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Abstract. Decisions under the U.S. Endangered Species Act (ESA) require scientific input on the 19 

risk that the species will become extinct.  A series of critiques on the role of science in ESA 20 

decisions have called for improved consistency and transparency in species risk assessments 21 

and clear distinctions between science input and policy application.  To address the critiques 22 

and document the emerging practice of the U.S. Fish and Wildlife Service, we outline an 23 

assessment process based on principles and practices of risk and decision analyses that results 24 

in a scientific report on species status.  The species status assessment (SSA) process has three 25 

successive stages: 1) document the species’ life history and ecological relationships to provide 26 

the foundation for the assessment, 2) describe and hypothesize causes for the species’ current 27 
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condition, and 3) forecast the species’ future condition.  The future condition refers to the 28 

species’ ability to sustain populations in the wild under plausible future scenarios.  The 29 

scenarios help explore the species’ response to future environmental stressors and to assess 30 

the potential for conservation to intervene to improve its status.  The SSA process incorporates 31 

modeling and scenario planning for prediction of extinction risk and applies the conservation 32 

biology principles of representation, resiliency, and redundancy to evaluate the current and 33 

future condition. The SSA results in a scientific report distinct from policy application, which 34 

contributes to streamlined, transparent, and consistent decision making and allows for greater 35 

technical participation by experts outside of the USFWS, for example by state natural resource 36 

agencies. We present two case studies based on assessments of the eastern massasauga 37 

rattlesnake (Sistrurus catenatus) and the Sonoran Desert tortoise (Gopherus morafkai) to 38 

illustrate the process. The SSA builds upon the past threat-focused assessment by including 39 

systematic and explicit analyses of the species’ future response to stressors and conservation, 40 

and as a result, we believe it provides an improved scientific analysis for ESA decisions. 41 
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Introduction 59 

Decisions that support the purpose of the Endangered Species Act (ESA 1973, as amended) 60 

require a scientific assessment of the species’ risk of extinction or, conversely, its probability of 61 

persistence (Carroll et al. 1996; Doremus and Tarlock 2005; Waples et al. 2013; definition of 62 

species from the ESA (1973) is presented in Table 1 along with definitions for other ESA-related 63 

terms, which are shown in italics.)  The purpose of the ESA (ESA 1973, 16 USC. §1531-1544) is to 64 

conserve threatened and endangered species and the ecosystems upon which they depend 65 

(section 2(b) of the ESA; Table 1). The Secretaries of the Interior and Commerce acting through 66 

the U.S. Fish and Wildlife Service (USFWS) and National Oceanic and Atmospheric 67 

Administration (NOAA) make decisions to fulfill that purpose.  Analysts present results from a 68 

species assessment to decision makers who then make a policy judgment based on the ESA and 69 

in light of that scientific information (Shaffer 1987; Rohlf 1991; Carroll et al. 1996; Doremus 70 

1997; Vucetich et al. 2006; Gregory et al. 2013).   71 

The past practice for species assessment within the USFWS often focused on threats 72 

without an explicit analysis of the species’ response to the threats (Andelman et al. 2004).  73 

Andelman et al. (2004) reviewed nine protocols for assessing species risk and concluded that 74 

the threats-focused assessment used at the time by the USFWS had low repeatability and 75 

transparency and was based on threat occurrence without explicit prediction of the species’ 76 

future response to those threats.  Also, a series of critiques on the role of science in ESA 77 

decisions have called for improved consistency and transparency in the procedures for 78 

assessing species status (Carroll et al. 1996; Andelman et al. 2004; Waples et al. 2013; Lowell 79 

and Kelly 2016; Murphy and Weiland 2016).  Lowell and Kelly (2016) and Murphy and Weiland 80 

(2016) questioned the degree to which the mandate for best available science has been met 81 

under past practice.  A team from USFWS and U.S. Geological Survey (including the authors and 82 

those listed in the Acknowledgements) with experience in species assessments, ESA 83 

applications, and decision analysis developed an assessment process to address issues raised by 84 
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the critiques and to update the process to reflect the advances in scientific practices.   The new 85 

process, termed the species status assessment or SSA, is framed around a systematic analysis of 86 

the species’ current and future responses to stressors and conservation efforts.  The USFWS 87 

directed the use of the SSA for ESA decisions through a USFWS Director’s memorandum 88 

(USFWS 2016a). In this paper we document the SSA process, which is now an emerging practice 89 

within the USFWS (Earl et al. 2017; McGowan et al. 2017; Evansen et al. 2017).  The SSA is 90 

relevant to species risk assessment broadly, but our primary focus is on ESA decisions 91 

conducted by USFWS.   92 

At its most basic level, the SSA is species focused rather than threat focused, and it is 93 

designed to analyze the available scientific information to estimate the species’ current 94 

condition and forecast the species’ future condition for ESA decisions (Figure 1).  Threats are 95 

potential explanations for current and future condition rather than the end point of the 96 

assessment.  Sequentially, the SSA results in a description of the fundamental ecological and 97 

evolutionary relationships between the species and its environment to hypothesize 98 

explanations for the current condition and provide a foundation for forecasting future 99 

condition.  In the development of the assessment process, we incorporated the 100 

recommendations from current literature on species assessment regarding population viability 101 

analysis (Shaffer and Stein 2000; Redford et al. 2011; Waples et al. 2013; Wolf et al. 2015; 102 

Murphy and Weiland 2016), a broad role for modeling (Starfield 1997; Ruhl 2004; Addison et al. 103 

2013), and scenario planning relevant to the decision context (Peterson et al. 2003; Duinker and 104 

Greig 2007; Goodwin and Wright 2014; IPBES 2016). 105 

As pointed out by Doremus (1997), Rohlf (2004), Vucetich et al. (2006), Woods and Morey 106 

(2008), Waples et al. (2013), and others, ESA decisions involve both scientific and normative 107 

(policy) dimensions (Table 2).  Conflating the roles of science and policy can create unnecessary 108 

confusion both within the agencies charged to make ESA decisions and with the public and 109 

partners who are affected by those decisions (Robbins 2009; Wilhere 2011; Waples et al. 2013; 110 

Boyd et al. 2016).  The SSA results in a scientific report distinct from the application of policy, 111 

which is a departure from past USFWS practice in many instances (Waples et al. 2013).   112 
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In this paper, we focus on the conceptual framework for the SSA and present two case 113 

studies to illustrate how the process can be implemented.  We avoid being overly prescriptive 114 

so that practices can adapt to specific cases and adopt innovative techniques and 115 

methodologies; SSA guidance is kept up-to-date and available online (USFWS 2016b).  The 116 

structure of this paper first presents a process followed by example applications of that process 117 

(case studies). The case studies on eastern massasauga rattlesnake (Sistrurus catenatus) and 118 

Sonoran Desert tortoise (Gopherus morafkai) are among early applications, and insights gained 119 

have been used to improve the SSA process.  We point out the links between the SSA and the 120 

five-factors of the ESA (Table 1) and conservation efforts.  Finally, we discuss the roles of 121 

science and policy in ESA decisions. 122 

The SSA Process 123 

An SSA is intended to be initiated when a species is first considered for endangered species 124 

designation and to follow the species (USFWS 2016a) so that the information and analyses are 125 

available for subsequent ESA determinations (Figure 1).  The SSA results in a scientific report 126 

that describes the risk of extinction, which a decision maker can then use along with policy 127 

judgment to determine legal status under the ESA (Doremus 1997; DeMaster et al. 2004; 128 

