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Preface: 
The Starkey Project-A Long-Term Endeavor 

The Starkey Project is a unique pro­
gram that has combined long-term re­
search with multi-disc iplinary, multi-part­
ner involvement. The research was, and 
still is, designed to answer management 
questions. Even studies designed as basic 
research have been conducted in a man­
ner that could identify mechanisms rele­
vant to management. What is particularly 
noteworthy is that this research approach 
has resulted in a wide array of informa­
tion critical to the management of elk, 
mule deer, cattle, forests, and rangelands. 
Importantly, results have provided a bet­
ter understanding of the many interac­
tions among the three species and human 
uses of forests and rangelands . 

The original Memorandum of Under­
standing developed for the Starkey Proj­
ect reflected a long-term commitment by 
the Forest Service's PNW Research Sta­
tion and the Oregon Department of Fish 
and Wildlife. Other partners who have 
been essential to the success of the Pro­
ject include Boise Cascade Corporation, 
National Council for Air and Stream Im­
provement and the Eastern Oregon Agri­
cultural Research Center of Oregon State 
University. Over 40 other partners, in­
cluding federal and state agencies, uni­
versities, tribal nations, and private or­
ganizations have participated in the Pro­
ject. 

Four major themes of research were 
identified when the Starkey Project began 
in the mid-1980s. Elk herd productivity 
was being recognized as a major issue of 
herds in the Northwest. Intensive timber 
harvest and concomitant increases in road 
density and traffic related to both logging 
and recreation were recognized as having 
a substantial effect on deer and elk dis­
tributions across landscapes . Competition 
for forage among cattle, deer, and elk had 
long been a contentious issue among 
sportsmen, stockmen and wildlife man­
agers. These four major issues-elk herd 

ix 

productivity, intensive timber manage­
ment effects on deer and elk, roads and 
traffic effects on deer and e lk, and com­
petiti.on for forage among elk, deer, and 
cattle- formed the basis for the project 
from 1989 through the late 1990s. Several 
complementary studies also were devel­
oped, such as the influence of late sum­
mer nutrition on elk cow and calf surviv­
al , and elk thermal cover needs. Again the 
long-term commitment of diverse re­
search partners provided the opportunity 
to address critical information through a 
variety of studies beyond the original re­
search themes. 

The long-term commitment of the re­
search partners is evident throughout this 
book. The manuscripts provided here 
synthesize the four major research themes 
and the many subsequent, complementary 
studies conducted in response to manag­
ers' continued requests for additional in­
formation. These sy nthesized manuscripts 
are based largely on peer-reviewed arti­
cles that have appeared in scientific pub­
lications, and we encourage readers to ex­
amine those articles for more details. 

Importantly, the long-term commit­
ment of partners in the Starkey Project 
continues today, and many new manu­
scripts have recently been submitted for 
publication in scientific journals. These 
new articles reflect changing research di­
rections that address the effects of ungu­
late herbivory on ecosystem patterns and 
processes; the dynamics of habitat-nutri­
tion-predator relations with ungulate con­
dition and population performance; the 
effects of forest management designed to 
reduce fire risk on forage and habitat use 
by ungulates; and the effects of human 
recreation on elk and mule deer popula­
tions. Many of these studies are being 
conducted not only at the Starkey Exper­
imental Forest and Range, but also on in­
dustrial forestland and national forests in 
the western United States. The new stud-



ies mainta in the same high degree of in­
teg rity exemplified by the research part­
nerships of past studies. 

We believe that readers will find the 
information presented here interesting, in­
formative, and of high utility for manage­
ment. We commend the many partners 
and scientists who have made this syn­
thesis possible. The continued need for 

Bruce K. Johnson 
Starkey Project Leader 
Oregon D epartment of Fish and 

Wildlife 
Nove mber 10, 2004 
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new and better knowledge of ungul ate re­
lations with forest and rangeland manage­
ment has made the in vestment in the Star­
key Projec t a prudent one, and one that 
we belie ve will continue to provide ben­
efits to habitat and population managers 
of e lk and mule deer, as well as public 
users of these resources, well into the fu ­
ture. 

Martin Vavra 
Starkey Project Leader 
P ac ific N orthwest Research Station 



The Sta rkey Project: 1- 7, 2005. 

Foreword: The Starkey Project-In the Beginning 

In 1989, The Forest Service (FS) Re­
search Work Unit ("Range and Wildlife 
Habitat Research ") that I headed in La 
Grande, Oregon, was preparing a new 10-
year research plan- known in FS re­
search c irc les as a " Problem Analysis." 
In contrast to most research units that 
conducted " basic" research, thi s unit had 
traditionally focused on "applied" re­
search on habitat re lationships between 
mule deer, e lk, and li vestock. 

App lied research is direc ted to atta in­
ing answers to management questi ons. By 
contrast, bas ic research seeks to deve lop 
knowledge on underlying processes, with 
no immediate focus on the ultimate " use­
fulness" of that understanding. 

That approach made our research unit 
popular with user groups and somewhat 
less so with those who directed FS re­
search. Past cooperative work with the 
Oregon Department of F ish and Wildlife 
gave us a leg up. The group that had most 
recently focused on deer-e lk-cattle inter­
actions was composed of Larry Bryant 
and myself, of the Forest Service's Pac ific 
Northwest Forest and Range Experime nt 
Station, a nd Don av in Leckenby a nd 
Leonard Erickson of the Oregon Depart­
ment of Fish and Wildlife (ODFW). 

The previous decade had produced 
some crisis events for public land man­
agers that came to bear as we thought 
about a new decade of research effort. In 
1973, the supervisors of the Umati ll a, 
Wallowa-Whitman, and Malheur National 
Forests were faced with dealing with the 
aftermath of a severe outbreak of Doug­
las-fir tu ssock moth that included a mas­
sive effort to salvage the dead and dying 
timber. The relatively new requ irements 
for environmental assessment that had 
arisen from the National Environmental 
Policy Act and planning coming from the 
National Forest Management Act pre­
sented a problem. 

The supervisors approached the La 
Grande research unit to lead a "crash ef­
fort" to develop a " manual" that wou ld 
provide the basis for dealing with wi ldli fe 

issues . The resultant effort (Wildl ffe Hab­
itats in Managed Forests- Th e Blue 
Mountains of Oregon and Washington) 
inc luded guidance and mode ls to evaluate 
var ious salvage operations re lative to 
their effects on mule deer and elk (Thom­
as 1979 and T homas et a l. 1979). Thi s 
" ma nu a l" was qui ckly adopted and 
adapted fo r use in pl anning for national 
fo rests across the range of elk in the Unit­
ed States, with additional use in the west­
e rn reg ions of Canada. Thi s widespread 
use took place in spite of the c ritici sm 
that the authors were "guessing" as they 
patched together the mode ls. 

The criti cs had a point. But, the mode ls 
were a place to start and, we thought, 
considerab ly bette r than simply throwing 
up one's hands and playing dumb. How­
ever, there was a responsibility for there­
searchers who led thi s effort to, as quick­
ly as possibl e, test the hypotheses upon 
which this management guidance was 
based. Joint efforts to test these hypoth­
eses were headed by Donavin Leckenby 
and Leonard Erickson of the ODFW and 
Ed Dealy of FS research. Their work built 
on earli er elk research by ODFW biolo­
g ist Richard Pedersen, who later moved 
to the FS and continued to provide sci­
entific support for the e lk model s and re­
search . Work by Leckenby, Erickson, and 
Dealy was a va li ant effort and produced 
considerable information on elk habitat 
use but lack of experimental controls was 
a serious drawback. 

For example, two of the ass umptions, 
or working hypotheses, upon which man­
agers were making deci sions that were 
particularly troublesome were the "ther­
mal cover hypothesis" (Thomas et al. 
1979) and the " animal equivalency hy­
pothesis" (Stoddard and Smith 1955). 
The thermal cover hypothes is was based 
on observations of how deer and elk be­
haved in forested habitats when faced 
with very cold temperatures, particularly 
when low temperatures were coupled 
with wind. These forest patches were as­
sumed to allow the animals using them to 
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"thermo regulate" or use such cover to 
conserve energy. Forest plans included 
preserving such stands from timber har­
vest or thinning to provide patches of 
such cover. Such actions could impose 
significant costs on timber programs. 

In the case of the "animal equivalency 
hypothesis" managers assumed that there 
was direct and complete competition for 
forage between mule deer, elk, cattle, and 
sheep. "Consumption equivalency" (Da­
vis 1952) was computed on the basis of 
a 454-kilogram (1,000 pound) "animal 
unit" (Stoddard and Smith 1955) where­
by 5 deer = 5 sheep = 2 elk = 1 cow of 
454 kilograms (1,000 pounds). This sim­
ple concept was widely applied and re­
sulted in exaggerated estimates of com­
petition. Obviously, this could only be 
correct when various species were in the 
same place, at the same time, and con­
surning the same plants in the same pro­
portions . But, by and large, those as­
sumptions were accepted. 

In the meantime, Dixie Smith, then 
staff director for wildlife and range re­
search in the Forest Service's Washington 
Office, was increasingly concerned that 
the bulk of the research budget for wild­
life was being directed to the "charis­
matic megafauna" that included mule 
deer, white-tailed deer, elk, moose, and 
turkeys. He championed the idea that all 
available information on those species be 
collected, summarized, and interpreted 
before any additional commitments of 
scarce research dollars and personnel 
were directed to those species. Senior FS 
research scientists were assigned to or­
ganize an approach-and recruit au­
thors-to synthesize the information on 
those species to provide guidance to man­
agers for immediate use in management 
and guide researchers to important prob­
lems for research scientists to address. 

I was given the lead role to deal with 
elk as part of my duties as research sci­
entist at the Forest Service's La Grande 
Laboratory. I recruited a fresh-faced wild­
life biologist, Dale Toweill, just out of 
school, to assist in that effort. The prize­
winning Elk of North America- Ecology 
and Management, developed in associa-

tion with the Wildlife Management Insti­
tute including the overall editorial assis­
tance of Richard E. McCabe and Laur­
ence R. Jahn, was the result (Thomas and 
Toweill 1982). Almost simultaneously, 
FS scientist 0. Charles Wallmo (1981) 
and associates came out with Mule and 
Black-tailed Deer of North America­
also produced in cooperation with the 
Wildlife Management Institute. 

Armed with these massive efforts at 
synthesis regarding elk and mule deer, we 
sought out managers concerned with 
range and wildlife (federal, state, and pri­
vate) to get ideas of what our next efforts 
should entail. Four questions came up 
over and over-particularly from the Na­
tional Forest System and state fish and 
wildlife departments. 

1. How did elk, mule deer, and cattle di­
vide use of mutually occupied habi­
tats? It was assumed that the animals 
were in direct competition for food. 
"Animal units" were determined on 
the basis of weight (one cow = two 
elk = six deer). Managers knew this 
would be so only if the various species 
were in the same place, at the same 
time, eating the same diet. 

2. How did the three species utilize space 
relative to habitat features such as cov­
er/opening edges, various canopy clo­
sures, and-most especially-roads 
and the traffic rate on those roads? 
Managers had ideas from various stud­
ies but were uneasy basing essentially 
irrevocable management decisions on 
such "hints ." 

3. Did the age of breeding male elk 
(bulls) influence herd reproductive 
performance? State after state, in re­
sponse to increasing numbers of hunt­
ers, had allowed unrestricted kill of 
bulls, which resulted in the vast ma­
jority of bulls during breeding season 
being 2.5 years of age or younger. 
There were suspicions that this situa­
tion was resulting in lowered herd re­
cruitment. But, data of sufficient quan­
tity and quality was not available to 
give agencies the backup to make un­
popular decisions to more stringently 
regulate the number of hunters to in-
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crease the number of mature bulls sur­
viving after hunting season. 

4. How would elk respond to intensively 
managed forests that might occur in 
the future? Preliminary studies indi­
cated that elk avoided portions of for­
ests that were being more intensively 
managed-i.e., roaded and logged. 
But, what would happen if elk were 
forced to respond to a situation that 
would likely be the condition at some 
time in the future as managed forests 
became pervasive in the landscape? 

As we considered these questions, we 
could come up with no other approaches 
than those that had already been taken 
and provided less than definitive answers. 
Managers needed better information if 
changes were to be instituted. 

Over and over, we kept returning to the 
need for controlled experiments of ade­
quate scale in space and time, and ade­
quate data sets with sufficient predictive 
power and broad inference space. Over 
and over, we rejected the notion due to 
potential cost, non-existence of required 
technology, political difficulties related to 
such an endeavor, and the high risk of 
failure. Such an endeavor would require: 

1. A fenced enclosure of adequate size, 
say 40 square miles, that would con­
tain deer and elk; 

2. A radio telemetry system that would 
track a suitable sample size (several 
hundred) of deer, elk, and cattle; pro­
vide accurate locations at the rate of 
one per 15-20 seconds, and, then, log 
these locations in a computer for later 
manipulation; 

3. A means of concentrating deer and elk 
in the winter (the study area would be 
summer range), feeding them a stan­
dard diet to maintain a winter condi­
tion that would mimic natural winter 
weights, and handling the animals so 
that they could be fitted (and refitted) 
with radio collars, blood tested for dis­
ease, age determined, and health as­
sessed on a yearly basis. 

In a fit of irrational enthusiasm, we de­
cided it could be done. Our immediate su­
pervisor was appalled-likely scared wit-

less- and withheld support. That whetted 
our appetite. We had the bit in our teeth. 
We were convinced that these problems 
would have to be addressed, and in a new 
way using controlled experiments, or they 
would forever confound forest and range 
managers. 

The first rule of trying something new 
and bold- and likely very expensive-is 
to look around to see what existing 
knowledge and technology can be 
brought to bear on the problem at hand. 
After all, reinventing the wheel has limi­
tations. 

We knew that ranchers and farmers in 
New Zealand were successfully raising 
red deer (the same species as elk but a 
different subspecies) in captive situations, 
which required experience and developed 
technology in fencing and repeatedly han­
dling animals. So, my associate in FS re­
search, Larry Bryant (having won a bit­
terly contested coin toss), was off to New 
Zealand to observe the fencing and the 
handling facilities used in the business of 
farming red deer. In retrospect, Bryant 
was the "key player" that made the 
whole thing work. He simply would not 
give up on the dream-and he wouldn't 
let me give up either. It seemed that his 
favorite line was, "I can do that. Give me 
a chance." He got chance after chance 
and he never failed in his mission . Some­
times I was convinced that he had landed 
on his head too often during his para­
trooper days-but in the end he carried 
the day. 

The Kiwis had developed a new twist 
in the matter of fencing to enclose red 
deer. This fencing was high tensile with 
a modification that provided a spring-like 
effect with a two-fold benefit. Once 
stretched, it remained taught for years and 
provided "give" when an animal ran into 
it. Instead of ending up with a deer with 
a broken neck, the animal was bounced 
back-sometimes upside down and back­
wards-but otherwise intact. And, elk, 
being quite intelligent and quick learners, 
usually took on a fence only once. Fur­
ther, they seemed to learn from seeing 
others of their kind take on the fence and 
were dissuaded otherwise. 
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Bryant, on hi s own hook, and with the 
disarmjng "aw shucks" demeanor of his 
eastern Oregon upbring ing as a rancher's 
son, negoti ated a deal with the New Zea­
land company-and the New Zealand 
government (who wanted to get their 
fencing into the United States)- to pro­
vide the fencing at cost. Then, in order to 
sweete n the deal just a bit, Bryant talked 
them into throwing in the shipping costs 
to a U.S. port. 

We didn ' t know it then, but thi s sweet­
heart of a deal required approval by the 
State D epartment. We were assured, by 
the purchasing folks in the FS, that such 
approval cou ld never be attained-and, 
even if it was, it would take years. We 
refused, one more time, to give up. So, 
with more than a tad of political support 
from some hjgh-level Oregon elected of­
ficials whom we had gotten to know over 
the years on "show me" trips and an oc­
casiona l " back country in s pect io n 
trip," -State D epartment approval was 
atta ined in a matter of a few weeks. 

While in New Zealand, Bryant traveled 
from one red deer farming operation to 
another and then another studying the 
various handling faci lities including cor­
rals, chutes, loading fac iliti es, etc. The 
New Zealanders had worked these facil­
ities out, with modifi cati on after modifi ­
cation, over many years of trial and error. 
That experience and the knowledge 
gained were shared freely with us and un­
doubtedly saved us years-and many dol­
la rs-in time and ex perimentation in 
learning how to handle the animal s with 
minimal injury and trauma to both man 
and beast. 

Now, we could say, "so far-so 
good," and go the next step-the radio 
te lemetry system that we had to have to 
make the dream a reality. Bryant sought 
out, and worked with, a research and de­
velopment outfit in Texas (the only ones 
of the half doze n or so that we contacted 
who would even talk to us and not inti ­
mate that, perhaps, we were more than a 
little punch drunk from our experiences 
thus far) to develop the auto mated radio 
te lemetry system. We had figured out, or 
so we tho ught, that such a system could 

play off the Long Range Aid to Naviga­
tion (LORAN) sys tem that was in place 
to serve as a navigational aide for aircraft 
and ships at sea and was operated by the 
U.S. Government. Every group we con­
sulted-except this one-advised that the 
scheme would not work or, equally di s­
couraging, that our ideas were simply too 
much of a "small potatoes" operation for 
the m to concern themselves with. These 
sorts of folks, after all , were used to deal­
ing with the Department of Defense. 

Because the Research Divi sion of the 
Forest Service had limited resources, we 
turned to the folks with the problems that 
had stimulated our efforts thus far-the 
National Forest System. John Butruille, 
R egional Forester in the Pacific North­
west Region, pl edged help. Lamar Beas­
ley, the Deputy Chief of the FS for Ad­
mjni stration in Washington, undertook 
the task of finding the money necessary 
to back the dream. We were on a ro ll-a 
bit on the o utside of the sys tem-but on 
a roll no netheless. 

Then, reasonably enough, we were 
asked to consult with FS engineers in the 
regiona l office in Portl and, to get them to 
sign off on our fence design and cost es­
timates. When the engineers looked at the 
fence des ig n we had imported from New 
Zealand- with a few of our own modifi­
cations thrown in-they announced that 
our es timates of construction costs were 
off by a factor of four or more. They 
based their assessment on what they knew 
of building fences to exclude deer and elk 
fro m "seed orchards" for trees . 

We stuck to our esti mates and con­
vinced Butruille and Beasley that we 
were right-or, at least, right enough to 
keep plowing ahead. We found a partner 
in a local logging contractor that was a 
personal friend of mine and got caught up 
in o ur dream. Gari Price was a dreamer­
and an innovator- in his own right. No 
one else would even bid on the job. 

After he got the bid, Price essentially 
designed and built a machine that would 
drill postho les in basalt rock and move 
over rugged terrain. Part of the secret to 
s uccess was th e realization , a nd the 
agreement with the Forest Service Dis-
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trict Ranger Jeff Blackwood, who over­
saw management of the site, that it was 
not o rdained from above that a fe nce 
does n ' t necessa ril y have to go in a 
stra ight line-a mostl y stra ight line will 
do. T hat fl ex ibility a ll owed Price, work­
ing with Dick Partney, another local sup­
po rter of the Project, to take the tracked 
drilling machine up and down through ra­
vines that would have been otherw ise im­
poss ible to negotiate. It was j ust o ne mo re 
craps hoot that came up "sevens." Scott 
Feltis, a determined FS technician (no w 
deceased) wh o wo rked fo r Brya nt , 
worked c losely with Pri ce and Partney in 
overseeing the contract fo r building the 
enclosure in the span of a few short 
months in 1987- on time and within cost. 

Afte r a seri es of fi ts and starts, and 
w ith incredible innovations and modifi ­
cati o ns, o ur fri e nd s in Te xas came 
throug h with the radio te lemetry syste m 
upon whi ch everything depended. The 
pieces were falling into pl ace. 

Now, there were mounting political 
proble ms to overcome. Thi s 40 square 
mil e, 8-foot- high, fenced enclosure sat 
smack-dab in the middle of an elk and 
mule deer migration corridor and some of 
the most powerful environmental advo­
cates in the area didn ' t like our proposal 
one bit. And, some hunters who had hunt­
ed on the Starkey Experimental Fores t 
a nd R a nge fo r many decades were 
bumped from their accustomed hunting 
grounds- and they reall y didn ' t like that. 

Again , supporters in the Nati o nal For­
es t System came to the rescue. Hugh 
Black, Jr., then the Fish and Wildlife Di­
rector for FS Region 6, recruited an out­
standing young biologist fro m the Bureau 
of Land Management, Michael Wisdom, 
to handle the public relations aspects of 
the operation. Wisdom held repeated in­
fo rmational meetings in every town and 
community within a 100-mile radius of 
Starkey. He was, seemingly, ever present 
in the press, in magazines, and on tele­
vi sion and radio. He organi zed and con­
ducted hundreds of tours fo r interest 
groups of a ll kinds-ranchers, foreste rs, 
hunte rs, environmentali sts, science clas­
ses, service c lubs, and anyone e lse he 

could snatch off the streets. And, as a re­
sult, the tide of public opinio n slowly 
turned from oppos ition to support- with 
some signifi cant exceptio ns. 

Tour groups encounte red sig ns pos ted 
on the Starkey E xperime ntal Forest that 
procla imed " Jack Ward T ho mas-Com­
muni st American! " Ano ther s ig n was a 
c ircle surrounding a " Red Star " that pro­
c la imed- in Ru ss ian sc ript-"Kill a 
Communi st fo r C hri st !" O thers presented 
my face in the c ross hairs of a rifl escope. 
To address these views, known o pponents 
of the Project were contacted directly and 
shown the fac ility first-hand . As a result, 
oppos ition to the Project eventually sub­
sided among these stronges t of local de­
tractors in rural communiti es of no rtheas t 
Oregon. 

Further support, however, was needed 
at regional and nationa l levels. In re­
sponse, Robert " Bob" Munson of the 
fl edgling Rocky Mountain E lk Founda­
ti on- headquartered in Missoula, Mon­
tana-offered substantia l and essenti al 
help. The organi zation was new and 
struggling, but Munson came through 
with a littl e money-but a signi ficant po r­
ti on of what they had in the sock-and a 
lot of endorsement. He took a gambl e, 
and it paid off with increased natio nal 
support from those interested in e lk man­
agement on the publi c lands. 

The permitees that ran cattle on Star­
key had to adjust to the new circumstanc­
es and were, understandably, apprehen­
sive. But, they had been dealing with FS 
researchers for nearly half a century and 
gave us their support- with a bit of trep­
idation. With the help of M artin Vavra 
and Tim DeiCurto of Oregon State U ni­
versity's Eastern Oregon Agricultural Re­
search Station, the permitees agreed to 
adapt the ir cattle grazing operations to the 
new research goals. The permittee's cat­
tle, along with those provided by Vavra 
and DeiC urto from Oregon State U ni ver­
sity, thus were incorporated into the new 
research. 

At thi s po int, we had the enclosure, the 
handling fac ilities, the radio telemetry 
system, and support where it coun ted 
most. Now, all we needed was the per-
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sonnel and the operating money to con­
duct the planned studies. It was quickly 
made clear by our bosses in FS research 
that in terms of personnel and operating 
dollars "what you see is what you've 
got"-i.e., there was to be no increase in 
personnel or funding. So, our long-term 
research partners stepped in to provide 
the scientific staffing not available from 
the FS budgets. Key leaders of ODFW 
stepped in- Northeast Regional Director 
Warren Arrey, Big Game Director Rod In­
gram, and Director Randy Fisher-to 
commit a full staff of ODFW scientists to 
the new Project. Leckenby and Erickson 
of ODFW had moved on but were re­
placed by an outstanding scientist staff of 
Bruce Johnson, Jim Noyes, Scott Find­
holt, Priscilla Coe, and Rosemary Stussy. 
In particulm~ Bruce Johnson, long-time 
Starkey Project Leader for ODFW, pro­
vided the leadership, dedication, and sci­
entific credibility that ultimately saved 
the Project during the extremely lean 
budget yem·s experienced by the FS dur­
ing the mid- and late 1990s. Without the 
contributions of these scientists from 
ODFW, pm·ticularly those from Johnson, 
the Project would likely have come to an 
unfulfilling end in the 1990s. 

The National Council on Air and 
Stream Improvement (NCASI) also 
stepped up and provided personnel to car­
ry out the studies related to the "thermal 
cover hypothesis ." Larry Irwin helped us 
obtain the services of John Cook, and lat­
er Rachel Cook, to head up that research 
and follow-on studies of elk birth date­
nutrition interactions. John Cook provid­
ed an extremely high standard of scien­
tific performance and dedication in car­
rying out these essential studies. Boise 
Cascade Corporation lent their support 
through in-kind contributions to fence 
construction and implementation of the 
timber management study. Boise also 
hired biologist and range scientist Bob 
Riggs, who has worked as an extremely 
effective and scholarly collaborator with 
the Project to this day. 

The National Forest System provided 
further support through detailing of range 
and wildlife personnel to the Project dur-

ing the early 1990s, when research staffs 
of the FS were given a number of other 
technical assignments that took time 
away from the Starkey Project. Moreover, 
the PNW Resem·ch Station allowed Bry­
ant to make an astute hiring of Brian Dick 
in 1990, who oversaw the increasingly 
complex management of the new facility 
and technologies at Starkey. Dick was 
further assisted by the hiring of Jack 
Nothwang, Ryan Kennedy, and Cheryl 
Borum, who played important roles in the 
establishment and management of the 
new facilities . Norm Cimon was assigned 
as data analyst for the Project, and estab­
lished and maintained complex data col­
lection and storage systems essential to 
the Project's success. Alan Ager of the 
Umatilla National Forest stepped in and 
provided new software needed for man­
aging and analyzing the complex data 
sets as they became available. Mary 
Rowland, then a consulting biologist and 
now a PNW scientist, wrote a series of 
publications outlining the rationale, ob­
jectives, technologies, and methods of 
data collection for the Project. These 
needed personnel were recruited during 
the tenure of PNW Station Leader Charlie 
Philpot, and were further supported by 
subsequent Station Leaders Tom Mills 
and Tom Quigley. 

Within a few short years of the Proj­
ect's conception, what seemed an impos­
sible dream had come true thanks to per­
sistence, luck, skill , and a lot of help from 
our friends in the National Forest System, 
ODFW, and NCASI. Even today, I look 
back and marvel that it all actually came 
to pass. And, when I look at the results 
and the changes in wildlife and land man­
agement that have occurred as a result, it 
was clearly time and money well spent. 

The Starkey facility is like nothing else 
that has ever existed in the world of nat­
ural resources research-or is likely to 
exist in the future. The opportunities it 
presents for new research are enormous­
but the opportunity is not being exploited 
to anywhere near its potential. 

Detailed long-term research often re­
ceives short shrift from both land and 
wildlife management agencies. But, in the 
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end, such research and the underpinnings 
it provides to actually effect adaptive 
management is essential. Good research 
is meticulous, slow, methodical, and ex­
pensive. But, when push comes to shove 
in the management arena there is simply 
no substitute for such a foundation. 

The research results that make up thi s 
book are the payoff for those who pur­
sued and facilitated the rea li zation of 
what seemed, at times, an impossible 
dream. Sometimes, and most fortunately 
in my view, the "Don Quixotes" of the 
world do succeed. 

The faci lity at Starkey and the research 
background that exists there is unique in 
a ll the world. Current upgrades in facili­
ties and a new and improved radio telem­
etry system will continue to provide un­
para ll e led opportunities to in vestigate 
new and previously intractabl e questions 
such as how grazing animals-wild and 
domestic- influence the trajectory of 
plant community development and other 
related questions. 

If you are impressed with the research 
results reported in the rest of this volume, 
it is likely that " you ain't seen nothing 
yet!" But, the realization of that potential 
depends on continued support from the 
Forest Service and its partners. Chief 
Dale Bosworth is to be commended for 
hi s interest and personal support for the 
promise that Starkey holds to provide 
critically needed understanding of ecosys­
tem function and dynamics. I can only 
hope, and trust, that others will follow his 
lead. 

More, much more, good research lies 
ahead. But, so much more could be done. 
Once before, we built "a field of dreams" 
with confidence in the whispers in our 
heads-"build it and they will come." 
We were not wrong in our faith then. I 

don't think we will be wrong thi s time 
either. 

And so it was-in the beginning. 
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Foreword: The Starkey Project-A Research Model 
for the Future 

Throughout my career, I can point to 
key programs and people who kept na­
tional forest management ahead of the 
curve. Such is the case with the Starkey 
Project and its scientists. 

The project was born of a typical con­
troversy in national forest management: 
How do we balance uses such as timber 
harvest, livestock grazing, road access, 
and hunting in relation to the needs of elk 
and mule deer? The stakes were high, 
given that elk and mule deer provide rec­
reational opportunities for millions of na­
tional forest users . Typically, the voices 
were shrill on both sides, yet we knew 
little about the tradeoffs. 

Then some enterprising scientists had a 
bold idea: Why not find out for sure what 
the t.radeoffs are? And why not do it in a 
way that national forest managers could 
use to help them make better decisions on 
the ground? 

The Starkey Project was born. Jack 
Ward Thomas and Larry Bryant of the 
Forest Service, along with Donavin Leck­
enby of the Oregon Department of Fish 
and Wildlife, helped found the project and 
initiate its research in the 1980s. Since 
then, more than a hundred researchers 
from more than 40 state, federal , private, 
university, and tribal organizations have 
provided definitive, scientifically credible 
information on mule deer and elk on na­
tional forest land. Although the project has 
produced more than 140 publications, the 
information they contained has influenced 
management actions long before it ap­
peared in technical journals or the popular 
press-frequently months or even years 
before. The Starkey Project set a new stan­
dard for cooperation between Forest Ser­
vice Research and National Forest System 
management, a shining example for re­
searchers and managers today. 

In spring 2004, I saw it for myself 
when some visiting Starkey scientists told 
me about their research . They were study­
ing how mule deer and elk were affected 
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by off-highway vehicles (OHVs), fire risk 
management, and the spread of invasive 
plants . Barely a year before, I had first 
spoken publicly of OHVs, fire and fuels , 
and invasive species as major threats to 
national forest management. Yet Starkey 
had already begun related research a good 
two years earlier. For a long-time land 
manager, seeing research ahead of the 
curve like that is deeply refreshing. I've 
always expected scientists to address rel­
evant management issues in a credible 
and compelling way, but to do so with the 
anticipation and foresight shown by the 
Starkey scientists is truly extraordinary. 

This book testifies to Starkey 's fore­
sighted influence on land management. 
For example, results from the breeding 
bull study on elk have led to changes in 
state and provincial hunting regulations 
across western North America. Similarly, 
findings from the elk-thermal cover study 
have prompted changes in national forest 
standards and guidelines across the west­
ern United States, as have findings from 
studies on deer and elk in relation to roads, 
traffic, livestock grazing, and timber har­
vest. Moreover, recent findings on mule 
deer and elk responses to all-terrain vehi­
cles have already been incorporated into 
national direction set forth by the Forest 
Service for improving management of 
OHVs. These are just a few examples of 
the Starkey Project's long-term success in 
providing relevant and timely information 
to land managers-sometimes before they 
even knew they had a problem. 

The Starkey Project is a model for ap­
plied research in the Forest Service. I 
commend the project's various partners 
for making the model an unqualified suc­
cess. This book documents Starkey 's ac­
complishments, and I expect it to become 
a standard reference on mule deer and elk 
management for many years to come. 

Dale N. Bosworth 
Chief, USDA Forest Service 
September 29, 2004 
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The Starkey Project: Long-Term Research for 
Long-Term Management Solutions 

Thomas M. Quigley and Michael J. Wisdom 

INTRODUCTION 

The Starkey Project is a unique, long­
term research program des ig ned to study 
the effects of key resource uses of Na­
tional Forests on mul e deer (Odocoileus 
hemionus) and e lk (Cervus elaphus) hab­
itats and populations. Located at the Star­
key Experimental Forest and Range (Star­
key), the purpose of the Project was to 
fill key knowledge gaps that posed diffi­
cult impediments to effective manage­
ment of ungulates, and to facilitate trans­
fer of this knowl edge in medium s most 
useful to managers. The orig inal studies 
were completed in the 1990s, but research 
to understand the effects of emerging re­
source uses on deer and e lk continues to­
day. In addition , new studies are under­
way to understand the rol e of these un­
gulates as disturbance agents that can dra­
matically alter the ecological patterns and 
processes in forest ecosystems. 

The following papers at thi s spec ial 
session of the 69'11 North American Wild­
life and Natural Resources Conference 
address thi s evolution of research topics 
by the Starkey Project and associated re­
search programs. Thi s research now has 
a 22-year history. With thi s hi story is a 
compelling array of scientific accompli sh­
ments made possible through long-term 
commitments from a wealth of scientists 
and partners. 

In our introductory paper, we summa­
rize the long-term commitments of the 
Starkey Project, and acknow ledge the 
many partnerships that made this research 
possible. We also describe what we con­
sider to be the key "ingredients" of a 
successful, long-term research program, 
using the Starkey Project as a case ex­
ample. Finally, we di scuss the accom­
pli shments and credibility that result from 
long-term research involving diverse part­
nerships and public interests. 
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INGREDIENTS FOR 
SUCCESSFUL, LONG-TERM 
RESEARCH 

Long-term research is rare and invalu­
able. Few research programs have the op­
portunity to operate, without interruption , 
for five years, le t alone 10, 15, or 20 
years. The hi story of the Starkey Project 
is o ne such exception . Born of controver­
sy over management of timber, grazing, 
roads, and hunting, the planning stage 
alone took four years (1982- 1985) (Wis­
dom et a l. 2004a). Another four years 
( 1986- 1989) were required to establish 
the research fac ility (Row I a nd et a l. 
1997). Fi nally, the original studies took 
five to seven years to compl ete (L 990 
through mid-1990s). 

Today, the research at Starkey (Wis­
dom et a l. 2004a) continues to flouri sh as 
it divers ifi es (Thomas and Wisdom 2004). 
Known as the Starkey Project since in­
ception (Rowland et al. 1997), the re­
search was designed to address the most 
contentious problems regarding manage­
ment of mule deer and elk on National 
Forests in the western United States. 
While the original issues were addressed 
in research during the 1990s, a myriad of 
new issues have emerged. As a result, the 
Starkey Project has evolved to address 
these new issues, with continued focus on 
studies designed to gain a better under­
standing of the role of ungulates in man­
aged ecosystems (Vavra et al. 2004). 

The record of the Starkey Project pro­
vides a convincing example of what de­
fines an effective, long-term research pro­
gram. Our examination of its history 
(Rowland et al. 1997, Wisdom et al. 
2004a) and achievements (Thomas and 
Wisdom 2004) led us to identify four key 
ingredients of the Project's success: (1) 
diverse, stable partnerships, (2) long-term 
commitment, (3) high relevance to man-
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agement, and ( 4) effective technology 
transfer. 

Diverse, Stable Partnerships 

From inception, the Starkey Project 
sought support and involvement fro m all 
groups with strong interests and invest­
ments in management of National Forests 
in the western United States. These inter­
ests included state wildlife agencies, fed­
eral land management agencies, timber 
companies, livestock associations, tribal 
nations, and conservation groups. Univer­
sity partners became increasi ng ly in­
volved as the diversity of research topics 
increased and opportunities for involve­
ment of graduates studies was enhanced. 
Over 40 groups ultimately played an ac­
tive role in planning and implementing 
the research (Table 1). Importantly, the 
distribution of different groups has been 
relatively even, with highest number of 
partners having private, university, and 
federal affi li ati ons (Fig ure 1). 

The diverse partnerships provided 
strong ownership in the research and sub­
sequent results. Over 100 scientists, rep­
resenting more than 40 partners, have par­
ticipated in the publication process (Figure 
1). (See the following web link for a com­
plete list of authors: http://www.fs.fed.us/ 
pnw/starkey/publications/by_authorlindex . 
shtml). The strong ownership and subse­
quent trust among so many partners has 
resulted in rapid and effective use of find­
ings (Thomas and Wisdom 2004). 

An additio nal benefit of the diverse 
partnerships has been the long-term sta­
bility that comes with a variety of funding 
sources. For example, federal and state 
budgets have fluctuated across the many 
budget cycles experienced by the Starkey 
Project, but the two lead agencies-the 
Oregon Department of Fish and Wildlife 
and U.S . Department of Agriculture For­
est Service-have invariably found ways 
to match resources with other partners in 
a cost-effective manner. M oreover, the di­
verse partnerships have provided a stable 
base of support, helping minimize unde­
sired changes in funding and research fo­
cus that can occur with dynamic budgets 

of any one partner or small group of part­
ners. 

The many partners also have contrib­
uted a variety of research skill s, enhanc­
ing the scientific credibility of publica­
tions and subsequent management prod­
ucts. One example is the development of 
a model to allocate forage among ungu­
lates for allotment management planning 
on public lands (Ager et al. 2004). Sci­
entists involved with this work included 
field biologists, computer programmers, 
research analysts, ungulate speciali sts, 
and landscape ecologists. Another exam­
ple is the birth date-nutrition study of elk 
(Cook et al. 2004) that involved scientists 
with expertise in natural history, popula­
tion genetics, ungulate ecology, manipu­
lative experiments, animal nutrition, and 
animal husbandry. 

Long-term Commitment 

The Starkey Project has a long and pro­
ductive hi story. The research fac ili ty was 
fo rmally established in 1987 with the 
completion of one of the largest ungulate­
proof enclosures ever constructed (Row­
land et al. 1997). The facility became op­
erational in 1989 with the installation of 
a novel, automated radio-telemetry sys­
tem that could track the movements of 
more than 100 radio-collared ungulates 
accurately, frequently , and regularly, 24 
hours a day (Rowland et al. 1997). Since 
then, more than 50 studies have been con­
ducted, with more than 140 publications 
completed or in press (Thomas and Wis­
dom 2004). 

A centra l and vital benefit from this 
long-term commitment has been the ac­
celerating production of scientific publi­
cations (Figure 2). During the late 1980s 
and early 1990s, the number of publica­
tions in peer-reviewed journals was low, 
owing to the need to focus on large cap­
ital investments in the faci lity and to de­
velop, test, and implement a series of in­
novative research designs (Rowland et al. 
1997). As the original studies were com­
pleted during the 1990s, the number of 
publications increased substantially (Fig­
ure 2). This accelerating pace in publi­
cation rate has become particularly ap-
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TABLE 1. Research and management partners and the ir ro les in the Starkey Project, 1982-
2004 

Partner 

Oregon Department of Fish 
and Wildlife 

U.S . Department of 
Agri culture, Forest Se rvice, 
Pac ifi c Northwest Research 
Stat ion 

U.S. Department o f 
Agriculture, Forest Service, 
Region 6 

Boise Cascade Corporatio n 

Nationa l Counc il of the Pulp 
and Paper Industry for Air 
and Stream Improvement 

Oregon State Uni versity 

Rocky M ountain E lk 
Foundation 

Wallowa-Whitman Nationa l 
Forest and La Grande 
Ranger District 

U .S. Department of 
Agriculture, Forest Service, 
Washington Office 

Umatill a N ational Forest 

Oregon Department of Parks 
and Recreation 

Ochoco and Malheur National 
Forests 

University of Alaska-Fairbanks 

University of Idaho 

Role 

Lead state agency in Starkey research from time of 
inception to the present. 

Lead fede ral research branch in Starkey Project research 
fro m time of inception to the present. 

Lead federa l management branch suppo rting the 
establishment of S tarkey Proj ect te lemetry system, o the r 
technologies , and the techno logy transfer program. 

Private company that prov ided the means to harvest timber 
as part o f construc ti on of the S tarkey enc losure and as 
an experimenta l treatment for the inte nsive timber 
management study. Ongoing pa rtner in research thro ugh 
its staff of sc ienti sts. Led research on ungulate herbi vory 
effects in Blue M ounta ins. 

Private nonprofit organi zati on that has partic ipated as a 
major research pa rtne r since inception of the Starkey 
Project. Led research on e lk the rmal cover and nutrition. 

Major academic partne r in Starkey Project research. 
Oregon State Unive rsity's Easte rn Oregon Agri cul tura l 
Research Cente r has led the cattl e- re lated studies of the 
Starkey Project since inception. Graduate students have 
completed, or are in the process of completing, a myri ad 
of diffe rent studies used in e ight Master Theses. 

Nati ona l non-profit o rganization that has provided key 
log istical, funding, and techno logy transfer support fo r 
Starkey research from time of inception to the present. 

Provided major funding and staffi ng in support of 
install ation , mainte nance, and repairs of infras tructure 
required for the Starkey Project. Helped collect needed 
data on traffic counts and othe r fi eld vari ables in support 
of ori ginal studies. 

Prov ided majority of funding fo r establishment of Starkey 
Project enclosure and other technologies to launch the 
start of the Project. 

Provided critical ana lytical and software support fo r the 
Starkey Project since inception, with support continuing 
to the present. Have provided funding and he lped plan 
various studies for the Starkey Project as part of the 
Blue Mountains E lk Initiati ve. 

State agency that prov ided major research fundin g for 
study on effects of off-road recreation , and helped 
design the study. 

Helped plan various studies for the Starkey Project as part 
of the Blue M ounta ins E lk Initiative. 

Major partner in recent research on the role of mule deer 
and e lk in ecosystem processes. A Ph.D. student has 
completed this research, with multiple publicati ons 
produced, in press , o r submitted . 

Maj or partner in a variety of studies. Graduate students 
have completed, or are in the process of completing, 
multiple studies that include two M aster Theses and two 
Ph.D. Dissertati ons. 
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TABLE 1. Continued 

Partner 

U niversity of Californi a­
Berkeley 

Purdue University 
Univers ity of Minnesota 

U nivers ity of M ontana 

Washington State University 

Washingto n Department of 
F ish and Wildlife 

Eastern Oregon Uni versity 

O regon State Po lice, Game 
Divi sion 

Idaho Department of F ish and 
Game 

Alaska Department of F ish 
and Game 

La Grande Animal Health 
Center 

Confederated Tribes of the 
U matill a Indi an Reservatio n 

Nez Perce Tribe 

Confederated Tribes of Warm 
Springs Indian Reservation 

Oregon Hunte r's Assoc iation 

U. S . Department of the 
Interior, Bureau of Indi an 
Affairs 

U .S. Department of the 
Interior, Bureau of Land 
M anagement 

Oregon Cattlemen's 
Association 

Dick Snow Ranch 

Trimble, Incorporated 

Tracor, Incorporated 

Partney and Sons, Incorporated 

Role 

Provided major ana lysis and des ign for studies of diffusion 
mode ling of animal movements w ith use of Starkey 
Project data. Graduate student is parti c ipating in study 
of effects of off-road recreation on mule deer and elk. 

Partner in DNA-breeding studies of elk. 
Partne r in research on nutritional indices and condition for 

e lk, us ing Starkey Project's tame e lk. 
Partne r in research on effects of in tens ive timber 

management at Starkey. Graduate student completed a 
M aster Thesis in support of thi s study. 

Parti c ipated in the design of new he rbi vory research at 
S tarkey, and have prov ided long-term veterinary care for 
tame deer and e lk as part of Starkey P roj ect. 

M aj or partner in e lk di et selection graz ing trials, using 
S tarkey Project 's tame e lk . 

Prov ided fie ld and office support fo r the Starkey Project 
s ince its inceptio n, in the fo rm of bio logica l in terns 
under the Student Employme nt Tra ining Program, and in 
collaborative research efforts be tween fac ulty and 
Starkey Project staff. 

Provided law enforcement during the 58 hunting seasons 
conducted in support of research since inception. 

M ajor partner in research to va lidate and re fine methods of 
aeri a l survey fo r elk. 

Loaned and demonstrated the use of equipment for Starkey 
research. 

Provided criti cal veterinary care fo r deer and elk used in 
S tarkey Project research since inception. 

Helped des ign and participated in triba l hunts conducted in 
support of Starkey research. He lped plan various studies 
for the Starkey Project as part of the B lue M ounta ins 
Elk Initiat ive. 

Helped plan various studies fo r the Starkey Project as part 
of the Blue M ountains Elk Initiat ive. 

Helped plan various studies for the Starkey P roject as part 
of the Blue Mountai ns Elk Initiative. 

Prov ided funding and he lped plan vari ous studies for the 
Starkey Project as pa rt of the B lue M ounta ins E lk 
Initi ative. 

Helped des ign tribal hunts at Starkey as part of the 
research. Helped plan various stud ies for the Starkey 
Project as part of the B lue M ountains E lk Initi ati ve. 

Helped plan various studies for the Starkey Project as part 
of the Blue M ountains Elk Ini tiat ive. 

He lped plan and prov ide support fo r the animal uni t 
equi va lency study at start of Starkey Proj ect. 

Partic ipated in cattle research as part of the Starkey Project 
s ince inception. 

Provided major technologies needed fo r the Loran-C 
automated te lemetry system. 

Prov ided major techno logies needed fo r the Loran-C 
automated te lemetry system. 

Estab li shed the ungu late enc losure w ith use of innovati ve 
drilling techno logy. 
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TABLE I. Continued 

Partner Role 

West, Incorporated Prov ided major stati stica l analyses in support of Starkey 
Project research. 

Stati sti cal Services, 
Incorporated 

Provided major stati sti ca l analyses in support of Starkey 
Project research. 

David Marx Consulting Prov ided major statisti ca l analyses in support of Starkey 
Project research. 

U.S. Department of 
Agriculture, Forest Service, 
Pac ific Southwest Research 
Station 

Prov ided major analys is support for study of effects of off­
road recreation on deer and e lk at Starkey, and fo r 
studies of diffusion modeling of animal movements. 

pare nt d uring the past six years, s ignaling 
a compe lling return fro m the lo ng-te rm 
investment. The publicati on ra te for the 
Starkey Project now exceeds 12 peer-re ­
v iewed publicatio ns per year (no t includ­
ing published abstracts, to urs, wo rksho ps, 
sy mposia, videos, magazine arti c les, te le­
vis io n features, and othe r popul ar medi a) . 
Thi s publication rate surpasses many oth­
er sta te or federal research p roj ects of 
simil ar size and budgets. 

Impo rtantly , the large number of peer­
re viewed publicatio ns produced during 
the pas t six years also refl ects a n increas­
ing depth of study. Since 1998, most pub­
licatio ns of the Starkey Project contained 
results from data collected over a period 
of fo ur to fi ve years. B y contrast, our ex­
aminatio n of publicatio ns appearing in 
the Jo urnal of Wildlife M a nagem ent dur-
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FIGURE 1. Number of partners in the Star­
key Project and number of authors of Starkey 
publications, by affi liation (state agencies, 
federal agencies, universities , pri vate groups, 
and tribal nations). 

ing 2003 indicated that less tha n 5 percent 
of the a rti c les we re based o n data col­
lected over a period of fo ur years or lo n­
ger. 

Research imple me nted over lo ng time 
periods is invaluable because results are 
ro bust to sho rt-te rm anoma lies that can 
confo und results . For exa mple, lo ng-term 
results minimi ze the confounding effects 
of seasonal, annual, and climatic variatio n 
that can overwhelm and bias results of 
short- term studies . Long-term studies 
provide valuable opportunities to valida te 
the findings and hypotheses tha t emerge 
from the early years of research ; that is, 
portions of larger data sets, collected o ver 
a longer period of time, can be " held 
out" to validate initial findings of a given 
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FIGURE 2. Number of Starkey Project pub­
lications since 1987, summed by two-year pe­
riods through early 2004. Only peer-reviewed 
publications appearing in journals, books, and 
graduate theses and di ssertations are included 
(i.e., the summary excludes al l published ab­
stracts, "whi te papers," popular news and 
magazine articles, and other "gray li tera­
ture"). 
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study. Moreover, long-term data provide 
opportunities for a variety of follow-on 
analyses not planned under the original 
study objectives. 

An example is the 2004 release of a 
voluminous data set by the Starkey Pro­
ject (Kie et al. 2004). These data are now 
available for use by students, educators, 
and scientists as a complement to past 
uses by the Starkey Project. Kie et al. 
(2004) and Wisdom et al. (2004a) de­
scribe these data and their original uses 
in Starkey Project studies. 

High Relevance to Management 

The Starkey Project was designed to 
address key knowledge gaps identified as 
impediments to effective management of 
ungulates on National Forests in the west­
ern United States. The Project operates 
under the concept of adaptive manage­
ment (Holling 1984, Walters 1986). The 
scientific basis for adaptive management 
uses the following process: (1) managers 
identify knowledge gaps that prevent de­
sired improvements in targeted resources, 
(2) managers and scientists jointly devel­
op testable hypotheses to address the 
knowledge gaps, (3) scientists design and 
implement studies to test the hypotheses, 
(4) managers and scientists interpret and 
disseminate results from the studies for 
management use, (5) managers and sci­
entists identify additional knowledge 
gaps and hypotheses for testing, based on 
study results and ensuing questions that 
arise from the results, and (6) the cycle is 
repeated one or more times, if desired, us­
ing knowledge gained from earlier phases 
of study. 

An example of the Starkey Project's 
use of adaptive management is the study 
of breeding efficiency of bull elk (Noyes 
et al. 2004). This study was jointly de­
signed by managers and scientists to ad­
dress the issue of whether hunter harvest 
of bull elk needed modification to im­
prove survival of older bulls and enhance 
their breeding performance. The study 
was conducted from 1989 through 1993, 
as implemented over the entire elk pop­
ulation in the 19,180-acre (7,768-ha) 
Main Study Area. Hunting by the public 

was used to implement the research, with 
hunters working closely with scientists to 
achieve desired harvest and collect need­
ed data. Managers then used results from 
the study to redesign harvest regulations 
for bull elk in many states and provinces 
in western North America. In turn, vali­
dation tests were conducted by repeating 
the study for another five years at Star­
key. Results from the validation provided 
strong support for earlier changes in hunt­
ing regulations that were made in re­
sponse to findings of the original study 
(Noyes et al. 2004) . 

Use of adaptive management continues 
in current research. For example, an 
emerging, national issue is the use of all­
terrain vehicles (ATVs) on public lands. 
Land managers and public interests at na­
tional, regional, and state levels worked 
closely with Starkey scientists in 2002 to 
design and implement new landscape re­
search to evaluate effects of ATVs on 
deer and elk as compared to hiking, 
mountain bike riding, and horseback ri­
ding. Initial findings are now available 
(Wisdom et al. 2004b). Importantly, the 
findings are already being considered by 
managers, interest groups and Starkey 
Project scientists to devise appropriate 
management applications. Given the high 
level of controversy surrounding off-road 
recreation on public lands, new study pro­
posals are being drafted by managers and 
Starkey scientists to validate aspects of 
the initial findings, and expand upon this 
study in future research. 

Effective Technology Transfer 

The Starkey Project was one of the first 
research programs in the Forest Service 
with full-time support from a technology 
transfer scientist (Rowland et al. 1997). 
This position functioned as part of the 
Starkey Project staff from 1987 to 1994, 
and served as the primary liaison between 
management and research. During this 
time, the Starkey Project shared technol­
ogies and results with more than 200,000 
recipients encompassing local, regional, 
national , and international organizations, 
groups, and agencies. Transfer mediums 
included field tours, presentations, work-
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shops, symposia, news releases , newspa­
per features, magazine articles, radio in­
terviews, and television coverage. This 
work helped garner widespread public ac­
ceptance and support of the Project and 
its initial results (Rowland et at. 1997, 
Thomas and Wisdom 2004). 

Today, the Starkey Project continues to 
actively share results and technologies 
with a wide range of resource managers. 
Scientists have averaged more than 15 
field tours and more than 20 meeting pre­
sentations per year during the past de­
cade. These communication mediums, 
beyond the formal scientific publications, 
have played an important role in Star­
key's technology transfer program. 

CHALLENGES FOR LONG-TERM 
RESEARCH 

Many obstacles prevent successful im­
plementation of long-term research. 
Short-term priorities, budget fluctuations, 
large capital investments, changing polit­
ical agendas, and impatience with the 
lack of immediate scientific production 
are example impediments . The Starkey 
Project has overcome these obstacles be­
cause of diverse partnerships, long-term 
investments, high relevance to manage­
ment, and effective delivery of results. 
Continued emphasis on these key ingre­
dients will enable the Starkey Project to 
continue its success in serving land and 
population managers of deer and elk in 
the western United States. 

Key to this continued success will be 
the Project's reliance on adaptive man­
agement and effective synthesis of results 
in forms useful for management. Main­
tenance of healthy and diverse partner­
ships is imperative. Considering the 
wealth of completed and ongoing studies, 
success of partnerships, and the utility of 
the research facility, the future of the 
Starkey Project appears bright. The many 
papers presented at the 69' 11 North Amer­
ican Wildlife and Natural Resources Con­
ference attest to the Project's accomplish­
ments and relevance to resource manage­
ment over the past 20 years. 
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The Starkey Project: 17- 28, 2005. 

Overview of the Starkey Project: Mule Deer and 
Elk Research for Management Benefits 

Michael J. Wisdom, Mary M. Rowland, Bruce K. Johnson, and 
Brian L. Dick 

INTRODUCTION 

Managers have long been concerned 
about the welfare of mule deer (Odoco­
ileus hemionus) and elk (Cervus elaphus) 
on public lands in the western United 
States. These two species generate mil­
lions of dollars annually to state wildlife 
agencies from sales of hunting licenses, 
and elk viewing generates millions of ad­
ditional dollars to local and regional 
economies (Bolon 1994, Bunnell et al. 
2002). By contrast, the potential for elk 
and mule deer to compete with livestock, 
to damage agricultural crops, and to mod­
ify plant succession make the two species 
obvious sources of controversy among 
private and public land managers. 

In the 1980s, wildlife managers began 
to focus on the potenti al effects of timber 
management, livestock grazing, road use, 
and ungulate harvest strategies on mule 
deer and elk. At the same time, land man­
agers were concerned about constraints 
associated with these management activ­
ities, based on the perceived needs of the 
two species. In particular, timber harvest, 
livestock production , road construction, 
and motorized traffic were dominant and 
pervasive uses of public lands during the 
1980s and earlier decades, but their ef­
fects on deer and elk were uncertain and 
widely debated. In addition, the dichoto­
my of managing for productive habitats 
(i.e., high biomass and quality of forage) 
versus secure habitats (i.e., dense cover 
and minimal human di sturbance) was 
highly debated, with management trade­
offs that were unclear (Lyon and Chris­
tensen 2002). As an outgrowth of these 
concerns and the lack of empirical data, 
the Starkey Project was initi ated in the 
mid-1980s at the U.S. Department of Ag­
riculture, Forest Service's Starkey Exper­
imental Forest and Range (S tarkey) in 
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northeaste rn Oregon (Figure 1). The Proj­
ect was designed to evaluate mule deer 
and e lk responses to the most common 
management activities occurring on Na­
tion a l Forests in the western United 
States. 

In thi s paper, we provide an overview 
of the Starkey Project, as an introduction 
for the papers that follow. Additional de­
tail s about the Starkey Project and the 
Starkey Experimental Forest and Range 
are found in Rowland et al. (1997 , 1998), 
Skovlin (1991), and at the Starkey Proj­
ect web site: (http://www.fs.fed.us/pnw/ 
starkey/). 

CONTROVERSIES OF 
UNGULATE MANAGEMENT: 
BEGINNING OF THE 
STARKEY PROJECT 

The Starkey Project was born from 
contentious debate about how best to 
manage habitats and populations of mule 
deer and elk in the western United States, 
and the degree to which traditional man­
agement practices on public lands needed 
modification to accommodate the two 
species' needs. The most prominent is­
sues of debate related to (1) road and traf­
fic management, (2) intensive timber pro­
duction and thermal cover, (3) competi­
tion between wild ungulates and cattle, 
and ( 4) breeding efficiency of male elk in 
relation to population productivity. These 
four issues became the foundation of the 
Starkey Project's original studies that be­
gan in 1989 and ended during the 1990s 
(Table 1). 

The issue of road management re­
volved around the uncertainty of whether 
mule deer and elk avoided roads open to 
motorized traffic, and whether the rate of 
motori zed traffic influenced ungulate di s-
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Main Study Area 
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FIG URE 1. Locatio n of Starkey E xperimental Forest and Range in northeastern Oregon, 
28 miles (45 km) southwest of La Grande (uppe r left), and boundaries of the ungulate-proof 
enc losure, internal ungulate fe nces, and study areas (bottom). The 3,590-acre (1,453-ha) 
No rtheast S tudy Area and 19, 180-acre (7 ,768-ha) M ain Study Area a re the two study sites 
where research occurs fro m April thro ug h early December o n free- ranging ungulates . The 
655-ac re (265-ha) Winter Area is the site of winter feeding and handling of deer and elk. 
The 1,537-acre (622-ha) Campbell Study Area is used in support of ungulate breeding and 
grazing studies . 

tributi o n (Rowland et al. 1997). To ad­
dress these issues, vehicle travel by the 
public was mo nitored with traffic coun­
ters during the 1990s in the M ain Study 

Area (Figure 1) from M ay through De­
cember of each year (Table 1). Radio-te­
lemetry locations of ung ulates were col­
lected and analyzed in relation to road 
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type (open, closed, restricted) and traffic 
rate (zero, low, moderate, high, very 
high). The result has been a set of com­
pelling findings about deer and elk distri­
butions in relation to distance to roads of 
varying traffic rates (Wisdom 1998, Wis­
dom et al. 2004b), and elk distance to 
open roads (Rowland et al. 2000, 2004). 
Results are now used for management of 
roads and access throughout western 
North America (Thomas and Wisdom 
2004). 

Considerable controversy also existed 
about the effects of timber management 
on mule deer and elk (Hieb 1976, Row­
land et al. 1997). Consequently, ungulate 
response to intensive timber production 
was assessed in the Northeast Study Area 
of Starkey (Figure 1). Radio-collared cat­
tle, deer, and elk were monitored from 
1989-1996, spanning periods before, dur­
ing, and after timber harvest (Table 1). 
Over half of the forested area was sub­
jected to intensive logging, combined 
with a doubling of road density. Animal 
responses were monitored in a variety of 
ways (Rinehart 2001, Wisdom et al. 
2004c). Results provided little evidence 
of negative effects on ungulates from ac­
tivities or changes brought about by in­
tensive timber harvest on summer range 
during non-hunting periods (Wisdom et 
al. 2004c). 

Throughout the 1980s, some studies 
documented high use of dense forests by 
elk (Leckenby 1984), and others postu­
lated that elk were selecting these sites 
for thermal cover (Thomas et al. 1988). 
These ideas generated considerable de­
bate about how forests should be man­
aged and why elk were selecting dense 
cover. To address this issue, an experi­
mental study was conducted at Kamela, 
Oregon, approximately 30 miles (48 km) 
northeast of Starkey (Cook et al. 1998). 
Here, the nutritional condition of tractable 
elk maintained in pens was monitored in 
relation to four treatments: (1) dense ther­
mal cover, (2) moderately dense thermal 
cover, (3) no cover, and (4) a combination 
of no cover and thermal cover. Results 
indicated no positive benefits to animal 
condition from thermal cover. Instead, a 

negative effect was associated with high 
levels of cover (Cook et al. 1998, 2004a). 
These results have changed the way that 
managers think about and plan for main­
tenance of elk thermal cover across west­
ern North America (Thomas and Wisdom 
2004), in balance with the need to main­
tain dense cover for elk security, espe­
cially during hunting seasons (Lyon and 
Christensen 2002). 

The issue of whether mule deer and elk 
compete with cattle for available forage 
on summer range was addressed by a 
long-term study of ungulate interactions 
in the Main Study Area (animal unit 
equivalency study, Table 1). By evaluat­
ing the spatial distributions, resource se­
lection patterns, and behavioral interac­
tions of the three ungulates as cattle were 
rotated through livestock pastures on 
summer range (Coe et al. 2001 , 2004; 
Stewart et al. 2002), scientists were able 
to devise a realistic allocation of forage 
among the ungulate species by month and 
season (Johnson et al. 1996, Ager et al. 
2004). Based on these results and a sub­
sequent study of diet overlap among the 
three species (Findholt et al. 2004), a new 
forage allocation model is now available 
for beta testing as part of allotment plan­
ning on National Forests of the interior 
western United States (Ager et al. 2004). 

The issue of whether elk productivity 
is affected by age of breeding bulls also 
was addressed in the Main Study Area 
(Table 1). From 1989 to 1993, breeding 
male elk were allowed to increase in age, 
beginning as 1.5 year-old (yearling) bulls 
in 1989. During each of these five years, 
this single cohort of male elk functioned 
as the only breeders in the study popula­
tion. As bulls grew older, conception 
dates in female elk were earlier and more 
synchronous (Noyes et al. 1996). As are­
sult, calves were born earlier and over a 
shorter time period each spring, which 
may provide a number of survival bene­
fits (Noyes et al. 2004). Results have 
caused substantial changes in hunting 
regulations for bull elk across many states 
and provinces in western North America 
(Thomas and Wisdom 2004). 



20 THE STARKEY PROJECT 

TABLE 1. Chronology of major research activities of the Starkey Project, 1982-2004 (from 
Rowland e t al. 1997 and updated to early 2004) 

Year 

1982-1985 

1986 

1987 

1988- 1989 

1990 

1991 

1992 

1993 

1994 
1995 

1996 

Research acti vity 

• Initial di scussions regarding the Starkey Project take p lace among scientists 
from the Oregon Department of Fish and Wildlife and U .S. Department of 
Agriculture, Forest Service Pacific Northwest Research Station, resulting in 
proposals for the o ri g inal studies . 

• Environmental Assessment is completed and approved for construction of the 
Starkey research facility . 

• Twenty-seven miles (43 km) of New Zealand woven-wire fence is completed 
to enclose 24,962 acres ( I 0,110 ha) of the Starkey Experiment Forest and 
Range (Figure 1), encompassing summer range populations of mule deer and 
elk. 

• Over 65 traffic counters are installed at inte rsections of open roads in the Main 
Study Area for the roads and traffic study. 

• The 655-acre (265-ha) Winter Area and handling facility is completed (Figure 
1 ). 

• Loran-C automated te lemetry system (ATS) becomes operational in Northeast 
Study Area, allow ing ungulates to be radio-coll ared and monitored remotely 
to start the inte nsive timber management study. 

• Limited entry hunting of deer and e lk beg ins in support of breeding bull study 
in the Main Study Area. 

• Timber harvest contract is awarded for intensive timber management study in 
the Northeast Study Area . 

• Loran-C ATS is completed for the Main Study Area, making the te lemetry 
system operatio na l in a ll areas of Starkey, and a llow ing the start of the animal 
unit equivalency and roads and traffic studies. 

• Elk thermal cover study begins at Kame la, 30 miles (48 km) northeast of 
Starkey. 

• Starkey 's Institutional Animal Care and Use Committee is formed under new 
regulations promulgated from the federa l Animal Welfare Act, formali zing the 
ex isting procedures for humane care and treatment of ungulates used for re­
search (Wi sdom et a l. 1993). 

• Road construction and logging begins late in the year in Northeast Study Area 
as part of intensive timber management study. 

• Campbell Study Area (1,537 acres [622 ha]) is establi shed (Figure 1) in sup­
port of new breeding bull study. 

• Study of ungulate he rbivory effects on plant success ion and nutrient avai l­
ability begins at exc losures established > 25 years ago throughout northeastern 
Oregon. 

