[bookmark: _GoBack]ON LINE APPENDICES

APPENDIX A: Examples of specific criteria used in recent recovery plans 

The breadth, depth, and character of recovery criteria vary widely.  Below are some examples of the types of criteria put forth in recent plans.  The examples do not represent the full suite of criteria for a particular species and were not intended to be a comprehensive standard for downlisting or delisting. In addition, the categories we use to present these examples are not mutually exclusive, and are used simply to help clarify our presentation. 
Demographic criteria: Not explicitly linked to viability analyses
· Short-tailed albatross (Phoebastria albatrus) delisting criterion: “The total breeding population … reaches a minimum of 1000 pairs (population totaling 4000 or more birds); and the 3-year running average growth rate of the population as a whole is ≥6% for ≥7 years; and at least 250 breeding pairs exist on 2 island groups other than Torishima, each exhibiting ≥6% growth for ≥7 years; and a minimum of 75 pairs occur on a site or sites other than Torishima and the Senkaku Islands.” 
· Columbia Basin Pygmy Rabbit (Brachylagus idahoensis) Distinct Population Segment downlisting criterion: “(1) Subpopulations at 2 recovery emphasis areas each have a 5-year average Ne of at least 375 individuals, and a third recovery emphasis area has been formally established through completion of one or more appropriate conservation agreements and is available for initial reintroduction efforts; or (2) A subpopulation at 1 recovery emphasis area has a 5-year average Ne of at least of 250 individuals, and subpopulations at 2 other recovery emphasis areas each have a 5-year average Ne of at least 125 individuals; or (3) A single subpopulation with a 5-year average Ne of at least of 750 individuals has been reestablished through dispersal and range expansion from one or more recovery emphasis areas…” 
· Attwater’s prairie-chicken (Tympanuchus cupido attwateri) delisting criterion: “The overall population reaches a minimum of 6,000 breeding adults annually over a 10-year period and occupying approximately 300,000 ac … of maintained or improved coastal prairie grassland habitat along a linear distance of no less than 100 miles.” 
· Desert tortoise (Gopherus agassizii) delisting criterion: “Rates of population change (λ) for desert tortoises are increasing (i.e., λ> 1) over at least 25 years (a single tortoise generation), as measured a) by extensive, range-wide monitoring across tortoise conservation areas within each recovery unit, and b) by direct monitoring and estimation of vital rates (recruitment, survival) from demographic study areas within each recovery unit.” This plan uses a “90 percent confidence band (α = 0.10) to describe population trends. For an increasing trend, the lower 90 percent confidence limit for each estimate of λ should exceed 1.)” 
Demographic criteria: Expressed as viability criteria 
· Dwarf lake iris (Iris lacustris) delisting criterion: “The species has a 95% probability of persistence within the next 20 years, based on data obtained from accepted standardized monitoring methods and on population viability analysis. In order to meet this criterion, the following must be verified: (1) There is a sufficient number and geographical distribution of element occurrences required to ensure long-term persistence. (2) Each element occurrence needed to ensure a 95% probability of persistence within the next 20 years must meet a minimum viable population size and exhibit an increasing or stable population trend over a 10-year period.” The PVA referred to had not yet been completed when the plan was published.
· Island fox (Urocyon littoralis) delisting criteria: “An island fox subspecies has no more than 5 percent risk of quasi-extinction over a 50 year period. This risk level is based upon the following:
· Quasi-extinction is defined as a population size of ≤30 individuals.
· The risk of extinction is calculated based on the combined lower 80 percent confidence interval for a 3 year running average of population size estimates, and the upper 80 percent confidence interval for a 3 year running average of mortality rate estimates.
· This risk level is sustained for at least 5 years, during which time the population trend is not declining. This risk-based recovery criterion is based on models developed separately for each listed subspecies.”