Doremus and Tarlock 2005; Vucetich et al. 2006; Robbins 2009).  The initial SSA report can be 129 

adapted to the needs of a particular decision (listing, recovery planning, consultation and 130 

permitting; Table 1) and updated with new data and information (Figure 1).  The level of detail 131 

in an SSA will depend on the amount and quality of available data (Doremus and Tarlock 2005).  132 

In some cases, the available information is sufficient for assessing risk on a continuous scale.  In 133 

other cases, because of data limitations only categorical levels of risk can be assessed.   134 

The three stages of an SSA 135 

The SSA process involves three successive stages: 1) the species’ ecology, 2) the species’ 136 

current condition, and 3) the species’ future condition.  137 

Stage 1: The species’ ecology. The first stage of an SSA is an exploration of the species’ life 138 

history and ecology, which lays the foundation for the next stages of the process.  Stage 1 139 
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results in a description of the life history, including trophic niches, reproductive strategies, 140 

biological interactions, and habitat requirements to determine how individuals at each life 141 

stage survive and reproduce.  The SSA identifies areas representing significant ecological, 142 

genetic, or life history variation (i.e., the ecological settings) informed by historical as well as 143 

present distribution. The entire range of historical conditions under which the species was 144 

presumably self-sustaining serves as a starting point to understand how the species functions 145 

(or functioned) to maintain populations across its range (Seminoff et al. 2015)  146 

Stage 2: The species’ current condition. The next stage of the SSA is to describe the current 147 

condition of the species’ habitat, demographics, and distribution.   Stage 2 results in an 148 

empirical description of the current 1) population structure, distribution, abundance, 149 

demographic rates, diversity (ecological, genetic, life-history), and habitat, 2) changes from 150 

historical to current condition (i.e., trends), and 3) explanations or hypotheses of the causes 151 

and effects of stressors and conservation efforts that resulted in the current condition.   152 

Stage 3: The species’ future condition.  In the final stage, an SSA results in the prediction of 153 

the species’ response to a range of plausible future scenarios of environmental conditions and 154 

conservation efforts.  This step entails an analysis of future plausible scenarios of stressors and 155 

conservation efforts to project consequences on the species’ ability to sustain populations in 156 

the wild over time.  The predictions start at the current condition estimated in Stage 2 and 157 

project forward based on the information developed in Stage 1 on how the species interacts 158 

with its environment.  The metrics used for future condition align with metrics used in the prior 159 

stages and include demographics (abundance and population growth or productivity), 160 

distribution, and diversity (ecological, genetic, life-history), which are core autecological 161 

parameters that measure the relationships between a species and its environment.  The 162 

numerical resolution and spatial and temporal scale of the metrics will depend on data 163 

availability and the information needed for the decision context.   164 

The future condition is unavoidably uncertain because (1) future events are inherently 165 

probabilistic (aleatory uncertainty) and (2) the knowledge of the species’ response to future 166 

scenarios is imperfect due to sampling and measurement error, competing hypotheses about 167 
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ecological relationships, and imprecisely defined terms and categories (epistemic and linguistic 168 

uncertainty; Taylor et al. 2002; Carey and Burgman 2008; Lukey et al. 2010; McGowan et al. 169 

2011; Phillips-Mao et al. 2016; Murphy and Weiland 2016).  The scenarios developed in Stage 3 170 

represent an important tool for incorporating uncertainty in species risk (Peterson et al. 2003; 171 

Duinker and Greig 2007; Goodwin and Wright 2014; Rowland et al. 2014).  Scenarios are 172 

designed to explore the species’ response to environmental stressors (including climate change) 173 

and interventions by conservation efforts that could ameliorate the stressors (Duinker and 174 

Greig 2007; Fordham et al. 2013; Gregory et al. 2013; Phillips-Mao et al. 2016; IPBES 2016).   175 

Uncertainty in forecasts within scenarios comes from variability in model predictions or expert 176 

judgments (Taylor et al. 2002; Refsgaard et al. 2007; McGowan et al. 2011; Drescher et al. 177 

2013).  The combination of variation among scenarios and uncertainty in forecasts within 178 

scenarios is used to explore the species’ risk profile, in other words, the plausible range in the 179 

species’ response to future stressors and conservation efforts.   180 

Principles and practices 181 

Representation, resiliency, and redundancy. The SSA process applies the conservation 182 

biology principles of representation, resiliency, and redundancy (we refer to them here as the 183 

3Rs) to evaluate the current and future condition of the species (Shaffer and Stein 2000; 184 

Redford et al. 2011; Waples et al. 2013; Wolf et al. 2015; Earl et al. 2017).  In general, species 185 

risk will decrease, or at least does not increase, with increases in representation, resiliency, and 186 

redundancy.  Shaffer and Stein (2000) composed a hierarchical order to the 3Rs as they relate 187 

to viability; first, conserve some of everything (i.e., representation) and then save enough to 188 

last (i.e., resiliency and redundancy).  From a decision analysis perspective, the 3Rs can be 189 

viewed as means objectives for the overarching fundamental objective of sustaining 190 

populations in the wild. The fundamental objective is what we want to achieve, and the means 191 

objectives are essential ways to achieve what we want (Gregory et al. 2012).  Shaffer and Stein 192 

(2000) related representation to the conservation of a species within the array of different 193 

environments in which it occurs or areas of significant ecological, genetic, or life-history 194 

variation, termed here as ecological settings (Carroll et al. 2010; Wolf et al. 2015).  We suggest 195 
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that for ESA decisions, representation uses diversity as a proxy for adaptive capacity.   Resiliency 196 

refers to the ability of a population to withstand stochastic disturbance events; thus, resiliency 197 

is related to the demographic ability to absorb and bounce back from disturbance and persist at 198 

the population or meta-population scale.  Redundancy spreads risk among multiple populations 199 

or areas to minimize the risk due to large-scale, high-impact (i.e., catastrophic) events.  Thus, 200 

the 3R concept helps to construct a risk assessment that takes into account demographic 201 

factors, distribution or spatial structure, and diversity.  Demographic factors (abundance, 202 

survival, productivity, and ultimately intrinsic population growth rate) contribute to the ability 203 

to absorb disturbance and persist (resiliency).  Spatial structure contributes to redundancy 204 

through increased distributional extent by spreading risk across the broader landscape and 205 

adds to resiliency by increasing connectivity among meta-populations.  Diversity, as 206 

represented in genetic, geographic, or life-history variation, contributes to adaptive capacity 207 

and can inform decisions related to the ESA concepts of distinct population segment (USFWS 208 

and National Marine Fisheries Service 1996) and significant proportion of the range (USFWS 209 

and National Marine Fisheries Service 2014; Earl et al. 2017).   210 

The NOAA use abundance, productivity, spatial structure, and diversity as the criteria to 211 

determine viable populations in ESA-relevant assessments (Waples et al. 2013).  The criteria 212 

relate to the 3Rs in this way: abundance and productivity correspond to resiliency, spatial 213 

structure contributes to resiliency and redundancy, and diversity relates to representation.  214 

