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Partners: Our project will provide science-based support for numerous partners and stakeholders involved in
the management and enhancement of vernal pool and seasonal wetlands, including recovery of special-status
species such as the federally threatened California tiger salamander (Ambystoma californiense) in California’s
Central Valley. Our project represents a strong cross-sectoral partnership among NGO, governmental, and
private sector organizations and associated staff involving existing and new collaborations. Primary science
support will be provided by the nonprofit Conservation Science Partners, Inc. (A. Brand, 510-229-2012, R.
Scherer, D. Theobald, B. Dickson). The FWS San Luis Management Complex (K. Forest, 209-826-3505, B. Parris)
and FWS Merced National Wildlife Refuges will provide access to up to 200 breeding ponds for the study, and
Westervelt Dutchman Creek Conservation Bank (M. Gause, 916-646-3644) will provide 5 years existing and 1
year additional data on California tiger salamander and pool attributes. The FWS Sacramento Field Office
(Thomas Leeman, San Joaquin Valley Division Chief, 916-414-6544) will help guide us to ensure that we address
management needs from the regional perspective. The results of our study will be used by numerous
stakeholders to increase understanding of impacts of changing hydroperiod
and other attributes of pools on CTS in vernal pool ecosystems, and
prioritization of management options under a range of possible climate change
projections. Other stakeholders include CA Department of Fish and Wildlife
(William Cook; 209-826-0463) and the US Bureau of Reclamation (Liz Ayres
Vasquez, 916-978-5460), among others that may be contacted during the
course of the project to maximize the availability of our work.
Geographic Scope: Vernal pool and seasonal wetlands with associated upland
habitats of the Central Valley Ecoregion. Due to the identified information gap
we will focus on the San Joaquin Valley within CA Central Valley (Figure 1).
Partner Contributions/Leveraging: Our project will benefit from over $65,850
in-kind services and contributions, including CTS data collected from 20102014 and continuing in 2015 at Westervelt’s Dutchman Creek Conservation
Bank (Objective 1, 2, and 3). Eric Hansen will provide a portion of necessary
gear including YSI water meter, turbidometer, GPS unit, seins, and other
Fig 1. Study Area in CA Central Valley
equipment (Objectives 2 and 3). Conservation Science Partners will contribute
$10,500 in equipment, including computers, servers and devices for data storage, analyses, and outputs
(Objectives 1, 2 and 3). We will also utilize free sources of remote-sensing and GIS data (Objectives 1, 2, and 3).

2015 California LCC Ecosystem Process Projects – Main Proposal
1. Project Summary/Management Relevance: California’s Central Valley supports over 20 endemic, specialstatus species associated with vernal pools and seasonal wetlands, yet loss of 90% of the original extent of these
habitats has resulted in highly-fragmented, remnant pools of varying habitat quality. Managers need science
support to inform conservation priorities and possible enhancement of remaining pools, particularly since
projected increases in temperature and decreases in precipitation may dry ponds to an extent that reduces or
precludes their habitat value. Ongoing changes in climate will, in turn, cause changes in hydrologic regime, with
a decreased hydroperiod expected to detrimentally affect reproductive occupancy of special status species such
as the California tiger salamander. The relationship between changing climate and hydrologic regime of vernal
pools has not been studied, but may be crucial for continued persistence of vernal pool species. We propose to
examine the pool characteristics (pond duration and timing, water quality, turbidity) and upland characteristics
(habitat type, soil type, dry matter) related with occupancy of pools by CTS larvae and metamorphs at a local
scale comprised of both private (Conservation Bank) and public (FWS Refuge) lands. We will use occupancy
models and model selection techniques to evaluate pool and upland characteristics that increase metamorphic
occupancy in relation to hydroperiod (Maret et al. 2006, Johnson et al. 2013). We will use existing datasets to
identify key needs, augmented with new data to expand the range in observed variation in predictor variables to
develop robust predictive models. We then propose to develop and validate predictive models for current
conditions and multiple climate scenarios that project salamander occupancy as a function of hydroperiod, itself
related with evaporation and runoff as a function of catchment area, pool size, and upland land cover. Our
predictive framework uses more intensive field-based and remote sensing inputs on refuge lands, and explores
models that leverage remote sensing and weather data on private lands over a regional scale for which fieldbased data may not be available. We focus on the San Joaquin Valley portion of California’s Central Valley since
this area is lacking information, and for example, is almost entirely devoid of prior scientific studies on Central
California Distinct Population Segment of the California tiger salamander (henceforth, California tiger
salamander, CTS), yet is under substantial threat since the majority of remaining vernal pool habitats occur on
private lands. By integrating existing field-based, remote-sensing, and GIS datasets, our project will identify
important habitat and landscape features needed by managers to prioritize management and conservation
actions for amphibians, including a special-status species, facing changes in climate in this critically endangered
ecosystem.
