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It seems axiomatic that any system for measuring the well-being of wildlife would involve an 
accounting of the number of individuals comprising the wildlife of interest.  Interestingly, the 
rationale for using individuals of a species as the appropriate metric in such cases is little 
discussed, possibly due to the fact that animal numbers have for at least the past hundred years 
served as the basis for much of our understanding of human and wildlife demography as it relates 
to ecological understanding and population management science (Cole 1954). It also seems to go 
without saying that this emphasis on mathematical enumeration of individuals serves as the basis 
for any predictive potential regarding the trajectory of wildlife populations, which is the basis of 
nearly all modern wildlife management (Sinclair et al 2006). Counting animals (in all its 
forms…individuals, family groups, leks, nests, breeding adults, populations) is well suited to 
mathematical treatment and thus can make use of this tool to describe trajectories, make 
comparisons, and provide statistical confidence relative to uncertainties of measurement. Making 
decisions about wildlife management usually involves some understanding of population 
abundance or trends (Sinclair et al. 2006).  Not all census methods involve direct observation of 
individuals, but surrogate metrics are dependent, at the very least, on some indicia of animal 
presence (eg, bird calls (Dawson and Efford 2005), pellets, tracks (Wilson and Delahay 2001), 
diggings (Mallick et al 1997), appearance in camera transects (Leempoel et al 2020), remote 
sensing (Lynch and Schwaller 2014), scent dogs, and more recently eDNA (Leempoel et al 
2020) or DNA from scat and hair collectors (Royle et al 2018)), which has been a priori 
established to correlate to some measure of actual animal abundance.   
 
Arguably, because humans have been counting things for approximately the last 40,000 years or 
more (Burton 2011), one could conclude that our interest in making “counts” of species is 
somehow innate. While it is true that both humans and nonhumans share an ability to “count” 
with approximations, it seems that humans are the only species that have reduced this ability to 
symbolic representations which have evolved into mathematics (Nieder 2021). Very few human 
cultures lack a system of this symbolic representation, which allows us to cognitively share our 
understanding of the nature of abundance with a common language of symbols.  Our interest in 
how animal populations perform in terms of growth or decline was clearly of interest to hunter 
cultures, who needed to understand the critical parameters that would determine success and 
survival.  This is not unlike nonhuman animals, whose survival may depend on some ability to 
judge numerical abundance (Nieder 2021)1. Later, outgrowth of early observations of human 
population growth, beginning with such early demographers such as Malthus (Egerton 2005), led 
to similar interest in the understanding of growth and decline of animal populations, if for no 

 
1 Neider cites a great example: A prey species sees two bears walk into a cave.  When one bear leaves the cave, the 
prey has to have an ability to estimate the number of bears remaining in the cave…her survival may depend on it. 
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other reason than the instructional value such observations could lend to understanding our own 
species’ fate. It was not until much later, as the science of ecology matured, that the need for data 
on animal populations became even more apparent.  As Cole noted: 
 

“The entire problem of potential population growth and its relationship to the resources of the 
environment is clearly one of the fundamental problems of ecology.”  (Cole 1954). 

 
Importantly, demographic data has driven much of the literature and subsequent modelling of our 
understanding of limits to growth, population viability, gene flow, impacts of diseases and 
myriad other critical determinants of how and why species make their way through the world and 
through time.  At the level of the individual, animals represent discrete objects which we can 
commonly agree comprise the entirety of that entity, as opposed to habitat, which may only be 
expressible as a continuous function subject to some ambiguity at the margins.  
 
A species’ abundance is not simply a number in the abstract, but provides inferences about its 
fundamental nature (Neel et al 2012). To say that a species is naturally rare implies numerous 
attributes about its life history…it may be highly specialized, geographically restricted, hemmed 
in by competitors among other attributes.  To say that a species is declining or increasing 
suggests attributes about changes in its environment that make it more or less robust in the face 
of dynamic forces acting on it, or that it is more or less successful competing, or as is frequently 
the case today, it is persecuted or neglected.  This additional information is extremely valuable in 
calling attention to things like the presence of pollution, overharvesting of resources in the 
species’ habitat, and other impacts.   
  
