Congress of Vertebrate Morphology, Punta del Este, Uruguay,
August, 2010.

Speaker, Biodiversity and Climate Change Symposium, General Assembly Int’l. Union
Biol. Sci, Suzhou, China July, 2012.





Speaker, Great Transformations, Symposium for Farish Jenkins, Harvard Univ., June,
2012.

LaKretz Lecturer, UCLA, March, 2013.

Keynote Speaker, Western Evolutionary Biologists Meeting, UC Irvine, May, 2013.

Concluding Speaker, Symposium on Research Frontiers in Integrative, Organismal
Biology: Herpetological Horizons. Society for the Study of Amphibians and
Reptiles. Lawrence, KS July, 2015.

Plenary Speaker, Taxon-Omics conference, German Science Foundation, EVOL2018
meeting, Montpellier, France August, 2018.

Many additional symposia and special lectures in the United States, United Kingdom,
Germany, Greece, Italy, Israel, The Netherlands, Denmark, Republic of Korea,
Taiwan, China, Costa Rica, Panama, Austria, Russia, Mexico and Guatemala.

Academic Honors, Awards, Grants, etc.:

Predoctoral fellowships from National Science Foundation, 1959-62.

Quantrell Award for Excellence in Undergraduate Education, University of Chicago,
1967.

Grants from Society of Sigma Xi, Organization for Tropical Studies, Inc., Smithsonian
Institution and Biodiversity Research Consortium.

Continuous support from National Science Foundation competitive grants since 1965.

Distinguished Alumnus Award, Pacific Lutheran University, 1977.

John Simon Guggenheim Memorial Fellow, 1981-82.

Fellow, California Academy of Sciences.

Fellow, Amer Assoc Advanc Sci.

Fellow, Linnean Society (London).

Distinguished Herpetologist, Herpetologists' League, 1984.

Edward R. Steinhaus Memorial Lecturer, University of California, Irvine, 1987.

Gerry Morgan Bayak Memorial Lecturer, Stanford University, 1987.

International Institute for Advanced Studies Lecturer, Japan, 1991.

Fellow's Lecturer, California Academy of Sciences, 1995, 2006.

Chris Reed Memorial Lecturer, Dartmouth College, 1994.

Appointment to John L. and Margaret B. Gompertz Endowed Chair in Integrative
Biology, University of California, Berkeley, 1991.

Elected to membership, American Philosophical Society, 1996.

Elected to fellowship, American Academy of Arts and Science, 1997.

Joseph Grinnell Medal in Scientific Natural History, 1998

Elected to membership, National Academy of Sciences, 1998.

Henry S. Fitch Award (ASIH) for Excellence in Herpetology, 1999.

Eminent Ecologist Lecture Series, Univ. Pittsburgh & Carnegie Museum, 2000

Sewall Wright Lecturer, University of Chicago, 2000.

Since Retirement:

Faculty Research Lecturer, University of California at Berkeley, 2004.

Speaker, Missouri Botanical Garden 50" Annual Symposium, St. Louis, October 2003

Joseph Leidy Medal, Academy of Natural Sciences, Philadelphia, 2006.

Berkeley Citation, 2006.

Certificate of Recognition, Ministry of the Environment and Energy, Costa Rica, for
“dedication to the study of the Costa Rican herpetofauna”, Oct. 2006.

University of South Dakota President’s Research Day Lecturer, Oct. 2010

Fellows Medal, California Academy of Sciences, 2012.

Honorary Member, Herpetologists’ League, 2012

La Kretz Lecturer, La Kretz Institute, UCLA, 2013

Western Evolutionary Biologists “Biologist of the Year, 2013”
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Wildlife Champion Award, Save-the-Redwoods League, 2015
Distinguished Emeritus of the Year Award, University of California at Berkeley Emeriti
Association, 2016

Professional Societies:
American Academy of Arts and Sciences
Association for the Advancement of Science
American Institute for Biological Sciences
American Philosophical Society
American Society for Ichthyologists and Herpetologists
American Society of Naturalists
Herpetologists' League
Society for Integrative and Comparative Biology
Society for the Study of Amphibians and Reptiles
Society of Sigma Xi
Society of Systematic Zoology
Linnean Society (London)
Society for the Study of Evolution
European Society of Evolutionary Biology
International Society for the Study and Conservation of Amphibians
Society for Conservation Biology
National Academy of Sciences, USA

Major Synergistic Activities:

(i) Declining amphibians. Founding Director, Declining Amphibian Populations Task Force. Cofounder
and Director,AmphibiaWeb, an informatics resource and database for amphibian biologists
(http://www.amphibiaweb.org), receiving in excess of 20,000 direct queries per day.

(i1) Service as an officer in diverse scientific organizations: e.g., President, Soc Study Evolution (1983);
President, Amer Soc Natur (1989); President, Amer Soc Zool (1992).

(iii) Service as an editor of scientific publications, including Editor (1979-80), Evolution; Corr Editor
(1980-1990), Biological Journal of the Linnean Society; editorial board, Proceedings of the
National Academy of Sciences, USA (1999-2002), editorial boards of many other journals.

(iv) Director of Museum of Vertebrate Zoology for 27 years, led renovation of building housing museum
($95 million project), oversaw development of computerized data base for entire collection, now
on-line (http://mvz.berkeley.edu/); active participant in distributed data base activities with
consortium of institutions (NSF; GBIF). Co-PI for HerpNet (NSF: $2.5 million) for development
of distributed geocoded database for herpetological collections in North America and throughout
the world. PI for AmphibiaTree (NSF $1.1 million), to generate robust phylogenetic hypothesis
for all species of amphibians.

(v) Active engagement in cultural and professional organizations. Councillor, Save-the-Redwoods
League. Elected member: American Philosophical Society, American Academy of Arts and
Science, National Academy of Sciences.

Doctoral Students Sponsored: P. Alberch, R. Bingham, J. Bolker, S. D. Busack, J. C. Cadle, D.
Darda, S. Deban, K. De Queiroz, J. L. Edwards, P. Elias, J. Feder, D. A. Good, A. Graybeal, J.
Hanken, L. D. Houck, T. Jackman, E. L. Jockusch, S. Kuchta, A. L. Larson, R. E. Lombard, J.
F. Lynch, M. Mahoney, V. C. Maiorana, S. Marks, R. Mueller, D. S. Parks, G. Parra Olea, R.
Pereira, J. Peterson, E. Rosenblum, C. J. Schneider, N. L. Staub, J. Stewart, S. S. Sweet, A-M.
Tan, B. Tremper Davis, V. Vrendenburg, R. J. Wassersug, K. P. Yanev, Y. Zeng.