2. Capacity: Our project builds upon existing datasets, expertise and capabilities of scientists from Conservation
Science Parnters (NGO), a private sector environmental consulting, a private sector Conservation Bank
(Westervelt Ecological Services), and federal land managers (San Luis Refuge Complex). Land management in
these habitats is focused on recovery of federally threatened California tiger salamander and other specialstatus species of vernal pool ecosystems in California’s Central Valley. The project team has >110 years’
collective experience studying or managing wetlands for endangered vertebrate species, with expertise on
ecology and conservation of the California Tiger Salamander, ecological modeling, and remote sensing. The lead
investigator (Arriana Brand) has over 20 years’ experience conducting wetland conservation research,
developing predictive models for vertebrate species, and assessing effects of changing hydrologic regime. The
project will be co-lead by Rick Scherer, who has a strong ecological modeling background including analysis of
occupancy data and extensive experience modeling demography and spatial distribution for reptiles and
amphibians, and Dave Theobald, an authority on modeling ecological process over large spatial extents. The
project will also be co-lead by Eric Hansen who has participated in California research for over 39 years, and
maintains all permits required through Section 10(a)(1)(A) of the federal Endangered Species Act, 16 U.S.C. 1531
et seq. and Fish and Game Code Section 1002 and Title 14 Sections 650 and 670.7 to complete this work. Mr.
Hansen is also the lead for several San Joaquin Valley studies of the threatened giant garter snake (Thamnophis
gigas) supported by Central Valley Project Improvement Act Habitat Restoration Program and Conservation
Program grants. The management team includes Matt Gause, Senior Biologist and Land Manager at Westervelt
Ecological Services, and Kim Forrest and Robert Parris, Wildlife Refuge Manager and Deputy Wildlife Refuge

Manager, respectively, at the FWS San Luis NWR Refuge Complex. These managers know the challenges
associated with managing vernal pool and wetland systems, and have already and will continue play a central
role in identifying the information needs to be addressed by this project. The project team has all federal and
state endangered species permits, management experience, survey skills, ecological and hydrological knowledge
of species and habitats, and expertise in landscape ecology and hydrology, climate change, GIS modeling,
remote sensing, statistical modeling, and relevant software to implement this research.
3. Project Approach: California’s Central Valley has been substantially altered by agricultural development,
urban expansion, and alteration of hydrologic regimes. Nearly all native grassland and oak savanna have been
eliminated from the Valley floor, and an estimated 90% of the historical extent of vernal pools in California have
been lost (Dahl and Allord 1996, Holland 1998, USFWS 2014). Alteration of the hydrology of vernal pools has
been a major cause of their destruction since European settlement, including plowing and draining for
agriculture or urban uses, which has also continued recently (2005-2012; Witham et al. 2013). Given this
dramatic loss, recovery of the species that depend upon these habitats, including 20 endemic, federally listed
plants and invertebrates, such as fairy shrimp (Branchinecta spp.) and vernal pool tadpole shrimp (Lepidurus
packardi), remains a central focus of the USFWS Vernal Pool Recovery Plan (USFWS 2005). Threats impacting
CTS has also lead to a subsequent 5-year review upholding that status and continued effort towards developing
a recovery plan for that species (USFWS 2014). California tiger salamander serves as a model species for which
hydroperiod requirements also likely represent needs for listed vernal pool branchiopods and other imperiled
amphibians such as western spadefoot (Spea hammondii; Burgess 1950, Anderson 1968, Feaver 1971, USFWS
1994). To benefit CTS and other vernal pool species, several important areas have been set aside, including the
San Luis Refuge Complex, critical habitat, and a series of privately managed Conservation Banks. However, the
ultimate success of these efforts depends upon maintaining adequate hydrologic regime within remnant pools
for continued persistence and colonization to newly created pool sites. While CTS occurs in areas of adequate
hydroperiod, areas with a reduction in hydroperiod cause larvae to die. Additionally, projected changes in
climate, including projected increases in temperature and decreases in precipitation, are expected to alter the
hydrologic regime (duration, timing of inundation) of seasonal pools with potentially detrimental effects (Cayan
et al. 2008, Changing Climate 2012, USFWS 2014). To aid species’ recovery, our approach focuses on identifying
pool and upland characteristics for management and conservation actions, given future climate scenarios, that
promote adequate hydrologic regime to maintain successful reproduction of a threatened vernal pool
vertebrate.
