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Abstract
\\Je tested a CIS ilodcl dcveloped ro pfedict hrbitat suirubilir,"- lirr lhc pygny rabbit in r regional-\cale anal,"-sis in soulhlvcslcm
Idaho. Habihr $ as prcdicrcd !o bc suriahle if big srgebrush was the doninant shrub type. the \oil \\'as < 11.5* clay. slope uas <
I 5 tZ. .Lnd aspect $.rs bcrwccn li I 20" or 300-:160'. To a\sess the accurac) of lhc C IS model. I3l sites (72 \lithinpredicled suitablc
habit.rt rnd 65 \iirlin prcdiclcd unsuirable hrbirat) $ere groundtrulhed 1br prcscncc of predicled soil and \egelalion types. Thc
GIS model prcdictcd suilable habirai \lith 80.5tl accuracy and unsuilable habilat wilh 76.97. accuracy. The nair iaclor limiling
GIS model pcrlor ancc was rhe accufacy of the vegeudon layer. We also checked lhe 137 sites ibr pygmy rabbit acli\ity to
dctclr|ine ho$ r'ell the Gls-lnodel predictcd usc and non use areas. The model predicGd arcas unuscd by pygmt rabbxs (7,ltLl

bcrlcrthan areas used (.12tl). \\t concluded thal lhc nodelis robust in predicting nor use arcas and works adequately fofpredict-
ing sujtable and unsuitable habrrar. bul srcss lhc need for accurate vegetation maps. ,A.pplication of this model o\'ef the \ihole
rrngc ofthe plgm] rabbit \\'ould pro!idc managcrs !liih a \'aluable t(xt in conservirg this lpccic\

lntroduction

The pygmy rabbit (Brathylag,trs idt oensis),the
smallest of the North American leporids, histori
cally has had a limited distribution within the Grcal
Basin and adiacent intermountain aleas. It is
rhought that the pygmy rabbit's distribution has
been largely determined by the distribution ofbig
sagebrusb (Arleizisla t ri de nt atu) (On 1940, Hall
1946. Green and Flinders 19130a, Campbell et al.
l982). which provides the pygmy rabbit with its
primaq'source offbod, as wcllas protection from
predators such as badgers ('IA.ridee taxus) ̂ nd
\\ easels ( Must e Lu ft'enala ) (Orr 1940. Wilde 1978,
Greel and Flinders 1980a; 1980b. White et al.
1982). Within the sagebrush comnrunity. several
investigators have identificd the presence oftaller.
denscr stands of big sagebrush as an essential
feature of pygmy rabbit habitat (Grinell et al. 1930,
Davis l939, On I 940. Ha]l 19.16. Severaid 1950,
wilde 1978, Grccn and Flinders 1980a, Campbcll
et al. 1982. Weiss and Vefis 198,1. Katzner and
Parker 1997, Gabter 1997, Heady l998).

In addition to its reliance on big sagebrush,
the pygmy rabbit is unique amoDg Nofih Amerl-
can lcporids in that it excavates its own burrows
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(Walker et al. 196,1). Bunow entrances iire typi-
cally locatcd at the base of a large sagebrush and
extend 50-100 cn below the surface (Grinell et
al. 1930. Davis 1939, On 1940). Recent work
has demonstr;rtcd that p)'gmy rabbits are strongly
tied to their burrows and the habitat charactelis
tics (e.g.. shrub height) at the burrow sites (Heady
1998). Consequently. soil charactedstics that af
fect where a pygmy rabbit can bunow (e.g.. soil
te r t t r re  and .o i l  dep th) .  l i Le l1  r l ro  p lu l  rn  impor -
tant role in determining where pygmy rrbbits arc
found (Dav is  1939,  Or r  1940.  Wi lde  1978,
Campbell ct al. 1982, Weiss andVets 1984, Kehne
1991. Gabler 1997. Katzncr and Parker 1997).

