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Introduction	
	
Recovery	of	the	endangered	black-footed	ferret	(Mustela	nigripes)	has	been	a	multi-
decade	effort	involving	numerous	federal,	state,	tribal,	academic,	private	and	
conservation	organizations	focused	on	restoring	one	of	North	America’s	most	
endearing	native	animals	(Livieri	et	al,	in	press;	USFWS	2013).		The	challenge	of	
recovery	for	ferrets	in	particular	has	presented	some	of	the	most	confounding	
conundrums	facing	wildlife	managers	in	the	present	era:	1)	While	the	literature	
suggests	that	a	wealth	of	information	is	known	about	the	species’	biology	(thanks	in	
large	part	to	detailed	information	obtained	through	captive	propagation),	key	
drivers	of	life	history	parameters	critical	for	conservation	in	the	wild	are	often	
obscure;	2)	While	celebrated	globally	due	to	its	charismatic	nature,	the	ferrets’	
primary	prey,	the	prairie	dog	(Cynomys	spp.),	in	the	eyes	of	many	western	
stockgrowers,	is	perhaps	one	of	the	most	reviled	and	thus	persecuted	native	species	
in	North	America	(Livieri	et	al,	in	press).		This	combination	of	factors	creates	a	
highly	politicized	environment	for	ferret	recovery,	often	driving	policy	choices	
intended	to	minimize	conflict	in	the	face	of	ambiguous	or	incomplete	science.		When	
it	comes	to	ferret	habitat,	this	tension	appears	to	drive	a	search	for	the	smallest	
acceptable	footprint,	not	necessarily	a	biologically	functional	area,	to	support	
ferrets.	
	
Of	particular	concern	is	a	relatively	recent	trend	that	involves	adoption	of	a	
minimum	1,500-acre	(600	ha)	target	as	a	baseline	for	ferret	reintroductions	
undertaken	with	the	aim	of	ferret	recovery.		As	discussed	below,	the	1500-acre	
target	emerged	benignly	as	a	“minimum”	target	for	private	lands	restoration	under	
Natural	Resource	Conservation	Service	programs	(USFWS	2015),	but	has	since	
evolved	into	a	target	that	has	been	interpreted	as	adequate	for	ferret	restoration	by	
the	Wyoming	Game	and	Fish	Department	(Wyoming	2018),	and	in	2019	was	
proposed	as	the	target	for	the	Forest	Plan	revision	for	the	Thunder	Basin	National	
Grassland	in	Wyoming	under	the	National	Forest	Management	Act.			Subsequent	to	
widespread	adoption	of	the	target,	the	average	size	of	newly	recruited	ferret	
recovery	sites	has	dropped	precipitously	(Figure	1),	from	an	average	of	4,800	
Ha/site	from	1991-2010,	to	1,100	Ha/site	from	2013	to	2020,	possibly	in	part	due	
to	the	perception	that	smaller	sized	recovery	sites	represent	adequate	conservation	
for	ferrets.			
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It	is	critical	to	understand:	1)	what	the	implications	of	this	trend	in	de	minimus	
complex	size	means	for	recovery,	and	2)	whether	ultimately	ferrets	can	be	
recovered	using	this	strategy.		I	look	at	the	history	of	the	1500-acre	target	and	how	
small	recovery	sites	have	performed	in	practice.		
	

	
Figure	1.	Initial	complex	size	(Ha)	of		prairie	dogs	recruited	as	ferret	reintroduction	sites,	1990-2020.			
	
	
A	Brief	History	of	the	1500	ac	Complex	Target	
	

The concept of targeting complex sizes has its origins in the second revision of the 
federal Black-footed ferret Recovery Plan (USFWS 1988).  A goal established for 
the first time in that Plan was that populations be established across the ferret’s 
historical range, comprised of populations of “no fewer than 30 breeding adults.”  
This target was based on multiple lines of evidence.  First, the Meeteetse 
population, which totalled approximately 25 adults during the 3 years it was 
studied prior to its collapse, gave some evidence that long-term persistence of a 
population of this size was possible, based on the assumptions that: a) the habitat 
(prairie dogs) had remained stable for at least decades1; b) that the population was 
closed (eg was not receiving immigration from nearby complexes); and c) that 
ferret occupancy had been persistent since the early 1900s.  Some evidence existed 
to support those assumptions, but it was not known, for example, whether the 
population at the time of discovery was a remnant of a larger population or 
increasing from a recolonization event. Second, Harris et al. (1989) had calculated 
that populations of 120-150 had a 95% chance of persistence over 100 years.  
Based on Forrest et al (1989), a population of this size would have 25-45 adults 
(USFWS 1998), or around 30 adults.   

	
1	Historical	records	to	1900	indicated	the	presence	of	prairie	dogs	to	that	time.	
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Needless to say, it was important to establish expectations about how large ferret 
reintroduction sites needed to be based on this population size, and that required 
knowing the number of ferrets that could be supported on a given landscape of 
prairie dogs.  Numerically, prairie dogs are difficult to measure, but colony size 
(and burrow density) appeared to be good surrogates for the number of prairie 
dogs present, and as a result, using mechanistic and theoretical approaches 
(calculating how many prairie dogs a ferret needed to consume over the course of 
a year) were replaced with empirical results which measured the number of 
resident adults actually observed on the size of given prairie dog landscapes.  
Observations at that time (Forrest et al 1985; Biggins et al 1993; Biggins et al 
2006b) began to coalesce around a rule of thumb of around 30-50 ha (75-125 ac) 
prairie dog acreage for either adults or adult females.   
 
In 2006, Luce (Luce 2006) was the first to suggest that 1,500 acres would be a 
sufficiently large complex to begin reintroductions of ferrets.2  It is important to 
note that Luce was the Western Association of Fish and Wildlife Agencies 
(WAFWA) black-tailed prairie dog coordinator.  Ideally, WAFWA wanted to find 
areas of compromise to sell landscape-level prairie dog conservation to reluctant 
state and private stakeholders.  The smallest footprint possible would make this 
more palatable to these audiences.  Luce had discussed his proposal as early as 
2001 with USFWS, but was rebuffed by then black-footed ferret coordinator Mike 
Lockhart, who suggested small complexes were simply inadequate to meet 
recovery needs (Letter from Lockhart to Luce, dated March 2001).  
 