A focus on hydroperiod required by CTS integrates key ecological functions between vernal pools and upland
habitats (Figure 2). Water in the pools depends on adjacent upland features that contribute water to the pools,
including upland habitat type and soils within runoff catchment areas needed to maintain adequate water
quality, depth, duration, and timing of inundation. California tiger salamander larvae will dessicate if a site dries
before larvae complete metamorphosis, such that pool persistence is
the most important factor related with survival of metamorphs
(Schaffer et al. 1993, Loredo 1996, Johnson et al. 2013). However,
while climate change was not considered an imminent threat at the
time of listing, it is now a topic of considerable management concern
(Bob Parris, Kim Forrest, Matt Gause, Thomas Leeman, personal
communications; USFWS 2014). Climate projections for the Central
Valley indicate increased temperature and decreased precipitation,
with California temperatures likely to increase 2.7 to 8.1 degrees
Fahrenheit under lower to higher emissions scenarios (Cayan et al.
2008). Despite these predictions, there is substantial uncertainty
regarding the long-term persistence of CTS and other vernal pool
endemics.

Fig 2. CTS occupied pool and upland
habitat

To address these uncertainties, we will evaluate probabilities of CTS reproductive occupancy (of larval and
metamorph stages) as a function of pool features, upland characteristics, and changing hydroperiod at three
spatial scales extending from local to regional. Specifically, our core project objectives will: 1) identify pool
characteristics that increase occupancy of CTS larvae and metamorphs as a function of hydrologic regime at the
local scale, 2) develop and validate predictive models and maps for CTS larval and metamorphic occupancy in
current conditions and climate scenarios at the refuge complex scale using field-based and remote sensing
attributes, and 3) develop and validate predictive models and maps for CTS larval and metamorphic occupancy
in current conditions and climate scenarios at a more extensive, regional scale using remote sensing attributes
only. The combination of field-based and remote-sensing methods to develop predictive maps will allow us to
evaluate this approach for aiding management decisions using the most efficient data collection methods. We
will then apply these methods to identify high priority areas for recovery of CTS under scenarios of climate
change that address changing hydrologic regime as a key input for recovery planning.
CA LCC Ecosystem Process Priorities addressed: Our collaborative project integrates efforts of land managers
and researchers to address key management needs in vernal pool and ephemeral wetland habitats that support
recovery of endemic, special status vernal pool species, including CTS, in the face of increased temperatures and
decreased precipitation expected with climate change. This project meets all 2015 CA LCC Ecosystem Process
Project Priorities and Strategy Goals. First, we will address effects of altered hydrologic regime (pond duration
and timing) on special-status species within vernal pools, including projection of hydrologic regime within
predictive models that project hydroperiod resulting from changes in evaporation and runoff characteristics
related with a changing climate. Second, our project will promote cross-sectoral understanding of alteration of
hydroperiod through climate scenarios that allows managers to explicitly consider management options within a
range of projections of climate change to link actions to key climate impacts and vulnerabilities. Third, our
project leverages several existing datasets to identify information gaps and priority issues, including existing CTS
occupancy and pool attribute data, existing remote sensing coverages, and existing GIS coverages developed for
the FWS. Fourth, our approach will inform management decisions, including options for pool enhancements that
increase hydroperiod, such as building berms at local scales within Conservation Bank and Refuge Lands, as well
as prioritization of particular areas of private or public lands at a regional scale that contain pools robust to the
range in variability in future climate projections for recovery planning. Finally, this project serves as a
foundation for continued efforts beyond this project, with synthesized datasets, methods and models that are
transferable to other areas and species with refinement. This project will directly support natural resource
decision-making and conservation delivery by providing tools and information that is urgently needed by
managers.