In the last few decades, the availability of big
sagebrush habitat has bccn greatly reduced due
to range fires and the conversion of sagebrush-
steppe for grazing and tarming (Gablcret al.2000).
This reduction in big sagebrush habitat is thought
to havc lead to a concurrent reduction in the dis-
tribution of pygmy rabbits in the state of Wash
ington (Dobler and Dixon 1990, Washington
Depaftmcnt of Wildlife 1995) and Tdaho (Weiss
and Verts 198,1, Gabler et aI.2000). In Idaho.
which encompasscs a significant area of po-
tential pygnry rabbit habitat, the extent of habitat
loss and the distribution of remaining suitable
habitat for pygmy rabbits is largcly unknown.
Little, too. is known about the current distribu-
tion of the pygmy rabbit.
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Gabler et al. (2000) conducted the fiISt GIS-
based assessment of current pygmy rabbit habi-
tat on the Depafiment ol Energy. Idaho National
Engineering and Environmental Laboratory
(INEEL), a 23l5 kmr site located on the upper

Snake River Plain in southeastem ldaho (Figure
l). Gabler et al. (2000) locabd bunows on rhe
INEEL and then spatially correlated the digitized
loca t ion :  to  d ig i r r l  du lu  sers  o [  \egc la l ion  t ]pe .
surfacc geology, slope, and aspect. The vegetation

A.r\... f

Figure L Locations of study area of crbler et al. (2000) on rhe INEEL and currenr nud) area in Ow)hee Counlr-. tdaho
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data set Cabler ct al. (2000.) used rvas dcveloped
from 2 Landsat satell i te images and comprised
I I vegetation classes (Kramber et al. 1992). The
surface geology data set was constructcd ftom
field and lab studies and comprised 5,+ deposit
and rock classes (Kuntz et al. 1990). G;rblcr et al.
(2000) uscd the data set of surt'acc geology as a
surrogate for a soil typc data set, whlch was not
available fbr INEEL. The slope lnd aspect data
scts were developed from a USGS Digital Eleva-
tion Modcl (DEM) of INEEL and were included
because topography can also influence soil fea
tures (c.9., soil depth) (Wildc 1978, Kehne l99l ,
Gabler 1997, Cabler ct al. 2000).

From their analysis. Gabler et al. (2000) iden-
tilied the range of each of the tbur variables as-
sociated with pygmy rabbit prcsence (Tablc I ).
Thesc ranges were then uscd to create a map of
suitable habitat distinguishing predicted use ftom
non-use areas. Groundtruthing found their nrodcl
to be 1007r accurate at predicting non-use areas
i lnd  57 t  cecura lc  r t  p reJ ic t ing  u .c  ' i tes .

TABLE 1. Habitat lariables associatcd lvith p)gm) fabbit
hurro$ loc.rtions and u\cd in the Gls-model ol
the INEEL (G.rblcr 1997, C;ablef et al. 2000).

Hahirar
Range

Ada County (Figure l). The rnajority ol the area
is within the Boise District of the Bureau ofLand
Management (BLM) and includcd portions ofthe
Snake River Birds of Pre,v National Conserya
tionArea. The topography is highly variable. u'ith
platerus. rises, and depressions of varying extent
and degree of slope. The elevations range from -

670 to 2570 m above sea level, with the highest
elevations occuning in the Owyhce Mountains
in westem Owyhee County. The lou est elevations
arc primarily in the northem halfofthe study area.
The entirc region is semiarid rangeland consist
ing ofmixed shrublands. grasslands. and agricul-
ture. Big sagebrush is the dominant shrub thrcugh
out thc area, with bitterbrrsh (Purshia tridentetq)
and rabbitbrush (Ch,f.r..,t4.rrlnr.! spp.) also com-
monly occuring. Areas dominated by cheatgmss
(.Btomus tectorun) are also present throughout
the area.

Methods

We adapted the Gabler et rl. (2000) GIS model
to the local dirtathat was available forourOwyhee
County study area. For the vcgetation data set,
we used the GAPl cover type map (30 m pixels)
created for the Idaho Gap Analysis Project
(www.wildlife.uidaho.edu). which allowed us to
select for areas classifil.d as Artemisia tridentutq
(Code 75). We constructed our soil d ta set fron]
the State Soil Geographic Database (STASGO)
for Id;rho (U.S. Department ofAgriculture 199,1).
Thc STAISGO data set (tiO m pixels) is based on
soil type and allowed us to incorporate Gabler's
( 1997) lindings that the clay percent ofareas used
by pygmy rabbits on the INEEL was significantly
lower (i.e., < 12.5%) than in non-use areas. Fi-
nally, the slope and aspect data sets were gencr-
ated using Arc^nfo 7. 1.2 (Environmentai Systems
Research Institute. Redlands, CA) and four
I :250000 USGS DEMs (30 m pixels). The pixel
size ol the final suitable habitat map was deter
nined by the 80 m pixel ofthe soil data set, which
we could not resample at 30 m.