Wolf et al. (2015) recommended the following metrics within the recovery planning context: 215 

abundance, productivity, and connectivity for resiliency; number of populations for redundancy; 216 

and occupancy across the gradient of genetic, ecological, or life-history diversity for 217 

representation. 218 

Link to the five factors.  The ESA identifies five statutory factors to consider as causes for 219 

endangerment (see section 3 for definition of endangerment and section 4(a) for the five 220 

factors; Patrick and Damon-Randall 2008).  The five factors are listed in Table 1. The ESA 221 

requires that a listing determination identify the factors causing endangerment, but the law 222 

does not specify how the factors should be considered. The SSA approach within each stage of 223 
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the assessment is to hypothesize and evaluate the causal relationships between the factors and 224 

the species’ response.  Stage 1 describes the influence of habitat (factor A) and other natural 225 

factors (e.g., factor C: disease and predation) on the species’ ecology.  Stage 2 identifies and 226 

evaluates any of the factors that are hypothesized to have led to the species’ current condition. 227 

Stage 3 incorporates the factors, which are hypothesized to have population-level effects, into 228 

scenarios used to forecast the species’ future condition. The SSA considers not just the 229 

presence of the factors, but assesses to what degree they influence risk.  Because the SSA uses 230 

metrics for demographics, distribution and diversity, the effect of multiple stressors is inherent 231 

in the assessment and helps to assess how populations and ultimately the species responds 232 

cumulatively to the interactive effects of stressors and conservation efforts included in the 233 

future scenarios.  234 

Link to conservation efforts.  The SSA incorporates conservation efforts in the assessment, 235 

and results in a description of how conservation efforts influence the species’ current condition.  236 

The SSA can incorporate conservation efforts in the scenarios used to forecast the species’ 237 

future condition.  In the context of a listing decision, for example, the SSA can be used to 238 

evaluate sufficient regulatory mechanisms that satisfy factor D of the five factors (Table 1).  An 239 

evaluation of the species’ response to conservation efforts, including those with uncertain 240 

implementation and effectiveness, may help to develop and evaluate conservation strategies.  241 

Prior to listing, the assessment of what could be done to improve the species’ condition 242 

provides opportunities to carry out candidate conservation (Table 1) actions in advance of 243 

future ESA decisions.  In addition, if the species is subsequently listed for protection under the 244 

ESA, then the conservation strategies evaluated in the SSA can be used in recovery planning. 245 

Role of models and modeling.  Projecting the species’ future condition, which is integral to 246 

all ESA decisions, and thus to an SSA, relies broadly upon models and modeling (Starfield 1997). 247 

The resolution of the available information (including covariates, response variables, and 248 

uncertainties) and purpose of the modeling determine the type and complexity of the models.  249 

The utility of a model to an SSA and an ESA decision depends on how the available information, 250 

derived from data or expert judgment, are analyzed and how the outputs are interpreted. 251 
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Uncertainty and low quality data do not prohibit the utility of a model as long as the sensitivity 252 

of model outputs to violations of the underlying assumptions or sources of uncertainty are 253 

assessed and effectively communicated to the decision makers.  Even simple models can be 254 

quite useful.  For example, conceptual models (expressed as influence diagrams) are useful for 255 

illustrating life history or graphically relating environmental factors to a species’ condition. Also, 256 

McCarthy et al. (2004) found that predictions of extinction risk were less biased when based on 257 

an explicit model compared to subjective judgment, even if the model is necessarily simplistic 258 

because of sparse data.  Habitat models can translate ongoing stressors to future habitat upon 259 

which the species depends (Copeland et al. 2009).  Population models can project future 260 

condition as a function of future stressors and conservation (Akçakaya and Sjögren-Gulve 2000; 261 

Runge et al. 2007; Murphy and Weiland 2016).  Models provide an explicit, transparent and, 262 

repeatable method of analysis, which facilitates a thorough peer review of both the SSA 263 

methodology and results (Rohlf 1991; Starfield 1997; Ruhl 2004; Addison et al. 2013). Models 264 

also provide a structure to integrate new information in subsequent assessments.   Within an 265 

SSA the specific models should be parsimonious and built to meet the specific needs of the SSA 266 

within the decision context (Starfield 1997; Burgman and Yemshanov 2013).    267 

Role of expert judgment. As Burgman (2016) advised, only after all other sources of data 268 

are exhausted should an assessment turn to expert judgment to fill in gaps.  But data gaps are 269 

common in endangered species assessments. Formal elicitation of expert judgment is a 270 

complicated endeavor that involves the careful determination of specific information needs 271 

that may call for expert judgment, identification and preparation of experts, and elicitation and 272 

characterization of uncertainty in judgments. Fortunately, recommended practices for eliciting 273 

expert judgment have been recently published (U.S. Environmental Protection Agency 2011; 274 

Drescher et al. 2013; Burgman 2016).  The first considerations when eliciting expert judgment is 275 

to determine the information needs and the format to acquire that information – workshop, 276 

interviews, or questionnaires.  Identification of experts can start with a review of relevant 277 

literature.  Professional credentials, position, the areas of expertise, and relevant experience 278 

can be used for selection criteria to help ensure that scientific experts are familiar with the 279 

topic and that the choices were transparent, unbiased, and captured a broad diversity of 280 
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expertise and professional judgments related to the topic.  Detailed technical questions are 281 

developed on topics germane to the assessment.  After establishing a common understanding 282 

of the information context, experts are asked, facilitated through in-person, phone, or online 283 

discussions, about facts and information based on their individual, professional knowledge on 284 

specific topics.  Group consensus is not sought. Instead, the variation in judgment among 285 

experts is an important source of uncertainty. Techniques to capture uncertainty within and 286 

among experts include 4-point elicitation or likelihood point method coupled with the Delphi 287 

method (Burgman 2016). 288 

Communicating SSA results to decision makers. Decision makers are informed by the SSA 289 

results and apply ESA policies to the decision at hand (Table 2).  The decision makers compare 290 

the risk inferred from the SSA to the relevant ESA regulatory standards and definitions (Waples 291 

et al. 2013; Murphy and Weiland 2016).  To take full advantage of the SSA, the decision makers 292 

need to accept the overall analytical process and understand the SSA results, as well as the 293 

strength of data and any assumptions used to develop any models used for estimation or 294 

prediction. Therefore, it is important that SSA biologists and decision makers discuss and agree 295 

to the metrics, future scenarios, and time frames as influenced by the policy on foreseeable 296 

future (Table 1).  It is incumbent upon the analyst to present the levels of uncertainty for the 297 

future condition to the decision makers in the agreed upon metrics.  A practical interpretation 298 

is that the uncertainty represents the plausible range in the species’ future condition across the 299 

scenarios including prediction variance within each scenario.  The decision maker also needs to 300 

understand the underlying assumptions and data limitations to avoid inappropriate conclusions 301 

and inference (Murphy and Weiland 2016).  The characterization of uncertainty, such as the 302 

probability associated with confidence level or the quantitative interpretation of what is 303 

plausible, relies on scientific judgments that can be based on professional norms (Doremus and 304 

Tarlock 2005; Anderson et al. 2001; Refsgaard et al. 2007).  For instance, Anderson et al. (2001) 305 

advised that a confidence level (1-α)% should be explicitly reported but acknowledged that 306 

there are acceptable options for the particular level (e.g.,  90, 95, 99%).   Heuristically, the level 307 

of uncertainty is related inversely to the quality of available data and information (Runge 2011; 308 