• Loran-C ATS is upgraded , resulting in improved accuracy of animal locations. 
• Logging is completed early in the year in Northeast Study Area; over 7 million 

board feet is harvested. 
• Elk breeding bull efficiency study is completed in Main Study Area. 
• Performance tests of Loran-C ATS are initiated. 
• Animal unit equivalency study is completed in M ain Study Area. 
• Prototype forage a llocatio n model is bui lt, tested, and published as part of 

anima l unit equivalency study (Johnson et a l. 1996). 
• Validation phase of e lk breeding bu ll study beg ins in Main Study Area. 
• Roads and traffic study is completed in M ain Study Area. 
• Elk thermal cover study is completed at Kamel a study site. 
• Results from the elk breeding bull study are pub li shed (Noyes et al. 1996). 
• Intensive timber management study is comple ted and e lk-ecosystem processes 

study is des igned for Northeast Study Area. 
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TABLE I. Continued 

Year Research activity 

1997 • New fue ls red uction study is designed for Main Study Area. 
• Cross-fenc ing of Northeast Study Area into east ( I ,500 acres [608 ha]) and 

west (2,090 acres [846 ha]) pastures is completed to start new research about 
e lk-ecosystem processes. 

1998 • Results from e lk thermal cover study at Kamela are published (Cook et a l. 
1998). 

• Performance tests and bias corrections for ATS are published (Johnson et a l. 
1998). 

• Results from the traffic study are summarized in a Ph.D. dissertation (Wisdom 
1998). 

1999 • Manipu lative experiment to validate results from traffic study begins in Main 
Study Area. 

• Fue ls reduction study begins in Main Study Area. 
2000 • Results from e lk-roads study are publi shed (Row land et a l. 2000). 

• Results from study on ungulate herbivory effects on plant success ion are pub­
li shed (R iggs et a l. 2000). 

• Additional results from the animal unit equ iva lency study on mule deer and 
e lk are published (Johnson et al. 2000). 

• Manipulative experiment to validate resu lts from traffic study is completed in 
Main Study Area. 

200 I • E lk-ecosystem processes research in Northeast Study Area is completed. 
• Resu lts from the in tens ive timber management study for e lk are summarized 

in a Master 's thesis (Rinehart 200 I). 
• Additional results from the ani mal unit eq uivalency study of cattle-deer-e lk 

interactio ns are published (Coe et al. 2001). 
• Symposium he ld at Eastern Oregon Uni versity to summarize fi ndings of 10-

plus years of research of the Starkey Project; attended by more than 150 
scientists and managers from western North America. 

2002 • Results from the validation phase of the elk breeding bull study are published 
(Noyes et a l. 2002). 

• New study on effects of off-road recreational activ ities on deer and e lk begins 
in the Northeast Study Area. 

• Construction of two ungulate exclosures, each 18 acres (7.3 ha) in size, is 
completed in the Main Study Area to begin new research on ungulate herbiv­
ory effects on ecological processes. 

• Replacement of the Loran-C ATS with a new GPS-based telemetry system is 
identified as a key need, with initial design and cost estimates completed. 

2003 • Three additional 18-acre (7.3-ha) ungu.late exc losures are built in support of 
new herbivory research in M ain Study Area. 

• New GPS-based radio collars are used on 16 e lk in the Northeast Study Area 
as part of study on effects of off-road recreation. 

• Study to validate Starkey elk resource se lection patterns begins at Sled Springs 
demonstration area on Boise Cascade Corporation lands in northeast Oregon. 

2004 • Off-road recreation study is completed in Northeast Study Area and prelimi-
nary results are published (Wisdom et a l. 2004a). 

• Field sampling begins for new herbivory research in Main Study Area. 
• Treatments for fuels reduction study are completed in Main Study Area. 
• Over I 0 years of research findings from the Starkey Project are summarized 

in a set of 20 papers presented at the 69111 North American Wildlife and Natural 
Resources Conference, and subsequently published in the Conference Trans­
actions and reprinted in a book by Allen Press. 

• Results from e lk birth-nutrition study are published (Cook et al. 2004b). 
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CONTINUED NEED FOR 
INFORMATION DRIVES 
ADDITIONAL STUDIES 

The original studies at Starkey were 
completed during the mid- and late 1990s 
(Table 1) and used by management agen­
cies soon after publication (Thomas and 
Wisdom 2004). Results also spurred fol­
low-on research, such as validation tests 
of the original breeding bull study (Noyes 
et al. 2002) and original traffic study 
(Wisdom et al. 2004b). Results from the 
original studies also were the catalyst for 
subsequent studies on the interactions of 
nutrition and bull age in affecting elk 
condition (Cook et al. 2004b) and the as­
sessment of ungulate diets (Findholt et al. 
2004) to realistically allocate forage 
among cattle, mule deer, and elk (Ager et 
al. 2004). 

New research continues today to fur­
ther complement the original research. 
While past studies focused on mule deer 
and e lk responses to management, new 
research also considers the effects of 
these ungulates on the ecosystem (Riggs 
et al. 2004, Vavra et al. 2004). In addi­
tion, new research has recently been com­
pleted, or is nearing completion, regard­
ing deer and elk responses to off-road 
recreation (Wisdom et al. 2004a), fuels 
reduction (Vavra et al. 2004), hunting 
(Johnson et al. 2004), breeding-nutrition 
interactions on elk condition (Cook et al. 
2004b), and fine-scale movement patterns 
of deer and elk (Ager et al. 2003). 

New research also is underway on non­
federal ownerships near Starkey to com­
plement past and current studies at Star­
key. As an example, the resource selec­
tion models derived at Starkey for the an­
imal unit equivalency study (Johnson et 
al. 2000) are being validated at the Sled 
Springs study area, on land owned by 
Boise Cascade Corporation (Coe 2003). 
This research at Sled Springs will 
strengthen and expand the inference 
space for the Starkey forage allocation 
model (Ager et al. 2004) to improve its 
use across larger areas of the western 
United States (Coe 2003). 

NEW TECHNOLOGIES SUPPORT 
THE STUDIES 

The main goal of the Starkey Project 
has been to measure the habitat, behav­
ioral, and population responses of mule 
deer and elk to intensively managed for­
ests and rangelands at the landscape 
scales at which management occurs. 
Meeting this goal for the plethora of stud­
ies that have taken place required inno­
vative technologies and a unique research 
environment with the following charac­
teristics: 

1. a closed system to ungulates, with de­
fined ungulate populations whose re­
sponses to management experiments 
on spring, summer, and fall ranges 
could be measured accurately; 

2. an expansive area over which the ex­
periments could be implemented, al­
lowing inferences to be made at land­
scape scales used for management; 

3. an animal tracking system capable of 
accurate and continuous monitoring of 
animal movements; 

4. a network of traffic counters for close 
monitoring of human activities and 
movements; 

5. a winter facility, where mule deer and 
elk could be fed to minimize the con­
founding effects of winter weather; 

6. a database and mapping system capa­
ble of storing and displaying a com­
prehensive set of environmental vari­
ables in relation to animal movements 
and human activities; and 

7. an effective strategy of hunter man­
agement and mule deer and elk har­
vest, using limited entry hunts, to 
achieve desired management treat­
ments on ungulate populations, to col­
lect data from harvested animals to 
meet research goals, and to evaluate 
ungulate responses to varying levels 
and types of hunting pressure. 

Establishing these technologies and the 
needed research facility at Starkey re­
quired innovation, persistence, and per­
suasion on the part of the founders of the 
Project (Rowland et al. 1997). Scientists 
Jack Ward Thomas and Donavin Leck­
enby, then with the Forest Service's Pa-
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cific Northwest Research Station and the 
Oregon Department of Fish and Wildlife, 
developed novel study plans not con­
ceived in past wildlife research. The plans 
called for the most intensive radio-telem­
etry monitoring of ungulate populations 
ever attempted, and for novel experimen­
tal treatments and controls for evaluating 
animal responses to management activi­
ties at landscape scales not considered 
possible. 

Thomas then convinced Regional For­
ester John Butruille of the worth of the 
proposed studies. Butruille responded by 
committing millions of dollars from the 
management branch of the Forest Service 
to establish the needed technologies and 
research facility. Larry Bryant, another 
scientist with the Pacific Northwest Re­
search Station at the time, then directed 
the development, acquisition, and imple­
mentation of every major technology and 
facility improvement during the late 
1980s, each of which is still in use today 
in support of Starkey research. 

Ungulate-proof Enclosure 

Forty miles (64 km) of 8-foot-high (2.4 
m), New Zealand woven-wire fence were 
constructed in 1987 to establish the Star­
key ungulate enclosure (Bryant et al. 
1993). An additional 27 miles (43 km) of 
internal fence were constructed to estab­
lish three separate areas (Figure 1): the 
Main Study Area (19,180 acres [7,768 
ha]), Northeast Study Area (3,590 acres 
[1,454 ha]), and Winter Area (655 acres 
[265 ha]). Later, in 1992, the 1,537-acre 
(622-ha) Campbell Study Area was built 
to accommodate additional research 
needs (Figure 1, Table 1). 

The total area of 24,962 acres (10,110 
ha) functions as one of the largest ungu­
late research enclosures in the world. Its 
completion established a closed but eco­
logically extensive system for ungulates. 
The result was a research environment 
that provided ungulates with uncon­
strained habitat choices over expansive 
areas commensurate with the size of their 
spring, summer, and fall ranges in the 
western United States, but also forced the 

ungulates to respond to the management 
experiments (Rowland et al. 1997). 

Importantly, the New Zealand woven­
wire fence was designed as an effective 
but humane barrier to ungulates. When 
ungulates run into the fence, it acts as a 
trampoline, pushing animals away from 
the fence without injury (Bryant et al. 
1993). The fence was designed to func­
tion more than 30 years before major re­
pairs are needed. 

Automated Telemetry System 

Long Range Navigation (LORAN-C) 
technology developed by the United 
States Coast Guard for ship and airplane 
navigation was adapted by Starkey sci­
entists to establish an automated teleme­
try system (ATS) in 1989 (Dana et al. 
1989, Table 1). The Starkey ATS can gen­
erate up to one animal location every 20 
seconds, 24 hours a day, from April 
through December each year. The fre­
quency and order of obtaining animal lo­
cations is programmable, such that more 
than 100 radio-collared animals can be re­
located at a frequency of approximately 
one location for each radio-collared ani­
mal/hour (Rowland et al. 1997, Kie et al. 
2004). Or, a subset of animals can be re­
located more frequently, such as one lo­
cation for a given animal every minute, 
depending on the sampling schedule re­
quired to meet research needs. 

Locations from the ATS have a mean 
accuracy of 164 feet (50 m) of the true 
location (Findholt et al. 1996). This lo­
cation accuracy allows for reliable esti­
mation of resource selection patterns and 
spatial distributions of ungulates in time 
and space to meet Starkey research goals 
(Findholt et al. 2002). Performance of 
the ATS has been well documented 
(Johnson et al. 1998, Garton et al. 2001). 
Over 2 million locations of elk, mule 
deer, and cattle have been collected since 
1989, with location data used in a variety 
of Starkey publications. Example uses 
include Johnson et al. (2000), Rowland 
et al. (2000), Garton et al. (2001), and 
Leban et al. (2001). See complete list of 
Starkey Project publications at http: I I 
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www.fs.fed.us/pnw/starkey/publications/ 
by _au thor/i ndex.shtml. 

Winter Feeding and Handling 

Mule deer and elk traditionally migrat­
ed to winter range at lower elevations far 
from Starkey. Construction of the Starkey 
enclosure in the summer and fall of 1987, 
however, surrounded the populations of 
mule deer and elk on their spring, sum­
mer, and fall range, preventing migration 
to traditional winter range. Consequently, 
a 655-acre (265-ha) Winter Area (Figure 
1) was established to feed animals, and in 
the process, minimize the confounding 
effects of winter weather and foraging 
conditions on deer and elk responses to 
the summer range experiments (Rowland 
et al. 1997). 

Mule deer and elk are baited to the 
Winter Area or live-trapped and moved to 
the site each December. Deer and elk are 
fed a lfalfa pellets and hay, respectively, 
from December through March, and then 
released back into the study areas for an­
other year of research. This ration is fed 
ad libitum, thus reducing potential varia­
tion in physical condition of animals ow­
ing to variation in winter weather. 

The Winter Area also has an elk han­
dling facility that allows scientists to han­
dle animals humanely and efficiently to 
check their condition and equip them 
with radio collars (Wisdom et al. 1993). 
Handling in December and January in­
cludes tests for pregnancy and disease, 
and measurements of percent body fat 
and weight, for analysis of these data in 
relation to the summer range experiments. 

Network of Traffic Counters 

Over 65 traffic counters were installed 
at open road intersections throughout the 
Main Study Area in 1989 as part of the 
roads and traffic study (Table 1). The 
counters record the number of motorized 
vehicles that pass over an inductive loop 
buried underneath the road, as summa­
rized by 15- or 30-minute intervals, 24 
hours a day, from May through December 
of each year. 

The counts have been used to estimate 

the rate of motorized traffic (number of 
vehicles per unit time) on each road at 
Starkey, as summarized by time of day 
for each season of each year. The traffic 
rates were used to evaluate mule deer and 
elk distributions in relation to distance 
from roads with varying rates of motor­
ized traffic in the Main Study Area (Wis­
dom 1998, Wisdom et al. 2004b). 

Use of Hunting for Research 

From 1989 through 2003, 58 limited 
entry hunts of deer or elk have taken 
place in support of Starkey research goals 
(see Rowland et al. 1997 and the Starkey 
web page). These hunts are used to main­
tain population characteristics (e.g., sex 
and age ratios) for mule deer and elk sim­
ilar to those outside Starkey, so that re­
sults are relevant to extant populations. 
Rowland et al. (1997:31) listed five ad­
ditional reasons for use of hunting as part 
of Starkey research: (l) to collect data on 
animal condition, (2) to obtain baseline 
population data from harvest statistics, 
(3) to provide traditional recreational op­
portunity, (4) to provide data for input 
into a model of elk vulnerability to har­
vest, and (5) to subject animals to hunting 
pressure and disturbance similar to that 
outside the enclosure. The incorporation 
of hunting as part of the Starkey research 
also has allowed scientists to evaluate 
deer and elk responses to being hunted, 
as measured in terms of energy expendi­
tures, changes in spatial distributions and 
resource selection patterns, and harvest 
rates in relation to hunter density (John­
son et al. 2004). Finally, the use of hunt­
ing as part of the research has facilitated 
detailed studies of hunters' willingness to 
pay for a variety of harvest opportunities 
and hunting experiences (Fried et al. 
1995). 

Data Collection and Mapping of 
Environmental Variables 

Data for more than 100 environmental 
variables have been collected and mapped 
for Starkey research (Rowland et al. 
1998). Example variables include slope, 
aspect, elevation, convexity, canopy clo-
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sure, ecoc lass, distance to water, and dis­
tance to open roads (Kie et al. 2004). 
These variables have been used in a va­
riety of Starkey publications, such as 
those as described here and in Table 1. 
Example uses include evaluation of re­
source selection patterns (Johnson et al. 
2000, Coe et al. 200 I) ; effects of roads 
(Rowland et al. 2000, 2004), traffic (Wis­
dom 1998, Wisdom et al. 2004b), and 
timber harvest (Rinehart 2001, Wi sdom et 
al. 2004c); and forage allocation model­
ing (Johnson et al. 1996, Ager et al. 
2004). 

NEW TECHNOLOGIES SUPPORT 
RESEARCH BENEFICIAL 
TO MANAGEMENT 

Use of the innovative technologies at 
Starkey allowed the original and subse­
quent studies to be completed during the 
1990s (Table 1 ). Findings from the many 
studies are diverse and compelling. Hig h­
lights of key findin gs from the original 
studies are summari zed here as an ex­
ample of what has been learned. Details 
can be found in the papers cited . 

• Elk avoid roads open to traffic , vali­
dating observational studies from the 
1970s and 1980s that first identified 
this relation (Rowland et al. 2000, 
2004). 

• Elk avoidance of roads increases with 
increasing rate of traffic, providing fur­
ther ev idence that elk are not reacting 
to roads per se, but the activities as­
sociated with roads (Wisdom 1998, 
Wisdom et al. 2004b). 

• Mule deer generally do not avoid 
roads , and show increasingly strong se­
lection toward areas near roads with in­
creasing rate of traffic (Wisdom 1998, 
Wisdom et al. 2004b). This pattern is 
a result of mule deer avoiding elk, rath­
er than deer selecting particular habi­
tats near roads and traffic (Johnson et 
al. 2000, Coe et al. 2001). 

• Elk avoid cattle and mule deer avoid 
elk, but the degree to which interfer­
ence competition is operating is less 
clear (Johnson et al. 2000, Coe et al. 
2001 , Stewart et al. 2002). Elk may 

have ample o pportunity to select a va­
riety of habitats where cattle are not 
present, owing to rotation of cattle 
through a series of livestock pastures 
(Coe et al. 2001 ). Mule deer may not 
have these same habitat choices when 
avoiding elk, owing to the presence of 
e lk throughout thei r summer range. 

• Diets of cattle, mule deer, and elk differ 
substanti a lly during early summer, with 
cattle diets containing a higher com­
position of g rasses, deer diets contain­
ing more shrubs and forbs , and elk di­
ets intermediate to those of cattle and 
deer (Findholt et al. 2004). Diets of the 
three ungul ates become increasingly 
similar during late summer, when for­
age biomass and qu ality decl ine with 
the onset of summer drought, suggest­
ing increased potential for ex ploitative 
competition. 

• During the fall rut, the date of concep­
tion in female e lk becomes progres­
sive ly earlier and synchronous with in­
creasing age of male breeders (Noyes 
et al. 1996, 2002, 2004). Breeding by 
yearling (1.5 year-old) bull s results in 
the la test dates of conception and high­
es t variation in conception dates ; 
breeding by mature (5.5 year-old) bulls 
results in earli est dates of conception. 
Earlier and closely synchronous dates 
of conception allow calves to be born 
earlier in spring and over a compressed 
time period, with potential benefits to 
survival (Noyes et al. 2004). 

• In the absence of hunting, elk and cat­
tle do not appear to be negatively af­
fected by inten s ive timber harvest 
(Rinehart 2001, Wisdom et al. 2004c), 
but timber harvest increases the vul­
nerability of elk to hunting (Wisdom et 
al. 2004c). 

• Elk do not require or benefit from ther­
mal cover to ameliorate their thermo­
regula tory requirements in response to 
extreme weather during winter and 
summer (Cook et al. 1998). Instead, a 
mix of open and closed-canopy habi­
tats results in superior animal perfor­
mance compare d to homoge neou s 
stands of thermal cover. Importantly, 
elk appear to select dense forest for se-
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curity during both hunting and non­
hunting seasons (Ager et a l. 2003, 
Johnson et al. 2004). 

STARKEY'S FUTURE 
APPEARS BRIGHT 

The Starkey Project now has one of the 
most voluminous and intensive data sets 
ever collected on ungulates . Over 140 
publications have been produced, with 
more than 50 studies underway or com­
pleted (Thomas and Wisdom 2004). More 
than 100 scientists have conducted the re­
search, with support from the timber in­
dustry, livestock industry, hunting 
groups, conservation organizations, and 
state and federal agencies (Quigley and 
Wisdom 2004). Results have been used 
widely to improve management of timber, 
grazing, roads, and recreation in relation 
to the needs of mule deer and elk (Thom­
as and Wisdom 2004) . 

The future of ungulate research at Star­
key and associated, non-federal s ites ap­
pears bright. A unique set of technologies 
and research facilities remain in place, al­
lowing scientists to inves tiga te a wide 
range of management issues related to un­
gulates. Continued focus on studies to in­
tegrate the need s of mule deer a nd e lk 
with economic, social, and recreational 
interes ts in western North America rep­
resents an ongoing, compelling need that 
will continue to be addressed by the Star­
key Project. 
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The Starkey Databases: Spatial-Environmental 
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INTRODUCTION 

The Starkey Project was initiated in 
the la te 1980 s to s tud y inte rac ti o ns 
amo ng N orth American elk (Ce rvus ela ­
phus) , mul e deer (Odocoileus hemionus) , 
and do mesti c cattle at the Starkey E x­
perimental Forest and Range in north­
eas tern Oregon. As part of the Starkey 
Project, an automated radi o telemetry 
sys tem was developed to co llect an un­
precedented volume of location data o n 
both wild and domestic ungulates (Row­
land et al. 1997). That radi o te lemetry 
system was based on rebroadcast Long 
Range aid to Nav igation- (LORAN-) C 
sig nals . In this paper, we provide an 
overview of the databases resulting from 
thi s effort. 

LORA N , whi ch stands for LOng 
RAnge aid to Navigation, is a marine ra­
dio-navigation system that was well-es­
tabli shed before widespread use of the 
N avstar Global Positi o nin g Sys te m 
(GPS) . LORAN-A was the earliest ver­
sion developed during World War II, 
while today LORAN-C serves the civ il­
ian community and LORAN-Dis used by 
the military (Logsdon 1992, West and 
Pittman 1993). LORAN operates by mea­
suring the difference in arrival times of a 
radio signal broadcast at 100 kHz directly 
from a master station and after being re­
layed through several secondary stations. 
The time di fferences of arri val among the 
signals routed through the various sec­
ondary statio ns allow a LORAN receiver 
to determine its location on several hy­
perbolic lines-of-positi on. Where those 
lines cross is the estimate of the actual 
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location of the receive r (Logsdo n 1992, 
West and Pittman 1993). 

The automated radio te lemetry sys tem 
at Starkey consists of a central computer 
base station, seven radio re lay stations lo­
cated throughout Starkey Forest, and ra­
di o collars placed o n individual e lk, mule 
deer, and cattle. Every 20 seconds, the 
base stati on pages one of the many radi o 
co llars deployed at any given time (Fig­
ure 1). As many as 150 animals have 
been included in the user-defined paging 
list simultaneously. When a particular an­
imal is paged, a LORAN-C receiver in­
side the collar responds by collecting raw 
LORAN data, which are then re transmit­
ted via a VHF radio link to one of the 
radio relay stations. The relay towers then 
transmit the data back to the centra l com­
puter, where the raw data are decoded and 
info rmation o n the animal's locatio n is 
stored electronically for future analysis 
(Figure 1). This LORAN-C system has a 
mean locational accuracy of about 55 
yards (50 m), although some errors can 
exceed 2 19 yards (200m), particularly in 
the east-west direction (Findholt et al. 
1996, 2002). 

The Starkey Project has collected in­
formation on well over 2 millio n animal 
locations since 1989. All animal data 
were collected following approval of pro­
tocols by an Institutional Animal Use and 
Care Committee (Wisdom et al. 1993). 
This telemetry database represents one of 
the largest data sets of large-animal lo­
cations ever compiled . A variety of stud­
ies have been completed based on these 
data. Examples include research on un­
g ul ate interactions and resource selection 
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Base St;Jtion • ., 
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receiver 

Radio transmitter 

FIGURE 1. Automated, rebroadcast LORAN-C radio telemetry system used to collect loca­
tion data on elk, mule deer, and cattle at Starkey Experimental Forest and Range (from Rowland 
et al. 1997). 

(Johnson et al. 2000, Coe et al. 2001, 
Stewart et al. 2002), effects of roads 
(Rowland et al. 2000) and traffic (Wis­
dom 1998) interactions of elk, mule deer, 
and cattle, and their spatial and temporal 
patterns of habitat use (Ager et al. 2003), 
effects of sample size on estimates of re­
source selection (Leban et al. 2001) and 
home range (Garton et al. 2001), and de­
velopment of ungulate forage allocation 
models (Johnson et al. 1996). 

To facilitate new analyses by other re­
search wildlife biologists, we are provid­
ing access to a portion of the Starkey 
Project telemetry database over the world 
wide web at http://www.fs.fed.us/pnw/ 
starkey/data. The telemetry database in­
cludes locations of animals in the Main 
Study Area at Starkey Forest (Wisdom et 
al. 2004) recorded during spring and sum­
mer between 1993-1996, along with as­
sociated metadata. In addition, we are 
providing relevant Geographic Informa­
tion System (GIS) layers such as habitat 
types, soils, a digital elevational model, 
and the forest road network in a second, 

habitat database. The public release of 
these data will allow other scientists to 
formulate and test hypotheses that are 
best analyzed with comprehensive infor­
mation about animal locations such as 
that provided by the Starkey data set. 

STARKEY UNGULATE 
TELEMETRY DATABASE 

Records in the telemetry database con­
sist of elk, mule deer, and cattle locations 
(total n > 287,000) collected in the 
19,180 acre (7,762 ha) Main Study Area 
at Starkey Forest (Wisdom et al. 2004) 
during spring and summer (April to mid­
August) from 1993-1996 (Table 1). Ani­
mal locations are provided both as a point 
estimate in Universal Transverse Merca­
tor (UTM) coordinates (UTMEasting and 
UTMNorthing, all in UTM Zone 11) and 
also placed in the center point of each 33 
by 33 yard (30 by 30 m) pixel that en­
compasses the point estimate (UTMGrid, 
UTMGridEast, UTMGridNorth). All 
UTM coordinates are given in North 



TABLE 1. Synthesized metadata description of variables included in the telemetry database of locations of elk, deer, and cattle collected 
in M ain Study Area, Starkey Experimental Forest and Range, spring and summer, 1993 through 1996 

Variable Storage Code Range Data 
name Variable definition Units type a Codes definition s (min, max) formatb 

UTMGrid Universal Transverse Mercator Meters Character 373695 Fixed (14) 
(UTM) Coordinates that identi- 5014470, 
fy the center point of each 33 38 1885 
by 33 yard (30 by 30 m) pixel 5007540 
within Starkey (Rowland et al. 
1998); first six dig its represent 
the UTM zone 11 easting; sec- en ...., 
ond seven digi ts represent the )> 

UTM Zone 11 northing. ~ 

@ Example: 373695 5014530 are 
-< the easting and northing coor-
ti dinates, respectively, that iden- )> 

ti fy the center point of a given 
...., 
)> 

33 by 33 yard (30 by 30 m) co 
)> pixel at Starkey. en 
CTl 

UTMGridEast Coordinates in UTM Zone 11 Meters Numeric 373695, Variable en 
easting (long inte- 381855 I 

~ E xample: 373695 are easting co- ger) <I> 

ordinates. <I> ..., 

UTMGridNorth Coordinates in UTM Zone 11 Meters Numeric 5005110, Variable ~ 
northing (long inte- 5019120 

Example: 5014530 are the north- ger) 
ing coordinates. 

ID Unique alpha-numeric identifica- Fixed (9) 
tion code assigned to each un-
gulate that was radio-collared. 

Example for deer: 890224E04 
Example for elk: 930318D01 
Example for cattle: OSUX83041 

<,.,.) 



TABLE 1. Continued 
w 
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Variable Storage Code Range Data 
name Variable definition Units type" Codes definitions (min, max) formatb 

Starkey time Cumulative number of seconds that Seconds Numeric 168825628, Variable 
have elapsed since the Greenwich 272245926 
Mean Time of 00:00:00 on 31 De-
cember 1987, which represents a 
starting point of the Starkey Ungu-
late Research. 
Example: Starkey time equals 1 at 
Greenwich Mean Time of 00:00:01 
on 31 December 1987. 

GMTime Greenwich Mean Time expressed as Hour:Minutes:Sec- Character 00:00:00, Fixed (8) >-3 
::r: 

Hour:Minutes:Seconds; 8 hours onds 23:59:59 tTl 
ahead of Pacific Standard Time Ul 

>-3 
Example: 18:31:47 is 31 minutes, ;» 
47 seconds after hour 18 in the 24- lei 

hour cycle, as set on GMTime. @ 
>-< 

GMDate Date associated with the Greenwich Year/Month/Day Character 19930507, Fixed (8) 
"' Mean Time, expressed as Year/ 19960815 lei 
0 Month/Day <....; 

tTl Example: 19930526 is 26 May 1993 n 
19930506, Fixed (8) 

>-3 
LocDate Date synchronized in relation to Pacif- Year/Month/Day Character 

ic Standard Time, which is 8 hours 19960815 
behind Greenwich Mean Time, 
LocDate is expressed as Year/ 
Month/Day and is set for the Pacific 
Time Zone. 
Example: The Pacific Standard 
Time of 19:59:27 has an associated 
date for the Pacific Time Zone of 
19930512, or 12 May 12 1993. 
However, the commensurate Green-
wich Mean Time of 03:59:27 has 
an associated date of 13 May 1993 . 



TABLE 1. Continued 

Variable Storage Code Range Data 
name Vari able defi nition Units typea Codes definitio ns (nun, max) fo rmatb 

LocTime Pacific Standard Time, which is 8 Hour:Minutes: Character 00:00:00, Fixed (8) 
hours later than Greenwich Mean Seconds 23: 59 :59 
Time. No adjustment is made fo r 
Pacific Daylight Savings Time . 
E xample: 19:59 :27 is 59 minutes, 
27 seconds after hour 19 of a 24-
hour cycle, as set on Pacific Stan-

(/) dard Time, which is commensu- ...., 
rate with 03:59 :27 of Greenwich ;J> 

:;o 
Mean Time. 

~ 
RadNum Unique identifi cati on code ass igned Numeri c 8, 450 Variable >< 

to a g iven radio-collar. Note that a CJ 
;J> 

given radio-collar could be worn ...., 
by one or more animals within or ;J> 

co 
across years, and thus should not ;J> 

(/) 
be confused with the unique iden- en 

(/) 
tification code fo r each radio-co l- I lared animal, or ID. ::><: 

~· 
Species Spec ies of ungulate associated with Characte r C , D, E C = cattl e , Fixed (1) ~ 

the animal location, where C D = deer, and ~ 
cattle , E = elk. 

D = deer, and 
E = elk. 

UTME Coordinates in the Basting Directi on. Meters Numeri c 373705, Fixed (6) 
Constitutes the x coordinate of the 38 1853 
point estimate of the animal loca-
ti on. 

UTMN Coordinates in the Northing Direc- Meters Numeri c 5005110, Fixed (7) 
ti on, Constitutes the y coordinate 501 9 118 
of the point estimate of the ani -

w 
mal location. w 

Year Year in which the animal location Year Numeri c 93, 96 Fixed (2) 
was collected . 



TABLE 1. Continued 

Variable 
name 

Grensunr 

Grensuns 

Obswt 

Variable definition 

Time of sunrise at Starkey for a 
given date, expressed in Green­
wich Mean Time. See GMT vari­
able. 

Time of sunset at Starkey for a 
given date, expressed in Green­
wich Mean Time. See GMT vari­
able. 

Correction to the bias in observation 
rate of an animal location, where 
observation rate is defined as the 
probability of obtaining an animal 
location from a radio-collared ani­
mal, when an animal location is 
requested by the Loran-e teleme­
try system. Application of Obswt 
(1 divided by the observation rate) 
increases the number of locations 
for a given area, according to the 
degree of bias in observation rate 
associated with that area (Johnson 
et al. 1998). 
Example: An Obswt of 2 would 
place twice the weight on a given 
animal location, whereas an Obswt 
of 1.5 would place 1.5 times the 
weight on a given animal location. 
These weights correct for animal 
locations in a given UTMGrid that 
were not observed, given the bias 
in observation rate among pixels 
(Johnson et al. 1998). 

Units 

Hour:Minutes: 
Seconds 

Hour: Minutes: 
Seconds 

Storage 
type• 

Numeric 

Numeric 

Numeric 

a Refers to way in which data is entered, such a character (text) , long integer, or floating point. 

Codes 
Code 

definitions 

b Refers to whether data is of fixed or variable length ; for fixed variables, maximum number of characters is displayed. 

Range 
(min, max) 

12:05:00, 
13 :35:00 

02:23 :00, 
03:49:00 

1.14, 3.5 

Data 
formatb 

Fixed (8) 

Fixed (8) 

Variable 



TABLE 2. Synthesized metadata description of variables included in the habitat database for Main Study Area, Starkey Experimental 
Forest and Range 

Storage Code Range Data 
Variable name Variable definition Units type3 Codes definitions (min, max) formatb 

UTMGrid Universal Transverse Mer- Meters Character 373695 Fixed (14) 
cator (UTM) Coordi- 5014470, 
nates that identify the 381885 
center point of each 33 5007540 
by 33 yard (30 by 30 m) 
pixel within Starkey 
(Rowland et al. 1998); (/] ...., 
first six digits represent )> 

10 UTM Zone 11 easting; 
~ second seven digits rep-
>-< resent the UTM Zone 11 
0 

northing. All coordinates )> ...., 
are given in NAD83 . )> 
Example: 373695 co 

)> 
5014530 are the easting (/] 

[Tl and northing coordi- (/] 

nates, respectively, that I 
;;:.; identify the center point (i; • 

of a given 33 by 33 yard ~ 
(30 X 30 m) pixel at ~ 
Starkey. 

UTMGridEast Easting coordinate in UTM Meters Numeric (long 373695 , Fixed (6) 
Zone 11. integer) 381855 

UTMGridNorth Northing coordinate in Meters Numeric (long 5005110, Fixed (7) 
UTM Zone 11. integer) 5019120 

SoiDpth Soil depth to the restrictive Centimeters Numeric 9, 60 Variable 
layer (obtained from the 
Wallowa-Whitman Na-
tiona! Forest soils re-
source inventory [SRI]) VJ 

U1 



TABLE 2. Continued 
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0\ 

Storage Code Range Data 
Variable name Variab le definition Units type" Codes definitions (min , max) formatb 

PerSlope Percent slope (Rowland et Numeric 0, 84 Variable 
al. 1998) 

SIN As pet Sine of aspect (Rowland et Numeric - 1, 1 Variable 
al. 1998) 

COS As pet Cosine of aspect (Rowland Numeric - ] ' ] Variable 
et a l. 1998) 

Convex3 Convexity (Rowland et al. Numeric 465.86, Variable 
1998) 524.64 

Di stCWat Distance to the nearest wa- Meters Numeric - 99 - 99 denotes 33 by -99, 27 14 Variable >-3 

ter source from within a 33 yard (30 by ::c 
1:11 

cattle pasture, including 30 m) pixels in Cll 

class I through III the pasture that >-3 
;J> 

streams and water point are not available ?;j 

sources such as stock to cattle. These @ 
ponds and springs pixels should be >< 

excluded from '"0 
i'::l 

any analyses of 0 ...... 
cattle di stance m 
to water. 

() 
>-3 

Canopy Total canopy closure (%) Numeric 0, 85 Variable 
of all trees > 1 inch (2.5 
em) diameter at breast 
he ight) 

E lev Elevation (Rowland et al. Meters Numeric 1121, 1500 Fixed (4) 
1998) 

DistEWat Distance to the nearest wa- Meters Numeric 0, 11 88 Variable 
ter source form within an 
ungulate-proof pasture 
(e.g. , Main Study Area), 
including class I through 
ill streams and water 
point sources such as 
stock ponds and springs 
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Storage Code Range Data 
Variable name Variable definition Units type" Codes definitions (min, max) formatb 

EcoGener General ecoclass descrip- Character AB Buildings, struc- Fixed ( 10) 
tion ; modified from the tures, roads 
original ecoclass variable CD Doug las-fir 
(Rowland et a!., 1998) CJ Juniper 
to include only the dom- CL Lodgepole pine 
inant forest canopy spe- CP Ponderosa pine 
cies. cw White fir, grand fir 

GB Bunchgrass vege- (/) ,..., 
tation )> 

MD Dry meadowc 
:;o 
@ MM Moist meadowd 
>-< MW Wet meadowe 0 

NR Rocky land )> 

SD Dry shrublandf 
,..., 
)> 

WR Running water 1:0 
)> 

(stream, river, (/) 

CTl creek, ditch) (/) 

DistOPEN Distance to the nearest Meters Numeric 0 , 2419 Variable I 
~ open road (Rowland et "' a!. 1998) ~ 

DistRSTR Distance to the nearest re- Meters Numeric 0 , 2315 Variable 
;?.. 

stricted access road 
(Rowland et al. 1998) 

DistCLSD Distance to the nearest Meters Numeric 0, 2208 Variable 
closed road (Rowland et 
al. 1998) 

DisEFnc Distance to the nearest un- Meters Numeric 0 , 4243 Variable 
gulate-proof fence (Row-
land et a l. 1998) 

w 
-.J 



TABLE 2. Continued 

Variab le name 

Cow Past 

ForgProd 

Di stEdge 

Variable defi nition 

Cattle pasture (Rowland et 
al. 1998) 

Forage production (bio­
mass of understory spe­
cies considered forage 
for ungulates: Hall 1973) 

Units 

Kilograms/ 
Hectare 

Distance to nearest edge, Meters 
based on the EcoGener 
polygons used for eco-
classes 

Storage 
typea 

Character 

Numeric 

Numeric 

Codes 

BEAR 
HORSE 
SMITH-BALLY 
HALFMOON 
MDWCRK 
NE 
STRIP 

a Refers to way in which data are entered, such as character (text), long integer, or floating po int. 

Code 
definitions 

Meadow Creek 
Northeast 
Narrow strip of 

land between 
Campbell and 
Bear Pastures; 
formerly includ­
ed in Campbell 
Pasture 

b Refers to whether data is of fixed or vari able length; for fixed variables, maximum number of characters is displayed. 
c Water table available part of the season. 
d Water table available all growing season. 
c Surface moi st or wet a ll of growing season. 
f Inc ludes sagebrush and non-forest zone shrubland ; not desert. 

Range 
(min, max) 

0, 2200 

0, 426 

Data 
formatb 

Fixed (11) 

Variable 

Variable 

....., 
00 
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TABLE 3. H abitat layers in Arc Info export for M ain Study Area, Starkey Experimenta l 
Forest and Range 

Habitat laye r name Layer type Description 

vegetation_ecoclass g rid M ap of vegetation ecoclasses; 33 by 33 yard (30 
by 30 m) ce ll s 

so il s 

DEM 

grid 

grid 

Map of so il types; cl ass ified by soil seri es and 
depth ; 33 by 33 yard (30 by 30 m) ce ll s 

Di gital electi on model for Starkey ; 33 by 33 yard 
(30 by 30 m) cell s 

B lacLhole_corrections grid Black-hole correcti ons for spati a l differe nces in te­
lemetry observation rates (Johnson et a l. 1998); 
33 by 33 yard (30 by 30 m) cell s 

canopy closure 
vegetation_fo resLstands 
roads 

grid 
polygon 
line 

Canopy closure of overstory trees 
M ap of forest stands; c lass ifi ed by ecoc lass 
Map of all roads on and immediately adj acent to 

Starkey; cl ass ifi es by road type 
streams 

game_prooLfe nces 
alLfences 

line 

line 
line 

Map of a ll stream dra inages; c lass ifi ed by stream 
c lass , presence o r absence of running water 

Map of game-proof fences onl y 
M ap of all fe nces, inc luding barbed-wire cattle 

fences and exclosures 
water_po i nts point Location of water point sources such as s tock 

troughs 

American Datum 1983 (NAD83). Ani­
mals are uniquely identified by ID and 
were assigned a specific radio-collar 
number (RadNum) each year. The user 
should be aware that a g iven radio-coll ar 
number could be worn by different ani­
mals in different years. Time and date of 
each observation is provided in Green­
wich Mean Time (GMTime) and in local 
time (LocTime in Pacific Standard Time; 
no adjustments were made for daylight 
savings time). Time is also provided in a 
variable called Starkey Time, represent­
ing seconds from an arbitrary zero point 
at 0000 hours on 31 December 1987. 
Starkey Time is useful in determining 
elapsed time between any two observa­
tions. Sunrise and sunset times are given 
based on GMTime (Grensunr, Grensuns). 
Finally, a correction factor is provided to 
account for spatially-dependent observa­
tion rates as discussed by Johnson et al. 
(1998). The observation rate is defined as 
the probability of obta ining an animal lo­
cation as a function of its location at Star­
key. The correction factor (Obswt), de­
fined as the inverse of the observation 
rate (]/observation rate), can be used to 

weight locations for assessing patterns of 
spatial use. 

STARKEY HABITAT DATABASE 

Spatial layers for various features are 
provided in the habitat database (Table 2). 
Each record in the database is identified 
by UTM coordinates, and represents a 
unique 33 by 33 yard (30 by 30 m) pixel 
in Main Study Area, Starkey Experimen­
tal Forest and Range. AU UTM coordi­
nates are given in North American Datum 
1983 (NAD83). Values for variables such 
as ecoclass, soil depth, and canopy clo­
sure are provided. Details of the habitat 
database are available in Rowland et al. 
(1998). 

In addition to providing habitat infor­
mation in database form , habitat layers 
are included Arclnfo (Environmental Sys­
tems Research Institute, Inc. , Redlands, 
California, USA) interchange format 
(eOO; Table 3). Raster files include eco­
class, so il s, a dig ital elevational model, 
canopy closure of overstory trees, and 
black hole corrections for differences in 
telemetry observation rates as per John-
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son e t al. (1998). A polygon fil e is pro­
vided showing fores t stand boundaries. 
Line fil es include roads, streams, and 
fences (game-proof fe nces and barbed­
wire cattle fences) . Water sources are giv­
en as a point coverage. 

PUBLICATIONS 

Additional information about the Star­
key Project is available on the web at http: 
//www.fs.fed .us/pnw/starkey/. Two publi­
cations from the Starkey Project helpful in 
interpreting the telemetry and habitat da­
tabases are avail able there in PDF format: 
a general hi story of the Starkey Project 
which contains information about teleme­
try data (Rowl and et al. 1997), and details 
of the Starkey Habitat Database (Rowland 
et al. 1998). A complete li st of Starkey 
Project publications, many available as 
full-text PDF fil es can be found at http :// 
www.fs.fed.us/pnw/sta rkey/publicati ons. 
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Effects of Roads on Elk: Implications for 
Management in Forested Ecosystems 

Mary M. Rowland, Michael J. Wisdom, Bruce K. Johnson, and 
Mark A. Penninger 

The effects of roads on both habitat 
and population responses of elk ( Cervus 
elaphus) have been of keen interest to 
foresters and ungulate biologists for the 
last half century. Increased timber harvest 
in National Forests, beginning in the 
1960s, led to a proliferation of road net­
works in forested ecosystems inhabited 
by elk (Hieb 1976, Lyon and Christensen 
2002). Among disturbances to elk habitat, 
roads have been viewed as a major factor 
influencing distributions of elk across the 
landscape (Leege 1984, Lyon 1984, Lyon 
et al. 1985, Roloff 1998, Lyon and Chris­
tensen 2002, Wertz et al. 2004). Evidence 
from a variety of studies, such as those 
conducted at the Starkey Experimental 
Forest and Range (Starkey) in northeast­
ern Oregon, has corroborated this view 
(Lyon 1983, 1 984; Witmer and deCalesta 
1985; Cole et al. 1997; Johnson et al. 
2000; Rowland et al. 2000; Ager et al. 
2003). (See Rowland et al. [1997] for a 
general description of the Starkey Project 
and the Starkey environment.) 

Early studies of elk were among the 
first to address effects of roads on wild­
life, establishing a precedent for subse­
quent research on a wide range of terres­
trial and aquatic species. These early elk­
roads studies included those reported in a 
symposium on the topic in 1975 (Hieb 
1976), the seminal studies of Jack Lyon 
in Montana and northern Idaho (Lyon 
1979, 1983, 1984), the Montana Coop­
erative Elk-Logging Study (Lyon et al. 
1985), and work by Perry and Overly 
(1977) in Washington and Rost and Bai­
ley (1979) in Colorado. 

As research and analysis techniques 
have become more sophisticated, partic­
ularly with the advent of geographic in­
formation systems (GIS) and high-reso­
lution remote imagery, the study of ef-
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fects of roads on terrestrial and aquatic 
communities has evolved into a unique 
discipline of "road ecology" (Forman et 
al. 2003). Road effects are far more per­
vasive than originally believed and in­
clude such disparate consequences as 
population and habitat fragmentation, ac­
celerated rates of soil erosion, and inva­
sion of exotic plants along roadways. In­
deed, "in public wildlands management, 
road systems are the largest human in­
vestment and the feature most damaging 
to the environment" (Gucinski et al. 
2001: 7). Summaries of the effects of 
roads on wildlife habitats and biological 
systems in general have been compiled 
by Forman and Alexander (1998), Trom­
bulak and Frissell (2000), Gucinski et al. 
(2001), Forman et al. (2003) and Gaines 
et al. (2003). 

Well-designed research that furthers 
our understanding of road effects and 
road management on key species, such as 
elk, and their habitats is critical for en­
hancing the long-term functioni ng of eco­
systems impacted by the vast network of 
roads in North America. Moreover, ad­
dressing effects of roads on elk and elk 
habitat often is mandated on public lands, 
e .g., through standards and guidelines de­
veloped for National Forests. 

Our goals in this paper are three-fold: 
(1) to describe current knowledge about 
effects of roads on elk, emphasizing re­
sults of research conducted at Starkey, (2) 
to describe an example in which a dis­
tance-band approach, rather than the tra­
ditional road density method, was used to 
evaluate habitat effectiveness (HE) for 
elk in relation to roads , and (3) to discuss 
the broader implications of road-related 
policies and land management with re­
gard to elk. 
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EFFECTS OF ROADS ON ELK IN 
FORESTED ECOSYSTEMS­
WHAT DO WE KNOW? 

Effects of roads on elk can be divided 
into two broad categories: indirect effects 
on habitats occupied by elk, and direct 
effects on individual elk and their popu­
lations. Effects of roads in forested eco­
systems in general have been well sum­
marized (Gucinski et al. 2001, Gaines et 
al. 2003). With regard to elk habitat, the 
primary effect of roads may be habitat 
fragmentation; heavily roaded areas may 
contain few patches of forest cover large 
enough to function effectively as habitat 
for elk, especially where elk are hunted 
(Leege 1984, Rowland et al. 2000). The 
total loss of elk habitat from road con­
struction is unknown; a rough estimate of 
5 acres per linear mile (1.4 ha!km) of 
road is often applied (Forman et al. 
2003). Across the United States, the area 
occupied by public roads and associated 
corridors is estimated to be 27 million 
acres (10.9 million ha); these numbers do 
not include private roads or "unofficial" 
roads on public lands (Forman et al. 
2003). Roads may also exert more subtle 
influences on habitat, for example by fa­
cilitating the spread of exotic vegetation 
(Gelbard and Belnap 2003) which may 
subsequently reduce quality and abun­
dance of forage available to elk. Gaines 
et al. (2003) listed five road-associated 
factors in relation to elk: hunting, poach­
ing, collisions, displacement or avoid­
ance, and disturbance at a specific site. 

The direct impacts of roads and asso­
ciated traffic on elk, in addition to outright 
mortality from collisions with motorized 
vehicles, can be summarized as follows: 

1. Elk avoid areas near open roads. A 
plethora of studies have demonstrated 
an increasing frequency of elk occur­
rence or indices of elk use, such as pel­
let groups, at greater distances from 
open roads (defined here as any road 
where motorized vehicles are allowed). 
This response varies in relation to traf­
fic rates (Wisdom 1998, Johnson et al. 
2000, Ager et al. 2003), the extent of 
forest canopy cover adjacent to roads 

(Perry and Overly 1977, Lyon 1979, 
Wisdom 1998, Wisdom et al. 2004b), 
topography (Perry and Overly 1977, 
Edge and Marcum 1991 ), and type of 
road (e.g., improved versus primitive; 
Perry and Overly 1977, Lyon 1979, 
Witmer and deCalesta 1985, Marcum 
and Edge 1991, Rowland et al. 2000, 
Lyon and Christensen 2002, Benkobi et 
al. 2004), which also correlates with 
traffic rates . Responses may also differ 
between sexes, with bull elk demon­
strating a stronger avoidance of areas 
close to roads than do cow elk (Mar­
cum and Edge 1991). Shifts in distri­
bution of elk away from roads may oc­
cur across a range of temporal and spa­
tial scales. For example, elk at Starkey 
were generally farther from open roads 
during daytime, but moved closer to 
roads during nighttime (Wisdom 1998, 
Ager et al. 2003). This pattern was also 
observed in South Dakota (Millspaugh 
1999). In addition, both daily move­
ments and size of home ranges of elk 
may decrease when open road density 
decreases. These reductions could lead 
to energetic benefits that translate into 
increased fat reserves or productivity 
(Cole et al. 1997). On a larger scale, 
entire ranges can be abandoned if dis­
turbance from traffic on roads and the 
associated habitat loss and fragmenta­
tion exceed some threshold level. The 
ultimate effect of displacement of elk, 
by motorized traffic as well as other 
disturbances, is a temporary or perma­
nent reduction in effective habitat for 
elk. Concomitant with loss of effective 
habitat are reduced local and regional 
populations (Forman et al. 2003). 

2. Elk vulnerability to mortality from 
hunter harvest, both legal and illegal, 
increases as open road density in­
creases. Many factors affect elk vul­
nerability to hunter harvest, but the ev­
idence is compelling that survival 
rates of elk are reduced in areas with 
higher road density (Leege 1984, Lep­
tich and Zager 1991 , Unsworth et al. 
1993, Gratson and Whitman 2000a, 
Weber et al. 2000, Hayes et al. 2002, 
McCorquodale et al. 2003). Closing 
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roads offers more security to elk and 
may decrease hunter densities (fewer 
hunters may be willing to hunt without 
vehicle access). Also, poaching losses 
may decrease when roads are closed 
(Cole et al. 1997). 

3. In areas of higher road density, elk ex­
hibit higher levels of stress and in­
creased movement rates. Higher levels 
of physiological indicators of stress, 
such as fecal glucocorticoids, have 
been observed in elk exposed to in­
creased road density and traffic on 
roads (Millspaugh et al. 2001). In ad­
dition, the energetic costs of moving 
away from disturbance associated with 
roads may be substantial (Cole et al. 
1997). Research to estimate such costs 
to elk in relation to recreational use on 
roads is underway at Starkey (Wisdom 
et al. 2004a). Conversely, elk may con­
serve energy by traveling on closed 
roads to avoid woody debris and down­
fall (Lyon and Christensen 2002). 

Knowledge has been gained not only 
about elk response to roads , but also 
about modeling this relationship. Results 
from research at Starkey suggested that a 
road-effects model based on distance 
bands provides a more spatially explicit 
and biologically meaningful tool than a 
traditional model based on road density 
(Rowland et al. 2000). This analysis, 
based on more than 100,000 radioloca­
tions of cow elk during spring and sum­
mer, found no relation between numbers 
of elk locations and HE scores based on 
open road density in 15 elk "analysis 
units." (We define habitat effectiveness as 
the "percentage of available habitat that 
is usable by elk outside the hunting sea­
son" [Lyon and Christensen 1992:4].) 
However, elk preference increased strong­
ly (as measured by selection ratios) as 
distance to open roads increased. Such 
distance-to-roads analyses are readily ac­
complished using widely available spatial 
data layers in a GIS. 

Despite the wealth of information 
about how roads and motorized traffic af­
fect elk and their habitats, gaps in our 
knowledge remain. For example, while 
we know that elk response to roads gen-

erally varies depending on the level and 
type of motorized traffic, we have little 
knowledge about the precise levels of 
such disturbance that elicit a response, 
and the duration of that response. Re­
search at Starkey has demonstrated 
threshold rates of traffic above which a 
response by elk is elicited, but below 
which open roads are functionally equiv­
alent to closed roads (A. A. Ager, person­
al communication 2003; Wisdom et al. 
2004b). Measurements of traffic rates and 
elk response to these rates are needed in 
other locations to better understand these 
thresholds. Though more costly to obtain 
than maps of roads , information about 
traffic rates can be used to improve man­
agement of roads in elk habitat in ways 
that are both cost-effective and beneficial 
to elk. Further research also is needed to 
better understand the interaction of roads, 
topography, and forest cover in affecting 
elk distributions, primarily in relation to 
providing security for elk. 

Also needed is a better understanding 
of the effectiveness of road closures; ex­
amples abound about the lack of effec­
tiveness of closures on public lands, es­
pecially when few resources are made 
available for enforcement (Havlick 2002, 
Wertz et al. 2004) . More than half of 802 
road closures inventoried on National 
Forests in Idaho, Montana, Washington, 
and Wyoming were found to be ineffec­
tive, even after accounting for administra­
tive use (Havlick 2002). In Idaho, elk 
mortality was positively correlated to 
densities of both closed roads and open 
roads, suggesting that road closures were 
ineffective in reducing mortality from 
hunting (Hayes et al. 2002). Systemati­
cally collected data on use by all motor­
ized vehicles, including off-highway ve­
hicles, of closed roads would benefit 
management of elk and other resources 
(e.g., soils) affected by vehicle traffic on 
roads. And last, HE models for elk, in­
cluding the roads variable, need further 
validation. Beyond the Starkey research 
(Rowland et al. 2000) and a few other 
studies (e.g., Roloff et al. 2001, Benkobi 
et al. 2004), such validation has not been 
conducted, especially of the most com-
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mo nl y appli ed models (Wisdom et a l. 
1986, Thomas et al. 1988). Given the 
continued widespread use of elk HE mod­
e ls in land-use planning on National For­
es ts and other lands occupied by e lk, such 
validation is a critical research need. 

A final cautionary note: much of what 
has been learned about e lk and roads to 
date has resulted from field studies that 
had no experimental component and thus 
no sound basis from which to infer cause­
effect relations. Experimental studies un­
derway at Starkey, in which road densiti es 
and traffi c rates are man ipulated according 
to strict sampling protocols, and distribu­
tions of elk are closely monitored, will 
greatly enhance our understanding of e lk 
response to roads (Wisdom et al. 2004b). 

CURRENT MANAGEMENT 
APPROACHES TO 
ELK-ROADS ISSUES 

In li g ht of the de leterious effects of 
roads on e lk as described above, both un­
gulate bio logists and land managers have 
developed methods to address the ir re­
spective concerns. During the 1970s and 
1980s, bio log ists created a suite of mod­
els, based o n empirical data, to predict 
effects of land management ac ti vities o n 
habitat effectiveness for elk (e.g., Lyon 
1979, 1983; Thomas et al. 1979, 1988; 
Leege 1984; Wisdom et al. 1986). All of 
these models incorporated a road-density 
component. In addition to the more gen­
eral e lk HE models, specific habitat 
guidelines were written related to roads. 
For example, guidelines developed in 
Montana specified that elk security areas 
be located more than 0.5 miles (0 .8 km) 
from open roads (Hillis et al. 1991). Elk 
habitat models that include a roads com­
ponent also have been used to evaluate 
the suitability of sites for restoration of 
elk populations (Didier and Porter 1999). 
Further, ungulate biologists have con­
structed resource selection models that in­
clude a roads variable to predict spatial 
distributions of e lk (Cooper and Mills­
paugh 1999, Johnson et al. 2000). 

Land managers in turn have incorporat­
ed concerns about elk and roads into for-

mal planning processes through the appli­
catio n of standards and guidelines. How 
management agencies address e lk-roads 
issues varies widely, however, both within 
and across agencies. For exampl e, elk are 
designated as a M anagement Indicator 
Species (MIS) within some Natio nal For­
ests but not others. This designation , or 
lack thereof, subsequently affects how elk 
habitat is addressed in forest pl anning and 
environmental assessment. 

Forest plans for many National Forests 
contain specific standards and guidelines 
for e lk HE, using one or more of the var­
ious e lk HE models that have been devel­
oped. For example, the forest plan for the 
Wa ll owa-Whitm an Nat io na l Forest in 
northeastern Oregon provides direction to 
mainta in HE > 0.5 during timber sale plan­
ning in management area I (MAl ; timber 
production emphas is), but onl y " where 
thi s can be done without red ucing timber 
harvest volumes" (U.S. Department of 
Agriculture, Forest Service 1990b:4-57). 
(Habitat effectiveness scores range from 0 
to 1.0 in most HE models.) Furthermore, 
the pl an assumes that in the long-term, e lk 
HE will be mainta ined at 0.62 in MAl. 
Open road density in thi s management 
area is targeted not to exceed 2.5 miles per 
square mile ( 1.6 km/km2) in general, but 
no more than 1.5 rniles per square mile 
(0.9 km/km2) in selected e lk summer and 
winter ranges. In the adj acent Umatilla 
National Forest, e lk HE is projected to 
range between 0.67 and 0.70, and open 
road de nsity from 2.0-2.2 mil es per 
square mile (1 .2- 1.4 km/lan2), forest-wide 
during the five decades beyond 1990 (U.S. 
Department of Agriculture, Fores t Service 
1990a). In addition, the standard for elk 
HE on big game winter range is 0.70 (U.S. 
Department of Agriculture, Forest Service 
1990a). Generally, if habitat for e lk is 
identified as an issue for a proposed man­
agement activity, such as timber restora­
tion, or if e lk have been identified as a 
M anagement Indicator Species, evaluation 
of elk habitat is mandated during the en­
vironmental assessment process. Such 
evaluation commonly entail s the applica­
ti on of an elk HE model to the affected 
area under the vari ous alternatives, with 
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the results incorporated into an " effects 
analysis" for evaluation of alternatives. 

A more recently developed approach is 
to incorporate evaluations of habitat ef­
fectiveness for elk into the .initial stages 
of forest planning, rather than using HE 
models to evaluate effects of single man­
agement activities, such as timber harvest 
(Bettinger et al. 1999). This approach in­
corporates elk HE into the objective func­
tion of a mathematical forest-planning 
model. Various scenarios can be simulat­
ed, with maximization of elk HE scores, 
timber output, or both. Likewise, Roloff 
et al. (1999) developed a decision support 
system that al1ows evaluation of effects 
of various management strategies on hab­
itat for elk and other wildlife within the 
context of forest planning models. 

APPLYING A DISTANCE-BAND 
MODEL OF ELK-ROAD EFFECTS 
IN FOREST PLANNING: 
A CASE EXAMPLE 

A method to evaluate effects of roads 
on elk using a distance-band approach 
has been suggested both by Roloff (1998) 
and by Rowland et al. (2000), as de­
scribed above. Based on radiolocations of 
elk at Starkey, Rowland et al. (2000) 
found no relation between number of elk 
locations and HE based on open road 
densities. By contrast, the authors found 
a strong, linear .increase in selection ratios 
of elk as distance to roads .increased. For 
this analysis, elk locations were assigned 
to 109-yard (100-m) wide bands away 
from open roads. Roloff (1998) also de­
veloped a road-effects module in which 
habitat adjacent to roads was buffered 
into distance bands in a GIS. Habitat ef­
fectiveness in the bands was adjusted ac­
cording to level of security cover, as well 
as road use or road type. Regardless of 
the exact approach selected, ongoing 
planning efforts within National Forests 
and other lands that provide habitat for 
elk may benefit from consideration of a 
revised, spatially explicit road-effects 
variable. 

The mechanics of calculating HE re­
lated to roads (HER) using distance bands 

are similar to those for another variable 
in elk HE models- the size and spacing 
of cover and forage (HEs). Both variables 
involve buffering out from a linear fea­
ture-either roads, for HER, or the cover: 
forage edge, for HEs-to create distance 
bands. Each band is assigned a weight, 
with lower weights corresponding to low­
er HE. A weighted average is then cal­
culated, based on the proportion of the 
analysis area in each of the bands and the 
weight of the appropriate band (see 
Hitchcock and Ager 1992 for details of 
calculating HEs using this method). The 
sum of these products yields the final HE 
value, which cannot exceed 1.0. 

To examine how the method of calcu­
lation (i .e., the traditional road-density 
method versus distance bands) might af­
fect HER for elk, we applied both methods 
in an evaluation of the effects of a timber 
sale in the Wallowa-Whitman NF in north­
eastern Oregon. The Dark Meadow Res­
toration Project was proposed to "restore 
and enhance ecosystems" within the pro­
ject area, through thinning, prescribed fire, 
and mechanical fuels-reduction treatments 
over the next 10-15 years (U.S. Depart­
ment of Agriculture, Forest Service 2003). 
Project goals inc! ude reductions in fuel 
loading, promotion of old-growth habitat, 
improvement .in big game habitat, and ini­
tiation of tree regeneration. Under the two 
"action alternatives" of the project, open 
road density will be lower than that under 
the "no action" (existing condition) alter­
native (Table 1, Figure 1). 

The Dark Meadow analysis area en­
compasses 17,700 acres (7,169 ha) of the 
Blue Mountains and is completely con­
tained within the Starkey Game Manage­
ment Unit. The elk population in this unit 
is estimated to be at the objective (5 ,300) 
set by Oregon Department of Fish and 
Wildlife. The area functions primarily as 
summer range for elk, with smaller por­
tions used as transitional or winter range. 
Lack of elk security habitat was identified 
as a key issue in planning for the Dark 
Meadow project; thus , roads were a pri­
mary consideration in the crafting of al­
ternatives (U.S. Department of Agricul­
ture, Forest Service 2003). 
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TABLE J . Comparison of two methods for modeling effects of roads on elk habitat effec­
tiveness (HE) under three alternatives in the Dark Meadow Restoration Project, Wallowa­
Whitman National Forest, northeastern Oregon 

Variable " No action" alternati ve" Alternati ve I Alternative 2 

Total miles (km) of open roads 
in analysis areab J 38.1 (222.2) J 14.2 (183 .7) 106.5 (171.4) 

Open road density in miles /mi2 
(km/km2) 
HER-ORDc 
HER-DBC 
HEed 
HEse 
Tota l HE (ORD method)r 
Total HE (DB method) 

4.99 (3 .09) 
0 .20 
0 .17 
0.60 
0.84 
0.47 
0.45 

4 .13 (2.56) 
0.28 
0. 19 
0.59 
0.79 
0.51 
0.46 

3.85 (2.39) 
0 .3 1 
0 .20 
0 .61 
0.80 
0 .52 
0.47 

" Thi s a lte rnati ve is the ex isting condition . 
b Open roads include any road ava ilable to motorized traffic ; these are roads offi cia lly designated as open as 
well as c losed roads that have no promulgation. See tex t fo r detail s. 
c Habitat effectiveness for roads (HER) based o n open road densities (ORO); HER-DB uses distance bands (DB) 
to calcu late HER. See tex t for detail s. 
d Habitat effect iveness as re lated to cover qua lity; see Thomas et al. 1988 for deta il s. 
c Habitat effectiveness as re lated to size and spacing of cover and fo rage areas; see Thomas et a l. 1988 for 
detai ls. 
rTota l habitat e ffectiveness, which is the geometric mean of Hl"R, HEc, HE5, and HEF· HEF (habitat effectiveness 
as re lated to forage quality and quantity) was not de rived empirica lly for this ana lys is; rather a default va lue o f 
0 .5 was input for thi s variable. 

To calculate HER for elk in Dark Mead­
ow, all roads open to motorized vehicles 
were counted. No traffic rate data were 
available; thus, roads were not weighted 
according to level of use. We defined open 
roads as those officially designated as 
open, as well as closed roads for which no 
promulgation was planned. Promulgated 
road closures are those for which the Code 
of Federal Regulations is applied; such 
closures are legal and enforceable. In the 
Wallowa-Whitman Forest Plan, closed 
roads were assumed to be physically im­
passable to full-sized vehicles, and also as­
sumed to be seldom traveled by off-high­
way vehicles (U.S. Department of Agri­
culture, Forest Service 1990b). Roads des­
ignated as " closed" but not promulgated, 
however, are often traveled by off-high­
way vehicles (Havlick 2002). 

The HER variable based on open road 
densities (hereafter referred to as HER­
ORD) was then calculated with the equa­
tions of Hitchcock and Ager (1992), for 
the existing condition and the two action 
alternatives (Table 1). To calculate HER 
based on distance bands (HER-DB) , all 
open roads were buffered in a GIS . The 

analysis area was partitioned into five 
bands, each 394 yards (360 m) wide, with 
the sixth band containing any area greater 
than 1,969 yards (1,800 m) from an open 
road. This distance (i.e., 1,969 yards) is 
equivalent to that at which elk response 
to open roads diminished markedly at 
Starkey (Rowland et al. 2000). Each band 
was assigned a weight, reflecting a linear 
increase in elk selection ratios as distance 
from open roads increased at Starkey: band 
1-0.17, band 2-0.33; band 3-0.50; band 
4-0.67; band 5-0.83; and band 6-1.0. 
HER-DB was then calculated as a weighted 
average, with the proportion of the analysis 
area in each band multiplied by the appro­
priate weight. Finally, we calculated total 
HE for the analysis area, based on all four 
variables of the elk HE model, with only 
HER differing between the two calculations 
(Table 1). 