We reclassified each data set into a boolean
layerbasedon the GlS-model developed by Cabler
et al. (2000). For the vegetation laycr only those
pixels classified as A rtemisio tridenlala (Codc 7 5)
in the GAPI cover typc map \\,ere considered
suitable and assigned a value of I . A 0 was as
signcd to all remaining covcrtype codes. Pixels
within a soil polygon were considered suitablc
and assigncd a value of J if their clay percent

Slope

Geol0g)

Three !ege|Illion classes with srgebrush as

0 15?. (ncan 8.9: 'Z)

0 I20" or 100 160

Sc!en !eo log lc  c lasses

The objective ofour sludy was to test this GIS-
model under dil'ferent conditions to sce if it could
be uscd to predict habitat suitability at regional
scale. We specifically tested thc accuracy of the
GIS model in prcdicting habitat suitabil ity and
use rnd non-Llse areas fbrthc pygm.v rabbit within
ii sludy area that $,rs both larger than the TNEEL
stud! area (2,315 kmr vs. 15,000 kmr) and in a
diffcrent part of the pygmy rabbit 's theorcti-
cal range in Idaho (south-west vs. central east;
F igure  l )

Study Area

Our stud"v area covercd approximatell l5,Ol0kmz
of southwestcm ldaho, inc]uding the majodty of
Ow)'hce County and the southeastern corner ol'
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was less than 12.5%. Suitable slope values were
any less than 156/c aDd suitable aspects wcrc all
bearings ranging bctween 0-120 and 300-360. We
overlaid the four lavers: vegetation type. soil type,
s lopc .  r rn r l  a :pcc t .  r r r ing  Ar . / ln fo  to  c rea tc  r .u i t -
able habitat map fbrpygmv rabbits in the Owvhee
Count l  . tud5  ar . r .  t  h i '  i i n r l  map ur . ,  rhen rhe
rcsult of a multi-criteria antrlysis where each 80
m pixel was onJy considered suitable if i t was
within the suitable lange lbr erch ofthe lbur vari-
ables.

In any GIS-model. there are two primary sources
of eror: inaccuracies in the data scts used in the
GIS and inaccurate or incomplete inclusion of
lactors in Lhc nrodel. To addrcss inaccuracres rn
the data sets. we groundtruthed the ve-qetiltion and
soil layers at 137 randon santple sites (72 prc-
dictcd suitable sites and 65 predicted unsuitable
sites). Because of the large geoglaphic rrea and
limited accessibility, we constrained our sclec-
tion ofrandom sample sites to within 1000 m of
a pfinrary or secondary rord. To do this. r,e cre-
ated a 1000 m bufter around cach road and then
usccl the coordinates of the buffer as the range of
values from which x and y coordinates defining
poteDlial sample sites werc randomly geDeratcd.
Bccause site coordinates did not necessarily t i l
1n the centcr of a pixel, the first sites per habitat
class that \\,erc >80 m fiom the edge between pre-
dicted suitable and unsuitable habitar made up
the final 137 sample sites.

We located thc 137 randon sample sites on
the ground with the use of a Garmin XL l2 GPS
(eror t - 20m) and 1:2:1000 USGS quadrangle
oraps. Ateach site. we verified thc vegetation layer
by noting whetherbig sagebrush was both present
and thc predominant shrub type (i.e.. risually
covered >50cl. of area) at predictcd suitable sites
and $as absent or very sparse at pledictcd un-
suitable sites. To asscss the accuracy of the soil
layer. we collccted a soil samplc at each site for'
laboratorv analysis of percent clay with the soil
fractionation method outlincd in Brower and Zar
( 1998). Individual layer accuracy and the overall
accuracy ofthe CIS were cxpressed in confusion
rn . r t r iee .  rVerb) la  lq95r .  {con lus i r rn  mJ l r i \ com
pares predicted to ground[uth data to deteminc
the accurrcy of the model output. The overall
accuracy of a GIS-model is determined by both
commission errors (pixels inconectlv included in
a class) and omission enols (pixels inconectly
cxcluded fiom a class). In our analysrs. commts-
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sion eron wcre made when pixels that were pre-
dicled b be suitable wcre observed to be unsuit
able. and omission errors were made when pix-
els that wcre predicted 1<l be unsuitable were
obscrved to be suitable.