Threat-based criteria
· Florida manatee (Trichechus manatus latirostris) delisting criterion: “Minimum flow levels to support manatees at the Crystal River Spring Complex, Homosassa Springs, Blue Springs, Warm Mineral Spring, and other spring systems as appropriate, in terms of quality (including thermal) and quantity have been adopted by regulation and are being maintained.” 
· Barton Springs salamander (Eurycea sosorum) delisting criterion: “a plan is implemented to avoid, respond to, and remediate hazardous material spills within the Barton Springs watershed such that the risk of harm to the Barton Springs salamander is insignificant.”
· Vermillion darter (Etheostoma chermockz) delisting criterion: “An average monthly reading of 10 NTU or 15 TSS (Nephelometric Turbidity Units or Total Suspended Solids measured as mg/L), units used to measure sediment discharge, or less discharge into the Turkey creek watershed within and upstream of the vermilion darters' range is being attained and documented as occurring for a minimum of 10 consecutive years. Information will be compiled from sampling water quality monthly throughout the year during base, low and high flows.” 
· Sei whale (Balaenoptera borealis) delisting criterion: “Identified threats, specified in the plan as reduced prey abundance due to climate change, anthropogenic noise, ship collisions, and entanglement with gear associated with the offshore gillnet fishery, “have continued to be investigated and any necessary actions being taken to address the issue are shown to be effective or this is no longer believed to be a threat.”

Actions as criteria: Administrative
· White abalone (Haliotis sorenseni) downlisting and delisting criteria: “ An interagency (state/federal) task force is established to enforce regulations to protect established subpopulations and effectively alleviate illegal take of white abalone. Implementation of bilateral agreements with Mexico are continued and adequately deter illegal international trade…Populations of white abalone in Mexico are adequately protected by regulatory mechanisms implemented by the Mexican authorities.” 
· Smalltooth sawfish (Pristis pectinata) downlisting criterion: “Effective ongoing programs are in place to educate the public about population status and the prohibitions against capturing, harming, or harassing smalltooth sawfish.” [

Actions as criteria: Monitoring and research
· Gentian Pinkroot (Spigelia gentianoides) downlisting and delisting criteria: “Extant populations and recently discovered sites are identified and mapped; inventories (i.e., the total number of individuals, number of flowering vs. non-flowering plants, presence of pollinators, and whether seedling recruitment is occurring) have been conducted across the species’ historic sites and/or on new locations.”
· Olive Ridley turtle (Lepidochelys olivaceaI) delisting criterion:  “All regional stocks that use U.S. waters have been identified to source beaches based on reasonable geographic parameters.”
· Kemps Ridley sea turtle (Lepidochelys kempii) delisting criterion: “A network of in-water sites in the Gulf of Mexico and Northwest Atlantic Ocean to monitor populations (e.g., demographics and abundance) is established, and surveys are implemented….”

Actions as criteria: Other examples
· Golden Sedge (Carex lutea) delisting criterion:  “A prescribed fire regime has been developed and is being conducted at all sites to mimic historical frequency and timing (the frequency will be determined through recovery actions in this plan).”