Open road density in the Dark Meadow 
area was relatively high under all three al­
ternatives, and HER-DB was consistently 
lower than HER-ORD (Table 1 ). However, 
this difference was more pronounced with 
lower open road densities ; under the " no 
action" alternative, HER-DB was only 15 
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FIGURE l. Roads under three a lternatives of the Dark M eadow Restoration Project, Wal­
lo wa-Whitman Nationa l Forest, northeastern Oregon: the " no acti on" alternative (A); Alter­
nati ve 1 (B ); and Alternati ve 2 (C). Ope n roads were de fined as any road available to mo to ri zed 
traffic, inc luding roads offi c ia ll y designated as open and closed roads that have no promu lga­
tion . 
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percent less than HER-ORD, but under the 
two acti on alternati ves thi s difference in­
creased to 32-35 percent (Table I ) . Com­
pared to the " no action" alternative, the 
density of open roads declined 17 and 23 
percent, respectively, under Alternatives 1 
and 2. Concomitant with this decline in 
road density were increases in HER-ORD 
of 40 and 55 percent fo r the two action 
alternatives, respective ly ; however, HE1c 
DB increased only 12 and 1 8 percent (Ta­
ble 1). These results suggest that the spa­
ti al arrangement of remaining open roads 
was such that the amount of effecti ve hab­
itat fo r e lk improved only marginally (Fig­
ure 1). Thus, HER-ORD may overestimate 
habitat effectiveness fo r e lk under certain 
conditions. 

Because total HE is the geometric mean 
of all four input variables, di fferences in 
total HE between the two methods were 
not as substantial as were those fo r HER 
alone (Table l ) . Among the four vari ables 
used to calculate HE, all of which are 
equally weighted in computing the mean, 
values fo r HER were substantiall y lower 
than those of the other three vari ables (Ta­
ble 1). Thus, in the Dark Meadow project 
area, the relatively high open road densi­
ties were largely responsible fo r the low 
total HE scores. These scores exceeded 
only slightly the recommended standard of 
0.5 for total HE in timber planning on the 
Wallowa-Whitman, and only when HER­
ORO was used for the roads vari able (Ta­
ble 1). By contrast, when HER-DB was 
used, tota l HE was below the standard for 
all alternatives (Table l ). 

We did not alter band weights, or " back 
buffer" them, based on the level of secu­
rity cover in each band (see Roloff 1998) . 
Thi s additional refinement may be war­
ranted in situations where cover quality 
varies widely across the analysis area, or 
is predicted to vary under proposed man­
agement alternatives. In addition, band 
weights could be adjusted by accounting 
for topographic re lief, such that areas pro­
viding topographic barriers to human di s­
turbance wo uld have weights adjusted up­
ward, or by traffic rates, if such data were 
available (e.g. , Wisdom et al. 2004b). 

IMPLICATIONS FOR 
MANAGEMENT AND POLICY 
INVOLVING ELK-ROADS ISSUES 

Road management inev itably involves 
tradeoffs between the benefits of in­
creased access that roads prov ide versus 
the ecological and econo mic costs asso­
c iated with roads (G ucinski et a l. 2001 , 
Forman et al. 2003). Because the U.S . 
Department of Agri culture, Forest Ser­
vi ce (Fores t Service) manages about I 0 
percent of the public road system in the 
United States (Forman et a l. 2003), road­
ma nage me nt dec is io ns made by th a t 
agency stro ng ly influence current road 
sys tems. The Fores t Service policy re­
garding road c losures and constructio n 
continues to engender controversy, ex­
e mplifi ed by the multi-year debate over 
the nati onal Roadless Rule. T he rule, first 
publi shed in the Federal Registe r in Jan­
uary 2001 (U.S. Government 2001 ), has 
been challenged by at least nine lawsuits 
in federal di str ict courts. Dec isio ns abo ut 
roads, including constructi on, reconstruc­
tio n, c losure, obliteration, or decommis­
sioning, are complex because they affect 
a multitude of resources, not just w ildlife. 
A ll resource values in a watershed must 
be eva lu a ted w he n makin g dec isio ns 
abo ut roads; these may inc lude human 
safety (e.g ., access to combat wildfires), 
so il s, recreation, commerci a l timber har­
ves t, and restoration activities. In addi­
tio n, decisions about roads are closely 
ti ed to available funding. Expenses are in­
volved both in constructing and mainta in­
ing roads and in decommissioning roads 
and enforcing road closures (Fo rman et 
a l. 2003). Complicating the issue of eval­
uating effects of roads is that roads in for­
ested ecosystems currently are not well 
inventoried (Gucinski et al. 2001 ) . 

The potential implications of road-re­
lated policies for elk management are di­
verse and complex. Benefits of road clo­
sures may include : 

• Decreased energy expenditure by elk, 
a result of less frequent di sturbance by 
motori zed vehic les, with potenti al im­
provements in animal perfo rmance. 

• Increases in total amount of effecti ve 
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habitat for elk in the area affected by 
the closures . 

• Increased hunting opportunities on pub­
lic lands, when roads are closed on pub­
lic lands adjacent to comparatively less­
roaded private lands, thereby enticing 
elk to remain on public lands rather 
than moving to private lands where 
hunting may not be allowed or is pro­
hibitively expensive (Wertz et al. 2004). 

• Decreased damage to crops and hay­
stacks from elk on private lands, due 
to decreased disturbance from traffic 
on public land, which in turn causes 
elk to remain on public land longer 
during the fall and winter seasons . 

• Improvements in diet quality when elk 
are able to forage undisturbed in areas 
previously avoided due to excessive 
motorized traffic; these changes may 
translate into improvements in animal 
fitness and population performance. 

• Increased hunter satisfaction from the 
opportunity to hunt in a roadless area 
or the use of all-terrain vehicles on 
closed roads or other "off-highway" 
sites (Gratson and Whitman 2000b). 

• Decreased vulnerability of elk during 
hunting seasons, due to fewer hunters 
willing to hunt without a vehicle or 
able to access the area. 

Road closures alone may not be effec­
tive in eliminating effects of roads and 
traffic on elk because of inadequate en­
forcement . For this reason, the Forest Ser­
vice may promulgate road closures in ad­
dition to designating roads as closed, as 
in the Dark Meadow project discussed 
above. Careful assessment of how roads 
are being used, rather than their official 
status, is important to credibly evaluate 
effects of roads on elk and other wildlife. 
Likewise, judicious closing of certain 
road segments, particularly road spurs 
(Forman et al. 2003), may retain or create 
blocks of habitat that serve as security ar­
eas for elk while allowing sufficient road 
access for other management needs . Spa­
tially explicit models and tools are cur­
rently available to aid in evaluating 
among road closure alternatives. 

Elk continue to exert tremendous im­
pact on local economies, through their 

status as a premier game species, and on 
forested ecosystems, through their role as 
abundant, widespread, large herbivores. 
Given the indisputable effect of roads on 
distribution of elk, roads and their man­
agement will undoubtedly remain, as stat­
ed by Lyon and Christensen (2002:566), 
"central to elk management on public and 
private lands. " 
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Spatial Partitioning by Mule Deer and Elk in 
Relation to Traffic 

Michael J. Wisdom, Norman J. Cimon, Bruce K. Johnson, 
Edward 0 . Garton, and Jack Ward Thomas 

INTRODUCTION 

Elk (Cervus elaphus) and mul e deer 
(Odocoileus hemionus) have overlapping 
ranges on millions of ac res of fo rests and 
rangelands in western North America. 
Accurate prediction of their spatial distri­
butions within these ranges is essential to 
effective land use planning, stocking al­
locatio n, and population ma nage me nt 
(Wisdom and Thomas 1996). Many hab­
itat variables influence the distributions of 
the two ungulates, making predictions a 
challenging and sometimes daunting task 
for resource managers (Johnson et al. 
1996, Ager e t al. 2004 ). 

Distance to roads open to motori zed 
vehicles has been identifi ed as a signifi­
cant predictor of deer and elk distribu­
tions (Thomas et al. 1979). Elk in partic­
ular have shown disproportionately less 
use of areas near roads open to motorized 
traffic (Lyon 1983 ; Rowland et al. 2000, 
2004). As a result, extensive road clo­
sures have been implemented in the west­
ern United States in an attempt to miti­
gate the presumed reduction in elk use of 
habitat near open roads. Often , road clo­
sures are implemented under the pre­
sumption that any road open to traffic, re­
gardless of its construction standard or 
traffic flow, will cause avoidance by elk, 
and that closing such roads will mitigate 
the avoidance (Wisdom et al. 1986, 
Thomas et al. 1988). Moreover, mule deer 
have been assumed to avoid roads in the 
same manner as elk (Thomas et al. 1979), 
although empirical support for this as­
sumption is limited and imprecise (see 
Perry and Overly 1977 versus Rost and 
Bailey 1979). 

Despite the assumption that any road 
open to traffic e licits avoidance, research­
ers have suspected that the rate of traffic 
influences the magnitude of potential 
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avoidance, espec ially by elk (Lyon and 
Christensen 2002). This was confirmed 
indirectly by Perry and Overly ( 1977), 
Rost and Bailey (1979), and Witmer and 
deCalesta (1985), among others, who 
found less e lk use of areas near primary 
or main roads than use observed near sec­
ondary or primitive roads, presumably 
due to a hi gher rate of traffic on primary 
roads and a higher level of human activity 
associated with the traffic . In addition, 
Rowland et al. (2000, 2004) found that 
elk showed increasingly strong selection 
toward areas with increas ing distance 
from roads open to motori zed traffic at 
the Starkey Ex perime nta l Forest and 
Range (S tarkey). Thi s research was es­
pecially compelling, owing to the large 
number of rad io-coll ared elk and telem­
etry locations on which results were 
based during three years of study. 

Until recently, however, no research 
has examined the exp licit relationship of 
mule deer and elk di stributions with traf­
fic rates on jointly occupied range. John­
son et al. (2000) included roads with 
varying traffic rates as part of their anal­
ysis of resource selection by mule deer 
and elk at Starkey during spring. Such 
data are needed by resource managers 
charged with answering a myriad of ques­
tions about population and road manage­
ment for these ungulates. For example, 
what traffic rate, if any, elicits avoidance? 
Is the response the same for the two spe­
cies, and the same during day versus 
night? Answers to these questions are 
needed to justify and guide efforts to mit­
igate any negative effects. Moreover, if 
traffi c causes ungul ate avoidance of areas 
near roads, the reduction in carrying ca­
pacity could be biologically significant 
(Johnson et al. 1996, Wisdom and Thom­
as 1996). 
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In this paper, we build on the earlier 
analyses by Johnson et al. (2000) at Star­
key to further explore the spatial patterns 
of mule deer and elk in relation to roads 
of varying traffic rates and management. 
We specifically relate traffic rate with ar­
eas selected by mule deer and elk on 
spring and summer range. Our objectives 
were to (1) assess the degree to which 
mule deer and elk may avoid areas near 
roads based on variation in rates of mo­
torized traffic; (2) examine differences in 
response of mule deer versus elk to traf­
fic , as an explicit test of the assumption 
made by earlier investigators that mule 
deer avoidance of open roads is similar to 
that of elk; (3) describe the implications 
and potential uses of results for manage­
ment. 

STUDY AREA AND 
TECHNOLOGIES 

Our study took place in the Main Study 
Area of Starkey in northeast Oregon (see 
Figure 1 in Wisdom et al. 2004). Starkey 
features an automated telemetry system 
(ATS) that has been used to monitor the 
movements of a large percentage of fe­
male deer and elk (12-25 % of females/ 
species) in the Main Study Area since 
1991 (Findholt et al. 1996, Rowland et al. 
1997). Monitoring with the ATS has oc­
curred during April-late December each 
year. 

Starkey's Main Area was designed to 
facilitate large-scale studies of resource 
selection by deer and elk under popula­
tion, habitat, and human activity condi­
tions that mimic conditions in National 
Forests on spring, summer, and fall rang­
es in the western United States. These de­
sign features are described in detail by 
Rowland et al. (1997) and Wisdom et al. 
(2004). 

METHODS 

Deriving Traffic and Road Variables 

Over 50 traffic counters were placed 
throughout the Main Area along roads not 
physically blocked to vehicle traffic. Each 
counter was associated with a unique road 

segment. Counters were located immedi­
ately beyond a segment's intersection 
with other roads, providing an explicit 
count of traffic for that segment. Each 
counter automatically tallied the number 
of vehicles passing over the associated 
road segment at 15-minute intervals, 24 
hours a day, throughout the study. Row­
land et al. (1997) described details about 
the counters and their use in collecting 
traffic data. 

We used the counts of traffic to char­
acterize the rate of traffic on each road 
segment for spring (mid-April to mid­
June) and summer (mid-June to mjd-Au­
gust), 1993-1995, with the following 
steps. First, we summed the counts of 
traffic/counter for each hour of each day, 
and summed these counts across like 
hours for each counter/season/year. Sec­
ond, we used the summed counts to iden­
tify the 12-hour period of highest traffic 
frequency versus the 12-hour period of 
lowest traffic frequency for a generalized 
24-hour day for each counter/season/year; 
we did this by calculating the ratio of traf­
fic counted for all possible pairs of 12-hr 
periods for each counter/season/year, us­
ing a 12-hour moving window analysis, 
with each 12-hour window advancing in 
30-minute intervals. Third, for a given 
season and year (season-year period), we 
defined day as being the 12-hour portion 
of the generalized 24-hour day that had 
the highest 12-hour ratio of traffic counts 
for the majority of counters, and defined 
night as the opposite 12 hours . Starting 
times for the 12-hour portion defined as 
day ranged from 0530 to 0700, Pacific 
Standard Time, among season-year peri­
ods. And fourth, for each season-year pe­
riod, we examined the frequency distri­
butions of traffic counts for day and for 
night among counters, and identified dis­
tinctive breaks in the distributions that re­
sulted in five categories of traffic rate dur­
ing day and three categories during night 
(Table 1). Traffic rates were substantially 
higher during day versus night, thus ac­
counting for the larger number of traffic 
categories for day versus night (Table 1). 

Each segment of road was then as­
signed to one of the five categories of 
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TABLE I. Defi nitions of l l traffic and road variab les and mean nearest di stance of 86,000 
pixe ls to each traffic and road variable, fo r each of six season-year periods encompass ing spring 
(mid-Apri l to mid-June) and summer (mid-June to mid-August), 1993- 1995, Ma in Study Area , 
Starkey Ex perimenta l Forest and Range, northeast OR. Va lues of mean nearest di stance were 
used as estimates of the area ava ilab le to deer and e lk (V AVA IL , as defi ned in text) for MAN ­
OVA and ANOV A tests of se lection in re lation to traffic and road variables 

Nearest distance o f pi xels to traffi c or road variable (m) 

Traffic or road variab le Spring Summer Spring Summer Spring Summer 
(no. vehic les/ 12 hours) 1993 1993 1994 1994 1995 1995 

D5 (> I 0 day vehic les) 2005 1557 43 10 1560 4310 4310 
D4 (> 4 day vehicles :s I 0) 2114 1225 1665 149 1 1658 1658 
D3 (> l day vehicles :s 4) 1033 1493 909 11 36 928 944 
D2 (> 0 day vehic les :s I) 870 883 872 946 901 820 
D I (0 day vehic les) 280 280 269 280 279 280 
N3 (> I night vehic les) 1785 761 447 1 1388 4471 4470 
N2 (> 0 night vehic les :s I) 70 1 713 585 53 1 597 59 1 
N 1 (0 night vehicles) 236 280 242 263 232 237 
Open (A ll rates poss ible) 638 638 638 638 638 638 
Restr. (A ll rates poss ible) 408 408 408 408 408 408 
Closed (All rates possible) 398 398 398 398 398 398 

traffic rate for day and one of the three 
categories for night, based on the cate­
gory that was associated with that seg­
ment's traffic counter. The Main Area was 
then subdivided into 86,000 0.22-acre 
(30- by 30-meter) pixels, and spatial anal­
y s is software (Ager a nd McGa ughey 
1997) used to calcu late the distance of 
each pixel to the nearest road of each of 
the categories of traffic . Because seg­
ments of road often changed categories 
across season-year periods , the mean dis­
tance of the 86,000 pixe ls to the nearest 
road of each category of traffic often was 
unique for each season-year period (Table 
1). Row land et al. (1997, 1998) described 
additional details about the spatial data­
base and the methods used to derive dis­
tance estimates for the traffic variables. 

In addition to the traffic variables, we 
calculated the distance of each pixel to 
the nearest road open to motorized vehi­
cles; nearest road closed to motorized ve­
hicles; and nearest road restricted to ad­
ministrative traffic (Table 1, Row land et 
al. 1997, 1998). Estimates of these road 
variables were an important complement 
to the traffic variables because such road 
variables are used as impreci se but pre­
sumably unbiased indices of traffic rate 
on National Forests in northeast Oregon, 
as well as in large areas of the western 

United States, as part of road manage­
ment for deer and elk. Thus, we wanted 
to determine how well the patterns of un­
gul ate selection accounted fo r by the traf­
fic variables mi ght also be indexed by the 
road variables. Un like the dynamic nature 
of the traffic variables, whose di stance es­
timates changed across season-year peri­
ods with shifts in traffic rate across road 
segments, th e mean di stance of the 
86,000 pixels to nearest road of each type 
remained static across all season-year pe­
ri ods (Table 1 ). 

Monitoring Animal Movements 

We used the ATS during spring and 
summer, 1993- 1995 , to collect more than 
160,000 locations from 12-3 1 radio-col­
lared females/species/season-year period. 
Animals were systematically located ap­
proximately once every 3-4 hours (X. = 
3.7 hours among season-year periods, SE 
= 0.6), which generated an average of 
44 7 locations/female/season-year period 
(SE = 69). 

The ATS computed each animal loca­
tion in Un iversal Transverse Mercator 
(UTM) coordinates. Point estimates of 
these locations were placed within the 
center of the nearest 0.22 acre (30- by 30-
meter) pixe l. Location accuracy of the 
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ATS was ± 58 meters (X. = 53 meters, 
SE = 5.9) (Findholt et al. 1996). Findholt 
et al. (1996), Johnson et al. (1998), and 
Rowland et al. (1997, 1998) described ad­
ditional details about use of the ATS to 
collect animal locations. 

Assessing Deer and Elk Selection in 
Relation to Traffic and 
Road Variables 

Calculating use and availability 

For each season-year period, use for a 
given radio-collared animal for a given 
traffic or road variable was calculated as 
the mean of all distance values for the 
variable taken across all pixels in which 
the animal was located. Each location 
was weighted by a spatially-explicit al­
gorithm that corrected for spatial differ­
ences in the rate at which telemetry lo­
cations were successfully obtained (John­
son et a!. 1998). Estimates of use (i.e., 
mean distance values) for all traffic and 
road variables for each animal in each 
season-year period were then placed in a 
use vector, defined as V usE· 

Similarly, availability of each traffic 
and road variable for each season-year 
period was calculated as the mean of all 
distance values for the variable taken 
across all 86,000 pixels (Table 1). Esti­
mates of availability for all traffic and 
road variables for each season-year peri­
od were then placed in an availability 
vector, defined as V AVA IL· Each vector of 
availability was unique to each season­
year period (Table 1) due to the dynamic 
nature of traffic rates across seasons and 
years. 

Within-species selection 

For each season-year period, we cal­
culated a selection vector (V SELEcT) of use 
minus availability of all traffic and road 
variables for each radio-collared animal. 
Specifically, VsELECT was calculated as a 
difference vector of selection values (use 
minus availability) of all traffic and road 
variables resulting from V usE minus VA· 
VAIL for each animal and period. Each se­
lection vector for a radio-collared animal 

in a season-year period was used as the 
unit of observation, or statistical repli­
cate, to evaluate patterns of within-spe­
cies selection by the population of deer or 
elk in relation to the traffic and road var­
iables. 

We used a two-step process to evaluate 
within-species selection. First, we used a 
fixed-effects , factorial Multivariate Anal­
ysis of Variance (MANOV A) (Type III 
Sum of Squares (SS), Generalized Linear 
Procedure (PROC GLM), SAS Inst., Inc. 
1990), with season and year as factors, to 
initially test whether within-species selec­
tion differed by season, year, or both. 
This MANOV A was described in detail 
by Wisdom (1998). 

Second, with the finding of a signifi­
cant factor effect (P < 0.05) of season, 
year, or their interaction, we examined 
each individual Analysis of Variance 
(ANOV A) to identify which traffic and 
road variables contributed to these effects 
in a biologically significant manner. We 
defined a biologically significant effect as 
any traffic or road variable that was sta­
tistically significant (P < 0.05) for a giv­
en factor, and whose mean value for that 
factor was inconsistent in sign. For ex­
ample, if use minus availability by season 
for the open roads variable was statisti­
cally significant and had a positive sign 
for spring (suggesting selection of areas 
farther from open roads than available) 
but a negative sign for summer (suggest­
ing selection of areas closer to open roads 
than available), results for the two sea­
sons were presented separately. Simple 
main effects (individual season-year pe­
riods analyzed separately) and partial 
main effects (some season-year periods 
pooled) were reported for any variable 
having biologically significant effects due 
to season, year, or both. 

All traffic and road variables deemed 
not to contribute to season, year, or inter­
action effects in a biologically significant 
manner were then brought forward to test 
the main effects of within-species selec­
tion , all seasons and years pooled. This 
test was conducted using a one-sample, 
fixed-effects , completely randomized 
MANOV A (Hotel ling's TZ, No Intercept 
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Option, Type III SS, PROC GLM, SAS 
Inst., Inc. 1990), as described by Wisdom 
(1998). 

Because we had an unequal number of 
radio-collared replicates among seasons 
and years, we used the Least Square 
Means Option (Lsmeans, PROC GLM, or 
equivalent programming in PROC 
MEANS, SAS Inst., Inc. 1 990) for all 
ANOV As so that variation from radio­
collared replicates for each season-year 
period contributed equally to univariate 
tests. We also weighted radio-collared 
replicates within each season-year period 
such that within-species variation by trap 
location (radio-collared animals trapped 
in Main Study Area versus winter feed 
ground) was represented equally. Because 
of large differences in categories of traffic 
by day versus night, we conducted sepa­
rate MANOV As for day and for night. 

Between-species selection 

We also evaluated patterns of between­
species selection by deer versus elk in re­
lation to traffic and road variables. We 
used a fixed-effects, factorial MANOV A 
(Type III SS, Proc GLM, SAS Inst., Inc. 
1990), with season, year, between-species 
selection, and their interactions as factors, 
as outlined by Wisdom (1998). 

With the finding of a significant inter­
action (P < 0.05) between any factors in 
the MANOV A, we examined the individ­
ual ANOV As to identify which traffic and 
road variables contributed to the interac­
tion in a biologically significant manner. 
Biologically significant interactions were 
defined as any statistically significant in­
teraction that also contained "crossing" 
(Kirk 1982:356-359) of the treatment 
level means for between-species selec­
tion, and whose treatment level means for 
between-species selection were inconsis­
tent in sign and direction. For example, if 
the interaction of between-species selec­
tion and season for the open roads vari­
able was statistically significant and in­
dicated that elk were closer than deer to 
open roads during spring but farther from 
open roads during summer, results for the 
two seasons were presented separately. 

As done for tests of within-species se-

lection, we used the Least Square Means 
Procedure (Lsmeans, PROC GLM, SAS 
In st., Inc. 1 990) so that variation from ra­
dio-collared rep! icates from all season­
year periods contributed equally to AN­
OVA tests of main effects and all inter­
actions for between-species selection. 

RESULTS 

The vector of traffic and road variables 
selected (V SELECT) by mule deer and by 
elk was significantly different (P < 0.05) 
from zero, both day and night, for the 
main effects of within-species selection 
(Wisdom 1998). Moreover, MANOV A 
tests of difference in selection between 
the two species also were significant (P 
< 0.05), as described in detail by Wisdom 
(1998). Univariate contributions of each 
traffic and road variable to the significant 
main effects and to the biologically sig­
nificant interactions are described below 
for all within-species and between-spe­
cies MANOV As. 

Within-Species Selection: Deer 

Both day and night, mule deer selected 
areas closer to roads that had day rates of 
> 4 vehicles/] 2 hours (D4 and D5, Figure 
1a, b), closer to roads that had night rates 
of > 1 vehicles/12 hours (N3, Figure lc, 
d), and closer to roads open to motorized 
traffic (Open, Figure le, f). Mule deer 
also selected areas closer to roads that 
had day rates of > 1 but ~4 vehicles/12 
hours except during summer, when selec­
tion was not significant (D3, Figure 
la, b). 

The magnitude of selection toward D5, 
D4, N3 , and D3 roads appeared to in­
crease with increasing rate of traffic: 
roads with the highest rate-D5-had the 
greatest mean difference of use versus 
availability, followed by N3, D4, and D3. 
The consistency of selection toward these 
roads also appeared to increase with in­
creasing rate of traffic: roads with the 
highest rates- D4 and D5-had no sig­
nificant season or year interactions. 

In contrast to selecting areas closer to 
open roads and to roads that had higher 
rates of traffic, mule deer selected areas 
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FIGURE l. Areas selected by mu le deer during day (a, c , e) and night (b, d , f) in relation 
to roads of different rate of traffic (01 through 05 , Nl through N3) and type (closed, restricted, 
or open to vehicles). Dl , 02, 03 , 04, and 05 were roads with 0, > 0 but ::s 1, > 1 but ::s 4, 
> 4 but ::s 10, and > 10 veh ic les/12 hours during day. N1, N2, and N3 were roads with 0, > 
0 but ::s 1, and > 1 vehicles/12 hours during night. Mai n effects (all seasons and years pooled) 
are shown in black and partial main effects (some seasons and years pooled) shown in white. 
Partial main effects are shown for variables whose parameter estimates could not be pooled 
across certain seasons or years due to interactions by season, year, or both. Significant differ­
ences in selection are shown with as terisks(* = P < 0.05 , ** = P < 0.01). Positive differences 
indicate selection away from roads. Negative differences indicate selection toward roads. De­
scriptive and test stati stics are provided by Wisdom (1998). 

farther from roads that had day rates of 
> 0 but :::; 1 vehicles/ 12 hours (D2, Figure 
1a, b) but selected areas closer to roads 
that had night rates of > 0 but :::; 1 vehi­
cles/12 hours during spring (N2, Figure 
1c, d). Finally, mule deer showed no se-

lection in relation to roads that received 
no traffic (Dl, Figure la, b; and Nl, Fig­
ure lc, d) and no selection in relation to 
roads that were closed to vehicles or re­
stricted to administrative traffic (Closed 
and Restricted, Figure le, f)_ 
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Within-Species Selection: Elk 

Both day and night, elk selected areas 
farther from roads that had day rates of 
> 1 vehicles/12 hours (D3, D4, and D5, 
Figure 2a, b). Elk also selected areas far­
ther from roads that had night rates of > l 
vehicles/12 hours (N3, Figure 2c, d) and 
farther from roads open to motorized traf­
fic (Open , Figure 2e, f). During night, 
summer 1995, however, elk showed no 
selection in relation to roads having night 
rates of > 1 vehicles/12 hours (N3, Figure 
2d). Elk also showed no selection during 
night in relation to open roads for spring, 
all years (Figure 2f). 

The consistency of elk selection away 
from roads appeared to increase with in­
creasing rate of traffic: roads with the 
highest rates-D3, D4, and D5-had no 
significant season or year interactions. 
Roads with the highest rate of traffic­
D5-also had greatest mean difference 
between use and availability. 

In contrast to typically selecting areas 
farther from open roads and farther from 
roads that had higher rates of traffic, elk 
generally selected areas closer to roads 
that had little or no traffic. However, the 
pattern was not consistent among all sea­
son-year periods. Specifically, elk were 
closer to roads that had day rates of > 0 
but :::; 1 vehicles/12 hours (D2, Figure 2a, 
c, except for spring 1994 during day), 
closer to roads with no traffic (D1, Figure 
2a, b, except for spring 1993; and N1, 
Figure 2c, d, except for spring 1993) and 
closer to roads that were closed (Closed, 
Figure 2e, f). However, elk showed either 
an opposite or an inconsistent pattern of 
selection, day versus night, in relation to 
roads that had night rates of > 0 but :5 1 
vehicles/12 hours (N2, Figure 2c, d). Dur­
ing day, elk also selected areas farther 
from roads restricted to administrative 
traffic (Restricted, Figure 2e) but selected 
areas closer to these same roads during 
night (Restricted, Figure 2f). 

Between-Species Selection: 
Deer Versus Elk 

Both day and night, elk were farther 
than deer from roads that had traffic rates 

of > 1 vehicles/12 hours (03, N3, D4, and 
D5, Figure 3a, b, c, d) and farther than 
deer from open roads (Open, Figure 3e, 
f). By contrast, deer generally were far­
ther than elk from roads that had lower 
traffic rates or that were restricted or 
closed, especially during night. Specifi­
cally, deer were farther than elk from 
roads having day rates of > 0 but :5 1 ve­
hicles/12 hours (D2, Figure 3a, b), farther 
than elk during night from roads having 
night rates of > 0 but :5 1 vehiclesll2 
hours (N2, Figure 3d, except for summer 
1993), and farther than elk during night 
from roads that were restricted or closed 
(Restricted, Closed, Figure 3f). During 
day, however, deer were closer than elk 
to N2 roads (Figure 3c, except for sum­
mer 1993) and closer than elk to restrict­
ed roads during spring, all years (Restrict­
ed, Figure 3e). Finally, we found no dif­
ference in deer versus elk selection in re­
lation to roads with zero traffic (Dl, Nl, 
Figure 3a-d), except during night, when 
deer were farther than elk (Nl, Figure 
3d). We also found no difference in deer 
versus elk selection during day in relation 
to closed roads (Closed, Figure 3e). 

DISCUSSION 

Selection Patterns 

A number of strong and surprising pat­
terns emerged from our results. First, deer 
and elk selected areas in opposite ways in 
relation to rate of traffic, with the mag­
nitude of difference increasing with in­
creasing rate of traffic. Second, thresholds 
existed for both species in terms of direc­
tion in selection: elk were generally far­
ther from roads with traffic rates > 1 ve­
hicles/] 2 hours, both day and night, while 
deer were closer; by contrast, selection by 
both species was inconsistent in relation 
to roads with little or no traffic (:51 ve­
hicles/12 hours). Third, the type of road 
often correctly indexed the direction in 
selection shown by both species in rela­
tion to rates of traffic; that is, elk were 
farther from and deer were closer to roads 
that were open to all vehicular travel, 
which agreed with the overall direction in 
selection shown by both species in rela-
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FIGURE 2. Areas selected by e lk during day (a, c, e) and night (b, d, f) in relation to roads 
of different rate of traffic (D1 through DS , N1 through N3) and type (closed, restricted, or 
open to vehicles). D1 , D2, D3, D4, and DS were roads with 0, > 0 but ::s 1, > 1 but ::s 4, > 
4 but ::s 10, and > 10 vehicles/12 hours during day. Nl, N2, and N3 were roads with 0, > 0 
but ::s 1, and > 1 vehicles/12 hours during night. Main effects (all seasons and years pooled) 
are shown in black, partial main effects (some seasons and years pooled) shown in white. 
Partial main effects are shown for variables whose parameter estimates could not be pooled 
across certain seasons or years due to interactions by season, year, or both. Significant differ­
ences in selection are shown with asterisks (* = P < 0.05, ** = P < 0.01). Positive differences 
indicate selection away from roads. Negative differences indicate selection toward roads. De­
scriptive and test statistics are provided by Wisdom (1998) . 

tion to most roads that had non-zero rates 
of traffic (i .e., all roads having > 1 vehi­
cles/12 hours). Moreover, both species 
showed a weak or inconsistent pattern of 
selection in relation to closed or restricted 
roads, which agreed with the inconsistent 
pattern of selection shown by both spe­
cies in relation to roads with little or no 

traffic (::::; 1 vehicles/12 hours). And 
fourth, the type of road sometimes failed 
to index the magnitude of selection in re­
lation to the traffic variables. For exam­
ple, mule deer were approximately 100-
150 yards (91-137 m) closer to open 
roads than available, yet deer were more 
than 250 yards (229 m) farther from roads 
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FIGURE 3. Differences in areas selected by mule deer versus elk during day (a, c, e) and 
night (b, d, f) in relation to roads of different type (closed, restricted, or open to vehicles) and 
rate of traffic (Dl through D5, N1 through N3). Dl, D2, D3, D4, and D5 were roads with 0, 
> 0 but ::::: 1, > 1 but ::::: 4 , > 4 but ::::: 10, and > 10 vehicles/12 hours during day. Nl, N2, 
and N3 were roads with 0, > 0 but::::: 1, and > 1 vehicles/12 hours during night. Main effects 
(all seasons and years pooled) are shown except when parameter estimates could not be pooled 
due to interactions by season, year, or both. In such cases, partial main effects (some seasons 
and years pooled) or simple main effects (specific season-year periods analyzed separately) are 
shown and explicitly identified. Significant differences (P < 0.05) in selection are denoted by 
the names of each species above and below the bar. The species whose name is above the bar 
indicates it was significantly farther from a road than the species named below the bar. De­
scriptive and test statistics are provided by Wisdom (1998). 

of second-highest traffic rate (D4), and 
more than 550 yards (505 m) farther from 
roads of highest traffic rate (D5). 

Implications for Roads and 
Habitat Models 

Our results have direct bearing on a 
number of key assumptions and relation-

ships contained in habitat models for elk. 
First, our results support the inclusion of 
an open roads variable in spring-summer 
habitat models, such as done in models 
by Thomas et al. (1979), Leege (1984), 
Lyon et al. (1985), Wisdom et al. (1986), 
and Johnson et al. (1996). Second, our re­
sults corroborate the assumption by some 
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elk habitat modelers (e.g. , Thomas et al. 
1979, Wisdom et al. 1986) that increasing 
rate of traffic exerts an increasingly 
strong effect on elk selection; this implies 
that accuracy of elk habitat models could 
be improved by substituting a variable on 
traffic rate for the currently-used variable 
on open roads. Third, our findings do not 
support the assumption (Thomas et al. 
1979) that selection by mule deer is sim­
ilar to that by elk in relation to traffic and 
road variables; instead, our findings sug­
gest that separate modeling terms are 
needed for each species. And fourth, our 
results call into question the use of car­
rying capacity models that are strictly nu­
trition- or forage-based, such as those by 
Nelson (1984), Cooperrider and Bailey 
(1984), Van Dyne et al. (1984), and 
Schwartz and Hobbs (1985), due to the 
strong effect that traffic and traffic-in­
dexed human activities may have on 
modeling results . In contrast to these 
model s, our findings provide compelling 
justification for the inclusion of traffic 
variables as a potential decrement to any 
projections of carrying capacity for both 
species. 

Our results would be particularly use­
ful when considered as part of " di stance 
band " assessment of roads, as recently 
proposed by Rowland et al. (2004). Un­
der such an assessment, all roads open to 
traffic are mapped, and the associated 
landscape is subdivided into distance in­
tervals or bands, according to the distance 
of each band to the nearest open road. 
The probability that elk will use each dis­
tance band, based on prior research on elk 
distributions in relation to distance from 
open roads (Rowland et al. 2000), is then 
assigned to each band. These probabili­
ties are then weighted by the area of each 
di stance band occurring on the landscape 
being evaluated, and an overall probabil­
ity calculated. If open roads could be fur­
ther characterized by traffic rates , that 
probabilities of elk use by di stance to 
nearest road of each rate could be consid­
ered . This refinement in the road-distance 
band assessment deserves further consid­
eration in future modeling of elk habitat 

use at landscape scales such as water­
sheds. 

Are Elk Displacing Deer? 

Perhaps our most intriguing finding re­
lates to the hypothesis of interference or 
disturbance competition, where "the 
mere presence of an animal intimidates or 
annoys another animal into leaving the 
area" (Nelson 1982:416). In the past, this 
hypothesis has been tested in relation to 
potential displacement of wild ungulates 
by domestic livestock. For example, 
many studies have shown that elk avoid 
or decrease their use of areas with the on­
set of cattle grazing (Knowles and Camp­
bell 1982, Lonner and Mackie 1983, Wal ­
lace and Kraus man 1987, Frisina 1992, 
Yeo et al. 1993, Coe et al. 2001, 2004), 
suggesting that interference competition 
may be operating. 

The interference competition hypothe­
sis , however, has not been tested rigor­
ously between sympatric species of wild 
ungulates in North America. In potential 
support of thi s hypothesis in relation to 
mule deer and elk, a number of research­
ers (Cliff 1939, Mackie 1981, Nelson 
1982) inferred that elk may out-compete 
and potentially di splace mule deer on 
winter ranges that are limited in size and 
available forage. Nel son (1982) also be­
lieved that mule deer may leave or avoid 
areas of heavy use by elk, even if forage 
is abundant and dietary overlap with elk 
is low. Wisdom and Thomas (1996) also 
suggested that elk may displace mule 
deer on jointly occupied ranges when elk 
exist at moderate to high densities, due to 
a number of behavioral and physiological 
advantages that elk presumably have over 
deer. Finally, Cowan (1950:582), working 
in western Canada, inferred that " mule 
deer and moose have decreased since elk 
became abundant, and the causal nature 
of the two events, though not established, 
seems probable." 

Lack of direct, cause-effect evidence, 
however, limits firm conclusions. On the 
other hand, an additional analysis at Star­
key (M. J . Wisdom , unpublished data) 
supports the assumption that mule deer 
change their distributions within our 
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study area in relation to opposite changes 
in di stribution by elk. In this additional 
analysis, elk were significantly farther (P 
< 0.05) from roads that had highest rate 
of traffic (D5) during summer 1994 (use 
minus availability = 338 yards) , while 
mule deer were closer (use minus avail­
ability = - 412 yards). During a one­
month, either-sex bow season on elk that 
immediately followed summer 1994, 
however, elk shifted their di stributions 
significantly closer to these same roads 
(use minus availability = - 227 yards) 
while deer moved significantly farther 
away (use minu s availability = 388 
yards). Simultaneous with the shift by elk 
toward the DS roads during the bow-hunt 
was the inclusion of the DS roads within 
a no-hunting area that extended 400 yards 
outward from these roads. Thus , the most 
plausible, logical ex planation for these 
di stributional shifts is that e lk are sensi­
tive to traffic but more sensitive to hunt­
ing pressure , and that mul e deer are sen­
sitive to the presence of elk. The results, 
we believe, are di stributions of mule deer 
and elk that exist and shift in dynamic, 
opposite ways, both in direction and mag­
nitude, in agreement with the interference 
competition hypothesis. 

Similar findings and inferences were 
made from earlier analyses of mule deer 
and elk interactions at Starkey by John­
son et a!. (2000), Coe et a!. (200 1, 2004 ), 
and Stewart et al. (2002). In each of these 
analyses, investigators found strong evi­
dence, although observational, that mule 
deer were avoiding elk. For example, 
Johnson et al. (2000) found that the stron­
gest coefficient in explaining resource se­
lection by mule deer was resource selec­
tion by elk. While mule deer occupied ar­
eas largely avoided by elk, the opposite 
was not true. That is, resource selection 
by elk could not be explained by selection 
patterns of mule deer. 

Although such discussion is compel­
ling, manipulative experiments are need­
ed to formally test and validate the inter­
ference competition hypothesis under 
varying levels of deer and elk densities 
and rates of traffic, under the presumption 
that certain ungulate densities and certain 

traffic rates work together to cause elk to 
avoid areas near roads, and to cause mule 
deer to select areas near roads as a means 
of avoiding elk. Ideally, such manipula­
tive experiments should be designed to 
measure effects on population perfor­
mance of both species. To date, analyses 
of the effect of vehicle access on survival 
(such as Unwsorth et al. 1993 and Cole 
et a l. 1998 for elk) and reproduction of 
both species on jo intly occupied range 
has not been conducted. 

It also is important to note that some 
researchers have speculated that mule 
deer are attracted to areas near roads 
when roadsides have been seeded with 
nutritious grasses and fo rbs (Wallmo et al. 
1976). However, a ttraction to forage 
along roadsides would not plausibly ac­
count for the large differences in mule 
deer selection that we observed in rela­
tion to varying rates of traffic. Moreover, 
the distributional shifts described above 
for mule deer versus e lk before versus 
during the 1994 bow-hunt provide com­
pelling support for the interference com­
petition hypothesis, which does not ac­
commodate the notion that mule deer se­
lected areas near roads due to superior 
roadside forage. 

LIMITS OF INFERENCE 
Our findings particularly are relevant to 

spring and summer ranges that are jointly 
occupied by deer and elk under condi­
tions of moderate to high densities of elk. 
These are the conditions under which our 
study was conducted. However, these 
conditions are common across large areas 
of western North America. By contrast, 
inferring results from our study to other 
areas where mule deer are common and 
elk are absent or sparse, would be inap­
propriate and likely unreliable. Inferring 
results of our study to spring and summer 
ranges occupied solely by mule deer, in 
particular, could be especially unreliable, 
given the high potential for mule deer dis­
tributions in our study area to be affected 
strongly by selection patterns of elk. In 
the absence of moderate or high den sities 
of elk, mule deer may exhibit different 
distribution and selection patterns in re-
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lation to roads and traffic than we ob­
served at Starkey. 

MANAGEMENT IMPLICATIONS 

Differences in selection by mule deer 
and elk in relation to traffic could be con­
sidered in the management of motorized 
vehicles and traffic-related human activi­
ties on spring-summer ranges where both 
species occur, and where elk exist at mod­
erate to high densities. Our results sug­
gest that spring-summer habitat models 
for elk may not account for patterns of 
resource selection by mule deer on jointly 
occupied range, and that resource needs 
of each species must be addressed sepa­
rately. 

Our results also suggest that inclusion 
of road or traffic variables in habitat mod­
els is essential to accurate portrayal of se­
lection patterns for both species. Forage­
or nutrition-based habitat models that ex­
clude road or traffic variables have the 
potential to be highly inaccurate, given 
the large magnitude of difference in se­
lection shown by sympatric populations 
of deer and elk in relation to rates of traf­
fic and types of roads. Manipulative ex­
periments are needed to validate the pre­
sumption that rate of traffic acts as a 
mechanistic cause for differences in se­
lection patterns between mule deer and 
elk, and to validate these selection pat­
terns across a diversity of environments 
in which both species occur. 
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Effects of Off-Road Recreation on Mule Deer 
and Elk 

Michael J. Wisdom, Alan A. Ager, Haiganoush K. Preisler, 
Norman J. Cimon, and Bruce K. Johnson 

INTRODUCTION 

Off-road recreation is increasing rap­
idly in the United States, especially on 
public lands (Havlick 2002, U.S. Depart­
ment of Agriculture Forest Service 2004). 
An expansive network of roads provides 
easy access to many public lands, which 
facilitates off-road uses in the form of all­
terrain vehicles (ATVs), horses, mountain 
bikes, and foot traffic. No research, how­
ever, has evaluated effects of these off­
road activities on vertebrate species in a 
comparative and experimental manner 
(see review by Gaines et a l. 2003). One 
recent study (Taylor and Knight 2003a) 
evaluated bison (Bison bison), pronghorn 
(Antilocapra americana), and mule deer 
(Odocoileus hemionus) responses to 
mountain biking and hiking. This study, 
however, did not include ATV or horse­
back riding, nor did it include experimen­
tal controls needed to assess cause-effect 
relations. 

To address these knowledge gaps, we 
initiated a manipulative, landscape exper­
iment in 2002 to measure effects of off­
road recreation on mule deer and elk 
(Cervus elaphus), two charismatic species 
of keen recreational, social, and economic 
interest across western North America. 
Our objectives were to (1) document 
cause-effect relations of ATV, horseback, 
mountain bike, and hiking activities on 
deer and elk, using these off-road activi­
ties as experimental treatments and peri­
ods of no human activity as experimental 
controls; (2) measure effects with re­
sponse variables that index changes in an­
imal or population performance, such as 
movement rates, flight responses, re­
source selection, spatial distributions, and 
use of foraging versus security areas; (3) 
use these response variables to estimate 
the energetic and nutritional costs asso-

67 

c iated with each activity and the resultant 
effects on deer and e lk sur vi val; and ( 4) 
interpret results for recreation manage­
ment. 

Our research began in 2002 and ended 
in 2004. In this paper, we present findings 
from 2002 to address parts of objectives 
1, 2, and 4 . We specifically focus on 
changes in movement rates and flight re­
sponses of mule deer and elk in relation 
to the off-road activities, as compared to 
periods of no human activ ity. We then de­
scribe potential uses of the results for rec­
reation management. 

We present findings from our first year 
of study because of the urgent need for 
timely management information to ad­
dress the rapid growth in off-road recre­
ation (U.S. Department of Agriculture 
Forest Service 2004). For example, ATV 
use on public lands has increased seven­
fold during the past 20 years, and many 
conservation groups are calling for wide­
spread restrictions on ATV travel (U.S. 
Department of Agriculture Forest Service 
2004). Yet no studies have evaluated the 
role of ATVs compared to other off-road 
activities, such as mountain biking and 
horseback riding, which also are increas­
ing rapidly. Without comprehensive stud­
ies of ATV effects in relation to other rec­
reation, the debate over ATV is likely to 
intensify. Our study was designed to mea­
sure a variety of ungulate responses to ad­
dress this debate, such that results can be 
used to identify compatible mixes of dif­
ferent off-road recreational opportunities 
in relation to deer and elk management. 

Throughout our paper, we refer to off­
road recreation, both motorized and non­
motorized, as that occurring on trails, 
primitive (unpaved) roads, or areas with­
out trails or roads. This definition com­
plements the term "off-highway vehicle 
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(OHV) use," which refers to motorized 
vehicle use on any surface beyond high­
ways (U.S. Department of Agriculture 
Forest Service 2004), but which does not 
include other forms of non-winter recre­
ation that typically occur on primitive 
roads and trails, such as hiking, horseback 
riding, and mountain biking. 

STUDY AREA AND 
TECHNOLOGIES 

We conducted our research at the Star­
key Experimental Forest and Range (Star­
key, Figure 1) in northeast Oregon, a fa­
cility equipped to evaluate real-time and 
landscape-level responses of deer and elk 
to human activities under controlled ex­
perimentation (Rowland et al. 1997, Wis­
dom et al. 2004a). The facility encom­
passes spring, summer, and fall ranges 
typical of those used by mule deer and 
elk in the western United States. Timber 
harvest, livestock grazing, motorized traf­
fic, hunting, camping and other public 
uses of Starkey also are managed like 
those on National Forests in the western 
United States, thus providing a large in­
ference space for research findings (Row­
land et al. 1 997, Wisdom et al. 2004a). 

An essential research component at 
Starkey is the ungulate-proof enclosure, 
one of the largest in the world, which al­
lows scientists to evaluate ungulate re­
sponses to human activities over large ar­
eas and under controlled conditions (Bry­
ant et al. 1993 , Rowland et al. 1997). An­
other key technology is the automated 
tracking system (ATS), which can gen­
erate up to one animal location every 20 
seconds, 24 hours a day, from April 
through December each year (Rowland et 
al. 1997, Kie et al. 2004 ). Additional 
technologies include maps and databases 
of more than 100 environmental variables 
to relate animal movements to the land­
scape experiments, as well as supporting 
methods and software to analyze these 
data (Rowland et al. 1997, 1998). 

IMPLEMENTING THE 
RECREATION TREATMENTS 

To meet our objectives, a network of 
off-road transects was established and run 

in 2002, using ATV, horseback, mountain 
bike, and hiking activities as experimen­
tal treatments in the 3,590-acre (1 ,453-ha) 
Northeast Study Area (Figure 1). Approx­
imately 20 miles (32 km) of transects 
were established (Figure 1), over which 
ATV, horseback, mountain bike, and foot 
traffic was experimentally applied from 
mid-April through October. Locations of 
each transect were established with Glob­
al Positioning System (GPS) units (Figure 
1). Transects were located on flat or mod­
erate terrain typically used by off-road ac­
tivities. Primitive roadbeds, like those of­
ten established by off-road vehicles (U.S. 
Department of Agriculture Forest Service 
2004), were included in the transects. Use 
of roadbeds and trails to implement hu­
man activities is referred to as a "tangen­
tial" experimental approach because ani­
mals are not targeted directly by the ac­
tivities (Taylor and Knight 2003b). This 
is in contrast to a direct experimental ap­
proach, such as testing the reaction of 
nesting birds to designed encounters with 
humans at nest sites. 

A sufficient number and length of tran­
sects were established to encompass all 
portions of the Northeast Study Area 
(Figure 1). Each off-road activity was run 
on a given transect twice daily, once in 
the morning and once in the afternoon, 
during a 5-day period; this daily frequen­
cy of activity corresponds to traffic fre­
quency on Starkey roads that produced an 
avoidance response by elk in earlier re­
search (Wisdom 1998, Wisdom et al. 
2004b). 

A particular activity for a given morn­
ing or afternoon was completed by one to 
three people who rode ATVs ("four­
wheelers" or "quads"), mountain bikes, 
or horses, or hiked as a group. On most 
days, group size consisted of two people 
moving as a pair; that is, by two people 
hiking or each riding ATVs, mountain 
bikes, or horses. A group size of two, 
with a range of one to three people, often 
is typical for these recreation activities in 
non-wilderness portions of National For­
ests (D. Barrett, personal communication 
2002). Group size can vary substantially, 
however, with larger groups of 5-10 ATV 
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FIGURE 1. Boundaries of ungulate-proof enclosures at the Starkey Experimental Forest and 
Range in northeast Oregon (bottom left) , and location of transects used for ATV activities in 
the 3,590-acre (1 ,453-ha) Northeast Study Area (upper right) , site of the off-road recreation 
study. Transects were similar in length and location for mountain biking, hiking, and horseback 
riding as that shown here for ATV activities. 

riders or horseback riders, for instance. 
We had neither the resources nor the ex­
perimental options to include these larger 
groups as treatments in our study. More­
over, group size of mountain bikers and 
hikers often does not approach 5-l 0 peo-

pie, and we wanted to maintain approxi­
mately the same group size across all four 
activities. A group size of two people, 
with a range of one to three people, pro­
vided this consistency. 

For ATV travel, a pair of riders could 
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easily cover the 20 miles (32 km) of tran­
sects during a given morning or after­
noon. A pair of mountain bike riders, 
however, could cover about 50 percent of 
the 20 miles (32 km) in a morning or af­
ternoon. Horseback riders and hikers 
could cover about 30 percent. Because we 
wanted to standardize the experiment by 
the same number of transect runs or 
"passes" (twice daily) among all four 
off-road activities, two different groups of 
mountain bikers, and three groups of 
horseback riders or hikers, were used to 
obtain complete coverage of transects for 
a given morning or afternoon. For moun­
tain biking, the transects were divided in 
half, with each of the two groups assigned 
to ride a different half of the 20 miles (32 
km) in a morning or afternoon. Similarly, 
three groups of horseback riders or hik­
ers, each assigned to travel a different 
third of the transect length, were used for 
each morning and afternoon to obtain 
complete coverage of transects. 

Each of the four off-road activities was 
implemented under an "interrupted " 
movement design, where humans were 
allowed to momentarily stop to view an­
imals for less than 1 minute when animals 
were observed. This is in contrast to a 
"continuous" movement design, where 
human activities are not delayed or 
stopped when animals are observed (Tay­
lor and Knight 2003b). 

Each 5-day period of off-road activity 
was followed by a 9-day control period, 
during which no human activities oc­
curred in the study area. This pattern was 
followed from mid-April through Octo­
ber, resulting in three replicates of each 
of the four off-road activities. Each 5-day 
replicate of an off-road activity thus was 
paired with a 9-day control period that 
immediately followed the replicate. Only 
one type of off-road activity (ATV, horse­
back, mountain bike, or hiking) occurred 
on transects during a given 5-day repli­
cate. The chronological order of each off­
road activity, in terms of which activity 
occurred during the first 5-day replicate 
in late April , versus the next 5-day rep­
licate in early May, and so on, was ran­
domly chosen . 

Throughout the experiment, all human 
entry beyond the four off-road activities, 
including administrative use of roads, was 
prohibited to eliminate the confounding 
effects of other human activities with an­
imal response to the off-road activities. 
Consequently, human activities such as 
timber harvest, road traffic, camping, and 
hunting did not occur during the study be­
cause of their confounding effects. 

MEASURING ANIMAL 
RESPONSES 

To monitor animal responses, 12 fe­
male mule deer and 12 female elk were 
radio-collared among a larger population 
of approximately 25 female deer and 100 
female elk present in the Northeast Study 
Area in early April. Movements of these 
radio-collared animals were monitored 
with the ATS (Rowland et al. 1997). Dur­
ing periods of off-road activity, locations 
of each radio-collard deer or elk were 
generated at approximately 10-minute in­
tervals. Locations of humans engaged in 
each off-road activity were generated at 
approximately 1-minute intervals, using 
GPS units carried by one of the persons 
in each group of hikers or riders of ATVs, 
horses, or mountain bikes. Use of the au­
tomated telemetry system to track animal 
movements, combined with the use of 
GPS units to track human movements, 
provided real-time, unbiased estimates of 
the distances between each ungulate and 
group of humans. 

Our method of estimating distances be­
tween ungulates and humans contrasts 
strongly with the use of direct observa­
tion, using rangefinders or other devices, 
to measure distances. Direct observation 
as a means of estimating distances be­
tween ungulates and humans is likely to 
be biased by the proportion of deer or elk 
whose reactions to human activities can­
not be observed because such reactions 
are different than those of animals that 
can be observed. For example, some an­
imals may run from human activity at dis­
tances beyond the view of observers, 
while other animals may react at close 
distances to , and in view of, observers. 
This bias in observed distances would re-
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suit in underestimati on of the true di s­
tance at whi ch animals react to the human 
acti vity. In other cases, anima ls may fl ee 
fro m humans at close di stances, but no t 
be vi ewed because such animals seek 
dense cover during fli ght; thi s bi as would 
resul t in overestimation of di stances. We 
avoided such bi ases with the use of our 
auto mated telemetry sys te m and GPS 
units to continuously monitor the move­
ments of ungulates and humans through­
out our study . 

We also located radi o-coll a red animals 
during the 9-day peri ods of no human ac­
tivity, or control peri od . A pproximately 
two locati ons of each radi o-coll ared ani ­
mal were obta ined every hour during con­
tro l pe ri ods, to establi sh baseline info r­
mati on abo ut areas of deer and e lk use, 
habitat selection, movement rates, and 
flight responses in the absence of human 
activities . For thi s paper, we analyzed two 
types of animal reacti ons: ( 1) movement 
rate and (2) probability of fli ght res ponse. 
We evaluated movement rate and proba­
bility of flight response because both can 
ultimately be used to estim ate the ener­
getic costs of animal reacti ons to off-road 
activities (see Conclusions and In terpre­
tati ons) . 

Estimating Movement Rates 

We defined movement rate as the speed 
of animal movement (yards moved/mi­
nute), as estimated hourly, 24 ho urs per 
day, for a given species, treatment, and 
control period. We calcul ated the speed of 
animal movement for each rad io-coll ared 
deer or elk for each pair of successive lo­
cations; that is, the horizontal distance be­
tween two successive locatio ns divided 
by the elapsed time between locations 
(Ager et al. 2003) . Each measurement of 
animal speed for a given radio-coll ared 
animal was assigned to the time recorded 
for the first location of each pair of ani­
mal locations used in the calcul ation . 

Onl y successive locations w ith consis­
tent elapsed times were included in the 
calculation of movement rates to e limi ­
nate the bi as of excessively short and 
long elapsed times. Short elapsed times 
(less than 5 minutes) between locations 

fa lsely infl ate the movement rate because 
of random locati on erro rs in the ATS over 
such short time peri ods (Findholt et a l. 
1996, 2002). Long e lapsed times (e.g ., 
greater than 35 minutes) between loca­
tions allow animals to move back and 
fo rth between the documented locations, 
thu s bi as ing the estimate of movement 
rate downward (Ager et a!. 2003) . 

To estimate overa ll pattern s of move­
ment rates for each species, rates calcu­
lated for each individual rad io-collared 
animal were averaged amo ng all animals, 
for mule deer and fo r elk, by ho urly in­
terval, fo r each off-road treatme nt and the 
paired control peri od that immedi ately 
fo ll owed that treatment. For this analys is, 
we minimi zed random variation by sum­
marizing resul ts across each 5-day treat­
ment and across each subseq uent 9-clay 
contro l. We d id thi s after ex ploratory 
plots of data provided no ev ide nce of 
change in movement rates of animals 
from day I through day 5 of each treat­
ment period, or for day I thro ugh 9 of 
each control pe riod, as examined on an 
hourly bas is. We then pooled ho urly re­
sul ts for each species across the three rep­
licates of each off-road activ ity, and 
across control periods, after fi nding no 
ev idence of di fferences in like replicates 
ac ross time, or in contro l peri ods across 
time. 

Estimating Probabilities of a 
Flight Response 

We used a stimulus respo nse model to 
es timate the probability of a fli g ht re­
sponse by a deer or elk with changing 
di stance between each animal and off­
road activi ty. We de fined a flight response 
as the speed of animal movement, or 
movement rate, that exceeded the 95th 
percentile of all deer or elk speeds cal­
cul ated for each hour from data collected 
during the control periods. Specificall y, a 
fli ght response was any animal movement 
fo r a given hour of clay that exceeded the 
95th percentile of all deer or elk speeds 
calcul ated fo r that same ho ur of day dur­
ing the paired 9-day contro l period that 
immediate ly followed a given 5-day pe­
riod of off-road activity. Thus by defi ni-
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FIGURE 2. M ean movement rate (speed , me te rs/minute) of e lk, estimated hourl y on a 24-

ho ur bas is, Pac ific D ay light T ime (PDT), during pe ri ods of no human acti vity (C) versus 

pe riods of ATV acti vity (ATV), hik ing (HIK), moun ta in bi ke riding (BIK), and horseback riding 

(HRS), f ro m April thro ugh Octobe r, 2002, in Northeast S tudy Area of Starkey. 

tio n, when no stimulus was present (no 
human ac tivity), a deer or e lk would reg­
is ter a respo nse (i.e., travel at speeds 
g reate r than the 95th percentile of all deer 
o r elk s peeds fo r that ho ur during the con­
trol period) 5 percent of the time. Prob­
abilities of response were estimated using 
logistic regression within the generalized 
additive mode l framework (Hastie and 
Tibshirani 1990). 

Each estimated probability of a flight 
respo nse fo r a given radi o-coll ared ani ­
mal was linked to the es timated di stance 
be tween that animal and each group of 
humans conducting an off-road activity, 
thus allowi ng an examination of how 
probabilities c hanged with distance be­
tween animals and huma ns. As with our 
analyses of movement rates, we pooled 
the p robabili ty data for each species 
across the three replicates of each off-

road acti vity, and across control periods. 
We pooled data after initial analyses 
showed that results for deer and elk were 
simil a r ac ross the three replicates of each 
off-road acti vity, and across all control 
peri ods . 

MOVEMENT RATES OF ELK 

M ove ment rates of elk were substan­
ti a lly hi gher during peri ods of all four 
off-road activities as compared to peri ods 
of no human acti vity (Figure 2). Respo ns­
es of e lk to the morning and afternoon 
runs were clearly evident, with the most 
pronounced increase in movement rates 
observed during the hours when each off­
road acti vity occurred (Figure 2) . For ex­
ample, our mo rning pass on transects be­
gan between 0830 and 0930 Pacific D ay­
lig ht Time (PDT), and highest movement 
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rates for e lk occurred in the hours im­
mediately after, from 0900- 1100, during 
all four activities (Figure 2). Moreover, 
lunch break for participants in the exper­
iment occurred at or near noon , and 
movement rates for elk dipped to their 
lowest level at noon during all activities. 
Finally, we resumed each activity at 
1230- 1300 PDT, and movement rates for 
e lk substantially increased immediate ly 
after (Figure 2). 

Move me nt rates were substantially 
higher for elk during the morning pass 
compared to the afternoon pass for all 
four activities (Figure 2). Movement rates 
of elk during the afternoon pass, however, 
stayed well above the rates observed dur­
ing the periods of no human activity (con­
trol period, Figure 2). Movement rates 
during the afternoon pass declined after 
1500 PDT, when afternoon activities end­
ed. 

For the morning pass, movement rates 
of elk were highest during ATV riding, 
second-highest during mountain bike ri­
ding, and lowest during hiking and horse­
back riding (Figure 2). Movement rates of 
elk also stayed higher, over a longer pe­
riod, during the afternoon ATV run , com­
pared to lower rates during afternoon 
horseback riding, mountain bike riding, 
and hiking. Peak movement rates of elk 
during the morning pass were hig hest for 
ATV riding (21 yards/minute [19 m/ 
min]), followed by mountain bike riding 
(17 yards/minute [16 m/min]) and horse­
back riding and hiking (both about 15 
yards/minute [14 m/min]). For the after­
noon run, movement rates of elk again 
were highest during ATV riding (13 
yards/minute [12 m/min]) , followed by 
horseback riding (about 11 yards/minute 
[10 m/min]) and hiking and mountain 
bike riding (about 10 yards/minute [9 m/ 
min]). 

By contrast, peak movement rates of 
elk during the control periods did not ex­
ceed 9 yards/minute (8 m/min). More­
over, peak movement rates during the 
control periods stayed below 8 yards/mi­
nute (7 m/min) during daylight hours of 
0800- 1500, the comparable period of 

each day when off-road treatments were 
implemented . 

Inte restingly, move ment rates of elk 
also were higher than control periods at 
times encompass ing sunri se and sunset 
for the days in which an off-road activity 
occurred , even though humans were not 
present at these times of day (Figure 2) . 
These higher movement rates near sunri se 
and sun set suggest that elk were displaced 
from preferred security and foraging are­
as as a result of flight behavior during the 
daytime off-road activities. In parti cular, 
movement rates of elk at or near sunri se 
and sun set were higher during the 5-day 
treatments of mounta in bike and ATV ac­
tivity (Figure 2). This finding will be 
studied in deta il in future analyses. 

FLIGHT RESPONSES OF ELK 

The estimated probability of elk flight 
from a human di sturbance was hi g hly de­
pendent on distance. When elk and hu­
mans were close to one anothet~ the max­
imum probability of a flight response was 
approximately 0.65 during ATV, moun­
tain bike, and hiking activity, and 0.55 
during horseback riding (Figure 3). High­
er probabilities of flight response oc­
curred during ATV and mountain bike ac­
tivity , in contrast to lower probabilities 
observed during hiking and horseback ri­
ding (Table 1). Probability of a flight re­
sponse declined most rapidly during hik­
ing, with little effect when hikers were 
beyond 550 yards (500 m) from an elk. 
By contrast, higher probabilities of elk 
flight continued beyond 820 yards (750 
m) from horseback riders, and 1,640 
yards (1,500 m) from mountain bike and 
ATV riders (Figure 3). 

MOVEMENT RATES OF DEER 

In contrast to elk, mule deer showed 
less change in movement rates during the 
four off-road activities compared to the 
control periods (Figure 4). During the pe­
riod of day from 0800 to 1500 when off­
road activities occurred, movement rates 
of deer during ATV riding were similar to 
rates during control periods. By contrast, 
daytime movement rates of deer were 
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FIGURE 3. Estimated probability (solid line encompassed by dashed lines of the approximate 
95 percent pointwise confidence interval) of a flight response by elk during 2002 in relation 
to distance (meters) from humans riding ATVs, mountain bikes , horses , or hiking. A flight 
response is defined as an animal movement with a speed exceeding the 95th percentile of 
speeds observed during periods of no human activity (control period). The horizontal dashed 
line at the bottom of each graph is the probability of a flight response by elk during periods 
of no human activity, and this line represents the background or " null " condition , above which 
significant elk response to the off-road activities exists. 

higher, as compared to control periods, 
during mountain bike riding, horseback ri­
ding, and hiking, especially in the morning 
(Figure 4). 