To ,1Jdre\s lhe second 'uurce ol err,.rr in our
GlS-rnodel, we deternined how accurately thc
GIS modcl predicted use and non use arcas of
pygny rabbits. At each of the 72 predicted use
and 65 predicted non-use sample sites, we set up
a 360 m x 360 m gdd centered on thc site coordi
nates s described by Gabler et al. (2000). A grid
size of360 m x 360 m rcflects the n'erage pygmy
rabbit home range size during spring and sum-
mct which is approximately l3 hcctares (Gahr
1993). We thcn systematically checked each 360
m x 360 m grid tbr sign of pygnry rabbit activity
(i.e., pellcts and burows) by walking 30 m north-
south lmnsects (Gabler et al. 2000). Because the
pygmy rabbit is a sagebrush-habitat specialist
(Katzner and Parker 1997, Gahr 1993, Kehne 1991.
Weiss and Verts 1984, Grecn and Flinders 19U0a,
1980b, Severaid 1950, Orr 19,10. cdnnell er al.
1930), we did not scarch sites at which tall shrubs
were entircly absent (e.g., famland, cattle feed
lots, and areas at which recent range fires had
occurred). From these data, wc determined the
percent of the prcdicted suitable sites that were
uscd and the percent of the predicted unsuitable
sltes that were unused.

Results

Predicted suitable habitar covered - 21% of the
study area. with a grcater proportion tnlling in
the southern half (Figure 2). Based on ground
truthing 137 randomly selected points (Figure 2),
the overall accuracy ofthe CIS-model at predict
ing suitable habirat was 79% (Tab]e 2). Of Lhc 72
sites. -58 (80.5%) were correctly classificd as suit
ablc and 50 ofthe 65 sites (76.9%) were correctly
classified as unsuitable. The accuracy ofour veg-
etation layer was 11Vc (Table 3). Of the 78 sites
classified as A rter,fr i d tide ntatu.62 (7 9.5E ) \\erc
classified corrcctly. At the other 16 sites, how-
ever, big sagebrush was absent or sparse. Cheat-
grass was the predominant vcgetation type at 8
of these l6 sites, which indicates eithcr inaccu
rale mapplng or whcre tires may have recently
occuned. Of the 59 sites classitied as somc cover
type other than Arremisiu tridentate. 11 (11.6qc)
were classilied correctly. The accuncy olthe soil
layer was 1007o; all 58 sitcs from which sojl
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Figufe l. Final map ofsuitablc habitat for rhe Owlhee County stud) area. Suitable h:rbi-
tar  is  sho$r in b lack.

TABLE 2. Confusbn matri\ conpafing rhc prcdicted numbcr ol suitabte and
unsuitable sitcs ro the observed nunbef of suitablc aDd un\uilable
srtes.Accuracv was delerminedb,v dilidnrg rhe numberofsites prc
dicted coffecth b) lhe total numbcr oi sites ((58+50t/137 = .79)

Obsefved
Suitable Unsuitable Tolals Accurac,y

Suilablc 58 (819a) 11(19.I) 12
Pfcdiccd Lhsuirablc 15 (2-t%) 50 (11%) 65

Totals 15 62 137

8tt
11q
19./.
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map, which was extensively groundtruthed (Ander-
son et al. 1996).

The second source of potential eror ln the
vegetation layer was changes in vegetation physi-
ognomy and floristics that have occurred in sone
areas as a result of range fires that have occurred
since the GAP1 cover type map was created in
1995 (Caicco et al. 1995). Range fires kil l  big
sagebrush and native grasses and forbs. which
allows tast growing. non-native species such as
cheatgrass to invade (Radosevich and Holt 1984).
Thus, the dominance ofcheatgrass at 8 out ofthe
l6 sites where big sagebrush \\,as predicted to be
the dominant vegetation type but was absent likely
indicates where range fires have occurred. Re-
cently, Rachlow and Svancara (2003) used fire
history in their statewide GIS analysis as 1 of 5
habitat variables to prioritize potential habitat as
high priority (not bumed after 1990) or low pri-
ority (bumed during or after 1990) for future sur-
vey efforts. Because their GIS model evaluation
was based on the same data as were used to con-
struct the GIS-model. it is not clear as to whether
or not the addition of f ire history improved pre-
dictability.

ln both our study (21%, of oul study area) and
the Gabler et al. (2000) study (237o of the INEEL),
a relatively small percentage of the study ea was
potentially suitable for pygmy rubbits. These small
percentages indicate that much of $hat has been
considered potential pygmy rabbit habitat may
acrually norbe suitable (Gableret al.2000). Based
on the observed presence of big sagebrush, there
were 77 sites with big sagebrush and 60 without
big sagebrush. Comparing the observed activity
to observed vegetation type results in a 577. ac-
curacy at predicting use areas (,14 out of77 sites)
and a97c/o accuracy at predicting non-use areas
(58 out of60). These percentages are almost iden-
tical to those ofGabler et al. (2000) at the INEEL
(5'7c/a and 91c/c) and could imply that - 60c/c of
what is predicted by the GlS-modet to be suit-
able is actually usable by pygmy rabbits.

