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Abstract

As part of a regional conservation planning initiative, this study is being undertaken to determine
the biophysical and socioeconomic feasibility of reestablishing a top carnivore, the gray wolf
(Canis lupuy in the Grand Canyon Ecoregion (GCE). The GCE is a roughly 1.5 millién km

area located on the southern Colorado Plateau. The last remaining gray wolves were probably
eradicated in the 1920s and 1930s. Because of an interest in restoring extirpated native species
to this ecoregion, and the desire to increase the size of the gray wolf metapopulation in the
Southwest, there is need for an objective and spatially explicit landscape-scale model of potential
gray wolf habitat. The first phase of this conservation GIS analysis involves utilizing six habitat
characteristics or factors—vegetation cover, surface water availability, prey density, human
population density, road density, and land ownership—to identify and describe potential reintro-
duction sites in the Arizona section of the Grand Canyon Ecoregion. Initial results show that
there are at least two localities in northern Arizona suitable for reintroduction of around 100
wolves. This paper is a preliminary report on observations, results, and some recommendations
deriving from the feasibility study.

Introduction Crumbo 1998). This paper, how- Regardless of inaccuracies in the
Conservation biologists have showmver, will focus on current, prelimi- historical record, a partial picture of
that large or top carnivores are oftenary results from research done owhere wolves occurred prior to their
keystone species whose remova limited number of factors in theextermination in the Southwest can
jeopardizes the maintenance of ecarorthern Arizona section of thestill be pieced together. These records

logical integrity in large-scale ecosysecoregion (see Figure 1). show that at least small populations
tems (Soule and Noss 1998; Terborgh of wolves were found throughout the
etal. 1999). Therefore, conservatioRlistoric occurrence and woodlands and forests of northern
planners interested in restoring anthxonomic position Arizona (Brown 1984). For example,

protecting large ecosystems oifo accurately reconstruct the hisfromthese records we know that there
ecoregions emphasize recovery of toric distribution of gray wolves in were at least 30 wolves on or near the
predators. The primary goal of thithe GCE is challenging for a vari-North Kaibab because of the number
study—which is supported by theety of reasons. Nineteenth centuryeported killed between 1907 and
Grand Canyon Wildlands Council,writers often accidentally or pur-1926 (Russo 1964). Brown (1984)
Defenders of Wildlife, and Prescottposefully misidentified coyotesclaimed that "the last wolf in this part
College—is to determine the capabil{Canis latran$, wolves, and wolf- of northern Arizona was taken on the
ity and suitability (together, the fea-dog hybrids (Gipson et al. 1998) Paria Plateau about 1928", but a
sibility) of reintroducing one top car-Wolf hunters and trappers someformer Civilian Conservation Corps
nivore, the gray wolfCanis lupu}, times exaggerated the number oivorker recently reported that he saw
to the Grand Canyon Ecoregiomwolves in an area to enhance theiwwolves on three different occasions
(GCE) (Figure 1). job security and occasionally mis-in 1935 on the North Rim of Grand
Ultimately, this study will ad- represented where a wolf was killedCanyon National Park (GCNP)
dress 26 factors or aspects, groupéd order to claim a local bounty.(Leslie, personal communication).
into two dimensions—biophysicalFurthermore, the widespread use d¥loreover, "as recently as March 3,
and human—that are expected to affoisons meant that many animalsl 948, assistant chief ranger A.L.
fect the feasibility of wolf recovery including wolves, were dispatchedrown reported wolf tracks in fresh
in the entire GCE (Snheed andvithout any record of their death. snow in the area of Bright Angel
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contemporary molecular ge-to adequate food supplies, security
e _*,_ netics (Wayne et al. 1992). from human disturbance and perse-
i Adopting this approach, cution are important factors affect-
k. ' & _ Nowak (1995) lumps the twoing the suitability of a landscape for
[k e e : _ previously identified GCE wolf recovery. At this stage in the
' ' LT | et wolf subspecies, ¢. |. research, three critical human di-
- L mogollonensisand C. |. mension aspects are considered:
- youngi), in with thegeographi- human population density, road
o s 1 ;o cally widespread subspec{es density, and land status.
Faed . 1. nubilus Nowak (1995) also
=1 S | affirms the validity of a truly Biophysical factors
Fira et S e (o Southwestrn subspecies, theSeveral reintroduction studies (e.g.,

-'-L;,_'. 1% s Mexican wolf C. |. baileyiiy Mladenoff et al. 1995) suggest that

: S g s which may have occupied orgray wolves, at least those living

Figure 1. Grand Canyon ecoregion dispersed into the southeastsouth of the Arctic, tend to prefer for-
ern part of the GCE. ested landscapes. Historically, in the