Interestingly, the increased movement 
rates observed for elk near sunrise and 
sunset also were evident for mule deer. 
Movement rates at these times were par­
ticularly high during all four activities as 
well as during the control periods, sug­
gesting that these times were peak for­
aging periods (Ager et al. 2003). 

FLIGHT RESPONSES OF DEER 

Estimated probabilities of flight re­
sponse for mule deer were similar among 
all four activities versus control periods 
(Table 1, Figure 5). These probabilities 
were nearly identical among all four ac­
tivities and not significantly different than 
the null probability of 0.05 set for control 
periods, suggesting that deer were not ex­
hibiting the sam e tendency for flight as 
show n by elk in relation to off-road ac­
tivities (Table 1). 

CONCLUSIONS AND 
INTERPRETATIONS 

Elk 

Movement rates and probabilities of 
flight response for elk were substantially 
higher during all four off-road activities 
compared to control periods of no human 
activity. Consequently, off-road recrea­
tional activities like those evaluated in 
our study appear to have a substantial ef­
fect on elk behavior. The energetic costs 
associated with these treatments deserve 
further analysis to assess potential effects 
on elk survival. For example, if the ad­
ditional energy required to fl ee from an 
off-road activity reduces the percent body 
fat of elk below 9 percent as animals en­
ter the winter period, the probability of 
surviving the winter is reduced (Cook et 
al. 2004). Animal energy budgets also 
may be adversely affected by the loss of 
foraging opportunities durin g peri ods 
when animals are responding to off-road 
activities, both from increased move­
ments, and from di splacement from for-
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aging habitat. These potential effects will 
be evaluated as part of future analyses. 

Our results from 2002 also show clear 
di fferences in elk responses to the fo ur 
off-road activities. Elk reactions were 
more pronounced during ATV and moun­
tain bike riding, and less so during horse­
back riding and hiking. Both movement 
rates and probabilities of fli ght responses 
were higher for ATV and mo untain bike 
riding than for horseback riding and hik­
ing. 

Interestingly, the maximum probability 
of flight was approxi mately 0.65 for the 
treatments, meaning that about 35 percent 
of the time elk did not ex hibit a fli g ht 
response when close to an off-road acti v­
ity . Most likely the respon se depends on 
local topography, cover, and other factors 
that we have not yet analyzed as part of 
our flight response model. Future work 
will include terrain and vegetation mea­
sures as covariates in the probability 
models to examine whether these effects 
can be detected and quantified (per rec­
ommendations and discussion by Taylor 
and Knight 2003b). 

It is important to note that designing 
our study to maintain the same number of 
daily passes on transects among all fo ur 
activities required most effort for hiking 
and horseback riding, and least effort for 
ATV riding. Specifically, to accompli sh 
two run s per day required three groups of 
hikers or horseback riders (with each 
group hiking approximately 33 percent of 
transect length), but only one group of 
ATV riders. By contrast, accomplishing 
two runs per day required two groups of 
mountain bikers (with each group cover­
ing approximately 50 percent of transect 
length). 

Our results for elk might be different 
had we designed the study to test ani mal 
response to an equal number of groups, 
or equal density, of people engaged in the 
four off-road activities (i.e., the same 
number of groups of people engaged in 
each activity, regardless of the number of 
passes that could be accomplished), rather 
than testing fo r effects of equal saturation 
of the study area (i .e., two daily passes 
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o n transects for all fo ur activities) . In fu­
ture analyses, we plan to explore the use 
of the am o unt of time spent by each off­
road activity as a covariate, and possibly 
weight the movement rates and probabil­
ities of flight response by the in verse of 
time spent by each of the four off-road 
activiti es. This weighting would he lp ac­
count for differences in effort required 
among the four activities to achieve equal 
saturation of the study area. 

Our results may also change if elk 
eventually become " habi tuated" to some 
or all of the off-road activiti es. We will 
evaluate this possibility in future analyses 
by formally testing for replicate and year 
effects under a random effects model, 
with repeated measures taken on radio­
collared animals over time (Kirk 1982). 
A nalyses to test for animal habituation to 
the off-road activities wi ll be possible 
when all three years of data are coll ected. 

Mule Deer 

In contrast to elk, mule deer showed 
little measurable response to the off-road 
treatments . Movement rates increased 
slig htly, however, during periods of all 
four-off road activities except ATV ri­
ding. Deer may well be responding to the 
treatments with fine-scale changes in hab­
itat use, rather than substan tial increases 
in movement rates and flight responses. 

For example, it is possible that deer 
may respond to an off-road activity by 
seeking dense cover, rather than running 
from the activity. If mule deer are spend­
ing more time in dense cover, in reaction 
to any of the off-road activities, this could 
result in reduced foraging opportunities, 
and a subsequent reduction in opportuni­
ties to put on fat reserves during summer 
that are needed for winter surviva l. Such 
potential responses wi ll be evaluated as 
part of future analyses. 
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FIGU RE 5. Estimated probability (so lid line encompassed by dashed lines of the approximate 
95 percent po intw ise confi dence interva l) of a fli ght response by mule deer during 2002 in 
re lati on to d istance (mete rs) f rom humans ri d ing ATVs, mountain bikes , horses, o r hiking. A 
fli ght response is de fi ned as an animal movement with a speed exceed ing the 95th pe rcentil e 
of speeds observed during periods of no human acti vity (control peri od). T he hori zonta l dashed 
line at the bottom of each graph is the probability of a fli ght response by deer during peri ods 
of no human acti vity, and thi s line represents the background or " nu ll " condi tion, above which 
signifi cant deer response to the off- road acti vities exists. 

Utility of Response Variables 

Tay lor and Knight (2003b) de fin ed a 
variety of terms for measuring animal re­
sponses to human acti vity. Neither move­
ment rate nor probabi lity of a fli g ht re­
sponse was defined, however, because 
these types of animal responses apparent­
ly have not been measured in past re­
search. We measured these two respo nses 
to human acti vity because both vari ables 
can ultimately be used to estimate the en­
ergetic costs of animal reactions to human 
ac tivities . For example, movement rate 
can be used as a background index of the 
rate of animal speed without human ac­
tivities , versus periods of human acti vi­
ties, to estimate the additional energetic 
costs of increased movement, if any, in 
relation to human acti vities (Ager et al. 
2003). 

Similarly, the probability of a fli ght re­
sponse indicates how likely an animal is 

to move at hi gh speed in re lati o n to its 
di stance from a human. Thi s pro bability 
indicates how likely an animal is to run 
f rom a human acti vity, and the reby di s­
rupt the animal's activities re lated to en­
ergy acqui sition (foraging) o r energy con­
servati on (resting) . Any moveme nt away 
f rom an area in re lati on to human activity 
has the potenti al di srupt these fo raging 
and res ting patterns, and thereby cost en­
ergy (Johnson et al. 2004). 

Future analyses will focus o n the en­
ergetic costs, if any, to mule deer and elk 
from exposure to each off-road activity. 
Additi onal analyses a lso will inc lude es­
timates of (I) the distance moved by an 
animal, given a fli ght response; (2) the 
time required for an animal tha t exhibits 
a fli ght response to return within a spec­
ified di stance of the animal's locati on be­
fo re the fli ght; (3) the change in space use 
by an animal, during or following periods 



78 THE STARKEY PROJECT 

of human activity, which may suggest or 
reflect an animal seeking greater refuge 
from the human activity, as compared to 
background or "null" use of space during 
periods of no human activity; and (4) the 
degree to which animals spend time in 
forage areas, gaining energy, versus time 
spent in non-foraging areas, during each 
off-road activity versus control periods. 

IMPLICATIONS FOR 
RECREATION MANAGEMENT 

Laws and policies of public land man­
agement emphasize multiple resource 
uses. Management of timber, grazing, 
roads, minerals, and wilderness are ex­
amples of traditional uses on lands ad­
rrunistered by the U.S. Department of Ag­
riculture Forest Service (Forest Service) 
and U.S. Department of Interior Bureau 
of Land Management (BLM), the two 
largest federal landowners in the United 
States. Public land managers now face the 
additional challenge of serving a variety 
of off-road recreational uses that are in­
creasing rapidly, and that can be difficult 
to accommodate on the same land area at 
the same time (Taylor and Knight 2003a). 

New planning approaches are now un­
derway in the Forest Service to accom­
modate increasing off-road recreational 
demands while mitigating the negative ef­
fects on species like elk (U.S. Department 
of Agriculture Forest Service 2004). 
These approaches could consider two re­
lated concepts: (1) off-road use rates and 
(2) off-road recreational equivalents. We 
define off-road use rates as the number of 
passes per unit time on a given linear 
route (primitive road or trail that we re­
ferred to as transects) traveled by an off­
road activity. Our results show that one 
pass per day by any of the four off-road 
activities causes increased movement 
rates and flight responses by elk. 

We define off-road recreational equiv­
alents as the ratio of ATV riders, moun­
tain bikers, horseback riders, and hikers 
that results in approximately the same ef­
fect on a given resource, given the same 
off-road use rate. In the case of elk, 
movement rates and probabilities of flight 
were highest during ATV riding and low-

est during horseback riding and hiking. 
These effects were a result of one group 
of ATV riders, two groups of mountain 
bikers, and three groups of horseback rid­
ers or hikers required to complete one 
pass on the transects each morning or af­
ternoon. Consequently, the stronger ef­
fects posed by ATV riding, combined 
with differences in the number of groups 
required of each activity to achieve one 
pass on the transects, suggest that recre­
ational equivalents would exceed three 
groups of horseback riders or hikers to 
every group of ATV riders, and exceed 
two groups of mountain bike riders to ev­
ery group of ATV riders. 

While the formal methods of calculat­
ing the specific recreational equivalents 
could be a subject of lengthy debate, the 
idea that different levels of each off-road 
activity are required to approximate the 
same effect on a given reso!lrce is logical 
and defensible. Accordingly, off-road use 
rates and recreational equivalents could 
be tested as potential concepts in helping 
allocate recreational activities within and 
across watersheds on a given National 
Forest or BLM Field Office. These con­
cepts may be particularly relevant when 
derived from a combination of response 
variables or resource uses. For example, 
effects of each off-road activity on water 
quality, soil productivity, invasion of ex­
otic plants, and species sensitive to hu­
man activities could be considered in de­
riving use rates and recreational equi va­
lents. 

Such an approach would demand a 
substantial increase in research on effects 
of off-road activities. For management of 
elk, results from our study will be most 
useful when estimates of the energetic 
costs, if any, are derived for each of the 
four off-road activities in terms of use 
rates and recreational equivalents. Ener­
getic costs to elk from one pass per day 
on a given linear route traveled by a giv­
en off-road activity could be estimated, 
and the equivalent energetic costs, given 
the same use rates, could be estimated 
among all off-road activities. 

Although these details are not yet 
available, managers could begin to con-
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sider holi stic management strategies for 
all off-road activities based on our current 
findings. Some watersheds mi ght feature 
opportunities for ATV or mountain bike 
riding, for example, while other water­
sheds might focus on opportunities for 
horseback riding or hiking. Importantly, 
the watersheds identified for horseback ri­
ding or hiking could accommodate a sub­
stantially higher number of groups en­
gaged in these off-road activities before 
realizing the same effects on elk as would 
be expected in watersheds where ATV or 
mountain bike riding are featured. This 
type of holistic management of different 
mixes of all off-road activities contrasts 
with management approaches that focus 
on a single off-road activity, without con­
sideration of all off-road uses and their 
cumulative effects. 

Other strategies for watershed planning 
might simply focus on restricting each 
recreational activity to specified trails or 
roads. In this case, our results suggest that 
the effectiveness of such a strategy would 
depend on how much area is affected by 
the network of trails or roads allowed for 
use. If the linear distance of trails or roads 
open to recreation is small relative to the 
total area of the watershed, the effect on 
e lk is likely to be minor or negligible. If 
the linear distance is large relative to the 
size of the watershed, the negative effect 
on elk could increase substantially. The 
specific effects could be analyzed in the 
same manner as outlined for estimating 
effects of motorized road traffic on elk, 
as done with "distance band" models 
(Rowland et al. 2004). 

Effective and defensible strategies to 
meet off-road recreation demands , while 
also mitigating negative resource effects, 
are likely to require a substantial increase 
in budgets of public land agencies for re­
search, management, and monitoring of 
these activities. Managers currently have 
little knowledge with which to develop 
effective strategies in partnership with the 
many public recreation users. Without 
such knowledge, the debate about off­
road recreation is likely to intensify, with 
few scientifically based options for reso­
lution in relation to mitigating potential 

negative effects on species like elk that 
are sensitive to human activities. 
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Issues of Elk Productivity for Research 
and Management 

Bruce K. Johnson, Michael J. Wisdom, and John G. Cook 

INTRODUCTION 

Elk (Cervus elaphus) populati ons in 
western No rth America have been inten­
sively managed for the past century . The 
species' popular appeal as an animal for 
hunting and viewing, and its potential to 
damage ag ri cultura l crops and compete 
with livestock make it a species that is 
c losely sc rutini zed by managers and 
many public interests. Today, e lk contin­
ue to have significant ecological, cultura l, 
and econo mic values. For example, the 
species provides substanti a l revenue fo r 
rural communiti es fro m huntin g a nd 
viewing (Bolon 1994). Since the 1960s, 
e lk in some areas of the western United 
States caused economic damage to farm­
ing and ranching operations. E lk manag­
ers spent considerable effo rt to maintain 
populations at levels compatible with 
these private land uses, while a lso striv­
ing to provide suffic ient hunter opportu­
nities on public lands to meet recreati onal 
demands. 

M ore recently, concern about elk has 
changed from how to manage increas ing 
populations to that of population mainte­
nance. Elk recruitment, defined here as 
number of calves per 100 females that 
survive to one year of age, has declined 
in many areas of the western United 
States . Elk recruitment graduall y declined 
since the 1960s in areas of northeast 
Oregon (Oregon Department of Fish and 
Wildlife 2003) from more than 50 calves 
per 100 females to fewer than 20 calves 
per 100 fe males in some areas during the 
1990s, resulting in lower elk populati o ns 
and fewer hunting tags issued. In Wal­
lowa County of northeast Oregon, the 
number of antlered elk tags was reduced 
from 7,030 in 1995 to 4,620 in 2000 and 
from 4 ,140 to 350 for hunting antl erless 
elk (Oregon Department of F ish and 
Wildli fe 2001 ). E lk populations declined 
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25 percent in the C learwater Basin in Ida­
ho, 50- 70 percent in the North Raini e r, 
30- 50 percent in the South Raini e r, and 
30 percent in the Blue Mounta ins e lk 
herds in Washington during the la te 20th 
century, and most of these declines were 
concurrent with low recrui tment (Cook et 
a l. 1999) . 

The focus of our paper is to describe 
bio logical fac tors that affec t elk popula­
ti o n dynamics and focus on some poten­
ti a l causes of recent declines in e lk re­
cruitment. We identify inte racting facto rs 
that may expl a in recent declines in e lk 
recruitment, and describe the most like ly 
hypothes is as a combination of severa l 
fac tors . We provide thi s di scussion as 
contex t for the many subsequent papers 
that focus on e lk producti vity or related 
issues as part of research conducted by 
the Starkey Project and its partners. 

FACTORS AFFECTING ELK 
RECRUITMENT AND 
POPULATIONS 

The questi on of what regul ates e lk pro­
ductivity is of practical interest because 
effective management depends o n under­
standing how the multitude of fac tors 
may limit or interact to affect popula­
tions. Questions have centered on wheth­
er factors that most affect ungulate pro­
ductivity are density dependent or density 
independent and if predation can limit e lk 
populations. Following Skogland (1991), 
we define regul ation as any positive den­
sity-dependent (effects increase as density 
increases) process that tends to stabili ze 
populatio n numbers over time. Any pro­
cess that causes changes in population 
size is termed limitation . Limitati on pro­
cesses normally operate independently of 
density and thus do not stabili ze popula­
ti ons. Both regul atory and limitati on fac­
to rs have been proposed to expl ain the 
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long-term decline in elk recruitment. Fac­
tors that are usually listed as regulating 
include food, disease, and perhaps other 
key habitat resources that may be in short 
supply as populations increase. Changes 
in elk population characteristics such as 
reproduction and survival have been cor­
related with changes in population size 
(or density) (Houston 1982). Factors that 
are often listed as limiting ungulate pop­
ulations include human harvest, stochas­
tic events (usually weather related), and 
predation. Predation effects can be den­
sity dependent, density independent, or 
inversely density dependent (Messier and 
Crete 1985, Skogland 1991, Messier 
1994). Because territoriality of predators 
will restrict their density at some point, 
there should be a point at which predation 
should no longer be positively density d<:<­
pendent as prey populations incr<:<ase 
(Skogland 1991). Messier (1994) identi­
fied three scenarios where predation can 
have varying effects on ungulate popu­
lations. Predation can be (1) density de­
pendent at low prey densities when pre­
dation rates increase as prey density in­
creases, (2) density independent when 
predation rates remain constant, and (3) 
inversely density dependent when preda­
tion rates decrease as populations in­
crease often at higher prey densities 
(Messier and Crete 1985). 

Density independent and density de­
pendent factors affect population param­
eters (e.g., rates of birth, growth, fertili­
ty, mortality), and the statistics that 
quantify these parameters are vital rates 
(Caswell 2001). Temporal variation in 
vital rates have a major effect on popu­
lation growth (A.) of elk. Eberhardt et al. 
(1996) estimated a maximum rate of in­
crease (A.) of 1.33, or about 27 percent 
per year. Sur vi val of adult female elk is 
the most important vital rate for long­
term stability of populations (Nelson and 
Peek 1982, Wisdom and Cook 2000, 
Garrott et al. 2003) followed by fecun­
dity of prime-aged adults, fecundity of 
primaparous females, and finally juve­
nile survival (Gaillard et al. 2000). In 
practice, however, survival of juveniles 
is an important component of ungulate 

population dynamics even though this 
vital rate has disproportionately less ef­
fect on population growth than other vi­
tal rates (Gaillard et al. 1998, 2000; 
Eberhardt 2002). 

How might density independent and 
density dependent factors act separately 
or interactively to control vital rates and 
growth of ungulate populations? The lit­
erature contains theoretical and empirical 
works that address ungulate productivity 
and are often contradictory when read in 
the absence of a broad examination of the 
issue. For example, within the Serengeti, 
smaller ungulate species were controlled 
by predation, and available resources 
controlled larger species (Sinclair et al. 
2003). Moreover, density dependent and 
density independent factors may act si­
multaneously, such that effects of density 
independent factors (drought or severe 
winter) increase with higher population 
density (Gaillard et al. 2000). 

A related concept to density depen­
dence is that of compensatory versus ad­
ditive sources of mortality. Compensatory 
sources of mortality are those that have 
little influence on population growth, be­
cause other factors interact or negate their 
effect (e.g., Hartmann et al. 1992). By 
contrast, additive sources of mortality are 
direct, minimally influenced by other fac­
tors, and cause a predictable increase in 
mortality and reduction in population 
growth. Predation can be an additive 
source of mortality when density depen­
dent effects are minimal but compensa­
tory at high population densities if food 
is limiting (Messier 1994) . Hunting also 
can have an additive effect in heavily ex­
ploited populations (Dusek et al. 1992). 

Density Dependent Effects 

·Effects of density dependence on pop­
ulation growth are well-documented in 
theoretical and experimental work (Holl­
ing 1959; Fowler 1981, 1987). Density 
dependence in ungulates has been most 
evident in isolated populations, often on 
islands, and in predator-free or nearly 
predator-free environments (Grubb 1974, 
McCullough 1979, Coulson et al. 1997, 
Gaillard et al. 2000, Garrott et al. 2003, 
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but see Houston 1982, Lubow et al. 2002, 
Taper and Gogan 2002 for exceptions 
with elk). Density dependent regulation 
evidently was caused by intraspecific 
competition for food that decreased re­
productive performance, increased juve­
ni le mortality rates, and in some cases in­
creased adult mortality rates. Density de­
pendent changes in vital rates were most 
obvious in ungulates when populations 
are close to carrying capacity (Fowler 
1981 ). Eberhardt (2002) summarized how 
density dependent regulation of ungulates 
manifests itself via four sequential steps 
as populations approach carrying capaci­
ty: (1) juvenile mortality increases, (2) 
age at first reproduction increases, (3) re­
productive rate of adult females decreas­
es, and (4) mortality of adults increases. 

Nutrition fundamentally controls repro­
duction in ungulates, with effects that can 
carry over from one season or year to the 
next. Inadequate nutrition of cow elk in 
winter and spring reduced calf weight and 
survival at birth (Thorne et al. 1976). Re­
duced spring ambient temperature also re­
duced calf birth weight (Smith and An­
derson 1996). Poor condition of moose 
(Alces alces) cows resulted in low birth 
mass of their calves (Keech et al. 2000). 
Nutrition in summer has marked effects 
on growth and development of deer 
fawns (Holter and Hayes 1977, Verme 
and Ozoga 1980) and elk calves (Cook et 
al. 1996, 2004). Steinheim et al. (2002) 
found that lifetime reproductive perfor­
mance of free-ranging domestic sheep 
(Ovis aries) was related to body mass at 
birth: ewes with an initial low body mass 
produced fewer offspring at first and sec­
ond parturition. Summer nutrition influ­
enced black-tailed deer (Odocoileus hem­
ionus) body fat and weight dynamics 
(Parker et al. 1999) and probability of 
survival in winter (Mautz 1978, Parker et 
al. 1999, Cook et al. 2004). This effect 
might be most pronounced in ecosystems 
occasionally or frequently experiencing 
relatively harsh winters. 

Nutritional demands of lactation during 
late spring through early autumn can af­
fect pregnancy rates in autumn because 
nutritional condition (e.g., body fat) of 

cow elk is the prime determinant of suc­
cessful breeding (Trainer 1971, Kohl­
mann 1999, Cook et al. 200lc, Cook et 
al. 2004). The energetic demands of lac­
tation are high, and if the digestible en­
ergy in summer forage is low or marginal 
relative to requirement, cow elk may not 
rebuild sufficient body reserves by au­
tumn to enter estrous . However, Cook et 
al. (2004) found that if the cow loses its 
calf early after parturition she can accu­
mulate sufficient fat reserves to success­
fully breed in autumn even when forage 
quality in summer is markedly inadequate 
for lactating cows. Trainer (1971) sug­
gested that at a kidney to fat ratio (KFI) 
< 60 [9 percent body fat (Cook et al. 
200la)], probability of pregnancy was re­
duced. Cook et al. (2004) also found that 
female elk in poor condition would not 
conceive and suggested that 8-9 percent 
body fat was a threshold for cow elk in 
autumn, below which pregnancy rates de­
cline. 

It is not clear about the degree to which 
density-dependent nutritional effects in 
winter versus those in summer most in­
fluence populations. Density dependent 
mortality has been well-established in 
Yellowstone as a function of elk density 
on winter range (Houston 1982, Taper 
and Gogan 2002). Lubow et al. (2002) 
also concluded that density dependence 
on winter range regulated the elk herd in 
Rocky Mountain National Park. Beuchner 
and Swanson (1955) suspected density 
dependent influences on primaparity of 
young cow elk in southeast Washington. 
Merrill and Boyce (1991) reported signif­
icant correlations between elk calf surviv­
al and abundance of green phytomass 
during summer in Yellowstone. Crete and 
Huot (1993) reported marked effects of 
nutrition during summer on reproductive 
processes in caribou at relatively high 
herd density. 

Whatever the case may be regarding 
seasonal influences, it follows that as elk 
populations approach carrying capacity, 
recruitment should decrease because in­
creased intraspecific competition for high 
quality forage lowers nutrition . Moreover, 
selective grazing at high herbivore den-
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sity may effectively erode the nutritional 
value of plant communities ava il able to 
he rbivores, e nh a ncin g th e foo d- based 
density effect over time (Irwin et al. 
1994, Riggs et al. 2000). Forest succes­
s io n patte rns also may exacerbate density 
dependent effects despite little or no 
cha nge in animal numbers, because 
amount of forage may decline markedly 
from ea rly -s uccess io nal s tages to ad ­
vanced stages in forest ecosystems (Hett 
et a l. 1978, Peek et al. 2001 ). Such influ­
ences might be pronounced where wild­
fire and logging have been reduced and 
precipitation is adequate to support high 
rates of forest succession . These effects 
may require many years to develop and 
thu s may be hard to document with typ­
ical short-term studies (but see Peek et a l. 
2002). F inally, nutrition may be inade­
quate at low animal densities, simply be­
cause available forage, no matter how 
abundant, may not adequately satisfy re­
quirements. This density independent as­
pect of nutritional influences is rare ly rec­
ognized, but may be important in some 
ecosystem s (Cook et al. 2004). 

Density Independent Effects 

Climate is typically identified as hav­
ing a density independent effect o n un­
g ulates (Gaill ard et al. 2000) that can lim­
it populations. Effects of climate, how­
ever, can be more severe when popula­
tio ns are close to carrying capacity 
(Garrott et al. 2003). Variation in c limate 
caused juvenile survival to vary widely 
even though ad ult survival was hi g h 
(Gailla rd et al. 1998) . Srether (1997) ar­
g ued that climate is the most important 
density independent variable in the ab­
sence of predation. In temperate and 
mo ntane habitats, climate is characterized 
by distinct warm and co ld seasons, with 
corresponding variation in forage quality 
and quantity. During late spring and early 
summer, forage typically is abundant and 
high in quality, but in winter quality is 
lo w and abundance may be low. 

Among seasons, te mperature and pre­
c ipitatio n may be hi ghly variable, result­
ing in summer drought or severe winter 
conditions. Summer drought can decrease 

forage quantity and quality (Vavra and 
Phillips 1980), thus reducing fat accu­
mul ati ons in yearling and lactating cow 
elk that can delay or cancel es trus (Cook 
et al. 2004). The result can be lower preg­
nancy rates of yearling cow elk (Bruce 
Johnson, unpubli shed data, 2003) and 
prime-aged elk, and increased suscepti­
bility to harsh winter conditions. Varia­
tion in winter severity can cause wide 
variation in survival of elk calves but 
have little affect on survival of prime­
aged females (Garrott et al. 2003). Severe 
winter c limate followed by cold, wet 
springs that delayed green up of vegeta­
tion lowered survival of neonate cari bou 
(Rang~fer tarandus) (Adams e t al. 1995) 
and caused higher predation on neonates 
in semi-domestic reindeer (Tveraa et al. 
2003) . 

Diseases and paras ites can infect e lk 
(Thorne et al. 2002); however, most of 
the common livestock di seases do not af­
fect e lk recruitment. The o ne exceptio n is 
bruce llosis that can reduce pregnancy 
rates up to 12.5 percent annually (Thorne 
et al. 2002). Elk populations in Oregon 
have been monitored for brucellosis and 
the di sease has not been detected in any 
sample . In general, elk populations are lit­
tle affected by parasites, and problems are 
often restricted to local situations (Thorne 
et al. 2002). 

Predation 

Predation can have hi ghly variable ef­
fects on ungul ate population growth , and 
in many areas of western United States, 
predator populations are increasing (M ech 
et al. 2001, Keister and Van Dyke 2002). 
Predator to prey ratios are not sufficient 
to describe the effects of predation on un­
g ulate populations because the functional 
response of predation may vary with prey 
density (Mess ie r 1994). Manipulative ex­
periments with ungulates and predators 
can be difficult to accompli sh because of 
the long time periods required. Several 
manipul ative or correlative studi es, how­
ever, have been conducted. Sinclair et al. 
(2003) described a 40-year experi ment in 
Africa where small to medium sized un­
gulate populations increased when pred-
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ators were poached or poisoned in the 
Serengeti from 1980- 1987. When preda­
tor populations were allowed to return to 
previous levels, the ungulate populations 
returned to their former levels. Jedrze­
jewski et al. (2002) found that wolf (Ca­
nis lupis) predation had an inverse density 
dependent effect, in that predation limited 
red deer (C. e. elaphus) numbers but did 
not regulate the population; by eliminat­
ing a large portion of the juvenile age 
class, wolves dampened the rate of deer 
population growth. Jedrzejewski et al. 
(2002) also summarized the effects of 
wolf predation on red deer in temperate 
forests of Pol and from 1850 to the pre­
sent. Wolves were extirpated twice. Dur­
ing both periods of wolf extirpation , pop­
ulations of red deer increased dramatical­
ly to the point where density dependent 
effects were obvious. When wolf popu­
lations were reestablished, deer popula­
tions decreased in proportion to the in­
crease in wolf populations. 

Hayes et al. (2003) manipulated wolf 
densities across 10 sites in Canada to 
evaluate the population responses of 
woodland caribou (R. t. caribou) , moose, 
and Dall sheep (Ovis dalli) and found that 
predation lowered caribou and moose re­
cruitment and adult moose survival. Pop­
ulations of Dall sheep, however, did not 
respond to changes in wolf density. Kun­
kel and Pletscher (1999) found that when 
wolves colonized a study area in northern 
Montana, survival of white-tailed deer 
(Odocoileus virginianus) and elk de­
creased and concluded that wolf preda­
tion was an additive mortality. 

Predation does not necessarily affect 
sympatric prey species in the same man­
ner (Hayes et al. 2003) . Robinson et al. 
(2002) compared recruitment parameters 
and cause-specific mortality factors for 
sympatric white-tailed deer and mule deer 
(Odocoileus hemionus). While there were 
no differences in fetuses per female or 
fawn survival between the species, sur­
vival of adult white-tailed deer was high­
er. Predation by cougar (Puma concolor) 
was the major source of adult mortality 
for each species but predation rates on 
adult mule deer were two times higher 

than on white-tailed deer. As a result, the 
mule deer population was about 30 per­
cent lower than that of white-tailed deer. 

Further complications with inte rpreting 
effects of predation on ungulates involve 
sources of alternative prey and multiple 
predators on one prey species. M ess ier 
and Crete (1985) and Mess ier (1994) sug­
gested that wolf predation of moose was 
less pronounced when multipl e species of 
prey were present. If a second predator 
was present, however, effects of predation 
may increase. By contrast, Wakkinen and 
Johnson (2001) sugges ted that woodland 
caribou numbers were declining in the 
Selkirk ecosystem because of predation 
by cougar. They hypothesized that the de­
pendable, alternate prey source provided 
by the expanding white-tailed deer pop­
ulation a llowed the cougar population to 
remain high, which in turn , resulted in in­
creased predation on caribou. Kunkel and 
Pletscher (1999) found that the survival 
of moose increased when white-tailed 
deer and elk were present when cougars, 
grizzly bears (Ursus arctos), wolves, and 
black bears (Ursus americanus) were 
sympatric with the three prey species. Fi­
nally the degree of seasonal migration 
may affect the extent to which predation 
acts on prey populations (CI·ete and Huot 
1993). 

The composite picture from these stud­
ies suggests that effects of predation can 
operate in multiple ways, depending on 
the suite of prey species present and the 
number and abundance of predator spe­
cies. Prey population responses to preda­
tion can vary, and few, if any conclusions 
can be drawn without site-specific infor­
mation on the predator and prey species 
that occur. Skogland (1991) stressed that 
although predators may limit prey popu­
lations, there is little evidence that pred­
ators regulate prey populations. Territori­
ality of predators may place upper limits 
on predator densities, potentially preclud­
ing predation as a regulating factor 
(Skogland 1991). 

Hunting 

Hunting can have an important influ­
ence on ungulate populations, dimini sh-
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ing the evidence of density dependence 
by reducing density below carrying ca­
pacity. For example, Swihart et al. (1998) 
evaluated the nutritional condition and 
pregnancy rates of white-tailed deer from 
areas with and without hunting. In areas 
without hunting, pregnancy rates, body 
size, and body fat were lower than in ar­
eas where hunting controlled deer num­
bers . In addition, Swihart et al. (1998) 
found that pregnancy rates varied inverse­
ly with density among the five sites eval­
uated. Messier and Crete (1985) warned 
that ungulate populations appearing to be 
healthy (high recruitment) may change if 
human exploitation increases in the pres­
ence of predator populations. If predator 
to prey ratios change, predation can shift 
from inverse density dependence to den­
sity dependence, resulting in a further de­
crease in ungulate density and resulting 
in predation being sufficient to keep un­
gulate populations suppressed (Messier 
and Crete 1985). In recognition of such 
effects, Hayes et al. (2003) suggested 
hunter harvest of moose and caribou pop­
ulations be set at low levels (2-5 percent) 
in areas where wolf and bear populations 
were high. 

Pervasive Human Disturbances 

Recreational activities on public lands 
are increasing as human populations in­
crease, and may decrease animal fitness 
or expose animals to higher rates of mor­
tality (Knight and Gutzwiller 1995). 
Since the 1950s, road construction on 
public lands of the western United States 
has provided access , resulting in in­
creased use of areas that were previously 
undisturbed (Trombulak and Frissell 
2000). Examples of increased recreational 
activities include mushroom and berry 
picking, fire wood gathering, mountain 
biking, all terrain vehicle use, cross coun­
try skiing, back packing, camping, and 
snowmobiling. Elk have responded by 
moving away from roads open to the pub­
lic (Rowland et al. 2000, 2004), especial­
ly roads with higher rates of traffic (Wis­
dom 1998). Elk have also moved away 
from off-road recreation activities, espe­
cially ATV and mountain bike riding 

(Wisdom et al. 2004). Conner et al. 
(2001), Vieira et al. (2003), and Wertz et 
al. (2004) found that displaced animals 
moved to areas where disturbance was 
minimal. 

During hunting seasons, energetic con­
sequences of the increased disturbance in­
clude increased energetic costs associated 
with movements (Johnson et al. 2004) 
and perhaps shifts to habitats where for­
aging conditions are diminished (J. G. 
Cook, unpublished data, 2003). Distur­
bance during parturition and calf rearing 
resulted in higher calf mortality (Phillips 
and Alldredge 2000) or decreased repro­
ductive performance of mule deer in the 
following year (Yarmoloy et al. 1988). 
These added energy costs could lead to 
higher winter mortality rates as animals 
deplete stored fat reserves to avoid hu­
man activities. 

COMPETING HYPOTHESES TO 
EXPLAIN DECLINES IN 
ELK PRODUCTIVITY 

Several factors or hypotheses may ex­
plain long-term decline in elk recruitment 
across large areas of the northwestern 
United States. Each factor is plausible but 
not likely to operate independently of 
other factors. Exact mechanisms causing 
declines likely vary from location to lo­
cation depending on habitat, climate, and 
predator populations. We hypothesize that 
recent declines in elk productivity are a 
result of a combination of factors that in­
teract in both density dependent and in­
dependent ways. Our hypothesis is built 
on the following assumptions: 

1. Intraspecific competition for forage.­
Elk populations have gradually in­
creased concomitant with reductions 
in forage biomass and quality over the 
last six decades in much of western 
United States. In turn, this may have 
increased intraspecific competition for 
nutritious forage, resulting in lower 
pregnancy rates and higher mortality 
rates of elk. Effective fire suppression 
on forestlands over the last 60 years 
has had a substantially greater, nega­
tive effect on forage production than 
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the counteracting, positive benefits of 
wildfire, timber harvest, and insect­
caused mortality of trees that has oc­
curred in the last two decades. The ef­
fect in total may be a slow erosion of 
carrying capacity on many e lk ranges. 
For example, the e lk populati ons in­
creased dramati call y in the 1980s and 
subsequ e ntly dec lined in th e la te 
1990s following the volcanic irruption 
at M ount St. Helens in Washington. 

2. Decrease in hi ghly palatable fo rage.­
Eik may exert strong and highly selec­
tive grazing pressure on the fo rage 
species that are relatively palatabl e 
and available, especia lly if animals are 
di spl aced because of human activities . 
Coupled with increas ing density, nu­
triti onal limjtation occurs, reducing 
population parameters. 

3. Increase in preda to r popula ti o ns .­
Cougar, black bear, and wolf popula­
tions have increased substanti ally dur­
ing the past four decades, resulting in 
lower recruitment of e lk. 

4 . Summer drought and winter severity.­
Abi oti c factors of summer drought and 
winter severity may not be operating 
in the traditional , density independent 
manner. Instead , these factors may in­
crease the vulnerability of elk to pre­
dation or increase winter mortality due 
to nutritional constraints. 

5 . Legal and illegal hunting .- In situa­
tions where recruitment is lowered due 
to predation, cow elk hunting has an 
additive and subs ta ntial effect on 
growth rate of elk populations. 

6 . Huma n activities.-Human di stur­
bance acti vities have increased across 
all elk ranges, and may be exerting a 
negative effect on elk populations not 
observed in the past. The energetic 
costs of elk avoiding pervasive human 
disturbances can be substantial, and 
have been overlooked as affecting elk 
nutritional condition. 

Considering the above assumptions to­
gether, we hypothesize that the underly­
ing basis for elk productivity is nutrition 
and that predation, hunting, weather var­
iation, and human di sturbance fac tors cur­
rently are additive in the ir effects on the 

decline in producti vity, and that the rela­
tive effects of each may vary among 
herds. Where limiting factors are preva­
lent, density dependent effects may not be 
apparent. Ratios of predators to prey are 
critical in understanding how the several 
fac tors outlined above result in increasing 
or decreasing rates of populatio n growth . 
At hi gh levels of nutri tion and appropriate 
(but unknown) predato r to prey ratios, we 
hypothes ize that effects of predati on, hu­
man di sturbance, and hunting wo uld re­
duce but not limit populati on growth. 
That is, elk recruitment would respond 
positively even with these sources of 
mortality under hi g h levels of nutrition , 
thus providing an inherent resilience to 
population change. If, however, predator 
to prey ratios were shifted dramatically 
due to reductio n of elk populations due to 
hunting, severe win ter morta lity of elk, or 
increases in predator populations, then 
predatio n could keep e lk at a lower equi­
librium such that e lk populatio ns and re­
cruitment remain low. The point at which 
mortality factors tip the balance between 
growth and decline of the prey population 
should vary along a gradie nt of nutrition­
al adequacy. 

CHALLENGES TO RESEARCH 
AND MANAGEMENT 

We believe our hypothesis deserves 
careful examinatio n within a research 
framework. Obviously, no single factor 
can explain either the variability or the 
long-term decline in elk recruitment across 
the northwestern United States . Several 
factors are interacting, in different ways in 
different areas, miling it diffi cult to im­
pose any one management strategy that 
can ensure recovery of elk populations. 

One of the principal goals of the Star­
key Project was to examine management 
acti vities that affected elk productivity. 
The original studies of the Starkey Project 
were directed at understanding how sin­
gle fac tors affected elk fitness, di stribu­
tion, o r reproduction (e.g. , Cook et al. 
1998, Rowland e t al. 2000, Noyes et al. 
2002). Subsequent research at Starkey 
and associated study sites was then ex­
panded to examine how two or more fac-
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tors might interact to affect elk reproduc­
tion, survival and recruitment (e.g. , Cook 
et al. 1999, 2004; Johnson and Jackson 
2001). The next step is to further expand 
research to address the full complexity of 
factors and their interactive effects on elk 
productivity and population growth. 

We suggest three complementary ap­
proaches to gain better knowledge about 
elk productivity: (1) adaptive manage­
ment, (2) retrospective and meta analysis, 
and (3) simulation modeling. Under adap­
tive management, research would be de­
signed and tested as manipulative exper­
iments in real -world conditions (Walters 
1986). Researchers and managers would 
jointly develop hypotheses for testing and 
implementing treatments, and work to­
gether to measure and interpret the re­
sults. For example, a set of watersheds 
could be selected for intensive habitat im­
provements and subsequent reduction in 
human disturbances, and another set of 
similar watersheds used as controls. Re­
searchers could measure and compare a 
variety of population responses of elk to 
the habitat improvements and reduction 
in human disturbances. On the other 
hand, predator populations could be re­
duced, and responses of prey populations 
monitored, probably providing a more 
rapid assessment that would not require 
waiting on habitat changes. 

Retrospective and meta analysis pro­
vide alternative analyses of potential val­
ue. Meta analysis could be used to ana­
lyze the multitude of studies that have 
evaluated the effects of nutrition, preda­
tion, and weather on population dynamics 
of ungulates as case studies (e.g., Messier 
1994, Linnell et al. 1995, Sc:ether 1997, 
Unsworth et al. 1999, Gaillard et al. 2000, 
Hayes 2002). The synthesis of many stud­
ies of elk recruitment (Schlegel 1976, 
1983; Smith and Anderson 1996; Singer 
et al. 1997; Myers et al. 1998; Gratson 
and Zager 2000; Jedrzejewski et al. 2002; 
Zager and White 2003, and unpublished 
results from the region) could yield gen­
eral, predictive patterns about the inter­
active effects of various factors on un­
gulate productivity and population dy­
namics. However, most of these studies 

had no measure of nutritional condition 
of the prey populations or imprecise es­
timated of predator populations, making 
analysis and interpretation more difficult. 

Simulation modeling also can provide 
insights about the potential interactions of 
factors that affect elk productivity and 
growth rates of populations. For example, 
a series of models could be constructed 
under different competing hypotheses, and 
each model run under a set of standard 
simulations to gain a more formal under­
standing of potential effects. Model pa­
rameters could reflect empirical data, but 
also hypothesized data, to further under­
stand the range of potential effects, and to 
identify the most plausible effects and out­
comes. The challenge will be to link hab­
itat conditions, prey populations, and pred­
ator populations, an undertaking that has 
rarely been attempted. Hobbs (1989) and 
Weisberg et al. (2002) provided examples 
of models that link weather and habitat 
conditions with animal population char­
acteristics, but neither incorporated pre­
dation effects. Typical predatory-prey 
models (Skogland 1991) rarely explicitly 
addressed contributions of habitat and nu­
trition. Fmther, if simulation models are to 
consider habitat/nutritional conditions on 
summer ranges in forest ecosystems, then 
plant succession patterns following distur­
bance and the interaction of herbivore 
numbers and plant succession patterns will 
be key elements of models . 

Without these types of new research, 
managers face the difficult challenge of 
dealing with the high uncertainty about 
the proximate and ultimate causes of de­
clines in elk recruitment. Even then, long­
term monitoring of elk recruitment, sur­
vival, and nutritional condition are critical 
to understanding when predation, weather 
variation, and hunting may be limiting 
and nutrition is regulating. Nutritional 
condition of elk populations can be mea­
sured inexpensively by using cow elk 
hunters to collect reproductive tracts , suit­
able indices of condition, and mammary 
tissue for animals harvested in autumn 
(Kohlmann 1999; Cook et al. 2001a, b). 
In situations where hunter collections are 
inadequate to satisfy research/monitoring 
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objectives, nutritional condition of li ve 
elk can be assessed reliably (Cook et al. 
2001a, b). 

When elk recruitment is low or declin­
ing, managers will need to gain insights 
about how density dependent factors, 
long-term vegetative successional trends, 
variation in summer precipitation and 
winter severity, hunting, and predation 
may be interacting. If nutritional charac­
teristics and climatic variability are im­
plicated, then management alternatives to 
address habitat conditions; where hunting 
or predation appear to be limiting recruit­
ment, then alternative actions may be re­
quired to increase recruitment. Public ac­
ceptance of predator management evi­
dently is waning, creating challenges for 
managers to meet the social and econom­
ic needs of the various public groups in­
terested in wildlife. Consequently, a 
strong partnership between managers and 
researchers, with the use of modeling and 
adaptive management approaches, ap­
pears to be the most suitable strategy in­
creasing understanding and for effectively 
dealing with emerging challenges of de­
clining elk productivity. 
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Influence of Age of Males and Nutritional 
Condition on Short- and Long-Term Reproductive 
Success of Elk 

James H. Noyes, Bruce K. Johnson, Brian L. Dick, and 
John G. Kie 

INTRODUCTION 

Rocky Mountain elk (Cervus elaphus) 
populations in som e areas of northeast 
Orego n hav e experi e nced declines in 
spring calf: cow ratios of nearly 80 per­
cent over the last 40 years. Among the 
potential causes of these declines, the ef­
fects of age of male sires and nutritional 
condition of females on conception dates 
a nd pregnancy rates have received the 
most attention from biolog ists and wild­
life managers. Reliance o n younger males 
as primary breeders can result in later 
conceptions a nd a prolonged rut period 
(Follis 1972; Hines and Lemos 1979; 
Noyes et al. 1996, 2002) . Mechanism s in­
volved with delayed conception due to 
male age have included late maturity of 
young males (Hi nes et al. 1985), female 
preference for older males (Gibson a nd 
Guinness 1980, Squibb 1985), and de­
layed timing of estrus in the absence of 
older m ales (Komers et al. 1999). The 
rate of conception (pregnancy) , rather 
than the timing, does not appear to de­
pend on the presence of o lder male s ires 
(Folli s 1972; Noyes et a l. 1996, 2002) . 

Female nutritio n al co ndition during 
breeding influe nces date of conception 
(Traine r 1971 , Mitchell and Linco ln 
1973) and pregnancy rate (Trainer 1971, 
Albon et al. 1986). T he importance of nu­
tritional condition applies to males as 
well as fe males. It has been shown that 
age at puberty (Hines e t al. 1985) and an­
nual or long-term reproductive success of 
males depends on body size and domi­
nance, both of which are influenced by 
birth d ate and nutriti o n a l condition 
(Green a nd Rothstein 1993, Komers et a l. 
1999). Although age of male sires, nutri­
tional condition of females (and m ales to 
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a lesser extent) , predation, and other de­
terminants of ung ulate productivity have 
been examined in m a ny studies, their in­
teractions in Rocky Mountain elk have 
only recently been addressed (see Cook 
et a l. 2004 for a thorough literature re­
view). 

We conducted a study in two trials , 
from 1989 to 1993 and from 1995 to 
1999, to assess the effects of male age 
and female nutritional condition on con­
ception dates and pregnancy rates of fe­
male e lk in northeast Oregon (Noyes et 
al. 1996, 2002). R esults of bo th trials 
showed a sig nificant influence of male 
age on conception dates but not on preg­
nancy rates. Results fro m the interaction 
of male age and female nutritional con­
dition pooled across tria ls likewise veri­
fied the importance of male age in af­
fecting conception dates across a range of 
nutritional conditions. 

The most commonly referenced mani­
festations of skewed sex ratios a nd nutri­
tional limita tions o n elk reproduction are 
short-term (annual) differences in concep­
tion dates, pregnancy rates, and calf sur­
vival. Beyond their short-term effects on 
calf survival, early conceptions and birth 
dates may be of greater significance in af­
fecting long-term reproductive success 
and herd demographics. Benefits of early 
births may include higher lifetime repro­
ductive success in female red deer [(C. e. 
elaphus, Clutton-Brock et al. 1987)], bi­
son [Bison bison, (Green and Rothstein 
1993)], and moose [Alces alces, (Saether 
et al. (2003)]. Understanding the impor­
tance of maintaining older males in elk 
populations, in conjunction with knowl­
edge of nutritional condition and their in­
teractions should assist wildlife managers 
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in making informed, effective decisions 
about harves t management. 

STUDY AREA 

We conducted our study within a 30 
square mile (78 km2) study area at the U. 
S. Forest Service Starkey Experimental 
Forest and Range (Starkey) in northeast 
Oregon, about 21 mil es (35 km) south­
west of La Grande . Elevation ranged 
from 3,680 feet (l, 116 m) to 4,960 feet 
(1,502 m). Vegetation was a mixture of 
grass lands, regenerating forests, and older 
forest stands. Grand fir (Abies grandis), 
Douglas fir (Pseudotsuga menziesii), and 
lodgepole pine (Pinus contorta) do minat­
ed the north aspects and higher eleva­
tions; ponderosa pine (P. ponderosa) was 
the dominant forest vegetation at lower 
elevations. Bluebunch wheatgrass (Ag ro­
pyron spicatum) and Idaho fescue (Fes­
tuca idahoensis ) typically dominated 
grassland vegetation. Mean annual pre­
cipitation was 20 inches (50.8 em), and 
average mean temperatures were 24.8° 
Fahrenheit ( - 4° C) in January and 64° 
Fahrenheit (18° C) in July. Starkey was 
enclosed by a game-proof fence 8 feet 
(2.6 m) tall that allowed us to adjust the 
population size and structure of a free­
ranging elk herd. Further descriptions of 
the study area can be found in Noyes et 
al. (1996) and Rowland et al. (1997). 

METHODS 

Herd Management 

We managed the elk population during 
both trials to allow a single cohort of 
males to function as principal herd sires 
as they matured from one to five years of 
age. We estimated our elk population size 
with a model described in greater detail 
in Noyes et al. (1996). 

We maintained a bull :cow ratio of the 
study cohort between 16:100 and 21:100 
during both trials to minimize the effects 
of numbers of males. We conducted hunts 
for yearling male elk in early August (ex­
cept 1989 and 1995) to reduce the num­
ber of yearling males prior to the breed­
ing season. Males that were younger than 

the study cohort were trapped annually 
and re leased outside of Starkey. 

We fed a maintenance ration of alfa lfa 
hay to those elk that moved to the winter 
feed ground . E lk were returned to the 
study area in simil ar nutritional condition 
each year to minimize the influence of 
variable winter severity on e lk reproduc­
tion. Noyes et a l. (1996, 2002) provide 
further description s of herd management. 
Our research was conducted under ap­
proved anima l welfare protocols (Wi s­
dom e t al. 1993). 

Reproductive Data 

We co llected reproductive tracts (uteri 
and ovaries) , udders, lower inc isors, and 
kidneys with associated fat from female 
e lk killed by hunters in early December. 
We determined conception dates, preg­
nancy status , lac tation status, and female 
age and nutritional conditio n (KFI) as de­
scribed by Trainer (1971). We conducted 
blood tests for leptospirosis (Leptosp ira 
spp.) and brucell os is (Brucella abortus) 
to identify presence of diseases that may 
have affected elk reproduction. 

Statistical Analysis [See Noyes et al. 
(1996 , 2002) for de tailed explanations 
of the following analyses] 

Conception date 

We compared conception dates of fe­
males among male ages (years) in each 
tria l with analysis of variance and ac­
counted for female nutritional condition 
with analysi s of covariance. We com­
pared conception dates of lactating and 
nonlactating females older than or equal 
to three years old with t-tests. We used 
stepwise multiple regression to predict 
conception date. 

Pregnancy rate 

We excluded females younger than age 
3 or older than age 13 when summarizing 
preg nancy rates pooled by m a le age 
across trial s because of age and lactation 
status effects . 
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FIGURE 1. Cumulative percent conceptions for adult female elk ( 2: 2 years old) bred by 
males of five different ages at Starkey Experimental Forest and Range, Oregon, 1989- 99. Data 
were pooled from two identical five year trials. Age of sires increased each year from yearlings 
to 5-year-olds. 

Female nutritional condition 

We used analysis of variance to com­
pare KFI among years for females greater 
than or equal to two years old and com­
pared KFI of lactating and nonlactating 
females greater than or equal to three 
years old with t-tests. We also used t-tests 
to evaluate nutritional condition of lactat­
ing and nonlactating females between the 
two trials. We tested for correlation be­
tween KFI for all females and May to Au­
gust precipitation. 

RESULTS 

Conception date 

Conception dates varied with age of 
male sires in both trials and also when 
conception dates were pooled among tri­
als and adjusted for female nutritional 
condition. The largest differences in mean 
breeding dates were between 5-year-old 
sires and yearling or 2-year-old sires. Fe­
males bred by males older than or equal 
to three years of age conceived earlier 
than females bred by younger males in 
both trials and had similar conception 
dates . Median dates of conception for fe­
males bred by yearling males were ap-

proximately two weeks later than when 5-
year-old males were sires. Lactating fe­
males conceived about nine days later 
than nonlactating females . 

Conception dates became more syn­
chronous as male age increased (See Fig­
ure 1 in Noyes et al. 1996 for the chro­
nology of conceptions, which applies to 
both trials) . The duration of the rut dif­
fered by an average of 31 days between 
years with yearling and 5-year-old male 
sires (Noyes et al. 1996, 2002). We dis­
carded the latest 10 percent of concep­
tions in each year to reflect that portion 
of the annual reproduction with the most 
management relevance. The date by 
which 90 percent of pregnant females 
were bred by yearling males was approx­
imately three weeks later than when 5-
year-old males were the sires. The cu­
mulative percent of conceptions moved 
toward earlier dates as male age increased 
(Figure 1). 

Pregnancy rate 

Pregnancy rates of females greater than 
or equal to two years old did not differ 
by male age in either trial. Pregnancy 
rates of females 3-13 years of age pooled 
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across trials ranged between 89 percent 
and 94 percent (from Noyes et al. 1996, 
2002). Pregnancy was related to KFI, but 
not male age, in pooled trials. 

Female nutritional condition 

The KFI of adult females differed 
among years and was significantly greater 
in 1989 and 1995, when yearling males 
were the primary herd sires. The KFI for 
all adult females during the second trial 
was less than KFI during the first trial. 
Pregnant, lactating adult females were in 
especially low nutritional condition in 
both trials when breeding was by 4-year­
old males . KFI was lower in lactating fe­
males than in nonlactating females. KFI 
was correlated with May to August pre­
cipitation and precipitation during those 
months was lower in the second trial than 
recorded in the first trial. 

DISCUSSION 

We acknowledge the complex interac­
tions among variables affecting reproduc­
tion in elk, but for the purposes of this 
paper we will emphasize the contribution 
of the age of male sires to differences in 
calf survival and long-term reproductive 
success. 

We demonstrated the importance of 
mature males as sires to achieve early and 
synchronous conception in female elk, 
but we found no relationship between age 
of males and pregnancy rates . In our 
study, female nutritional condition was 
significantly higher during the two years 
that immature males were sires than dur­
ing the other years. Because of this, we 
were not able to determine if pregnancy 
rates of females bred by immature males 
might be lower if nutritional conditions 
were comparable to the other years. Ro­
land et al. (2003) assessed the effects of 
skewed sex ratios and male age structure 
on calving rates of female reindeer (Ran­
gifer tarandus) in excellent condition, 
and also questioned how the results might 
vary if females were in poor condition. 

Early breeding by older male sires has 
been documented for elk [Follis (1972), 
Hines and Lemos (1979)], moose (Saeth-

er et al. 2003), fallow deer (Komers et al. 
1999), and reindeer (Roland et al. 2003). 
Conception dates for females in both of 
our trials were strongly influenced by the 
age of male sires across a range of nutri­
tional conditions. After adjusting concep­
tion dates for differences in female nutri­
tional condition, conception dates became 
increasingly earlier as male sires matured 
from yearlings to 5-year-olds. 

Another influence of male age results 
from conception synchrony and its effect 
on female reproductive success and neo­
nate survival. The significance of syn­
chronous births on survival of neonates 
likely depends on the strategy for opti­
mizing neonate survival employed by dif­
ferent species (Geist 1982, Clutton-Brock 
et al. 1987, Kilti e 1988). 

For a discuss ion on the effects of male 
age on calf survival and long-term repro­
ductive success, we will assume a con­
stant gestation length and consequently 
will consider the terms birth date and 
conception date to be interchangeable. 
Results of previous research on the length 
of the gestation period in ungulates and 
the ability of females to adjust the length 
vary depending on the species, nutritional 
condition of females, supplemental feed­
ing, the effects on calf weight and surviv­
al , and perhaps a host of other unknown 
factors. No consistent patterns between 
nutritional condition and gestation length 
appear to be available. Guinness et al. 
(1978) stated that differences in calving 
time are likely due to factors affecting the 
time of conception, and we will make the 
assumption that early and late concep­
tions are reflected in early and late births. 

Birth date has been closely linked to 
the probability of offspring survival. Late 
calving and reduced survival has been as­
sociated with lower body weight in au­
tumn in reindeer (Roland et al. 2003) and 
in winter in moose (Saether et al. 2003). 
Delays in breeding as a result of highly 
skewed sex ratios and subsequent delays 
in birthing may reduce survival of off­
spring. Winter survival of red deer was 
related to birth date and population den­
sity (Guinness et al. 1978, Loi son and 
Langvatn 1998). Cook et al. (2004) sug-
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gested that winter survival of captive­
reared calves under varied nutritional 
condition was not related to birth date, 
but indicated that other potential causes 
of mortality (e.g. predation) were not pre­
sent. Clutton-Brock et al. (1987) reported 
that mortality of red deer calves increased 
by 1 percent for each day the calf was 
born after the median birth date. Captive 
red deer hinds that bred much later than 
normal did not lactate normally following 
the late births, and Guinness et al. (1978) 
suggested that their calves in the wild 
would quickly die. 

The ability of young ungulates to ex­
hibit compensatory growth is an impor­
tant variable that should be considered in 
assessing the relationship between birth 
date and survival. Research has shown 
conflicting patterns of compensatory 
growth in ungulates. Late-born captive 
calf elk on low or medium quality diets 
reached weights in winter similar to ear­
ly-born calves, while late-born calves on 
a high quality diet had significantly lower 
weights than early-born calves during the 
first year of a study (Cook et al. 2004). 
Compensation in the low and medium nu­
trition groups may have been influenced 
by growth rate differences between sexes; 
late-born calves were composed of 62 
percent males compared to 31 percent in 
early-born calves. This pattern of com­
pensatory growth was reversed during the 
second year, however, and the advantage 
of early birth was present in the low and 
medium nutrition groups, but not in 
calves in the high nutrition group. Guin­
ness et al. (1978) observed a relationship 
between winter weights and birth dates of 
red deer under high nutritional conditions. 
Late-born calves had lower weights, fur­
ther illustrating the difficulty in assessing 
the presence of compensatory growth un­
der sometimes widely different condi­
tions. Roland et al. (2003) reported that 
late calving in reindeer was associated 
with lower body weight in autumn, but 
suggested caution when applying results 
from enclosure experiments to wild, free­
ranging populations. 

The relative importance of birth date 
differences resulting from age of male 

sires and their interaction with nutritional 
condition varies among studies and 
whether they involve wild or penned un­
gulates. Ginsberg and Milner-Gulland 
(1994) reported that breeding delays of 
one estrous cycle (18 days) in red deer 
can result in a 36 percent decline in re­
productive success of females. Cook et al. 
(2004) suggested that birth date differ­
ences of three weeks (the effect of male 
age differences in our study) were insuf­
ficient to influence winter survival of 
calves under captive conditions. Mean 
differences of one week or less may be 
biologically significant for reindeer in en­
vironments with short seasons (Roland et 
al. 2003). 

Perhaps more important than the ef­
fects of birth date and nutrition on sur­
vival of young are the long-term, cumu­
lative effects on herd productivity. Most 
studies are short-term and thus are not 
able to determine these effects. Green and 
Rothstein (1993) conducted a 9-year 
study to evaluate the relationship between 
birth date, long-term growth, and repro­
ductive success in bison. They docu­
mented beneficial effects of early birth 
that endured for the length of the study. 
Early-born females had significant fitness 
advantages and were more fecund during 
their first 9 years (Green and Rothstein 
1993). Body weight differences related to 
birth date persisted throughout the study 
in females, suggesting that adult body 
size is enhanced by early birth. Links be­
tween birth date and body mass of moose 
calves in winter have been reported by 
Saether et al. (2003), who suggested that 
there may be long-term consequences of 
skewed sex ratios. Early births enhanced 
the probability that females would give 
birth in the succeeding year; late births 
increased the likelihood of subsequent re­
productive failure. 

To illustrate the range of interpretation 
of research results, Cook et al. (2001) 
stated that marginally deficient nutrition 
was responsible for delayed breeding of 
prime-aged lactating females despite high 
pregnancy rates. In our study, of 17 
prime-aged lactating females in deficient 
nutritional condition (less than 9 percent 
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body fat), pregnancy rate was 94 percent 
and conception dates were not delayed. 
This is another indication that age of male 
sires is an important influence on preg­
nancy rates and conception dates and is 
implicated in herd demographics due to 
reduced survival of late-born calves. 

A longer, slower trend toward lower 
productivity in ungulate populations may 
exist with late conceptions because hinds 
that conceived early or produced heavy 
calves had higher lifetime success (Clot­
ton-Brock et al. 1983). Several mecha­
nisms are plausible to ex plain reduced 
long-term reproductive success . Delayed 
births may not allow females to recover 
from the demands of lactation in order to 
ovulate early in the rut or at all (Laflamme 
and Connor 1992). Female red deer that 
have delayed conception by one estrous 
cycle (18 days) may experience a 36 per­
cent decline in reproductive success. In 
bison (Green and Rothste in 1 993) it has 
been shown that the effects of late birth 
and the resulting decreased body mass 
may have lasting consequences that are 
likely not evident from the results of an­
nual reproductive performance. 

Reproductive success of males is re lat­
ed to body mass. Early-born bi son calves 
are socially dominant to late-born calves 
and may have increased reproductive suc­
cess (Lott 1979 in Green and Rothste in 
1993). M any life history characteristics 
are closely related to body mass of young 
females (Saether et a l. 2003), which in 
moose is related to their body mass as 
calves, which is related to birth date . Be­
cause of this same relationship in male 
calves, the effects of late births result in 
reduced body mass of yearling males, 
which again can result in lower reproduc­
tive success . We could speculate that this 
pattern might function as a mechani sm by 
which a subtle cycle of later births, lower 
body mass, and decreased reproductive 
success is repeated to the long-term det­
riment of elk productivity. 

The age of male sires can also influ­
ence reproductive dynamics and survival 
by means other than dates of conception. 
Young males may be either socially (be­
havior) or physiologically immature dur-

ing the rut period. Female fallow deer 
avoided sub-adult males more than ma­
ture males (Komers et al. 1999) . Females 
with subadult males lost more weight (4.2 
percent) during the rut than fema les with 
mature males (1.9 percent), and reduced 
body reserves could compro mise female 
surviva l. Male moose in Norway exhib­
ited a long-term decline in mean body 
mass as the proportion of adult males de­
creased (Solberg and Saether 1994 ). They 
also fo und that the oldest male age groups 
experienced the largest declines . The re­
lationship between body mass in males 
and reproductive success has been re­
ported for red deer and bi son. Early birth 
affects the soc ial dominance sta tus and 
breeding success in male bi son. 

Young females may be especiall y sen­
siti ve to skewed sex ratios (Solberg et a l. 
2002 in Saether et a l. 2003). In o ur study 
the behaviora l immaturity of yearling 
males might he lp to explain the reproduc­
tive performance of 2-year-old females. 
There were approx imately equal numbers 
of 2-year-old females for each of the five 
age c lasses of male sires (60 fe males to­
tal) . Pregnancy rates were similar, ranging 
from 82 percent to 100 percent and nu­
trition was s ig nifi cantl y hi g he r when 
yearling males were sires . Because very 
few 2-year-old females were pregnant as 
yearlings, there were no effects of lacta­
tion on dates of conception. However, 
conception dates of 2-year-old females 
were again about 3 weeks different be­
tween immature and mature male sires . 

MANAGEMENT IMPLICATIONS 
Effective management of elk popula­

tions might involve providing mature 
males necessary to obtai n early and syn­
chronous conceptions, and to interact 
with nutritional condition to enhance the 
survival of calves and long-term produc­
tivity. The importance of dates of concep­
tion might also be to "set the stage" for 
the influences of female nutritional con­
dition . Without early conception, high nu­
tritional condition of females cannot sole­
ly determine the probability of calf sur­
vival. We have restri cted our di scussion 
to interactions among male age and the 
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nutritional condition of females and 
males. The nutritional condition of elk 
herds can be reduced for reasons other 
than habitat quality. Preliminary results 
from ongoing studies evaluating the en­
ergetic effects of recreational use (Wis­
dom et al. 2004), and increased move­
ments related to hunting seasons (Ager et 
al. 2004) indicate energetic costs that also 
may affect herd demographics. Prelimi­
nary results from four years of a 6-year 
study evaluating archery disturbance dur­
ing the rut indicate lower pregnancy rates 
and asynchronous conceptions (J. H. 
Noyes, unpublished data, 2003). 