Williams and Johnson 2015). More and better data would, in principle, reduce uncertainty. 309 
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However, policy judgments have to be made in the face of that uncertainty due to data 310 

limitations or time constraints or because some uncertainty (e.g., environmental variability) is 311 

irreducible even with more research (Murphy and Weiland 2016). Furthermore, policy 312 

judgment may not be sensitive to the level of uncertainty.  For example, the appropriate policy 313 

choice can be evident in spite of the uncertainty, in which case, allocating time or funds to 314 

reducing the uncertainty would not provide value to the decision making process (Williams and 315 

Johnson 2015).   316 

Case Studies 317 

Eastern massasauga rattlesnake 318 

The eastern massasauga rattlesnake (EMR) became a candidate for listing due to multiple 319 

factors associated with habitat modification and loss of populations across its range. Given the 320 

species’ broad distribution and the inconsistency in amount and quality of demographic 321 

information across the various populations, the SSA was considered to be fairly complex. The 322 

assessment was documented in a peer-reviewed report (USFWS 2016c).  323 

Stage 1. The species’ ecology.  Eastern massasauga rattlesnake occupies wet meadows, 324 

fens, and bogs in the midwest and northeast US and southern Ontario, Canada (Seigel 1986; 325 

Kingsbury et al. 2003).  The particular ecological needs of EMR vary with season.  During the 326 

hibernation period, EMR requires a moist subterranean space below the frost line to avoid 327 

desiccation and freezing (Sage 2005), while during the active season, EMR needs a mosaic of 328 

shaded and sunny areas for thermoregulation, abundant prey, and areas to escape predators 329 

(Johnson 2000). 330 

To assess EMR viability, we analyzed its historical, current, and projected future 331 

abundance and distribution.  We began with describing the breadth of adaptive capacity across 332 

the EMR range. We investigated variation in habitat use, prey, venom, climate, and genetics as 333 

potential indicators of variation in adaptive capacity.  We ultimately determined that breadth of 334 

adaptive capacity can be captured by a wide distribution of populations within three genetically 335 

diverse regions identified by Ray et al. (2013): 1) the western analysis unit (WAU) consisting of 336 
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populations in Minnesota, Missouri, Iowa, Wisconsin, and Illinois, 2) the central analysis unit 337 

(CAU) consisting of populations in Indiana, southern and central Michigan, Ohio, and far 338 

southwestern Ontario, and 3) the eastern analysis unit (EAU) consisting of populations in New 339 

York, Pennsylvania, northern Michigan, and the remaining portions of Ontario.   340 

Next, we assessed the change in the number and distribution of populations from before 341 

2014 to current (2014-2016) and future (10, 25 and 50 years) time-periods in each of the three 342 

analysis units (AUs).  We assessed the status of historical populations (extant, extirpated, or 343 

unknown) and the health of the extant populations. We relied on the results of Faust et al. 344 

(2011) and supplemental information garnered since 2011 to assess the health of the 345 

populations.  Faust et al. (2011) built an age-based, stochastic population model for a 346 

hypothetical, healthy EMR population and determined how various influences affect EMR vital 347 

rates. The demographic parameters, prominent influences, and the effect of such influences on 348 

vital rates were derived from empirical data and expert judgment.  The prominent influences 349 

identified and analyzed were: habitat loss, vegetative succession, fragmentation, road 350 

mortality, hydrologic alteration, human harassment, collection, ineffective management 351 

regimes, and habitat restoration. Using elicited site-specific information, Faust et al. (2011) 352 

generated estimates of population growth rate, ending population size, and probability of 353 

quasi-extirpation (adult female population size ≤ 25) for all populations with sufficient data (57 354 

populations).  We used these results to identify populations considered healthy, i.e., self-355 

sustaining.  We defined a self-sustaining population as having: 1) an adult female population 356 

size > 50, 2) a positive population growth rate, and 3) a probability of persistence greater than 357 

0.90 over 25 years despite the stressors acting upon it.  We extrapolated the results to infer the 358 

health of the non-modeled populations by multiplying the proportion of modeled populations 359 

meeting our self-sustaining criteria by the number of extant populations in each AU.   360 

We evaluated the change in adaptive capacity over time by calculating the spatial extent 361 

of occurrence (EoO) rangewide and within the three AUs.  We used ArcGIS to draw polygons 362 

around clusters of counties with EMR populations and summed the area of all polygons within 363 

and across AUs. We evaluated EMR redundancy by assessing the vulnerability to catastrophic 364 
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events.  We consulted the literature and species experts to identify the natural and 365 

anthropogenic catastrophic events that would likely lead to population extirpation.  Experts 366 

identified drought, flooding, and disease (rapid and widespread epidemic) as potential 367 

catastrophic events.  We had insufficient information on flood (specifically, the magnitude of 368 

flood that would lead to extirpation) and disease risk (notably, the likelihood of disease 369 

outbreaks, the factors that affect disease spread, and the magnitude of impact on EMR 370 

populations) to include either in our analysis.  Thus, drought was the only catastrophic event 371 

analyzed.  To calculate the risk of extirpation due to drought, we used an extinction risk model 372 

developed by Ruckelshaus et al. (2002). 373 

Stage 2. The species’ current condition.  Historically, there were 558 EMR populations 374 

scattered across parts of Ontario, New York, Pennsylvania, Ohio, Michigan, Indiana, Illinois, 375 

Missouri, Iowa, Wisconsin, and Minnesota.  Currently, there are 347 extant populations in 10 376 

states (Figure 2).  Within the WAU, 20 of 72 historical populations are extant, and of these, six 377 

are self-sustaining. In the CAU, 256 of 350 historical populations are extant, of which 65 are 378 

self-sustaining.  In EAU, 71 of the 136 historical populations are extant, 30 of which are self-379 

sustaining.  Range-wide, EMR spatial extent declined from the historical period by 41%, with 380 

70%, 33%, and 26% decreases in the WAU, CAU, and EAU, respectively.    381 

Stage 3. The species’ future condition.  Due to time constraints, we ran only one future 382 

scenario; we assumed the magnitude of impact and frequency of the prominent influences 383 

would continue into the future.  To identify the number of populations likely to persist under 384 

the continuation scenario, we assumed that populations that met the criteria for self-sustaining 385 

at years 10, 25 and 50 would persist for those three time periods.  Using these results for the 57 386 

modeled populations, we then extrapolated to the remaining extant populations by multiplying 387 

the proportion of modeled populations that were self-sustaining by the total number of 388 

currently extant populations in each AU to estimate the number of EMR populations that are 389 

projected to be self-sustaining at years 10, 25 and 50. 390 

Range-wide, population losses were forecasted to continue into the future (Figure 3), with 391 

263 populations forecasted to be extirpated by year 50.  Of the populations projected to 392 
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persist, one population in WAU, 47 in CAU, and six in EAU were forecasted to be self-sustaining 393 

by year 50.  The spatial extent of EMR was projected to decline.  Range-wide, the EoO was 394 

forecasted to decline by 80% by year 50; within the AUs, EoO was projected to decline by 91%, 395 