It thus seems logical that because animals are observable, discrete in time and space, and supply 
additional information about the nature of their environment, that there is a focus on the 
enumeration of the living animal as opposed to a more generalized habitat metric. Knowing the 
volume of the ocean does not provide us with anywhere near the amount or value of information 
as knowing the number of whales in the ocean does, even though counting whales is notoriously 
difficult and uncertainty surrounding those counts is large (Williams et al 2014).  If we simply 
relied on the notion that the volume of the ocean was large and contained room for some large 
number of whales, whales would by now be extinct.  Whales exist today because 
people…whalers, biologists, regulators…could only reach the same conclusion, e.g., that whale 
numbers were declining unsustainably, by some observable quantification of whale abundance 
over time.2  In this and many other cases the value of having some measure of the abundance of 
the living animal is irrefutable (Gerber et al 1999). 
 
The black-footed ferret and recovery under the Endangered Species Act 
 
Nowhere does counting come into play more imperatively than in the case where a species is on 
the cusp of extinction.  The concept of “extinction” is itself a question of demographics…the 
point at which the population = 0. It obviously becomes increasingly critical for the survival of a 

 
2 “Continued decline in industrial catches and an apparent parallel decline in species abundance through the 1970s 
led IWC to determine that the NMP was inadequate, and eventually motivated the imposition of the moratorium in 
1982.” 
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species as its numbers dwindle toward zero, often referred to as the extinction “vortex” (CBSG 
2004). At very low numbers, chance events often overwhelm the ability of a population to 
reproduce its way out of the small population dilemma, and as numbers decline, so do the vital 
rates allowing that population to persist through time (CBSG 2004).  Sufficient experience over a 
wide range of species and habitats has today given conservation biologists a body of predictive 
knowledge about where these “break points” are likely to occur, to the extent that there is a high 
degree of certainty that management intervention is necessary to prevent extinction when those 
thresholds are crossed. 
 
The black-footed ferret was one of the first species listed in the US under the federal Endangered 
Species Act (USFWS 2013).  Numerically, the entire species’ population dipped as low as 18 
individuals from the last known wild population in 1985, a fact confirmed due to intensive 
monitoring and censusing that was ongoing at the time of its collapse (USFWS 2013). In the case 
of ferrets, the intervention most appropriate was deemed to be removal of all animals from the 
wild to remove them from the threat of disease and initiate a captive propagation program. 
Subsequent efforts have restored ferrets to a number of sites throughout the ferret’s range, which 
receive varying levels of monitoring (see, e.g., USFWS 2019).  Because ferrets are nocturnal, 
spend the majority of their active life belowground, and are apparently indifferent to 
inducements that would lure them into traps or bait stations, they are problematic to locate and 
monitor (USFWS 2016b).  However, locating and identifying unique individuals sufficient to 
establish near-complete enumeration is far from difficult…several reintroduction sites have 
successfully conducted monitoring programs annually for decades (see, e.g., USFWS 2019).  
The cost of this effort using traditional techniques (spotlighting, USFWS 2016b), while not 
prohibitive, is not trivial.  The annual cost for censusing a site containing approximately 20 
ferrets, including costs for vehicles, specialized equipment, labor, fuel and lodging likely exceeds 
$30,000 US/year (see USFWS 2016b, T. Livieri pers comm). Multiplied over a dozen sites 
requiring monitoring, programmatic costs may total $300,000 US annually.  This is still less than 
10% of the ferret recovery budget (estimated at $5 million in 2016, USFWS 2016). While 
improvements to search methods are continually being tested, finding and counting individual 
ferrets by direct observation remains the gold standard, providing confidence that ferrets are 
present and providing a measure of ferret abundance.  
 
Expenditure of resources at this scale for monitoring imperiled and somewhat difficult to find 
species are not atypical, however.  Comparatively, ferret monitoring expenditures are well within 
the range of those required to monitor other imperiled species (Table 1).  
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Table 1.  Estimated annual monitoring costs to ascertain demographic parameters for listed and imperiled species 
based on recovery plans or actual costs (references in table). 
 