Southwest, wolves were most com-

Point" on the North Rim of GCNP Habitat capability and monly found associated with wood-
(Hoffmeister 1971). Finally, the lastsuitability mapping lands and montane forests (Groebner

wolf inhabiting the Mogollon Rim Restoration of viable large carnivoreet al. 1995; FWS 1996). When ob-
area in the southern part of the GCRopulations is probably amongserved elsewhere, such as in grass-
was reportedly taken in 1942society's greatest challenges, requitands, they were probably simply
(Hoffmeister 1986). Clearly, graying extraordinary innovation and copassing through as they moved be-
wolves occurred within the Grandoperative management on amween their preferred habitat of for-
Canyon Ecoregion well into the twen-ecoregional scale (Paquet and Haclested highlands. Figure 2 maps the
tieth century, although their exaciman 1995). Furthermore, solutionglistribution of these two vegetation
numbers and range will probablyto large predator conservation argypes, as well as others such as
never be known with certainty. economic, sociological and politicalshrublands and grasslands. This fig-
Due to the taxonomic splitting (human dimension issues), as well asre plainly illustrates a broad band of
approach of the time, Young andiological and ecological (biophysi-forestlands-woodlands extending
Goldman (1944) identified 23 sub-cal factors) (Clark et al. 1996). Thenorth-south from the Kaibab Pla-
species of North American grayfeasibility of wolf recovery dependsteau, through the Flagstaff area to
wolves (based on skull measureen the capability and suitability ofthe Mogollon Rim, interrupted only
ments, pelage color, and size) ankabitat for sustaining wolf popula-by the Grand Canyon and urbanized
mapped their geographic distributiontions. Although many factors can anéreas such as Flagstaff. Other ar-
Two of these 23 nominal subspeshould be considered, the ultimate deeas of woodland/forest vegetation
cies—C.l. mogollonensigthe Ari- terminants are ungulate prey and huypes are found in isolated moun-
zona wolf) C.I. youngii(the Great manimpact (Fuller etal. 1992) or, putain areas of the Arizona Strip as
Basin or Intermountain wolf), and,another way, sustenance and securityell as the Hualapai and Navajo
possibly,C.l. baileyii(the Mexican Course screen landscape-scaladian Reservations.
wolf)—inhabited the Grand Can-habitat mapping for the Arizona por- Because wolves require large
yon Ecoregion (Brown 1984; FWStion of the GCE (see Figure 1) hasmounts of water to aid digestion
1996). Development of similarbeen done following other similar(Lopez 1978; Mech 1970), several
classification schemes continuedtudies (Mladenoff et al. 1995;studies of wolves in the Southwest
into the 1970s (e.g., Hall andQuinby et al. 1999; Ratti et al. 1999(Groebner et al. 1995; FWS 1996)
Kelson 1959) until some taxono-Wydeven et al. 1998). Various bio-and elsewhere (Quinby et al. 1999)
mists began questioning the splitphysical factors can be considered ihave suggested that the availability
ting tradition of wolf taxonomy.  evaluating the capability of habitat toof free water is an important deter-
Modern lumping systems of wolf support wolves, but this study focuseminant of gray wolf abundance and
taxonomy are based on multivariaten vegetation cover, surface watedistribution. Figure 3 illustrates the
statistical analysis of large samplavailability, and, most importantly, distribution of currently mapped
sizes and confirmed by the results aingulate prey abundance. In additiotakes, springs, and streams in the Ari-
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man population den-

GO R " , ,
! rr':;[.: 3 E;HJ' 1 sity. Studies (e.g.,
Yew pE¥na |l T Smada o Mladenoff et al.
N R 995: : |
oy e Cl it o B B o E i 1995; Ratti et al.
i I o -h"&*’n 4  1999) have shown
Bebr i -_?_*-:“I- " :.u—"':"-' .
W e x5y d that lands with a hu-
. gl ol e man population den-
o .-i_i%":, LS te ity greater than 12
_ - o v Tel ... & 'Y to 13 persons per
- - €@, w5 square kilometer
ks e “-.m will not be suitable