4. Project Scope of Work: Climate-driven changes in precipitation and temperature that alter hydrologic regime
severely threaten recovery of endangered pond-breeding amphibian species in vernal pool and wetland
ecosystems. In spite of this threat, little information on actions for increasing the persistence of amphibian
populations is available to managers, particularly in the San Joaquin Valley.
We propose to meet this critical need by focusing our project on the key
information requirements of managers to identify, prioritize or enhance areas
for conservation. First, we will identify attributes of vernal pools and upland
areas adjacent to the pools that are associated with successful metamorphosis
by CTS, the life history stage that indicates successful breeding. We will fulfill
this objective using previously collected data from the Dutchman Creek
Conservation Bank. Second, we will develop and validate predictive models
Fig 3. Adult California tiger salamander
and maps for current conditions and for scenarios that encompass different
climate projections.
We will address these needs by managers at three spatial scales: local scale (Objective 1), refuge complex scale
(Objective 2), and regional scale (Objective 3). The local and refuge complex scales include Conservation Bank

and Public Lands primarily managed for protection of vernal pool ecosystems that contain CTS, and the regional
lands include FWS designated CTS Critical Areas that are primarily on private lands and used for commercial
purposes. Our approach includes model validation, and addresses the trade-off between increased model
specificity at smaller special scales, and increased extent across larger spatial scales.
Objective 1. Identify pool characteristics that increase occupancy of CTS larvae and metamorphs as a function
of hydrologic regime and upland characteristics at the local scale. We will begin our project using existing
datasets at the Westervelt Dutchman Creek Conservation Bank. These datasets have been collected for
management monitoring of CTS. We will use retrospective analyses to evaluate characteristics of vernal pools
and hydrologically modified water features that that increase species’ persistence in support of management
and recovery planning, and to identify further information needs.
(1a). Integrate existing datasets collected on Conservation Bank Lands to support standardized monitoring
efforts. We will integrate historic monitoring datasets for CTS and associated vernal pool species using existing
datasets, including a 5-year presence-absence dataset, and a 2-year abundance dataset, as well as data
pertaining to pool and upland characteristics collected at the Westervelt Dutchman Creek Conservation Bank.
These datasets have been collected for management monitoring of CTS, and include important predictor
variables pertaining to hydrologic regime (e.g., volume and hydroperiod), water quality, and upland
characteristics from as many as 30 vernal pools and other emphemeral wetland features. We will use
retrospective analyses to evaluate pool and upland characteristics that increase species’ occupancy in support of
management and recovery planning. These data have been collected following standard methods for
compliance monitoring and represent a high level of data quality. Additionally, we will merge vegetation data
collected at field locations, weather data, and landscape data that builds upon Landsat and other remotelysensed imagery. We will undergo a data management effort to integrate species’ datasets and standardize
protocols and data structure to enhance long-term collaboration.
(1b). Evaluate pool and upland characteristics that enhance species’ persistence in the face of drought and
climate change. Based on the synthesized dataset, we will use occupancy models with AIC model selection to
evaluate pond and upland characteristics associated with occupancy by CTS metamorphs while accounting for
imperfect and heterogeneous detection probabilities (MacKenzie et al. 2006). Our study design will utilize
ponds that range in recruitment of larvae and successful metamorphosis which spanned a period of extreme
drought. These sites span vernal pools and hydrologically
altered water features, for which we will assess occupancy
and/or persistence over time. This type of retrospective
analysis, using existing data augmented with additional
key variables from remote sensing, provides a costeffective means to inform management actions that
improve the species’ persistence in the face of climate
change. It also enables us to identify additional data
Fig 4. Hydroperiod affects ability of CTS to metamorphose
collection needs for work at the refuge complex scale.