In our study. the GIS nodel's better perfor
mance when predicting non-use sites (7,17r) was
not attributable to unsuitable sites being predicted
with higher accuncy than suitable sites (,12clr);
the number of commission enors ( l4) ( l9%) was
neurly the same a' the number ol omi'sion eror.
(15) (2350) (Table 2). Several factors may have
contributed to the dilliculty ofpredicting use areas.

First, the relatively low probability of predicting
use areas could simply be because the pygmy rabbit
population in our study area is at a low density.
There is evidence that pygmy rabbitnumbers have
been on the decline throughout theirrange (wciss
and Verts 1984, Washington Department of Fish
and Wildlife 1995). Another possibility is that the
GlS-model does not include all the important
environmental variables that are necessary for
accurately predicting pygmy rabbit distribution.
A number of variables have been suggested in
the literature (e.g., density of grasses and forbs)
(Heady 1998) thatmay be important in tiner-scale
pygmy rabbit habitat selection that cannot at
present, be captured in a regional GIS-analysis.

Thc GlS-model may llso pedorm better at
predicting non use areas because the degrcc of
patchiness is lower in unsuitable areas. Predicted
unsuitable sites were often located in large patches
of clearly unsuitable territory (i.e., fannland). A
higher degree of small-scale variation was sccn
in the vegetation structure of predicted suitablc
sites that was not retlected in the final suitable
habitat map. Specifically. the vegetation data set
didnot distinguish between sparsc big sagebrush
cover and the greater big sagebrush cover that
pygmy rabbits require (Cabler 1997, Green and
Flinders 1980a, Weiss and Verts 198,1, Katzner
and Parker 1997).

Finally. the GIS-model accuracy may have been
limited because species interactions are playing
a greater role in pygmy rabbit habitat selcction
than has previously been considered. For instance,
we saw cxtensive badger activity throughout the
study area, and badge$ prcy on pygmy rabbits
(Green and Flinders 1980b). We also observed
signs of recent livestock activity at fic majority
our sample sites. Grazing is the dominant usc of
sagebrush-steppe Iands (West l983) and overgraz
ing can break down shrub covcr and lead to loss
of native grasses and forbs (Washington Depart-
ment of Fish and Wildlife 1995). Overgrazing,
Iike range fires. can lead to invasions of non-na-
tive species like cheatgrass (Washington Deparr
ment of Fish and Wildlife 1995): and, because
pygmy rabbits are big sagcbrush obligates, these
types of changes to vegetative physiognomy and
floristics would cause areas to become unsuitable.

That we fbund pellets localized around rock
outcroppings at many ofthe active sites suggests
that pygmy rabbits may be taking rellge in lava
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rock outcroppings. The only mention ofthis type
of behavior in the primary literature that wc found
vas by Green and Flinders (l980b), who observed
pygmy rabbits using areas ofvolcanic rock, holes
in stone walls. and abandoned buildings. Grccn
and Flinders (1980b) did not speculate on why a
pygmy rabbit might Lrse those areas. and we did
not collect data specific to addressing that issue.
However, we did notice that livestock activity
appeared, qualitativcly, to be l imited around the
outcroppings. One potential area for future re-
search would be to compare grazed and ungrazed
areas that pygnry rabbits occupy to look fbr dit:
ferences in habilat usc.

ln summary. a GlS-model citn be used to in-
vestigate the spatial relationships between spe-
cies presence and habitat featurcs. Uncovedng
these species-habitat relationships in the spatial
framework provided by a GlS-model can be es-
pecially useful when identifying suitable or criti-
cal habitat for area sensitive species whose avail-
able habitat is in danger of being reduced and/or
degraded. We have shou,n that a GIS model like
that of Gabler et al. (2000), based on vegetation
type, soil type. slope, and aspect, can be used effec-
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