We have identified several variables 
and their interactions that affect elk re­
production in slightly different ways. The 
challenge to wildlife managers is to pro­
vide the conditions that will allow the 
most opportunities for increased produc­
tion over the greatest range of conditions. 
Managing for mature bulls through har­
vest regulations is much more straight­
forward than predicting precipitation and 
annual forage production. The presence 
of mature males in ungulate populations 
may be warranted for reasons other than 
their effects on short-term productivity. 
The significance of mature males in elk 
populations, regardless of the interpreta­
tions of research results, should not be 
ambiguous because of the evolutionary 
doctrine that states natural selection op­
erates to provide conditions that enhance 
the survival of species. Mature bulls or­
dinarily function as principal sires of po­
lygamous harems (Bubenik 1982). We 
seek to understand some of the complex 
interactions that are present today under 
conditions that have been greatly altered. 
Wildlife managers might consider all var­
iables affecting the productivity of elk 
herds (male age, nutritional condition, 
predation, human disturbance, and oth­
ers). Challenges lay in adapting manage­
ment options to the variety of social and 
environmental conditions that currently 
exist. 
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Nutritional Condition Indices for Elk: The Good 
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INTRODUCTION 

Research on captive ruminants has 
clearly established the role of nutrition on 
virtually all aspects of individual and herd 
productivity, but assessment of nutritional 
effects on population dynamics of free­
ranging ungulates is rare. Understanding 
influences of nutrition on wild ungulate 
herd demographics has been limited by a 
lack of practical, reliable, and cost-effec­
tive techniques for monitoring elk con­
dition and nutrition (Cook 2002). Assess­
ing nu tritional quality of forage is diffi­
cult, unreliable, and expensive, whereas 
assessing nutritional conditi on of an imals 
has been impractical in the field, inaccu­
rate, or inadequately tested (Robbins 
1983, Harder and Kirkpatrick 1994, Saltz 
et al. 1995). 

The most rigorous approach to test the 
value of condition indices involves com­
paring various indices to actual fat and 
protein levels of the homogen ized car­
cass. Statistical analysis of indices gen­
erally involved correlation between the 
indices and a body component, usually 
ingesta-free body fat. Non-linear relation­
ships often were transformed to facilitate 
analysis using general linear models (e.g., 
Finger et al. 1981, Watkins et al. 1991). 
The final value of indices usually was de­
termined via comparison of correlation 
coefficients or coefficients of determina­
tion. However, these methods of analysis 
often are incomplete, leaving unanswered 
questions related to reliability, sensitivity, 
and applicability of such indices across 
space and time. 

Moreover, past studies often failed to 
clari fy between indices appropriate for 
nutritional assessment versus those appro­
priate for evaluating nutritional condition . 
Nutrition is defined as the rate of inges­
tion of assimilable energy and nutrients , 

and nutritional condition is the state of 
body components (e.g., fat, protein) 
which in turn influence an animal's future 
fitness (Harder and Kirkpatrick 1994). 

Cook et al. (2001a) used captive-raised 
cow elk (Cervus elaphus nelsoni) fed a 
variety of diets to induce a wide range of 
body conditions to develop predictive 
models of body fat. For live animals, they 
assessed serum and urine chemistry, a 
body condition score, thickness of sub­
cutaneous rump fat, and bioelectrical im­
pedance analys is. For dead animals, they 
assessed femur and mandible fat, two car­
cass scoring techniques, and three differ­
ent kidney fat indices . They assessed re­
lations between indices and percent fat 
and developed models to predict nutri­
tional conditi on . Cook et al. (2001b) also 
evaluated range of usefulness, bias, pre­
cision, and sensitivity to small changes in 
body conditi on for each model deemed to 
be most useful by standard methods. 
Herein we summarize these findings and 
report major results. 

METHODS 

Seventeen 1.5-year-old, 19 2.5-year-old, 
a nd 7 adult (5- or 7-year-old), non-gravid 
cow elk were housed in pens near Ka­
mela, Oregon. These elk originated from 
wild stocks in northeast Oregon and were 
either bottle- or dam-raised in captivity 
(Cook, J. G. et al. 2004). Pens were de­
void of vegetation and contained a barn 
designed for individual feeding and col­
lection of blood, urine, and fecal samples. 

Within each age group, we randomly 
assigned elk to one of three processing 
dates, mid-September, late-December, or 
mid-March, w hi ch corresponded with 
times that managers most often handle 
ungulates in the wild. Beginning 2.5 
months before each processing date, we 
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subdi vided animals within each age group 
into three nutrition treatments to c reate 
divergent condition levels. Dietary ma­
nipul ation involved varying quantity and 
qu ality of food ra tio ns us ing a lfa lfa, 
mixed-grass hays, and pe llets (Cook et a l. 
2001 a). A high nutrition diet was de­
signed to maintain hig h nutri tional con­
dition during the 2.5-month feeding tri a l. 
We formulated medium and low diets to 
induce average body-mass losses of 8-10 
percent and greate r than 15 percent. We 
pl aced all animals on identical diets 7 
days prior to data coll ection to alleviate 
potentia l confounding from effects of 
short-term nutriti onal influences on rela­
tions between co nditio n indices and per­
cent fa t. We fed all elk a 35:65 ratio of 
high quality pellets: high qua lity hay at a 
maintenance level. 

At the end of each 7-day peri od, we 
collected urine samples via a galvani zed 
metal pan placed under each stall 's fl oor. 
The next day, animals were brought into 
the barn and anesthetized with xylazine 
hydrochl oride. Blood sampl es were ob­
tained within 10 minutes of the drug in­
jection by jugular venipuncture. Seven 
urine and 23 serum vari ables were in­
cluded in the analysis (Cook et al. 200l a) . 

We collected all li ve-animal measure­
ments while elk were anestheti zed. We 
used a body condition scoring (BCS) sys­
tem which involved averaging three sep­
arate scores derived from palpation of the 
ribs, withers, and rump areas (scoring cri­
teria described by Cook 2000). We cal­
culated a body reserve index (BCS X 
body mass; Gerhardt et al. 1996) and fol­
lowed methods of Farley and Robbins 
(1994) for bioelectrical impedance analy­
sis. Subc utan eous rump fat thi ckn ess 
(MAXFAT) was measured using ultraso­
nography (Stephenson et al. 1998). 

Elk were then euthanized via jugul ar 
inj ection of sodium pentobarbital. Car­
cass fat, musculature, and visceral fat 
were visually scored via the Ki stner score 
(Kistner et al. 1980) and the Wyoming 
Index (Lanka and E mmerich 1996), both 
of which were developed for deer (Odo­
coileus spp.) and modified for elk by 
Cook et al. (200la). 

Cows were ev iscerated and weighed. 
We halved each carcass fro m nose to tail 
alo ng the vertebrae (Stephenson et al. 
1998) . One half of the carcass, along with 
the hide and hair, was sectioned, stored at 
- 2 degrees Fahrenhe it ( -20 degrees Cel­
sius) and later homogenized to determine 
body compositi on. The other half was 
used as a source for collecti on of the fe­
mur and the mandible for bo ne marrow 
analys is. 

We trimmed perineal fat according to 
Riney ( 1955), and weighed the kidneys, 
remaining fat, and trimmed fat. We eval­
uated total kidney fat mass (kg) and cal­
cul ated kidney fat indices (KFI) based o n 
tota l fa t mass (KFI1u 11 ) and trimmed fat 
mass (KFI,,;111). For a ll analyses , we esti­
mated KFis separately for each k idney 
and calculated the average. We combined 
the removed organs and blood with the 
trachea, larynx , di aphragm, esophagus, 
and a ll contents of the pleural and peri­
toneal cavities, exclusive of the ingesta, 
weighed , and stored them frozen. 

Ha lf carcasses and viscera were ho­
mogeni zed separate ly in a whole-body 
grinder (Autio 801 B with a Falk 50 hp 
grinder) at the University of California 
(Dav is) . We coll ected two samples of 
each ground ti ssue and stored them frozen 
until chemi cal analysis of fat, protein , 
ash, and water content (see Cook et al. 
200l a for assay descriptions). Body com­
ponents were converted to a whole body, 
ingesta-free basis for subsequent analy­
ses . 

Statistical Analysis 

Data were linear transformed when 
necessary and all indices with a coeffi ­
cient of determinatio n less than 0 .25 with 
body fat were excluded from further anal­
yses. We then assessed influences of age 
and season on relationships between each 
index and ingesta-free body fat using 
analysis of covari ance (ANCOV A), gen­
eral linear model procedure [PROC 
GLM] , Statisti cal Analysis System (SAS) 
Institute 1988) with season and age as 
covariates. Thi s identifi ed the need for 
separate equati ons for each level of the 
two fac tors . If not significant, one equa-
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tion was generated across all ages or sea­
sons. 

Second, we created two single-variable 
indices from arithmetic combinations of 
two original indices, each with different 
ranges of predictive ability. As described 
for deer (Connolly 1981), we combined 
fe mur m arrow fat and KFI to form the 
CONINDEX. We combined the vari ables 
BCS and MAXFAT in a similar manner 
to produce a new variable : LIVINDEX 
(Cook et al. 2001a) . We also combined 
MAXFAT and only the rump portion of 
the BCS in the same manner to produce 
rLIVINDEX. We then developed single 
variable predictive models for ingesta­
free body fat with an accompanying co­
efficient of determination. 

Evaluation of range of usefulness 
and sens itivity 

To address some of the cnt1c1sms of 
past validation studies (see Robbins 1983, 
Ho bbs 1987 , Cederlund et al. 1989, Hard­
er and Kirkpatrick 1994), we evaluated 
usefulness of 18 models having a coeffi­
cient of de termination greater than or 
equal to 0.70 (Cook et al. 2001b). Our 
evaluatio n consisted of two types of anal­
yses refl ecting criteria of Robbins (1983) 
and Ho bbs (1 987); (1 ) a range of useful­
ness evaluation to identify specific types 
of relation s between indices and body fat 
(i .e., identify bio logical relations that pro­
vide insights fo r what levels of co ndition 
the models apply); (2) an analysis of 
model sensitivity to test variation in the 
index relative to variation in the depen­
dent variable . 

To compare the range of usefulness 
among indices (i.e., identify biologica l re­
lations that pro vide insights for what le v­
els of conditio n the models apply), we 
graphed levels of fat with a depletion ra­
tio (DR) of each index. We inserted per­
cent fat (y-values) into each single-vari­
able predictive equation for each index 
(see F ig ure 1 fo r general equations) and 
solved for x, providing index values we 
refer to as " IN. " DR was then calculated 
as : 
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FIGURE 1. Depletion patterns of condition 
indices evaluated in the e lk body compos ition 
study of 1998- 1999. Each curve represents a 
different type of re lati on to body fa t: Type I, 
almost asy mptotic ; Type II, power (y = abx); 
Type III, linear (y = bx + a); Type IV, loga­
rithmic (y = a [l - e - bx]); and Type V, linear 
but truncated. Deple tion ratios were standard­
ized across indices (with one being the highest 
value attained for that particular index fo r the 
range of condition in thi s study [no depletion], 
and zero being the lowest value attained for 
that parti cular index fo r the range of condition 
in this study [complete depletion]). A lthough 
we presented the curves with actua l fa t values, 
these should be used as relative values only. 
Within a type, indi vidua l curves vary due to 
different equation coeffi c ients. 

where 

DR = _(I_N_-_L_V_) 
(HI - LV)' 

IN = value of index for any g iven 
level of fat; 

LV = value of index at lowest value 
of fat in our data set 

(1 .5 percent fat); 
HI = value of index at highest value 

of fat in our data set 
(19 percent fat). 

Thi s equation standardized the deple­
tion ratios across indices, with one being 
the highest value attained for that partic­
ular index for the range of condition 
found in this study (no depl eti o n) and 
zero being the lowest value atta ined for 
that index (complete depleti on). Differ­
ences in depletion patterns among indices 
were then compared graphically. Steep 
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slopes represented hypersensitivity (i.e ., 
large changes in the index relative to 
small ch a nges in condition ); sha ll o w 
slopes represented hyposensitivity (i.e., 
small changes in the index relative to 
large changes in condition); and a slope 
of zero indicated no predictive capability. 

Next, we compared vari ati on associat­
ed wi th the indices re lative to vari ati on in 
the dependent vari abl e (percent fat) for 
thi s set of models. We wanted to dete r­
mine whether a seemingly good predic­
tive mode l generated fro m data with a 
large range of condition (e.g., among sea­
sons) could accurate ly assess conditi on 
within small er ranges typically found 
within seasons (see Hobbs 1987). We es­
timated within-season range of fat levels 
of wild e lk to be 7 percentage-po ints fro m 
conditi on data coll ected during early No­
vember and late M arch (1 998, 1999) fro m 
an elk herd in the Cascade Mountains, 
near E numcl aw, Was hington. We ran­
doml y se lected 26 subsets from our cap­
tive elk data, each with a 7 percentage­
point range of body fat, and regressed 
percent fat o n the index for each subset 
of data . M odel perfo rmance was based o n 
the average coeffi cient of determinatio n 
of the 26 regress io ns and the percent of 
them that had 95 percent confidence lev­
els that did not overlap zero. 

RESULTS 

Total body fat ranged from 1.6 to 19.0 
percent and protein ranged from 16.6 to 
24.8 percent of the ingesta-free body. Live 
mass ranged from 297 to 539 pounds (135 
to 245 kg) and mass change ranged from 
+ 1.0 to - 2 1.5 percent across the 2.5-
month feeding period. These characteris­
tics fell within ranges found in wild elk 
populations (Bender et al. undated, Cook, 
R. et al. 2004) 

Of the total 50 single-variable models 
evaluated, most indices, particularly se­
rum and urine, related poorly to percent 
fat (r2 < 0.25). Twenty-four indices each 
accounted for greater than or equal to 25 
percent of the variation in body fa t. Of 
these, 12 were significantly correlated 
with body fat (see Cook et al. 200la for 
predictive equations and coeffici ents of 

de te rmination). Cow age influenced re la­
ti o ns be tween percent fat and mandibul ar 
marrow fat (Figure 2), as did season, on 
rela ti ons between percent fat and two se­
rum vari ables : insulin-like growth facto r-
1 and thyroxin (Fig ure 2). 

For live animals, LIVINDEX (calcu­
lated fro m e ither the whole BCS or o nly 
the rump portio n) accounted fo r the most 
vari ati on in percent fat (r2 = 0.90; Fig ure 
2). Both BCS (using the entire score [ r 2 

= 0 .87] or only the rump porti o n [r2 = 
0.86]) and rump fat thickness separate ly 
(r2 = 0 .87) were hi ghly re lated to body 
fat (Fig ure 2) . Body mass a lone was poor­
ly re lated to percent fat (r2 = 0.44; Figure 
2) and failed to increase the correla tio n of 
BCS when they were combined into a 
body reserve index (r2 = 0 .79). Thyrox­
ine and insulin- like growth fac tor- 1 were 
the o nly sing le serum or urinary indi ces 
useful in predicting body fat (r2 ::; 0 .82), 
but thi s predictive ability was res tric ted 
to early and late winter (Figure 2). 

For dead e lk, the modi fied Ki stner 
Score (r2 = 0.92; F igure 2) and the Ki st­
ner subset score (r2 = 0 .90) using only 
the heart, pe ricardium , and kidney scores 
(Figure 2) were most related to percent 
fa t. The Wyo ming Index was moderate ly 
re lated to body fa t (r2 = 0 .69 ; F ig ure 2) 
but is limited in use to when subcutane­
ous fat is present. Kidney fat mass (r2 = 
0 .86; F igure 2) a lone was superior to 
KFiruJJ (r2 = 0.77 ; F igure 2), and KFiru JJ 
was superior to the traditional method of 
trimming (r2 = 0 .74; KFitt; 111). Although 
CONINDEX wo rked moderately well (r2 

= 0.70) , it was linear only at low to mod­
erate levels of condition (less than 12.5 
percent fat ; Figure 2) but had no predic­
tive ability at hi gher level s of condition . 
Femur m arrow fat produced an r2 of 0.89 
using an inverse transformation of the de­
pendent variabl e ( - 1/y ). M andible mar­
row fat was less curvilinear, but our es­
timate of the relationship for adults is ten­
tative because of the confounding effect 
of age (Figure 2) . 

Range of Usefulness 

We observed five types of depletion 
patterns (Figure 1), each with substantial 
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FIGURE 2 . Relations of 14 nutritional condition indices with total body fat (percent) for 43 
captive-raised cow elk. Seasonal or age trends are shown for thyroxin , insulin-like growth 
factor, and mandibular marrow fat. Open circles represent the range where an index loses 
predictive ability (e .g ., maximum rump fat thickness, femur marrow fat, Wyomi ng Index, 
CONINDEX, and kidney fat indices). 

differences in range of usefulness. Type I 
was derived from an almost asymptotic re­
lation (femur marrow fat). Type II was de­
rived from a power relation (mandibular 
marrow fat) . Type III was derived from a 
linear relation (body cond itio n scores, 
LIVINDEX, rLIVINDEX, Ki stner scores, 

body reserve index, body mass, thyroxin). 
Type IV was derived from a logarithmic 
relation (kidney fat indices, insulin-like 
growth factor-1). Type V was derived 
from a linear relation but with an abruptly 
truncated range of usefulness (rump fat 
thickness, Wyoming index) . 
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FIGURE 3. Sensitivity of 17 elk condition 
models was evaluated by subjecting each to 
26 regress ions within a restricted range of 
condition (7 percentage points of body fat rep­
resenting within-season variation of condition 
of wild elk in western Washington; unpub­
li shed data, n = 50) . The average coeffi cient 
of determination (::!: SE) and the pe rcent of 
time the mode l was significant over the seven­
point ranges are presented . Models used we re 
(1) body mass; (2) body condition score ; (3) 
rump body condition score; (4) max imum 
subcutaneous rump fat thickness; (5) an arith­
metic combination of body condition score 
and max imum subcutaneous rump fat thick­
ness (LIVINDEX); (6) an arithmetic combi­
nation of the rump body condition score and 
maximum subcutaneous rump fat thickness 
(rLIVINDEX); (7) body reserve index; (8) in­
sulin-like g rowth factor-1 ; (9) thyroxine; (10) 
Kistner score; (11) Ki stner subset score (heart, 
pericardium, and kidney scores); ( 12) Wyo­
ming index; (13) kidney fat mass; (14) kidney 
fat index1u 11 ; (1 5) kidney fat index,,;"'; (16) fe­
mur marrow fat; and (17) an arithmetic com­
bination of kidney fat index1u11 and femur mar­
row fat (CONINDEX). 

Model Sensitivity 

When restricted to within-season rang­
es of condition, coefficients of determi­
nation generally were lower than for 
among-season ranges (Figure 3). Body 
condition score (Model 2), rump BCS 
(Model 3), MAXFAT (Model 4), LIV­
INDEX (Model 5), rLIVINDEX (Model 
6), Kistner score (Model 10), Kistner sub­
set score (Model 11), and kidney fat mass 
(Model 13) were significantly related to 
body fat (P ::::; 0.05) for greater than 80 
percent of the 26 data subsets. However, 
body mass (Model 1), body reserve index 
(Model 7), insulin-like growth factor-1 
(Model 8), thyroxine (Model 9), Wyoming 

index (Model 12), kidney fat index1u11 
(Model 14), kidney fat index,,; 111 (Model 
15), femur marrow fat (Model 16), and 
CONINDEX (Model 17) were signifi­
cantly related to body fat (P ::::; 0.05) for 
::;so percent of the 26 data subsets. Body 
mass (Model 1), insulin-like growth fac­
tor-1 (Model 8), thyroxin (Model 9), and 
femur marrow fat (Model 16) were mark­
edly insensitive; they were significantly 
related to body fat for less than 50 percent 
of the 26 data subsets. 

DISCUSSION 

Past studies evaluating nutritional con­
dition indices for ungulates have rarely 
addressed issues of reliability, sensitivity, 
and applicability across space and time. 
Many have referenced these assessment 
limitations (e.g., Robbins 1983, Hobbs 
1987, Cederlund et al. 1989, Harder and 
Kirkpatrick 1994) and have offered cri­
teria that should be used to evaluate the 
value of an index (Robbins 1983, Hobbs 
1987). Useful indices of condition should: 
(1) be linearly related to condition over 
the entire range of condition (Robbins 
1983); (2) be insensitive to a variety of 
confounding influences, such that specific 
relations developed for one area, time, or 
diet, are applicable to others without bias 
(Robbins 1983, Hobbs 1987); (3) share a 
biological relation with condition rather 
than just a significant statistical correla­
tion (Robbins 1983); (4) exhibit low to 
moderate variation relative to the varia­
tion in the dependent variable (Hobbs 
1987); and (5) be reasonably practical for 
field application. By using these criteria, 
our analyses indicate that many indices 
that were significantly related to percent 
fat exhibited non-linear relations and 
were insensitive to small changes in con­
dition. These indices often are those most 
utilized in the field today. 

Range of usefulness generally is a 
function of linearity of relations between 
indices and nutritional condition. Trans­
forming such data to make them linear is 
a common approach that facilitates anal­
ysis with linear statistical models. How­
ever, attempting to produce good statisti­
cal fit via this approach masks important 
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biological attributes and shortcomings of 
indices (Robbins 1983:222) . Non-lineari­
ty of many condition indices often results 
from sequential patterns of fat mobiliza­
tion across various areas of the body 
(Harder and Kirkpatrick 1994). As ani­
mals decline in condition, fat mobiliza­
tion is believed to occur in subcutaneous 
depots first, viscera, including the kidneys 
next, and finally in the marrow (Ceder­
lund et al. 1989). 

The different type curves of Figure 1 
generally reflect this sequence of fat mo­
bilization and, in turn, identify patterns of 
range of usefulness. Indices exhibiting 
Types I and II curves have little sensitiv­
ity at high levels of condition, and prob­
ably are of value only in winter and 
spring. Indices with Type V curves are 
marginally useful at low levels of condi­
tion and probably are of value only in 
summer and autumn. Indices with Type 
IV curves are most valuable at moderate 
levels of condition, and optimum season 
of use will depend on fat characteristics 
of the herd. Indices that are linear across 
the entire range of condition (Type III) 
greatly facilitate comparisons among 
herds, among seasons, and across time. 
This analysis indicated that range of use­
fulness of indices based on only one fat 
depot wi ll be limited to some extent, and 
that range of usefulness will be greatest 
for indices that include measurements of 
more than one fat depot or muscle. 

Our sensitivity analysis revealed that 
models with even small diffe rences in co­
efficients of determination differed in 
their ability to predict across within-sea­
son ranges of percent fat (Figure 3). In 
general, indices with moderate relations 
to body fat, curvilinear relations, or in­
dices based on a relatively small number 
of categories provided poor predictive ca­
pability when restricted in this manner. 
With these conclusions in mind, we rank 
the condition indices available to biolo­
gists from good to ugly. 

The Good 

This category includes indices that can 
be used with high precision across all sea­
sons, ages, and ranges of condition. For 

live animals, rLIVINDEX (displaying a 
slightly curvilinear relation; Figure 2) 
was the most correlated to percent fat of 
any live animal index. Combining the 
rump BCS and rump fat thickness reduces 
potential subjectivity over moderate and 
high level s of condition where rump fat 
is more effective, and relies solely on 
BCS only on the low end of condition 
(the range where BCS appears to be least 
subjective; Cook, unpubli shed data, 
2000). Despite its precision, two potential 
drawbacks may limit the use of this tech­
nique: (1) extensive training is necessary 
for both the ultrasound technique and the 
body condition score to ensure consisten­
cy in data collection , and (2) it may be 
expensive if live animal capture has to be 
done with helicopters . 

Carcass/musculature scores have pro­
duced strong correlations to condition, 
particularly the Kistner score (Kistner et 
al. 1980, Watkins et al. 1991). We also 
found a tight linear relationship between 
the modified Kistner score and percent fat. 
In addition, by using only the heart, peri­
cardium and kidney scores (the most eas­
ily attainable and identifiable parts of the 
Kistner score) , we were able to predict 
percent fat almost as well as the whole 
score across the entire range of condition. 

The Less Than Good 

This category includes indices that can 
be reliably used only for limited ranges 
of body fat. Thus they may be of poor or 
no value during certain seasons or even 
for certain herds in any season if their fat 
levels exist outside the range of useful­
ness. Kidney fat indices have a long his­
tory of use in elk studies (e.g., Trainer 
1971 , Kohlmann 1999) despite a well­
recognized non-linear relation to body fat 
(e.g., Finger et al. 1981 , Depperschmidt 
et al. 1987). Problems with prediction 
typically were believed to be mostly at 
the low end of condition (Harder and 
Kirkpatrick 1994). However, our data in­
dicate that kidney fat indices also are of 
marginal value above moderate level s of 
condition (greater than 13 percent body 
fat). In addition, though kidney fat indi­
ces result from quantitative measurements 
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of fat mass (versus more subjective visual 
scores, e.g. , Kistner scores), consistency 
and accuracy may be compromised, par­
ticularly when samples are collected by 
untrained personnel or hunters, because 
complete removal of only the fat associ­
ated with kidneys can be subjective. 

Combining femur fat and kidney fat in­
dices into the CONINDEX may correct 
for poor predictive ability of kidney fat at 
low levels of condition for deer (Connolly 
1981), but this index failed to predict 
higher levels of body condition of elk ac­
curately (Figure 2). 

The subcutaneous rump fat index cov­
ered the greatest range and the highest 
range in condition (more than 6 to 19 per­
cent body fat) of the fat-based indices we 
examined, supporting the contention that 
the last depot of fat accretion is subcuta­
neous. Unlike the other fat indices, rump 
fat thickness declines linearly as body fat 
decreases until it is depleted and thus, 
range of usefulness was two to three 
times greater. Even so, the value of this 
index may be limited, particularly during 
winter and spring. 

The Bad 

This category includes indices that can 
be used as measures of condition, but 
have the most restricted range of useful­
ness or di splay season/age effects. Femur 
fat was the most non-linear index we as­
sessed. It demonstrated good predictive 
capability when body fat was below 6 
percent, but it had no predictive power 
above this value. However, when we did 
a linear transformation, femur fat had 
one of the highest correlations with body 
fat of any index we assessed, illustrating 
vividly the danger of transformations to 
enhance statistical relations. Mandible 
fat has been offered as an easy-to-collect 
alternative to femur fat (Harder and 
Kirkpatrick 1994). Although mandible 
fat appears somewhat more linear, sug­
gesting a greater range of usefulness, 
significant age effects and lower corre­
lations cast doubt about its value for elk 
(Figure 2). 

The Ugly 

We found serum and urine indices to 
be of little value for assessing nutritional 
condition. Only thyroxin and insulin-like 
growth factor-1 produced significant cor­
relations with body components, but both 
were greatly Limited when restricted to 
evaluating small changes in body condi­
tion. They also displayed seasonal varia­
tions that limited their use as well (Figure 
2). We suspect many of these serum and 
urine indices are rate variables, or more 
reflective of short-term nutritional status. 
Nutritional condition is a state variable, 
and cannot be measured in terms of rates 
(Saltz et al. 1995). 

RESEARCH AND MANAGEMENT 
IMPLICATIONS 

Despite over four decades of intensive 
research on western elk herds, very little 
is known about the nature and extent of 
nutrition's influences on most wild elk 
populations. Elk populations were gener­
ally increasing in much of their range 
during this period (Christensen et al. 
1999) which probably helped foster a per­
ception that nutrition was not very limit­
ing (Cook, J . G . et al. 2004) . Declines in 
productivity and population numbers in 
elk herds, a phenomenon that is becoming 
increasingly severe and widespread in the 
Northwest (Johnson et al. 2004), suggest 
that a new era with different challenges 
await elk biologi sts. Of those habitat at­
tributes with the potential to influence 
productivity and demographics of large 
herbivore populations, nutrition is proba­
bly the most important (Parker et al. 
1999, Cook, J. G. et al. 2004). Clearly, a 
better understanding of how nutrition in­
fluences elk populations is needed. 

Suitable tools available to biologists 
for evaluating nutritional adequacy of 
habitat are limited (Harder and Kirkpa­
trick 1994, Cook 2002). General surveys 
of forage abundance and quality across 
landscapes are expensive and difficult to 
conduct, and interpreting their relevance 
to herd performance is problematic. A 
long history of serum and urine analyses 
has identified techniques that have poten-
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tial at least for monitoring short-term nu­
tritional status, but even the best and most 
studied of these remain controversial 
(Cook 2002). In contrast, estimates of nu­
tritional condition are compelling because 
they reflect cumulative energy balance of 
the animal, thereby integrating the sepa­
rate effects of nutritional adequacy of 
their environment with their nutrient de­
mands, and because condition can strong­
ly influence reproductive success and sur­
vival probability (Cook, J. G. et al. 2004). 
However, direct estimation of nutritional 
condition, either via dilution techniques 
(e.g ., Torbit et al. 1985) or laboratory as­
says of samples from homogenized car­
casses, is largely impractical for evalua­
tions of free-ranging animals. Various 
condition indices potentially offer a so­
lution to problems of practicality, but our 
data indicate many pitfalls with their in­
discriminate use, and those indices that 
require dead animals can limit research 
and monitoring designs and are increas­
ingly less acceptable to society. 

Our data identify several new tech­
niques and infrequently-used older tech­
niques that are sensitive across wide rang­
es of nutritional condition , are robust 
across animal age and season, and are 
reasonably practical. The rLIVINDEX in­
dex which combines a body condition 
score with ultrasound rump-fat measure­
ments for live animals and the Kistner 
scores for dead animals proved superior 
in our analysis. These in particular can 
help open the door to a variety of research 
designs useful for evaluating nutrition's 
effect on populations. Foremost among 
potential applications may be an initial 
screening to evaluate the need for more 
detailed and expensive nutritional evalu­
ations. Live-animal indices also provide 
opportunities for monitoring nutritional 
status among unhunted herds, during sea­
sons in which hunting is precluded, or 
among unhunted segments (e.g., females) 
of populations. Thresholds linking nutri­
tional condition with animal performance 
have now been developed for elk (Cook, 
J. G. et al. 2004) that provide criteria use­
ful for relating animal condition to per­
formance of elk cows, yearlings, and 

calves. Additional applications for nutri­
tional condition data on wild or captive 
elk populations include evaluations of: 
(1) relative degree of limitations among 
seasons and ranges by taking repeated 
measurements on the same animal across 
the yearly cycle, (2) relations between 
condition and productivity (Cook, J. G. et 
al. 2004), (3) predisposition to predation 
and starvation, ( 4) wildlife-habitat rela­
tions that are animal-productivity explicit 
(e.g. , relations between home range char­
acteristics and nutritional condition), (5) 
top-down versus bottom-up contributions 
to population dynamics and trends, and 
(6) the potential for herd augmentation 
(Bender et al. undated). Finally, modeling 
of carrying capacity and simulation mod­
eling of population dynamics may require 
or benefit from estimates of nutritional 
condition (e.g., Hobbs et al. 1982, Hobbs 
1989, DelGiudice et al. 2001). 

Many of the above applications rely on 
use of live-animal indices for collecting 
nutritional condition data because they 
may require flexible collection dates and, 
in some cases, sequential data on individ­
ual animals. In many situations, acquiring 
such data will require expensive helicop­
ter time. Thus, the nature and extent of 
data required to address key management 
issues must be carefully considered in the 
context of costs of collecting data and in­
terpretive value and reliability associated 
with each potential condition index and 
various research designs. Reduced costs 
up front are of little value if the data col­
lected fail to address important issues. As 
stated by Hobbs (1987), the necessity of 
reliability should always precede the need 
for applicability because unreliable pre­
dictions can be misleading no matter how 
easily obtained. 

A significant hurdle for using condition 
results from past studies emanates from 
the multitude of techniques used and in 
particular, the units associated with each. 
For example, it is nearly impossible to link 
condition results from studies reporting 
kidney fat indices to those reporting body 
condition scores or femur fat and so on. 
Reporting nutritional condition in standard 
units whenever possible would greatly fa-
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ci litate comparisons, and we suggest per­
cent body fat of the ingesta-free body 
(Farley and Robbins 1994, Stephenson et 
a l. 1998). For elk, our study provides 
eq uations (Cook et al. 2001 a) to convert 
measures of nutritional condition from a 
variety of indices into estimates of percent 
body fat (though always accou nting for 
limitations associated with each index). 
These eq uations facilitate compari so ns 
among e lk studies, and provide a means 
to standardize data fro m long-term histor­
ical trends where different techniques 
were used or where changes to new and 
better techniques are being considered. 
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Nutrition and Parturition Date Effects on Elk: 
Potential Implications for Research 
and Management 

John G. Cook, Bruce K. Johnson, Rachel C. Cook, 
Robert A. Riggs, Tim DelCurto, Larry D . Bryant, and 
Larry L. Irwin 

INTRODUCTION 

U nders ta ndin g a nd ma nag in g those 
mechanisms that affect population dy­
namics comprise perhaps the most fun­
damental aspect of wil d li fe management 
(Caug hley 1977). B io logist generall y cat­
egori ze these mechani sms as e ither top­
down (preda tor-dr ive n) or bo tto m-up 
(habitat and/or anima l density dri ven) . 
Bottom-up influences invo lve imba lances 
between increasing animal density and 
key habi tat resources. For large ungu­
lates, abundance and nu tri tive value of 
forage are commonl y thought to be the 
primary mediators of bottom-up regula­
tion (Caughl ey 1979 , McCullo ugh 1984) . 
Certa inl y, nutriti o nal defic ie nc ies can 
have extensive and often acute effects o n 
reproduction, growth and development, 
and survival (Verme and U llrey 1984, 
Cook 2002). 

Much research has focused o n nutri­
tional effects, particularly fo r li vestock 
(Natio nal Research Council 1984) but 
also for deer (Odocoileus spp. ) (Venne 
and Ull rey 1984, Parker et al. 1999), car­
ibou (Rangifer tarandus) (Thomas 1982, 
Cameron et al. 1993, Cameron 1994, and 
many more), and moose (Alces a lces) 
(Schwartz and Renecker 1998). A re­
search emphasis on nutrition has been 
largely lacking for elk (Cook 2002), ex­
cept to some extent in Colorado (e.g., 
Hobbs et al. 1982) and in relatio n to 
game-farming in Canada (H a ig h and 
Hudson 1993). M oreover, nutrition has 
largely been discounted in nati onal fores t 
models used to reconcile elk habitat qual­
ity with other land management concern s 
(Edge et al. 1990). Thi s reflects an ap­
parent percepti on that nu tri tion is not par-

ticul a rly important factor affecting most 
elk herds. It may a lso refl ect uncertain ty 
regard ing how to evaluate nu tri tio nal re­
sources ac ross large landscapes in a man­
ner re levant to ungul ate popul atio ns. 

Despite increased attentio n to non-fo r­
age aspects of habi tat such as roads and 
cover, producti vity and popul a ti o n size 
are dec lining in a numbe r of Northwes t­
ern e lk herds (Irwin et al. 1994, Gratson 
and Zager 1999, Ferry et al. 200 1). Thi s 
has spurred a reco ns ide ra ti o n of th e 
broader range of facto rs that may be con­
tri buting to herd demographics . Beyond 
nutriti onal limi tati ons, lo w numbers of 
mature bull s (e.g., less than 5 bulls: 100 
cows, Schommer 199 1) was considered a 
potenti ally important cause of declines. 
Noyes et al. (1996, 2002) demonstrated 
that such low numbers of mature bulls 
can delay breeding up to two or three 
weeks, thereby de lay ing and de-synchro­
nizing parturitio n. U ltimate ly such effects 
might reduce calf surv ival due to a vari­
e ty of proxim ate ca uses, primarily 
through winter mortality and perhaps 
through predation. 

Despite a perceptio n that nu tri tion on 
smmn er range is rare ly limi ting in the 
wes tern U.S. (e.g., Marcum 1975, Wall­
mo et al. 1977, Lyon 1980, Nelson and 
Leege 1982, Leege 1984, C hristensen et 
al. 1993, Unsworth et a l. 1998), we opted 
in our research to in vestigate the potential 
for summer-autumn nutri tio n to contrib­
ute to bottom-up regul atio n. N utritional 
req uirements are appreciably e levated to 
support key summer-autumn li fe process­
es, such as lactatio n, juvenile growth and 
development, and recovery of mass lost 
during winter (Venne and U ll rey 1984, 
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Oftedal 1985, Cook 2002). Forage quality 
and quantity may be greatest during the 
growing season, but it may nevertheless 
be insufficient to consistently satisfy high 
nutritional requirements during summer 
and autumn (e.g., see Julander et al. 1961 , 
Pederson and Harper 1978, Verme and 
Ullrey 1984, Merrill and Boyce 1991, 
Crete and Huot 1993, Parker et al. 1999, 
AJidredge et al. 2002). 

This study was conducted from sum­
mer 1995 through spring 1998 using a 
captive herd of 57 cow elk to achieve 
three primary goals. First, we wanted to 
estimate the extent to which summer-au­
tumn nutrition and parturition date could 
each influence reproduction and survival, 
and also to explore the extent to which 
these two factors might exert interactive 
influence as well. Second, we wanted to 
quantify the nutritional requirements of 
lactating cows with calf. Third, we want­
ed to quantify the relationship between 
magnitude of nutritional restriction and 
magnitude of reduction in reproduction 
and survival. 

We tested hypotheses regarding influ­
ences of summer-autumn nutrition and 
birth date, specifically including those 
that pertain to direct effects of summer­
autumn nutrition and birth date on repro­
duction and those that pertain to carry­
over effects, across seasons, of nutrition 
and birth date on subsequent reproduction 
and survival. Herein, we briefly review 
findings of the study and discuss their im­
plications . 

STUDY AREA AND ELK HERD 

The study site was 20 miles (30 km) 
west of La Grande in the Blue Mountains 
of northeast Oregon in forest zones at 
4 ,200-4,400 feet (1,300-1,350 m). Facil­
ities consisted of two pen complexes. The 
primary complex housed the cows year­
round and consisted of six 1.85-acre (0.75 
ha) pens. Small barns with stalls were 
built in each pen and used for indi vidu­
alized feeding, weighing, and handling. A 
smaller complex was used to hold the 
calves after they were weaned. It consist­
ed of three 1-acre (0.4 ha) pens that were 
devoid of vegetation . 

We used two cohorts of bottle-raised 
female elk captured from wild stock in 
Northeast Oregon, the first born in 1991 
(n = 22) and the second in 1993 (n = 35) 
(Cook et al. 1996). All bulls used for 
breeding were from wild stock at the 
Starkey Experimental Forest and Range 
and were at least three years old. 

METHODS 

The study consisted of three primary 
experiments to evaluate relations between 
nutrition, birth date, and reproduction­
survival. 

1. Cows and their calves were fed three 
levels of digestible energy (DE) ad li­
bitum (Figure 1) from late June 
through early November in 1996 and 
1997. These levels of nutrition were 
selected to represent dietary DE levels 
identified on elk summer ranges in 
Northeast Oregon . 

2 . Early and late birthing treatments were 
induced in spring 1996 by placing a 
bull with half the cows in September 
and with the other half in October 
1995 . Early and late parturition was 
included in the summer experiments 
of 1997 based on post-birth stratifica­
tion rather than by inducing breeding 
dates as during the rut of 1995. 

3. Influences of summer-autumn nutri­
tion levels and birth date on winter 
survival of calves were evaluated by 
feeding during winter a sub-mainte­
nance ration, assumed to mimic that 
likely to be realized under harsh win­
ter conditions, and monitoring number 
of days survived from early December 
through mid-March during winters 
1996-97 and 1997-98. 

Additionally, we conducted several 
supplementary experiments to further 
evaluate nutrition effects. 

1. During summer 1997, cows that failed 
to breed the previous autumn were 
separated into two nutrition groups, 
one receiving the high nutrition, the 
other the low nutrition level, identical 
to those fed to lactating cows in the 
primary summer-autumn nutrition ex-
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FIGURE l. In graph A, target digestible en­
ergy (DE) content of food offered to cow elk 
and their calves from late June through early 
November, 1996 and 1997. Dashed li nes la­
beled " Elk" and "Cattle" were dietary DE 
levels of elk (J. G. Cook, unpublished data, 
1995) and cattle (Holechek et al. 1981) deter­
mined during dry years at moderate to low 
elevations in forest zones in the Blue Moun­
tains of northeast Oregon. The average of 
these two DE levels set the target for the low 
nutrition treatment group. In graph B, actual 
DE content of food consumed by cows and 
calves from late June through early Novem­
ber, 1996 (lines without circles and squares) 
and 1997 (lines with circles and squares) . 

periment of the same year. This pro­
vided insights of the potentially differ­
ent effects of summer nutrition on lac­
tating versus non-lactating cows. 

2. From early December through early 
March 1997-98, all pregnant cows 
were stratified into three winter nutri­
tion levels, with the intention of com­
paring winter nutrition and late-au-

tumn nutritional condition (i.e., inges­
ta-free body fat) influences on fetal 
survival. Results of the experiment 
al so allowed an assessment of winter 
nutrition and late-autumn condition on 
cow survival. 

Response variab les included mass 
change of cows, calves, and yearlings, 
nutritional condition of cows as indexed 
by percent fat of the ingesta-free body 
(determined using the LIVINDEX score 
described by Cook et al. 2001a), pregnan­
cy rates and timing of breeding of cows 
and yearlings, number of days of winter 
survived by calves during the calf winter 
survival experiments, and survival of 
cows and their fetus during the cow win­
ter nutrition experiment. The winter ex­
periments were designed to determine 
survival without actually allowing ani­
mals to die. Threshold criteria were es­
tablished based on percent mass loss, 
body temperature, behavior, and appear­
ance from which to proclaim the animals 
to be " dead" . They were then removed 
from the experiments and provided care 
and abundant food (a total of 5 elk actu­
ally died of 110 used in these trials). Dur­
ing the two winters preceding both sum­
mer nutrition experiments, pregnant cows 
were fed a moderately sub-maintenance 
diet to induce about 10 percent body mass 
(BM) loss, to mimic mass loss assumed 
representative of that during mild to nor­
mal winters. In March of both years, elk 
were placed on ad libitum diets of high 
quality food to eliminate nutritional re­
striction on fetal development during the 
third trimester. 

In all cases, statistically significant re­
sults refer to P values ::::: 0 .05. 

RESULTS 

Summer-autumn Nutrition, 
Parturition-date Experiments 

The induced breeding periods of au­
tumn 1995 provided 40 pregnant cows 
with two parturition pulses for the sum­
mer experiments: 26 May (range = 12 
May-10 June) and 19 June (range = 11 
June-29 June). Breeding in autumn 1996 
provided 30 pregnant cows for the sum-
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FIGURE 2. October ingesta-free body fat levels of cow elk across three leve ls of summer­
autumn nutrition and two levels of parturition date. Within years, vertical bars with different 
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mer experiments. Post-birth stratification 
of birth date provided early-late parturi­
tion treatments of 1 June (range = 20 
May-9 June) and 20 June (10 June-8 
July). 

In summer-autumn 1996, parturition 
date and nutrition significantly affected 
cow BM changes, but to a markedly dif­
ferent degree. At the end of the experi­
ment, cows on the high nutrition treat­
ments averaged 5 and 10 percent heavier, 
approximately 25 pounds (12 kg) and 50 
pounds (23 kg) heavie r, than cows in the 
medium and low nutrition treatments, re­
spectively. The parturition date increment 
amounted to 2-3 percentage points, a 
mass difference of about 10 pounds (5 
kg). Mass dynamics followed a similar 
trend during the second summer experi­
ment of 1997. Body fat also was signifi­
cantly related to summer-autumn nutri­
tion levels in both summer experiments, 
but was unrelated to parturition date (Fig­
ure 2). The marked effects of the high 
versus low nutrition levels evident for 
lactating cows was not evident for non­
lactating cows fed the same two dietary 
levels (Figure 2), indicating a substantial 
inte raction between lactation status and 
summer-autumn nutrition on body fat ac­
cretion in cow elk. 

The low nutrition treatment effectively 
precluded pregnancy by most cows ( ~80 

percent of these cows failed to become 
pregnant) , and the medium nutrition treat­
m ent s ignifica ntly delayed timing of 
breeding, whereas parturition date failed 

to influence e ither pregnancy or timing of 
breeding in either year (Figure 3A, B) . 
Pregnancy failure resulted from a failure 
to enter estrus (Cook et al. 2001b) . Body 
fat during the rut was significantly related 
to breeding probability and timing of 
breeding, and provided a basi s for predic­
tion equations for both of these responses 
(Figure 3C). 

Body size of calves by late June, when 
nutrition treatments were implemented, 
was significantly inversely correlated to 
their birth date and positively correlated 
to their birth mass. Both variables togeth­
er accounted for about 90 percent of the 
variation in late-June BM. Results dem­
onstrate the "head-start" advantage of 
early birth, and also indicated that daily 
growth rate of calves larger at birth was 
greater than that of small er calves at birth . 
Growth starting at the time nutrition treat­
ments were implemented in late June was 
profoundly influenced by nutrition (Fig­
ure 4) in both years. Body mass of calves 
at the end of autumn was a function of 
summer-autumn nutrition and, inconsis­
tently, their birth date. Late-born calves 
in the low and medium nutrition groups 
overcame their " late-start" mass disad­
vantage, and caught up with their early­
born counterparts in their respective nu­
trition groups in 1996 (Figure 4A). In 
1997, late-born calves, but only in the 
high nutrition group, also caught up with 
their early-born counterparts (Figure 4C). 

Pregnancy of yearling cows (n = 21) 
was significantly correlated to both their 
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FIGURE 3. In graph A, logistic relations be­
tween ingesta-free body fat during the breed­
ing season and pregnancy probability of adult 
lactating cows in 1996 and 1997. In graph B, 
non-linear relations between body fat during 
the breeding season and timing of breeding of 
lactating cows during 1997. In graph C , lo­
gistic relations between probability of breed­
ing for yearlings in 1997 based on their body 
mass during the rut in 1997 and their body 
mass when calves the previous autumn 
(1996) . 

size as calves the previous autumn (1996) 
and to their size in autumn 1997 (Figure 
3C). All 5 yearling cows in the prev ious­
year high sum me r-autum n nu trition 
group, 3 of 7 in the p revious-year medi­
um group, and only 1 of 7 in the previ-

ous-year low nu trition group bred (i .e., 
the summer-autumn nu trition treatment 
these yearlings received when they were 
calves). 

Calf W inter Survival Experiments 

Forty calves in wi nter of 1996-97, w ith 
BM rang ing from 135-310 pounds (61-
140 kg) (mean = 212 pounds [96.3 kg]) 
and 30 calves, with BM rangi ng from 
125- 290 pounds (57-131 kg) (mean = 
222 pounds [101 kg]) in winter of 1997-
98 were avai lable for these ex periments . 
We varied feedi ng reg imes of calves be­
tween the two winters. In the first winter, 
the magnitude of defic iency was in­
creased grad ua lly to about half of main­
tenance by mid-February. In the second, 
the magn itude of defic iency was in­
creased re latively abruptly to half of 
maintenance by early Jan uary and he ld 
constant through the rest of winter. 

In both winters , BM of calves was sig­
nificantly correlated to the number of 
days of winter they were able to survive 
(Figure SA, C). Smaller calves lost BM 
at a faster relative rate than did larger 
calves (Figure SB , D), indicat ing the 
mechanism accoun ting for reduced toler­
ance of smaller calves to winter under­
nutrition. Differences in feeding regime 
between the two winters probably ac­
counted for the different functional re­
sponses of calves in the two winters (i.e., 
non-linear in 1996, l inear in 1997, Figure 
SA versus SC) . Additional analyses indi­
cated that their nutrition level of the pre­
vious summer-au tumn, but not their birth 
date, was significantly related to nu mber 
of days that calves survived in winter 
(Cook et al. 2004). 

W inter Survival of Cows 
and Fetuses 

T his experiment was conducted with 
40 pregnant cows in 1998 divided equall y 
among four treatment groups, high sum­
mer-autumn nutrition and high (45 per­
cent of maintenance), moderate (55 per­
cent of maintenance), and low (65 percent 
of maintenance) winter nutritional depri-
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vation , and medium summer-autumn nu­
trition , low winter nutritio nal deprivation. 

Summer-autumn nutrition and winter 
nutritio nal deprivation significantl y influ­
enced end-of-winter BM and fat leve ls 
(Figure 6A, B). Body fat of cows on the 
high winter nutritional deprivation treat­
ment plummeted, such that they ended 
winter with body fat equivalent to that of 
cows in the medium-summer-nutrition, 
low-winter-deprivation treatment group, 
indicating important interactive influenc­
es of summer and winter nutriti on. One 
cow died and five particularly emaciated 
cows were removed from the study to 
prevent death. Four of these cows were in 
the high -summer-nutrition , high-winter­
deprivation group; the other two were in 
the medium-summer-nutrition , low-win­
ter-deprivation group. No cows lost their 
fetus prior to their removal from their 
study, but two aborted two weeks to two 
months after their removal and refeeding 
had been initiated. Both of these were in 
the medium-summer-nutrition, low-win­
ter-deprivation group. Although limited, 
these data suggest elk cows may typically 
die before they abort. The "mortality" 
data provided an opportunity to develop 
a logistic model comparing effects of 
body fat in late autumn and the winter 

nutriti on levels we implemented o n sur­
vival probability (Figure 6C). Thi s model 
probably is specific to our experimenta l 
setting, and should not be considered ro­
bust across a wide variety of winte r range 
conditions . 

DISCUSSION 

Our results show that re latively small 
di ffe rences in D E content of food con­
sumed by elk in summer and autumn can 
have very strong effects on fat accretion, 
timing of conception , probability of preg­
nancy of lactating cows, calf g rowth, 
yearling growth (see Cook et al. 2004), 
and yearling preg nancy rates . Effects of 
summer-autumn nutrition on fat accretion 
of cows and growth of calves significant­
ly influenced their survival probability 
under harsh winter conditions. 

Earlier birth often resulted in larger 
size of calves in late autumn, but we were 
unable to document significant, consistent 
effects of parturition date on any other 
reproductive or survival attribute we 
evaluated. Despite a clear "head-start" 
growth advantage for calves due to early 
birth, our data suggest that delays in par­
turition, expected due to a very low ratio 
of mature bulls to cows (two to three 
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weeks [Noyes et al. 1996, 2002]), are of 
insufficient magni tude to apprec iably af­
fec t reproduc ti on and survival in e lk (see 
also Bender e t al. 2002). To some extent, 
thi s fi ndin g may re fl ec t accele ra ted 
growth of some (but not all) late-born 
calves that eliminated the " head-start" 
advantage of early birth . These faster­
growing calves tended to be heav ier at 
birth and/or were male, bo th of which 
contribu ted to fas te r growth and both of 
which occurred more freq uently late in 
the parturiti on period. Additionally, Cook 
e t al. (2004) reported some evidence in­
dicating that delays in breeding did not 
necessarily result in similar delays in par­
turition, and Berger (1992) repo rted that 
late-breeding bison (Bison bison) in good 
conditio n shortened ges tation by up to 15 
days, synchro nizing births with other fe­
males. Thus, much can occur to compen­
sate fo r delayed breeding on the resulting 
calf crop by the time calves are six 
mo nths old , just prior to the ir fi rst winter, 
thereby obscuring the implicati ons of 
m oderately-delayed breeding . But we 
note a potentially important caveat. Be­
cause o ur captive animals were not sub­
j ected to predatio n, thi s study could not 
evaluate the effec t of parturiti on synchro­
ny o n predation-related mortality (see 
Keech et al. 2000), and thus it may be 
possible that delayed and desync hronized 
parturition effects are realized through a 
pred ation -m e diated mec hani sm even 
where calf growth and survival is not 
constrained by nutrition directly. 

T hat nutriti on affects reproducti o n and 
survival was hardly surpri sing, but it was 
surprising the extent to which relatively 
sm all differences in DE content of food 
(a maximum of 20 percent between the 
hi g h and low nutritio n levels, F igure 1) 
induced large differences in animal per­
form ance. T hi s fi nding confi rmed the 
" mul tip lier-effec t" no ted by Whi te 
(1983)- it occun·ed due to the combina­
tion of reduced DE concentration in food 
and the effect of red uced food quality on 
daily dry m atter intake, evidently a result 
of reduced diges ta passage rates . Rumi­
nants cannot be expected to com pensate 
appreciab ly for poor forage quali ty sim-

ply by eating more; they instead eat less 
as quality declines (see al so Minson and 
Wil son 1994, Grey and Ser vello 1995). 
T hus, wild ungul ates can be limited by 
nutritional quali ty of their forage even in 
the face of what might appear to be abun­
dant food quantity (Riggs et al. 1996). 

In addi tion to marked effects on calf 
g rowth, probably the g reatest effect of 
summer-autumn nutritio n on animal per­
fo rmance during this season was reduc­
tions in pregnancy rates. Our data indi ­
cated a marked threshold effect of about 
nine percent body fat, below which the 
probability of breeding declines precipi ­
tously. However, our study also de mon­
strated what has been supposed (e.g. , 
M autz 1978) and remains a suspic ion of 
some (Parker et al. 1999: 38), that effects 
of nutri tional deficiencies occurring in 
summer-autumn often appear after sum­
mer-autumn , particul arly during the sub­
sequent winter and spring if winter con­
diti ons are suffi c iently harsh. Altho ugh 
observations of winter mortality at first 
glance may implicate winter conditi ons as 
the limiting facto r (e.g., the bottleneck of 
winter range, Wallmo et al. 1977), the po­
te nti ally predi sposing contributio ns of 
summer-autumn nutriti on to winter mor­
ta lity should not be categorically di s­
counted witho ut re li able coll abo ra ti ve 
data. 

Additionally, high pregnancy rates of 
cows should not necessarily be consid­
ered proof that summer-autumn nutrition 
is adequate and thus is of little concern 
fo r management. Summer-autumn nutri­
ti on that is just adequate to support high 
pregnancy rates is not necessarily ade­
quate to avoid predispositio n of cows to 
winter star vation, and is inadequate to (1 ) 
support high growth rates of calves and 
yearlings, (2) preclude predi spositi on of 
calves to winter star vation, and (3) sup­
port high levels of breeding by yearling 
cows. M oreover, prime-aged animals in 
herds existing on marginal levels of sum­
mer nutriti on levels just adequate to sup­
port high pregnancy rates in most years 
may be small-bodied (see Crete and Huot 
1993), and such herds might be prone to 
substantial year-to-year vari ati on in vital 
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TABLE l. Estimated levels of pe rformance ex pected fo r elk in temperate ecosyste ms as a 
function of di etary d igestib le energy (D E) f rom mid-summer through mid-autumn ." Animal 
pe rfo rmance estimates are based o n late-Octobe r and November measurements. For adults, 
levels apply to prime-aged, roughly 3- 12 yea rs o ld , lactat ing cows 

L actating 
Sum-aut D ietary D E Yearling adult Year l ing Adul t Ad ul t cow 

nutri ti onal (kca l/g o f Cal f mass cow mass cow fat pregnancy pregnancy breedi ng 
statusb food) (kg) (kg) (percent) (percent) (percent) elate 

Exce llent > 2.90 125- 145 195- 230 16- 25 2:90 2:90 ::S30 Sep 
Good 2.75- 2.90 105- 125 180- 195 12- 16 30-90 2:90 ::s5 Oc t 
Marg ina l 2.40- 2.75 90- 105 160- 180 8- 12 5-30 70- 90 ::s I 0 Oc t 
Poor < 2.40 < 90 < 160 < 8 < 5 :S70 2: 10 Oc t 
a Caveats and suggestions fo r proper use o f these guidelines are described in detai l by Cook et al. (2004). 
b " Excellent" is defi ned as summer-autumn nutri ti onal levels in w hich there are virtually no nu tri t io nal l imita­
t ions. " Good " is defined as summer-autumn nutri t ion levels that exert minor l imi tations on performance, but 
the magni tude o f th is effect probably is too small to be of practical relevance. " M arg inal " perta ins to nutri t ion 
levels that may influence reproduct ion or sur v iva l (e.g., enhanced probabili ty o f death in w inter, clelayecl breed­
ing, delayed puberty) . " Poor" pertains to nutriti on levels that marked ly affec t reproduction and reduce sur vi val 
probabil ity . 

rates due to annual van at10n in weathe r. 
Under these marginal nutritional condi­
tion s, how habitats are managed may 
have particu larly important influences o n 
populati on dynamics . 

A goal of thi s study was to identify nu­
tritional requirements fo r var ious levels 
of performance. Our fi nd ings indicate DE 
leve ls of at least 82 kilocalories per ounce 
(2.9 kcal/g) of food over summer into ear­
ly autumn are required by adu lt lactating 
cows fo r levels of performance approach­
ing the genetic maximum for adult e lk. 
Such a level resulted in daily DE intake 
of 162-172 ki localories per pound of 
BM075 (400- 425 kcal/kg of BM075). This 
le ve l s imu lta neo us ly sati sfi es require ­
ments for lac tation and recovery fro m 
previous-winter mass loss, although it (82 
kilocalories per ounce, 2.9 kcal/g) might 
be slightly deficient for supporting max­
imum growth of j uveniles (Venne and 
Ozoga 1980) and yearlings (Cook et a l. 
2004). Elk in our medium nutrition treat­
ment approximate ly maintained body fat 
levels at a co nstant level through early 
autumn (see Cook et al. 2004) and thu s 
provided an estimate of " maintenance" 
for lactating cows during thi s period. Di­
ges tibl e energy content of the ir food 
ranged be tween 75- 78 kilocalories per 
ounce (2.65-2.75 kcal/g) of food, result­
ing in daily DE intake of 131- 152 kil o­
calories per pound of BM075 (325- 375 

kca l/k g BM0 75 ) . T h is es tim ate agrees 
c losely with that presented by Ha igh and 
Hudson (1 993) , when converted to a 
BM0 75 bas is, and the estimate calculated 
us in g a fac to ri al approach by Coo k 
(2002). However, it is marked ly greate r 
than prev iously estimated fo r elk by Ne l­
son and Leege (1982, see Cook 2002). 
Their estimate (75-78 kilocalories per 
o unce, 2. 65- 2 .75 kca l/g) may sa ti sf y 
maintenance (i.e., constant body fat lev­
els) of adult lactating cows , but definitely 
wi II retard growth of ca lves and yearling 
cows (Cook et a l. 1996, 2004 ), and prob­
ab ly wi ll preclude recovery by adu lt cows 
of a ll mass lost the previous winter if the 
w inter is harsh (Cook 2002). Occasional 
reproductive pauses (Cameron 1994) by 
individuals might occur in e lk herds ex­
isting on such a " maintenance" plane of 
nutrition . 

It is clear that nutritional " require­
ment" should be considered as a gradi ent, 
along which di fferent levels of perfor­
mance can be expected. Thus, nutritio nal 
requirements are most relevant in the con­
text of animal performance targets, wh ich 
of course is largely a function of what the 
public and wil d life managers expect or 
des ire. One value of our research is to 
provide standards of performance (Table 
I ) with which to gauge the li kelihood of 
nutritional limitation and to re late animal 
performance to nutritional resources in 
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management settings. We mention several 
precautions for these guide! ines. First, 
they are inte nded to apply to lactating 
cows, because we assume that game man­
agers are concerned primarily with pro­
duc ti vity of their cows, not merely the 
maintenance of non-reproductive cows. 
Second , high mortality of juveniles par­
ticularly in summer and early autumn can 
mask inadequate nutrition, because adults 
are spared to some extent the nutriti o nal 
dem ands of rai sing an offspring (Verme 
and Ullrey 1984). It may be that overall 
fat levels of cows in herds ex peri encing 
high juvenile mortali ty in summer are 
greater than those in herds with low mor­
tality, despite identical nutritio nal envi­
ro nments fo r both. Finally, o ur finding 
that seemingly small differences in DE 
content of forage have large effects on the 
performance of elk suggests some cau­
tions for forage quality surveys. The abil­
ity of herbivores to select diets signifi ­
cantl y greater in quality than generally 
available (Schwartz and Hobbs 1985) re­
stricts the interpretive value of general 
forage quahty surveys. Also, field and 
laboratory techniques that cause even a 
small bias of estimated DE in forage (just 
10 percent) also might lead to important 
misinterpretations of nutritional adequ a­
cy. 

RESEARCH AND MANAGEMENT 
IMPLICATIONS 

Our study did not directly test the hy­
pothesis that forage conditi ons in summer 
and au tumn do, in fact, exert strong lim­
iting influences on free-ranging elk. The 
extent to w hich our findings are indeed 
relevant to management largely depend 
on how well o ur nutriti on treatments rep­
resent the range of fo rage quality con­
sumed by free-ranging elk. This caveat is 
particularly important for the low nutri­
tion treatment because its effect was so 
debilitating. This low level was based on 
the actual dietary quality of cattle (Ho­
lechek et al. 1981) and elk (J. G . Cook, 
unpublished data, 1995) determined in 
low- to-moderate elevatio n, fo rest zones 
during dry years in the Blue Mountains 
of northeastern Oregon. Also, based on 

the review of Cook (2002), DE content of 
wild herbivore diets typically ranges from 
71 - 92 (2.5-3.25) in early summer, 64-85 
(2.25- 3.0) in mid-summer, 62- 71 (2.2-
2.5) in late summer, 57-74 (2 .0-2.6) in 
mid-autumn , and 36-57 kilocalories per 
ounce (1.25-2.0 kcal/g) in late autumn, 
based on western U.S. and Canadian 
studies (n = 20). If these studi es provide 
reasonable estimates of actual diets fo r 
wi ld e lk, then (1) the DE levels in our 
hi gh nutrition group generally exceeded 
that of free-ranging elk by late summer, 
(2) our medium nutrition level generally 
mimicked the higher range of these esti­
mates after mid-summer, and (3) our low 
nutrition level fell within these ranges by 
late summer. If so, it may be reasonable 
to speculate that marginally adequate to 
inadequate summer-autumn nutritional 
conditions prevail in many areas of the 
West. Where thi s is in fact the case, some 
of the consequences that can be expected 
include low or declining herd productiv­
ity, reduced huntin g opportunity , in ­
creased severity of die-offs in relatively 
harsh winters, and perhap s increased 
damage by wild ungul ates on agricultural 
lands. 

E lk herd dec lines in the Northwest are 
becoming a markedly contentious issue in 
the region, spawning (l) a pl ethora of 
newspaper a rticl es decrying redu ced 
hunting opportunity, calling for wide­
spread predator control, and accusing 
mismanagement by state wildlife depart­
ments, (2) new, ex pensive research to 
identify causes, and (3) even state-level 
leg isla tive direc tives. These decl ines, 
along with the more widespread and rec­
ognized declines in mule deer populations 
(Carpenter 1998), are creating serio us 
new challenges for large-ungul ate biolo­
g ists in the 21st century. Causes of de­
clines are being debated (see Johnson et 
al. 2004), and contributions of nutrition 
(among other factors) have been postu­
lated, acting through density-dependent 
mechanisms (McCull ough 1984, Fowler 
1987, Irwin et al. 1994) or via advanci ng 
forest succession in some areas (Gill et 
al. 1996; Bomar 2000; Peek et al. 2001, 
2002) following years of fire suppression, 
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and more recently, curta ilment of timber 
harvest on federal lands. 