Objective 2. Develop and validate predictive models and maps for CTS larval and metamorphic occupancy in
current conditions and scenarios at the refuge complex scale. This portion of our project focuses on wetland
features within the refuge complex scale, encompassing the Dutchman Creek Conservation Bank combined with
the adjacent San Luis National Wildlife Refuge Complex. This Refuge Complex is one of the few publicly owned
protected areas in the San Joaquin Valley focusing on vernal pools ecosystems and is critically important for the
California tiger salamander. At this scale, our project will apply predictive models and maps to current
conditions and climate change scenarios, with data collection efforts to develop and validate these models.

(2a). Collect data at complex scale standardized to local scale and augmented with additional variables as
needed. From the standardized set of variables analyzed at the local scale, we will augment the dataset by
collecting additional data at the complex scale. The goals of this data collection effort are to 1) standardize data
collection protocols, 2) validate predictive models at the complex scale, and 3) develop model inputs across a
larger and wider range of conditions that can then be applied at the refuge and regional scales.
Of over 200 available pools, those chosen for larval sampling will follow a stratified, random selection of sites
representing varying landscape characteristics. Each pool will be sampled using 8 x 4 feet or 12 x 4 feet seines
and/or dipnets with 1/4 inch mesh. Each seine will be fitted with floats at the top and weights at the bottom
which assists in keeping the net open (net bottom contacting the sediments and the net top at the water
surface). Pools will be sufficiently seined to detect larval presence while minimizing disturbance to the pool and
the risk of injuring larvae while sampling. The length and maximum depth of each seine pull will be recorded to
determine the volume of water seined, and the percentage of the pool sampled. The maximum depth and water
temperature of each pool will also recorded, water metrics including pH, specific conductivity (EC), and water
temperature will be measured at each pool site using a portable YSI 556 Multi-Probe unit, and turbidity will be
measured with a Lamotte 2020e turbidometer. Data recorded for each sampling location will include UTM
coordinates and environmental characteristics, including vegetation and substrate types, slope, aspect, residual
dry matter, and fossorial mammal activity/burrow density.
Any CTS larvae captured will be quickly placed into holding buckets filled with water from the sampled pool.
Other amphibian larvae (e.g., Pseudacris regilla) and invertebrates (e.g., tadpole shrimp) species if present will
be noted and quickly returned to the pool from which they came. Presence of other vernal pool species such as
other amphibians or large branchiopods (fairy shrimp, tadpole shrimp, and clam shrimp) will also be noted, and
could be added in future, transferable modeling efforts. The total length (TL, measured from the tip of the snout
to the end of the tail) and snout to vent length (SVL) of each captured larvae will be measured (in mm).
Developmental stage will be noted to track the rate of metamorphosis. We will sample each pool a minimum of
4 times per field season.
(2b). Evaluate pool and upland characteristics that enhance species’ persistence in the face of drought and
climate change. In order to expand the spatial scale and to improve robust analyses and predictive models, we
will utilize the augmented, synthesized dataset
comprised of the larger range of variation contained
within the refuge scale dataset. We will use causal
analysis (Figure 5; Textor et al. 2011)) as well as
occupancy models with AIC model selection
techniques to evaluate pond and upland
characteristics associated with occupancy by CTS
metamorphs (MacKenzie et al. 2006). These sites
span a wider range in vernal pools and seasonal
water features, with associated variables pertaining
to upland disturbance, water quality, pool physical
attributes, pool biological attributes, and potential
for predation for which we will use causal analysis to
aid study design (Figure 5). This occupancy analysis
across the refuge scale will enable us to identify
Fig 5. Causal diagram with hypothesized variables that influence CTS
covariates that are strong predictors of metamorphic
occupancy to use in predictive models.
(2c). Develop scenarios of climate change with associated data inputs from field data and remotely-sensed
imagery. As a foundation for our broader effort, we will begin with development of scenarios across private and

public lands at the complex scale in the San Joaquin Valley. The process of developing scenarios ensures direct
communication between scientists and managers to ensure that results support management needs. Existing
projections in precipitation and temperature, and modeled relationships with hydroperiod, will serve as the
primary content of our scenarios, for which we will consider at least for along a range of options projected to
2050 (e.g., Our Changing Climate 2012). However, we will explore the possibility of including management
options as well. For example, initial conversations with managers have suggested that pools can be enhanced by
building berms surrounding pools as a low-impact, cost effective way to hydrologically enhance pools identified
to be at risk of insufficient hydroperiod. This management option could be prioritized for specific ponds within
range of climate scenarios that address projected changes in temperature and precipitation.
