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RESOURCE SELECTION MODELS ARE USEFUL IN PREDICTING
 
FINE-SCALE DISTRIBUTIONS OF BLACK-FOOTED
 

FERRETS IN PRAIRIE DOG COLONIES
 

David A. Eads l ,5, David S. Jaehuwski1, Dean E. lliggins2, 'n'avis M, Livicri3,
 

Marc R. Matchctt4, and Joshua J. Millspaugh l
 

AHSTHACT.-Wildlife-habilat relationships are oftell concepluali""d as resource seledion fundiuns (RSFs)-mudels 
increasingly liScd to e~timate ~peeie~ di~trihutinn~ and p,iOlitizc hahitat eOll.<ervation. We evaluated the predictive capabili­
ties uf2black-fooled ferret (Ml./.~tel{/ nigripes) RSfs developed 011 a 452-ha cololly ofblack-tniJed prairie dugs (Cynomys 
1,.uJOI:1t:ia.71us) in the Conata Ba~in, South Dakota. We uscd thc RSF~ to project the relative prohahility of oeellrrenee of 
ferrets thruughuut an adjacent 227-ha culuny. 'Ve evaluated perfurmance uf the nSFs using fcrrct space usc data col­
kcted via postbrccding ~potlight ~urvcy~ Junc-Octoher 2005-2006. In home rallge~ alld core areas, ferrets seleded Ihe 
predided "very high" and "high" occurrence categories of hoth RS fs. COllnt "'elrics also suggested selediun uf thesc 
categories; for each mudd in each year, appruximately 81% uf ferret lucatiuns uceurred in areas of very high or high pre­
dicted occurrence. The~e re.,ults ~uggest usefulness of the RSFs in estimating the dislrihution of ferrelS throllghout a 
blaek·tailed prai"ie dog colony. The RSfs prOVide a fille-scale hahital assessment for ferrets thai can be used tu p,iuritiw 
rdeases u[fen'els and habitnt resturatiun fur prairie dugs aTllI ferrets. A rnelhud tu <juickly inventury the distribution of 
prairie dog hurrow openings would greatly facilitate application of thc RSFs. 

RESUM~N.-A menudo las rdadones entre los animales silvestres y su hahitat se eoneeptualizan eOl11o funciones de 
scleecion de reeursos (nSFs, por SIIS siglas en ingles). las cllales son modelos que se usan eada vez ma~ para e~timar la~ 

dishibudones de las especies y establecer prioridades para la conservaciOn del habitat. Evalllamos las capaeidades de 
prediecion de do~ RSF~ dc hurone~ de pata~ negra~ (MLtstela 7ligripes) de~arrollada~ en IIna colonia de perros I"'neros de 
cola negra (Cy710IllyS ILt,[ovidLtnu.s) de 452 hedareas en la Cuenca Conata, Dakota del Sur. U~amo~ las RS F~ para 
proyeetar la probabilidad relativa de presencia de hllrones n 10 largo de ona colonia adyacente de 227 hedarcas. 
Evaluamo~ el desempeti.o de las RSFs utilizando informacion sobre cI espacio que usan lo~ hUl'Onc~. Dicha infonnacion 
se reeoledo durante moniloreos con reneciores en los periodos post-reprodudivos de jonio a oetubre de 2005 y 2006. 
En los ambitos hogareti.os yen las areas n(,deo, los hurones eseogicron las categorfa~ de ineideneia Mill' Alta Y Aha 
predieha~ por amha~ RSF~. La~ medida~ ha~ada~ en eonteo~ talllhi,~n indicaron la seleccioll de eslas eategonas; para 
cada lTlodelo, en cada <lIlO, -81% de las ubicaciones de los hurolles ocurrieron en areas en las que sc hahia predieho que 
~u incidencia seria Muy Alta 0 Alta. Esto~ re~ultado~ ~ugil'ieroll que la~ HS F~ ~on (Itiles para eslim,lr la dishibueion de 
hurones a 10 largo de Ulla colonia de perros lIanerus de cola negra. Las nSFs blindan una evaluaeion del hihitat de lo~ 

hurones a eseala fina que puede utilizarse para priorizar la liheracion de c.,lo~ allilllale~ y In rP.slunraeiOn de sus habitals 
y los de los perro~ l1aneros. Un metoelo que permita hacer ull inventario rapido de la dislribueion de madli!,'Ueras de 
penos llaneros podria facililar mueho la aplication de las nSFs. 