Thinking around the 1,500 ac criteria was nonetheless supported by some 
empirical data… In	the	early	years	of	the	program,	estimates	based	on	high	density	
prairie	dog	complexes	found	stocking	rates/ferret	females	of	from	40-60	ha	(Forrest	
et	al.	1985,	Livieri	and	Anderson	2012).		Therefore	1,500	ac	(or	600	ha)	would	have	
been	likely	to	support	approximately	10-15	adult	females	(or	15-22	breeding	adults).		
A large subcolony within the Conata Basin complex, Heck Table, had maintained 
high numbers there for several years (Livieri and Anderson 2012).3  Also, it 
seemed there were prairie dog densities that could theoretically support ferrets at 
higher densities (Biggins et al. 2006). Fifteen hundred acres might, however, if 
populated by 20 female ferrets (and a 2:1 ratio of females to males), and those 
females only required 75 acres (30 Ha) each, then the magic number of 30 adults 
could be achieved on a 600 Ha site. 
 
It	was	increasingly	clear,	however,	that	generally	in	the	field	these	densities	were	
seldom	observed.	By	2013	realism	had	set	in	that	few	sites,	if	any,	could	sustain	adult	
ferret	females	within	75	acres.		This	was	acknowledged	in	USFWS	(2013),	the	second	

	
2	Luce	also	notes	that	the	1,500	acres	should	be	contiguous,	and	"may	be	sufficient	to	begin	
management	planning	or	possible	experimental	release	of	black-footed	ferrets….and	assumes	that	
prairie	dog	colonies	will	grow"	(pg	71	of	Roelle	et	al.	proceedings).	 
	
3	Heck	Table	succumbed	to	plague	that	wiped	out	over	two	thirds	of	the	complex	in	2009.	
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revision	of	the	federal	recovery	plan,	in	which	the	original	“30	breeding	adult”	goal	
was	carried	forward.	It	was	admitted,	for	various	reasons,	that	the	“30	breeding	
adults”	criteria	did	not	represent	a	“persistent”	or	“viable”	population	within	the	
definition	of	demographic	or	genetic	viability,	and	additional,	larger,	populations	
were	required	in	the	new	plan	to	meet	recovery	goals.		It	was	felt	that	populations	of	
the	size	of	30	breeding	adults	nonetheless	were	sustainable	with	minimal	
management	inputs	and	some	amount	of	future	augmentation.			
	
However,	at	the	time	of	the	2013	plan	revision	there	were	now	two	decades	of	site	
performance	data	that	suggested	the	previous	density	estimates	were	far	too	liberal.		
Based	on	how	the	sites	had	performed	to	that	time,	it	found	that	adult	female	ferret	
might	require	as	much	as	225-375	acres	(100	ha)	each	(USFWS	2013).	
 
At the same time, in 2013, the USFWS was developing its Black-footed Ferret 
Programmatic Safe Harbor Agreement (USFWS 2013b, 64 FR 32717).  The 
agreement begins by correctly identifying the existing state of the research cited in 
the recovery plan, p.13: 
 

Previous studies suggest that a minimum of approximately 75 acres of occupied black-tailed prairie 
dog habitat or 100–150 acres of occupied white-tailed or Gunnison’s prairie dog habitat are needed 
to support one female black-footed ferret (Biggins et al. 2006). However, conservative field 
observations suggest the prairie dog acreage required to support a female ferret may be as much as 
225–375 acres depending on prairie dog densities, which vary by species, and other factors including 
disease and climactic conditions (U.S. Fish and Wildlife Service 2013). Male ferrets have 
overlapping ranges with female ferrets and do not require additional prairie dog habitat beyond that 
considered for females (Biggins et al. 2006). These conservative estimates of 225 acres of black-
tailed prairie dog occupied habitat and 375 acres of Gunnison’s or white-tailed prairie dog occupied 
habitat to support one female ferret were used to determine the amount of habitat needed for 
downlisting and delisting criteria (U.S. Fish and Wildlife Service 2013). 

 
Despite the earlier discussion and its own analysis, USFWS (2013b) abruptly reverted to 
the old, more liberal standard (p. 17): 
 

The geographical lands eligible for enrollment in this Agreement include non-federal lands 
(including tribal lands) within the historical range of the black-footed ferret. This includes portions 
of Arizona, Colorado, Kansas, Montana, Nebraska, New Mexico, North Dakota, Oklahoma, South 
Dakota, Texas, Utah, and Wyoming (Appendix A) that have adequate acres of occupied prairie dog 
habitat to support a population of at least 30 breeding adult ferrets. The acreage necessary to support 
30 breeding adults can vary depending on the species of prairie dogs present. Typically, this would 
be approximately 1,500 acres or more in blacktailed prairie dog habitat or 3,000 acres or more of 
white-tailed or Gunnison’s prairie dog habitat.  (USFWS 2013b). 
 

Under its most realistic stocking rates (225 ac/adult female), cited from the 2013 recovery 
plan, 1,500 acres of prairie dogs results in no more than 7 female territories (10-11 
breeding adults),4 or about a third of the 30-breeding adult goal.  The Service never 
articulated why it chose the more optimistic (and at this point outdated) estimate. 
 

	
4	Assuming	2:1	Female:male	sex	ratios	and	male	overlapping	female	home	ranges.	
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Starting in 2013, the USFWS began using the 1,500-acre figure to enroll some sites in 
Colorado under the Safe Harbor Agreement and the NRCS Black-footed Ferret Special 
Effort incentive program (NRCS 2014).  Nearly all of the sites recruited during this 
period ended up with around 1500 acres in size (see, e.g., Figure 1). 
 