Postdoctoral Scholars Sponsored: J. Alexandrino, S. G. Arnold, R. Bonett, D. Buckley, D. C.
Cannatella, L. Ettinger, J. Fu, M. Garcia-Paris, D. A. Good, R. B. Huey, R. Kaplan, M.
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Kirkpatrick, R. Lawson, R. E. Lombard, I. Martinez-Solano, K. C. Nishikawa, S. Poe, L. Rissler,
J. Rodriguez, S. M. Rovito, M. J. Ryan, S. C. Stearns, M. Stock, A. Summers, David Vieites, K.
Whittaker, R. D. Worthington, K. Zamudio, P. Zhang.

Principal Areas of Interest:
Evolutionary biology; genetics, ecology, speciation, systematics and biogeography of
salamanders, especially those of the New World tropics.
Functional, developmental and evolutionary morphology of amphibians and reptiles.
Biodiversity and conservation biology; conservation strategies; declining amphibian
populations.
Biodiversity informatics.

Publications: More than 400 peer-reviewed publications, plus popular articles and books. See
web page (http://ib.berkeley.edu/labs/wake/wakelab.html) for complete list.

Since Retirement I have published the following:
285. Parra-Olea, G., M. Garcia-Paris, T. J. Papenfuss, and D. B. Wake. 2005. Systematics of the Pseudoeurycea
bellii species complex. Herpetologica 61:145-158.

286. Min, M. S., S. Y. Yang, R. M. Bonett, D. R. Vieites, R. A. Brandon and D. B. Wake. 2005. Discovery of the
first Asian plethodontid salamander. Nature 435:87-90.

287. Wake, D. B., J. Hanken and R. Ibafiez. 2005. A new species of big black Bolitoglossa (Amphibia: Caudata)
from central Panama. Copeia 2005:223-226.

288. Hanken, J., D. B. Wake and J. M. Savage. 2005. A solution to the large black salamander problem (genus
Bolitoglossa) in Costa Rica and Panama. Copeia 2005:227-245.

289. Wake, D. B. 2005. Diversity of Costa Rican salamanders. Pp. 65-80 in M. A. Donnelly, B. L. Crother, C.
Guyer, M. H. Wake and M. E. White, eds. Ecology and Evolution in the Tropics, A Herpetological Perspective.
Chicago: Univ. Chicago Press I-xv + 675 pp.

290. Franssen, R. A., S. Marks, D. Wake and N. Shubin. 2005. Limb chondrogenesis of the seepage salamander,
Desmognathus aeneus (Amphibia: Plethodontidae). J. Morphol. 265:87-101.

291. Alexandrino, J., S. J. E. Baird, L. Lawson, J. R. Macey, C. Moritz and D. B. Wake. 2005. Strong selection
against hybrids in a hybrid zone in the Ensatina ring species complex and its evolutionary implications. Evolution
59:1334-1347.

292. Bonett, R. M., R. L. Mueller and D. B. Wake. 2005. Why should reacquisition of larval stages by
desmognathine salamanders surprise us? Herpetol. Rev. 36:112-113.

293. Staub, N. L. and D. B. Wake. 2005. Aneides ferreus Cope, 1869. CLOUDED SALAMANDER. Pp. 658-
660 in M. Lannoo, ed., Amphibian Declines, The conservation status of United States species. Berkeley: Univ.
California Press.

294. Staub, N. L. and D. B. Wake. 2005. Aneides flavipunctatus (Strauch, 1870) BLACK SALAMANDER. Pp.
660-661 in M. Lannoo, ed., Amphibian Declines, The conservation status of United States species. Berkeley: Univ.
California Press.

295. Staub, N. L. and D. B. Wake. 2005. Aneides lugubris Hallowell, 1849 (sic) ARBOREAL SALAMANDER.
Pp. 662-664 in M. Lannoo, ed., Amphibian Declines, The conservation status of United States species. Berkeley:
Univ. California Press.





296. Staub, N. L. and D. B. Wake. 2005. Aneides vagrans Wake and Jackman, 1999 WANDERING
SALAMANDER. Pp. 664-666 in M. Lannoo, ed., Amphibian Declines, The conservation status of United States
species. Berkeley: Univ. California Press.

297. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps aridus Brame, 1970 DESERT SLENDER
SALAMANDER. Pp. 666-667 in M. Lannoo, ed., Amphibian Declines, The conservation status of United States
species. Berkeley: Univ. California Press.

298. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps attenuatus (Eschscholtz, 1833) CALIFORNIA
SLENDER SALAMANDER. Pp. 667-669 in M. Lannoo, ed., Amphibian Declines, The conservation status of
United States species. Berkeley: Univ. California Press.

299. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps campi Marlow, Brode, and Wake, 1979 INYO
MOUNTAINS SALAMANDER. Pp. 669-671 in M. Lannoo, ed., Amphibian Declines, The conservation status of
United States species. Berkeley: Univ. California Press.

300. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps diabolicus Jockusch, Wake, and Yanev, 1998 HELL
HOLLOW SLENDER SALAMANDER. Pp. 671-672 in M. Lannoo, ed., Amphibian Declines, The conservation
status of United States species. Berkeley: Univ. California Press.

301. Hansen, R. W., R. H. Goodman, Jr. and D. B. Wake. 2005. Batrachoseps gabrieli Wake, 1996 SAN
GABRIEL MOUNTAINS SLENDER SALAMANDER. Pp. 672-673 in M. Lannoo, ed., Amphibian Declines, The
conservation status of United States species. Berkeley: Univ. California Press.

302. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps gavilanensis Jockusch, Yanev, and Wake, 2001
GABILAN MOUNTAINS SLENDER SALAMANDER. Pp. 673-675 in M. Lannoo, ed., Amphibian Declines, The
conservation status of United States species. Berkeley: Univ. California Press.

303. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps gregarius Jockusch, Wake, and Yanev, 1998
GREGARIOUS SLENDER SALAMANDER. Pp. 675-676 in M. Lannoo, ed., Amphibian Declines, The
conservation status of United States species. Berkeley: Univ. California Press.

304. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps incognitos Jockusch, Yanev, and Wake 2001 SAN
SIMEON SLENDER SALAMANDER. Pp. 677-678 in M. Lannoo, ed., Amphibian Declines, The conservation
status of United States species. Berkeley: Univ. California Press.

305. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps kawia Jockusch, Wake, and Yanev, 1998 SEQUOIA
SLENDER SALAMANDER. Pp. 678-679 in M. Lannoo, ed., Amphibian Declines, The conservation status of
United States species. Berkeley: Univ. California Press.

306. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps luciae Jockusch, Yanev, and Wake, 2001 SANTA
LUCIA MOUNTAINS SLENDER SALAMANDER. Pp. 679-680 in M. Lannoo, ed., Amphibian Declines, The
conservation status of United States species. Berkeley: Univ. California Press.

307. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps major Camp, 1915 GARDEN SLENDER
SALAMANDER. Pp. 680-683 in M. Lannoo, ed., Amphibian Declines, The conservation status of United States
species. Berkeley: Univ. California Press.

308. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps minor Jockusch, Yanev, and Wake, 2001 LESSER
SLENDER SALAMANDER. Pp. 682-683 in M. Lannoo, ed., Amphibian Declines, The conservation status of
United States species. Berkeley: Univ. California Press.

309. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps nigriventris Cope, 1869 BLACK-BELLIED SLENDER
SALAMANDER. Pp. 683-685 in M. Lannoo, ed., Amphibian Declines, The conservation status of United States
species. Berkeley: Univ. California Press.





310. Hansen, R. W., D. B. Wake, and G. M. Fellers. 2005. Batrachoseps pacificus (Cope, 1865) CHANNEL
ISLANDS SLENDER SALAMANDER. PP. 685-686 in M. Lannoo, ed., Amphibian Declines, The conservation
status of United States species. Berkeley: Univ. California Press.

311. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps regius Jockusch, Wake, and Yanev, 1998 KINGS
RIVER SLENDER SALAMANDER. Pp. 686-688 in M. Lannoo, ed., Amphibian Declines, The conservation status
of United States species. Berkeley: Univ. California Press.

312. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps relictus Brame and Murray, 1968 RELICTUAL
SLENDER SALAMANDER. Pp. 688-690 in M. Lannoo, ed., Amphibian Declines, The conservation status of
United States species. Berkeley: Univ. California Press.

313. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps robustus Wake, Yanev, and Hansen, 2002 KERN
PLATEAU SALAMANDER. Pp. 690-691 in M. Lannoo, ed., Amphibian Declines, The conservation status of
United States species. Berkeley: Univ. California Press.

314. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps simatus Brame and Murray, 1968 KERN CANYON
SLENDER SALAMANDER. Pp. 691-693 in M. Lannoo, ed., Amphibian Declines, The conservation status of
United States species. Berkeley: Univ. California Press.

315. Hansen, R. W. and D. B. Wake. 2005. Batrachoseps stebbinsi Brame and Murray, 1968 TEHACHAPI
SLENDER SALAMANDER. Pp. 693-695 in M. Lannoo, ed., Amphibian Declines, The conservation status of
United States species. Berkeley: Univ. California Press.

316. Wake, D. B. and T. J. Papenfuss. 2005. Hydromantes brunus Gorman, 1954 LIMESTONE
SALAMANDER. Pp. 781-782 in M. Lannoo, ed., Amphibian Declines, The conservation status of United States
species. Berkeley: Univ. California Press.

317. Wake, D. B. and T. J. Papenfuss. 2005. Hydromantes platycephalus (Camp, 1916) MT. LYELL
SALAMANDER. Pp. 783-784 in M. Lannoo, ed., Amphibian Declines, The conservation status of United States
species. Berkeley: Univ. California Press.

318. Wake, D. B. and T. J. Papenfuss. 2005. Hydromantes shastae Gorman and Camp, 1953 SHASTA
SALAMANDER. Pp. 784-785 in M. Lannoo, ed., Amphibian Declines, The conservation status of United States
species. Berkeley: Univ. California Press.

319. Parra-Olea, G., M. Garcia-Paris, J. Hanken and D. B. Wake. 2005. Two new species of Pseudoeurycea
(Caudata: Plethodontidae) from the mountains of northern Oaxaca, Mexico. Copeia 2005: 461-469.

320. Pechmann, J. H. K. and D. B. Wake. 2005. Enigmatic Declines and Disappearances of Amphibian
Populations. Case Study 3.1, Pp. 93-98 in M. J. Groom, G. K. Meffe, and C. R. Carroll. Principles of Conservation
Biology, Third Edition. Sunderland, MA: Sinauer Associates.

321. Wake, D. B. and S. R. Kuchta. 2005. California Slender Salamander Batrachoseps attenuatus Eschscholtz.
Pp. 102-105 in Jones, L. L. C., Leonard, W. P. & Olson, D. H. Amphibians of the Pacific Northwest. Seattle:
Seattle Audubon Society.

322. Kuchta, S. R. and D. B. Wake. 2005. Ensatina Ensatina eschscholtzii Gray. Pp. 110-113 in Jones, L. L. C.,
Leonard, W. P. & Olson, D. H. Amphibians of the Pacific Northwest. Seattle: Seattle Audubon Society.

323. Wake, D. B., A. Salvador and M. A. Alonso-Zarazaga. 2005. Taxonomy of the plethodontid salamander
genus Hydromantes (Caudata: Plethodontidae). Amphibia-Reptilia 26:543-548.

324. Zhang, P., Y-Q. Chen, H. Zhou, Y-F. Liu, X-L. Wang, T. J. Papenfuss, D. B. Wake and L-H. Qu. 2006.
Phylogeny, evolution, and biogeography of Asiatic Salamanders (Hynobiidae). Proc. National Acad. Sci. 103:7360-
7365.





325. Rissler, L. J., R. J. Hijmans, C. H. Graham, C. Moritz and D. B. Wake. 2006. Phylogeographic lineages and
species comparisons in conservation analysis: a case study of California Herpetofauna. Amer. Natur. 167:655-666.