Animals depend on resources within occu­ bution within study areas (Manly et al. 2002, 
pied habitat for survival and reproduction, Johnson et al. 2004). Such models might aid in 
which are key components of population via­ evaluating habitat quality and, therefore, facili­
hility. Accordingly, wildlife conservation neces­ tate habitat conservation Gohnson 2001, Mills­
sitates investigation of wildlife-habitat rela­ paugh and Thompson 2009). Thus, RSFs are 
tionships (Morrison ct aI. 199R). Undcl'standing increasingly used in conservation contexts to 
of wildlife-habitat relationships is often con­ evaluate habitat for species of conservation 
ceptualized in landscape models (Millspaugh concern (Millspaugh and MarzlufT2001). 
and Thompson 2009). }<or instance, resource nSFs, like other Wildlife-habitat models, 
selection functions (RSFs; Manly et al. 2002) should be evaluated (Shifley et al. 2009). By 
estimate how resources affect a species' distri- evaluating nSF performance, ideally with 
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independent data (Power 1992, Conroy and 
Moore 2002), managers can assess the usefi.ll­
ness of RSFs for their intended purpose(s) 
(Shifley et a1. 2009), in predicting species dis­
tributions, for instance. Adequate performance 
of a model, in regard to its intended usc, sug­
gests model utility (Rykiel 1996). When the 
predictive abilities of a model are high, models 
can be used to facilitate conselvation decisions. 

Wildlife-habitat models could assist in iden­
tifying and conserving habitat for the blaek­
footed ferret (Mustew nigripes), an endangered 
mustelid currently eonselved via captive propa­
gation and reintroduction to colonies of praiIie 
dogs (Cynornys spp.; Williams et al. 1991, 
Miller et a1. 1994, MaIinaIi and Kreeger 2006). 
Current habitat evaluations mostly involve 
estimation of prairie dog density and then use 
of a bioenergetics model to estimate carrying 
capacity of prairie dog complexes (i.e., groups 
of colonies separated by :57 km) and subcom­
plexes (i.e., colonies separated hy :51.5 km; 
Biggins ct al. 1993, 2006c). Greater carrying 
capacity suggests better habitat quality; other 
factors (e.g., disease) are also considered be­
fore selecting reintroduction sites Uachowski 
and Lockhart 2009). 

Although these habitat ratings are useful in 
prioritizing ferret reintroductions at large scales, 
recent research suggests utility in increasing 
the resolution of habitat evaluations. As reported 
in studies of ferret resource selection, ferrets 
selected areas of colonies where densitics of 
prairie dog burrow openings were relatively 
high (Biggins ct al. 1985, 2006b, Livieri 2007). To 
model fine-scale resource selection, a resource 
utilization function (RUF; Jachowski et a1. 2011) 
and RSFs (Eads et a1. 2011b) were developed 
for black-tailed prairie do/!; (C. ludovicianus) 
hahitats. If the models prove lIScful in predict­
ing either the relative (RSF) or unconditional 
probability (RUF) of the occurrence of ferrets, 
the models could be used to estimate the 
occurrence of ferrets in areas of distinct black­
tailed prairie dog colonies (hereafter prairie dog 
colonies), allowing for fine-scale habitat evalua­
tions and management. 

A recent evaluation of the ferret HUF 
demonstrated utility in predicting occurrence 
of ferrets and intensity of space use by ferrets 
(Eads et a1. 2011a). The ferret RUF was 
derived by relating utilization distribution 
(UD) home ranges (Millspaugh et al. 2006) for 
individual ferrets to underlying resource 

attributes on a 227-ha prairie dog colony (SC24) 
in the Conata Basin, South Dakota Uachowski 
et a1. 2011). This RUF was evaluated using 
data collected on an adjacent 452-ha colony 
(SC07). We found that ferrets selected areas 
that were estimated by the RUF as "very 
high" and "high" predicted occurrence areas, 
suggesting that the RUF can be used to pre­
dict where ferrets will occur in prairie dog 
colonies, at least in the Conata Basin (Eads et 
a1. 2011a). 