64%, and 89% in the WAU, CAU, and EAU, respectively.  The risks of AU-wide extirpation due to 396 

catastrophic drought remained near zero for CAU and EAU due to a combination of low drought 397 

risks and the number of populations, but the probability of WAU-wide extirpation within 25 398 

years ranged from 0.02 to 0.82 depending upon the drought severity.   399 

The abundance and distribution of EMR have declined from its historical condition and is 400 

forecasted to continue to decline into the future.  Relative to historical conditions, currently 401 

there is a 38% reduction in the number of extant populations with predicted reductions to 402 

reach 85% by year 50.  These losses have not been uniformly distributed. The WAU, which 403 

historically represented 28% of the EMR range, today represents 14% of the species’ range, and 404 

by year 50, is predicted to represent 12% of the range with one self-sustaining population 405 

persisting.  Catastrophic drought greatly increases the risk of extirpation resulting in a 0.96 406 

probability of extirpation of the WAU.  Similarly, the EAU historically comprised 36% of the 407 

range, but by year 50 it is projected to comprise 19% with six self-sustaining populations 408 

persisting, representing a 96% loss of the historical populations.  In the CAU, 78% of the 409 

historical populations are predicted to be extirpated, with 47 populations projected to be self-410 

sustaining.  Although populations are projected to persist, EMR range is projected to contract, 411 

with high likelihood for the extirpation of populations from the western portion of the range 412 

and substantial losses in eastern portion of the range.  These losses are likely to lead to 413 

considerable decreases in adaptive capacity, which may impair the ability of EMR to adapt to 414 

near-term and long-term changes in its environment (e.g., novel diseases and predators, 415 

habitat alteration due to invasion of exotic species), thereby increasing its vulnerability to 416 

extinction.   417 

Communicating SSA results to decision makers. Prior to a 2-day in-person meeting with 418 

the USFWS decision makers, the analysis team provided a written SSA report (USFWS 2016c) 419 

and presented a summary via a webinar of the methods, results, and the implications of 420 
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uncertainty.  This provided an opportunity for the decision makers to ask questions, request 421 

inclusion of alternative scenarios, and explore different assumptions prior to making a 422 

determination of whether EMR meets the definition of threatened or endangered under the 423 

ESA. The decision makers asked about the rationale underlying the definition of a self-424 

sustaining population and our extrapolation approach. The decision makers were satisfied with 425 

the rationale for underlying assumptions and with the range of uncertainty we modeled.  The 426 

decision makers recommended that EMR warranted protection under the ESA, and it was 427 

designated a threatened species (USFWS 2016c). The determination attributed habitat loss as 428 

the greatest cause of current and future condition and noted that emergent disease, collection 429 

and persecution of individuals, and climate change contribute to the risk of extinction. 430 

Sonoran Desert tortoise 431 

The Sonoran Desert tortoise (SDT) was determined to be a candidate for listing under the 432 

ESA in 2010 due to a preponderance of different potential threats to the species (USFWS 2010).  433 

We anticipated this to be a complex SSA as the geographic scope encompassed Arizona, US, 434 

and Sonora, Mexico, which we incorporated into geospatial and demographic modeling (USFWS 435 

2015a, McGowan et al. 2017). Interest in the decision from external parties was quite high due 436 

to the implications of a listing determination.   437 

Stage 1. The species’ ecology.  Sonoran Desert tortoise is a long-lived tortoise that ranges 438 

from Arizona, US, to central Sonora, Mexico.  Recent genetic analysis delineated the SDT as a 439 

species distinct from the Mojave Desert tortoise (Murphy et al. 2011).  Sonoran Desert tortoise 440 

utilize rocky slopes at higher elevations and soil types that facilitate excavation of burrows for 441 

shelter and nesting, though they sometimes use natural cavities (Van Devender 2002).  The 442 

occurrence of drought has potentially large effects on tortoise demographics, as seasonal 443 

monsoon rains and annual green ups provide forage resources that improve survival and 444 

reproduction (Averill-Murray et al. 2002; Sullivan et al. 2014).  445 

Spatial sub-divisions cannot clearly delineate population boundaries for SDT.  Though 446 

potential barriers to movement exist, there was not sufficient genetic evidence of spatial 447 

structure to guide population delineation (Edwards et al. 2004; Edwards 2015).  Therefore, we 448 
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divided the species’ range into two populations for this analysis, separating the US from Mexico 449 

because the species faces different threats and management strategies in these two regions.     450 

Stage 2. The species’ current condition. The geographic range of the SDT is unchanged 451 

compared to historical conditions.  The abundance of the two populations was estimated by 452 

first evaluating habitat quality across the range with a geospatial model that used land cover 453 

vegetation type, slope, and elevation to classify areas into primary, secondary, and tertiary 454 

potential habitat classes (Figure 4A).  Estimated population densities vary considerably (from 455 

two to 20 adult tortoises per km2). We assumed that primary habitat would sustain densities at 456 

the high end of that range (17 adult tortoises per km2), secondary in the middle (9 per km2), 457 

and tertiary at the low end (2 per km2). Based on a range of habitat qualities and reported 458 

population density, we extrapolated Arizona abundance ranged from ~310,000 to ~640,000 and 459 

Mexico from ~160,000 to ~330,000 adult males and females (USFWS 2015a). Using a population 460 

projection model, we ran different scenarios with low and high starting population sizes to 461 

convey to decision makers how uncertainty in current population size is expected to influence 462 

future condition. 463 

We elicited conceptual models of SDT ecology from species experts to identify key 464 

demographic parameters, habitat requirements, and environmental factors that might affect 465 

tortoise populations (Figure 4B). Through a series of meetings with federal, state, and academic 466 

biologists we mapped the environmental factors, such as food availability, precipitation, 467 

invasive grasses, and cattle grazing, that influence tortoise demographics and, therefore, their 468 

population viability. We initially used the conceptual modeling to explore all the factors that 469 

might affect tortoises, but focused on the most important components that would affect 470 

viability.  For example, though we initially explored the effects of increasing regional 471 

temperatures due to anticipated climate change on sex ratio in tortoise populations (nest 472 

temperature determines sex), experts agreed that temperature effects on adult survival via 473 

drought would manifest much sooner and more severely than sex ratio effects on the 474 

populations, so we eliminated temperature effects on sex ratio from our stochastic simulation 475 

model.   476 
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Our analysis identified potential primary threats: drought and expected decreases in 477 

precipitation due to climate change, increases in frequency and intensity of wildfire, and 478 

habitat loss and degradation due to urban expansion and human population growth and 479 

invasion of nonnative plants (Figure 4A).  Literature indicates that tortoise survival is highly 480 

susceptible to drought (Zylstra et al. 2013), causing up to a 10% decline in annual survival of 481 

adult and larger juvenile tortoises.  Urbanization and wildfire could limit habitat availability and 482 

reduce the quality of remaining habitat through associated disturbances (Figure 4).  Nonnative 483 

plants degrade habitat quality and increase wildfire intensity and effects.  Because the rate of 484 

change in climate or urbanization in the future are uncertain, we made these effects variable 485 

over time in the projection model and used the model to explore multiple scenarios of climate 486 

change and habitat loss. 487 

Stage 3. The species’ future condition. We built a population viability model to simulate 488 

tortoise populations and measure population resiliency into the future under stochasticity and 489 

parametric uncertainty (McGowan et al. 2017).   The matrix population model accounted for 490 

three life stages (small juveniles, large juveniles, and breeding adults; McCoy et al. 2014).  The 491 

parameters in the model (e.g., survival, fecundity, etc.) varied annually to represent 492 

environmental variability and also applied parametric uncertainty functions to account for 493 

imperfect data and observations errors that affect parameter estimates (McGowan et al. 2011). 494 