Then, in 2015, the USFWS (USFWS 2015) took an additional step that bootstrapped its 
own overly optimistic baseline in promulgating the ESA “10j” rule that exempts 
Wyoming from certain requirements under the Endangered Species Act: 

 
“The main requirements for ferret reintroduction are: (1) An area of occupied prairie dog 
habitat that is purposefully managed and of sufficient size to support a viable population of 
ferrets (a minimum of 1,500 ac (608 ha) of black-tailed prairie dog occupied habitat or 
3,000 ac (1,215 ha) of white-tailed or Gunnison's prairie dog occupied habitat); (2) a willing 
landowner; and (3) a management plan that addresses sylvatic plague. Recent estimates of 
prairie dog occupied habitat in Wyoming include 2,893,487 ac (1,171,862 ha) in the white-
tailed prairie dog range and 229,607 ac (92,991 ha) in the black-tailed prairie dog range 
(Van Pelt 2013, pp. 8, 14). Luce (2008, pp. 28-31) identified several sites in Wyoming with 
potential for ferret reintroduction including one site with potential for reintroduction 
within less than 3 years, 24 sites with potential for reintroduction within 3 to 10 years, and 
two sites with long-term potential for reintroduction.” 

 
So	now	a	1,500-acre	(600	Ha)	reintroduction	site	on	black-tailed	prairie	dogs,	
assuming	it	would	contain	30	breeding	adults,	was	deemed	“viable,”	despite	USFWS’	
own	2013	analysis	that	30	breeding	adult	populations	are	not	“viable’	but	would	
persist	with	augmentation	and	further	management	inputs.		“Viability”	is	a	critical	
term	of	art,	as	it	has	legal	implications	in	the	statutory	obligations	of	other	agencies.		
It’s	also	important	to	note	here	that	this	rule	suggests	3,000	ac	of	white-tailed	
habitat	would	provide	similar	“viability”	for	ferrets	occurring	on	white-tailed	
subgenera	of	prairie	dogs.		At	its	peak	performance,	the	original	white-tailed	prairie	
dog-supported	Meeteetse	population	on	which	the	30	breeding	adult	target	was	
based	was	about	twice	that	size	(Forrest	et	al	1985)…in	other	words	the	size	of	
complexes	known	to	support	around	30	breeding	adults	was	cut	in	half	for	white-
tailed	prairie	dogs	and	2/3	for	black-tailed	prairie	dogs.	
	
Nonetheless,	shortly	thereafter	the	1,500-acre	standard	was	adopted	by	Wyoming	
in	its	ferret	management	plan	(Wyoming	2018),	citing	the	USFWS.		In	2019,	in	its	
initial	scoping	to	reduce	the	acreage	of	prairie	dogs	on	this	potentially	important	
recovery	area,	the	Forest	Service	then	used	Wyoming’s	plan	to	imply	that	the	USFS	
was	is	meeting	its	“viability”	requirement	under	the	National	Forest	Management	
Act5	based	on	Wyoming’s	state	plan.		Thus,	a	somewhat	innocuous	effort	to	boost	
conservation	activity	has	over	time	morphed	into	regulatory	goals	which	may	be	
hindering	efforts	to	actually	conserve	ferrets	at	levels	which	are	more	realistic	and	
necessary	for	recovery.		
	
How	have	small	sites	actually	performed?	

	
5	Although	not	discussed	in	its	final	rule,	the	Forest	Service	ultimately	apparently	abandoned	
reliance	on	the	Wyoming	Plan	and	adopted	another	target	with	higher	acreages.	
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Jachowski	et	al	(2011)	provided	some	general	advice	based	on	a	2009	analysis	of	
similar	data	available	at	that	time,	suggesting	that	reintroduction	“success”	was	
correlated	with	larger	reintroduction	site	size.		Because	of	the	trends	of	recovery	
site	recruitment	in	the	past	decade	instead	point	to	smaller	and	smaller	sites,	of	
particular	interest	was	how	well	sites	as	small	as	1500	ac	(600	Ha)	perform	and	
what	their	expected	contributions	to	recovery	could	be.	
	
Methods	
	
I	compiled	data	provided	to	the	recovery	program	through	the	Conservation	
Subcommittee	of	the	Black-footed	Ferret	Recovery	Implementation	Team	(similar	to	
methods	used	in	previous	analyses,	see,	e.g.,	Jachowski	et	al	2011).			
	
I	reviewed	and	compiled	all	data	that	was	available	through	annual	reports	
provided	to	the	US	Fish	and	Wildlife	Service	ferret	program,	which	includes	in	some	
instances	copies	of	site	reports	from	individual	sites	and	site	summaries.		This	
dataset	included:	1)	Estimated	size	(acres	(Ha)	of	prairie	dog	colonies)	of	each	
recovery	site.		For	years	where	no	habitat	mapping	was	conducted,	I	interpolated	
the	area	based	on	the	average	between	the	last	survey	and	the	subsequent	survey.	
2)	Minimum	number	alive	(MNA)	of	ferrets	reported	based	on	annual	surveys.		In	
years	where	no	surveys	were	conducted	I	assumed	the	MNA	was	the	average	
between	the	last	survey	and	subsequent	survey.		Only	populations	that	reported	
zero	ferrets	for	two	consecutive	years	were	deemed	to	have	gone	extinct	in	the	first	
year	no	ferrets	were	observed.			The	ferret/area	ratio	was	the	total	MNA/reported	
or	interpolated	prairie	dog	complex	size.		MNA	is	obviously	a	conservative	estimate	
of	total	ferrets	present,	so	any	densities	calculated	from	that	number	will	be	
conservative.	3)	At	two	sites,	the	number	of	adults	within	the	MNA	was	tallied	
separately,	and	in	a	limited	number	of	those	cases,	adult	females	were	tallied.	
	
Ferrets	have	been	reintroduced	to	three	species	of	prairie	dogs	(black-tailed,	white	
tailed,	and	Gunnison’s),	which	differ	in	their	densities	and	life	histories	and	
therefore	should,	in	some	cases,	be	evaluated	differently	(e.g.,	in	terms	of	average	
density	of	ferrets/area	of	prairie	dog,	which	would	be	expected	to	differ	between	
species).		The	data	is	also	fraught	with	numerous	biases	and	inconsistencies	that	
make	rigorous	analysis	problematic.		Among	these	are	differences	between	sites	are:	
1)	unknown	impacts	of	enzootic	and	epizootic	plague;	2)	partial	or	incomplete	
surveys;	3)	differences	in	environmental	variables	(drought,	predation,	predator	
control);	4)	Observer	bias;	and	5)	Varying	detection	probabilities.		Rather	than	
attempting	to	correct	for	these	deficiencies,	I	determined	to	find	those	data	subsets	
among	the	available	data	that	were	most	complete	and	provided	the	fewest	number	
of	deficiencies.	
	