326. Wake, D. B. 2006. Problems with species: patterns and processes of species formation in salamanders.
Annals Missouri Botanical Garden 93:8-23.

327. Mendelson III, J. R., K. R. Lips, R. W. Gagliardo, G. B. Rabb, J. P. Collins, J. E. Diffendorfer, P. Daszak, R.
Ibafiez D., K. C. Zippel, D. P. Lawson, K. M. Wright, S. N. Stuart, C. Gascon, H. R. da Silva, P. A. Burrowes, R. L.
Joglar, E. La Marca, S. Lotters, L. H. du Preez, C. Weldon, A. Hyatt, J. V. Rodriguez-Mahecha, S. Hunt, H.
Robertson, B. Lock, C. J. Raxworthy, D. R. Frost, R. C. Lacy, R. A. Alford, J. A. Campbell, G. Parra-Olea, F.
Bolanfios, J. J. Calvo Domingo, T. Halliday, J. B. Murphy, M. H. Wake, L. A. Coloma, S. L. Kuzmin, M. S. Price,
K. M. Howell, M. Lau, R. Pethiyagoda, M. Boone, M. J. Lannoo, A. R. Blaustein, A. Dobson, R. A. Griffiths, M. L.
Crump, D. B. Wake, and E. D. Brodie Jr. 2006. Confronting amphibian declines and extinctions. Science 313:48.

328. Stock, M., C. Moritz, M. Hickerson, D. Frynta, T. Dujsebayeva, V. Eremchenko, J. R. Macey, T. Papenfuss,
and D. B. Wake. 2006. Evolution of mitochondrial relationships and biogeography of Palearctic green toads (Bufo
viridis subgroup) with insights in their genomic plasticity. Mol. Phylog. Evol. 41:663-689.

329. Mendelson III, J. R., K. R. Lips, J. E. Diffendorfer, R. W. Gagliardo, G. B. Rabb, J. P. Collins, P. Daszak, R.
Ibafiez D., K. C. Zippel, S. N. Stuart, C. Gascon, H. R. Da Silva, P. A. Burrowes, R. C. Lacy, F. Bolafos, L. A.
Coloma, K. M. Wright, D. B. Wake. 2006. Response, to Responding to amphibian loss, by J. A. Pounds, A. C.
Carnaval, R. Puschendorf, C. F. B. Haddad, and K. L. Masters. Science 314:1541-1542.

330. Wiens, J. J., G. Parra-Olea, M. Garcia-Paris, and D. B. Wake. 2007. Phylogenetic history underlies
elevational biodiversity patterns in tropical salamanders. Proc. Roy. Society B 274:919-928.

331. Vredenburg, V. T., R. Bingham, R. Knapp, J. A. T. Morgan, C. Moritz, and D. Wake. 2007. Concordant
molecular and phenotypic data delineate new taxonomy and conservation priorities for the endangered mountain
yellow-legged frog. Journal of Zoology 271:361-374.

332. Wake, D. B. 2007. Climate change implicated in amphibian and lizard declines. Proc. Natl. Acad. Sci.
104:8201-8201.

333. Vences, M. and D. B. Wake. 2007. Speciation, Species Boundaries and Phylogeography of Amphibians.
Amphibian Biology Vol. 6: 2613-2671.

334, Martinez-Solano, 1., E. L. Jockusch and D. B. Wake. 2007. Extreme population subdivision throughout a
continuous range: phylogeography of Batrachoseps attenuatus (Caudata: Plethodontidae) in western North America.
Mol. Ecol. 16:4335-4355.

335. Vredenburg V. T. and D. B. Wake 2007 Global Declines of Amphibians In Levin SA (ed) Encyclopedia of
Biodiversity Online Update 1. pp. 1-9. Oxford: Elsevier Ltd. Online update,
(http://www.sciencedirect.com/science/referenceworks/9780122268656
doi:10.1016/B978-012226865-6/00578-X)

336. Wake, D. B., J. M. Savage and J. Hanken. 2007. Montane salamanders from the Costa Rica-Panama border
region, with descriptions of two new species of Bolitoglossa. Copeia 2007:556-565.

337. Vieites, D. R., M-S. Min and D. B. Wake. 2007. Rapid diversification and dispersal during periods of global
warming by plethodontid salamanders. Proc. Natl. Acad. Sci. USA 104: 19903-19907.

338. Jackel, M. and D, B. Wake. 2007. Developmental processes underlying the evolution of a derived foot
morphology in salamanders. Proc. Natl. Acad. Sci. USA 104: 20437-20442.

339. Sessions, S. K., M. Stock, D. R. Vieites, R. Quarles, M-S. Min and D. B. Wake. 2008. Cytogenetic analysis

of the Asian plethodontid salamander, Karsenia koreana: evidence for karyotypic conservation, chromosome
repatterning, and genome size evolution. Chromosome Research 16: 183-201 (DOI: 10.1007/s10577-008-1197-7).

10





340. Tilley, S. G., R. Highton and D. B. Wake. 2008. Caudata: Salamanders In B. I. Crother (ed.), Scientific and
Standard English Names of Amphibian and Reptiles of North America North of Mexico, pp 13-23. SSAR
Herpetological Circular 37.

341. Garcia-Paris, M, G. Parra-Olea and D. B. Wake. 2008. Description of a new species of the Bolitoglossa
subpalmata group (Caudata: Plethodontidae) from Costa Rica. Herpetological Journal 18:23-31.

342. Wake, D. B., and V. T. Vredenburg. 2008. Are we in the midst of the sixth mass extinction? A view from the
world of amphibians. Proceedings of the National Academy of Sciences, U.S.A. 105:11466-11473.

343. Zhang, P., T. J. Papenfuss, M. H. Wake, L. Qu and D. B. Wake. 2008. Phylogeny and biogeography of the
family Salamandridae (Amphibia: Caudata) inferred from complete mitochondrial genomes. Molecular
Phylogenetics and Evolution 49:586-597.

344. Meegaskumbura, M., R. Pethiagoda, J. Chanson, D. Wake, and J. Hanken. 2008. Essay 4.1. Pickled frogs
help biodiversity assessment. P. 45 In: S. N. Stuart, M. Hoffmann, J. S. Chanson, N. A. Cox, R. J. Berridge, P.
Ramani, & B. E, Young (eds.) Threatened Amphibians of the World, Lynx Editions, Barcelona.