To represent climate change, we incorporated a randomized drought function that determined 495 

what proportion of the population experienced drought and the magnitude of the drought 496 

effect on the survival rates.  497 

ܵ௧஺,ௗ ൌ  ൫ ௗܲ௥௢௨௚௛௧ ൈ ܵ௧஺ ൈ ௧൯ܧܦ ൅ ቀ൫1 െ ௗܲ௥௢௨௚௛௧൯ ൈ ܵ௧஺ቁ 

where Pdrought is the proportion of the population exposed to drought and ܵ௧஺,ௗ is the survival 498 

rate of adults for the full population, given the proportion that was exposed to drought.  ܧܦ௧ is 499 

the drought effect in a specific year which was modeled as a random variable between 0.8 and 500 

0.99 which simulates a 1% to 20% reduction in survival due to the drought in any given year, to 501 

represent differing drought severity (spatially and magnitude) from year to year. This drought 502 

function enabled simulations with increasing drought frequencies that could result from future 503 
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climate change.  We also incorporated into the model a ceiling-type density dependence 504 

function that prevented the population from exceeding the abundance allowed by the available 505 

habitat (Morris and Doak 2002).  The density ceiling would reduce productivity to 0 if the 506 

population exceeded the threshold, allowing us to limit population growth without speculating 507 

on the mechanisms of density dependence.  The density threshold was set at the maximum 508 

population size possible if all the available habitat were occupied at the highest empirically 509 

observed densities (USFWS 2015a; McGowan et al. 2017).  We used the model to simulate the 510 

effects of nine scenarios related to climate-driven drought effects, habitat loss from urban 511 

expansion, and potential benefits of proposed management actions. Habitat loss scenarios 512 

lower the density dependent ceiling over time to mimic loss of habitat that could be occupied, 513 

and positive management scenarios were simulated by counteracting or stabilizing habitat loss 514 

(i.e., increasing or stabilizing changes in the density dependent ceiling).  Also, the model 515 

included random variation in annual parameter values to represent environmental stochasticity 516 

and added parametric uncertainty to survival and fecundity parameters (McGowan et al. 2011).   517 

Model outputs included the median population trajectories and the 2.5 and 97.5 518 

percentile of the population trajectories (Figure 5), and we also reported the probability of 519 

quasi-extinction under each scenario over a 200-year time span.  We measured the probability 520 

of quasi-extinction as the proportion of simulation replicates that fell below a predetermined 521 

minimum population size (e.g., with 1000 replicates and a quasi-extinction probability of 0.05, 522 

50 replicates fell below the threshold and 950 did not).  We evaluated both 2% and 4% of the 523 

initial population estimates as quasi-extinction thresholds, offering two quasi-extinction 524 

thresholds to the decision makers to more fully describe risk of extinction.  In other words, we 525 

predicted the probability that the population would decline to 2% or 4% of its initial size 526 

estimate in the future. Quasi-extinction thresholds are theoretically supposed to represent the 527 

point at which a population is so small that extinction is unavoidable, however we do not know 528 

what that threshold is for SDT populations, so we presented results for two different 529 

thresholds. We selected the 2% and 4% thresholds using input from species experts and 530 

managers.  At 2% or 4 % of current abundance, we presumed that population densities would 531 
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be so low or the population would be so patchily distributed that population would be 532 

ecologically and functionally extinct.   533 

Our habitat analysis predicted reductions in overall potential habitat available and 534 

degradation in habitat quality over time.  Our population model predicted that SDT abundance 535 

in both populations would, on average, decline through time with some continual habitat 536 

degradation; however, there was wide variation in predicted outcomes (Figure 5).   We ran the 537 

model under multiple future scenarios that varied maximum habitat availability based on 538 

potential habitat conditions and management actions, and we varied survival rates under 539 

different magnitudes of climate change effects.  In all, we ran the model under nine different 540 

scenarios for each of the two populations.  The model results also indicated that extinction 541 

probability was very low (<0.02) under most scenarios over the next 100 years (Figure 5) and 542 

virtually no extinction probability within 50 years (USFWS 2015a). Small population declines 543 

(measures of resiliency) are predicted due to some habitat loss and degradation and drought 544 

impacts from climate change. However, relatively small changes in the overall distribution of 545 

the species (measures of redundancy and representation) were predicted. 546 

Communicating SSA results to decision makers.  In addition to an extensive written SSA 547 

report detailing population assessments, the habitat modeling and population viability 548 

modeling (USFWS 2015a), we held a two-day, interactive meeting with the analysis team and 549 

USFWS decision makers to present the results of the SSA. In the meeting, analysts presented 550 

information on species biology, model structure, projection scenarios, and figures and tables of 551 

model output, and they explained their rationale for any scientific judgments.   For example, we 552 

presented figures depicting the future median population size, the 95% confidence interval of 553 

population size and the proportion of trajectories that declined to the quasi-extinction 554 

threshold for 18 different future scenarios (Figure 5). The analysis team responded to decision 555 

makers’ clarifying questions and explained the many areas of uncertainty, using figures and 556 

projection scenarios.  The decision makers settled on a foreseeable future of 50 to 75 years and 557 

considered predicted changes in abundance, distribution and diversity over that time frame.   558 
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The decision makers recommended that SDT was not warranted for listing under the ESA as a 559 

threatened or endangered species, and it did not receive ESA protection (USFWS 2015b).   560 

Discussion 561 

We presented case studies to illustrate how the SSA process can be implemented. The 562 

spatial distributions for both EMR and SDT cover multiple states crossing international borders 563 

and some population data were available.  For EMR, representative areas were identified by 564 

three genetically-informed regions (Ray et al. 2013).  Resiliency was assessed using population-565 

specific modeling; EMR condition was projected at 10, 25, and 50 years under the scenario of a 566 

continuation of existing stressors and conservation efforts.  Redundancy was evaluated by 567 

assessing the likelihood of losing all populations within a representative area due to 568 

catastrophic drought.  The analysts gave decision makers the opportunity to run additional 569 

scenarios to describe the full risk profile for the species.  Going through the SSA iteratively can 570 

reveal that the scenarios had not sufficiently captured the risk profile suggesting additional 571 

scenarios for analysis.   572 

For SDT, evidence indicated an absence of strong genetic or population structure.  573 

However, exposure to threats and management strategies differed across the international 574 

border into Mexico.  Thus, the assessment was structured within representative areas defined 575 

by the international border.  The density of adult tortoises was assumed to be a function of 576 

habitat category as influenced by precipitation, wildfire, and urban expansion.  A demographic 577 

model was used to project SDT abundance and quasi-extinction during a 200-year time span for 578 

combinations of drought, urban development, and conservation effort scenarios.   579 

Although the case studies were in the context of listing decisions, the intent of the SSA is to 580 

develop a scientific analysis, which can then be used as a basis for informing the various ESA 581 

decisions (Figure 1).  Much of the information of an SSA represents the state of knowledge of a 582 

species and its ecology, which would change with new data but not with a particular decision.  583 