wolf habitat. The
Figure 2. Vegetation cover Figure 3. Surface water map displayed in
Figure 6 indicates
zona portion of the Grand Canyorieau enjoys a very high density ofhat most of the Arizona section of
Ecoregion. Although the digital datamule deer (eight to 13 animals pethe Grand Canyon Ecoregion has
available is very incomplete, this fig-km2), while the remainder of the aregopulation densities less than 13 per-
ure shows that there are more thamas an adequate density of three &ons per kih Except for the Flag-
enough sources of surface water ogight deer per kin The Coconino staff-Sedona urban zone, the entire
the Kaibab Plateau, in the FlagstafPlateau around Flagstaff also supportsorth-south corridor from the Kaibab
area, and along the Mogollon Rimguite dense populations (three to eigltlateau to the eastern, slightly urban-
This conclusion is supported by theger knf). Furthermore, similar den-ized, part of the Mogollon Rim has a
observed presence of relatively higlsities probably exist on parts of thdhuman population density of less than
numbers of other large predators (e.gjualapai and Navajo reservations iffiour people per kf Not surprisingly,
mountain lions Felis concoloj and the GCE, but no data is readily availthis same corridor has high prey spe-
prey species in these locales. able to confirm this supposition.cies densities and seems capable of
Clearly, one of the most impor-Even if the current mule deer popusupporting wolves.
tant determinants of suitable wolflation density is one-half of what  Wolves are usually not threatened
habitat is the abundance of ungulatihese figures indicate, as some Ariby roads, except when they are struck
prey species. The primary prey spezona Game and Fish Department peby motor vehicles (Mech 1977).
cies for wolves in the Grand Canyorsonnel suggest (e.g., Goodwin, peiNonetheless, roads can provide ac-
Ecoregion are mule degdfocoileus sonal communication), there are stiltess to generally undisturbed areas
hemionuy, followed in order of im- more than sufficient deer densities tvhere humans may harass or kill
portance by elk@ervus elaphus support gray wolves. Figure 5 showsvolves. Studies of road density and
pronghorn Antilocarpa americang that elk densities, while somewhatvolf distribution relationships by
and bighorn shee®yis canadensjs lower on average than mule deer, arthiel (1985) and Mech et al. (1988)
Information about abundance (denguite high (i.e. two to three animalssuggest a road density threshold value
sity) and distribution of these wild-per kn¥) around Flagstaff and south-of between 0.6 and 0.8 kilometers of
life species in the Arizona part of theeast along the Mogollon Rim. Ofroad per square kilometer of area.
ecoregion was obtained from the Aricourse, elk alsowverage three times Higher road density values generally
zona Game and Fish Departmenthe biomass of deer. Figures 4 andesult in unsuccessful breeding at-
Figures 4 and 5 display the approxicombined map an adequate ungulatempts. Mladenoff et al. (1995), us-
mate density of mule deer and ellprey base extending north-south fronng radio collar data on recolonizing
populations in Arizona GCE. the Kaibab Plateau, through the Flagnvolves in northern Wisconsin, dis-
Other reintroduction studies (e.g.staff area, and southeast along theovered that road density and fractal
FWS 1996) indicate that a density oMogollon Rim. dimension—reflecting the degree of
approximately two to six deer per km habitat fragmentation (often the re-
would be required to support a MexiHuman dimensions sult of road building)—were the most
can wolf population and, presumablyAn important determinant of habitatimportant predictors of favorable
similar numbers would be adequatsuitability for gray wolves and otherwolf habitat. Figure 7 shows that
for wolves inthe GCE. Figure 4 demiarge carnivores such as grizzly beammost of the north-south corridor, ex-
onstrates that much of the Kaibab PlgMerrill et al. 1999) seems to be hutending from the Kaibab Plateau
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through to the Mogollon Rim south-  The landscape-scale

east of Flagstaff, has road densitidsabitat mapping, included in

higher than 0.68 km per Knbut gen- this progress report, is admit- ‘

erally lower than 1.4 km per Kn tedly somewhat incomplete

Road density in many parts of thet this stage in the research

GCE is somewhat higher than reconNonetheless, the mappec

mended in other studies, but most ofariables of both biophysical ‘.‘

the numerous roads in teeoregion and human dimensions point N

are tertiary or unimproved roadsstrongly towards the prob- . ...

that could be eliminated on publicability that at least twWo ar- g rs ez

lands with a vigorous road-closingeas—the Kaibab Plateau anc ™= ™

program. Furthermore, the low humuch of the Mogollon Rim

man density numbers (Figure 65outh and east of Flag- Figure 4. Mule deer density

might indicate that these areas arstaff—are capable of sup-

favorable wolf recovery habitat de-porting viable wolf popula-

spite the existence of relatively highions and suitable for rein- .

unimproved road densities. troduction of gray wolves A
Favorable land status, defined

here as lands in public ownership andRrojected wolf densities R

especially, designated protected aAssuming that wolf reintro-

eas, can help make a landscape sudtiction is feasible, it is rea- g :"l'_ﬁ

able for gray wolf reintroduction sonable to ask how many

(Southern Rockies Ecosystenwolves might the Arizona _

Project, 1998). Identifying, describ-portion of the Grand Canyon -.E"'_-:I:"':_':'-

ing, and mapping proposed and de&coregion support. Utilizing M B VR R

ignated wilderness areas and other ahe existing deer and elk den E———

eas designed to protect ecologicaity distribution maps (Fig- Figure 5. Elk density

processes or wildlife, such as theres 4 and 5), and following

Grand Staircase/Escalante Nationduller (1989), very prelimi-

Monument and the Grand Canyomary calculations of predicted : ¥

Game Preserve in the Kaibab Forestolf density were done us- ¥ A

(Miller 1996) is especially important.ing these equations:

Figure 8 maps distribution of public

& [k
Tl —

lands, both state and federal, exclu- W =3.4+ 3.7D : i . b {
sive of Indian reservations. This re- : " g, 8

veals that a wide band of federal pub- and

lic lands (including large tracts of pro- —— s

tected areas) runs north-south from W = 3.4 + 3.7(3E) P L i %

the Kaibab Plateau through the Flag- o
staff area and southeast along thehere W is predicted wolf e

Mogollon Plateau (again, corre-density (per 1000 kfjy D is  Figure 6. Human density

sponding with the distribution of estimated mule deer density

important biophysical factors).(per kn¥), and3Eis estimated

State lands, even though currentlglk density (per ki) times a relative suggest that to reintroduce at least 100
interspersed in a "checkerboardbiomass value (elk biomass is 3 x gray wolves into the Arizona portion
fashion (see Figure 8) with privatedeer). Both low and high ungulate demef the Grand Canyon Ecoregion
and federal lands, could be consolisity estimates were utilized in calculatwould be feasible.

dated through land trades and puing a range of predicted wolf numbers

chases to create wildlife corridorsshown in Table 1. Potential stock for wolf

between federal public lands such Although this facet of the studyreintroduction

as the Coconino and Kaibab Nais far from finished, historical recordsWhen the time comes to make a de-
tional Forests. and initial carrying capacity researcltision about reintroducing gray
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Figure 7. Road denisty

Figure 8. Land status

tundra) and experienced intial reintroduction sites in the Arizona
hunting the types of ungu-section of the Grand Canyon
late species that are mosEcoregion. Initial results show that
abundant in the GCE. there are at least two localities in
Alternatively, captive or northern Arizona available for rein-
wild-bred Mexican wolves troduction of around 100 wolves.
(C.lI. baileyi) could be uti- Source stock for wolf recovery in the
lized for reintroduction. GCE could come from existing large
Given the difficulties expe- C. |. nubiluspopulations in the Great
rienced with captive bredLakes and/or a recover€dl. baileyii
stock in the current Mexicanpopulation in the Southwest. Clearly,
wolf recovery effort, how- the future extension of wolf recovery
ever, it seems best to wait folinto northern Arizona and other parts
the availability of surplus of the GCE will have to be done un-
wild-raised stock GCE (Par-der the legal mandate of the ESA
sons, personal communicaand will most likely be sponsored
tion). Also, when the Mexi- by a federal agency such as the Fish
can wolf population reachesand Wildlife Service and/or Na-
a viable size in the wild, dis-tional Park Service.
persers from eastern Arizona  Further investigation and study
and western New Mexico will continue to refine the habitat ca-
will likely attempt to colo- pability and suitability analyses, as
nize the southeastern part ofvell as to help determine the most ap-
the GCE. Thus, this recov-propriate subspecies for wolf reintro-
ery opportunity in the GCE duction in the ecoregion. In the end,
could help extend the geo-however, the most important consid-
graphic range and eration is how to best assist nature in
metapopulation of the cur-restoring gray wolves to the Grand

wolves to the Grand Canyonently recovering, but still endan-Canyon Ecoregion and thereby help

Ecoregion, we should "...considefyered, Mexican wolf.

behavioral or demographic factors to

be more important than maintenancegnclusions

in the national effort to conserve
this magnificent and ecologically
essential carnivore.

of the genetic purity of putative wolf The first phase of this landscape-scale

subspecies...” (Wayne et al. 1992)analysis involved utilizing six factors Acknowledgements

If Nowak's (1995) recent revision ofqf the hiophysical and human dimenThis project was primarily funded by
wolf taxonomy is accepted, it seeMsjons to identify and describe potenthe Grand Canyon Wildlands Coun-

biologically appropriate that stock for
reintroduction could be taken from
anywhere in the historic range ©f

I. nubilus While finding areas of
surplus wolf populations with habi-
tat exactly comparable to the GCE
will be difficult, regions such as the
Great Lakes, currently supporti@ig.
nubiluspopulations, do exhibit analo-
gous forested ecosystems (albeit dif-
ferent forest types) and have similar
ungulate prey species (i.e., deer and
elk). Wild wolves translocated from
the Great Lakes region, for ex-
ample, would at least be habituated
to forest habitats (as opposed to

Table 1. Minimum and maximum number of wolves predicted to oc-
cupy Arizona part of Grand Canyon Ecoregion based on combined
mule deer and elk densities and areas.

Location

Area (square kms)

Wolves (pop. range)

North Kaibab 1472 35 to 62
South Colorado 3849 80 to 125
Plateau

Total Arizona GCE 5321 115 to 187
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