345. Vredenburg, V. T., M. S. Koo, and D. B. Wake. 2008. Essay 8.2. Amphibian declines in California. P. 91
In: S. N. Stuart, M. Hoffmann, J. S. Chanson, N. A. Cox, R. J. Berridge, P. Ramani, & B. E, Young (eds.)
Threatened Amphibians of the World, Lynx Editions, Barcelona.

346. McCranie, J. R., D. R. Vieites and D. B. Wake. 2008. Description of a new divergent lineage and three new
species of Honduran salamanders of the genus Oedipina (Caudaa, Plethodontidae). Zootaxa 1930:1-17.

347. Sunyer, J., S. Lotzkat, A. Hertz, D. B. Wake, B. M. Aleman, S. J. Robleo, and G. Koehler. 200. Two new
species of salamanders (genus Bolitoglossa) from southern Nicaragua (Amphibia, Caudata, Plethodontidae).
Senckenbergiana biologica 88:319-328.

348. Kuchta, S. R., D. S. Parks and D. B. Wake. 2009. Pronounced phylogeographic structure on a small spatial
scale: geomorphological evolution and lineage history in the salamander ring species Ensatina eschscholtzii in
central coastal California. Molecular Phylogenetics and Evolution 50:240-255.

349. Bolaiios, F. and D. B. Wake. 2009. Two new species of montane web-footed salamanders (Plethodontidae:
Bolitoglossa) from the Costa Rica-Panama border region. Zootaxa 1981:57-68.

350. Rovito, S. M., G. Parra-Olea, C. R. Vasquez-Alamazan, T. J. Papenfuss and D. B. Wake. 2009. Dramatic
declines in neotropical salamander populations are an important part of the global amphibian crisis. Proceedings of
the National Academy of Sciences, USA 106:3231-3236.

351. Kuchta, S. R., D. S. Parks, R. L. Mueller and D. B. Wake. 2009. Closing the ring: historical biogeography of
the salamander ring species Ensatina eschscholtzii. Journal of Biogeography 36:982-995.

352. Rovito, S. M., G. Parra-Olea, C. R. Vasquez-Alamazan, T. J. Papenfuss and D. B. Wake. 2009. Reply to
Gambeldt: Biodiversity and ecosystem functioning. Proceedings of the National Academy of Sciences, USA
106:E49.

353. Pereira, R. and D. B. Wake. 2009. Genetic leakage after adaptive and non-adaptive divergence in the
Ensatina eschscholtzii ring species. Evolution 68:2288-2301.

354. Bonett, R. M., P. T. Chippindale, P. E. Moler, R. W, Van Devender and D. B. Wake. 2009. Evolution of
gigantism in amphiumid salamanders. PLoS One 4:¢5615 (19 P).

355. Cannatella, D. C., D. R. Vieites, P. Zhang, M. H. Wake, and D. B. Wake. 2009. Amphibians (Lissamphibia).
Pp. 353-356 in The Timetree of Life, S. B. Hedges and S. Kumar, Eds., Oxford: Oxford University Press.

356. Vieites, D. R., P. Zhang and D. B. Wake. 2009. Salamanders (Caudata). Pp. 365-368 in The Timetree of Life,
S. B. Hedges and S. Kumar, Eds., Oxford: Oxford University Press.

11





357. Vasquez-Almazan, C. R., S. M. Rovito, D. A. Good and D. B. Wake. 2009. A new species of Cryptotriton
(Caudata: Plethodontidae) from eastern Guatemala. Copeia 2009:313-319.

358. Camp, C. D, W. E. Peterman, J. R. Milanovich, T. Lamb, J. C. Maerz & D. B. Wake. 2009. A new genus and
species of lungless salamander (family Plethodontidae) from the Appalachian highlands of the south-eastern United
States. Journal of Zoology 279:86-94.

359. Zhang, P., and D. B. Wake. 2009. Higher-level salamander relationships and divergence dates inferred from
complete mitochondrial genomes. Mol. Phylog. Evol. 53:492-508.

360. Wake, D. B. 2009. What salamanders have taught us about evolution. Annu. Rev. Ecol. Evol. Syst. 40:333-
352.

361. Wake, D. B., E. A. Hadly and D. D. Ackerly. 2009. Biogeography, changing climates, and niche evolution.
Proc. Natl. Acad. Sci. USA 106:19631-19636.

362. Vieites, D. R., S Nieto-Roman, and D. B. Wake. 2009. Reconstruction of the climate envelopes of
salamanders and their evolution through time. Proc. Natl. Acad. Sci. USA 106:19715-19722.

363. Wake, D. B. 2010. Vorwort zur Deutschen Ausgabe. Pp. VII-IX, in Hossfeld U, Olsson L, Levit GS &
Breidbach (eds), Ivan I. Schmalhausen. Die Evolutionsfaktoren (Eine Theorie der stabilisierenden Auslese).
Stuttgart: Franz Steiner Verlag.

364. Buckley, D., M. H. Wake and D. B. Wake, 2010. Comparative skull osteology of Karsenia koreana
(Amphibia, Caudata, Plethodontidae). J. Morphol. 271:533-558, DOI: 10.1002/jmor.10816

365. Parra, G., R. Brown, J. Hanken, B. Hedges, R. Heyer, S. Kuzmin, E. Lavilla, S. Létters, B. Pimenta, S.
Richards, M. O. Rddel, R. O. de Sa and D. Wake. 2007. Systematics and Conservation, Chapter 10: 45-48, In
Gascon, C., Collins, J. P., Moore, R. D., Church, D. R., McKay, J. E., and Mendelson, J. R. IIT (eds) Amphibian
Conservation Action Plan. [IUCN/SSC Amphibian Specialist Group. Gland, Switzerland and Cambridge, U. K. 64

pp-

366. Gleick, P. H. et al. (including D. B. Wake). 2010. Climate change and the integrity of science. Commentary.
Science 328:962-963.

367. Wake, D. B. 2010. Bio. Evolution and Development. 12:244-245.

368. Che, J., W-W. Zhou, J. S. Hu, F. Yan, T. J. Papenfuss, D. B. Wake, and Y-P. Zhang. 2010. Spiny frogs (Paini)
illuminate the history of the Himalayan region and Southeast Asia. Proceeding of the National Academy of
Sciences, U. S. A. 107:13765-13770.