However, from a decision analysis perspective, the SSA predicts the consequences that arise 584 

from the decision options, which depend on the particular ESA decision (Runge 2011; Gregory 585 

et al. 2013). For example, the decision to protect a species under the ESA relies on an 586 
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assessment of the likelihood of extinction assuming levels of stressors and conservation efforts 587 

without ESA protections in place (Doremus 1997; Waples et al. 2013).  In contrast, for an 588 

already protected species, decisions relate to recovery planning or consultation and permitting 589 

(Figure 1; Steiger 1994; McGowan 2013).  Recovery planning (Table 1) requires a comparison of 590 

actions to identify the set of actions or strategy that offers the best chance to reduce species 591 

risk to a level that recovers the species (Boor 2013; McGowan et al. 2014). Interagency 592 

consultation on federal actions and permitting of nonfederal actions (cf Consultations and 593 

Permits in Table 1) requires an evaluation of species risk with and without a proposed project 594 

(Runge et al. 2008; McGowan and Ryan 2010).  Thus, an SSA adapts to the decision context 595 

(Figure 1).  Scenarios can be used to adapt an SSA to a particular decision context.  For example, 596 

scenarios for interagency consultation compare a species’ response to alternative project 597 

designs and conservation measures in combination with future threats.  Scenarios for recovery 598 

planning incorporate alternative recovery actions to identify those that will most likely achieve 599 

the goal of species recovery.   600 

The cost of completing an assessment is an important consideration regardless of 601 

regulatory context because of workload relative to available agency capacity (Rohlf 2004; 602 

Murphy and Weiland 2016).  The SSA explicitly analyzes a species’ response to stressors and 603 

conservation, which was not always included in the past threat-focused process.  We suggest 604 

that the additional analytical demands will be at least offset by the efficiencies produced by 1) 605 

relying on the analysis for multiple decisions as the SSA follows the species and 2) helping to 606 

defend decisions due to the improved consistency and transparency of the supporting science. 607 

In our experience, the initial SSA usually takes longer than the past threat-focused process, but 608 

the SSA report is available for decisions on the same species (Figure 1).  However, efficiency 609 

comparison of the past process and the SSA is not straightforward because science and policy 610 

were often conflated in the past, resulting in more extended Federal Register notices and 611 

allowing for few opportunities for input by outside experts.  While the SSA completed before an 612 

endangered species designation may take longer than subsequent updates, it presumably leads 613 

to improved analyses, extensive expert input, clear decision processes, and short Federal 614 

Register notices. Nevertheless, insufficient institutional capacity can impede the use of best 615 
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available science in decision making (Burgman 2015; Lowell and Kelly 2016; Murphy and 616 

Weiland 2016).  Solutions to insufficient capacity include building analytical capacity through 617 

hiring, training, and collaboration with science institutions (Burgman 2015) and by ensuring that 618 

analytical practices are applied efficiently.  It is reasonable to expect that, all else equal, the 619 

scientific rigor of an SSA is a direct function of analytical capacity relative to the demand on 620 

time, effort, and expertise; this capacity per demand relationship underlies the conclusions 621 

reached by Lowell and Kelly (2016).  In our experience, the most demanding SSAs, which are 622 

associated with high data availability, wide range, and spatial complexity and extent of 623 

stressors, constitute a minority, perhaps about 10%, of the workload.  In the interest of 624 

parsimony, an SSA, especially for low or moderate complexity situations, can characterize risk 625 

on a categorical rather than on a continuous scale and can reduce the number and complexity 626 

of future scenarios.  However, simplification of an SSA potentially compromises scientific and 627 

legal defensibility.  628 

The SSA process is based on methods for risk assessment and scenario planning, which 629 

have been developed over the past decades (Shaffer 1981 and 1987; Carroll et al. 1996; 630 

Akçakaya and Sjögren-Gulve 2000; Shaffer and Stein 2000; Peterson et al. 2003; DeMaster et al. 631 

2004; Keith et al. 2004; Duinker and Greig 2007; Runge et al. 2007, 2008; Patrick et al. 2008; 632 

McGowan and Ryan 2009; McGowan et al. 2013; Fordham et al. 2013; Doak et al. 2015; Wolf et 633 

al. 2015; IPBES 2016; Murphy and Weiland 2016; Phillips-Mao et al. 2016).  Fundamental to all 634 

ESA determinations is a basic understanding of the species’ ecology, current condition, and 635 

future condition, which is what the SSA is designed to provide.  Importantly, the SSA does not 636 

stop at an assessment of threats but moves to answer the next natural question, what do the 637 

projected stressors and conservation efforts mean for the species’ future condition or the risk 638 

of extinction? 639 

Recognizing the distinct roles of science and formal policy (e.g., application of regulatory 640 

standards) is a prerequisite to providing a transparent and consistent species assessment 641 

(Doremus 1997; Ruhl 2004; Doremus and Tarlock 2005; Gregory et al. 2013; Waples et al. 642 

2013).  The SSA results in a scientific report to the decision maker about a species’ condition, 643 
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and then the decision maker applies the policy to make the decision.  Conflating the roles of 644 

science and policy can create unnecessary confusion both within the agencies charged to make 645 

ESA decision and with the public and partners who are affected by those decisions (Waples et 646 

al. 2013; Boyd et al. 2016).   647 

While it is important to distinguish the roles of science and policy, it is essential that the 648 

scientific information matches the decision context.  When decision makers understand the 649 

analytical processes and results then the assessment be more useful in making ESA decisions.  650 

Therefore, regular communication between the decision makers and the analysts to achieve a 651 

common understanding of metrics, future scenarios, time frames, and implications of 652 

uncertainty helps to ensure that the assessment is informative to the decision makers. Any 653 

scientific analysis involves judgments, which determine underlying assumptions and 654 

parameters (Doremus and Tarlock 2005). For example, confidence levels, quasi-extinction 655 

thresholds, and stressor levels to define scenarios are judgments to be evaluated, peer-656 

reviewed, and communicated to the decision maker with the aim of providing a transparent 657 

assessment.  In the case studies, future condition under multiple quasi-extinction thresholds 658 

and the rationale underlying the choice of population metrics were communicated to the 659 

decision makers. 660 

An SSA empirically evaluates species risk (Table 2).  However, whether that level of risk is 661 

deemed to be unacceptably high, leading to ESA protection, is an inherently normative 662 

determination (Doremus 1997; Vucetich et al. 2006).  Consistency and transparency in ESA 663 

decisions emerge from two sources: the scientific analysis and the policy application. In the 664 

context of ESA determinations, normative judgment is expressed through the ESA legislation, 665 

guidance for interpreting the ESA, agency practice, and clarifying case law (Rohlf 2004).  In total, 666 

these policies provide an understanding of the ESA’s regulatory standards, which are then 667 

applied to make the decision.  The SSA affects only the consistency and transparency of the risk 668 

assessment and does not determine policy standards and definitions.  Currently, the policies do 669 

not contain explicit standards for making management judgments, and policies can change over 670 

time.  671 
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In summary, the design of the SSA process is intended to improve the consistency and 672 

transparency of the scientific analysis of the available biological information to support policy-673 