As with all species listed under the ESA, the recovery effort for the black-footed ferret is guided 
by a recovery plan, mandated by federal statute (USFWS 2013).  Section 4(f) of the ESA 
requires the Services to develop “objective, measurable criteria” for determining when a species 
is recovered. 16 U.S.C. §1533(f).  As with the majority of extant recovery plans, the current 
ferret recovery plan contains numerical goals, expressed in this case in numbers of ferrets and 
populations of ferrets of minimum size (USFWS 2013), as well as other goals related to habitat 
and population distribution (USFWS 2013) required to downlist or delist the ferret. 
 
Interestingly, neither the statute nor ESA regulations explicitly require that the agencies (US 
Fish and Wildlife Service (FWS) and National Marine Fisheries Service (NMFS)) express those 
mandatory delisting criteria in terms of demographic parameters, as opposed to habitat or other 
surrogate measures.  It has been suggested that in future ferret recovery plan revisions, the 
demographic goals be replaced with “intentionally managed habitat acreages” or other measures 
of habitat to avoid the onerous burden of acquiring information on the numbers of actual animals 
extant.  This approach, however, would not only fly in the face of well-developed ecological 
science and wildlife management, but is flawed as well from the perspective of compliance with 
the spirit and intent of the ESA and the FWS interpretation of it. 
 
The ESA purpose is laid out at 16 U.S.C. §1536(b): 
 

The purposes of this chapter are to provide a means whereby the ecosystems upon 
which endangered species and threatened species depend may be conserved, to provide a 
program for the conservation of such endangered species and threatened species, and 
to take such steps as may be appropriate to achieve the purposes of the treaties 
and conventions set forth in subsection (a) of this section. 16 U.S.C. §1536(b). 

 
It is important to note that this section requires conservation of both species and habitat (not or 
habitat).3  The implication is that the FWS may not ignore the population status of species when 
it is making plans for the species’ recovery under Section 4.  This is supported by the FWS’ own 

 
3 Typically, courts interpreting statutes regard how the words are meant to be understood using common canons of 
language…inclusion of a list of things antecedent the use of “and” is conjunctive and antecedent to “or” disjunctive 
(Wisotsky 2009).  In this instance, the canon limits agency discretion to substitute one thing for the other. 
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view of its obligations under Section 4 in setting downlisting criteria, as described in its 
Handbook: 
 

In addition to threats, recovery criteria will usually also include population numbers, sizes, trends 
and distribution, population structure or recruitment rates, specific habitat 
conditions, and minimum time frames for any of the above.  USFWS 2018, p. 5.1-16. 
 

Using the canons of interpretation cited above, “and” requires that the demographic parameters 
in the antecedent list be included as recovery criteria (all of the items in the list). Stated another 
way, the agency must include criteria for both demography and habitat, and doesn’t get to choose 
one over the other. Further, the FWS is advised to use recovery criteria that “address the 
biodiversity principles of representation, resiliency and redundancy” [the 3 R’s] (NMFS 2010, 
2018, p. 5.1-16).  “Resiliency involves ensuring that each population is sufficiently large to 
withstand stochastic events.” NMFS 2010.  Because the probability of persistence underlying 
calculations of resiliency requires understanding the population size, having a demographic goal 
is clearly necessary to assessing resiliency.4 
 
Thus, the recovery planning handbook presupposes that the Services will use demographic 
parameters where possible. In a cursory analysis of approximately 100 recovery plans updated in 
2019 (84 Fed. Reg. 38288,5 84 Fed Reg 38291,6 84 Fed Reg 382847), Ya-Wei Li (pers comm) 
could not point to a single plan that used a habitat surrogate in lieu of demographic parameters.8  

Moreover, delisting criteria must address the threats to the species, not all of which are threats to 
its habitat.   

“Because the risks associated with any particular abundance depend on the threat context, abating threats is a  
key aspect  of  recovery. Therefore, abundance must be considered in the context of threat reduction and 
evaluated through the five-factor analysis in the delisting process.” Neel et al 2012. 

Abundance, then, is treated as a surrogate for threat abatement.  Without a measure of threat 
abatement, no species can be delisted. 