In contrast to the RUF, the aforementioned 
HSFs have not yet been evaluated via inde­
pendent data. At colony SC07, the ferret RSFs 
were derived by correlating counts of ferret 
locations (population level, 2007 and 2008) in 
cells of an 80 x 80-m grid system to counts of 
active praiIie dog burrow openings in cells, 
distances between cell centers and the colony 
edge, and an interaction between these 2 vaIi­
abIes (Eads et al. 2011b). Year-specific RSFs 
suggested ferrets concentrate space use where 
active prairie dog burrow openings are rela­
tively abundant, particularly near colony edges. 
If useful, the RSFs could be used to estimate 
the relative occurrence of ferrets in relation to 
counts of active burrow openings in cells at 
varying distances from colony edgcs. This 
approach contrasts with the RUF approach, 
which estimates ferret occurrence relative to 
a UD (not counts) derived from locations of 
active hurrow openings. Ifvalidated, the RSFs 
would increase the number of tools available 
to wildlife managers for fine-scale habitat 
evaluation for ferrets. 

We evaluated the RSFs using data collected 
on the SC24 colony. Our objective was to deter­
mine usefulness of the RSFs in predicting the 
relative occurrence of ferrets inhabitin/!; this 
adjacent, smaller praiIie dog colony. 

MI'THODS 

Study Site 

We evaluated the ferret RSFs on the SC24 
prairie dog colony of the Conam Basin, South 
Dakota, a site first inhabited by reintroduced 
ferrets in 1997 (Livieri 2006; approximate cen­
ter of colony 43°46'2.7"N, 102°18'32.4"W). 
The colony was characterized by western 
wheatgrass (Pascopyrum smithii), blue grama 
(Bouteloua gracilis), and bufb.lograss (Buchloe 
dactyloides), and was administered by the U.S. 
Department of Agriculture (USDA) Forest 
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Service (Buffalo Gap National Grassland). 
Densities and distributions of burrow open­
ings and colony size differed between SC24 
(129.31 openings' ha-1) and the SC07 colony 
of nSF development (144.69 openings' ha-I ). 
Additionally, monitored ferrets differed be­
tween the colonies; we found no evidence of 
uniquely identifiable adult ferrets moving 
between these neighboring colonies. There­
fore, we assume independence of SC07 (the 
site of RSF development) and SC24 (the site 
of RSF evaluation). 

Predicting the Distribution 
of Black-footed Ferrets 

The year-specific Gune--October 2007, June-­
September 2008) ferret RSFs were of the 
respective f()lms (Eads et al. 2011a), 

exp[-9.3921 + 0.0263 (ActilJc apcning) 
+ 0.0109 (Edge) - 0.0001 (Active opening 
x Edge)] 

and 

cxp[-8.8321 + 0.0199 (Active opening) 
+ 0.0092 (Edge) - 0.0001 (Active OTJening 
X Edge)]. 

To predict the relative probability of ferret 
occurrence, the RSFs require a map of active 
prairie dog burrow openings-throughout a 
colony or in nonoverlapping tlO X tlO-m grid 
cells-and a delineated colony boundary. In 
2005, during May-September, the general 
period of greatest prairie dog abundance and 
activity (Hoogland 1995), we recorded the 
locations of active prairie dog burrow open­
ings (11 = 23,983) on the SC24 colony using 
methods described by Jaehowski et al. (2008) 
and Eads et al. (2011a, 2011b). We buffered 
locations of burrow openings by 20-m-radius 
circular polygons, combined aJl polygons, and 
restricted the collective polygon by 20 rn to 
delineate a colony boundary, as described by 
Eads et al. (2011b). 

In AreGIS'" 9.2, we then established an tlO 
x 80-m grid system that overlaid the SC24 
colony map, as described above. We counted 
the number of active burrow openings in grid 
cells and then limited cells to those with ~ 1 
bUlTOw opening (Eads et al. 2011b). We also 
calculated the Euclidean distance from each 
grid cell center point to the nearest colony 
edge (Eads et al. 2011b). 

We used the RSFs, the grid system data, 
and the raster calculator within ArcGIS ™ 9.2 
to develop spatially explicit maps of the rela­
tive probability of occurrence of ferrets in the 
SC24 colony (Fig. 1). We classified predicted 
relative occurrence into 4-levcl, ordered fac­
tors based on quantiles, resulting in 4 classes 
for each HSF map (low, medium, high, and 
very high; Rittenhouse et al. 2007, Eads et al. 
2011a). Quantile classification grouped grid 
cells into occurrence categories of nearly 
equal numbers of grid cells (SD = 6.00). 