Results	and	Discussion	
	
Ferret	density	on	black-tailed	prairie	dogs	
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I	focused	on	two	black-tailed	prairie	dog	recovery	sites	that	are	well-documented	
and	contain	between	them	a	nearly	continuous	range	of	acreage	extent	from	16,000	
Ha	to	102	Ha,	partly	due	to	the	unintended	experiment	(plague	epizootics)	that	
created	habitat	patches	of	various	sizes	at	these	complexes	from	1995	to	2018.		
These	two	sites	also	maintained	good	records	of	adults	and	adult	females	during	
annual	surveys.	
	
	 	

Figure	2.		Black-footed	ferret	stocking	rates	relative	to	area	for	the	UL	Bend	and	Conata	Basin	
(Buffalo	Gap	NG	and	Badlands	National	Park),	1995-2018,	n=47.	
	
Figure	2	shows	the	total	ferret	occupancy	rate	for	approximately	47	combined	years	
of	ferret	occupancy,	for	every	year	that	ferrets	occupied	these	sites,	at	UL	Bend,	MT	
and	Conata	Basin,	SD,	which	are	both	within	the	range	of	the	black-tailed	prairie	
dog.		The	resulting	regression,	y=0.0201x	+	6.7266,	predicts,	on	average,	the	number	
of	ferrets	for	a	600-ha	colony	to	be	18.76,	which	includes	all	young	of	the	year	and	
adults.			
	
In	these	closed	populations,	however,	annual	ferret	production	appears	to	exceed	
the	ability	of	both	of	these	sites	to	sustain	more	than	a	fixed	number	of	resident	
adults	over	the	course	of	a	year,	which	is	the	apparent	(actual)	carrying	capacity	for	
any	given	site.		So	of	greater	interest,	and	more	relevant	to	recovery,	is	the	number	
of	breeding	adults.	
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Figure	3.		Black-footed	ferret	adult	stocking	rates	relative	to	area	for	the	UL	Bend	and	Conata	Basin	
(Buffalo	Gap	NG	and	Badlands	National	Park),	1995-2018,	n=38.	
	
Figure	3	shows	the	number	of	adult	ferrets	relative	to	area	(again	for	UL	Bend	and	
Conata	Basin)	with	fewer	data	points	(due	to	incomplete	information	regarding	adults).		
Figure	3	represents	the	actual	stocking	rate,	or	carrying	capacity,	for	a	resident	
population	of	ferrets	throughout	the	whole	year.		Due	to	detection	issues	and	other	
limitations	of	the	field	data,	this	chart	reflects	the	MNA/area	ratio…the	actual	adult	
stocking	rate	may	be	slightly	higher	than	depicted	(due	to	failure	to	detect	some	ferrets	
during	field	observation),	but	multiple	lines	of	observation	suggest	that	few	ferrets	go	
undetected	in	these	two	recovery	sites.		Using	the	resulting	regression,	y=0.0078x	+	
0.5887,	for	a	600	Ha	colony	yields	5.3	or	approximately	6	adult	ferrets.		In	other	words,	
the	expected	adult	population	size	for	a	1,500-acre	(600	Ha)	colony	would	be	about	6	
adults,	or	about	100	Ha/adult.	
	
This	number	is	similar	to	the	expected	stocking	for	female	ferrets	only	(per	the	
USFWS	(2013)	Recovery	Plan):	
	

To	inform	our	recovery	criteria,	we	estimated	the	amount	of	prairie	dog	occupied	
habitat	needed	to	achieve	recovery	of	the	black-footed	ferret.	Approximately	75	ac	(30	
ha)	of	black-tailed	prairie	dog	occupied	habitat	or	approximately	100–150	ac	(40–60	
ha)	of	white-tailed	or	Gunnison’s	prairie	dog	occupied	habitat	are	required	to	support	
one	female	black-footed	ferret	(Biggins	et	al.	2006a).	Male	ferrets	have	overlapping	
ranges	with	female	ferrets	and	do	not	require	additional	prairie	dog	habitat	beyond	
that	considered	for	the	females	(Biggins	et	al.	2006a).	The	male:female	sex	ratio	in	wild	
ferrets	at	Meeteetse	was	approximately	1:2	(Forrest	et	al.	1988).	At	Conata	Basin,	South	
Dakota,	at	least	146	adults	(including	97	females)	were	estimated	to	occur	on	21,000	ac	
(8,500	ha)	in	2009.	This	approximates	the	previously	reported	sex	ratio.	However,	this	
equates	to	1	female	per	216	ac	(88	ha),	which	is	nearly	3	times	the	acreage	anticipated	
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by	Biggins	et	al.	(2006a).	The	reasons	for	this	higher	than	anticipated	acreage	include	
undercounting	ferrets,	climatic	factors,	poisoning,	and	disease.	Thus,	we	conservatively	
suggest	that	225	ac	(90	ha)	of	black-tailed	prairie	dog	habitat	per	female	ferret,	or	3	
times	the	75	ac	(30	ha)	estimated	by	Biggins	et	al.	(2006a)	and	Livieri	and	Anderson	
(2012),	is	appropriate	based	upon	the	Conata	Basin	data.	Using	an	average	of	125	ac	
(50	ha)	of	white-tailed	and	Gunnison’s	prairie	dog	habitat	required	to	support	one	
female	black-footed	ferret	(Biggins	et	al.	2006a),	a	similar	three-fold	adjustment	would	
result	in	an	estimate	of	375	ac	(150	ha)	needed	to	support	a	female	ferret	in	white-
tailed	or	Gunnison’s	prairie	dog	habitat.	
	