Development and implementation of scenarios will involve two additional key steps: 1) developing data inputs
from field and remotely-sensed data, and 2) developing links between data inputs and climate scenarios within
projected ranges of temperature and precipitation for the region (e.g., Cayan et al. 2008). First, we will utilize
fitted occupancy models from Objective 2B to identify variables and data inputs required to predict occupancy
under current conditions, for example in new areas, for which we expect pond duration to be a key variable for
prediction. Second, we will develop relationships to predict hydroperiod or other hydrologic variables as a
function of climate projections, to enable linking these projections with predictive models. To accomplish this,
we will use vernal pool coverages that have been developed from across the Central Valley (Witham et al. 2014),
combined with remote sensing data comprised of bi-weekly or monthly Landsat imagery characterized by NDVI
and/or NDWI to characterize pond hydroperiod. We will then apply a causal modeling approach to develop a
statistical relationship to predict hydroperiod as a function of weather factors (temperature, precipitation), pool
attributes (e.g. surface area and pool volume, associated with evaporation), and upland attributes (catchment
area, soil type, dry matter, vegetation type, etc., associated with runoff). We will then apply this statistical submodel within predictive models to predict CTS metamorphic occupancy as a function of hydroperiod within
climate scenarios.
(2d). Develop and validate predictive models and maps at the complex scale. Using the coefficients from
fitted models, with relevant inputs from field-based data and climate projections of the hydroperiod, we will
project expected larval and metamorphic occupancy as a function of hydrologic regime (e.g. hydroperiod), water
quality, and upland features for current and scenario conditions. In order to validate the models, we will use the
newly collected set of data in combination with predictions to assess the percent correct classification and will
conduct logistic regression analysis to identify model features that improve the percent of correct classification.
We will utilize this validation approach both as quality control for predictions at the complex scale, as well as to
refine models for a more limited set of predictor variables collected via remote sensing at greater extent across
the regional scale.
Objective 3. Develop and validate predictive models and maps for CTS larval and metamorphic occupancy in
current conditions and scenarios at the regional scale. This portion of our project focuses on wetland features
at a larger spatial scale, spanning the region of the northern and central San Joaquin Valley within California’s
Central Valley. The majority of known and potential breeding ponds and surrounding uplands for CTS occur on
private lands used for grazing and agriculture (USFWS 2014). Using
models developed within Conservation Bank and Public Lands
focused on protection of vernal pool ecosystems for CTS, we will
utilize the model development and specification to refine and
prioritize predictive models to apply regionally. Because it will only
be possible to access a subset of locations on private lands, our
modeling approach will explore the ability to predict to new sites
using remote sensing data rather than data collected in field
locations. This dependence upon data derived from remote-sensing
decreases our model specification, but enhances the extent
Fig 6. Example of pool seining techniques

available to predict CTS occupancy of metamorphs for current conditions and scenarios. This approach will help
to guide conservation priorities for the Fish and Wildlife Service that cover the majority of Critical Areas
designated for the CTS on private lands within the San Joaquin Valley.
(3a). Develop scenarios of climate change and management options at the regional scale. At this larger scale,
we will base scenarios upon regional projections of temperature and precipitation and their effects upon
hydroperiod, as well as upland characteristics from remotely sensed data. Our goal is to provide the FWS
Refuge and Ecological Services Programs information regarding prioritization of water features expected to
maintain adequate hydrologic regime given different scenarios of climate change to aid in prioritization of vernal
pool habitats for protection. This type of sensitivity analysis will help prioritize management efforts, particularly
in the development of a recovery plan for the Central California tiger salamander and vernal pool systems
generally.