369. Sunyer, J., D. B. Wake, J. H. Townsend, S. L. Travers, S. M. Rovito, T. J. Papenfuss, L. A. Obando, and G.
Kohler. 2010. A new species of worm salamander (Caudata: Plethodontidae: Oedipina) in the subgenus Oeditriton
from the highlands of northern Nicaragua. Zootaxa 2613:29-39.

370. Parra-Olea, G., S. M. Rovito, , G. Cruz, R. Murieta-Galindo, and D. B. Wake. 2010. A new species of
Pseudoeurycea from the cloud forest in Veracruz, México. Zootaxa 2725: 57-68.

371. Wake, D. B. 2010. A festival for Rosemary and Peter Grant. Chapter Eighteen in In Search of the Causes of
Evolution, P. R. Grant and B. R. Grant, eds. Princeton Univ. Press, pp. 360-365.

372. Wake, D.B., M. H. Wake, and C. D. Specht. 2011. Homoplasy: from detecting pattern to determining process
and mechanism of evolution. Science 331: 1032-1035 (doi:10.1126/science.1188545).

373. Vieites, D.R., S. Nieto Roman, M.H. Wake, and D. B. Wake. 2011. A multigenic perspective on phylogenetic
relationships in the largest family of salamanders, the Plethodontidae. Molecular Phylogenetics and Evolution
59:623-635 (doi:10.1016/j.ympev.2011.03.012).

12





374. Cheng, T.L., S. M. Rovito, D. B. Wake, and V. T. Vredenburg. 2011. Coincident mass extirpation of
neotropical amphibians with the emergence of the infectious fungal pathogen Batrachochytrium dendrobatidis.
Proceedings of the National Academy of Sciences. 108:9502-9507
(www.pnas.org/cgi/doi/10.1073/pnas.1105538108)

375. Pereira, R. J., W. B. Monahan, and D.B. Wake. 2011. Predictors for reproductive isolation in a ring species
complex following genetic and ecological divergence. BMC Evolutionary Biology 11:194
(http://www.biomedcentral.com/1471-2148/11/194), 14 pp.

376. Blackburn, D. C., and D. B. Wake. 2011. Class Amphibia Gray, 1825. Pp. 39-55 In: Zhang, Z.-Q. (Ed.) Animal
biodiversity: An outline of higher-level classification and survey of taxonomic richness. Zootaxa 3148: 1-237 (23
Dec. 2011).

377. Wake, D. B. 2011. Review of: Conservation of Mesoamerican Amphibians and Reptiles, edited by L.D.
Wilson, J. H. Townsend and J. D. Johnson. Herpetological Review 42: 622-623.

378. Sunyer, J., J. H. Townsend, D. B. Wake, S. L. Travers, S. C. Gonzalez, L. A. Obando, and A. Z. Quintana.
2011. A new cryptic species of salamander, genus Oedipina (Caudata: Plethodontidae), from premontane elevations
in northern Nicaragua, with comments on the systematic status of the Nicaraguan paratypes of O. pseudouniformis
Brame, 1968. Breviora, Museum of Comparative Zoology 526: 1-16.

379. Jockusch, E. L., I. Martinez-Solano, R. W. Hansen and D. B. Wake. 2012. Molecular and morphological
diversification of slender salamanders (Caudata: Plethodontidae: Batrachoseps) in the southern Sierra Nevada with
descriptions of two new species. Zootaxa 3190:1-30.

380. Wake, D. B. 2012. Facing extinction in real time. Science 335: 1052-1053.

381. Martinez-Solano, 1., A. Peralta-Garcia, E. L. Jockusch, D. B. Wake, E. Vazquez-Dominguez, and G. Parra-
Olea. 2012. Molecular systematics of Batrachoseps (Caudata, Plethodontidae) in southern California and Baja
California: Mitochondrial-nuclear DNA discordance and the evolutionary history of B. major. Molecular
Phylogenetics and Evolution 63: 131-149.

382. Rovito, S. M., D. B. Wake, T. J. Papenfuss, G. Parra-Olea, A. Mufioz-Alonso, and C. R. Vasquez-Almazan.
2012. Species formation and geographical range evolution in a genus of Central American cloud forest salamanders
(Dendrotriton). Journal of Biogeography doi:10.1111/j.1365-2699.2012.02696.x 1-15.

383. Monahan, W. B., R. J. Pereira, and D. B. Wake. 2012. Ring distributions leading to species formation: a
global topographic analysis of geographic barriers associated with ring species. BMC Biology 10: 20,
http://www.biomedcentral.com/1741-7007/10/20.

384. Rovito, S. M., G. Parra-Olea, D. Lee, and D. B. Wake. 2012. A new species of Bolitoglossa (Amphibia,
Caudata) from the Sierra de Juarez, Oaxaca, Mexico. ZooKeys 185: 55-71 doi: 10.3897/zookeys.185.1146.

385. Boza-Oviedo, E., S. M. Rovito, G. Chaves, A. Garcia-Rodriguez, L. G. Artavia, F. Bolafios, and D. B. Wake.
2012. Salamanders from the eastern Cordillera de Talamanca, Costa Rica, with descriptions of five new species
(Plethodontidae: Bolitoglossa, Nototriton, and Oedipina) and natural history notes from recent expeditions. Zootaxa
3309: 36-61.

386. Wake, D. B. 2012. Taxonomy of salamanders of the Family Plethodontidae (Amphibia: Caudata). Zootaxa
3484: 75-82.

387. Wake, D. B., S. M. Rovito, J. A. Maisano, and J. Hanken. 2012. Taxonomic status of the enigmatic
salamander Cryptotriton adelos (Amphibia: Plethodontidae) from northern Oaxaca, Mexico, with observation on its
skull and postcranial skeleton. Zootaxa 3579: 67-70.

388. Sunyer, J., D.B. Wake, and L. A. Obando. 2012. Distributional data for Bolitoglossa (Amphibia, Caudata,
Plethodontidae) from Nicaragua and Costa Rica. Herpetological Review 43: 560-564.