As	further	evidence,	the	smallest	observed	sitewide	stocking	rate	for	both	sites	for	all	years	
was	48	Ha/adult	ferret	(UL	Bend,	2011).		The	majority	of	observed	stocking	rates	for	adult	
ferrets	was	95-160	Ha/adult	ferret	(Figure	4).	
	

	
Figure	4.		Distribution	of	adult	ferret	stocking	rates	for	UL	Bend	and	Conata	Basin,	1995-2018.	
	
	
Looking	at	the	data	for	the	known	number	of	adult	females	at	Conata	and	UL	Bend,	
however:	
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Figure	5.			Black-footed	ferret	adult	female	stocking	rates	relative	to	area	for	the	UL	Bend	and	Conata	
Basin	(Buffalo	Gap	NG	and	Badlands	National	Park),	1995-2018,	n=23.	
	
a	1,500	ac	(600	Ha)	colony	would	be	predicted	to	have	3.3	adult	females,	or	
rounding	up,	about	4	adult	females,	which	calculates	to	150	ha/adult	female,	nearly	
50%	larger	than	the	amount	of	habitat	estimated	by	the	USFWS	(2013).		This	is	
consistent	with	89	Ha/adult	female	observed	at	the	Rocky	Mountain	Arsenal	site	
and	118	Ha/adult	female	observed	at	UL	Bend	alone	(USFWS	2019).	
	
The	conclusion	from	this	analysis	is	that	actual	site	performance	for	black-tailed	
prairie	dogs	over	long	timeframes	at	two	well-documented	recovery	sites	does	not	
support	stocking	rates	of	30	Ha/adult	female.		A	more	accurate	density	estimate	for	
recovery	planning	purposes	appears	to	be	more	in	the	range	of	90-150	Ha/adult	
female	on	black-tailed	colonies.		
	
	
Site	persistence	
	
Despite	the	fact	that	1500-acre	complexes	support	fewer	ferrets	than	initially	
hoped,	are	they	nonetheless	persistent	enough	to	provide	benefits	to	the	recovery	
program?		And	do	they	“provide	a	means	whereby	the	ecosystems	upon	which	
endangered	species….depend	may	be	conserved…”?6		Arguably,	recovery	site	
persistence	would	help	maintain	genetic	resources	outside	of	the	captive	breeding	
program,	so	long	as	the	extinction	probabilities	were	not	replacing	ferrets	(through	
augmentation)	at	every	generation.		Given	the	small	resident	population	sizes	
predicted	for	these	small	complexes,	many	may	struggle	to	persist	over	time.		
	

	
6	16	U.S.C.	§1531(b)	
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I	analyzed	all	of	the	29	current	and	historical	reintroduction	sites	for	persistence.		
Seventeen	sites	have	gone	extinct	during	the	course	of	the	program.		Two	sites	went	
extinct,	but	were	revived	after	a	hiatus.		Of	the	13	extant	complexes,	the	four	largest	
and	some	of	the	oldest	(Shirley	Basin,	Conata	Basin/Badlands,	Snake	John/Coyote	
Basin	and	Aubrey	Valley/Double	O)	have	never	gone	extinct	(Shirley	Basin	
(Persistence=30	yr,	Ave	size	during	all	years=11,900	Ha),	Conata	Basin	(27	yr,	7200	
Ha)	Aubrey	Valley/Double	O	(25	yr,	15,100	Ha)	and	Snake	John	(22	yr,	9900	Ha)).		
Meanwhile,	of	the	11	smallest	sites	(based	on	maximum	footprint	during	ferret	
occupancy,	Table	1,	(Average	complex	size	at	time	of	site	recruitment	=	727	Ha))	
eight	have	gone	extinct,	with	a	mean	time	to	extinction	for	all	extinct	sites	of	7.8	yrs.		
Due	to:	1)	the	effects	of	unmediated	plague	epizootics	and	different	treatment	
response	and	2)	uneven	augmentation	that	has	occurred	among	sites,	it	is	
impossible	to	accurately	predict	persistence	by	direct	observation,	however.		
Augmentation	should,	for	example,	in	the	absence	of	plague,	sustain	sites	
indefinitely.	
	

 
Complex 
size, Ha 

Persistence 
Yrs Extinct 

No. Times 
Augmented 

Average 
Augmentation 

frequency 
over life of 
site (Yrs) 

 
Moore Ranch 259 3 n 2 1.50 
Bad River 121 1 y   
South Holly 687 3 y   
Liberty 687 4 y   
N Holly 1214 4 y   
Grasslands 845 5 y   
Wind Cave 728 14 n 3 4.67 
Lower Brule 758 16 n 4 4.00 
Rosebud 900 5 y   
BLM 40 550 6 y   
UL Bend 1256 25 y 2 12.50 
	
	
Table	1.		Small	site	performance	of	11	smallest	sites,	black-footed	ferret	recovery	program	1990-
2020.	
	
	
Because	recovery	site	establishment	is	expensive	and	management	intensive,	we	are	
unlikely	to	ever	have	direct	observational	data	to	confirm	that	complex	size	is	
correlated	with	probability	of	ferret	population	persistence.		Plague	complicates	this	
further	in	that	fiscal	constraints	often	limit	the	size	of	area	protected	from	plague.	
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Even	the	largest	complexes	are	not	immune	from	catastrophic	and	near-total	
collapse	in	very	short	timeframes	(<1	year)	when	plague	is	factored	in	(Livieri	et	al	
in	press).	Persistence	is	only	likely	to	be	predicted	based	on	modelling.	
	