The exception to following its own statutory guidance is that the FWS only has to follow it “to 
the maximum extent practicable” (see 16 U.S.C. §1533).  The question then becomes whether 
gathering the data that describes those demographic parameters are actually practicable for the 
black-footed ferret. Clearly it is practicable, given that numerous sites collect such information 
annually and continue to provide resources to undertake data gathering annually.  The fact that 

 
4 Ferret recovery leans heavily on the concept of “metapopulation” to describe the various collection of recovery 
sites as subpopulations, but could be called to task for failing to ensure the 3 R’s concept at individual sites, many of 
which are criticized as failing to provide sufficient habitat to permit ferret persistence. 
5 https://www.federalregister.gov/documents/2019/08/06/2019-16748/endangered-and-threatened-wildlife-and-
plants-21-draft-recovery-plan-revisions-for-25-species-in-15 
6 https://www.federalregister.gov/documents/2019/08/06/2019-16750/endangered-and-threatened-wildlife-and-
plants-21-draft-recovery-plan-revisions-for-43-southeastern 
7 https://www.federalregister.gov/documents/2019/08/06/2019-16749/endangered-and-threatened-wildlife-and-
plants-28-draft-recovery-plan-revisions-for-53-species-in-the 
8 The only species where FWS species recovery criteria in terms of habitat rather than numbers of individuals are the 
California vernal pool invertebrates, like the VP fairy shrimp. But those species truly are impossible to count, 
especially because their population sizes fluctuate very widely (Li pers. comm). 
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FWS solicits annual count estimates from various recovery sites as part of its permitting process 
for ferrets undercuts the argument that FWS can’t express recovery criteria in terms of the 
number of individual ferrets.  Courts have explained that FWS doesn’t have “unbridled 
discretion” to abandon its obligations under the ESA because implementing it poses difficulty: 
“It imposes a clear duty on the agency to fulfill the statutory command to the extent that it is 
feasible or possible.” Fund for Animals v. Babbitt, 903 F. Supp. 96, 105 (D.D.C. 1995).  
Previous iterations of the ferret recovery plan have used number of individuals for downlisting 
and delisting criteria (see, USFWS 1988; USFWS 2013). Nothing in the 2019 Species Status 
Assessment (USFWS 2019) indicates that those criteria are too difficult to apply (in fact, the 
SSA relies explicitly on demographic data).  Without a compelling argument for changing course 
25 years into the program, it seems likely that ignoring demographic metrics would be viewed as 
arbitrary and capricious.  

Moreover, the NMFS recently produced recovery planning guidance (with FWS assistance9), 
that mandates demographic data as part of recovery criteria (NMFS 2020, at 6.1.2.3.3): 

“Demographic criteria should be developed to address each of the 4VPs10 (Figure 6-1). There can 
be more than one criteria for each VP. Recovery criteria comprise a 4VP metric (derived from the 
Status Review) and a threshold value for each metric (determined during recovery planning). The 
4VPs are the foundation for the metrics of the demographic recovery criteria.”11 
 

It is also important to note that the IUCN (2012), a global leader in species conservation 
assessment, lists 5 criteria12 for its global status assessments of species conservation, all of which 
involve understanding the presence and abundance of live animals (including population size, 
trends in populations, occurrence in range, and estimates of vital rates). 

Clearly, FWS can and should include habitat goals to complement its demographic goals for 
ferret recovery (Neel et al 2012).  In the current ferret recovery plan, habitat metrics are inferred 
from the demographic criteria (e.g., density estimates of ferret habitat occupancy are applied to 
prairie dog species to generate likely habitat requirements for downlisting and delisting (USFWS 
2013)). Habitat conservation is with few exceptions inextricable from species conservation. The 
ferret is emblematic of how habitat destruction can drive a species to near extinction.  As such, 
recovery for ferrets is impossible absent measurable improvements in quantity and quality of 
prairie dog ecosystems (USFWS 2013; USFWS 2019).  The danger in basing recovery criteria 