Collecting Independent Data on
 
Black-footed Ferret Space
 

During 17 Junc-14 October 2005 and 13 
June--31 October 2006, we monitored II adult 
black-footed ferrets, including 3 animals moni­
tored both years Gachowski 2007), on nearly 
consecutive nights during spotlight searches 
concentrated between midnight aud 06:00 
(MDT; Biggins ct al. 1986, Clark et aI. 19t16). 
Spotlight methods arc described in Biggins et 
al. (2006a). Briefly, during each survey, an 
observer drove a vehiclc and traversed a route 
that maximized spotlight coverage of the colony 
while minimizing overlap. Ferrets were each 
uniquely identifiable by an automated passive 
integrated transponder (PIT) tag reading or by 
a dye marking (see Jachowski 2007, Jaehowski 
et al. 2011). We estimated adult ferret popula­
tion size via trapping and processing of adult 
ferrets in July-August of both years and via 
intensive surveys throughout each field season 
(Biggins et al. 2006a). This assessment incli­
cated that we monitored all resident adult fer­
rets inhabiting the colony. 

Evaluating the HSFs 

\Ve used 2 measures to assess RSF perfor­
mance: compositional analysis and presence 
count metrics (e.g., Eacls et al. 2011b). We 
L1sed compo~itional analysis (usc V~. availabil­
ity; Aebischer et al. 1993) to evaluate useful­
ne~~ of the model in predicting (1) whether 
ferrets established home ranges in areas of 
certain preclicted occurrence categories rela­
tive to the availability of these categories 
throughout the SC24 colony and (2) whether 
ferrets concentrated space use in areas of 
home ranges with certain predicted occur­
rence categories. The count metrics aided in 
evaluating model performance at u~ed loca­
tions only; availability wa~ not considered. 
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Fig. 1. Predicted, relalive occurrence (1~levcl, ordered factor) ofbl"ek-footed ferrets (Mllstelll nigripes) on SC24 (black 
polygon), a 227-ha hlaek-tailed prairie dog (CY'lOmys ltulolJ·idn.·llw) colony in the Conal" Basin (inset map), Buff"lo C"p 
N"tion,,1 Crassland" Soulh Dakota. We derived projected ferret occurrence from resource selection funclion' (RSFs) 
developed on SC07 (dark gray polygon), a 152-ha colony (Eads et "I. 20111». Other colonic, arc depicted in light gray. 
The lIlap of predicted occurrence depicts th", 2007 IlS" 

We assumed usefulness of the RSFs in pre~ 

dieting the relative occurrence of ferrets if fer­
rets intensively used areas of very high and 
high predicted occurrence. 

COMPOSITIONAL ANALYSIS.-For composi­
tional analysis, we included consecutive krret 
locations scparated by 2: 12 h (e.g., Livieri 
2007, Eads 2009). Insufficient sample size pre­
cluded home-range and corc area estimation 
for 1 male ferret in 2005 and 1 female in 2006; 
however, we included these animals in count­
metric evaluations. "Ve assumed independence 
of horne ranges and core areas of 1 male and 2 
female ferrets monitored in both years; these 
ferrets inhabited a different area of the colony 
and were neighbored by different ferrets in 
2005 and 2006. 

We developed UD home ranges and Area 
Independent Method (AIM; Seaman and Pow­
ell 1990, Powell et al. 1997, Powell 2000) core 
areas for each ferret located 2:30 times, within 
one season (Seaman et al. 1999, Millspaugh et 
al. 2006). We delineated UDs under a fixed­
kernel approach (Seaman and Powell 1996) in 
MATLAB® 5.3 (Mathworks Incorporated, 
Natick, MA), with bandwidth selected using 
the KDE folder (Beardah and Baxter 1995) 
and plug-in methods (Wand and Jones 1995, 
Jones et al. 1996, Gitzen et al. 2006). We 