Extinction	Modeling	
	
I	used	the	parameters	estimated	from	site	performance	to	model	the	persistence	of	
hypothetical	ferret	population	on	a	1,500	ac	(600	Ha)	reintroduction	site	using	
Vortex	(Lacy	et	al.	2018)	under	five	scenarios:	1)	An	“optimistic”	scenario,	which	
modeled	outcomes	under	a	regime	of:	a)	no	plague	impacts	or	other	catastrophes;	b)	
no	inbreeding	depression;	c)	high	carrying	capacity	(60	Ha/ferret);	d)low	mortality;	
and	e)	low	environmental	variability;	2)	A	“realistic”	scenario	(see	Appendix	1	for	
input	variables)	that	assumed:	a)	effective	plague	management	for	100%	of	the	site;	
b)	modest	inbreeding	depression;	c)	observed	carrying	capacity	(100	Ha/ferret);	d)	
observed	mortality;	and	d)	high	environmental	variability;	and	3)	a	“pessimistic”	
scenario	that	assumed:	a)	ineffective	plague	management	resulting	in	a	loss	of	60%	
of	the	site	carrying	capacity	every	6	years;	b)	inbreeding	depression;	c)	carrying	
capacity	from	100-200	ha/ferret;	d)	high	mortality;	and	e)	high	environmental	
variation.		In	addition,	I	modelled	a	fourth	scenario	which	included	augmentation	
using	the	“realisitic”	assumptions	to	determine	how	frequently	augmentation	would	
have	to	occur	to	sustain	ferrets	on	a	1,500-acre	site.7		A	fifth	scenario	assumed	a	
5,000-acre	complex	for	comparison.		Each	of	the	models	was	run	for	100	iterations	
and	the	results	tabulated	under	Vortex.		Similarly,	the	“optimistic”	and	“realistic”	
scenarios	did	not	include	inbreeding	depression.		Inbreeding	depression	may	have	
real	impacts	to	reproduction	and	survival	(O’Grady	et	al	2006).		However,	utilizing	
this	function	in	Vortex	resulted	in	even	more	dramatic	reduction	in	persistence	
times	for	these	extremely	small	populations	(which	could	be	realistic	outcome).			
	
Case	1—Pessimistic	scenario	(Figure	6)	
	
With	ineffective	plague	management,	and	higher	than	average	mortality	and	
environmental	variation,	86%	of	populations	went	extinct	by	year	3,	and	100%	of	
populations	went	extinct	by	year	8.	
	

	
7	See	Appendix	1	for	input	variables	for	the	“realistic’	scenario.	
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Figure	6.	Case	1	–	Pessimistic	Scenario	results.	
	
Case	2	–	Realistic	scenario	(Figure	7)	
	
Even	with	effective	plague	management	and	reduced	mortality	and	environmental	
variation,	85%	of	populations	went	extinct	by	year	5,	which	is	supported	by	the	
observed	site	performance	(70%	extinction	by	7.4	years	on	average).		Without	
augmentation,	fifty	percent	of	populations	went	extinct	by	year	2	and	100%	of	
populations	went	extinct	by	year	8.		The	result	of	reduced	mortality	and	plague	
management	were	only	able	to	delay	the	inevitable	demographic	collapse	of	the	
populations	observed	in	the	most	pessimistic	scenario.	
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Figure	7.	Case	2	–	Realistic	scenario	results	for	600	Ha	complex.		Vortex	(Lacey	et	al	2018),	a)	
effective	plague	management	for	100%	of	the	site;	b)	modest	inbreeding	depression;	c)	observed	
carrying	capacity	(100	Ha/ferret);	Appendix	1.	
	
Case	3	–	Optimistic	scenario	(Figure	7)	
	
Even	under	the	most	optimistic	scenario,	the	probability	of	extinction	was	100%	
prior	to	the	end	of	the	100	year	simulation.	50%	of	all	populations	went	extinct	by	
year	14	of	the	simulation.	
	

Figure	8.	Optimistic	scenario.	
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Case	4—Realistic	scenario	with	augmentation	every	2	years	
	
In	this	case,	I	augmented	the	population	every	2	years	with	an	additional	10	ferrets.		
In	100	simulations	of	the	Default	Scenario	for	100	years:	8	went	extinct	and	92	
survived.	This	gives	a	probability	of	extinction	of	0.08000	(0.02713	SE),	
or	a	probability	of	success	of	0.92000	(0.02713	SE).		Every	simulation	(100	
simulations)	went	extinct	at	least	once	during	the	100	years.		Median	time	to	first	
extinction	was	3	years.		Of	those	going	extinct,	mean	time	to	first	extinction	was	4.89	
years	(0.43	SE,	4.31	SD).		1522	recolonizations	occurred.		Mean	time	to	
recolonization	was	1.50	years	(0.02	SE;	0.86	SD).		This	scenario	simply	confirms	the	
obvious…augmentation	could	sustain	ferrets	on	a	site	indefinitely,	(assuming	there	
were	no	issues	with	retaining	prairie	dogs	on	site	that	were	not	related	to	plague	
(eg,	drought).				
	
Case	5—Realistic	scenario	for	a	5,000	ha	complex	(Figure	9)	
	
In	this	scenario,	assuming	100	ha/adult	ferret,	at	least	50%	of	simulations	predicted	
persistence	to	year	45,	and	there	was	a	17%	chance	that	populations	would	survive	
without	augmentation	for	100	years.	
	
	

	
Figure	9.		5,000	Ha	complex	persistence.	
	
Summary	and	Conclusions	of	the	Analysis	
	

• Without	augmentation,	under	realistic	conditions,	about	half	of	all	1500-acre	
sites	will	go	extinct	in	two	years.		The	implication	is	that	sites	of	this	size	will	
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require	augmentation	indefinitely,	which	defeats	their	utility	as	repositories	
of	offsite	genetic	and	behavioral	resources.	

• Larger	sites	offer	apparent	advantages	in	persistence,	which	will	likely	be	of	
higher	value	to	recovery	efforts.	

	
“High-performance”	small	populations	
	
There	are	several	instances	where	smaller	recovery	sites	have	performed	well	(in	
terms	of	persistence),	despite	the	apparent	disadvantages	of	size	and	vulnerability	
(Table	1:	Wind	Cave,	Lower	Brule,	UL	Bend).		All	of	these	sites	benefitted	from,	or	
may	have	required,	augmentation	to	persist	(Table	1).		Even	with	augmentation,	it	
has	been	possible	to	sustain	multigenerational	lineages	at	these	sites.		In	other	
words,	some	ferrets	are	able	to	live	out	their	expected	life	span	while	contributing	
generations	of	offspring	outside	of	the	captive	breeding	environment.		This	is	an	
important	contribution	where	concerns	about	the	captive	environment	on	
reproductive	behavior	are	growing	(Livieri	et	al	in	press).		Important	to	note,	
however,	is	that	all	of	these	populations	occur	in	habitat	range	larger	than	600	Ha	
(720-1200	Ha).		It	may	well	be	that	even	incrementally	larger	habitat	complexes	
confer	some	persistence	value.	UL	Bend,	for	example,	consistently	produced	wild-
born	ferrets	for	over	two	decades.		It	was	only	when	the	complex	size	dropped	
below	600	Ha	that	extinction	was	threatened	or	imminent.		
	