 
9 NMFS specifically withdrew from the 1990 recovery coordination policy agreement due to its inability to meet 2 ½ 
year deadlines for recovery plan development…it stated however that: “The remainder of that policy has been 
expanded and updated for the most part through the Interim Recovery Planning Guidance, and NMFS will continue 
to follow that guidance.” 80 FR 18243 
10 “VPs” are derived from “viable population” standards of abundance, productivity, diversity and distribution. 
11 See also, Wolf et al 2015…suggesting 3R metrics that include demographic data. 
12 These criteria include, broadly (IUCN 2012 at pp. 16-22: 
A: Reduction in population size >80%; 
B: Geographic range: a) less than 100 km2 or b: less than 10 km2; 
C: Population size less than 250; 
D: Population size less than 50; 
E: Quantitative analysis showing the probability of extinction in the wild is at least 50% within 10 years or three 
generations, whichever is the longer (up to a maximum of 100 years). 
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on ferret habitat alone, however, is that the ferret recovery program has yet to establish minimum 
acceptable prairie dog complex sizes that would ensure persistence of ferrets over time at any 
given site absent proof provided by monitoring. The constant threat of plague looms large at all 
times, and could hollow out populations literally overnight.  Without adequate population 
monitoring, impacts could easily go undetected.  Fifteen of the twenty-nine recovery sites have 
gone extinct since the program began, with an average time to extinction of less than 10 years.  
None of the sites are within dispersal distance of one another, so natural recolonization is 
foreclosed. Historically, local extirpations of ferrets were likely cured by sufficient time and 
recolonization from vast reservoirs of prairie dogs and ferrets nearby…that time has passed. 
Given that more intensive management is required with ever smaller islands of habitat, simply 
improving habitat conditions is insufficient, and management will require some understanding of 
the population status and occupancy at any given site.   
 
Would prairie dog ecosystem restoration facilitate ferret recovery?  Unquestionably.  
Unfortunately, there is no express legal vehicle directed to promote ecosystem conservation in 
the US.13  The ESA’s designation of “critical habitat” (16 U.S.C. 1533(a)(3)(A)(1)), is often an 
anathema to critics of the ESA and problematic in application (Li 2020) and no critical habitat 
has been designated for the ferret.  Habitat Conservation Plans (HCPs) or multi-species plans are 
another tool, but their effectiveness addressing controversial species such as prairie dogs has not 
been demonstrated. Adoption of concepts similar to the IUCN Key Biological Areas (KBAs, 
Plumptre et al 2021) would make clear that prairie dog ecosystems failing to support its complete 
faunal composition (e.g., containing ferrets) would not constitute ecosystem conservation, 
reinforcing the notion that simply providing protection for prairie dog ecosystems does not 
equate to providing ferret habitat if no ferrets occupy that ecosystem. Nonetheless, inadequate 
attention has been directed at ensuring functionally intact prairie dog ecosystems, despite the 
mandates that some federal land management agencies are tasked with providing it (see, NFMA, 
16 USC §§1600-1614) and initiatives such as the Western Fish and Wildlfe Agencies (WAFWA) 
grassland initiative (WAFWA 2011) promote it.  Explicitly calling for such attention through 
ESA recovery planning would help establish baselines to guide state and federal wildlife 
planning. 
 
The Endangered Species Act provides the basis for a holistic view of the natural world, that 
encompasses both the species and its environment.  It thus recognizes that an ecosystem is 
incomplete until it is animated by all of its constituent parts (see e.g., Plumptre et al 2021), 
implicitly recognizing the distinction between ecosystems that are intact and ecosystems that are 
faunally intact (Plumptre et al 2021).  In turn, the inability of habitat to support part of its 
community is an indicator of a failing ecosystem.  Functionality of prairie dog ecosystems is 
ensured when we animate the ecosystem with sufficient numbers of ferrets to persist over time 
(Figures 1,2,3).  Basing ferret recovery on demographic criteria is not only correct from an 
ecohistorical, scientific, and legal perspective, but as a practical matter defining ecosystem 
integrity/functionality or habitat sufficiency will require an understanding of ferret populations 
that will necessitate the difficult work of determining abundance, distribution, and vital rates 
from actual ferrets, however challenging, and ensuring we have sufficiently large prairie dog 
ecosystems to support them.   

 
13 A patchwork of land use laws, such as the National Forest Management Act (NFMA), do provide a basis for 
biodiversity conservation at landscape scale, but implementation is uneven. 
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Figure 1. Not a football game. 
 

 
 
Figure 2. Not a Broadway Musical. 
 

 
 
Figure 3.  Not a parade. 
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