delineated home-range boundaries as 95% UD 
volume eontours. An individual ferret's space­
use pattern determined the AIM core area 
boundary. AIM core areas were delineated in 
the following step-by-step process: (1) we cal­
culated a relative frequency of UD values by 
dividing raw UD point-values by the sum of 
all un point-values; (2) we calculated thc per­
centage of the maximum UD valuc for each 
UD point by dividing each value by the high­
est UD point-value (PCTPROB); (3) we ranked, 
from high to low, the UJ) points by PCTPROB 
values and defined the percentage of the 
home range representecl by each UD value as 
the percentage of UJ) points having a value 
greater than or equal to the UD point under 
evaluation (PCTRANGE); (4) we plotted 
PCTHANGE versus PCTPHOB and defined 
the AIM core area dividing point as "the point 
where the plot is maximally distant from a 
straight line with a slope of -1, the slope of 
a distribution that cannot be distinguished 
from random use" (Seaman and Powell 1990: 
245); and (.'5) we limited AIM core areas to UD 
points with PCTPROB values (and thus inten­
sity of usc values) greater than or equal to the 
value corresponding to the dividing point 
(Eads et al. 2011b). Because ferrets rarely usc 
areas outside of prairie dog colonies (Biggins 
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Fig. 2. 'Wt' evaluatt'd the resource selection funclions (RSFs) in a step-by-step manner, Fir<l (Panel A), we used spot­
lil;ht ohservations for uni'luely identiflahle black-footed ferrels (Mils/ela nie:rires) to estin,,,le utilization dishibution home 
ranges ilnd Are" Independent Method core areas for each fcrret inside the colony ofblack-tailcd prairie dogs (Cynumy" 
Illdovidnllus). In Panel A, a female ferret's locations art' depicted as black dots, and the core "re" is delincated within thc 
horne rang" us a gray polygon. As dcpicted in Panel B, lor euch ferret, we overl"id the home range and core are" on the 
RSF map of predicted relaliv" occun-en"",, (4-lcvcl, ordercd factor). We used weighted compositional analysis to co,np"re 
weightcd home-rangc usc of the 1 categories of predided oeeurrencc to availahility of the categories "t th" scale of the 
colony. In addition, us d"notcd in Panel C, we compared weighted US" within the core area to availability at th" scale of 
thc home range. Although nol depicletl her,,_ w" also ealculatcd proportions of ferrel locat ions (population level) that oc­
curretl within e"ch of the 4 categorics of predictcd occurrence iu ord"r to calculate count-metric evaluations of the RSFs, 

et aL 2006b), we clipped ferret home-range 
and core area estimates (UD grids and poly­
gons) at the colony edge (Livieri 2007, Eads 
2009). 

To determine if the RSFs were useful in 
predicting where ferrets established home 
ranges, we compared home-range usc to 
colony-lcvcl availability of the predicted occur­
rence categories (vcry high, high, medium, 
and low; Fig. 2). To determinc if the RSFs 
were useful in predicting intensity of space 
use in home ranges, we compared core area 
use to home-range availability of the cate­
gories (Fig. 2). Both of thcse assessments were 
completed using weighted compositional analy­
sis (Millspaugh et al. 2006). Within ferret 
homc ranges and core areas, we calculated the 
proportion of UD volume in each predicted 
occurrence category. This approach proVided 
a weighted UD estimate of usc for each class 
of projected occurrence within home ranges 
and core areas, rather than assuming uniform 
use within home ranges and core areas (Mills­
paugh et al. 2006). We reclassified zero use as 
0.30, the minimum value that reduced type I 
error rates in simulation studies (sec Bingham 
et al. 2007). We used a statistical significance 
threshold (u) of 0.10 for tests of selection and 
0.05 for paired t tests. 

COUNT METRIC-s.-Using all locations for all 
monitored adult ferrcts by year, we calculated 
coun t metrics (Fielding and Bell 1997) as the 
number of felTet locations occurring in areas 
of predicted oceun-ence (i.e., the very high 
and high categories) and the number of loca­
tions occulTing in areas of predicted absence 
(i.e., medium and low). For each year of data, 
we conducted a Pearson's X2 goodness of fit 
test, with Bonferroni correction, to determine 
if ferrets were observed in areas of some 
occurrence categories more often than 
expected (Neu et al. 1974). Expected propor­
tions of observations in each category corre­
sponded with the proportionate availability of 
each category. 