There	are	many	reasons	that	small	populations	provide	value	to	the	recovery	
program.		As	mentioned	previously,	augmentation	can	cure	demographic	deficits,	if	
resources	are	available	to	reliably	accomplish	augmentation.		To	date,	however,	
there	has	been	no	articulation	of	formal	policy	in	ferret	recovery	planning	to	define	
when	small	populations	may	be	useful,	and	when	they	may	be	less	useful	(and	thus	
avoided).		Instances	where	maintenance	of	small	sites	through	frequent	
augmentation	is	appropriate	could	include:	1)	populations	that	occur	at	the	range	
margins	that	may	provide	insights	to	stressors	or	life	history	strategies	that	can	
inform	understanding	of	conservation	objectives	(e.g.,	Mexico	and	Canada,	eastern	
prairies);		2)	where	ferret	presence	has	cultural	or	spiritual	significance	(eg	tribal	
lands);	3)	where	populations	have	educational	value	(e.g,	Rocky	Mountain	Arsenal,	
adjacent	to	a	large	urban	constituency;	4)	or	combinations	of	all	of	the	above	along	
with	geographic	constraints	(e.g.,	Wind	Cave).			Some	Tribal	lands	in	particular	are	
challenged	with	small	land	bases	that	may	preclude	dedication	of	large	areas	to	
prairie	dog	occupancy.		Nonetheless,	tradeoffs	between	size	and	persistence	would	
suggest	that	every	attempt	to	reach	a	reasonable	minimum	in	all	cases	be	made.	
	
Consistency	with	US	Fish	and	Wildlife	Service	Policies		
	
Determining	whether	the	frequency	of	supplementation	of	ferrets	at	recovery	sites	
becomes	“replacement”	rather	than	“augmentation”	is	key	to	understanding	
whether	the	USFWS	is	meeting	its	own	policy	guidance	for	recovery.		The	Service	
has	in	recent	years	adopted	the	3Rs	approach	to	recovery	assessment:	
representation,	resiliency,	and	redundancy	(NMFS	2020;	USFWS	2019;	Wolf	et	al	
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2015).		If	sites	are	so	small	that	persistence	is	ephemeral,	an	argument	can	be	made	
that	collectively,	none	of	the	3R	objectives	can	be	accomplished	or	are	defeated	by	
serial	replacement.		For	example,	the	goal	of	redundancy	assumes	that	populations	
be	sufficiently	large	to	“stand	in”	for	the	loss	of	other	populations	elsewhere	in	the	
case	of	some	catastrophe	or	extinction	event.		In	that	case,	a	redundant	population	
could	resupply	other	populations	from	its	surplus	production.		If,	however,	the	
majority	of	populations	are	in	reality	are	only	maintained	by	excess	production	of	a	
single	source	population	(the	captive	population)	then	the	role	is	trivial	or	
nonexistant.			
	
Similarly,	representation	is	intended	to	provide	a	means	where	genomic	adaptation	
can	occur	by	exposing	populations	to	the	widest	range	of	environments	where	
behavioral	and	genetic	adaptations	can	occur.		In	the	ferret’s	case,	biologists	
understand	the	importance	of	having	ferret	populations	that	can	subsist	on	different	
species	of	prairie	dogs	(with	different	life	histories,	living	in	different	climatic	
conditions)	and	in	different	ecological	settings	(short	grass,	mid	grass,	desert	
grasslands).		If,	however,	adaptation	is	truncated	by	serial	extinction	events	where	
each	generation	of	replacements	has	to	start	at	ground	zero,	then	the	purpose	of	
representation	is	only	met	in	form,	not	in	function.	
	
It	is	not	clear	from	the	regulatory	guidance	whether	resiliency	necessarily	applies	to	
every	individual	population	when,	as	is	the	case	with	ferrets,	the	recovery	approach	
is	to	manage	the	species	as	one	metapopulation	(see	USFWS	1988).		If	it	is	
interpreted	as	such,	then	clearly	populations	so	small	that	they	are	really	no	more	
than	extensions	of	the	captive	population	would	likely	not	help	improve	the	
resiliency	of	the	captive	population	in	any	meaningful	way.		Even	if	each	individual	
population	does	not	necessarily	have	to	be	tested	in	terms	of	its	viability	or	
persistence,	in	the	spirit	of	the	ESA’s	goals	of	restoration	in	the	wild	and	restoration	
of	ecosystems,	planned	serial	extinction	at	multiple	sites	does	not	materially	
improve	programmatic	resiliency,	and	therefore	seems	to	be	antithetical	to	the	3R	
approach.		
	
Conclusion	
	
A	complex	size	of	black-tailed	prairie	dogs	capped	at	1,500	acres	maximum	will	not	
support	black-footed	ferret	reintroduction	or	conservation	efforts	in	the	long	or	
short-term,	even	under	the	most	ideal	conditions,	without	repeated	and	frequent	
management	intervention	(replacement	vs.	augmentation).		Environmental	
variation	as	a	result	of	changing	frequency	of	drought,	impacts	to	the	prevalence	of	
plague,	other	take	of	prairie	dogs	such	as	shooting,	and	competition	with	other	
grazers,	none	of	which	were	modeled	here,	suggest	that	the	results	described	here	
are	conservative,	in	that	additional	environmental	variation	is	only	likely	to	
heighten	frequency	of	site	extinction.		
	