based ESA decisions.  The degree that the SSA represents progress can be gauged relative to the 674 

baseline, which is the earlier threat-focused analysis (Andelman et al. 2004).  The SSA includes 675 

explicit analyses of the species’ response to stressors through a description of the ecology, 676 

estimation of the current condition, and forecasts of the future condition under multiple 677 

scenarios.  Decision makers apply the policy-guided interpretation of the ESA to the SSA results 678 

to make ESA determinations. Both science input and policy application contribute to 679 

consistency in ESA decisions.  The SSA results in a scientific report distinct from policy 680 

judgment, which contributes to streamlined, transparent, and consistent decision making and 681 

allows for greater technical participation by experts outside of the USFWS.  As a consequence, 682 

we believe the SSA provides better scientific analysis that will in turn improve ESA decisions. 683 
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Figure 1.  Diagram of the relationship between species status assessment (SSA) and various 1055 

endangered species decisions.  For a listing decision (Table 1), an SSA is used to assess the 1056 

current and future condition of the species under scenarios of continuing, increasing or 1057 

decreasing stressors and conservation efforts.  If the species is warranted for listing under the 1058 

ESA, then a series of decision will be made including candidate conservation, recovery planning, 1059 

consultation and permitting, five-year review, and reclassification.  Each decision can be 1060 

informed by the SSA, which has been adapted to account for decision context and updated to 1061 

include new data and information.  The box below the decision indicates some of the aspects 1062 

that need to be incorporated into an SSA for a specific decision. 1063 

Figure 2. The current distribution map for the eastern massasauga rattlesnake (Sistrurus 1064 

catenatus) including parts of southern Ontario, Canada and midwest and northeast US.  Three 1065 

analysis units, which were identified to represent adaptive capacity, are shown in the western, 1066 

central, and eastern portion of the range. Dots represent counties with at least one population 1067 

remaining as of 2014; X represents a county that no longer supports a population.  A 1068 

contraction is evident from historical to current times. 1069 

Figure 3.  The projected number of eastern massasauga rattlesnake (Sistrurus catenatus) 1070 

populations before 2014 (H), 2014-2016 (Current), and into the future (10, 25, and 50 years 1071 

from 2016) based on population model by Faust et al. (2011 S9).  Projected numbers are shown 1072 

for the three analysis units representing the western (WAU) central (CAU), and eastern (EAU) 1073 

portions of the species range (cf Figure 2). 1074 

Figure 4. Conceptual models used for Sonoran Desert tortoise (Gopherus morafkai) assessment 1075 

to A) illustrate factors used to measure habitat quality and quantity, and B) diagram the 1076 

population model presented in McGowan et al. (2017). 1077 

Figure 5. Plots of predicted future median abundance of Sonoran Desert tortoise (Gopherus 1078 

morafkai) over years from present (solid line, primary (left) axis) with 95% confidence interval 1079 

(dashed lines, primary axis) and the probability of quasi extinction (shaded area, secondary 1080 

(right) axis) for the worst (A, B) and best case (C, D) future scenarios in Arizona, US (A, C) and 1081 

Sonora, Mexico (B, D).  The population model presented in McGowan et al. (2017) was used to 1082 
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project population abundance.  Two quasi-extinction thresholds were evaluated – 2% or 4% of 1083 

the initial population abundance.  The worst case scenario (A, B) combines high stressors and 1084 

low conservation efforts with the 4% quasi-extinction threshold.  The best case scenario (C, D) 1085 

combine low stressors and high conservation efforts with the 2% quasi-extinction threshold.  1086 

 1087 



Table 1.  Glossary of selected terms related to the Endangered Species Act (ESA) and species 

status assessments. 

Terms Definition

Best Available Science A phrase used to reference an ESA provision that the Secretaries 
of the Interior and Commerce make listing determinations “based 
on the best scientific and commercial data available” (U.S. Fish 
and Wildlife Service and National Marine Fisheries Service 1994). 

Candidate Conservation Voluntary conservation efforts focused on species that are 
candidates for listing, or species that may be considered for 
listing, under section 4 of the ESA to improve the overall status of 
the species. 

Consultations and 
Permits 

The process by which the NOAA and U.S. Fish and Wildlife Service
consult with Federal agencies proposing actions that may affect a 
listed species (consultations under section 7 of the ESA) or permit 
nonfederal entities to legally take a listed species under section 
10 of the ESA.  

Endangered Species As defined in section 3 of the ESA, an endangered species is any 
species which is in danger of extinction throughout all or a 
significant portion of its range. 

Five Factors  The factors listed in section 4 of the ESA that identify broad 
categories of natural or manmade actions that are used to 
determine the causes for any species listed as endangered or a 
threatened. The five factors are (A) destruction, modification, or 
curtailment of habitat or range; (B) overutilization; (C) disease or 
predation; (D) inadequate regulatory mechanisms; and (E) a 
catch-all category of other natural or man-made factors. 

Five-year Review A review of the status of species listed under section 4 of the ESA 
that is conducted once every five years to ensure that the species 
has the appropriate ESA status and level of protection. 

Foreseeable Future A timeframe which a decision maker can reasonably rely on 
predictions about the future in making determinations about the 
future status of the species (U.S. Department of the Interior 



2009). 

Listing The process by which species are added to the lists of endangered 
and threatened wildlife and plants under section 4 of the ESA. 

Reclassification The process by which the classification of listed species 
(threatened species or endangered species) are changed under 
section 4 of the ESA.  Endangered species may be downlisted to 
threatened species or delisted and removed from the lists. 
Threatened species may be uplisted to an endangered species or 
delisted and removed from the lists. 

Recovery Planning The process of developing a recovery plan for a listed species 
including the recovery vision and strategy, recovery criteria, 
recovery actions, and estimates of the time and costs to achieve 
the plan’s goals under section 4 of the ESA. 

Redundancy Redundancy describes the ability of a species to withstand 
catastrophic events by spreading risk among multiple populations 
to minimize the potential loss of the species. 

Representation Representation describes the ability of a species to adapt to 
changing environmental conditions over time as characterized by 
the breadth of genetic and environmental diversity within and 
among populations. 

Resiliency Resiliency describes the ability of a species to withstand 
stochastic disturbance and is positively related to population size 
and growth rate and may be influenced by connectivity among 
populations. 

Species As defined in section 3 of the ESA, the term species includes any 
subspecies of fish or wildlife or plants, and any distinct population 
segment of any species of vertebrate fish or wildlife which 
interbreeds when mature. 

Threat Any action or condition that is known to, or is reasonably likely to, 
negatively affect individuals of a species, including direct impact 
on individuals and alterations of their habitat or required 
resources. 



Threatened Species As defined in section 3 of the ESA, a threatened species is any 
species which is likely to become an endangered species within 
the foreseeable future throughout all or a significant portion of its 
range. 

 



Table 2.  Identification of the decision elements included in Endangered Species Act (ESA) decisions. 
(“Policy” includes legislation, agency regulations and policies, and court decisions.) 

Decision elements Science – species risk  Policy – ESA standards 

Process SSA Framework ESA Decision Making 

Who Biologists and other scientists Decision Makers 

How Scientific Analysis 

(Biological and environmental 
data) 

Policy Analysis 

(Legal interpretation) 

Outcome Viability Characterization Policy Judgment 
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