D espite a rich hi sto ry of elk research 
over the last three decades, there has bee n 
little focu s on influences of nutriti on o n 
e lk herd abundance, productivity, and de­
mographics, and on how management's 
influence on forage quality and quantity 
mig ht affect these population attributes. 
Similarly, nutrition's role has been dis­
counted in most of the hab itat models and 
habitat evaluation procedures used by 
federal and state land and wildlife man­
agement agencies to manage vast areas 
on behalf of e lk (Edge et al. 1990). F ind­
ings of our study and others indicate that 
nutritional attributes of habitat are at least 
as important for habitat modeling and 
planning as those habitat attributes (e.g. , 
thermal cover, hiding cover, distance to 
roads, and other such fac tors) typically 
included in these models and procedures . 
This is true whether elk herds are declin­
ing or not. Parker et al. (1999) noted that 
nutrient requirements, forag ing and diges­
tive effic iencies, and fo rage characteri s­
tics provide functi onal cause-and-effect 
re lati ons that influence nutritio nal condi ­
ti on and body mass dynamics, and ulti­
mately, reproduction and survival, and 
that most interrelations among them are 
quantitatively predictable. Thus, nutri­
tional ecology ' 'offers the prospect of a 
quantitative, predictive, and general the­
ory of key relations between " large un­
gulates and the ir habitat (Parker et al. 
1 999:6). A number of efforts ex ist to 
model nutritional influences and nutri ­
ti on-based carry ing capac ity for elk (e.g ., 
Hett et a!. 1978, Hobbs et al. 1982, Hobbs 
and Swift 1985, Roloff et al. 200 1). But 
the explicit objectives and approaches of 
these efforts to consider nutrition were 
never incorporated into the Habitat 
Effectiveness/Habitat Suitability ap­
proaches routinely applied on behalf of 
elk by most state and federal agencies in 
the West. We think that nutritional ecol­
ogy provides a compelling basis for large­
scale habitat evaluation procedures, and 
that the need for incorporating nutritio n 
into hab itat evaluati o n procedures is 
heightened by new challenges presented 

by declining ungul ate herds. Moreover, 
we think that a grow ing body of literature 
provides a compelling case for eva lua­
tion s of nutriti o n o n summ er-autumn 
range, in add itio n to that on winter range 
in many ecosystems. Reliable, nutrition­
expli c it, and large-scale habitat planning 
and management, however, undoubtedly 
will require a new research emphas is that 
links fin e-scale nutritional attributes of 
hab itat to populatio n dynami cs of elk 
herds. 
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The USDA Forest Service Starkey Experimental Fores t and Range (Starkey), located in 
northeast Oregon , is the site of a 25 ,000-acre, ungulate-proof research enclosure (botto m 
left) . Established in J 987 with the construction of over 40 mil es of 8-foot-hi g h, New 
Zealand wo ven-wire fence (ri ght), the enclosure consists of four separate ly fe nced areas 
(botto m left) for long-term studi es o n e lk, mul e deer, and cattle. 
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Photo by M. Wi sdom 

Elk 

Winte r 
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Mule dee r Cattle 

The Starkey landscape is a mosaic of forests and rangelands typical of National Forests in 
the inte rior western U nited States. Ponderosa pine, Doug las-fir, and grand fir forests are 
intermixed with bunchgrass and meadow communities, providing summer range for e lk, 
mul e deer, and catt le. Winter snow pack at Starkey usua ll y ranges from 2- 4 feet , prec luding 
use as ungul ate winter range. Consequently, ungul ate research at Starkey occurs from mid­
April to mid-December of each year. 
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Loran-e (left) and GPS (right) radio co ll ars 
on Starkey e lk 

Starkey Base Station 

Long Range Aid to Navigation (LORAN-C) technology developed by the United States 
Coast Guard for ship navigation was adapted by Starkey sc ient ists to es tabli sh an automated 
te lemetry system (ATS) in 1989. The frequency and order in whi ch radio-collared e lk 
(bottom left), deer, and catt le are relocated can be programmed with hardware and software 
at the Starkey Base Station. Animal loca ti ons can be generated as frequently as every 20 
seconds, 24 ho urs a day, and viewed in real time at the Base Station. A new ATS based 
on g lobal positioning system (GPS) techno logy will be installed at Starkey in 2005 to 
replace the LORAN-C technology. 
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Elk handling f acility 

Winter feeding w ith alfalfa hay 
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Bull elk in pen at handling f ac ility 
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E lk in handling chute D eer released from portable trap after handling 

E lk and mul e deer are fed fro m mid-December to la te March at the 655-acre Winter Area 
to minimize the confounding effects of winter weather and fo rag ing conditions on anim al 
responses to the summer range ex pe riments. The Winter Area's elk handling fac ility a ll ows 
for pregnancy and di sease testing, and for measurements of percent body fat and we ight, 
a ll of whi ch are ana lyzed as response variables as part of the summer range experiments. 
Simil a r tests and measure ments are compl e ted for mul e deer with the use of po rtabl e traps. 
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Log load ing 
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Post timber har vest 

T imber felling 

Log hauling 
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Radio-co ll ared cattl e on post-har ves t 
si te 

Cattle and e lk respo nses to intens ive timber harvest were studied in Starkey's Northeast 
Study Area, and elk responses to vary ing levels of the rm al cover were studied at the 
Kamela research site. E lk vulnerability to hunting increased in the open, post- timber harvest 
landscape at Starkey, but catt le and e lk performance (s ummer weight gains) was not af­
fected. At Kamela, e lk performance was higher in treatment sites with no thermal cover, 
o r a mix of openings and therma l cover, in contrast to treatment s ites with thermal cover 
o nl y. 
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Catt le rota ti on into new pasture 
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Diet se lection study- cattle Di et se lection study- mule deer 
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D All 3 Species 
C] LowerUse 

Spatial separation and ove rl a pping use areas among e lk, dee r, and cattl e 

The forage a llocation study at Starkey evaluated diet selection and spatia l di stributi ons of 
e lk , mule deer, and cattle under a deferred rotation grazing system for cattle. Results 
showed that diets and spatial distributions among the spec ies were distinctly different in 
early summer and became more simil a r in late summer and early fall. Results indi cated 
that the late summer-early fa ll period, when forage bi o mass and nutritive content is low, 
is like ly to be the primary time pe ri od of potenti al competitio n. 
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Mature bull e lk a t S tarkey 

Hunters c heck maps a t 
Starkey Hunter Check S tati o n 
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Hunter at Starkey Hunter 
C heck Sta tion 

Pholo by M . W isdo m 

S tarkey e lk hunte r 

Pholo by M . Wisdo m ----

Tooth extracti o n f ro m harvest­
ed e lk at S tarkey to estimate 
age 

T he breeding bull study of e lk at Starkey used hunters as part of the research , specifica ll y 
to maintain the des ired age c lasses of male elk to meet study goals. Results f rom the study 
showed th at conception dates in female e lk were earli e r and mo re synchronous as age of 
breeding bull s increased. T he most effi c ient breeders were mature (5-year-o ld) bull s. Based 
o n the results, state and prov inc ia l wildlife agencies in western North Ameri ca now protect 
a hig her percentage of older bull s from hunte r harves t to enhance breeding effi c iency. 

vi i 



Photo by M. W isdom 

Road c losed to mo to ri zed 
traffic 

Observed 
Dee r and Elk locations 

Spring 1994 

Photo by D. Johnson 

A ll-terrain vehic les pass by traffi c 
counter 
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Predi cted 
Deer and Elk Pixels 
Using 1995 Model 
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Traffi c counte r 

O bserved and predi cted spati a l separati on be tween e lk and mule deer in re lati on to tra ffi c 

E lk and mul e deer di stributi ons in re lation to closed versus open roads, and to roads with 
vary ing rates of motori zed traffic , were evaluated in Starkey 's M ain Study Area. Traffi c 
was es tim ated with counters pl aced a long roads open to public and administrative use. 
Res ults showed that e lk avo ided open roads, with avoidance increas ing with rate of traffic. 
Additi o na l ana lyses suggested th at mul e deer were avo iding e lk when selecting areas near 
o pe n roads and roads with hi g her traffi c rates. 
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ATV ri der 

Ph oto hy D . Johnson 

Horseback rider a nd e lk 
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Mo unta in bike r 
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GPS unit on 
rec reati o ni st 

Effects of all-terrain vehicle (ATV), mountain bike, horseback, and hiking activiti es on e lk 
and mul e deer were evaluated in Starkey's Northeast Study Area. Recreationi sts fo llowed 
transect routes and carried Global Positi oning System (GPS) units that we re used to esti­
mate human locations. Elk and mule dee r responses to each activity were meas ured by 
est imating movement rates, flight responses, and other reactions of rad io-coll ared a nimals. 
Movement rates and flight responses of e lk were hi gher during ATV riding and mountain 
biking than during hi king and horseback riding , but e lk showed inc reased reacti o ns to a ll 
fo ur activities compared to control pe ri ods when no humans were present. Mule deer 
showed no measurable response to the ac tiviti es. 
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Elk ca lf Rearing tame e lk 

Photo by M . Wisdom Photo by S. Findholt 

Load ing tame e lk for transport Diet-nutrition study with tame e lk 

Photo by B. Johnson 

Eva luat ing an imal cond ition of elk populations 

Studies of elk nutrition at Starkey and associated sites have used tame elk, reared from 
birth and trained to work in close proximity to humans, to assess diet selection , diet quality, 
and nutritional plane of anima ls in relation to varying envi ronme ntal conditions. Studies 
of e lk nutrition also have evaluated nutritional plane of wild e lk routinely captured to 
estimate pregnancy rates, presence of di sease, percent body fat, and other meas ures of 
an imal condition. A varie ty of stud ies led by Starkey partners, particularly the National 
Counc il for A ir and Stream Improvement, have demonstrated substantial differences in e lk 
conditi on as affected by varying levels of diet quality and associated habitat conditions. 
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Fire-suppressed stand w ith 
high fuel loads 
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M echan ica l thinning to red uce ruc l loads 
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Prescribed burning after mechani ca l thinning 
Photo by M. W isdom 

Two years of gra zing exclusion (ri ght side of 
fence) just after mechanica l thinning and pre­
scribed burnin g 

Pho to by M . Vav ra 

Aspen and Ceanothus recovery (green area) 
two years after wildfire and grazing exc lu sion 
in northeas t Oregon. 

New research at Starkey eva luates effects on cattle, deer and elk from fuel s treatment 
reductions (mechanical thinning and burning) to reduce fire ri sk in fire-suppressed stands. 
Addi ti ona I research seeks to understand potential effec ts of graz ing by cattle and elk on 
vegetation in the resulting thinned and burned sites. 
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Jim Barre tt (fo reground) w ith Na ti ona l Forest managers at 
Starkey 

Pho to by M. Wisdom 
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Larry Bryant (center) with Rus­
sian sc ie nti sts 

Photo by G. Ern st 

Starkey tour led by Jack Ward Thomas Public tour at entrance to Starkey enclosure 

Starkey scientists share research results with the public, fellow scienti sts, and resource 
managers on a regular bas is. A variety of communication mediums have been used to 
complement scientific publications. Over 200,000 peop le, encompass ing loca l, regional, 
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Elk and Mule Deer Responses to Variation in 
Hunting Pressure 

Bruce K. Johnson, Alan A. Ager, James H. Noyes, and 
Norman J. Cimon 

INTRODUCTION 

Hunting can exert a varie ty of potenti a l 
effects on both ta rgeted and non-targeted 
ungul ates, and animals usually e ither run 
or hide in respo nse to hunting pressure. If 
animals successfully elude hunters by 
running, the energeti c cost may depl ete 
fat reserves needed for survival during 
winter in temperate regio ns. If anima ls 
successfull y e lude hunte rs by hidin g, 
there also may be an energetic cos t fro m 
los t fo raging oppo rtuniti es. 

M ost studi es of ungul ate responses to 
hunting have foc used on changes in hab­
itat selectio n. Ung ul ates typically respond 
to hunting by seeking a reas of security 
(Irwin and Peek 1979, Kni ght 1970, Edge 
and Marcum 1985, Naugle et al. 1997 , 
Mill spaugh et al. 2000), a ltering acti vity 
patterns (Naugle et a l. 1997), adjusting 
home ranges (Kufie ld et al. 1988 , Root et 
al. 1988) or moving lo ng distances (Con­
ner et al. 2001 , Vieira et al. 2003) . How­
ever, the difficulty of monitoring hunter 
density and elk (Cervus elaphus) and 
mul e deer (Odocoileus hemionus) popu­
lations on large landscapes has prevented 
the collecti on of suffi c ient data to develop 
models of energetic costs associated with 
hunting or other recreational activities. 
Variati on in weather, hunter density, herd 
dynamics, and seasonal conditions can 
likely bring about changes in the inter­
actions between hunters and animals, 
making generalizatio ns tenuous at bes t. 
Quantitative relationships between levels 
of hunting pressure and energy expendi­
ture can be used to evaluate potenti al sec­
ondary effects of activities on nutritio nal 
condition of ungulates . For instance, fre­
quent human disturbance that results in 
high energy expenditure by ungul ates 
could adversely affect animal we ight dy­
namics in winter when forage is scarce, 

or in summer when energy requirements 
are high fo r lactation and rebuild ing body 
mass fo llowing winte r (Cook et al. 2004). 

In th is study, we exami ne the effects of 
hunter density and associated motorized 
traffi c o n mo vement and hab itat use by 
e lk and mul e deer over 10 years during 
2 1 rifle and 2 archery hunting seasons at 
th e S tarkey Exper imenta l Fores t and 
Range (S tarkey). O ur goal was to quan­
ti fy the re lationship between levels of 
hunting pressure, as measured by hunter 
density and traffi c counts, and changes in 
movement and habitat use patterns. These 
re lationships were then used to estimate 
effects f ro m variation in hun ting pressure 
and type of hun t on da ily and seasonal 
energy budgets of elk and mule deer. 

STUDY AREA 

Starkey Experi mental Forest and Range 
covers 40 square miles (101 km2) on the 
Wall owa Whitman National Forest, 21 
miles (35 km) southwest of La Grande, 
Oregon (45°l5 'N, 1l 8°37'W). Our study 
was conducted in M ain Study Area (30 
square miles, 77 .6 km2), which was en­
closed with 7.9 feet-(2.4-m) tall woven­
wire fence (Bryant et al. 1993) and has 
been used for studies on Rocky Mountain 
elk, mule deer, and cattle since 1989 
(Rowland et al. 1997). Starkey contained 
habitat for elk and mule deer typical of 
summer range conditions in the Blue 
Mountains. A network of drainages in the 
project area created a complex and varied 
topography. Vegetation at Starkey was a 
mosaic of coniferous forests, shrublands, 
wet meadows, riparian areas, and grass­
lands. 

Approximately 37 percent of the study 
area had forest canopy more than 40 per­
cent, and about 4 percent had forest can­
opy greater than 70 percent. Traffic lev-

127 



128 THE STARKEY PROJECT 

els , recreational actiVIties (including 
hunting), cattle grazing, and timber man­
agement were representative of adjacent 
public lands. About 500 cow-calf pairs of 
domestic cattle grazed Main Study Area 
on a deferred rotation system through 
four pastures within the study area be­
tween 15 June-15 October (Coe et al. 
2001). Our study area at Starkey was 
three to four times larger than typical 
summer home ranges of e lk in the Blue 
Mountains (7.7-11.2 square miles (20- 29 
km2)) (Leckenby 1984), providing study 
animals with large-scale habitat choices 
commensurate with free-ranging herds. 
Details of the study area and facilities are 
available elsewhere (Wisdom et al. 1993, 
Noyes et al. 1996, Rowl and et al. 1997) . 

MATERIALS AND METHODS 

Hunt Sample 

We analyzed 13 rifle hunts for elk, 8 
rifle hunts for mule deer, and 2 archery 
hunts for e lk, all conducted between 1991 
and 2000 (Table 1). Elk rifle hunts were 
5-9 days long with 75- 175 tags issued to 
hunters and deer rifle hunts were 7- 12 
days long with 25 tags . Archery hunts 
were 30 days long with 85 tags. We 
staffed a hunter check station starting the 
day before the opening of each hunt 
through the end of the hunt for all elk rifle 
hunts and through the first three days of 
the deer hunts and intermittently during 
the rest of the deer seasons. We staffed 
the archery check station during most 
days with project personnel or volunteers. 
For each hunter, we recorded number of 
days hunted and success. Prior to any 
hunts , the yearling and adult elk popula­
tions were estimated between 313 and 
443 females and 78 to 153 males (Noyes 
et al. 1996, 2002), and the mule deer pop­
ul ation was estimated be tween 262 and 
342 (Rowland et al. 1 997). Densities of 
adult elk and deer in the study area were 
similar to those on adjacent public lands 
(Johnson et al. 2000). 

Animal Locations 

We determined animal locations with 
an automated telemetry system that uses 

retransmitted Long-range aid to naviga­
tion signals (LORAN-C) (Dana et al. 
1989, Findholt et al. 1996, Rowland et al. 
1997). Each radiocollared elk was used 
on average 1.6 years, while each mule 
deer was used about 1.9 years. We mon­
itored between 25-60 elk and I 2-33 deer 
during the hunts. Locations were assigned 
to Universal Transverse Mercator coor­
dinates of associated 98.4 by 98.4-feet 
(30 by 30-m) pixel s containing habitat in­
formation stored in a geographic infor­
mation system (GIS) . Locations had a 
mean error of 175 ± 19 feet (53 ± 5.9 m 
SE, Findholt et al. 1996). 

Vehicular Traffic 

We measured traffic throughout the 
year from a network of 71 traffic counters 
(Rowland et al. 1997, 2000) . Preliminary 
analysis of traffic counter data showed 
that data collected at the counter located 
0 .1 5 miles (0.24 km) inside the main gate 
were highly correlated with data obtained 
at the other counters located throughout 
the study area. For this analysis , we used 
the daily counts of vehicles that passed 
over the Starkey main entrance counter as 
an index to total traffic activity. In addi­
tion , by using a single counter the appli­
cation of our results to areas with limited 
traffic data is made more feasible. 

Habitat Variables 

We selected 10 variables that were sig­
nificant in resource selection models for 
elk or mule deer in previous studies at 
Starkey (Johnson et al. 2000, Table 1). 
However, we used distance to open roads 
rather than distance to roads of various 
traffic rates, because during hunting sea­
sons daily use of open roads was greater 
than the minimum value associated with 
roads with high traffic rates (more than 4 
vehicles per 12 hours). Additional detail s 
can be found in Johnson et al. (2000) and 
Rowland et al. (1998). 

Data Analysis 

We used day as our sampling unit and 
required a minimum of 10 locations from 



TABLE lA. Summary of elk (E) hunts included In the study held m Main Study Area (30 square miles [77 km2]) at the Starkey 
Experimental Forest and Range 

Avail able Available 
dependent de pendent Available 
vari ables vari ables independent 
for e lk fo r deer variables 

telemetry te lemetry [both deer 
Days Days Days Days H = H = and e lk] 
o f elk o f deer of e lk of deer Traffic habitat habitat Hu = :r: 

c::: Hunt velocity ve locity habitat habitat Number counts/ Elk Deer Y = Y = hunters z labe l Date data data data data of hunte rs/day day locations locations ve locity ve locity T = traffic ...., 
...... 

E3 1 15-23 Aug 92 6 Na6 8 Na 1.9- 168 65-245 904 0 HV HuT z 
0 E42 5- 12 Dec 92 3 Na 4 Na 24- 73 59- 103 753 0 HV HuT (Tl E5 1 14-22 Aug 93 3 5 6 6 50-117 74-164 1855 771 HV HuT "Tl 
'Tl E63 27 Aug-25 Sep 94 30 20 30 30 2- 53 26-66 6368 4146 HV HV HuT tTl 
n E7 1 26-30 Oct 94 5 5 5 5 74-113 87-116 1552 1122 HV HV HuT ...., 

E84 5- 13 Nov 94 9 9 9 9 25-130 42-168 3407 2054 HV HV HuT (/) 

E95 19-27 Nov 94 7 7 7 7 7-63 25-106 2264 1588 HV HV HuT L E10 1 18- 25 Aug 96 9 1 9 4 15- 134 Na 2632 31 8 HV Hu 
() 

;:: El32 29 Nov- 5 Dec 97 5 5 5 5 12-69 Na 3972 2106 HV HV Hu c; 
() El52 5-11 Dec 98 4 5 4 5 13-46 2-25 1496 723 HV HV HuT ;:; 

El8 1 1- 5 Aug 00 3 4 4 4 33- 122 Na 859 7 12 HV HV Hu ~ 
El93 25 Aug-24 Sep 00 29 28 30 30 12-52 1-33 9709 5993 HV HV HuT ~ E21 2 3-9 Dec 94 3 3 3 3 51-82 76-105 890 634 HV H HuT 
1 Rifle sp ike-only e lk hunt 
2 Rifle antlerless e lk hunt 
3 Archery any e lk hunt 
4 Rifle any e lk hunt 
5 Rifle antlered elk hunt 
6 Data not ava ilable due to sample size restri ctions of 10 animals each with 10 locations, mi ssing traffic counts, or miss ing hunter number. 



TABLE lB . Summary of mule deer (D) hunts included in the study held in Main Study Area (30 square miles [77 km2]) at the Starkey 
Experimental Forest and Range 

Avai lab le Available Available 
depende nt de pendent indepe nde nt 
variables variables variab les 
fo r e lk for deer [both deer 

te lemetry te le metr y and e lk] 

Days Days Days Days H = H = Hu = 

of e lk of deer of e lk of deer Tra ffic habitat habitat hunters 

Hunt velocity velocity habitat habitat Number counts/ Elk Deer V = V = T = 

labe l Date data data data data of hunters/day day locations locations velocity ve locity traffi c 

D1 1 28 Sep-4 Oct 9 l 5 Na2 7 Na Na 48-85 842 0 HV T 
D2 1 3-9 Oct 92 4 Na 4 Na Na 58- 145 1042 0 HV T 
D3 1 2-8 Oct 93 7 4 7 6 2-16 33-71 2272 878 HV HV HuT 
D4 1 1- 12 Oct 94 10 4 10 10 Na 14-54 2040 1322 HV HV T 
D7 1 30 Sep- 11 Oct 97 8 7 8 7 3-12 Na 4294 2079 HV HV Hu 
D8 1 3-14 Oct 98 12 7 12 12 0-24 10- 100 4225 1615 HV HV HuT 
D9 1 2- 13 Oct 99 II Na 12 12 Na 11- 43 35 15 1412 HV HV T 
DJOI 30 Sep-11 Oct 00 Na 10 12 12 Na 55-158 4363 24 10 H HV T 

1 Rifle antlered deer hunt. 
2 Data not ava ilab le due to sample s ize restri ctions of I 0 animals each with I 0 locations, missing traffic counts, or missing hunte r numbers. 
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each of at least I 0 animals of a species 
per day. Choice of minimum sampl e sizes 
was based o n previous analyses (Ager et 
a l. 2003). We calcul ated velocity (animal 
speed) using successive locations by di­
viding the horizonta l distance moved by 
the e lapsed time. We deleted velocity for 
any location if elapsed time to the previ­
ous location was < 5 min or > 240 min. 
Shorter e lapsed times (less than 5 min) 
yielded velocities that were positive ly bi­
ased because of the random location error 
in the telemetry system. Velocities deter­
mined at lo nger e lapsed times were neg­
atively bi ased as a result of undetected 
move me nts be twee n observations a nd 
home range effects (Ager et al. 2003). For 
habitat analysis, average sample size for 
e lk during e lk hunts was 254 observations 
per day on a total of 23 animal s. Deer 
sample s ize during e lk hunts was 171 ob­
servations per day on 15 animals. Sample 
sizes for velocity calcul ations were re­
duced approxi mate ly 15 percent as a re­
sult of the time filte r placed on data. 

Response Variables 

We compared responses of e lk and deer 
during e lk and deer hunts to seven-day 
pre-hunt periods that started two weeks 
before the start of the hunting season. We 
calculated dai ly average velocity of elk 
and mule deer as dependent variables and 
used dail y traffic counts and hunter den­
sity as independent variables in a regres­
sion analys is. We used the daily averages 
for the pre-hunt periods to set the inter­
cept. 

We calculated hourly velocities and 
habitats used for the pre-hunt and hunt 
periods and examined how normal di et 
patterns changed in relation to variation 
in hunter density. We pooled data across 
all animals and hunts to maximi ze the 
number of hunting days in the analys is. 
Although hunt-to-hunt variability was of 
interest, o ur goal was to obtain an overall 
estimate of animal response over a wide 
range of hunting conditions. Variati o n 
among hunts was high and a number of 
hunts had one or more of the fo llowing 
conditions: 1) limited data for pre-hunt 
conditions; 2) limited variability in the 

hunter density and traffic counts; and 3) 
differences in the range of traffic and 
hunter de nsity. Thus, usi ng a sing le linear 
model contai ning a term for individua l 
hunts wo uld have reduced the possibility 
of obta ining useful information fro m sev­
eral of the hunts, but the effects among 
the hunts would not have been compara­
ble in many cases. We did not pool ani­
mals used in multipl e years but rather 
considered them independent samples in 
each hunt because day was the sampling 
unit. We did not test fo r seria l correlation 
in the data from success ive days within a 
hunt after observing that elk and deer re­
sponse to hunters at Starkey is dynami c 
and rap id in terms of changes in distri­
bution and velocity. 

Energetic Calculations 

We estimated energy costs as a func­
tion of velocity from eq uati ons provided 
by Robbins et a l. (1979:449) and Parker 
e t a l. ( 1984:4 78). Robbins et a l. (1979) 
est imated the cost of locomotion in kcal/ 
kg/hr where Parker et a l. (1984) estimated 
cost of locomotion in kcal/kg/min. Rob­
bins et al. (1979) estimated cost of loca­
tion on slopes for uphill and downhill, but 
we did not factor energy costs for slope 
because we could not accurately estimate 
animal paths and their respective slopes . 
The differential energy expenditure for 
uphill versus downhill travel results in an 
underes timation of energy expenditure. 
Average slope at Starkey was 17 percent. 

RESULTS 

D aily density of hunters per square 
mil e averaged 2.4 (0 .91 hunters/km 2 , 

range 0.03-1.66/km2) for elk hunts, 0.1 
(0.04 hunters/km2, 0-0.31/km2) for deer 
hunts, and 0.7 hunters per square mile 
(0.26 hunters/km2 , 0- 0 .67 /km2) for ar­
chery hunts. Daily traffic counts averaged 
78 (6-272, range) for elk hunts, 56 (10-
158) for deer hunts, and 55 (17- 133) for 
archery hunts. During the pre-hunt peri­
ods, vehicles per day averaged 46 (18-
86) before archery, 45 (1-165) before elk 
rifle, and 27 (1-65) before deer hunts. All 
deer hunts were exc luded from further 
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FIGURE 1. Mean hourly velocities of elk (A) and mule deer (B) during and before rifle and 
archery hunts at Starkey Experimental Forest and Range. 

analysis because there was no measurable 
response of elk or mule deer during deer 
hunts, most likely because of the low 
hunter density and traffic rates. 

Velocity 

Velocity of elk movements increased 
during rifle and archery hunts (Figure 
1A). During non-hunt periods, elk dis­
played daily patterns of velocity charac­
terized by crepuscular peaks of about 
11.5 feet per second (3.5 m/min) at 0600-
0800 and 1700-1800 hours , and lower 
mid-day velocity of around 6.6 feet per 
second (2 rn/min) during non-hunt peri­
ods. Elk velocity was greater in the early 
morning during rifle hunts than during ar­
chery hunts , but this pattern reversed dur­
ing the afternoon (Figure 1A). Differenc­
es in timjng of peaks during pre-hunt pe­
riods for archery and rifle hunts probably 

reflects differences in sunrise and sunset 
times for September versus December 
hunts. 

During elk rifle hunts, the daily pat­
terns of velocity were strongly affected 
by hunter density (Figure 2). At the lower 
density values ( < 0.8 hunters per square 
mile, < 0.3 hunters/km2) the crepuscular 
peaks were broader and increased by 
around 3.3 feet per minute (1 rn/min) , and 
the mid-day velocity returned to pre-hunt 
levels . At high hunter density, > 3.2 hunt­
ers per square mile (> 1.25 hunters/km2), 

the daily pattern consisted of large veloc­
ity increases throughout the day, with a 
peak at 0800 h that was about 20 feet per 
minute (6 rn/min) above the pre-hunt ve­
locities (Figure 2). Only between 0000 to 
0400 h did the velocity at high hunter 
density return to values close to pre-hunt 
conditions. 
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FIGURE 2. Hourl y veloc ities of e lk at fo ur hun ter densities (hunters/km2) fo r e lk rifl e hun ts 
at Starkey Ex perimenta l Forest and Range. 

Dail y mean veloc ity of e lk to rifl e 
hunter density showed a linear re latio n­
ship (Figure 3, R2 = 0.46, P < 0.001 ), 
the veloc ity increas ing 1.4 meters per min 
per hunte r/km2 . The regressio n predi cts 
that at the highest da ily rifle hunter den­
sities during the Starkey hunts, es timated 
mean veloc ity of e lk would increase f rom 
6.9 feet per minute (2 .7 m/min) during 
the pre-hunt period to around 16.5 feet 
per minute (5 m/min). Effec ts of a rchery 
hunters on elk appeared to be greater than 
that of rifle hun ters, as velocity increased 
2.2 meters per minute per hunterlkm2 (P 
< 0.001 ) (Figure 4). 

Mule deer showed little increase in 
hourl y velocities during elk rifle hunting 

Elk: y ~ 1.6x + 2.8 

R2 ~ 0.47 

seasons (Figure I B) except for a small in­
crease in velocity around 0500 h. How­
ever, there was no significant increase in 
mule deer velocity as rifl e hunte r density 
increased (Figure 3) . Mule deer velocity 
increased as archery hunter density in­
creased (Figure 4, P < 0 .00 I), and the 
hourl y velociti es during archery season 
increased at sun rise and sunset (Figure 
!B). 

There was a pos iti ve relati onship be­
tween traffi c counts during e lk rifle sea­
sons and daily mean velocity of e lk (Fig­
ure 5, R2 = 0 .28). However, thi s re lation­
ship was considerabl y weaker than that 
between hunter density and veloc ity. Also 
in contrast to rifl e hun ts, no re la ti onship 
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FIGURE 3. Daily mean e lk and mule deer veloc ities versus hunter dens ity fo r e lk rifle hunts 
at Starkey Experimental Forest and Range. 
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FIGURE 4. Daily mean elk and mule deer velocities versus hunter density for e lk archery 
hunts at Starkey Experimental Forest and Range. 

was observed between traffic counts and 
elk velocity during the archery hunts, 
likely due to the lower traffic level s. Deer 
showed a very low response to increased 
levels of traffic (Figure 5). 

Habitat Variables 

Distance of elk to open roads increased 
as both e lk rifle hunter density (y = 83x 
+ 751 , r2 = 0 .12, where x = hunter/km2) 

and traffic counts increased (y = 0.8x + 
740, r2 = 0.11 , where x = daily traffic 
count and y is distance in m). During ar­
chery seaso ns, a s hunte r dens ity in­
creased, elk use of canopy cover de­
creased (y = - 7 .3x +38.5, r2 = 0 .18, 
where x = hunter/km2 and y = percent 
canopy cover). There were no other sig-
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nificant relations in traffic or hunter den­
sity during the archery seasons and any 
other habitat variables. Hourly habitat use 
at different level s of hunter density 
showed that pre-hunt daily patterns of 
habitat use for distance to open road (Fig­
ure 6) and all other habitat variables (not 
shown) were increasingly di srupted as 
hunter density increased. In addition to 
disruption, distance of elk to open roads 
increased especially in the nighttime 
hours, when elk did not move closer to 
roads when compared to pre hunt distri­
butions. 

Energetic Cost of Hunting for Elk 

At the average hunter density observed 
in this study, 2 .3 hunters per square mile 
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FIGURE 5. Elk and mule deer veloc ities versus traffic counts before and during e lk rifle 
hunts at Starkey Experimenta l Forest and Range. 
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FIGURE 6. Hourly average distance of e lk from an open road during rifle elk hunts at Starkey 
Experimental Forest and Range. 

(0 .9 1 hunters/km2), elk velocity increased 
4.3 feet per minute (1 .3 m/min) over the 
background velocity for the non-hunt pe­
riods . Based on the relationships provided 
by Robbin s et al. (1979) and Parker et al. 
(1984), this velocity increase translates to 
a 4 percent (Parker et a l. 1984) or 10 per­
cent (Robbins et al. 1979) increase in the 
normal daily energy budget. This esti­
mate was slightly conservative because it 
assumed travel was on level ground. 

DISCUSSION 

This study represents our first attempt 
to measure the effects of variation in 
hunting pressure on e lk and deer over a 
wide range of hunter densities, hunting 
conditions, traffic rates, and rifle versus 
archery hunting. We found that elk re­
sponded by fleeing disturbance whereas 
deer appeared to elude hunters by hiding. 
Our data indicate that both traffic counts 
and hunter density have a positive linear 
relation with elk velocity . Moreover, 
hunter density appears to be a better in­
dicator of animal di sturbance than traffic 
counts, especially for archery hunts. We 
found differences between the archery 
and rifle hunts in terms of animal re­
sponses; however, the study only included 
two archery hunts. Archery hunts ap­
peared to affect animal movements for a 
longer portion of the day, suggesting that 
archers are actively pursuing elk through­
out the day and evening. 

In contras t to other previous studi es (Ir­
win and Peek 1979, Edge and Marcum 
1985, Mill spaugh et a l. 2000), we did not 
find major shi fts in habitat use by e lk or 
mule deer during the elk rifle hunting sea­
sons. However, the daily patterns of hab­
itat use were di srupted. We also did not 
observe any effects on elk or deer fro m 
the deer rifle hunts , most likely due to the 
low hunter densities associated with these 
hunts. 

The results of thi s study suggest that 
energetic costs to e lk from hunting may 
be signifi cant in the context of both hunt­
er density and the number of days over 
which hunting occurs; however, the en­
ergetic costs to deer may not be as great. 
In northeast Oregon, many of the wildlife 
management units have 30 days of ar­
chery hunting followed by 12 days of 
mule deer rifle hunting, 14 days of rifle 
elk hunting, and up to 9 days of antlerless 
elk hunting, totaling 56 to 65 days of 
hunting. In 1999, Oregon Department of 
Fish and Wildlife (2000) estimated that 
there were 61,804 and 49,063 recreational 
days for elk and mule deer hunting in the 
Starkey and Ukiah Wildlife Management 
Units (WMU), respectively. There were 
726 square miles (1,859 km2) and 568 
square miles (1 ,453 km2) of deer and elk 
range in the Starkey and Ukiah WMUs, 
respectively (Oregon Department of Fish 
and Wildlife 1986) for a hunter dens ity of 
1.35 hunters per day per square mile 
(0.53 hunters/day/km2). 
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Based on our estimate of increased ve­
locity associated with rifle hunter density, 
and the energetic relationships identified 
in Parker et al. (1984), this equated to an 
additional energy expenditure of 310 
kcal/day for an adult cow elk assumed to 
weigh 510 pounds (232 kg). Assuming 
this additional energy comes from stored 
fat reserves and there are 9 kcal/g of fat, 
this results in 1.2 ounces (35 g) of fat 
consumed per day or 4.4 pounds (2 kg) 
for the entire 63 days of hunting due to 
disturbance from hunters . Assuming the 
ingesta-free body mass of a lactating cow 
elk is 440 pounds (200 kg) and has 10 
percent body fat, these 4.4 pounds (2 kg) 
of body fat represent about a 10 percent 
reduction in body fat. Cook et al. (2004) 
suggest that elk reproduction may be af­
fected when body fat falls below 9 per­
cent and marginally affected at levels be­
tween 9-13 percent, conditions that occur 
in lactating cow elk in late autumn. Be­
cause most of the hunting di sturbance oc­
curs after the rut, the reduced fat levels 
may be more important during harsh win­
ters and may carry over through the next 
year as cows rebuild tissues catabolized 
during winter. 

Elk and mule deer at Starkey were 
closed populations; thus animals were un­
able to escape from human harassment by 
moving to private lands or other reserves. 
Without hunting, the movement rates we 
observed at Starkey were similar to those 
reported by Craighead et al. (1973) and 
Shoen (1977). In northeast Oregon, pri­
vate lands, wilderness, and roadless or 
road management areas provide areas 
where hunter density is lower. Thus, our 
estimates of energy expenditure for elk in 
our example may be high for those ani­
mals that are able to move to secluded 
areas where hunter density is low. How­
ever, animals that respond to hunting 
pressure by moving long distances away 
from that pressure also would exert sub­
stantial energy that our study does not ad­
dress . 

Our e nergy calculations do not account 
for disruption of foraging cycles where 
foraging patterns are shortened or animals 
move to more secluded areas with poorer 

forage resources. If those situations occur, 
then the effects of hunter density will be 
much more pronounced than we esti mat­
ed. These potential effects deserve atten­
tion in future studies. Estimating absolute 
level s of energy loss will take more ac­
curate measures of activity patterns, dis­
tributions, and forage quality of ungulates 
in relation to variation in hunting pres­
sure. For our analysis we did not distin­
guish between flight movements and for­
aging, which require more precise moni­
toring of elk to quantify the di sruption of 
foraging patterns. 

Our results may have implications for 
design and management of access and 
hunting seasons for mule deer and elk. 
First, the energetic costs of eluding hunt­
ers may be substantial under the combi­
nation of high hunter densities and long 
hunting seasons. The added energetic 
costs may have the potential to increase 
mortality of animals beyond those har­
vested in areas with severe winter con­
ditions. Second, the motorized access 
provided to hunters, in combination with 
hunter density and season length, may af­
fect the degree to which non-harvested 
animals are negatively affected by hunt­
ing. For example, it may be possible to 
reduce or restrict human access, particu­
larly motorized access, as part of hunting 
seasons, and still accommodate higher 
hunter density without negative energetic 
costs on non-harvested animals. Or, alter­
natively, if motorized access is re latively 
unrestricted and landscape conditions fa­
cilitate ease of human movement (e.g., 
flat terrai n and open environments), then 
managers may consider modifications in 
hunter densities and season lengths to 
meet population objectives for elk and 
mule deer. Such trade-offs deserve careful 
consideration in the integrated planning 
of human access with design of hunting 
seasons for management of elk and mule 
deer. 
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Movements and Habitat Use of Rocky Mountain 
Elk and Mule Deer 

Alan A. Ager, Haiganoush K. Preisler, Bruce K. Johnson, and 
John G. Kie 

INTRODUCTION 

Understanding ungul ate use of large 
landscapes to meet the ir daily needs for 
food, security and other resources is crit­
ical to wildlife management and conser­
vation practi ces (Johnson et a l. 2002). For 
ungulates like Rocky Mountain e lk (Cer­
vus elaphus) and mule deer (Odocoileus 
hemionus) , landscapes are a mosaic of 
different resources that are exploited in 
well defi ned seasonal and daily cycles to 
meet metabolic and security needs (Green 
and Bear 1990). Complex movement pat­
tern s emerge when the cyclical behaviors 
are rea li zed on landscapes that are he tero­
geneous in space and time (Gross et a l. 
1995 , Etzenhouser et al. 1998). Both the 
juxtaposition and grain of habitat patches 
within a home range are strong dete rmi­
nants of movement patterns and overall 
habita t suitability (Etze nhouser et al. 
1998). The influence of patch arrange­
ment on habitat quality was recogni zed in 
early elk habitat models (Leckenby 1984, 
Thomas et al. 1988). However, the link­
age between movement patterns and hab­
itat arrangements had not been explicitly 
studied. 

In thi s paper we describe a progress ion 
of studi es at Starkey th at docum e nt 
Rocky Mountain e lk and mule deer 
movements and habitat use. The work fo­
cused on inter-patch movements associ­
ated with crepuscular habitat transitions 
and did not consider finer-scale move­
ments associated with foraging activities 
(Gross et al. 1995, Johnson et al. 2002). 
We first used the Starkey data to describe 
the linkage between ungulate movements 
and habitat selection at Starkey (Johnson 
et al. 2000, Rowland et al. 2000) and 
e lsewhere (Mackie 1970, Craighead et al. 
1973, Collins et al. 1978, Collins and Ur­
ness 1983, McCorquodale et al. 1986, 

Beier and McCullough 1990, Green and 
Bear 1990, Unsworth et a l. J 998) . Thi s 
work motivated a subseq uent in vestiga­
tion about spati al patterns of movements 
on the Starkey landscape. We then ex­
plored ways to build a behaviora l model 
of movement that encapsul ated both hab­
itat use and spatial organizati on of move­
ments. The paper concludes with a dis­
cuss ion of the importance of understand­
ing movement patterns at multipl e scales 
in the management of elk and mul e deer. 

STUDY AREA AND DATA 
COLLECTION 

Starkey Expe rimenta l Fo rest and 
Range (S tarkey) covers 63 squ are miles 
(101 km2) on the Wa llowa-Whitman Na­
tional Forest, about 25 miles ( 40 km) 
southwest of La Grande, Oregon. Starkey 
is a mosaic of coniferous forest (ponde­
rosa pine [Pinus ponderosa], Douglas-fir 
[Pseudotsuga menziesii], g rand fir [Abies 
grandis]) and bunchgrass meadow s 
(Pseudorogneria spp.) di ssected by nu­
merous small drainages (Figure 1 ), cre­
ating a complex array of topog raphy and 
vegetation. The project area was enclosed 
with 8-foot (2.4 m) tall woven-wire fence 
and has been used for studies on Rocky 
Mountain elk, mule deer, and cattle since 
1989 (Wisdom et al. 2004). An automated 
telemetry system was used to monitor lo­
cations of about 50 elk, 50 mule deer and 
SO cows from April to December, obtain­
ing locations every 1-2 hours on each an­
ima l. The work descr ibed he re used 
400,000 elk and mule deer locations col­
lected over 6 years (1991 - 1996) within 
the 48 sq uare mile (77.6 km2) M ain Study 
Area. We used locations from a total of 
144 e lk and 58 mul e deer. Habitat vari­
ables were selected based on their impor-
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FIGURE I. Map of Starkey showing topography and major drainages (a), and roads open to 
vehicular traffic (b). Shaded areas in Figure lb are areas where slopes are greater than 40 
percent. 

tance in previous work at Starkey (John­
son et al. 2000). 

CYCLES OF MOVEMENT AND 
HABITAT USE 

We studied the daily cycles of elk and 
mule deer moveme nts and seasonal 
changes in these cycles by fitting periodic 
functions to the 1991-1996 location data, 
and testing for differences among seasons 
at specific hourly inte rvals. The key find­
ings of this work are briefly summarized 
as follows and are reported in detail by 
Ager et al. (2003). Elk showed pro­
nounced 24-h cycles with crepuscular 
transitions for many habitat variables, in­
cluding canopy cover, distance to hiding 
cover, cosine of aspect (Figures 2a-c), 
herbage, and di stance to open roads (Fig­
ures 3a-b). Habitat transitions appeared 
to be closely linked to rapid changes in 
elk movements (Figures 4a-b) for most 
habitat variables, but not all (Figure Sa). 
Morning movements were uphill (Figure 
4b), towards more convex topography 
(Figure Sb), and at increasing distance to 
streams (Figure Sc). Afternoon move­
ments were directed towards easterly as-

pects (Figure Sa), steeper slopes (Figure 
4c) in valley landforms (Figure Sb) , and 
towards streams (Figure Sc) . At dusk, 
movements were strongly upslope (Figure 
4b) , out of drainages, and towards areas 
that are characteristic of foraging areas 
(lower canopy cover, greater di stance to 
hiding cover, increased herbage produc­
tion, closer to roads, and more southerly 
and westerly aspects-Figures 2a-c, 3a­
b, Sa). For mule deer, these cycles were 
largely absent from the data (cf. Figures 
2a, 2d), and considerable variation was 
observed among the individual deer in 
terms of their habitat use patterns. 

The daily patterns of habitat use and 
movements changed among monthly in­
tervals for elk, and to a lesser extent mule 
deer. Canopy, distance to hiding cover 
(Figures 2a-b), and distance to open 
roads (Figure 3b) changed across monthly 
intervals in terms of daily amplitudes and 
average value. Seasonal differences were 
most evident between late spring (1S 
April-14 June) and early summer (lS 
June-14 August). The changes were best 
explained in terms of forage phenology at 
Starkey (Skovlin 1967). High daily am­
plitudes for velocity and habitat variables 



MOVEMENTS AND HABITAT USE- Ager et a/. 14 1 

45 

_40 

e:. 
Q; 35 
> 
0 

~ 30 
a. 
g 25 
"' 0 

20 

4 8 12 16 20 24 
Time 

4 8 12 16 20 24 
Time 

0.5 c 
04 

t) 

~ 03 

"' Q) 0.2 
c: 
'in 
8 0.1 

0 

_0 1 

0.2 '---~-~~-~-~~ 
4 8 12 16 20 24 

Time 

45 
D Deer 

4 8 12 16 20 24 

E140 E 
-130 
Q; 
8120 
0)110 
c: 
'§ 100 
.c 
.8 90 
~ 80 
c: 
2 70 
<J) 

0 60 

Time 

50 '--~-~~-~-~~ 

4 8 12 16 20 24 
Time 

0.5 F 

t) 04 
Q) 

~ 0.3 
"' 
~ 0.2 
'in 
8 0.1 

0 

_0.1 

4 8 12 16 20 24 
Time 

- Apr15 - May14 -------· Aug15 - Sep 14 
95% 
confidence 

....... , Jun 15 - Jul14 ---- Oct 15 - Nov 14 interval 

FIGURE 2. Means of habitat variables canopy cover, di stance to cover, and cos ine aspect by 
hour and monthly interva l for e lk ( left column) and mule deer (ri ght co lumn). Values plotted 
are means across animals. For c larity, only 4 of the 7 l -month time interva ls are shown 
(intervals I, 3, 5, and 7). Shaded area is the grand mean bounded above and be low by 2 
pooled, within-interval SD. Pooled within-interval SDs represents the average SD within a ll 7 
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in the spring (15 April-14 May) and au­
tumn (15 October-14 Nove mber) reflect­
ed rapid movements to highly preferred 
meadows at Starkey that produce desired 
forage in early spring, and in autumn after 
the first substantial rains (Skovlin 1967). 
The lower velocity and dampened daily 
cycles during summer refl ected a higher 
use of forested areas throughout the day 
and night, which are preferred due to their 
higher mid-summer forage production 
(Edgerton and Smith 1971 , Holechek e t 
al. 1982, Unsworth et a l. 1998). 

SPATIAL PATTERNS OF 
MOVEMENTS 

The results from Ager et al. (2003) mo­
tivated a number of questions about how 
elk and mule deer movements are spa­
tiall y organized on the Starkey landscape. 
For instance, are there movement corri­
dors between the different habitats? What 
is the effect of edge on movements? Are 
movements organized after topography or 
other features in Starkey? Are there areas 
of hi gh and low speed of animal move-
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See Figure 2 for additional explanation. Figure is from Ager et al. (2003). 

ments? Are there habitat features that im­
pede movements? Are the dusk and dawn 
m ovements reciprocal? To address these 
questions we explored methods for visu­
alizing spatial movement patterns and 
found that by smoothing movement vec­
tors w ith nonparametric regression (Bril­
linger et al. 2002, 2004; Preisler e t al. 
2004) and plotting these on a rendered 
terrain of Starkey, we could address a 
number of questions related to the spatial 
component of movement. First, we ob­
served that mule deer movement vectors 
appeared mostly random and thus had lit­
tle or no spatial organization, perhaps due 
to the spatial resolution of the telemetry 
data and the sampling frequency (Ager et 

a l. 2003). Elk move ment vectors for the 
mid-summer (15 July- 15 August) season 
also appeared weak, reflecting the lower 
movement rates during this season (Ager 
et al. 2003). In contrast, elk movement 
vectors for spring (15 April- 15 June) 
showed a strong directional component, 
especially for crepuscular periods (Fig­
ures 6a, b). The vector plots for the cre­
puscular periods showed interesting spa­
tial patterns of movement and provided a 
number of insights relative to landscape 
mo ve me nts. Fo r instance , th e vector 
fields revealed a dendritic patte rn of 
movement (Forman 1995:270) 111 areas 
where there is significant topographic re­
lief (Figure la). The consequence of the 
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dendritic movement behavior appeared to 
split the e lk into discrete movement co­
horts in the project area. Subsequent anal­
yses of movements re lative to drainage 
directions showed a stati stica ll y signifi­
cant assoc iation (Kie et al. in press). The 
effect of M eadow Creek Canyon (Figure 
lb) on movement vectors is readily ap­
parent, where movement vectors do not 
cross the canyon (Figures 6a, b). Bear 
Creek had similar effects. Movements 
al so appeared to be reciprocal between 
dawn and dusk, i.e ., the directi on of a r­
rows at dawn were opposite of those at 
dusk at most spati al locations. The du sk 
movements to grass lands (Figure 6b) ap­
peared stronger and spati ally foc used as 

co mpared to the dawn movements (Fig­
ure 6a). The seasonal changes in mo ve­
ment noted in Ager et al. (2003) were 
also apparent in the estimated vector 
fi elds (cf. Figures 6, 7) . The plots for 
summ er showed markedly dimini shed 
movement vectors, although there still is 
so me evidence of the e lk 's avoidance of 
steep terrain . 

LINKING SPATIAL MOVEMENT 
PATTERNS WITH HABITAT 
PREFERENCES 

Movement vectors were related to hab­
itat vari ables to ex plain the spatial cycles 
of movement on the bas is of elk behavior. 
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Thi s work was motivated by the concept 
of potenti a l fields applied to animal 
movement (Brillinger et al. 200la) and 
considers both the stochastic and corre­
lated components of the animal move­
ment behavior. A potential field may be 
vi sualized by imagining a ball rolling [the 
animal] around in the interior of bowl 
[potential surface] , as the bowl is being 
shaken [random component]. In our case, 
the potenti al field is a complex surface 
representing attraction and repul sion to 
specific habitat features at different times 
of the day. The potential field is built 
from a set of additive potential functions 
for each habitat variable that affect move­
ment. The individual potential functions 
describe movements [attraction/repul sion] 
as a function of di stance to habita t fea­
tures at specific times of day. Move ments 
that are seemingly random, like foraging 

paths in a meadow, or movements that 
cannot otherwise be explained with en­
vironmental covariates are included as 
stochastic terms in the model. The reader 
is referred to Brillinger et al. (2004) and 
Prei sler et al. (2004) for detail s . 

For an initial model we used the data 
from Ager et al. (2003) for elk in spring 
(15 April- 15 May), and focused on the 
crepuscular movements between foraging 
and resting areas . We tested a number of 
habitat covariates and found four that had 
significant influence on movement vec­
tors, these being distance to security are­
as, distance to foraging meadows, dis­
tance to steep slopes, and distance to 
streams (Preisler et al. 2004). A compos­
ite potential field was estimated for the 
crepuscular periods (Figures 8a, 9a) and, 
when plotted, showed areas of attraction 
corresponding to peak foraging and rest-
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a b 

FIGURE 8. (a) Estimated potential surface of e lk distribution for 1900 hours during spring. 
(b) Kernel dens ity estimate (e lk/km2) for observed e lk locations between the hours of 2200 
and 0100. Areas of low pote ntial (attraction regions) at dusk correspond with regions of high 
e lk de ns ity a round midnig ht. Fig ure is from Pre is le r e t a l. (2004) . 
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FIGURE 9. Smoothed estimates of the ratio of determini stic (drift) to rando m (standard de­
viation) terms fo r e lk distribution. The ratios appear to be highest at dawn (0500 hours) and 
dusk (2000 hours) . Figure is from Preisler et a l. (2004). 
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ing areas. When compared to the e lk dis­
tributions two hours later (Figures 8b, 
9b), there is a general agreement between 
the potential field and elk densities. The 
potenti al functions for each habitat vari­
able also showed specifi c re lation ships 
between the level of attraction/repulsion 
and distance (see Preisler et al. 2004). 
Thus a model showing hab itat selecti on 
and habitat transitions was developed 
from moveme nt vectors and habitat 
covariates. This work is a first step to­
wards building an empirically-based sto­
chastic movement model that accounts 
for both the spatial and temporal dynam­
ics of movement and habitat preferences. 
Wo rk is ongoing to incorporate finer-scale 
nav igati onal cues that e lk use during the 
crepuscular transiti ons that are re lative to 
spec ific animal positions. This includes 
modeling the dendritic movement pat­
terns (Forman 1995) that ungul ates ex hib­
it on steep terrain. Here, the potenti al 
function mi ght change re lative to the an­
imal's position . Using potenti a l field s to 
model fine-scale fo raging move ments like 
those among swards and adj acent feeding 
stations present further challenges. 

MANAGEMENT IMPLICATIONS 
Our description of daily and seasonal 

cycles of habitat use, spatial patterns of 
movement, and linkage between habitat 
use and movements adds to the inte rpre­
ta tion of previou s studies at Starkey 
(Johnson et al. 2000, Rowland et al. 2000 , 
Coe et al. 2001) . The daily and seasonal 
cycles of habitat use exhibited by elk and, 
to a lesser extent, mule deer show the dy­
namic nature of habitat use patterns and 
underscore the importance of movement 
studies. The movement analyses was lim­
ited to summer range conditions, and the 
co nsideration of moveme nt on larger 
landscapes, including seasonal migrations 
offer additional challenges and insights 
into ungulate behaviors (Bergman et al. 
2000, Johnson et al. 2002). Due to the 
sampling interval of the Starkey data [1-
2 hours], telemetry location error, and 
perhaps the scale of the habitat data, we 
could not explain finer scale movements 
outside of the crepuscular periods. Mod-

eling movements during the foraging pe­
ri ods would require additi onal conside r­
ation of variables like forage intake rate, 
forage biomass, and other foraging be­
hav ior factors (Shipley and Spalinger 
1995). 

Curren t e lk and mule deer habitat mod­
els do not consider inter-patch, landscape 
movements in their measurement of hab­
itat quality. The influence of topographic 
pattern on c repuscul ar moveme nts be­
tween preferred res ting/rumin ating and 
fo rag ing habita ts was mani fested in 
movement pattern s that were a li g ned with 
dra inages. Thus it is like ly the e lk density 
in a given foraging habitat was dependent 
on the ir ability to connect to suitable se­
curity areas using movements that paral­
le l the topographic pattern of drainages. 
We hypothesize that the fit of Starkey re­
source selection functions on other land­
scapes will be influenced by the spatia l 
arrangement of hab itats o n the landscape 
and the presence of suitable moveme nt 
corridors to link daytime and nighttime 
habitats . For instance, a canyon that lies 
between hi ghly desirable foraging and se­
curity areas will degrade the resource val­
ue of these two habitats due to the lack 
of a suitable connection between them. 
Further work is needed to better under­
stand how movement patterns might in­
fluence e lk and mule deer densities in 
specific habitats , and whether these con­
siderations are problematic in the extrap­
olation of resource selection functions. 

The dynamic nature of habitat use and 
movements by elk and, to a lesser extent, 
mul e deer has important implications fo r 
the development and application of hab­
itat suitability models. Die! changes in 
habitat use needs to be considered when 
telemetry data are used to estimate re­
source selection functions. 

The need for empirical methods to an­
alyze movements will grow as the rapid 
advances in automated telemetry systems 
materiali ze, and large telemetry da ta sets 
are generated. New GPS te lemetry with 
higher accuracy and sampling frequency 
will enabl e significant advances in our 
ability to build movement model s that 
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represent a broad range of ungulate be­
havior and spatia-temporal scales. 
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Spatial and Temporal Interactions of Elk, 
Mule Deer, and Cattle 

Priscilla K. Coe, Bruce K. Johnson, Kelley M. Stewart, and 
John G. Kie 

INTRODUCTION 

E lk (Cervus elaphus), mule deer (Odo­
co ileus hemionus), and cattle share mil ­
lions of acres of public and pri vate forests 
and rangelands across the western United 
States and Canada. These three species 
have importa nt social, ecolog ical, and 
econo mic values. Understanding the ir in­
terspec ifi c inte racti ons may c larify two 
recurring issues in the ir management: 
competition fo r food and com petition for 
space, bo th of whi ch may result in de­
creased animal fitn ess . A nimal unit equiv­
alents (AUEs) amo ng these three spec ies 
have been based on equi valent body mass 
(Socie ty fo r Range M anagement 1989), 
where by 1 cow is equi valent to 2.5 e lk or 
6 mul e deer. Hobbs and Carpenter (1986) 
a rgue that AUEs shoul d be based on di ­
etary overlap, and the argument can be 
ex tended to inc lude spati a l overl ap. Con­
seque ntly, the ecological impact of one 
species o n the landscape may not be 
equivale nt to ano ther species. Further­
more, allocating fo rage becomes chal­
leng ing if managers do not clearly under­
stand the spatial and dietary overlap 
a mo ng these three spec ies . Accurate pre­
di ctio ns of ungul ate di stributi o ns o ver 
time and space may help managers reg­
ulate densities and understand effects of 
specifi c ung ul ates on ecosystem process­
es . 

M any factors may influence the sea­
sonal di s tribution of domestic and nati ve 
ungul ates, including vegetation compos i­
ti on, topography, and distance to water 
(Mueggler 1965, Leckenby 1984, Peek 
and Krausman 1996, Wisdom and Thom­
as 1996) . U ngul ates also di stribute them­
selves in response to di sturbances such as 
traffic (Wisdo m 1998 , Rowland et al. 
2000), hunting (Jo hnson et al. 2004), and 
logging (Pedersen e t al. 1980) . In addi -

ti o n, there may be in ter- and intraspecific 
influences on animal distribution. T hese 
interactions may produce di ffe rent pat­
tern s of distribution at different scales of 
in vestigatio n (Bowyer et al. 1997). This 
paper summarizes studies of ungulate in­
te ractio ns at Starkey Experimental Forest 
and Range (S tarkey) in term s of how in­
teractions among ungulate species may 
affec t animal distributi ons over space and 
time. 

Past studies of interspecifi c inte ractions 
a mong elk, mule deer, and cattle have in­
dicated potenti al competitio n (S kovlin et 
a l. 1968, M ackie J 970, Dusek 1975, 
K nowles and Campbe ll 1982, Ne lson 
1982, A ustin and Urness 1986, Wallace 
a nd Kraus man 1987, Loft et al. 199 1, 
P eek and Krausman 1996, Wisdo m and 
T homas 1996, Lindzey et al. 1997 , Wis­
do m 1998) , while others have inferred 
commensali sm (Anderson and Scherzin­
ger 1975 , Fri sina and M orin 199 1, Peek 
and Krausman 1996). Competition occurs 
when individuals or species use similar 
resources that are a lso in short supply. In­
adeq uate forage quality or quantity may 
decrease nutriti onal planes such that pop­
ulati on perfo rmance of one or more spe­
c ies decreases (Birc h 1957, Putn am 
1996). In contrast, commensali sm occurs 
when o ne species benefits from associa­
ti on with another species, while the other 
spec ies is unaffected (M artin 1990). 

S imple descripti ve approaches to in ter­
actio ns amo ng large herbi vores result in 
inherent diffic ulties (Painter I 980). O ver­
lapping distributions could be evidence 
fo r competi tio n or depe ndence. N o n­
overl ap could be an expression of active 
avoidance or ecological separati on, which 
occurs when two species evolved togeth­
er. A lthough sex ual segregati on, or spati al 
separation of sexes outside the mating 

l50 
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TABLE I . Scales of species interaction ana lyses at Sta rkey Experimental Forest and Range, 
northeastern O regon 

M easure of 
sca le 

Spatial extent acre (ha) 

Spatia l gra in acre (ha) 

Temporal extent (yrs) 
Tempora l gra in (mean 

number of days) 

"Spring (Johnson et at. 2000) 
b Summer (Coe et at. 200 I ) 

Elk and mule 
deer" 

19,0 12 (7,700) 

0.22 (0.09) 

4 
56.5 

c Spring, summer, and fall (Stewart et at. 2002) 
d Paslllre level ana ly sis 
c Plant comm unity level analysis 
r Pi xe l leve l analys is (resource selec tion functions) 
g 7-day model 
h 6-h r model 

season is nearly ubiquitous among polyg­
amous un g ul ates (Bowyer 1984, Mc­
Cu llough et al. 1989, Scarbrough and 
Krausman 1998, Kie and Bowyer 1999) 
our paper concentrates on distribution of 
females. Compari sons of distribution with 
and without one ungulate species present 
during the same season and on the same 
ground should help to illuminate whether 
co mpetition is occurring. Diet studies of 
ungul ates during different seasons, both 
with a nd without prior grazing a lso 
should help to establish competitive in­
teractions. 

Studies of ungul ate interactions began 
at Starkey in 1954 (Skov lin et a t. 1968). 
Deer were summer-long residents while 
e lk were spring (May- June) and fall mi­
grants through the area. The investigators 
monitored use by deer and elk in two rep­
licates of pasture systems supporting light 
[40 acres per animal unit (16 ha/animal 
unit)], moderate [30 acres per animal unit 
(12 ha/animal unit), and heavy [20 acres 
per animal unit (8 ha/animal unit)] cattle 
grazing. Over a period of 11 years (1954-
1964), e lk and mul e deer use was mea­
sured from pellet groups and plant utili­
zati on su rveys. They fo und that both e lk 
and mule deer used pastures not grazed 
by cattle mo re than any of the cattle­
grazed pastures, with use declining as cat­
tle stocki ng rate increased. They found 

Elk, mule 
E lk , mu le deer, deer, and 

and catt teb can tee 

19,012 (7 ,700)d, 5,926 3,457 ( I ,400) 
(2,400)c, 5,926 (2400)' 

5 ,926 (2 ,400)d, 19 (7.7)e, 0.22 5.55 (2.25) 
(0.09)r 

2 3 
27 7g, 0 .2511 

less of an effect by cattle on mule deer 
than o n e lk, indicating poss ible competi­
tion between e lk and cattle. 

METHODS 

In 1989 an ung ul ate-proof fence was 
built around Starkey for long-term studi es 
of elk, mule deer, and cattle (Rowland et 
a t. 1997). Three studies of spatia l inter­
actions among e lk, mule deer, and/or cat­
tle took place in the enclosed areas. The 
largest-sca le st ud y was co ndu cted in 
Main Study Area (19,026 acre [7,700 ha]) 
during spring, when only e lk and mul e 
deer were present (Johnson et at. 2000). 
In a smaller (5 ,930 acre [2,400 ha]) sub­
pasture of M ai n Study Area, Smith-Bally, 
responses of elk and mul e deer to catt le 
were investigated during early and late 
summer, and elk and mule deer di stribu­
tions were analyzed with and without cat­
tle present (Coe et al. 2001). Finally, in 
the 3,459 acre (1,400 ha) Northeast Study 
Area spatial and temporal competiti ve in­
teractions among all three species were 
documented (S tewart et al. 2002) . Scale 
of analysis was defined by spatia l extent 
(the size of the study area), spati al grain 
(the sma llest spatial unit used in analy­
sis), temporal extent (the time span of the 
study), and temporal grain (the smallest 
unit of time used in analysis; Tab le 1). 
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In Main Study Area we investigated in­
teractions of elk (n = 88) and mule deer 
(n = 45) during spring when cattle were 
not present (Johnson et al. 2000). Re­
source selection functions (RSF) were es­
timated for both species. A resource se­
lection function is a value for a resource 
unit that is proportional to the probability 
of the unit being used by an animal (Man­
ly et al. 1993). Resource units were rep­
resented as 98.4 by 98.4 feet (30 by 30 
m) cells. A resource selection function 
may be mapped as a probability of use by 
the species across a landscape. To inves­
tigate interspecific interactions between 
mule deer and elk the probability of use 
for one species was used as a variable in 
estimating a resource selection function 
for the other species. 