Augmentation	is	a	legitimate	management	input	that	can	extend	the	time	of	
population	persistence,	but	is	generally	untenable	for	a	complex	as	small	as	1500	
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acres	if	it	results	in	total	replacement	of	ferrets	on	the	landscape	annually	or	
biennially.		There	is	both	a	high	management	(financial)	cost,	but	likely	a	biological	
and	evolutionary	cost	as	well.		To	the	extent	that	intergenerational	learning	is	
passed	on	from	mothers	to	kits,	at	the	rate	of	replacement	of	individuals	every	1.5	
generations	following	extinction	such	learning	will	never	occur	and	site	adaptation	
via	genetic	expression	is	obliterated.		If	the	goal	is	to	provide	a	quasi-functional	
prairie	dog	ecosystem,	having	ferrets	on	the	landscape	through	a	rotating	program	
of	releases	is	probably	a	plausible,	while	expensive,	undertaking.	While	serial	
augmentation	may	be	a	strategy	to	bolster	sites	as	part	of	an	overall	recovery	
strategy,	in	the	case	where	a	federal	or	state	agency	is	mandated	to	conserve	
sustainable	wild	populations,	it	is	difficult	to	square	that	responsibility	with	a	
regime	that	requires	replenishment	at	the	rate	that	essentially	ensures	captive	
propagation	will	be	required	in	perpetuity.		Recovery	under	the	ESA	would	seem	to	
require	more.		There	may	be	instances	where	maintenance	of	small	sites	is	
appropriate,	as	discussed	above,	but	there	should	be	well-articulated	policy	grounds	
to	support	those	instances.		In	the	broader	recovery	scheme,	most	sites	of	small	size	
will	fail	to	contribute	meaningfully	to	ferret	demographic	recovery	in	the	long	term.			
In	the	final	analysis,	when	populations	are	so	small	that	adding	new	individuals	to	
populations	becomes	“replacement”	and	not	“augmentation,”	then	a	bright	line	has	
been	crossed	with	respect	to	compliance	with	the	spirit	of	the	ESA.	
	
I	have	not	discussed	plague	mitigation	in	the	context	of	small	colony	size.		By	
extension	of	the	argument	posited	here,	sites	where	plague	mitigation	is	limited	to	
1,500	acres	should	anticipate	imminent	extinction	(1-2	yr)	following	epizootics	if	all	
that	remains	following	an	epizootic	is	the	area	protected	by	the	mitigation.		This	
suggests	that	investments	in	mitigation	should	be	evaluated	in	the	context	of	
whether	it	is	more	likely	to	preserve	a	remnant	ferret	population	that	could	persist	
over	time.		If,	for	example,	funding	were	available	to	conduct	plague	mitigation	on	
3,000	acres,	it	may	be	more	prudent	biologically	and	fiscally	to	mitigate	plague	on	a	
single	3,000	acre	site	rather	than	trying	to	split	into	1,500	acres	of	plague	mitigation	
at	two	sites.		Further,	if	mitigation	is	limited	due	to	funding	or	other	constraints,	a	
hard	look	should	be	taken	to	ensure	whether	the	intention	of	the	mitigation	is	to	
avoid	complete	prairie	dog	complex	collapse	or	maintain	ferrets.		If	the	latter,	then	it	
should	be	understood	that	such	an	investment	carries	with	it	the	likelihood	that	
such	a	site	may	require	intensive	replacement	for	the	immediate	future	should	
plague	strike.	
	
I	have	not	attempted	to	determine	the	minimum	complex	size	needed	to	sustain	
black-footed	ferrets	over	the	long	term,	but	the	modeling	here	suggests	that	a	black-
tailed	prairie	dog	complex	of	5,000	ha	has	a	reasonable	chance	of	persistence	over	
the	short	term	(<50	yr),	and	with	some	but	infrequent	augmentation,	likely	a	good	
chance	of	persistence	over	the	long	term	as	well.		Based	on	population	viability	
assessments	previously	conducted	(CBSG	2004)	and	stocking	rates	discussed	here,	
it	is	likely	even	smaller	complex	sizes	would	provide	adequate	persistence	
timeframes,	but	these	small	complex	sizes	should	be	justified	in	terms	of	whether	
they	meet	broader	recovery	criteria.	
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Appendix	1:		Scenario	Inputs	
	
VORTEX	10.3.6.0	--	simulation	of	population	dynamics	
	
Project:	Realistic	ferret	scenario	
	
Scenario:	Default	Scenario	
	
07/05/2019	
	
1	populations	simulated	for	100	years	for	100	iterations	
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Sequence	of	events	in	each	time	cycle:	
		EV	
		Breed	
		Mortality	
		Age	
		Disperse	
		Harvest	
		Supplement	
		rCalc	
		Ktruncation	
		UpdateVars	
		Census	
	
Extinction	defined	as	no	males	or	no	females.	
	
No	inbreeding	depression.	
	
Populations:1	
	
Reproductive	System:	
	
	Polygyny,	with	new	selection	of	mates	each	year	
	Females	breed	from	age	1	to	age	5	
	Males	breed	from	age	1	to	age	5	
	Maximum	age	of	survival:	5	
	Sex	ratio	(percent	males)	at	birth:	50	
	
Correlation	of	EV	between	reproduction	and	survival	=	0.5	
	
EV	sampled	from	binomial	distributions.	
	
Population	specific	rates	for	Population1	
	
		Percent	of	adult	females	breeding	each	year:	95	
		with	EV(SD):	10	
		Percent	of	adult	males	in	the	pool	of	breeders:	100	
		Normal	distribution	of	brood	size	with	mean:	3.3	with	SD:	1.5	
	
		Female	annual	mortality	rates	(as	percents):	
		Age	0	to	1:				40	with	EV(SD):	15	
		After	age	1:		50	with	EV(SD):	15	
	
		Male	annual	mortality	rates	(as	percents):	
		Age	0	to	1:				65	with	EV(SD):	15	
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		After	age	1:			65	with	EV(SD):	15	
	
		Initial	population	size:	
		Age																	0					1					2					3					4					5			Total	
		Females							0					3					1					0					0					0					4	
		Males												0					2					0					0					0					0					2	
	
		Carrying	capacity:	6	
		with	EV(SD):		2	