Appendix B. Different threats will interact in their effects on recovering populations. 
The effects of different threats on population growth or extinction risk are often strongly interactive. Two ways in which threats can interact to influence population recovery are by being subadditive (one threat reduces the effect of the other; panel A) or superadditive (threats are worse in combination then they would be alone; panel B). We use two listed species as examples to make these ideas more concrete, but they apply to many other species and sets of threats. Threats are shown in heavy boxes and potential management actions in dotted boxes. Threats and management actions affect population attributes (light boxes), which affect population recovery. Colored arrows in (B) indicate effects whose magnitude (indicated by thickness of arrows) depends on the number of dams. In the case of mountain golden heather (Hudsonia montana) (A), threats interact subadditively: shrub encroachment threatens mountain golden heather’s cliff-top habitat, but a reduction in shrub encroachment through unsuppressed natural fires or controlled burns increases trampling by hikers, who prefer to walk above cliffs to enjoy the view  (Gross et al. 1998). Fires indirectly help population recovery by reducing shrub encroachment, but hinder population recovery by facilitating increased trampling. In the case of salmon (B), threats interact superadditively. Here, the effect of one threat, release of hatchery fish (and the concomitant loss of genetic diversity), is stronger when the other threat, dams, is present. If dams reduce the number of native spawners, then the release of hatchery fish has strong negative effects on genetic diversity of spawners (Small et al. 2009), and thus on population recovery. Conversely, if dam removal occurs, then hatchery fish do not substantially reduce genetic diversity of spawners, and thus do not substantially affect population recovery. We recognize that hatchery release could be considered both a management action (via the chain of positive arrows passing through “Total number of spawners”) and a threat, but here we focus on its role as a putative threat. When threats act subadditively (A), managing both threats may be necessary to achieve recovery, whereas for superadditive threats (B), managing one threat, and thereby reducing the magnitude of the second threat, may suffice.
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Appendix C: How the most basic quantitative population analyses can be used to tie recovery criteria to population risk when we can estimate threat magnitudes but know nothing about local demography
 A basic population analysis need not be very complex, or require huge quantities of data, to be useful in guiding management and designing recovery criteria. Of course if we know nothing of the threat magnitudes or the demography of the listed population (the lower left corner of Figure 2), then even the simplest PVA will be precluded.  But in some cases, we may be able to quantify the threats that could cause local extinctions in species with extremely localized populations, even when we know nothing about the demography of each local population (lower right of Figure 2). A good example is the desert pupfish (Cyprinodon macularius): one obvious component in the list of recovery criteria would be the number of local populations required to ensure a reasonably low probability (say less than 5% in 50 years) of meta-population (or species-level) extinction. We can make a quantitative estimate of the required number of local populations needed for this level of viability if we can estimate the annual probability of extinction of each local population. For example, we might use remote sensing data to estimate the fraction of springs large enough to support a pupfish population that become dry in one year (even if they later refill), due to human activities such as water diversion or to droughts. We next assume this fraction equals the probability P that any one local pupfish population goes extinct in one year.  That is all we need to estimate N, the necessary number of local populations so that the probability that all of them go extinct in Y years is less than Q (the meta-population extinction probability). The calculation goes as follows. (1 – P) is the probability that a local population does NOT go extinct in 1 year, so (1 – P)Y is the probability that one population is not extinct after Y years, and 1 – (1 – P)Y is the probability that one population has gone extinct after Y years. If we have N local populations, the probability that all of them have gone extinct after Y years (assuming independent local extinctions) is [1 – (1 – P)Y]N.  We want to determine the value of N such that this probability is less than Q.  The value of N, call it N* (which is likely not an integer), at which this probability exactly equals Q is
	N* = log(Q) / log(1 – (1 – P)Y),
which we determined by replacing N with N* in the expression for the probability of meta-population extinction, [1 – (1 – P)Y]N, setting it equal to Q, and solving for N*.  The only “unknown” in the equation for N* is P, which we estimated previously. So if we ensure that we have more than N* local populations, each with an annual extinction probability of P, then we will know that the probability of species-level extinction in Y years is less than Q. If we have estimated a range of likely values for P, we can use it to put bounds on the number of local populations we need, and might then use the upper bound as our recovery criterion. With this simple back-of-the-envelope calculation, we have made a much more scientifically and legally defensible choice of a recovery criterion (the number of local populations) than an “educated guess” would represent. While this example has focused on pupfish, it could also apply to rare plants in forest fragments or prairie remnants, vernal pool specialists, or any other species with patchily distributed populations. Quite different, but also very simple, PVA methods are available to use count data from a single population to estimate future population viability. Different species will require different quantitative approaches to justify their recovery criteria depending on their biology and the data available. We offer these examples simply as illustrations of how, in the absence of lots of data, simple quantitative analysis approaches can still be used.  It is also important to note that while PVA refers to ‘viability’ analysis, the same modeling machinery can be used to assess the risk of falling below any number of individuals or populations, even quite high numbers, if they are deemed necessary for recovery. 
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