13





389. Rovito, S. M., G. Parra-Olea, C. R. Vasquez-Almazan, R. Luna-Reyes, and D. B. Wake. 2012. Deep
divergences and extensive phylogeographic structure in a clade of lowland tropical salamanders. BMC Evolutionary
Biology 12: 255. Doi:10.1186/1471-2148-12-255 (http://www.biomedcentral.com/1471-2148/12/255).

390. Acevedo, A. A., D. B. Wake, R. Marquez, K. Silva, R. Franco, and A. Amézquita. 2013. Two new species of
salamanders, genus Bolitoglossa (Amphibia: Plethodontidae), from the eastern Colombian Andes. Zootaxa 3609:
69-84.

391. Whittaker, K., M. S. Koo, D. B. Wake, and V. T. Vredenburg. 2013. Global declines of amphibians. In:
Levin S. A. (ed.) Encyclopedia of Biodiversity, second edition, 3: 691-699. Waltham, MA: Academic Press.

392. Wake, D. B. 2013. Opinion: Paradoxical Amphibians. The Scientist February 7, 2013. [Commentary]
http://www.the-scientist.com/?articles.view/articleNo/34303/title/Opinion--Paradoxical-Amphibians/

393. Elmer, K., R. M. Bonett, D. B. Wake, and S. C. Lougheed. 2013 Early Miocene origin and cryptic
diversification of South American salamanders. BMC Evolutionary Biology 12:50 doi:10.1186/1471-2148-13-59

394. Rovito, S.M., G. Parra-Olea, J. Hanken, R. M. Bonett, and D.B. Wake. 2013. Adaptive radiation in miniature:
the minute salamanders of the Mexican highlands (Amphibia: Plethodontidae: Thorius). Biol. J. Linn. Soc. 109:
622-643

395. Zhang, P., D. Liang, R-L. Mao, D. M. Hillis, D. B. Wake, and D. C. Cannatella. 2013. Efficient sequencing of
anuran mtDNAs and a mitogenomic exploration of the phylogeny and evolution of frogs. Mol. Biol. Evol. 30:
1899-1915.

396. Reilly, S. B., M. F. Mulks, J. M. Reilly, W. B. Jennings, and D. B. Wake. 2013. Genetic diversity of black
salamanders (4neides flavipunctatus) across watersheds in the Klamath Mountains. Diversity 5: 657-679
(doi:10.3390/d5030657).

397. Wake, D. B. 2013. The enigmatic history of the European, Asian and American plethodontid salamanders.
Amphibia-Reptilia 34: 323-336 (doi:10.1163/15683581-00002893).

398. Wake, D. B. 2014. Review: The Eponym Dictionary of Amphibians, by B. Beolens, M. Watkins, and M.
Grayson. Exeter: Pelagic Publ. Quart Rev Biol 89: 70-71. [Book Review]

399. Reilly, S. B., D. M. Portik, M. S. Koo, and D. B. Wake. 2014. Discovery of a new, disjunct population of a
narrowly distributed salamander (Taricha rivularis) in California presents conservation challenges. J. Herpetol. 48:
371-379.

400. Reilly, S. B. and D. B. Wake. 2015. Cryptic diversity and biogeographical patterns within the black
salamander (Aneides flavipunctatus) complex. J. Biogeogr. 42: 280-291 doi:10.1111/jbi.12413.

401. Wake, D. B. 2014. Review: Salamanders and Newts of Europe, North Africa and Western Asia, by M.
Staniszewski. 2011. Edition Chimaira. Copeia 2014: 388. [Book Review]

402. Wake, D. B. 2014 (2015). Homoplasy, a moving target. Chap 5, pp. 111-127, in A. C. Love (ed.),
Conceptual Change in Biology: Scientific and Philosophical Perspectives on Evolution and Development. Boston
Studies in the Philosophy and History of Science 307, Springer Science + Business Media, Dordrecht.

403. Wake, D. B. 2014. Review: Les Urodéles du Monde, 2° Edition. By J. Raffaélli. 2013. Penclen Edition.
Copeia 2014: 774-775. [Book Review]

404. Darda, D. M. and D. B. Wake. 2015. Osteological variation among extreme morphological forms in the
Mexican salamander genus Chiropterotriton (Amphibia: Plethodontidae): Morphological evolution and homoplasy.
PLOS ONE | DOI:10.1371/journal.pone.0127248. 1-34.

14





405. Yap, T. A., M. S. Koo, R. F. Ambrose, D. B. Wake, and V. T. Vredenburg. 2015. Averting a North American
biodiversity crisis. Science 349: 481-482.

406. Poinar Jr., G. and D. B. Wake. 2015. Palaeoplethodon hispaniolae gen. n., sp. n. (Amphibia: Caudata), a
fossil salamander from the Caribbean. Palacodiversity 8: 21-29.

407. Hariharan, I. K., D. B. Wake, and M. H. Wake. 2015. Indeterminate Growth: could it represent the ancestral
condition?. Cold Spring Harbor Perspect Biol doi: 10.1101/cshperspect.a019174 (pp 55-71).

408. Heald R., I. K. Hariharan, and D. B. Wake (Editors). 2015. Size Control in Biology: From Organelles to
Organisms. Cold Spring Harbor Perspectives in Biology. Cold Spring Harbor Laboratory Press, NY. [Book]

409. Rovito, S. M., C. R. Vasquez-Almazan, T. J. Papenfuss, G. Parra-Olea and D. B. Wake. 2015. Biogeography
and evolution of Central American cloud forest salamanders (Caudata: Plethodontidae: Cryptotriton), with the
description of a new species. Zoological Journal of the Linnean Society 175: 150-166.

410. Rovito, S. M., G. Parra-Olea, E. Recuero and D. B. Wake. 2015. Diversification and biogeographical history
of Neotropical plethodontid salamanders. Zoological Journal of the Linnean Society 175: 167-188.

411. Wake, D. B., D. C. Blackburn and R. E. Lombard. 2015. Rampant homoplasy in complex characters:
Repetitive convergent evolution of amphibian feeding structures. Chap. 22: 395-405 In: Great Transformations in
Vertebrate Evolution. Kenneth P. Dial, Neil Shubin and Elizabeth L. Brainerd (Editors), Chicago, Univ. Chicago
Press.