RESULTS 

In 2005 and 2006, we eollccted 349 and 
296 confirmed observations of individual adult 
black-fuoted fenets, respectively. We collected 
2:30 observations (x = 48.27, SD = 10.94) of 
5 ferrets in 2005 (5 females, 2 males) and 6 fer­
rets in 2006 (4 fcmales, 2 males; 2 animals 
monitored both years). We used all animal 
locations collected in 2005 (n = 8 ferrets) and 
2006 (n = 7 ferrets) in count-metric evalua­
tions (3 animals monitored both years). 
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Fig. 3. Avera~e proportional usc divided by availability 
(bars represent standard deviatinn) for '1 classes of pre­
dicted hlaek-footed fc,TCt (Muskl" nigripes) OCCurrence 
un a blnek-tailed prairie do~ (Cynomys l.w:loviciflnus) c"luny 
in the Cunata nasin, nuffalo Gap National Grasslands, 
South Dakota (low = black. medium = dark gray, high = 
gray, and very high = while). Predicted occurrcncc was 
derived from resource seleetiun funetiuns developed on a 
separate eulony in 2007 a"d 2008. HOllle-ran!!;e (utiliza­
tion distrihution, UD) and Area Independent Method 
(AIM) corc arca usc were estimated for ferrets (n = 7) 
monitored during 17 Jun0--14 Octoher 2005. Availahility 
was defined at thc colony level (colony) lind home nlTlge 
(UD) level. If propurtional use equaled proportional avail­
ability, then thc rcsulting value wuuld be l.00. V"lues 
ahove 1.00 indicate sf:'!"dion for lhat predictcd OCCUlTence 
c"tegory. 

200.5 Field Data 

Thc 2007 RSF was useful in predicting the 
distribution of ferrets and ferret occurrence in 
2005. A comparison between colony-widc 
availability and use within home ranges 
demonstrated selection rankings (high to low) 
of very high, high, medium, and low (Wilk's A 
= 0.06, X23 = 13.72, r = 0.003). The very 
high and high classes were selected over all 
other classes; the medium class was selected 
over the low class (Fig. 3). A comparison 
between home-range availability and core 
area use demonstrated occurrence rankings of 
very high, high, medium, and low (Wilk's A = 
O.ll, X23 = 10.8.3, P = 0.013). The very high 
and high classes were selected over the low 
class (Fig. 3). For all ferret locations, 80.23% 
occurred in areas of very high or high pre­
dicted occurrence. Ferrets were observed morc 
often than expected in areas of very high and 
high predicted occurrence and less often than 
expected in areas of low and medium pre­
dicted occurrence (Table 1). 

The 2008 RSF was also useful in 2005. A 
comparison between colony-wide availability 
and use within home ranges demonstrated 
selection rankings Oligh to low) of very high, 
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Fi!!;. 4. Avera~e prop0l1ional lISe divided by availahility 
(bars repr.,s"nL sLandard deviation) for 4 clllsses uf pre­
dicted blaek-fouted ferret (Muste!<l nigripes) occurrence 
un a black-tailed prairie dog (Cynomys lwlvmGimws) colony 
in the Cunala nasin, Buffalo Gap National Grasslands, 
South Dakota Oow = black, medium = dark !!;ray, high = 
gray, and v"ry high = while). Prcdicted ucelllTene" was 
derived from resource scl"etiun functions developed on a 
separate culuny in 2007 and 200S. Home-rangc (utili,a· 
tion distribution, UD) and Area Independenl Method 
(AIM) core area usc were eSlirrwted for fen'cts ('II = 6) 
monitured during 13 )une-31 Octoher 2006. Availability 
was del'incd at the eoluny level (colony) and home range, 
UD level. If proportional usc cqualed propurtional avail· 
ability, thcn the resulting wlue would he 1.00. Values 
abuve 1.00 indicate selection for that predicted uc'(;urrence 
cate~ory. 

high, medium, and low (Wilk's A = 0.09, X2:> 
= 11.99, P = 0.007). The very high and high 
classes were selected over the low class (Fig. 
3). A comparison between home-range avail­
ability and core area use demonstrated occur­
rence rankings of very high, high, medium, 
and low (Wilk's A = 0.24, X23 = 7.22, P = 
0.065). The very high class was selected over 
the low class (Fig. 3). For all ferret locations, 
80.52% occurred in areas of very high or high 
predicted occurrence. Ferrets were observed 
more often than expected in areas of very high 
and high predicted occurrence and less often 
than expected in areas of low and medium 
predicted occurrence (Table 1). 