In Smith-Bally pasture we investigated 
responses of elk and mule deer to cattle 
at several spatial grains (Coe et al. 2001, 
Table 1). We analyzed counts of animal 
locations (n = 25-55 elk, 12-36 mule 
deer, and 35-42 cattle) at the pasture and 
habitat level within the pasture. We esti­
mated resource selection functions at the 
pixel level. To exarn.ine species use at the 
pasture level we used relative counts of 
elk and mule deer locations within the 
pasture versus in the rest of Main Study 
Area during years when cattle were pre­
sent and the same days during years when 
cattle were absent. A temporally correlat­
ed Poisson regression accounted for au­
tocorrelation among days and non-nor­
mally distributed count data. The same 
process was used to investigate whether 
elk and mule deer changed their use of 
four major habitat types within the Smith­
Bally pasture when cattle were present 
compared to when they were absent. Fi­
nally, resource selection functions were 
estimated for both elk and mule deer at 
the pixel level when cattle were present 
and when they were absent in Smith­
Bally pasture. Cattle resource selection 
functions were also estimated for the 
same time periods and at the same spatial 
grain. 

In the Northeast Study Area, Stewart et 
al. (2002) investigated the relative influ­
ence of interference versus exploitive 

competition among elk, mule deer and 
cattle, after accounting for niche parti­
tioning. Stewart et al. (2002) used multi­
variate analysis of variance (MANOV A) 
to examine seasonal niche partitioning 
among these three species of large her­
bivores by examining the interactions of 
animal locations with random locations (n 
= 465) for independent variables associ­
ated with habitat selection (e.g. habitat 
type, distance to water, distance to roads, 
slope, and aspect). Habitat variables in­
cluded in MANOVA models had been se­
lected previously from species-specific 
logistic regression to determine which 
variables were important to that species 
(Stewart et al. 2002). Multiple regression 
was used to examine competition among 
the three species while accounting for 
niche partitioning, by including habitat 
variables that had been selected from lo­
gistic regression being held in the model, 
and the number of sympatric species and 
conspecifics within a 5.55 acre (2.25 ha) 
area surrounding a focal animal location. 
Stewart et al. (2002) used two temporal 
windows to examine the relative effects 
of interference and exploitive competition 
in those multiple-regression models: a 6-h 
temporal window to investigate interfer­
ence competition, based on the number of 
sympatric animals that were present with­
in the 5.55 acre (2.25 ha) window ::!::: 3 
hrs of a focal animal location; and a 7-
day temporal window to examine effects 
of exploitive competition, based on the 
number of animals that were present 7 
days prior to the focal animal location. 
Finally, Stewart et al. (2002) compared 
movements of mule deer and elk two 
weeks before and after cattle were intro­
duced to the study area (early summer) 
and removed (autumn) to examine poten­
tial competitive displacement of mule 
deer and elk by cattle. 

RESULTS 

Elk and Mule Deer-Spring 

In Main Study Area during spring elk 
were found on flatter and more westerly 
aspects than mule deer, and farther from 
roads with high (greater than 4 vehicles/ 
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FIGU RE L. Resource se lection functi on va lues fo r e lk and mule deer during spring at Starkey 
Experimenta l Forest and Range (from Johnson e t a l. 2000). 

day) and med ium ( I to 4 vehicles/day) 
traffic (Figure 1). Several of the habitat 
attributes that mul e deer selected were 
opposite f ro m those e lk selected: for ex­
ample, mule deer se lected steeper and 
northeast-fac ing aspects, and sites c loser 
to high and medium traffic (Johnson et a l. 
2000). When the mul e deer resource se­
lecti on functi on was incorporated into the 
e lk resource selecti on functi on, and vice 
versa, the resulting coeffic ients for the in­
corporated resource selection functions 
were negati ve and signifi cant, indicating 
that each species selected resources that 
the other did not. The magnitude of the 
elk resource selection function in the 
mul e deer model was greater, however, 
indicating that mule deer were more 
strongly affected by elk than elk were by 
mule deer. Further investi gation revealed 
that mule deer use of five habitat types 
ranked according to elk RSF was in verse 
of elk selection . Elk habi tat selection 
within the ranked mule deer resou rce se­
lection function , however, displ ayed no 
pattern . Thi s is further indicati on that 
mul e deer may have been avoiding elk 
more than e lk were avoiding mul e deer. 

Elk, Mule Deer, and Cattle­
Summer 

At the pasture leve l e lk occurred less 
frequently in Smith-B all y pas ture when 
cattle were in troduced, both in early sum­
mer and late summer (Figure 2, top). T he 
e lk that stayed in the pasture when cattle 
were present shifted their use of the pon­
derosa pine/Douglas-fi r type as a result of 
cattle (Fig ure 2, bottom). In early summer 
e lk were di splaced from the ponderosa 
pine/Doug las-fi r habi tat by cattle. In late 
summer, elk were di splaced into the pon­
derosa pine/Douglas-fir habitat by cattle 
(Coe et a l. 2001 ). Forage in thi s habi tat 
was most palatable and nutriti ous in earl y 
summer, and consequently elk likely were 
negatively affected by this di splacement. 
At the pi xel level early summer resource 
selection functions for elk when cattle 
were present were significantly diffe rent 
fro m elk resource selec ti o n fun c ti o ns 
when cattle were absent. Conversely, late 
summer resource selection functions for 
e lk when cattle were present were simil ar 
to e lk resource selec ti on functions when 
cattl e were absent (Coe et al. 2001 ). In 
early summer elk selection fo r five habitat 
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FIGURE 2. Compari son of the proportion of e lk locati ons in Smith-Ball y pasture and in the 
ponderosa pine/Douglas fi r plant communi ty within that pasture, when cattle were present (open 
c irc les , n = 20 days) versus when cattle were absent (closed c irc les, n = 20 days) , Starkey 
Experimental Forest and Range, northeastern Oregon, 1993- 1996 (from Coe et a t. 2001 ). 

vari ables di ffered if cattle were absent; 
they selected sites with gentl er slopes, 
less convex topography, lower canopy, 
and sites closer to edge of fo rest stand, 
and further fro m roads with low traffic 
rates . In late summer, elk selected denser 
canopy when cattl e were absent, but oth­
erw ise elk resource selectio n functions 
did not di ffe r based on presence of cattle 
(Coe e t al. 2001 ). When we included the 
cattle resource selectio n func tion in the 
elk models, we found that cattle could be 
used as a predi ctor of elk distributio n in 
some conditi ons. With cattle absent e lk 
selected some of the same resources that 
cattle select in early spring . When cattle 
were present, however, elk selec ted di f­
ferent resources and were spatially sepa­
rate from cattle . Conversely, in late sum­
me r elk resource selection functi ons were 
simil a r to those of cattle, regardless of 
cattle presence. 

M ule deer reduced use of the Smith­
B ally pastu re in late summer when cattle 

were introduced but did no t change use 
in early summer with regard to cattle 
presence. M ule deer use of the ponderosa 
pine/Douglas-fi r habitat type was oppo­
site that of elk; mule deer were probably 
responding to e lk movements rather than 
cattl e movements. We observed mule 
deer changes in habi tat use to be opposite 
those of e lk in three o ut of fo ur season/ 
year combinations. Mule deer resource 
selection functions were not affected by 
the presence of cattle. 

Elk, Mule Deer, and Cattle-Spring, 
Summer, and Fall 

In Northeast Study Area, habitat selec­
tion differed among seasons fo r elk, mule 
deer, and cattle. Wil ks' lambda (P = 
0 .015) revealed an interaction of species 
(mule deer, elk, cattle) by location (used, 
random) that indicated differences in se­
lection of some habi tat variables among 
species (Stewart e t al. 2002) . Bivariate 
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e lk, and mule deer across seasons on the Starkey Experimenta l Forest and Range, northeaste rn 
Oregon , 1993- 1995 (from Stewart et al. 2002). 

plots of 95 percent confidence intervals 
indicated that cattl e di ffered from mule 
deer and elk by avoiding steeper slopes 
and high elevation s, particularly during 
spring and summer; by contrast, mule 
deer and elk overlapped in use of slope 
and elevation , but partitioned use of veg­
etative communities (Stewart et al. 2002, 
Figure 3). 

Spatial avoidance among mule deer, 
elk, and cattle was stronger for the 6-hr 
models than for the previo us 7 days; co­
efficients of association from multiple re­
gressions were strongly negative for the 
6-hr models, indicating strong avo idance 
among the three species during all sea­
sons (Stewart et al. 2002) . Stewart et al. 
(2002) observed an interaction of season 
by species by treatme nt (Wilks' lambda, 
P = 0 .046) and a species by treatment 

interacti on (Wilks ' lambda, P = 0.002) 
for use of slope and elevation by elk and 
mule deer following introduction and re­
moval of cattle during spring and autumn. 
Because those in teractions were signifi­
cant the authors analyzed species (elk and 
mule deer) and seasons separately. Elk 
moved to higher elevations following in­
troduction of cattle during spring, return­
ing to lower elevatio ns following removal 
of cattle in autumn (Stewart et al. 2002) . 
Conversely, mule deer moved to lower el­
evati ons following introduction of cattle 
during spring, possibly in response to di s­
placement of elk fo llowing introduction 
of cattle (Stewart et al. 2002). The addi­
tion of cattle to Northeast Study Area did 
not affect the slope of habitats used by 
mule deer during spring, although deer 
moved to more level ground following re-
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FIGURE 4. Standardized competition coef­
ficients as determined from weighted multiple 
regressions for elk, mule deer, and cattle dur­
ing autumn (September 15 to October 15) in 
Starkey Experimental Forest and Range, 
northeastern Oregon. Number of conspecifics 
(C = cattle, D = mule deer, and E = e lk) , 
plus the focal animal , was the dependent var­
iable for 6-hr and 7-day models (from Stewart 
et al. 2002). 

moval of cattle in autumn (Stewart et al. 
2002). 

Resource partitioning for the 6-hr mod­
els was interpreted as interference com­
petition, while 7-day partitioning was in­
terpreted as possible interference or ex­
ploitive competition. In autumn (Sep 15-
0ct 15) coefficients were strongly posi­
tive, compared to spring and summer, in 
all of the 7-day models, indicating spatial 
overlap among all species occurred (Fig­
ure 4) . The exception, during autumn, 
was the elk model, where elk continued 
to avoid cattle. Mule deer more strongly 
avoided elk than elk avoided mule deer 
as evidenced by non-significant mule deer 
variables in the elk models, but highly 
significant elk variables in the mule deer 
models. This occurred for all seasons ex­
cept during the earliest period (15 June-
30 June). 

DISCUSSION 

Three separate investigations yielded 
similar information about spatial relation­
ships of elk, mule deer, and cattle within 
Starkey at three different scales. Spatial 
separation was noted for elk and mule 
deer and for elk and cattle at all scales 
analyzed during spring and early summer. 
At the largest scale, Main Study Area, re­
markable spatial separation was seen for 

elk and mule deer (no cattle present) in 
spring, so much so that maps of resource 
selection functions for each species were 
nearly mirror images. In Smith-Bally pas­
ture spatial separation of elk and mule 
deer was evidenced in that mule deer re­
sponse was opposite to that of elk in their 
use of plant communities. In Northeast 
Study Area spatial separation between elk 
and mule deer was maintained in the 
5.55 -acre (2.25-ha) neighborhood sur­
rounding each focal animal in early sum­
mer for both temporal scales analyzed. 

Elk and cattle spatial separation oc­
curred in the two studies where cattle 
were present. Both studies concluded that 
elk avoid cattle during summer. Both 
studies also noted more overlap among 
all ungulates during late summer; spatial 
overlap of all species during late summer 
and fall occurred in the two studies that 
encompassed these seasons. This overlap 
is indicative of possible exploitive com­
petition occurring both among and be­
tween the three species of ungulates as 
forage resources become depleted later in 
the grazing season, especially in light of 
other findings at Starkey. Other Starkey 
studies have found nutritional deficits of 
both elk and cattle in late summer (Cook 
et al. 2004, Holechek et al. 1982). Spatial 
overlap, indications of nutritional deficits, 
and diet overlap in grand fir (Abies gran­
dis) habitats during August (Findholt et 
al. 2004), implicate competition for re­
sources as a potential limiting factor in 
ungulate productivity during late summer 
and fall. 

All of the analyses are consistent with 
the hypothesis of a cascading effect of 
larger ungulates displacing smaller ones. 
In both the Smith-Bally and the Northeast 
Study Area analyses, cattle displaced elk, 
and all three studies cited evidence of elk 
di splacing mule deer. If this hypothesis is 
true (i.e. , larger ungulates choose habitat 
first) , elk could suffer nutritional deficits 
sooner than cattle, and deer sooner than 
elk in a foraging-limited situation. 

POLICY IMPLICATIONS 

• The cascading effects of larger herbi­
vores choosing resources before small-
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er herbi vores impl y that resource man­
agement decisions that change distri­
bution of cattle will likely change dis­
tributions of e lk and mule deer. 

• Cattle are the most eas ily mani pul ated 
and largest herbivore in northeastern 
Oregon and thus can be a tool in man­
aging spatia l distributions of e lk and 
mule deer. 

• Careful management of ung ul ate den­
sity in late summer and fa ll (e.g., 
stocking reductions in areas of high un­
g ul ate overlap) could he lp ac hi eve 
higher productivity of both wild and 
domestic ungulates as forage resources 
become limited. 

• Resource selectio n functions, which 
accou nt for interspecific interactions of 
elk, mule deer, and cattle, can be used 
to predict animal distributions over a 
landscape and as part of a larger model 
to predict forage removal and animal 
productivity. 

• Estimating anima l unit equi valents is 
dependent on two basic factors- dis­
tributional overlap and dietary overlap. 
Animal unit equivalents cannot be 
based strictly on body weight, as re­
sults from our studi es indicate spatial 
separation occurs, effectively discount­
ing the animal unit eq uivalencies for 
these three species. 
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Diet Composition, Dry Matter Intake, and 
Diet Overlap of Mule Deer, Elk, and Cattle 

Scott L. Findholt, Bruce K. Johnson, Daalkhaijav Damiran, 
Tim DelCurto, and John G. Kie 

Mule deer (Odocoileus hemionus), elk 
(Cervus elaphus), and cattle share range­
lands throughout much of interior western 
North America. Considerable debate ex­
ists about the degree to which facilitation 
or competition occurs for forage between 
these three species (Nelson 1982, Wis­
dom and Thomas 1996, Miller 2002). 

Prior cattle grazing can have beneficial 
effects on elk nutrition. The removal of 
forage by cattle can improve forage qual­
ity by enhancing regrowth of forage or by 
changing ratios of live to dead plant ma­
terial (Cook 2002), and forage quality on 
elk winter ranges in the interior North­
west can be improved by cattle grazing in 
the spring (Anderson and Scherzinger 
1975, Clark 1996). To date, however, 
studies have not shown enhancement of 
forage quality in the summer following 
late spring or early summer grazing by 
elk or cattle. 

Competition for forage between mule 
deer, elk, and cattle is probably greatest 
on winter and spring/autumn ranges (Nel­
son 1982, Wisdom and Thomas 1996), 
and minimal between wild ungulates and 
cattle during summer (Miller 2002). Most 
summer ranges for mule deer and elk are 
on large areas of public land containing a 
diversity of habitats and high potential for 
forage production (Miller 2002). On some 
summer ranges, however, competition for 
forage may exist in late summer and early 
fall because forage quality can be poor 
and not meet nutritional requirements of 
wild ungulates and cattle (Torbit 1985, 
Hanley et al. 1989, Cook 2002). This is 
especially evident in regions where sum­
mer drought is the normal part of the cli­
matic regime (Vavra and Phillips 1980, 
Svejcar and Vavra 1985). 

On the Starkey Experimental Forest 
and Range (Starkey), northeast Oregon , 

competition for forage may occur in late 
summer among all three species, espe­
cially between elk and cattle (Coe et al. 
2001, Stewart et al. 2002) . Conditions at 
Starkey typify those on summer ranges 
shared by mule deer, elk, and cattle in for­
ests of the interior western United States. 
Consequently, we conducted a manipu­
lative experiment on Starkey summer 
range to evaluate the potential for com­
petition or facilitation for forage among 
mule deer, elk, and cattle in grand fir 
(Abies grandis) forests. Our specific ob­
jectives were to determine diet composi­
tion, dry matter intake rates, and percent 
dietary overlap of all three species in re­
sponse to prior grazing by elk and cattle. 
In this paper we focus on results obtained 
from the bite count data. A detailed anal­
ysis of the nutritional consequences of 
previous grazing by elk or cattle on sub­
sequent diets of mule deer, elk, or cattle 
will be presented elsewhere (Damiran in 
prep.). Results from our study could im­
prove range management for mule deer, 
elk and cattle on public land, especially 
with regard to allocating forage among 
these three species when ranges are 
shared in forested habitats (Ager et al. 
2004). 

STUDY AREA 

Starkey is located on the Wallowa­
Whitman National Forest, 22 miles (35 
km) southwest of La Grande, Union 
County, northeast Oregon. Vegetation is a 
mosaic of coniferous forests and open ar­
eas containing shrublands and grasslands. 
Forest stands are dominated by ponderosa 
pine (Pinus ponderosa), with grand fir, 
and Douglas fir (Pseudotusga menziesii) 
occurring on northern aspects. Elevation 
ranges from 3,675 to 4,922 feet (1 ,120 to 
1,500 m) . 

!59 
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FIGURE 1. Layout of pastures used to de­
termine diet composition, bite rates, dry mat­
ter intake, and diet overlap among cattle, elk, 
and mule deer in response to previous grazing 
by cattle or elk on the Starkey Experimental 
Forest and Range, northeast Oregon . 

We conducted our research in four, 
5.56-acre (2.25-ha) enclosures located in 
grand fir-forests logged 15-20 years ago. 
We chose the grand fir vegetation type 
because of its dominance on summer and 
fall ranges in the Blue Mountains and the 
interior western United States. Moreover, 
grand fir forests support a high level of 
forage production, particularly after log­
ging or burning. In addition, other re­
search at Starkey indicated that mule deer, 
elk, and cattle concentrated much of their 
foraging activity after mid-summer on 
early successional stages of logged grand 
fir vegetation types (Coe et al. 2001). 

METHODS 

Grazing Treatments 

Each enclosure contained three, 1.85 
acre (0.75 ha) pastures (Figure 1). In 
1998 and 1999, during late June and 
again in mid to late July, one pasture of 
each enclosure was grazed by four to five 
steers and another pasture was grazed by 
four elk. The remaining pasture of each 
enclosure was not grazed (control pas-

ture). Our goal during grazing treatments 
was to have 40 percent of the current 
year's vegetation production utilized by 
elk and steers on each pasture. This is the 
standard used by the U.S . Department of 
Agriculture, Forest Service for cattle al­
lotments on upland sites in good condi­
tion in northeast Oregon. Assignment of 
grazing treatments to pastures was done 
randomly, and remained the same in 1998 
and 1999. 

Feeding Trials 

After completion of the grazing treat­
ments each 1.85 acre (0.75 ha) pasture 
was subdivided into three, 0 .62 acre (0.25 
ha) pastures. In August 1998 and 1999 
we used bite-counts to obtain information 
on diet composition of tractable mule 
deer, elk, and cattle from each pasture as 
described by Wickstrom et al. (1984). 
Each 0.62 acre (0.25 ha) pasture was 
grazed by 4 mule deer, 4 elk, or 4 steers. 
The elk and steers were the same animals 
used during grazing treatments . We con­
ducted four feeding trials with each ani­
mal in each 0.62 acre (0.25) ha pasture. 
This resu lted in 16 feeding trials for each 
species in each treatment at the four en­
closures, for a total of 192 feeding trials 
for each species each year. 

During each 20 minute feeding trial we 
used a small hand-held tape recorder to 
record the number of bites of each p lant 
species consumed. We randomly assigned 
animal species to pastures for the feeding 
trials at the start of each year. 

Dry Matter Intake 

After feeding trials were completed in 
each 0.62 acre (0.25 ha) pasture, we 
clipped at least 25 samples of the most 
common plant species (greater than 5 per­
cent of the diet) to simulate plant parts 
and sizes of bites recorded during feeding 
trials. Samples were oven-dried at 122 
degrees F (50 degrees C) to constant 
weight. We calculated mean weights of 
bites of each plant species found in the 
diet in each 0.62 acre (0.25 ha) pasture. 
Mean weights were multiplied by the 
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FIGURE 2. Bites/minute of cattle, elk, and mule deer in response to previous grazing by 
cattle or elk on the Starkey Experimental Forest and Range, northeast Oregon. 

number of bites of each plant species to 
determine total dry matter intake. 

Data Analysis 

Data were analyzed as a split-plot de­
sign with the Proc Mixed procedure in 
SAS (Littell et al. 1996) to determine 
whether diets of mule deer, elk, and cattle 
differed among pastures previously 
grazed by cattle or elk and control (un­
grazed) pastures. We used the least 
squares (LS) means procedure of SAS to 
determine if treatment means were differ­
ent. Bite count data (bites/minute) were 
used to calculate percent overlap in diet. 

Percent overlap of major forage classes 
composing the diets of mule deer, elk, 
and steers was determined with Horn's 
Index of Similarity (Horn 1966). 

RESULTS 
Diet Composition and Bite Rates 

Cattle 

Total bites/minute of steers was less in 
pastures previously grazed by cattle in 
1998 and 1999 compared to ungrazed 
pastures and pastures previously grazed 
by elk (P :s 0.03; Figure 2). Graminoids 
composed the bulk of the steer diets both 
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years (Figure 3). Steers consumed less 
graminoids and more shrubs/trees in pas­
tures previously grazed by cattle however, 
compared to ungrazed pastures or pas­
tures previously grazed by elk in 1998 
and 1999 (P ::5 0 .04). Also, steers con­
sumed more forbs in pastures previously 
grazed by cattle in 1999 (P ::5 0.02) but 
not in 1998 (P :?: 0.11). Intake of major 
forage categories in steer diets did not 
change in response to prior elk grazing (P 
> 0.10). 

Elk 

Total bites/minute of elk was greater in 
pastures previously grazed by elk com­
pared to ungrazed pastures in 1998 (P = 
0.02), but not in 1999 (P = 0.58; Figure 
2). Although elk consumed mostly forbs , 
graminoids, and shrubs/trees, Lichens 
were also prevalent in their diets (Figure 
3). Bites/minute of graminoids in elk di­
ets was greater in pastures previously 
grazed by elk compared to pastures pre­
viously grazed by cattle during both years 
(P ::5 0.01). Elk diets also contained more 
graminoids in pastures previously grazed 
by elk compared to control pastures in 
1998 (P = 0.05). Bites/minute of forbs 
was higher in pastures previously grazed 
by cattle compared to control pastures 
and pastures previously grazed by elk but 
less in pastures previously grazed by elk 
compared to control pastures (P ::5 0.03). 
In 1998 bites/minute of elk did not vary 
with treatment (P :?: 0.43). However, this 
same year elk consumed more shrubs/ 
trees in pastures previously grazed by cat­
tle compared to control pastures (P = 
0.02). In 1998 and 1999 elk consumed 
less lichen in pastures previously grazed 
by elk (P ::5 0.05; Figure 3). 

Mule deer 

Total bites/mjnute of mule deer did not 
vary with treatment either year (P > 0 .10; 
Figure 2). Mule deer consumed mostly 
forbs and shrubs/trees (Figure 3) . Intake 
of graminoids, forbs , shrubs/trees, and 
other food did not differ in those pastures 
previously grazed by cattle or elk com­
pared to control pastures (Figure 3). 

Dry Matter Intake 

In 1998 and 1999 total dry matter in­
take (grams/minute) of steers was less in 
pastures previously grazed by cattle com­
pared to pastures previously grazed by elk 
or ungrazed pastures (P ::5 0.03; Figure 
4) . Total dry matter intake (grams/rm­
nute) did not vary among treatments ei­
ther year for elk or mule deer (P :?: 0.26; 
Figure 4). 

Percent Diet Overlap 

Mean diet overlap of major forage clas­
ses in control pastures (ungrazed pas­
tures) was 49 percent between cattle and 
elk, 59 percent between mule deer and 
elk, but only 19 percent between cattle 
and deer when data from 1998 and 1999 
were combined (Figure 5). During both 
years, diet overlap between cattle and 
deer increased in pastures previously 
grazed by cattle (P ::5 0.01), but not in 
pastures previously grazed by elk (P :?: 

0.67) . Percent diet overlap between cattle 
and elk was higher in pastures previously 
grazed by elk compared to control pas­
tures both years (P ::5 0.006) and also 
higher in pastures previously grazed by 
cattle in 1999 (P ::5 0.001). Percent diet 
overlap between mule deer and elk did 
not vary with treatment either year (P :?: 

0.17) . 

DISCUSSION 

Numerous studies have evaluated the 
food habits of mule deer, elk, and cattle 
(Kufeld 1973, Kufeld et al. 1973, Hole­
chek 1979, Cook 2002). These studies 
show large variation by year of study, lo­
cation, specific herbivore, and research 
technique. Thus, in this discussion we fo­
cus on the results of our study in relation 
to other studies in northeast Oregon 
where habitats are generally sirrular to 
those in our study area. 

Forage intake estimated from clipping 
or handpicking simulated bites that rep­
resent bites ingested can be biased, es­
pecially with wild ungulates (Parker et al. 
1993). In our study, results from bite 
counts (bites/minute) and dry matter in-
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FIGURE 3. Diet composition of cattle, elk, and mule deer by major forage category on the 
Starkey Experimental Forest and Range, northeast Oregon. Diet composition was derived from 
bite count data. 

take rates (grams/minute) showed similar 
effects of previous grazing by cattle or 
elk. This similarity suggests that both 
methods can be used to estimate diet 
composition and evaluate the potential for 
competition for forage among mule deer, 
elk, and cattle. 

Holechek et al. (1982) found that cattle 
grazed mostly on grasses, but also con­
sumed large quantities of forbs and 
shrubs in ponderosa pine or Douglas fir 
forest types at Starkey in late summer. In 
our study, cattle also consumed mostly 
grasses and sedges . In response to previ­
ous cattle grazing, however, cattle re-

duced their consumption of graminoids 
and increased their use of forbs and 
shrubs . The potential for competition for 
forage between cattle and elk and cattle 
and mule deer increased when cattle 
changed their diets as preferred cattle for­
age was consumed. Holechek et a l. 
(1982) and Miller and Vavra (1981) also 
reported that cattle readily switch their di­
ets from one forage type to another. E lk 
are an intermediate feeder compared to 
mule deer or cattle (Kufeld 1973, Hof­
mann 1988). Edgerton and Smith (1971) 
found that elk and mule deer diets con­
sisted of 58 percent grasses and sedges, 
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FIGURE 4 . Total dry matter intake (grams/ 
minute) of cattle, e lk, and mule deer in re­
sponse to previous grazing by cattle or e lk on 
the Starkey Experimental Forest and Range, 
northeast Oregon. 

27 percent forbs, and 15 percent shrubs 
during summer at Starkey. In their study 
it was not possible to separate elk from 
mule deer diets because forage produc­
tion and utilization were estimated on 
summer range shared by the two species. 
Korfhage (1974) and Korfhage et al. 
(1980) found that elk diets in the Blue 
Mountains, northeast Oregon were evenly 
balanced among all major vegetati ve 
components but forbs and shrubs were 
more important dietary components than 
graminoids during late summer. In our 
study, elk diets consisted of a more even 
percentage of all major forage classes in 
contrast to the more concentrated diets of 
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FIGURE 5 . Pe rcent diet overlap among 
m ule deer, elk, and cattle by major forage cat­
egory calculated with Horn 's Index of Simi­
larity at the Starkey Experimental Forest and 
Range, northeast Oregon. B ite count data 
were used to determine percent diet overlap. 

m ule deer and cattle. Interestingly, elk 
consumed a substantially higher percent­
age of lichens, with no consumption of 
this forage by cattle, and only a minor 
percentage consumed by mule deer. Like 
cattle, elk also switched their diets in re­
sponse to previous grazing. The most dra­
matic change in elk diets was in pastures 
previously grazed by elk. Elk appeared to 
increase their consumption of graminoids 
in response to a decline of available li­
chens. This increased the potential for 
competition between cattle and elk. 

Other research at Starkey suggests that 
competition may exist between cattle and 
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e lk during late summer. In ponderosa 
pine-bunchg rass summer range at Star­
key, Skovlin et a l. (1968) found that e lk 
use decreased as rate of cattle stocking 
increased. In a more recent study at Star­
key, Coe et al. (2001) di scovered that 
when cattl e were present, e lk use of the 
same pastures decreased and use of the 
ponderosa pine/Do ug las fir pl ant com­
muni ty in the same pasture increased in 
la te summer. In Co lo rado, howeve r, 
Hobbs et al. (1996) found that at high 
densiti es, e lk were in direct competition 
with cattle, but at low density, e lk had a 
fac ilitati ve effect o n cattle diets . 

Because of the ir anatomical and di ges­
ti ve attributes, mule deer were expected 
to have a more selective diet and choose 
higher quality forages than e lk or cattle 
(Hofmann 1988). Mule deer switched 
their diet the least of the three herbi vores 
in respo nse to previous grazing by cattle 
or e lk. Thi s lack of fl exibili ty in their di et 
could result in increased competition wi th 
e lk or cattl e in areas that have high un­
gul ate or cattle densities or low fo rage 
production . Kie et a l. (1 99 1) concluded 
that competi tion between cattle and mule 
deer was hi ghest during years of below­
average precipitati on. Austin and Urness 
( 1986), however, co ncluded that deer and 
cattle did not compete for fo rage in the ir 
study area as deer use increased. 

In our st\.]dy we determined the crude 
prote in (CP), ac id detergent fi ber (ADF), 
neutral detergent fiber (NDF), and in vitro 
dry matter digestibili ty (IVDMD) of plant 
samples collected that represented those 
parts of species common in the diets of 
mule deer, elk, and cattle (Damiran et al. 
2003). The most dramatic effect of prior 
grazing on subsequent diets of mule deer, 
elk, or cattle was the influence of previ­
ous cattle grazing on diets of steers . 
Grams/minute of CP and IVDMD con­
sumed by cattle in pastures previously 
grazed by cattle was 32.4 and 43.0 per­
cent less respectively, compared to con­
trol (ungrazed) pas tures . Thi s sugges ts 
that the potenti al fo r intraspecific com­
petiti on among cattle in secondary suc­
cession grand fir vegetation types is high 
during late summer. 

Our results support Holechek's e t a l. 
(198 1) fi ndings that, overall , the diets of 
cattle at Sta rkey did not meet the Natio nal 
Research Council (NRC) standard fo r nu­
tri ent (CP and di gestible energy (DE)) re­
quire ments during late summer. By con­
trast, nutri ent intake of mul e deer and e lk 
did not change in respo nse to previ o us 
grazing by cattl e or e lk (Damiran et a l. 
2003). 

One measure of the potentia l for com­
peti tio n be tween species is the amount of 
di etary overl ap. Diet overl ap or lack of 
di et overlap, however, does not necessar­
ily equate to hig h or low levels of co m­
petiti on. One wo uld expect that the di s­
tinct di ffe rences in ruminant phys iology 
among mul e deer, e lk, and cattle would 
resul t in low di etary overl ap, espec ia lly 
between mule deer and cattle (Hanley 
1982, Baker and Hobbs 1987, Hofmann 
1988). Willms e t a l. (1980) observed that 
mul e deer di e ts in Briti sh Columbi a 
changed in response to varying levels of 
fo rage utili zati on by cattle. When forages 
were abundant, cattle and deer diets were 
simil a r, but as fo rage utili zati o n in ­
creased, die t overlap decreased , with deer 
preferring shrubs and cattle preferring 
g rasses . In o ur study diet overl ap was the 
lowest between cattle and mul e deer in 
ungrazed pastures. The potenti al for com­
petiti on between these two species, how­
ever, increased greatly in response to pre­
vious cattle grazing. Steers consumed less 
graminoids and more forbs and shrubs in 
response to prior cattle grazing. This 
switching of cattle diets from graminoids 
to forbs and shrubs nearly doubled the di­
etary overlap between cattle and deer. By 
contrast, D amiran e t al. (2003) found that 
intake of CP and IVDMD for mule deer 
did not change in response to prior graz­
ing by cattle or elk, suggesting that com­
petition was not occurring at the grazing 
in tensity in our study even though diet 
overlap increased. 

The greatest potential for competi tio n 
in ungrazed secondary succession grand 
fi r was between mule deer and elk. Mule 
deer and elk consumed many of the same 
forbs and shrubs . Dietary overl ap of mul e 
deer with elk, however, did not change in 
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response to previous grazing by cattle or 
elk. Coe et al. (2001) found that mule 
deer use of pastures at Starkey declined 
when elk were present which suggests 
that interference competition may be oc­
curring between these two species. 

Dietary overlap was also high between 
cattle and elk, especially in pastures pre­
viously grazed by steers or elk. As others 
have suggested, the dietary choices of elk 
can overlap closely with dietary selection 
by cattle, making the two species poten­
tial competitors for available forage. 
Based on interactions between cattle and 
elk at Starkey Coe et al. (2001) concluded 
that dietary competition for forage could 
occur between elk and cattle in late sum­
mer. At the level of grazing in our study, 
CP and IVDMD in elk diets were not af­
fected by previous grazing but these two 
nutrients declined in steer diets (Damiran 
et al. 2003). As mentioned previously, 
however, the decline in CP and IVDMD 
in cattle diets was a result of intraspecific 
competition for forage among cattle, not 
interspecific competition with elk. 

In contrast to results from our study, 
Stewart et al. (2003) determined diet 
composition of free-ranging mule deer, 
elk, and cattle at Starkey using micro­
histological analyses of fecal samples and 
found little overlap in dietary niche 
among these three herbivores. This study 
was conducted later in the summer during 
July and August however, and on free­
ranging animals with access to a variety 
of habitat types. Also, cattle feces were 
collected from the Main Study Area and 
feces from mule deer and elk were col­
lected from the Northeast Study Area 
where cattle were not present. Finally, re­
sults from microhistological analyses of 
fecal samples are not comparable to bite 
count data because of inherent biases as­
sociated with fecal samples that cannot 
control for different rates of digestion of 
different forage classes (Mcinnis et al. 
1983). 

Our results suggest that inter- and in­
traspecific competition for forage may ex­
ist among all three species during summer 
in previously logged grand fir forests. 
However, realization of competition de-

pends on the densities of the various her­
bivores and annual net primary produc­
tion, and on diet overlap resulting in neg­
ative nutritional consequences. The prob­
ability of competition would be increased 
during years of low forage production, 
heavy herbivore stocking, or both. More­
over, demonstration of true competition 
between two or more species requires a 
documented reduction in animal or pop­
ulation performance by one species as a 
result of sharing a limited resource with 
the other species (Wisdom and Thomas 
1996). 

POLICY IMPLICATIONS 

1. Our results suggest that intra- and in­
terspecific dietary competition may 
exist among mule deer, elk and cattle 
during the summer in secondary suc­
cession grand fir vegetation types. 
Consequently, it is important for man­
agers to monitor the forage base in this 
habitat type and if necessary, reduce 
livestock use to maintain plant vigor 
and leave adequate forage for mule 
deer and elk. Or, alternatively, it may 
be necessary to reduce densities of 
mule deer and elk to maintain ade­
quate nutrition for cattle. Which ap­
proach is taken (reduction of livestock 
or wild ungulate use) depends on the 
multi-species objectives set for the al­
lotment, as evaluated from analyses of 
the trade-offs of varying stocking rates 
among the species (Wisdom and 
Thomas 1996). Although the fitness of 
mule deer and elk may not be affected 
during the summer, their ability to sur­
vive severe winters and reproduce may 
be negatively affected by poor sum­
mer nutrition (Cook et al. 2004). 

2. We found no strong evidence that pre­
vious elk or cattle grazing improved 
forage quality of mule deer, elk or cat­
tle that grazed the same pastures later 
that year. During the summer in sec­
ondary succession grand fir it appears 
that prior grazing by cattle or elk does 
not improve the forage quality for 
those herbivores that subsequently 
graze the same pastures. In our study, 
however, forage quality did not im-
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prove subsequent to cattle and e lk 
grazing because soil moi sture may not 
have been adequate in late June and 
July for vegetation regrowth. The po­
tential for prescribed cattle grazing, 
however, as a management tool to 
mainta in or improve mule deer and elk 
forage during late summer needs more 
exploration. 

3. High die t similarity among these three 
species and an increase in di etary 
overlap in response to prev ious graz­
ing by cattle and e lk indicate that cat­
tle and e lk readily shift the ir diets dur­
ing late summer. Thi s knowledge will 
help managers optimize use of grand 
fir vegetation types for grazing by wild 
ungulates and livestock. 

4. Overall, based on our findings and re­
search by others (Holechek et al. 
1981), the diets of cattle may not meet 
the NRC standard for nutrient (CP and 
DE) requirements during summer in 
forested vegetation types at Starkey. 
This finding further suggests that com­
petition for forage is more like ly dur­
ing summer, and deserves careful con­
sideration in allotment management 
planning for areas with similar envi­
ronmental conditions as Starkey. 

S. Our project and other studies indicate 
a need for additional research on inter­
and intraspecific competition for for­
age among mule deer, elk, and cattle. 
More questions remain on how the 
timjng and intensity of grazing affects 
the nutritional condition and fitness of 
all three species. Likewise, it would be 
helpful to have more information on 
their habitat selection and distribution­
al overl ap. Thi s will help contribute to 
the continuation of the multiple use 
concept mandated on public lands and 
guarantee proper management of the 
forage resource. 
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Landscape Simulation of Foraging by Elk, 
Mule Deer, and Cattle on Summer Range 

Alan A. Ager, Bruce K. Johnson, Priscilla K. Coe, and 

Michael J. Wisdom 

INTRODUCTION 

Cattle, mule deer ( Odocoileus hemion­
us), and elk (Cervus elaphus) share more 
area of spring, summer, and fall range 
than any other combination of wild and 
domestic ungulates in western North 
America (Wisdom and Thomas 1996). 
Not surprisingly, conflicts over perceived 
competition for forage have a long hi s­
tory, yet knowledge about actual compe­
tition is limited (Van Dyne et al. 1984b, 
Hobbs et al. 1996, Johnson et al. 1996). 
One of the first studies of the Starkey 
Project (Rowland et al. 1997) was de­
signed to address the issue of whether 
mule deer and elk compete with cattle for 
available forage on summer range. A 
component of this study was to build a 
forage allocation model that could be 
used to analyze forage allocation prob­
lems on summer range in the Blue Moun­
tains. This model would use data on an­
imal spatial distributions, resource selec­
tion patterns, behavioral interactions, and 
diet selection of cattle, elk, and mule deer 
collected as part of the Starkey Project at 
the Starkey Experimental Forest and 
Range (Johnson et al. 2000; Coe et al. 
2001, 2004; Findholt et al. 2004). 

Modeling the forage removal and ani­
mal performance for multiple species of 
ungulates across large landscapes is a 
complex problem (Weisberg et al. 2002). 
The high degree of temporal and spatial 
variability in ungulate distri butions, for­
age production, and nutritional value of 
forage contribute to the problem (Wisdom 
and Thomas 1996). Several early forage 
allocation models built for western range­
lands were never widely used, owing to 
insufficient data, model complexity, and 
institutional barriers (Van Dyne et al. 
1984a, Mcinnis et al. 1990). A prototype 
forage allocation model built from Star-

key data (Johnson et al. 1996) suffered 
from similar problems, but did provide a 
framework for further di scussions and 
model development (Vavra et al. 2004). 
This model used linear programming with 
a weighted objective function that con­
tained terms for forage production, forage 
energy content, and resource selection co­
efficients. Animal foraging behavior 
could be optimized with respect to each 
of these three variables or some weighted 
combination. The Johnson et al. (1996) 
model generated reasonable predictions 
of species distributions and forage con­
sumption patterns at monthly time steps. 
However, the linear programming frame­
work was cumbersome and had limited 
capability to analyze the temporal dynam­
ics of ungulate foraging behavior. 

Using many of the parameters from the 
earlier work, we built a more detailed, 
spatially-explicit individual animal ~or­

aging model (heretofore Starkey Foragmg 
Model, SFM). Initial testing of this model 
was described in Vavra et al. (2004). In 
thi s paper we describe additional devel­
opments and testing, and demonstrate the 
model's capability to predict forage re­
moval and animal performance at Star­
key. Ultimately, the model or subsequent 
outgrowths are intended for use in allot­
ment management planning on summer 
ranges shared by cattle, mule deer, and 
elk. 

METHODS 

The Starkey Foraging Model uses em­
pirical data on habitat preferences, forage 
production, forage quality, and energy 
dynamics of cattle, mule deer, and elk. 
These data are coupled with information 
on foraging behavior to simulate forage 
consumption by the three ungulates on 
the Starkey landscape. The SFM was de-

170 
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veloped in Object Pascal using the Delphi 
6 (Borland Inc. , Scotts Valley CA) inte­
grated development environment. Data 
sources used for the SFM are described 
in detail by Vavra et al. (2004) and sum­
marized here. 

Habitat preferences for each species 
were incorporated using resource selec­
ti o n functions deve loped at Starkey 
(Johnson et al. 2000, Coe et a l. 2001). 
These resource selection functions (RSFs) 
were estimated from Starkey telemetry 
data coll ected between 1993 and l 996, 
and were calcul ated fo r monthly time 
steps, from April through October (Tables 
I , 2). The RSF's represent the probability 
of an animal visiti ng a particular pi xel 
over the monthly inte rval, as described by 
Johnson et a l. (1996, 2000). 

Forage production was e timated us­
ing several empirical mode ls built from 
Starkey data (eli pped plots from 1993-
2000) and other sources (Vavra et al. 
2004). We built functions to predi ct 
herbage production as a function of cal­
endar day for grass lands , ponderosa pine 
(Pinus ponderosa) and riparian ecotypes. 
The equations for these ecotypes we re 
extrapolated to the seven plant associa­
tion groups in the model (moi st mead­
ows, dry meadows, bunch grass and 
shrub lands, warm dry forests with grass 
understory, warm dry forests with shru b 
understory, cool moist forest with grass 
understory, coo l moi st forest with shrub 
understory). The forage production was 
partitioned into forbs, grass, and shrubs 
using scaling factors developed by Hall 
(1973) and Johnson and Hall (1990) . The 
growth functions were also adjusted for 
canopy closure on a pixel basis using re­
lationships developed at four grazi ng ex­
closures at Starkey and the data of Pyke 
and Zamora (1982). Forage growth was 
represented in the model on a daily time 
step, and we used the same growth func­
tion s for forage re-growth as those used 
for initial forage growth. 

Forage quality, as measured by in-vitro 
digestible energy (IVDDM) of forage was 
obtained from the literature (Holechek et 
al. 1981 , Svejcar and Vavra 1985, Sheehy 
1987, Westenskow 199 1) and data from 

Starkey. Digestible energy (DE) was cal­
culated from IVDDM using methods of 
McGinnis et al. (1990), with estimates 
made on a monthly time step . 

T he spatial dynami cs of animal forag­
ing were mode led as a multi -scale process 
that involved the selection of foraging 
patches and subsequent selection of for­
age within the patch . We used concepts 
and data from a variety of sources for the 
foragi ng component of the model (Spal­
inger and Hobbs 1992; Gross e t al. 1993, 
1995; Shipley and Spalinger 1995; Ba iley 
1996) as well as observations o n elk and 
deer movements at Starkey (Ager et a l. 
2003). Foragi ng patches were defined at 
the same scale as the Starkey spatial da­
tabase, that is, 30 by 30 m pi xel. Selec­
tion of fo raging patches was modeled by 
using a neighborhood search algorithm 
that searched a I 0 by 10 pixel neighbor­
hood, and that subsequently chose the 
pixel that max imized an index of prefer­
ence according to: 

where 

PREFP = (RSFspm X W,5r) 

+ (DEpm X Wqual) 

+ (Fpm X Wmass ) (1) 

PREFP = p ixel preference score for 
pixel p ; 

RSFspm = resource selection function 
score (0 ::; RSF ::; 1) fo r 
species s, pixel p, and 
month m ; 

DEpm = digestible energy in Meal/kg 
forage for pixel p and 
month m ; 

Fpm = forage (kg/ha) present on 
pixel p and month m. 

Here, w rSf' w qual, wmass are weighting 
coefficients that control the relative im­
portance of habitat selection , forage qual­
ity (DE) and standing forage biomass in 
the foraging process. The formulation 
recogni zed that both resource selection 
functions and forage characteristics need 
to be considered in the selection of for­
aging areas. Initi ally we used a product 
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TABLE l. Coeffi cients of resource selection functions for mule deer and elk during six 

mo nthly time steps in M ajn Study Area 1993- 1996, Starkey Experimental Forest, northeastern 

Oregon. Seasons 1- 6 correspond to May 16- June 15 , June 16- July 15, July 16- August 15, 

August 16- September 15 , September 1 6-0 ctober 15, and October 16- November 15 . Coeffi -

c ie nts are standardi zed (top) and non-standardi zed (bottom). Coeffi c ients fo r elk when cattl e 

were not present were estimated in Smith-Bally pasture (seasons 2 and 5) and Bear pasture 

(seasons 3 and 4) 

Dist. Dist. Dist. Dist. 

edge of Forage Shape of traffic traffic traffic 

Season In te rcept patch prod. patch zero low med. 

Deer - 3.4588 - 0.4284 

- 25.2478 - 0.0005 

2 - 3.8910 
- 15.4409 

3 - 4.4878 
- 12.1049 

4 - 3.7869 
- 12.3734 

- 3.9353 - 0.3948 

5 - 14.3405 - 0.0003 

6 - 3.9259 
- 17 .8403 

E lk - 2.4546 0.1191 
- 14 .041 2 0.0001 

2 - 2 .8329 - 0 .0378 - 0 .0568 - 0.0455 - 0.2775 0.074 1 
- 2 1.2643 - 0 .0008 - 0.0003 - 0.2897 - 0.0004 0.0001 

No cattl e - 2.9761 - 0.1 288 - 0.2905 
- 26.8541 - 0.7677 - 0 .0004 

3 - 3.6208 0 .1038 0.0377 - 0.0681 0.1 237 
- 20. 39 17 0.0022 0.0002 - 0 .4333 0.0002 

No cattle - 3.3056 - 0.1649 0 .3010 0.3256 
- 32.3572 - 0 .9822 0.0004 0 .0003 

4 - 3.0575 0.0992 0.11 82 0.0984 
- 20 .4503 0.0021 0.0005 0.0002 

No cattle - 2 .6522 - 0.1112 
- 19 .5567 - 0.0005 

5 - 3 .1617 0.0463 0.0822 
- 19 .01 88 0.0010 0.0001 

No cattl e - 2 .2976 - 0.2736 - 0. 11 36 
- 9.4488 - 0.001 2 - 0 .678 1 

6 - 3.2960 
- 20 .4223 

of RSFspm• DEpm• and Fpm to calculate the 
preference score and included the weight­
ing coeffi cients w qual> wrsf> w mass as ex­
pone nts . This method created some scal­
ing issues that led to the current formu­
lation . Although the weighting coeffi ­
cie nts co uld be species-specific, we used 
the sam e values fo r each species in the 
p resent simul atio ns . Pi xels were selected 
for fo raging by randomly sampling the 
pixels and respecti ve preference scores in 
each 10 by 10 pi xel neighborhood 90 

times (90 percent of the total number of 
pi xels) to reflect the fact that animals 
have a less than perfec t knowledge of the 
surrounding forage conditions. The pixel 
with the highest prefe rence score was se­
lected and foragin g initiated. A range of 
values was used for the weighting coef­
fi cients in equation (1 ) as well as the spa­
tia l search parameters as part of the mod­
el building process . Values used in the 
simulatio ns for equation (1 ) are described 
later. To pre vent animals from foraging 
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TABLE I. Extended 

Di st. Aspect Aspect Perc. Dist. to 
traffic Pe rc. 

slope 
eas t no rth To pog Soi l Dist. 

cover 
can. catt le Di st. to 

high west south co nvex depth cover renee wa te r 

- 0.343 1 
- 0.0003 
- 0 .56 15 
- 0.0003 
- 0.5473 
- 0.0006 
- 0.4496 
- 0.0007 
- 0 .5563 
- 0.0006 

0 .2306 
0.0002 
0.5570 
0.0008 
0.1946 
0.0003 

0.2505 
0.0200 
0.2326 
0.0 186 
0.38 17 
0.0305 
0.2767 
0.022 1 
0.2355 
0.0 188 

- 0. 11 9 
- 0.0089 

0. 1075 
0.0086 

- 0.29 12 
- 0.0223 

0. 11 90 
0.0095 

- 0. 1375 
- 0 .0 10 

0.0978 
0 .0078 

0.2 159 
0.295 1 
0. 1344 
0. 1830 
0. 1723 0.2 15 1 
0.2353 0. 32 10 
0. 1254 
0. 1703 

0.08 11 
0. 1097 

- 0.0442 0. I 034 
- 0.0607 0. 1543 
- 0. 1899 
- 0.270 1 

0.249 1 
0.3722 

- 0. 1520 0. 1803 
- 0.2 1 19 0.2587 

0 .1 946 
0.2900 
0.130 1 
0. 1867 
0.2379 
0.3556 
0.2324 
0.3325 
0. 1396 
0.2073 

0.2346 
0.0449 
0. 1250 
0.0239 
0.08 18 
0.0 156 
0.0936 
0.0 179 
0 .11 74 
0.0224 
0. 1466 
0.0280 

0. 11 8 1 
0.0226 
0. 1944 
0.037 1 
0.2856 
0.0477 
0. 1617 
0.0309 
0. 3226 
0.0534 
0. 1706 

0.026 
0. 1945 
0.0323 
0. 1598 
0.0305 
0.0907 
0 .0 15 1 
0.1757 
0.0336 

on hig h RSF pi xels with very low or non­
existe nt fo rage biomass, we added a con­
strain t that requi red a selected p ixel to 
contai n 80 percent of the forage bio mass 
of the prev iously selected pixel. A lthough 
areas still could be selected based pn ­
mari ly on the ir RSFs, thi s constraint a lso 
had the effect of moderating the rate of 
forage depletion of the pixels with the 
hi ghest RSF scores, and allowed the sim­
ul ati on of RSF-dri ven foraging w itho ut 
resul ting in infi ni te pixel searches. 

0. 1470 
0.0 12 1 
0. 1384 
0.0 11 4 
0. 160 1 
0.0 126 
0. 185 1 
0.0 153 
0.3783 
0.0300 
0 . 1527 
0.0 126 
0. 1697 
0.0 134 
0. 12 12 
0.0 100 

0.09 15 
0.0075 

- 0.2073 
- 0.00 16 

- 0. 15 14 
- 0.00 12 

- 0.2750 
- 0.002 1 
- 0.19 19 
- 0.00 15 
- 0.4220 
- 0.0032 
- 0. 1558 
- 0.00 12 

- 0. 18 13 
- 0.00 14 
- 0.3904 
- 0.0030 
- 0.1 6 12 
- 0.00 12 

0 .0552 
0.0025 

0.2510 
0.00 15 
0. 1776 
0.008 1 

0. 1709 
0 .0078 
0.2209 
0.0098 
0. 1874 
0.0085 

0.0580 
0.0026 

0 .289 1 
0 .0007 

0. 18 15 
0.00 11 

0. 1823 
0.00 1 I 

0 .2638 
0 .0016 

To a ll ow for selection of foraging areas 
outs ide the animal's sensory detection 
range, we nested the ne ighbo rhood search 
within a low-frequency meta-ne ig hbor­
hood search that allowed simulated ani ­
ma ls to move (i.e., Levy fl ight, Mare lJ et 
al. 2002) to another neighborhood if larg­
er values fo r eq uation ( l ) were found. We 
experimented w ith a range of values fo r 
the search neighborhood size, the meta­
neighborhood size, the "jum p" frequency 
and "j um p" d istance, and found that 
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these variables would strongly influence 
animal movement measurements. In the 
current simulations we set values for the 
meta-neig hborhood at 100 by 100 pixels, 
the " jump" frequency at 0. L, and the 
" jump" distance at 1,000 meters . 

Once a fo ragi ng pixel was selected, 
consumption of forage (grass, forbs, and 
shrubs) was modeled with si mul ated in­
dividual bites. B ite size was estimated us­
ing data from foraging trials conducted at 
Starkey (Findho lt et al. 2004) and else­
where (J . Cook, personal communication), 
and equaled 1.1 g for cows, 0.20 g for 
mule deer, and 0.55 g for elk. It should 
be noted that we did not constrain intake 
rate by bite size (Gross et a l. 1993) and 
hence the bite process served primarily as 
a mechani sm to sample the three types of 
vegetation data in the pixel over succes­
sive bites. Bite selection in the pool of 
simulated forage at each pixel was mod­
eled as a Monte Carlo process that sim­
ul ated successive bites that removed for­
age types in proportion to the sum of tota l 
forage available multiplied by forage DE 
at the pixel, quantified as: 

P,s = [ (Fpdt X WBmass) 

where 

+ (DE""'' X WB qual)] 

7 { t ((Fpdl X WBmass) 

+ (DEpm• X WBqual)]} (2) 

P,s = probability of removing 

forage type t for species s 
(0 ::s P,. ::s 1); 

F""' forage (kg/ha) of type t on 

pixel p at day d; 

WBmass 

digestible energy (Meal/kg) 

for forage type t, pixel p, 
and month m; 
weighting factor for forage 

biomass; and 
weighting facto r for forage 

quality. 
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FIGUR E l. Relationship between stand ing 
fo rage biomass and dry matter intake rate fo r 
e lk, mule deer and catt le. Functions for e lk 
and deer were developed from data in Wick­
strom et a l. ( 1984). T he e lk re lati onship was 
developed fro m the Wickstrom et a l. ( 1984) 
mixed fo rest type re lat ionship. T he f unction 
fo r cattle was developed from grazi ng tr ia ls 
on Starkey and the bison data in Spallinger 
and Hobbs ( 1992). 

This foraging process simulated re­
moval of vegetation in proportion to bio­
mass and energy content, and/or some 
weighted combination, and recognized 
that while animals can foc us their forag­
ing on specific forage types, other non­
preferred types are also depleted at some 
lesser rate. Initially we used WBmass of 1.0 
and WBqual = (body weight) - 0 75 , with the 
idea that mule deer would select for high 
fo rage DE and cattle would select for for­
age bulk (Fi ndholt et al. 2004). Elk, with 
their intermed iate body weight, were sim­
ul ated as having a foraging behavior in­
termediate to that of deer and cattle 
(Fi ndholt et a l. 2004) . Initial simulations 
showed that stronger weighting of the en­
ergy component was needed to signifi­
cantly influence the forage composi tion . 

Using the fo rag ing rules described 
above, simulated animals were allowed to 
fo rage until they consumed 135 g of for­
age dry weight per kg of metabolic body 
weight (Cook et a l. 2004), or until the 
total fo raging time per day exceeded 12 
hours (Cook 2002), whichever condition 
came fi rst. The foraging time was calcu­
lated using relationships between stand­
ing biomass and intake rate from Wick­
strom et al. (1984:1291) for elk and deer, 

TABLE 3. Daily energy demands of adult 
female mule deer, cow and e lk (meal pe r day) 
by month. Data from (Hudson and White 
1985a,b; Sheehy 1987; Cook 2002) 

Spe-
M o nth 

c ies Apr May Jun Jul Aug Sep Oct 

Cattle 23 23 23 22 2 1 19 18 
Elk 10 .0 10.5 16.0 15.9 13.2 12.0 I 1.0 
Deer 3.0 3.0 6.3 4.3 4.3 3.6 3.1 

and from data from Starkey for cattle 
(Figure I ). For e lk, we used the re lation­
ship for mi xed fo rest conditi ons presented 
by Wickstrom et a l. ( 1984), and com­
bined the grass and mixed fo rest data to 
develop a re lationship for deer. Intake 
rates could a lso have been predicted us­
ing relationships between bite size and 
plant size (Spa llinger and Hobbs 1993), 
but the latter data were not avai I able for 
conditions at Starkey. 

E nergy balance and weight change was 
updated daily using pro-rated monthly en­
ergy requirements (Table 3) obtained 
from a number of sources (Leege 1982; 
Hudson and White 1985a, b; Cook 2002). 
Daily energy generated by consumed for­
age was calcul ated using the energy con­
version eq uation as: 

000 
[F(0.038 X %DE + 0.1 8)] 

Me = 1 
1.22 

Where, 

(3) 

DE = digestible energy (meal/kg forage), 
and 

F =forage biomass (dry matter kg/ha) 
consumed on a given day of 
forage. 

Negative energy balances were trans­
lated into a weight loss by using a con­
version of 6 Meal/kg. Positive daily en­
ergy balances were tran s lated into a 
weight gain by using the convers io n 12 
Meal/kg. 

Most si mul ations used herd sizes of 
500 cows, 450 elk, and 250 mule deer 
under a summer deferred-rotation grazing 
system (April I 5 to November 15, 2 10 
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FlGURE 2 . S imulated we ig ht change in cattl e fo r a range of va lues fo r W ,.,r and W mass in 

equation (1 ). X-ax is contains va lues fo r the Wmass (forage biomass) we ights fo r equati on ( I). 

Legend e ntries are the va lues fo r W ,.,r in equati on ( I). A nimal popul ations were 500 cows, 450 

e lk, and 250 mule deer. 

days) . These a re the approx imate stocking 
rates and summer range fo raging season 
a t Sta rkey. In o th e r s imul a ti o ns, th e 
stocking rates varied depending o n the 
objective of the simulatio n. On each day, 
cattle fo rag ing was simulated first, fo l­
lowed by e lk and then mul e deer, whi ch 
gave cattl e preference over e lk and mule 
deer and elk preference over mule deer 
fo r the ava il able forage (Coe e t a l. 2004). 
Initial weights were set at 992 pounds 
( 450 kg), 507 pounds (230 kg), and 132 
pounds (60 kg) per animal for cows, elk 
and mul e deer, respecti vely, based on data 
f rom S tarkey. Typical executio n times for 
the model were about one minute. We 
fi rst ran simulati ons to examine the ef­
fects of di fferent weights in equa ti o n (l) 
on animal perfo rmance, foraging patterns 
a nd moveme nts . Thi s in vol ved 125 
s imula ti ons where each weight was var­
ied by a fac tor of 1 0 be tween 1 and 
100,000. We se lected a set of weights 
where the model outputs appeared to be 
not overl y influenced by the values, and 
roughl y replicated obser ved animal per­
form ance at Starkey. The effects of di f­
fe rent weights in equati on (2) were then 
tested in a simil ar process in an additional 
25 simulati ons and se lected weig hts fo r 
equatio n (2) . We then ran addi tional sim­
ul ations to test how incrementa l changes 
in the number of cattle, mule deer and elk 

(2- 2,500), and forage production ( l0-
1 00 p~rcent of normal) affected animal 
perfo rmance. T he latter simulati ons were 
intended to represent varying droug ht in­
tensities. Reductions in fo rage quality 
f rom drought (Vavra and Phillips 1980, 
Weisberg et al. 2002) were not modeled 
due to limited data. 

RESULTS 

Simulations using a range of va lues (1 -
100,000) fo r the w,.,r, w mass• and w qual co­
effi c ients in equation ( 1) produced a 
range of plausible outpu ts in terms of pre­
dicted weight gains fo r cattle, e lk, and 
mul e deer (Figures 2- 4) . For in stance, 
mul e deer, whi ch generally gain around 
11- 22 pounds (5- 10 kg) per animal at 
Starkey, showed simulated weight gains 
of 15.4- 19.8 pounds (7- 9 kg) fo r the 
range of coeffi c ients tested . Cattle and elk 
showed more pronounced changes in an­
i mal weights (Figures 2, 4 ), a lthough a 
wide range of coeffic ients rep licated the 
we ight changes observed for cattle 0- 22 
pounds (0- 10 kg) and elk 22- 44 pounds 
(10- 20 kg) at Starkey. For all species, in­
creasing w .. sr re lative to wmass fo rced sim­
ul ated animals to fo rage in areas of hi gh 
RSF values (Figure 5) and gene ra ll y re­
sulted in decreased animal weig hts. T he 
effect of increasing W ,.,r on weig ht reduc-



UNGULATE FORAGING SIMULATJONS- Ager et a l. 177 

10,-- -------------------------------, 

9 

~ 8 
~ 
Cl 
c 
ro 

J:;; 
(.) 

:E 
Cl ·;;; 
s: 

10 100 1000 10000 100000 

Forage Biomass Coefficient 

1---- 1 -- 10 . 100 - -1000-10000 -- ·100000 1 

FIGURE 3. Simul ated weight change in mule deer for a range of va lues for W,.,r and W"'"'' 
in equat ion ( J ). X-ax is contains va lue for the W""'" ' Legend entries are the values for the W ,.,r· 
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tions was dampened as the forage bio­
mass (F111.,,J coeffic ient was increased to 
values above 1000. 

C hanges in average catt le weig hts 
ranged from -72.6 to 26.4 pounds ( - 33 
to L2 kg) (Figure 2), the negative weight 
changes being associated with a high val­
ues of W,.,r and low values of W mass· CattLe 
showed an intermediate optimal weight 
gain of 22 pounds (1 0 kg) when the wrsf 

was increased by a facto r of 10 over the 
Wmass · This trend was not found for elk or 
mule deer (Figures 3, 4). The most plau­
sible explanation for this is that a hi gher 
forage quality is realized at this combi-
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nation of Wmass and W,.5r, aLthough this 
was not tested. 

Results of simulations for e lk showed 
weig ht changes between - 44 pounds 
( - 20 kg) and 77 pounds (35 kg) , with 
weight gains over a wide range of W ,.,r 
and Wmass· However, when the W,.,r be­
came l ,000 times the Wmass, negative 
weight changes were observed. U nlike 
catt le, weight changes with different com­
binations of w,.,r and w mass were asymp­
totic with the maximum values at about 
77 pounds (35 kg). Compared to the Wmass 
and W,.,r coefficients, changing the forage 
quality (Wqual) coefficient had a very mi-
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Forage Biomass Coefficient 

1---· 1 - 1o ······ 1oo -1ooo -1oooo - - -1ooooo 1 

FIGURE 4. Simulated weight change in e lk for a range of va lues for w ,.,r and wlllaSS in 
equation ( I). X-axis contains va lues for the W mass we ights for equation (1). Legend entries are 
the values for the W rsr weights in equation ( 1). Animal populations were 500 cattle, 450 e lk, 
and 250 mule deer. 
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FIGURE 5. (A) Plot of resource selection 
function s for elk developed from Starkey data 
(Coe 2004). Values plotted were the sum of 

nor effect, producing weight differences 
less than 2.2 pounds (l kg) over the entire 
range (1 - 10,000) of values simulated. 

Simulated animal di stributions were 
compared with the maps of the RSF 
scores to examine how well the model 
replicated observed animal distributions 
at Starkey (Figure 5). For space reasons 
we limit the comparison to elk and note 
that the findings for elk are typical for the 
cattle and mule deer. The comparison is 
made difficult by the fact that the RSF 
maps represent a long-run probability of 
animal use during presumed periods of 
peak foraging based on six years of te­
lemetry data, whereas the outputs from a 
simulation run represent animal use for 
one season, and represent only foraging 
activities. We did not perform statistical 
testing of the differences in simulated 
versus observed distributions, although 
this would have provided more definitive 
comparison. The maps show that simu­
lations with high values of wrsf generated 
animal distributions that were similar to 
the RSF maps (Figure 5). In contrast, 
simulations with a relatively high weight­
ing for w mass generated markedly differ­
ent animal di stributions that reflected 
hi gh levels of foraging on productive 
grassland meadows (Figure 6a). 