412. Pereira, R. J. and D. B. Wake. 2015. Ring species as demonstrations of the continuum of species formation.
Molecular Ecology 24: 5312-5314. Doi: 10.1111/mec.13412 [Commentary]

413. Reilly, S. B., A. Corl and D. B. Wake. 2015. An integrative approach to phylogeography: investigating the
effects of ancient seaways, climate, and historical geology on multi-locus phylogeographic boundaries of the
Arboreal Salamander (4neides lugubris). BMC Evolutionary Biology 15: 241 (17 p) DOI 10.1186/s12862-015-
0524-9

414. Shen, X. X., D. Liang, M-Y. Chen, R-L. Mao and D. B. Wake. 2016. Enlarged multilocus dataset provides
susrprisingly younger time of origin for the Plethodontidae, the largest family of salamanders. Systematic Biology
1-16 DOI:10.1093/sysbio/syv061

415. Kuchta, S. and D. B. Wake. 2016. Wherefore and whither the ring species? Copeia 2016: 189-201.

416. Wake, D. B. 2016. A new resource for China. Zoological Research 37: 2-3. DOI:10.13918/j.issn.2095-
8137.2016.1.2

417. Irwin, D. E. and D. B. Wake. 2016. Ring Species. In: Kliman, R. M. (ed.) Encyclopedia of Evolution 3:467-
475. Oxford: Academic Press.

418. D. B. W. [David B. Wake]. 2009. Amphibians. In: Ruse, M. and J. Travis (eds). Evolution: The First Four
Billion Years. Cambridge, MA: The Belknap Press of Harvard University Press. Pp. 411 - 415.

419. Parra-Olea, G., S. M. Rovito, M. Garcia-Paris, J. A. Maisano, D. B. Wake, and J. Hanken. 2016. Biology of
tiny animals: three new species of minute salamanders (Plethodontidae: Thorius) from Oaxaca, Mexico. Peer]
4:¢2694; DOI 10.7717/peerj.2694

420. Wake, D. B. 2016. Review: Salamanders of the Old World: The Salamanders of Europe, Asia and Northern
Africa. By Max Sparreboom. KNNV Publishing, in cooperation with Naturalis Biodiversity Center. Copeia 2016:
967-969. [Book Review]

421. Feng, Y-L, D. C. Blackburn, D. Liang, D. M. Hillis, D. B. Wake, D. C. Cannatella, and P. Zhang. 2017.
Phylogenomics reveals rapid, simultaneous diversification three major clades of Gondwanan frogs at the

15





Cretaceous-Paleogene boundary. Proceedings of the National Academy of Sciences.
www.pnas.org/cgi/doi/10.1073/pnas.1704632114

422. Wake, D. B. 2017. Persistent plethodontid themes. Herpetologica 73: 242-251.
doi.org/10.1655/HERPETOLOGICA-D-16-00065.1

423. Garcia-Castillo, M.G., S. M. Rovito, D. B. Wake, and G. Parra-Olea. 2017. A new terrestrial species of
Chiropterotriton (Caudata: Plethodontidae) from central Mexico. Zootaxa 4363: 489-505.

424. Bingham, R. E., T. J. Papenfuss, L. Lindstrand III, and D. B. Wake. 2018. Phylogeography and species
boundaries in the Hydromantes shastae complex, with description of two new species (Amphibia: Caudata:
Plethodontidae). Bulletin of the Museum of Comparative Zoology, 161: 403-427.

425. Wang G-D., B-L. Zhang, W-W. Zhou, Y-X. Lin, J-Q. Jin, Y. Shao, H-c. Yang, Y H. Liu, F. Yan, H-M. Chen,
L. Jin, F, Gao, Y. Zhang, H. Li, B. Mao, R.W. Murphy, D.B. Wake, Y-P. Zhang, and J. Che. 2018. Selection and
environmental adaptation along a path to speciation in the Tibetan frog Nanorana parkeri. Proceedings of the
National Academy of Sciences. 115:201716257; DOI 10.1073/pnas.1716257115.

426. D. B. Wake and M. S. Koo. 2018. Primer: Amphibians. Current Biology 28:PR1237-R1241;
doi.org/10.1016/j.cub.2018.09.028.

16






unable to complete your assessment during this time period, please let me know when we may
anticipate receiving your comments. We will summarize and respond to the substantive
comments raised by all peer reviewers and use the information, as appropriate, in the final SSA.
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Vitae for our records. Please be aware that your completed review of the SSA, including your
name and affiliation, will be included in the administrative record for this evaluation and will be
available to interested parties upon request.

If you have any questions about the draft SSA report, or our listing policies in general, please feel
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your reply.
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Remarks by reviewer David B. Wake

I first observed this species on February 5, 1960, when the late Arden H. Brame, Jr. and I
visited York Mountain Winery and collected 25 specimens that Brame felt represented two
different species. We sacrificed, preserved, cleared and stained and observed the 25 specimens
and I determined that there were 10 of one kind and 15 of the other, corresponding perfectly to
Brame’s sorting of the living specimens. This convinced me there were two species. The
specimens are preserved in MVZ. Since that time I have observed the species on a number of
occasions and have noted the slow but steady decline in abundance of both species (B.
nigriventris and B. minor), but especially of B. minor, which in my experience has become
difficult to predictably observe.

As is recognized in the draft, I was a coauthor of the formal description of the the species
Batrachoseps minor.

I have studied the draft report. In my opinion it is competently done. The species is so poorly
known that there is of necessity a lot of speculation. But I think in general it is a fine report.

My primary concern is that there is an over-emphasis on the potential negative effects of climate
change and disease and an underemphasis on habitat modification. I think the habitat has
deteriorated severely since the 1960s, mainly by clearing and cleaning brush and by the invasion
of exotic vegetation.

A bit unknown is Bd, which might have played a role in the general decline of abundance in
California salamanders, which is evident to all experienced field biologists who have 50 or more
years of experience. We simply do not know.

I am impressed that Sam Sweet has found the species at all historic localities and some new
ones. I have been unable to do so, and my observations are most extensive for just two sites -
the York Mt Winery are and the Santa Rita-Old Creek Road region. In both areas I have detected
considerable habitat degredation since the 1960s.

Response to questions:

(1) Have we assembled and considered the best available scientific and commercial
information relevant to this species? Yes

(2) Is our analysis of this information correct? I think the effects of climate change and
disease or overemphasized.

(3) Are our scientific conclusions reasonable in light of this information?
In general, yes, with the caveats noted.
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