2006 Field Data 

The 2007 RSF was useful at the colony 
scale in 2006. A comparison between colony­
wide availability and use within home ranges 
demonstrated selection rankings of high, very 
high, medium, and low (Wilk's A = 0.08, X23 

= 15.09, P = 0.002). The very high, high, and 
medium classes were selected over the low 
elass (Fig. 4). Selection for certain categories 
of predicted occurrence was not evident 
within home ranges (Wilk's A = 0.39, X2:J = 
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TAMLE 1. Proportions of expected locations of black-footed ferrets (Mu'teln nigripe.) in 4 e1asses of predicted oCCllr­
rence derived from 2 rcsource selcetion f"nelion models (2007 and 2008) developed at anolher black-tailed prairie dog 
(CYflOIHljS ludovicw1Ius) colony. Ferrels were monitored dming 17 Jllne-14 October 2005 and 13 June....al Odober 2006. 
The proportion of observed locations in a predicted occun'enc'C catel(ory was less tha" expected if the expected propor­
tion was above the l3onferroni-colTectcd confidence intl~Jval (eI) for the obselvcd locations (expected> obselved ell. In 
contrast, the proportion of observed locations was I,'reater than expected if the expected proportion wa., helow the Cl for the 
obselved locations (expected < ohserved ell. In all Cases, the very hil(h and high categories were used more than 
expected, and the medium and low classes were used less than cxpeded. 

2007 nSF 2008 nSF 

Cat('g;Oly Expected 2005 CI 2006 Cl 2005 CI 2006CI 

Low 0.22 0.00-0.05 000-004 0.0041.04 0.00-0.03 
Medium 0.28 0.12-0.22 0.13--{).23 0.12--{).22 0.10-0.20 
High 025 0.29--{).42 0.30-0.43 0.3Q--{).43 0.26-038 
Velyhigh 0.25 0,18-0.51 0.37--D.5I 0.38--{).51 0.45--n.5H 

5.68, P = 0.12S; Fig. 4). For all ferret locations, 
81.08% occurred in areas of very high or high 
predicted occurrence. Ferrets were observed 
more often than expected in areas of very high 
and high predicted occurrence and less often 
than expected in areas of low and medium 
predicted occurrence (Table 1). 

The 2008 RSF was also useful in 2006. A 
comparison between colony-wide availability 
and usc within home ranges demonstrated 
selection rankings of high, very high, medium, 
and low (Wilk's A = 0.05, X23 = 17.41, P = 
0.0006). The very high and high classes were 
selected over the medium and low classes 
(Fig. 4). A comparison between home-range 
level availability and core area use demon­
strated selection rankings of high, very high, 
medium, and low (Wilk's A = 0.14, X23 = 
11.70, P = 0.009). The very high, high, and 
medium elasses were selected over the low 
cla';s (Fig. 4)..For all ferret locations, R3.4.'5% 
occurred in areas of very high or high pre­
dicted occurrence. Ferrets were observed 
more often than expected in areas of very high 
and high predicted occurrence and less often 
than expected in areas of low and medium 
predicted occurrence (Table 1). 

DISCUSSION 

The RSFs were useful in predicting the rela­
tive distribution of black-footed ferrets in a 
separate prairic dog colony. Thus, .3 resource 
seledion models (i.e., the RUF and 2 RSFs) 
arc useful in predicting fine-scale distribu­
tions of the ferret, at least in the Conata Basin. 
The models are based on alternative working 
hypotheses (Chamberlin 1890). The RSFs pre­
dict the relative probability of ferret occur­

rence in SO X 80-m grid cells; the underlying 
hypotheSiS is that, within a prairie dog colony, 
the collective ferret population responds to 
spatial variation in densities of active burrow 
openings at this scale and that ferrets select 
areas of high burrow opening density, particu­
larly at colony edges. In contrast, gIid cell size 
of a ferret RUF map depends on the dishibu­
tion of active bUlTow openings; the underlying 
hypothesis is that ferrets select areas with rela­
tively high densities of active burrow open­
ings and generally avoid colony edges 
Oaehowski et al. 2011). It would he helpful to 
compare performance of the RSFs and RUF at 
multiple sites. It is important to note that each 
approach might bctter meet different objec­
tives hccause RSFs predict relative occur­
rencc of ferrets whereas RUFs predict uncon­
ditional occurrence. We encourage evaluation 
of all 3 models. However, in some cases, use of 
the RUF could be limited, because an entire 
colony must be mapped to generate a map of 
predicted occurrence for ferrets. In contrast, 
the RSFs do not require a complete map; the 
RSFs can be implcmented with maps or 
counts of hurrow openings in 80 X 80-m grid 
cells, permitting a more flexiblc approach. If 
entire colonies can be mapped, managers can 
evaluate all .3 models. If only portions of a site 
can be mapped, then thc RSFs can still be 
evaluated (e.g., by counting numbers of activc 
burrow openings in randomly selected grid 
cells, using the RSFs to predict the relative 
oceurrence of ferrets in thc cells, and then 
counting numbers of ferret observations in the 
cells to determine if ferret resource selection 
corresponded with the predictions). 