(3b). Collect data at Regional Scale. From the standardized set of variables analyzed at the complex scale, we
will collect an additional data across the region where we can gain access to wetland features. The primary goal
of this data collection effort is to validate predictive models at the regional scale using standardized sets of
variables collected at smaller spatial scales. While the precise areas of sampling are yet to be determined, we
are looking into the possibility of including sites near UC Merced, the Stone Corral Ecological Reserve in Tulare
County, among other sites.
(3c). Develop and validate predictive models and maps at the regional scale. Using models developed at the
complex scale that spans the range in wetland conditions of vernal pools and other seasonal wetland features
on public lands and conservation banks, combined with statistical relationships among hydroperiod and
remotely-sensed data, we will project expected larval and metamorphic occupancy as a function of hydrologic
regime (e.g. hydroperiod), water quality (turbidity), and upland features for current and scenario conditions
across the region. Our goal here is to increase the extent of these predictive models across private lands, so that
we will focus on a subset of variables that can be obtained with remotely-sensed data, rather than site-specific
variables. As discussed above, repeated Landsat imagery that characterizes NDVI or NDWI bi-weekly or monthly
will be used to estimate pond-specific hydroperiods. Additionally, approaches will be used to estimate water
turbidity, and upland characteristics that likely enhance runoff within a catchment area. To validate the models
we will again will use logistic regression analysis to identify model features that improve the percent of correct
classification for the more limited set of predictor variables collected via remote sensing at the regional scale.
Our goal is to explore the ability to project CTS population status using remotely-sensed data across the range of
public and private lands that are critically important for CTS and associated seasonal wetland ecosystems in
California’s Central Valley.
5. Deliverables/Timeline/Data Sharing: Our project will generate deliverables for each objective. Deliverables
for Objective 1 at the local scale include (1A) integrated historic datasets for CTS in conservation bank
monitoring sites, and (1B) model of pool characteristics that enhance species’ persistence and occupancy.
Products for Objective 2 at the complex scale include (2A) augmented, standardized datasets across the complex
scale with additional covariates as needed, (2B) identified pool characteristics that enhance species’ persistence
and occupancy across a wider range of variation, (2C) scenarios of climate change with associated data inputs,
and (2D) validated, predictive models and maps of CTS occupancy for the most important public lands protecting
vernal pools and CTS within the San Joaquin Valley for at least four climate-change scenarios of projected
temperature and precipitation. Finally, products for Objective 3 at the regional scale include (3A) scenarios of
climate change with a more limited set of remotely-sensed data input available for private lands, (3B) new
datasets of CTS validation surveys, and (3C) validated, predictive models and maps to provide priorities for
conservation actions across the region. ArcGIS maps, statistical models, products, summary reports and SOPs
will be made available in partnership with FWS, Westervelt, and LCC, as well as other stakeholders as

appropriate. Quarterly updates will be provided by email for project partners including FWS, land managers,
and the California LCC.
Project 30-month timeline
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6. Measuring results: Success will be measured by providing land managers with 1) integrated datasets for CTS
occurring in conservation bank and public land monitoring sites; 2) robust statistical estimates of pool and
upland characteristics that enhance species’ persistence and occupancy at local and refuge scales; 3) scenarios
of future climate change and suitable management options or recommendations; 4) validated, predictive
models and maps of CTS occupancy for the most important public lands protecting vernal pools and CTS within
the San Luis Refuge Complex under current conditions and future climate scenarios; and 5) validated, predictive
models and maps of CTS occupancy for public and private lands that include critical areas for CTS regionally
across the San Joaquin Valley.
7. Transferability: The methods and products generated from our project will be highly transferable to other
species and areas within the CA LCC, and transferable to other LCCs. First, our approach is readily transferable
with relatively minimal refinements to other areas for the California tiger salamander, which includes additional
regions within the Distinct Population Segment (DPS) of the Central California CTS such as the Sacramento
Valley, and two other DPSs in Santa Rosa and Santa Barbara for which the DPS are federally listed as
endangered. Additionally, our approach can be to additional species, including several species that we may
sample concurrently in these habitats. Finally, the approach and methods as a whole is readily transferable to
other LCCs, as our projects uses methods that are highly versatile for other species and locations, including the
use of remotely sensed data that greatly enhances the transferability of our work.
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