To further evaluate the models. we encour­
age managers to usc the RSFs and RUF in an 
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experimental context, if possible. The models 
can be used to predict the relative (RSFs) or 
unconditional probability (RUF) of ferret oc­
currence throughout prairie dog colonies (RSFs 
and RUF) or in portiollS of colonies (RSFs). 
For instancc, if ferrets are still released to a 
site, as is the case at most reintroduction sites 
Gachowski and Lockhart 2009), then some fer­
rets can be released to areas estimated as very 
high predicted occurrence, while other ferrets 
are released to areas estimated as low pre­
dicted occurrence (Chipault [2010] used a 
similar experimental approach). If free-rang­
ing ferrets inhabited the site before the cur­
rent release, those ferrets and the released fer­
rets can be monitored. The evaluation could 
involve analyses of space-use data, as com­
pleted herein. but also comparison.~ of survival 
and offspring production among ferrets 
released to or alrcady inhabiting areas with 
different predicted occurrence catcgorics. 
Ideally, a ferret-habitat model would predict 
not only distributions of ferrets but also thc 
fitness consequences of resources (Van Horne 
1983, Johnson 2007, Shiflcy et al. 2009). 

Where applicable, the nsF's and RUF could 
complement habitat evaluation procedures for 
ferrets. The quality of a complex of colonies 
can be estimated, as carrying capacity, with 
relative ease using the bioenergetics model 
(Biggins et al. 1993). If the RSFs or RUF are 
useful at a focal complex, as found for the 
Conata Basin, burrow openings could be 
mapped in colonies (RSFs and RUF) or in 
areas of colonies (RSFs). The models could 
then bc used to predict ferret occurrence. 
Heleases could then be further prioritized, 
perhaps in an experimental context, as dis­
cussed above. Also, efforts to enhance prairie 
dog habitat can be concentrated in areas of 
low and medium predicted occurrence to 
increase the numbers of prairie dogs and bur­
row openings (i.e., to increase densities of 
prey and refuge for ferrets). 

To use the RSF's and RUF, a map of active 
burrow openings is required. Mapping effort 
is labor- and time-intensive. For instance, in 
Montana, individuals mapped 175 prairie dog 
burrow openings PCI' hour on average (Match­
ett 1994). In 2005 at the SC24 colony, 29,312 
burrow openings were mapped. Assuming 
similar spceds of mapping, the 2005 effort 
required at least 167.50 hours (i.e., 21 eight­
hour work days; exact hours not recorded). 

Many ferret sites have thousands of hcctares 
of habitat and potential fenet habitat involves 
tens of thousands of hectares in numerous 
states (Ernst et al. 2006), requiring seemingly 
prohibitive investments for these kinds of 
evaluations. Therefore, pragmatic considera­
tions presently inhibit universal usc of the 
RUF, which requires maps of entire colonies. 
As discussed above, the nSFs are Illore flexi­
ble, only requiring maps or counts of burrow 
openings in grid cells instead of maps of bur­
row openings throughout entirc colonies. 
Thus, at this time the RSFs could be used at 
least in portions of many sitcs-for instance, 
when dusting burrow openings with insecti­
eides to control flea populations and outbreaks 
of plague (e.g., Seery et al. 2003). Assuming an 
individual can map and oust 175 burrow 
openings per hour (Matchett 1994), at the 
SC24 colony an individual could have mapped 
20 randomly selected cells in one 8-hour work 
day (i.e., days = 0.0511 x number of cells). 

A quick and relatively inexpensive means 
of burrow mapping would facilitate use of the 
ferret RSFs and RUF at large spatial scales. 
Remote-sensing could prove useful for these 
purposes; satellite images have been used to 
map great gerbil (Rhombomys opimus) burrow 
openings in Kazakhstan (Addink et al. 2010). 
Aerial images of the Conata Basin were col­
lected in 2005 and 2007, years in which prairie 
dog hurrow openings were mapped Uachowski 
2007 and Eads 2009, respectively). An auto­
mated burrow mapping method could perhaps 
be calibrated and used with the ferret RSFs 
and RUF a~ a cost-effective method to predict 
fine-scale ferret distributions at large scales 
(e.g., throughout entire prairie dog colonies 
and complexes of prairie dog colonies). 
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