The effect of changing W,.sr and Wmass 
weights on the relative use of pixels with 
different RSF scores was examined by as­
signing the RSF probabilities to integer 
classes from 1 to 40 and then measuring 
the forage removal for each class. The in­
teger classes were generated by re-scaling 
the RSF scores by lOO X. Values above 
0.4 were ass igned the integer class 40. 
Simulations were run with W ,.sr of 10,000 
and wmass of 1, and wrsf and w mass both 

the monthly RSF scores as described in Coe 
(2004), and range from 0.15 (red) to 0.94 
(green). (B) Results of simulation showing 
relative forage removal by e lk within the Star­
key area using w rsf of 10,000 and w mass of 
1000. Low end of gradient (red) equa ls 1 to 
5 kg/ha forage removal by e lk. Maximum for­
age removal (green) equates to 220-225 kg/ 
ha forage removal. 
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FIGURE 6. Results of simulation showing 
relative forage removal by elk within the Star­
key area using weights of W,.,r of 1000 and 

equal 1. The results (Figure 7) showed 
that a significant amount of forage was 
removed from higher RSF class pixels 
when W,.,, was weighted at l 0,000 versus 
l. The difference is somewhat magnified 
however by the overall higher total forage 
removal in the simulations where both the 
w,.,, and wmass coefficients are set at one. 

To choose a set of coefficients for fur­
ther simulations we looked for values that 
resulted in weight changes that approxi­
mated those observed at Starkey using the 
highest possible values of W,.,,. In this 
way we could simulate the approximate 
animal performance at Starkey while rep­
licating animal distributions to the extent 
possible. We also were interested in find­
ing coefficients where the simulated 
weight gains did not change sharply with 
small changes in the coefficients. Using 
these criteria we selected a wmass of ] ,000 
and w,.,, of 10,000, and wqual of l, and 
then simulated a range of values for the 
WBrnass and WBqual coefficients in equa­
tion (2). These simulations examined how 
forage biomass versus energy affected an­
imal performance. The results showed 
that a wide range of coefficients gener­
ated the same performance for all three 
species, except for the case when the 
WBqual coefficient was reduced to less 
than 10. In the latter case, weights 
dropped by a maximum of 22 pounds (10 
kg) for elk and lesser amounts for the oth­
er species. Accordingly, we set both 
WBqual and WBmass at 10 for the remaining 
simulations. 

In a subsequent set of simulations, the 
forage production was varied from 10 to 
100 percent of normal using the model 
coefficients selected above. These simu­
lations examined the effect of disturbanc­
es like drought on animal performance. 
The results showed that, as forage pro­
duction was decreased, weights for cattle 

Wmass if 10,000. Low end of gradient (red) 
equals 1 to 5 kg/ha forage removal by elk. 
Maximum forage removal (green) equates to 
35- 40 kg/ha forage removal. (B) Same as (A) 
with forage production reduced to 10 percent 
of normal. 
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and e lk were markedly reduced, while 
mule deer were not affected (Figure 8). 
The effect of reduced forage production 
on weight change was nonlinear and 
started when forage production was about 
60 percent of normal for cattle, and 50 
percent for e lk (Fig ure 8). For all spec ies, 
the response resembled the intake rate 
functio ns incorporated into the model 
(Fig ure l) , and most likely the weight re-

Percent of Normal Forage Production 

1- caw- Deer- ·- ·Elk! 

FIGURE 8. Results of simulations to ex­
amine the effect of reductio ns in fo rage pro­
duction o n average animal weight change for 
cattle, e lk, and mule deer. S imulatio ns used 
500 cows, 60 mule deer and 450 e lk . Forage 
production was reduced by a constant per­
centage of the normal growth rate throughout 
the growing season. 

ductions resulted from lower intake rates 
associated with reduced standing forage 
biomass. Some slight differences were 
noted in the simulated animal distribu­
tions for between normal and 10 percent 
forage produ ctio n, the la tter show ing 
more area foraged (Figure 6a, b). 

Simulations to examine bow animal 
performance varied under different pop­
ulation levels showed intraspecific effects 
for all three species. Simulations where 
the cattle herd was varied between 2 and 
2 ,500 animals did not result in changes in 
elk or mule deer weights. However, av­
erage weight change per cow was reduced 
from 34.9 to 3.2 kg when the herd size 
was increased (Figure 9). Likewise, when 
the mul e deer population was increased 
from 2 to 2500 animals , mule deer 
weights decreased from 17 to 4 pounds 
(7 .8 to 1.7 kg) per animal. Elk population 
increases from 2 to 2500 animals resulted 
in elk weights decreasing fro m 74 to 15 
pounds (33.7 to 6.8 kg) per animal. In­
terspecific effects on animal weights were 
negli gibl e except in the case of the e lk 
simulat ions where cattle weights declined 
fro m 44 to 35.9 pounds (20.0 to 16.3 kg) 
per animal when elk were increased from 
2 to 2,500 animals. E lk weight decreased 
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by only a fraction 73.7 versus 73.3 
pounds (33.5 versus 33.3 kg) per animal 
and mule deer weights were unchanged 
when the cattle population was increased 
from 2 to 2,500. 

DISCUSSION 

Foraging behavior by free ranging un­
gulates on large landscapes over time is 
a complex process that can only be ap­
proximated with models (Turner and Wu 
1994, Moen et a l. I 997, We isberg et al. 
2002). The current work illustrates the in­
herent complexity of the problem for 
summer range conditions in the Blue 
Mountains. While our model does not 
consider many of compensatory mecha­
ni sms in the foraging process, it can rep­
licate animal weight dynamics observed 
at Starkey as well as provide reasonable 
predictions of animal distributions. The 
model demonstrated that both forage bio­
mass and RSF scores need to be included 
in a simulation model to replicate ob­
served animal distributions and weight 
changes, and that some balance between 
the two best summarizes actual foraging 
behavior at the landscape scale. We found 
that modeling forage site selection based 
on RSF scores resulted in significant 
weight loss for cattle and elk, and to a 
lesser extent, mule deer. Forage depletion 
on high RSF pixels probably reduced for­
age intake rates and led to the lower 
weight gains. In addition, RSF scores for 
elk and mule deer did not always reflect 
selection of the most productive foraging 

areas , due to other habitat considerations 
like di stance to open roads. When forage 
site selection was based primarily o n 
standing biomass, the simulated animal 
distributions were not representat ive of 
Starkey telemetry data. Simulations 
showed that by weighting the RSF about 
I 00 times less than forage biomass to cal­
culate pixel preference scores, the model 
would produce reasonable animal weights 
and select high RSF pixels as well. 

Comparing empirical animal distribu­
tion with those from the simulations were 
made difficult by the fact that the former 
were developed from s ix graz ing seasons 
of data and show more diffuse spatial pat­
terns of animal use compared to simulat­
ed distributions. Although the RSF values 
used for the model were estimated for 
peak foraging periods, they likely includ­
ed observations when animals were not 
foraging as well. T hus without consider­
ation of these other activities, there will 
always be some discrepancy between 
RSF values and si mulated animal forag­
ing patterns. The two data sources could 
be made more comparable if the animal 
distributions generated by the forage 
mode l were compared with the same 
number of animal locations simulated di­
rectly from the RSF probabilities. 

When we measured forage removal 
with respect to RSF probabilities on the 
Starkey landscape and changed the RSF 
weights in the pixel preference equation, 
we found that the model did indeed lead 
simulated animals to spend more time 
foraging in areas with higher RSF scores. 
Using these methods, additional simula­
tions could be performed to measure the 
Loss of foraging opportunities as a result 
of selecting foraging pixels on the basis 
of distance to roads or other human influ­
ences. In this way the effect of human 
disturbance on animal performance could 
be examined. 

We were also able to quantify changes 
in animal performance resulting from a 
reduction in forage production at the 
landscape scale. Reductions in forage 
production mi ght result from droug ht or 
natural disturbance. Changes in animal 
weight with decreasing forage production 
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closely resembled the functional response 
of intake rate to decreasing forage bio­
mass for the three species (Figure 1), and 
shows the importance of forage intake dy­
namics in the context of modeling animal 
performance (Gross et al. 1993). Simu­
lating animal performance under a range 
of forage production values should also 
cons ider increased move ments (Wick­
strom et al. 1984), and, in the case of 
drought-limited forage production, a re­
duction in forage quality (Vavra and Phil­
lips 1980, Weisberg et al. 2002). The lat­
ter relationship could easily be incorpo­
rated into the SFM, although there is little 
data from which to develop a quantitative 
relationship. Vavra and Phillips (1980) 
observed a 20-30 percent reduction in di­
gestible dry matter during a drought year 
when precipitation was 39 percent of nor­
mal. Reductions in forage quality of this 
magnitude would have a sig nificant im­
pact on simulated animal weights. 

We observed negligible interspecific 
effects on animal weight when population 
levels of each species were varied be­
tween 2 and 2,500 animals. However in­
traspecific effects were observed for all 
three species as manifested in reduced 
weight gain compared to s imulation s 
where population levels replicated those 
at Starkey. Weisberg et al. (2002) also 
found stronger intraspecific than interspe­
cific competition for forage when they 
modeled cattle and elk on shared range. 
Hobbs et al. (1996) in their study of elk 
and cattle competition found significant 
reductions in calf weights while cow 
weights were not significantly changed. 
Competitive effects among the species 
might be better studied with our model by 
examjning changes in forage intake rates 
over the season in stead of animal 
weights. Adding calves to the model 
rrught also provide a means to study the 
competition question in more detail. In 
any event, additional model refinements 
and a battery of simulations are probably 
needed to carefully examine questions of 
competition among the three species. 

The major challenge to refine the cur­
rent model is to determine what mecha­
ni sms in the foraging process are the most 

important determjnants of landscape scale 
foraging behavior and animal perfor­
mance. Factors such as environmental 
heterogeneity (Shipley and Spalinger 
1995 , Etzenhouser et al. 1998, Wallis­
DeVries et al. 1999, Johnson et al. 2002), 
movement rules (Gross et al. 1995), and 
cognitive abilities (Bailey 1995), all influ­
ence the foraging behavior of ungulates 
on large landscapes. However, for the 
purpose of analyzing stocking on summer 
range in the Blue Mountains, some of the 
finer details of the foraging process may 
not be needed in the current model. One 
important gap in the model is the lack of 
local data on the functional respon se of 
intake rate for cattle, elk, and mule deer 
for conditions at Starkey. Development of 
these relationships should be a high pri­
ority since these functions are strong de­
terminants of animal performance for sce­
narios where forage biomass is limited 
due to high stocking rates or low forage 
production. Modeling intake rate at the 
bite level rather than using standing bio­
mass may provide different results than 
obtained here, since intake rate is poorly 
correlated with standing biomass for 
highly selective foragers like mule deer 
(Spallinger and Hobbs 1993). 

Considerable detail could be added to 
the energetic component of our mode l by 
building on previous work (Wickstrom et 
al. 1984; Hudson and White 1985a,b). 
For instance, we did not change energy 
budgets to reflect increased daily move­
ments at lower level s of standing forage 
biomass. We also did not consider the en­
ergy requirements as a function of animal 
age. Another important addition would be 
the growth and development of calves for 
all three species. 

Our ultimate goal is to use the SFM to 
evaluate different grazing management 
strategies on summer range landscapes in 
areas like the forest types of the interior 
western United States, and test various 
hypotheses about the effects of alternative 
stocking rates for ungulates. In this re­
gard, the objective might be to identify 
the existence of key stocking thresholds 
that correspond to changes in animal per­
formance at the species level (Hobbs et 
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a l. 1996). Such a tool is currently not 
ava ilable for use in a ll otment manage­
ment planning on lands adm ini stered by 
the U.S. Department of Agriculture, For­
est Service (FS) and U.S. Department of 
Interior, B ureau of Land Management 
(BLM), the two largest fede ral land man­
agers in the United States. Moreover, the 
mechanistic structure of our model , based . 
on indi vidual foraging behavior, could 
help managers and public interests im­
prove their understanding of how ung u­
lates use the landscape to meet their for­
aging needs . 
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Thermal Cover Needs of Large Ungulates: 
A Review of Hypothesis Tests 

John G. Cook, Larry L. Irwin, Larry D. Bryant, Robert A. Riggs, 
and Jack Ward Thomas 

INTRODUCTION 

A great deal of big game research oc­
cun·ed in western North America during 
the J 960s through the 1980s, and many 
advances in our knowledge occurred as a 
result. Timber harves t increased during 
this period as well in many localities, and 
this trend was often perce ived to threaten 
ungulate populations (Hieb 1976). Thus, 
it is not surprising that appreciable re­
search in this era focu sed on relations be­
tween fores try and elk (Cervus elaphus). 
Logging's most apparent immediate ef­
fect is modification of the forest oversto­
ry , and a concept arose that was new at 
least in the West. This new concept as­
sumed that dense forest cover moderates 
the effects of harsh weather sufficiently to 
confer survival and reproductive advan­
tages in the winter, in particular, and dur­
ing the summer. Forest stands that confer 
such advantages are referred to as thermal 
cover. 

To some degree, support for the ther­
mal cover concept arose from observa­
tions that forest cover can moderate 
weather. During winter, temperature can 
be several degrees warmer under forest 
canopies at night (Reifsnyder and Lull 
1965, Parker and Gillingham 1990) due 
to long-wave radiation emitted from the 
forest canopy (Moen 1968, Beall 1974, 
Grace and Easterbee 1979). Long-wave 
radiation can be absorbed by animals, 
thereby potentially enhancing energy bal­
ance (Grace and Easterbee 1979). Forest 
canopies also reduce wind speed (Grace 
and Easterbee 1979) and thus theoretical­
ly reduce convective heat loss . During 
summer, shade from forest cover reduces 
diurnal, ambient temperature fluctu ations 
and provides opportunity to avoid elevat­
ed heat loads that can result from direct 
solar radiation (Demarchi and Bunnell 

1993). A number of habitat selection 
studies demonstrated that ungulates use 
den se forest stands disproportionately to 
their availability at certain times (e.g., Ir­
win and Peek 1983, Leckenby J 984). Se­
lec tive use of dense forests under several 
circumstances was consistent with the 
prediction that thermal cover was opera­
tive, and thus, thi s was assumed to be in 
response to thermal protection provided 
by cover (Beall 1974, Armstrong et al. 
1983, Leckenby 1984, Zahn 1985, Ock­
enfels and Brooks 1994). Such an inter­
pretation can be supported by modeling 
usin g e nergy balance equations (e.g ., 
Grace and Easterbee 1979, Parker and 
Gillingham 1990, Demarchi and Bunnell 
1993). 

Thus, over time a fairly broad base of 
literature was developed that supported 
the thermal cover hypothesis. However, 
arguments were made that the evidence 
was not sufficiently strong to demonstrate 
significant biological benefits. In particu­
lar, it was unclear if observed selection 
for forest cover, when it occurs, was re­
lated to thermal protection from harsh 
weather or clue to some other reason 
(Peek et al. 1 982) . Evidence of support 
from habitat selection studies is only in­
ferenbal (Riggs et al. 1993), and there is 
virtually no support for the thermal cover 
hypothesis from experimental research 
specifically designed to establish cause­
and-effect relations. Using simulation 
models, Swift et al. (1980) and Hobbs 
( 1989) concluded that thermal cover had 
negligible influences on ungulates during 
winter. Hobbs ( L989) indicated that for­
age conditions, either during or prior to 
winter, exerted greater effects on winter 
survival of mule deer (Odocoileus hem­
ionus) than did thermal cover. Later, 
doubts were raised that although thermal 
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cover benefits were certainly real in the­
ory, their influences in the field may be 
too infrequent or inconsistent to be mean­
ingful under many circumstances (Riggs 
et al. 1993). 

Nevertheless, the preponderance of 
original research results seemed to sup­
port the concept of thermal cover. As 
these results became more widely accept­
ed, they were incorporated into a variety 
of habitat-evaluation mode ls. For elk, 
variables that provide measures of the 
abundance and, in some cases, quality of 
thermal cover, have been incorporated 
widely into habitat evaluation procedures 
(e.g., Wi sdom et al. 1986, Thomas et al. 
1988a, Christensen et al. 1993). These 
models were used extensively in devel­
opment of national forest plans (Edge et 
al. 1990) and are often used to make site­
specific decisions regarding timber har­
vest or other manageme nt activities 
across a variety of scales. 

Over the last half-century, there have 
been four explicit experimental tests of 
thermal cover's influence on well-being 
of big game (Robinson 1960; Gilbert and 
Bateman 1983; Freddy 1984, 1985, 1986; 
Cook et al. 1998). Herein, we briefly re­
view these studies and di scuss their man­
agement implications in the context of 
new problems facing the game-manage­
ment community in the 21st centmy. 

OREGON ELK STUDY: 
COOK ET AL. (1998) 

Of the studies attempting to directly 
evaluate the influence of thermal cover on 
animal performance, this study was the 
most intensive and long-term . Moreover, 
it is the only study, to our knowledge, that 
directly evaluated the effects of thermal 
cover on big game in summer. 

Study Area and Methods 

Thi s elk study consisted of a series of 
controlled experiments conducted from 
1991 -1995 using tractable elk. The study 
area was located at 4,200 to 4,400 feet 
(1,300 to 1,350 m) in e levation on a 
northeast-fac ing slope in the grand fir 
(Abies grandis) forest zone in the Blue 

Mountains of northeastern Oregon, lands 
typically used by elk as summer range in 
the area. As such, the site afforded colder 
and more mesic winter conditions than 
typically occur on elk winter ranges in the 
region, and provided weather conditions 
typically encountered by elk during sum­
mer. 

The study area was created from a con­
tiguous, mature, uneven-aged forest by 
prescriptive logging in nine 5-acre (2.3-
ha) cover treatment units. By random se­
lection, 3 units were clearcut, 3 were par­
tially harvested to reduce density of over­
story canopy (providing " marginal" cov­
er as defined by Thomas et al. 1988a), 
and 3 were left unharvested (providing 
"sati sfactory " cover as defined by Thom­
as et al. 1988a). This layout provided 
three replicates of four levels of cover for 
the experiment: (1) clear-cut habitat with 
no overstory cover, (2) partially cut hab­
itat with an average of 30 percent over­
story canopy cover, (3) uncut habitat with 
an average of 70 percent canopy cover, 
and (4) units set up to provide a combi­
nation of clear-cut and dense forest hab­
itat to the elk. In the first three treatments, 
elk were sequestered at the center of the 
units in a 0.25-acre (0.1-ha) pen. In the 
combination treatment units, elk were 
held in a pen that extended 65 feet (20 
m) into the clearcut and 165 feet (50 m) 
into the dense forest, providing elk with 
the ability to choose among cover types 
as they desired. All understory vegetation 
(potential forage) was removed from the 
pens. The 12 pens were designed to hold 
3 elk each, providing a total capacity of 
36 elk in the layout. 

Experiments consisted of placing elk in 
the pens for four-month periods in winter 
(early December through mid-March) and 
summer (late M ay through late Septem­
ber), and documenting differences in 
body mass dynamics, nutritional condi­
tion , and activity. All elk received iden­
tical diets fed on a metabolic mass bas is 
(BM0 75); they received submaintenance 
rations in winter to induce loss of 5-10 
percent of body mass, and received good 
quality diets in summer adequate for 
growth. Calves were used in the winter 
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experiment of 199 1- 1992, yearlings in 
summer of 1992, and yearlings in winte r 
1992- 93. A new cohort of calves were 
raised in 1993 and used in the winter ex­
periment of 1993-94, the summer exper­
iment of 1994, and the winte r experiment 
of 1994- 95. Elk were randomly reas­
sig ned to new pens at the beginning of 
each seasonal experiment. 

E lk were weighed twice weekly, body 
composition (percent fat, protein, water) 
was determined at the start and end of 
each expe rime nt using dilution tec h­
niques with deuterium oxide, and acti vity 
was recorded auto matically with leg­
mounted activity sensors. 

Findings 

Mic ro-weather charac teristic s mea­
sured during the study demonstrated that 
forest canopy reduced wind speed, re­
duced solar radiation flux during the day, 
and increased net radiation flux at night. 
They indicated littl e to no effect of fo rest 
canopy on ambient temperature or re la­
tive humidi ty. 

No positive effec ts of thermal cover on 

e lk were documented during any of the 
fo ur winter experiments . But there were 
sig nificant differences in body m ass and 
body co nd iti on dynami cs among cover 
treatments. Generally, e lk in the dense 
forest stands lost the most mass and fa t, 
e lk in clearcuts lost least mass and fat, 
whereas mass and fat loss of elk in the 
moderate cover and combination cover 
units were intermediate (Figure 1). Each 
winter of the study, e lk in clearcuts lost 
significantly less mass and body fa t than 
did elk in the thermal cover treatment 
units . No re levant differences in acti vity 
patterns were documented among treat­
ment units during any of the winters. 
These patte rns were consistent across all 
winters despite substantial diffe rences in 
winte r weather conditions, ranging from 
abnormally cold (monthly minimum tem­
perature averaging as low as - I 0° Fahr­
enheit ( - l5°C) and snowy in one winter, 
cool with substanti a l ra in fa lling in anoth­
er, and approximate ly normal temperatu re 
and precipi tation in the other winte rs). 
During the win ter (1 993- 94), substanti al 
ra in fe ll and nine e lk calves e ither died or 
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were removed from the study to prevent 
death. Of these, 5 were in the dense cover 
treatment, 3 in the moderate cover treat­
ment, and 1 in the zero cover treatment. 

During the two summer experiments, 
no significant differences were found in 
body mass, fat gain, or activity patterns 
among the four cover treatments (Figure 
2). Elk in clearcuts and moderate cover 
treatment units consumed more water 
than did elk in dense cover units , how­
ever. Both summers were warmer and dri­
er than normal for this region of eastern 
Oregon. 

COLORADO MULE DEER 
STUDY: FREDDY (1984, 
1985, 1986) 

This thermal cover research reported 
by Freddy (1984, 1985, and 1986) eval­
uated the effects of thermal cover on 
mule deer during winter from 1982-85, 
with the majority of data collected in win­
ters of 1983-84 and 1984- 85. It was 
unique in that thermal cover was provid­
ed by man-made structures designed to 
reduce the effects of heat loss on deer. 
Deer had free-choice among different 
cover structures that mitigated wind-chill 
heat loss, radi ant heat loss at night, and 
conductive heat loss to snow-packed fro­
zen soil while bedded. They had full ac­
cess to solar radiation during the day. 

Study Area and Methods 

The study was conducted at the Colo­
rado Division of Wildlife Junction Butte 
Research Center near Kremmling, an area 
located in the sagebrush (Artemisia spp) 
vegetative zone in a high mountain basin 
(7 ,300 feet [2,226 m]) of north-central 
Colorado. Twelve individual deer pens 
were constructed on the site with 6 
equipped with artificial cover and the oth­
er 6 providing no cover. All vegetation 
was removed within and adjacent to pens 
and snow was packed to prevent deer 
from using snow as a source of cover. 
Pens were 33 by 33 feet (10 by 10 m) in 
size, constructed of large mesh woven 
wire, 7 feet (2.2 m) high, and were con­
tained within a 5-acre (2.2-ha) fenced 
pasture that excluded neighboring wild 
deer. 

Deer of various age classes (fawns to 
adults) were paired by body mass and 
randomly assigned to either the cover or 
no-cover treatments in experiments last­
ing from mid-December through mid­
M arch. In 1983-84, deer were fed pellet­
ed rations ad libitum. Response variables 
included changes in weight measured at 
2.5-week interval s, amount of food con­
sumed at 3-day interval s, and activity de­
termined during 6 behavioral trials during 
the winter. During the winter of 1984-85, 
deer were fed a lower quality pellet of­
fered in amounts equaling 60 percent of 
maintenance, adjusted to declining body 
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mass every 2.5 weeks, such that the deer 
would be nutritionally stressed over the 
winter. During this second winter, cover 
was enhanced by incorporating a three­
sided roofed wooden hut structure 4 feet 
(1 .2 m) tall and improved wind-breaks, 
and more extensive darkened soil to en­
hance solar absorption and warming. 

Findings 

The winter of 1983- 84 was unusually 
severe with periods of high winds and 
very cold ambient temperature to about 
-30° Fahrenheit ( - 35°C) (minimum tem­
perature averaged below - So Fahrenheit 
( - 20°C) during much of the winter). 
Mortality in wild deer in the surrounding 
area represented 50-55 percent of the 
population (D. Freddy, personal commu­
nication 2004). Deer with cover lost on 
average 5.0 percent of their body mass 
over the entire winter (from 9 December 
through 17 March), whereas deer without 
cover lost 4.3 percent of their mass. There 
were no consistent patterns of mass loss 
within 2.5-week interval s of the winter 

period (Figure 3A). Amount of food con­
sumed and activity budgets did not differ 
be tween deer with and without cover 
across the entire winter period or within 
any 2 .5-week interval. 

Weather during the winter of 1984-85 
was milder, although high winds and cold 
temperatures (less than - 5° Fahrenheit, 
- 20°C) again were common. The restrict­
ed feeding regime imposed this year of 
the study resulted in all deer consuming 
virtually identical amounts of food per 
pound of body mass0 75 . Between 13 De­
cember and 23 March, no significant dif­
ferences in body mass loss were detected 
between treatment groups (Figure 3B). At 
least during the first half of winter, deer 
without cover spent 5- 10 percent more of 
each day attempting to forage than did 
deer with cover (attempts at foraging 
were on aspen logs present in the pens 
only in 1984- 85). 

Overall, findings of the study indicated 
that thermal cover failed to significantly 
improve mule deer survival during win­
te r. It was noted that cover in the form of 
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roofed huts with three covered sides 
along with additional wind breaks provid­
ed high quality thermal protection, prob­
ably at least as good as cover provided by 
natural forest conditions, and thus these 
experiments likely provided a "100 per­
cent test" (Freddy 1985) of thermal cov­
er's influence on deer in winter. 

MAINE WHITE-TAILED DEER 
STUDY: GILBERT AND 
BATEMAN (1983) 

Study Area and Methods 

This study was conducted at the D. B. 
Demeritt Forest at Orono, Maine. The 
area received 76 inches (193 em) of 
snowfall each winter and mean January 
temperature averaged 18.5° Fahrenheit 
( - 7.5° C) . Eleven pens, each 0.25 acres 
(0.10 ha) in size, were constructed to pro­
vide three to four replicates of three over­
story conditions: (1) natural tree cover 
averaging 72 percent canopy cover, (2) 
"absolute" clear-cut averaging 6 percent 
cover, and (3) clear-cut, with vertical wall 
windbreaks, averaging 8 percent cover. 
Each pen contained a feeder in which pel­
lets were provided ad libitum. Brush and 
tree limbs within reach of deer were re­
moved; snow cover eliminated access to 
herbaceous vegetation. Eleven mixed­
gender white-tailed deer (Odocoileus vir­
ginianus) fawns were used, with one deer 
per pen. This study was conducted over 
a single winter from December 1970 
through March 1971. 

Response variables included behavior, 
food intake, changes in body mass, and 
changes in fat levels. Behavior was esti­
mated by direct observation. Food intake 
was measured at weekly intervals . Body 
mass was measured at the start and end 
of the experiment. At the end of the ex­
periment, the deer were euthanized and 
kidney fat and femur fat indices were cal ­
culated. 

Findings 

Ambient temperatures were not clearly 
defined, but ranged as low as - 30° Fahr­
enheit ( - 34°C) in this study. Deer in the 

natural forest and absolute clear-cut pens 
consumed equal amounts of food, where­
as deer in the clear-cut pens with wind­
breaks tended to consume less food. Sim­
ilarly, body mass loss was virtually iden­
tical for deer in the natural forest pens 
( 6.1 percent) and deer in the absolute 
clear-cut pens (6.2 percent), whereas deer 
in the clear-cuts with windbreaks lost 9.6 
percent of their starting mass. Femur and 
kidney fat indices at the end of the ex­
periment tended to be higher for deer in 
the natural forest pens than for deer in 
either of the clear-cut treatments. How­
ever, apparent differences in food intake, 
fat indices, and body mass changes failed 
to vary significantly among deer in any 
of the three cover treatments. Activity 
patterns were affected by changes in 
weather, but no differences were detected 
as a function of cover treatments. 

Despite finding no effect of forest cov­
er on deer, including no effect on food 
consumption, the authors held to a con­
servative conclusion that " if fawns have 
access to an adequate food supply, they 
can withstand severe winter weather even 
in the absence of shelter." But the authors 
also indicated that "increasing attention 
should be given to the quality of food 
available on winter range" (Gilbert and 
Bateman 1983:399), and then referenced 
the importance of physical condition of 
fawns in late autumn. 

MAINE WHITE-TAILED DEER 
STUDY: ROBINSON (1960) 

Study Area and Methods 

This study was conducted at Orono, 
Maine, during the winters of 1957- 58 and 
1958- 59. Forests in three 1.5-acre (0.6-
ha) pens were modified to produce 
"sparse" , "moderate", and "dense" co­
niferous cover. The sparse cover pen con­
sisted of trees no larger than 5 inches 
(12. 7 em) diameter at breast height 
(d.b .h.) and supp01ted canopy cover of 34 
percent. The moderate pen contained an 
"all-aged" mixture of hardwood and co­
nifers with coniferous canopy cover of 
about 55 percent. The dense cover pen 
was described as an " early-mature" stand 
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of several species of conifers with canopy 
cover of 73 percent. Natural browse with­
in access of the deer was removed from 
the pens. Temperature during the study 
ranged as low as - 22° Fahrenheit 
( - 30°C) up to about 34° Fahrenheit (I 0 C), 
and snow accumulations "seldom" ex­
ceeded 2 feet (0.6 m). 

During the first winter experiment, 1 
male and 1 female fawn were placed in 
each pen; 3 males and 2 females were 
placed in each pen during the second win­
ter experiment. Deer were fed a pelleted 
ration, the quantity of which was restrict­
ed to induce a submaintenance level of 
nutrition. At the start and end of the ex­
periments, body mass, girth, and hind 
foot length were estimated and blood 
samples were collected. A condition fac­
tor was calculated based on body mass 
and hind foot length. A visual body con­
dition score also was used to evaluate sta­
tus of the deer. At the end of the experi­
ment, deer were euthanized, and femurs 
were used to estimate femur fat levels. 
Meteorological measurements including 
nocturnal minimum temperatures, humid­
ity, and wind speed were collected during 
the study. 

Findings 

Minimum temperature at night was 
lower and wind speed was greater in the 
sparse cover unit than in either of the oth­
er two treatment units. Nevertheless, de­
cline in condition based on the "condition 
factor" was virtually identical among the 
three treatment areas in both winters of 
the study, and no differences were de­
tected in condition based on their body 
condition score. Femur fat levels indicat­
ed no differences among treatments at the 
end of the first winter. Femur fat tended 
to be lower in deer in the sparse cover 
unit than in the moderate and dense cover 
units after the second winter experiment, 
but this was attributed to generally poorer 
condition of deer in the sparse unit at the 
start of this experiment. 

Conclusions were conservative, in that 
the failure to find significant benefits of 
dense forest cover was attributed to flaws 
in the study. In particular, the sparse cov-

er pen contained a small patch of rela­
tively dense forest cover. The author in­
dicated this patch provided sufficiently 
moderate microclimatological conditions 
to preclude differences in animal re­
sponse among the three treatment units. 

DISCUSSION 

Observations that dense forests can 
moderate harsh weather in summer and 
winter intuitively support the thermal 
cover hypothesis, and provided the bio­
energetic basis of models that reported a 
significant benefit of thermal cover (e.g., 
Grace and Easterbee 1979, Demarchi and 
Bunnell 1993). But what has never really 
been clear was whether or not the mag­
nitude of the thermal cover effect, relative 
to the anatomical and physiological ad­
aptations of large mammals, was suffi­
cient to induce a biologically relevant im­
provement in energy balance over suffi­
cient time to improve survival and repro­
duction (Freddy 1984, Riggs et al. 1993). 
The preponderance of experimental evi ­
dence indicates that the weather-moder­
ating effects of thermal cover indeed are 
probably insufficient to be of much bio­
logical value, at least under the conditions 
reflected in the experimental studies. Fur­
thermore, findings that thermal cover 
could actually be detrimental (Cook et al. 
1998) indicate that energetic benefits of 
greater solar radiation levels in the clear­
cuts can far outweigh whatever benefits 
may arise from thermal cover. Solar ra­
diation effectively warms the animal 
(Parker and Robbins 1984, Parker and 
Gillingham 1990), thereby reducing the 
amount of food or endogenous energy re­
quired for thermal stasis. In the Colorado 
deer study, failure to show a positive ef­
fect of solar radiation would be expected 
because solar radiation was equally avail­
able in all pens. Reasons are unclear for 
failure to show a positive effect of solar 
radiation in the two Maine deer studies, 
but overcast skies typical of the north­
eastern U.S. would reduce the frequency 
of direct solar input. 

Although forests can moderate harsh 
winter weather, substantially in the case 
of wind, Cook et al. (1998) showed that 
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the magnitude of the modification may be 
negligible, depending on short- and long­
term weather patterns. For example, Cook 
et al. (1998) reported that elevated winds 
normally occurred during the day, when 
temperature was moderate, and thus the 
potentially deleterious effect of wind is 
reduced (see Blaxter et al. 1963, Chappel 
and Hudson 1978). However, wind was 
typically calm at night when cooler tem­
peratures prevailed. Additionally, the 
contribution to energy balance of long­
wave radiation from forest canopies is 
only relevant at night under clear skies 
because clouds also radiate long-wave ra­
diation (Reifsnyder and Lu ll 1965). Clear 
skies at night are a relatively infrequent 
occurrence in maritime ecosystems of the 
Northwest (Cook et al. 1998). Similarly, 
because long-wave radiation accounts for 
temperature differences between forested 
and nonforested areas, it is only on clear 
nights when ambient temperature differ­
ences occur between forested and non­
forested stands (Reifsnyder and Lull 
1965). Even on clear nights, however, 
gentle breezes and cold airflows across 
uneven terrain mix air masses and reduce 
temperature differences (Cook et al. 
1998). 

The study by Cook et al. (1998) was 
the only study to directly test the effect 
of thermal cover in summer. In both sum­
mer experiments, the yearling elk were 
fed diets that were suboptimal, that is, ad­
equate to support growth but at growth 
rates below which these animals are ca­
pable. Thus, this diet should have induced 
at least moderate energetic stress and 
would be expected to heighten sensitivity 
of these elk to their energetic environ­
ment. In both summers, maximum ambi­
ent temperatures were greater than or 
equal to 77° Fahrenheit (25°C) during at 
least 30 percent of the days. Parker and 
Robbins (1984) reported that upper criti­
cal temperature (the point at which met­
abolic rate increases to dissipate heat) of 
yearling elk while standing was 77-86° 
Fahrenheit (25-30°C) (operative tempera­
ture, which integrates effects of wind and 
solar and long-wave radiation). Thus, elk 
in this study, particularly those in the no-

cover treatments, should have been heat­
stressed because operative temperature 
ranges markedly higher than ambient 
temperature during sunny days (Demarchi 
and Bunnell 1993). 

Studies with livestock indicate severe 
heat stress can affect performance, partic­
ularly of high producing breeds (e.g., 
milk cows) (National Research Council 
1984, Young 1 988). This occurs because 
high ambient temperature may reduce 
feed intake (Young 1988) and may induce 
panting and elevate respiration, thus in­
creasing maintenance requirements (Na­
tional Research Council 1984). Heat­
stress effects are greatest when tempera­
ture and humidity are both high, and noc­
turnal cooling is minimal, such as in the 
southeastern U.S. (National Research 
Council 1984, Young 1988). Despite ob­
servations that large ungulates often use 
shade in summer (Zahn 1985, Demarchi 
and Bunnell 1995, but see Merrill 1991), 
results of the Oregon experiments show 
that regimes of ambient temperature, hu­
midity, and solar radiation occurring on 
western montane summer ranges in forest 
zones fail to exert sufficient heat stress to 
affect performance of elk, even if shade 
is completely unavailable. 

Parker and Robbins (1984) showed that 
elk in summer pelage are well-adapted to 
high operative temperature, even that in 
excess of their upper critical temperature, 
mostly due to a relatively great concen­
tration of cutaneous sweat glands. Merrill 
(1991) calculated that heat Joss of elk 
standing in openings during hot summer 
days was sufficient to compensate for so­
lar radiation flux and high ambient tem­
perature in the Cascades of western 
Washington. McCorquodale and Eber­
hardt (1993) concluded that elk coloniz­
ing the Arid Lands Ecology Reserve, a 
low-elevation, hot, shrub-steppe area in 
Washington, did so with no appreciable 
detriment to their fitness (e.g., population 
growth rate was among highest ever re­
ported for elk) despite the lack of any for­
est cover. 

The reductionist approach used in all 
four studies directly testing the thermal 
cover hypothesis certainly is open to 
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some criticism, because these studies can­
not possibly account for all of the com­
plex interactions among habitat, weather, 
animal behavior, and animal performance 
inherent to free-ranging settings. Never­
theless, the value of such manipulative 
studies is that they can indeed tease out 
possible cause-and-effect relations and 
test their veracity. In contrast, most em­
pirical support for the thermal cover hy­
pothesis arose from observations of hab­
itat selection. Linking animal survival 
and reproduction to availability of ther­
mal cover, based on observations of ani­
mal choice for dense forests, was first 
questioned over two decades ago (Peek et 
a!. 1982). Since then, recognition has in­
creased that habitat selection studies as 
typically conducted must infer explana­
tions for observed selection patterns, be­
cause they generally are ineffective for 
identifying cause-and-effect mechanisms, 
particularly mechanisms that link habitat 
characteristics to animal performance and 
carrying capacity (Hobbs and Hanley 
1990, Parker et al . 1999, Morrison 2001). 
Thus, the practice of attributing effect 
(i.e., in this case observed habitat use) to 
cause (i.e., in this case enhancing energy 
balance) amounts to hypothesis genera­
tion, not hypothesis testing. 

MANAGEMENT IMPLICATIONS 

The experimental studies outlined 
above evaluated the weather-moderating 
influences of forest cover (i.e., influences 
on wind speed, ambient temperature, and 
long- and short-wave radiation fluxes). 
They did not evaluate other potentially 
beneficial aspects of forest cover, which 
under some circumstances could certainly 
include enhanced security, reduced snow 
depth, and perhaps under some condi­
tions, a better foraging environment. 
Thus, results of these experimental stud­
ies obviously cannot be used to categor­
ically reject all potentially important ben­
efits of forest cover to elk. Together, how­
ever, what they do indicate is that a ther­
mal cover benefit attributed to dense 
forest cover is probably not operative 
across a considerable range of climate, in­
cluding those in boreal ecosystems of the 

northeastern U.S. , maritime ecosystems 
of the inland Pacific Northwest, and co ld , 
dry ecosystems of the central Rocky 
Mountains. At least in these ecological 
settings, we see little justification for re­
taining thermal cover as a primary com­
ponent of habitat evaluation models for 
e lk. 

Wildlife management 's focus on ther­
mal cover has had an important influence 
on the profession's thinking, in that it im­
plicitly directed attention on the impor­
tance of energy balance to reproductive 
success and survival. Regardless of the 
thermal cover hypothesis' lack of verac­
ity, the central theme it was intended to 
address remains credible. Among habitat 
attributes that can be managed, two re­
main fundamenta ll y influential to energy 
balance: (1) forage quality and quantity, 
due to their effect on energy intake and 
(2) structural attributes of habitat that me­
diate energy expenditures associated with 
travel and harassment (e.g., snow inter­
cept, security cover). 

Reducing human disturbance via min­
imizing unrestricted road traffic and at­
tendant harassment and providing securi­
ty cover have hardly been controversial 
among biologists . Along with providing 
thermal cover, these goals came to form 
the primary emphasis and focus of cur­
rent management paradigms embodied in 
habitat planning models and procedures 
used on behalf of elk (Christensen et al. 
1993). Meanwhile, attention to nutrition 
was low, and in some cases was de-em­
phasized in practice (Edge et a!. 1990, 
Cook et a!. 1998). This occurred despite 
an ever-growing body of science demon­
strating nutrition's importance to animal 
performance (e.g., National Research 
Council 1984, Verme and Ullrey 1984, 
Cook 2002). 

Continued attention to cover manage­
ment may be warranted in many circum­
stances where security is low and/or 
where snow accumulations are factors 
limiting animal performance. However, it 
may be time to shift our attention toward 
relationships between herd productivity 
and nutrition-based attributes of habitat. 
The inverse relation between overstory 
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canopy density and forage abundance 
(McConnell and Smjth 1970, Klinka et al. 
1996) indicates an important tradeoff be­
tween providing dense forest cover and 
providing forage resources that affect car­
rying capacity (e.g., Hett et al. 1978). 
While research has certainly demonstrat­
ed the importance of energy balance to 
animal performance, the last 30 years of 
research has paid little attention to devel­
oping coarse-scale, management-level 
habitat models and planning procedures 
that address nutritional issues, and it has 
paid little attention to the effects of spe­
cific silvicultural systems that have poten­
tial to influence the nutritional value of 
large landscapes to large herbivores. De­
fining overstory-understory relationships 
and their relation to animal nutritional 
status, particularly in the context of spe­
cific silvicultural systems, remains a sub­
stantial hurdle to modeling elk-produc­
tion relations in western forest land­
scapes. 

The biopolitical setting has changed 
considerably over the last two decades, 
creating new challenges to elk managers 
and researchers. First, gone are the days 
of comparatively high timber harvests on 
federal lands, and with them the urgency 
of the concerns that emerged 30 years ago 
(Hieb 1976). The declines in timber har­
vest in turn may warrant increasing con­
cern about reductions in the benefits from 
timber harvest, namely, increased forage 
abundance. Where forestry practices have 
intensified on private lands, more articu­
late understanding of how intensive for­
estry practices influence elk forage values 
would certainly be useful. 

Second, in many areas particularly in 
the northwestern U.S., elk herds are de­
clining (Irwin et al. 1994, Gratson and 
Zager 1999, Ferry et al. 2001), like mule 
deer herds across much of the West (Car­
penter 1998). Thus , to a greater degree 
than in the past, if habitat models are to 
be relevant, they must effectively inte­
grate those aspects of habitat that in fact 
significantly influence productivity and 
demographics of elk herds. Most extant 
elk-habitat models "predict only effec­
tiveness of the habitat to facilitate elk use. 

They are neither designed nor expected to 
predict elk numbers or productivity " 
(Thomas et al. 1988b:6). Yet, numbers 
and productivity are indeed the variables 
ultimately of interest to elk managers and 
the public. Thus, it seems to us that we 
should refocus our attention on these var­
iables and their relationship to forestry to 
a greater extent in the 21st century than 
we have in the past. 
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INTRODUCTION 
Forested habitats for cattle and elk 

(Cervus elaphus) in the western United 
States have changed substantially in re­
spo.nse to intensive timber management 
dunng the latter half of the 20th century. 
Consequently, the subject of how elk and 
other ungulates respond to timber man­
~gement is a high-profile, long-standing 
Issue that continues to be studied and de­
bated (Lyon and Christensen 2002) . The 
need for additional knowledge about ef­
fects of timber management on cattle and 
elk remains high, given the fact that tim­
ber management continues to affect near­
ly all cattle and elk ranges on National 
Forests in the western United States (Wis­
dom and Thomas 1996, Lyon and Chris­
tensen 2002). 

Accordingly, we conducted a land­
scape experiment regarding cattle and elk 
responses to timber harvest and associat­
~d human activities at the Starkey Exper­
unental. Forest and Range (Starkey) (Fig­
ur~ 1). 111 northeast Oregon. Our specific 
obJectives were to (l) summarize knowl­
~dge regarding cattle and elk responses to 
t1m~er h~v~st; (2) document changes in 
spatial d1stnbutions and weight gains by 
these ungulates, and changes in elk vul­
nerability to hunting, as measured before, 
during, and after timber harvest at Star­
ke~; and (3) describe management impli­
catwns of our findings related to timber 
harvest planning. 

MEASURING EFFECTS OF 
TIMBER MANAGEMENT 
ON UNGULATES 

~~.define timber harvest as " logging" 
actiVIties that extract merchantable wood 
from forest stands; that is, tree felling and 

buck.ing and the subsequent yarding, 
deckmg, and hauling of logs for subse­
quent manufacture of wood products. By 
c.ontrast, we define timber management as 
timber harvest and all other activities im­
plemented in direct support of sustainable 
production of merchantable wood. Tim­
ber management therefore includes field 
layou.t of harvest units (cut units), such as 
markmg trees and harvest boundaries· 
site preparation after timber harvest such 
as pres~ribed burning, windrowing, and 
mechan~cal removal of fine fuels; seeding 
or plantmg of commercially-desirable tree 
seedlings after site preparation; and sub­
seq uent mechanical thinning of trees and 
other silvicultural treatments designed to 
enhance wood production. 

Past research indicates that cattle and 
elk respon ses to timber harvest can 
change substantially in relation to four 
factors: (l) the types of response vari­
ables measured; (2) the spatial scales of 
measurement; (3) the time period follow­
ing timber harvest, over which the re­
sponse variables are measured (temporal 
scale); and (4) the confounding effects of 
other human activities associated with 
timber harvest, such as increased human 
activities from increased road access. 
Types of response variables can include 
estimates of change in ungulate behavior 
(Ward 1976), resource selection (Lyon 
1976), or population performance (Leege 
1976). Changes in habitat condition 
brought about by timber harvest, such as 
modification of biomass and quality of 
fo1:age in relation to each ungulate 's re­
qmrements, also have been studied exten­
sively (e.g., Hershey and Leege 1976, 
Lyon 1976, Miller and Krueger 1976, 
Svejcar and Vavra 1985). Such differenc­
es in response variables in relation to tim-
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Roads Before Harvest 

0 0 ~5 1 Km 
I I t t 

-~~ Pre-Harvest Roads 

Roads and Cut Units After Harvest 

- CutUnits 

-~ -~ ~ - Post-Harvest Roads 

Northeast 
Study Area 

Main Study Area 

0 
I 

FIGURE 1. Northeast Study Area of Starkey, a 3,590-acre ungulate-proof enclosure, with 
roads before timber harvest (top left) versus roads a nd c ut units after timber harvest (top right). 
The m ai n haul routes used by log trucks during timber harvest (1992) included the 400, 420, 

430, 43 7 , 440, 460, and 480 roads that formed a set of interconnected loops spanning the inner 
portions of the study area (top right) , and that led to the e ntry/exit point of the enclosure on 
its southwest boundary. 

ber harvest have contributed to differenc­
es in results and conclusions among var­
ious studies, leading to confusion about 
potential effects on ungulates. For exam-

pie, documenting a change in ungulate 
habitat condition or habitat use in re­
sponse to timber harvest says nothing 
about the effect on ungulate populations 
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or their nutritional status (see discussion 
by Garton et al. 2001). 

Similarly, the spatial scales at which 
ungulate responses are measured directly 
affect the interpretation of results (Boyce 
et al. 2002, Parker 2002). Spatial scale 
refers to the extent (boundaries and size 
of an area evaluated) over which an eval­
uation is conducted, and the mapping res­
olution (accuracy of each mapping unit, 
such as a pixel or polygon) at which a 
response is measured at a given extent 
(Turner et a!. 2001, Gutzwiller 2002). For 
example, ungulate responses can be mea­
sured within a given stand that is sub­
jected to timber harvest, or measured 
among a mosaic of stands that surround 
the area of harvest. Measurements of un­
gulate responses at the stand-level , versus 
a mosaic of stands encompassing the area 
of timber harvest, yield different but 
complementary insights (Boyce et al. 
2002, Parker 2002). 

One of the most important factors af­
fecting ungulate responses to timber har­
vest is the temporal scale at which effects 
are measured. We define near-term effects 
as ungulate responses measured 1-10 
years after timber harvest. We consider 
long-term effects as ungulate responses 
measured > 10 years after harvest. Con­
founding the long-term responses of un­
gulates to timber harvest is the frequency 
of subsequent harvest activities. For ex­
ample, if timber harvest occurs every 10 
years in a given watershed, it may not be 
possible to measure a long-term response 
to any one set of harvest units beyond 
that of individual stands. 

Perhaps the most challenging aspect to 
studies of timber harvest is the confound­
ing effect of other human activities as­
sociated with harvest, such as road con­
struction and the subsequent changes in 
human access. Increased human access 
can lead to increased hunting pressure on 
elk, owing to the larger network of roads 
established as part of timber management 
(Christensen et al. 1991, Unsworth et al. 
1993). Although these factors can be mit­
igated, such as with road obliterations or 
closures, the effects of such management 
activities are difficult to evaluate sepa-

rately from the effects of other harvest 
activities, such as tree felling and buck­
ing, during the time of harvest. By con­
trast, changes in human access resulting 
from timber harvest can be studied as a 
separate effect after harvest is completed. 

OVERVIEW OF CURRENT 
KNOWLEDGE 

Elk and other ungulates typically thrive 
in early-seral forests, owing to the high 
biomass of palatable forage produced un­
der these open-canopy sites (see review 
by Wisdom and Cook 2000). Consequent­
ly, the increased forage produced by tim­
ber harvest could be perceived as a pos­
itive event to ungulates. Several factors 
however, provide confounding influences, 
both short- and long-term, complicating 
this perception. 

Short-term disturbances by the act of 
timber harvest (Ward 1976, Edge and 
Marcum 1985), concomitant road build­
ing, and resultant traffic (Hershey and 
Leege 1976, Leege 1976, Perry and Over­
ly 1976, Ward 1976) affect elk behavior. 
From a review of several studies, Lyon 
and Christensen (2002) found that elk are 
sometimes displaced from harvest areas 
by as much as 5 miles (8 km). Most often, 
however, the distance elk moved ap­
peared to be the minimum required to 
avoid contact with people and equipment. 
Continual logging within an individual 
watershed (5 consecutive years) may im­
pose learned behavior that delays return 
to previously used habitats (Lyon 1979). 
Edge et al. ( 1985) reported that home 
ranges of individual animals were notal­
tered when areas of extensive cover re­
mained available within their home 
range. The authors speculated that where 
cover is limited, harvest activities in­
crease home-range size and reduce home­
range fidelity. 

Many studies support the concept that 
timber harvest is beneficial to forage pro­
duction for elk and other wild ungulates 
(Hershey and Leege 1976, Leege 1976, 
Lyon 1976, Schroer et al. 1993, Unsworth 
et al. 1998). In the Coast Range of west­
ern Oregon, Crouch (1974) found that 
clearcutting and slash burning were the 
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most practical means of maintaintng 
black-tailed deer (Odocoileus hemionus 
columbianus) habitat, at no cost to wild­
life managers. Continued harvest was re­
quired as forage production declined rap­
idly post-harvest because of the rapid re­
generation rate of coniferous trees in the 
Coast Range. 

Size of harvest units, however, has a 
substantial influence on subsequent for­
age use by ungulates. Scott et al. (1982) 
reported that small areas of disturbance 
are used more heavily than large ones. In 
that light, optimum size and arrangement 
of timber harvest units have been identi­
fied to maximize ungulate use of resulting 
forage areas. Lyon (1976) reported that 
harvest units of I 0 to 40 acres ( 4 to 16 
ha) were optimum. Reynolds (1966) 
found elk use was heavy on clearcuts 
< 20 acres ( < 8 ha) in size, but use de­
clined as opening size increased . Lyon 
and Jensen (1980) suggested that elk are 
more prone to use large harvest units in 
regions where large natural openings oc­
cur. Edge and Marcum (1991) suggested 
that both topography and forest cover 
should be considered in the development 
of logging operations and road place­
ment. Wisdom et al. (1986) and Thomas 
et al. (1988) summarized knowledge of 
elk use in relation to edges between for­
age and cover areas, showing that highest 
use occurs within 100 yards (91 m) of 
such edges, decreasing with distance from 
the edges. These summaries supported the 
earlier guidelines established by Black et 
al. (1976) and Thomas et al. (1979), 
which identified a ratio of 40% cover to 
60% forage areas as an optimal mix of 
habitats for elk. 

If timber harvest changes human ac­
cess within and near the harvest units, elk 
distributions can be expected to shift, 
with elk avoiding areas with increased ac­
cess, and selecting areas with little or no 
access (Wisdom and Cook 2000). Specif­
ically, high road densities negatively in­
fluence elk distribution, in that elk avoid 
habitats near roads open to traffic (Row­
land et al. 2000, Wisdom et al. 2004). The 
influence of open roads is not uniform, 
however, in that elk show increasing 

avoidance of areas near roads with in­
creasing rates of motorized traffic (Wis­
dom et al. 2004). Cole et al. (1997) found 
that road management areas where access 
was restricted to administrative uses re­
duced home-range size and increased the 
survival of Roosevelt elk. Additionally, 
Lyon (1976) found that elk used habitats 
with greater canopy closure in areas of 
higher road density. 

Timber harvest also affects the vulner­
ability of elk to hunting. Lyon and Chris­
tensen (1992:3) defined elk vulnerability 
as a "measure of elk susceptibility to be­
ing killed during the hunting season." Elk 
vulnerability to hunting can be affected 
by two aspects of timber harvest (Chris­
tensen et al. 1991). First, the removal of 
timber opens up the landscape, making 
elk more visible and therefore more vul­
nerable to harvest by hunters. And sec­
ond, the increased number and extent of 
roads established to facilitate removal of 
logs greatly enhances the opportunity for 
more hunters to access the landscape, in­
creasing the likelihood of hunter contact 
with elk. These effects were documented 
by Leptich and Zager (1991 ), Unsworth 
et al. (1993), and Hayes et al. (2002), and 
discussed at length in the compilation of 
papers by Christensen et al. (1991). 

In contrast to elk, no major changes in 
cattle distribution during timber harvest 
are likely because domesticated animals 
typically are confined to pastures and 
generally tolerate human activities. Fol­
lowing timber harvest and the concomi­
tant decrease in overstory canopy, how­
ever, a release of understory vegetation 
occurs that alters forage biomass, quality, 
and phenology, often leading to changes 
in cattle distribution. Forage biomass can 
increase from 2 to 8 times that of pre­
harvest forage production (Svejcar and 
Vavra 1985) depending on intensity of the 
cut, site potential, and soil disturbance 
(Hedrick et al. 1968). Miller and Krueger 
(1976) reported that 60% of the forage 
consumed in a given pasture by cattle was 
from areas logged and reseeded. Road 
construction to facilitate harvest also pro­
vides improved distribution for cattle 
(Hedrick et al. 1968). Consequently, tim-
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ber harvest generally provides new graz­
ing areas for cattle. 

Harris (1954) also reported that cattle 
seldom use dense overstory canopies ex­
cept during conditions of extreme heat or 
intense insect harassment. Hedrick et al. 
(1968) found it more difficult to obtain 
moderate or heavy forage use by cattle 
under dense overstory canopies than un­
der open canopies. Consequently, cattle 
distribution and use of new forage areas 
can be expected to increase substantially 
after timber harvest, until such time that 
overstory canopies again become dense. 

Depending on season of use, livestock 
production may or may not be improved 
by timber harvest. Svejcar and Vavra 
(1985) found that forage quality on tim­
ber-harvested sites declined more rapidly 
than on unharvested sites. Consequently, 
weight gain per individual animal could 
actuaiJy decline in late summer on har­
vested sites. However, weight gain per 
acre could improve dramatically if stock­
ing rates were increased to match the im­
provement in forage production in early 
and mid summer (Svejcar and Vavra 
1985). 

TIMBER HARVEST 
EXPERIMENT AT STARKEY 

Methods of Implementing the 
Timber Harvest Activities 

We studied cattle and elk responses to 
timber harvest in the 3,590-acre (1 ,454 
ha) Northeast Study Area of Starkey (Fig­
ure 1) from 1989- 1996, encompassing 
periods before, during, and after harvest. 
The area is enclosed with an ungulate­
proof fence, thus allowing direct mea­
surements of ungulate responses to con­
trolled, landscape experiments such as 
timber harvest, traffic , hunting, and other 
public land uses (Rowland et al. 1997, 
Wisdom et al. 2004). To study cattle and 
elk responses to our timber harvest ex­
periment, a mosaic of units was harvested 
across the study area over a short time 
period, and no other human activities be­
yond those associated with timber man­
agement and hunting were allowed. 

Timber sale planning and layout of har-

vest units occurred from 1989-1991, tim­
ber harvest and log hauling occurred dur­
ing 1992, and conifer regeneration activ­
ities (site preparation, planting of tree 
seedlings , and stocking surveys) occurred 
from 1993- 1996. Throughout our analy­
ses and paper, we refer to the period of 
timber sale planning and layout as " be­
fore" harvest, the period of timber har­
vest and log hauling as " during" harvest, 
and the period of conifer regeneration ac­
tivities as "after" harvest. Details about 
each period were described by Rowland 
et al. (1997). 

Timber harvest during 1992 consisted 
of approximately 7 million board feet of 
commercial tree species that were logged 
from 1,207 acres (488 ha) of the study 
area from November 1991 through 1992 
(referred to here as 1992 or " during" har­
vest period). Timber harvest e ncom­
passed 50% of forested lands in the 
Northeast Study Area (Figure 1). Harvest 
was a salvage sale that focused on re­
moval of grand fir (Abies grandis) and 
Douglas-fir (Pseudotsuga menziesii) that 
had been killed by the combined effects 
of western spruce budworm (Choristo­
neura occidentalis), Douglas-fir tussock 
moth (Orgyia pseudotsugata), and 
drought during 1988-1990. 

Most timber harvest took the form of 
shelterwood and seed tree regeneration 
cuts, with some commercial thinning and 
individual tree selections. The 63 harvest 
units ranged in size from 3 to 55 acres 
(1.2 to 22 ha) . Harvest units were dis­
persed throughout the study area, denying 
ungulates the opportunity to find large ar­
eas of escape cover (Figure 1). Moreover, 
management guidelines for elk cover, 
such as maintenance of dense cover for 
presumed hiding and thermoregulatory 
benefits (Thomas et al. 1979, 1988), were 
intentionally ignored as part of the exper­
imental design. Finally, the relatively 
small size of the study area (3,590 acres 
(1,454 ha)) , smaller than many summer 
ranges used by elk (Leckenby 1984, Edge 
et al. 1985), combined with the ungulate 
fence, did not allow animals the option of 
avoiding the experiment by leaving the 
area or moving to locations far from har-
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vest actiVIties. Instead, the experiment 
was intentionally designed to measure 
cattle and elk responses to changes in the 
environment brought about by timber har­
vest, in the absence of options for ungu­
lates to avoid the experimental area. 

Extensive road construction also took 
place to facilitate log removal (Figure 1). 
Approximately 24 miles (39 km) of new 
roads were constructed. Another 4 of the 
10 miles (6.5 of the 16 km) of roads pre­
sent before timber harvest were renovat­
ed. The study area, however, was closed 
to public access, with the exception of 
hunting seasons each fall , when hunters 
were allowed entry for hunting purposes 
only (Rowland et al. 1997). 

Despite no public entry, the study area 
received substantial road traffic in rela­
tion to timber sale planning and layout, 
timber harvest and log hauling, and co­
nifer regeneration activities. Motorized 
traffic entering the study area during tim­
ber sale planning and layout (1989- 1991) 
averaged 10 vehicles per day and was 
composed mostly of Forest Service ve­
hicles and some vehicles associated with 
reconnaissance work by logging crews. 
During timber harvest and log hauling 
(1992), traffic entering the study area in­
creased to an average of 29 vehicles per 
day; this traffic was composed almost en­
tirely of log trucks, hauling logs from the 
harvest units, and minor traffic from log­
ging crews and Forest Service contract 
administrators. 

When harvest was completed (1993-
1996), traffic entering the study area de­
clined substantially to an average of 3 ve­
hicles per day, composed mostly of Forest 
Service vehicles and some contractor's 
vehicles associated with conifer regener­
ation activities. An even lower rate of 
traffic ( < 1 vehicle per day) occurred dur­
ing the hunting seasons each fall , from 
1989-1995, when hunters were allowed 
vehicle entry only to retrieve game 
brought to roads. Traffic rate increased to 
> 10 vehicles per day during hunting sea­
sons in 1996, when vehicle access by 
hunters was allowed on established roads. 

For all periods of study, estimates of 
traffic rate were based on automated traf-

fie counters installed and monitored at or 
near the entry/exit point to the study area 
(Figure 1), using methods described by 
Rowland et al. (1997) and Wisdom et al. 
(2004). An automated, 16-millimeter 
camera also was installed and monitored 
at the entry/exit point (Rowland et al. 
1997), which verified that traffic was 
dominated by Forest Service vehicles be­
fore harvest, by log trucks during harvest, 
and again by Forest Service vehicles after 
harvest. 

Methods of Measuring Cattle and 
Elk Responses to Timber Harvest 

We assessed the short-term effects of 
timber harvest on cattle and elk by eval­
uating their spatial distributions before 
(1989- 1991), during (1992), and after 
(1993- 1996) harvest. We also evaluated 
annual weight gains of each species be­
fore , during, and after harvest across 
those same years. Finally, we estimated 
the vulnerability of elk to hunting before, 
during, and after timber harvest. The ex­
periment ended in 1996, and thus we did 
not measure long-term (> 10 years post­
harvest) responses of ungulates to timber 
harvest. 

We maintained approximately 50 cow 
elk, their calves, and 12 adult bull elk in 
our study area each year, from spring 
through fall , throughout all periods of 
study. Elk entered the study area during 
early to mid-April of each year from an 
adjacent Winter Area (Rowland et al. 
1997). By late fall (early to mid-Decem­
ber), elk typically were trapped and 
moved or baited from the study area back 
to the adjacent Winter Area (see Rowland 
et al. 1997). Winter 1991- 1992 was ex­
tremely mild and we were unable to re­
move or entice many of the elk from the 
study area that winter, which reduced 
sample sizes of animals during 1991-
1992 that were used to estimate spatial 
distributions with radio-telemetry (Table 
1) and to estimate weight gains . We 
stocked 50 cow/calf pairs of cattle in the 
study area from mid-June through mid­
October of each year as part of a season­
long summer grazing system described by 
Rowland et al. (1997) . 
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TABLE l. Number of rad io-collared e lk and 
cattl e for each year before (1989- 1991 ), dur­
ing ( 1992), and after ( 1993- 1996) timber har­
vest in the Northeast Study Area of Starkey 
Ex peri mental Forest and Range, northeast 
Oregon 

Year No. elk No. catt le 

1989 lO 9 
1990 18 15 
199 1 ll 13 
1992 4 12 
1993 12 I l 
1994 20 13 
1995 13 9 
1996 13 10 

Estimating changes in cattle and 
elk distributions 

To estimate changes in spati al di stri­
butions of cattle and elk, we monitored 
the movements of rad io-collared adu lt fe­
males of each species (Table l ) with an 
automated te lemetry system described by 
F indho lt et a t. (1996, 2002), Rowland et 
at. (1997), and Kie et at. (2004). We used 
random samp les consisting of 1 ,000 lo­
cations selected from the radio-co ll ared 
animals that were monitored during each 
of the three periods (before, during, and 
after harvest, Table 1). Samples of loca­
tions therefore were a representative (ran­
dom) composite taken from all radio-col­
lared animals that were monitored in a 
g iven period. 

We used the animal locations to es ti­
mate the di stribution of each species dur­
ing each period under a fixed-kernel anal­
ysis (Worton 1989). We used a bandwidth 
set at 0 .5 of the refe rence bandwidth and 
plotted volume contours at increments of 
0 .05 from 0 .05 to 0.95 . Kernel methods 
provide a " probability density estimate of 
a distribution based on a sample of 
points" (Seaman et at. 1998:95). The ker­
nel method of estimating and mapping 
di stributions has been used extensively in 
wildlife research because it is a non-para­
metric estimator that requires few as­
sumptions in contrast to parametric meth­
ods (Kernahan et at. 2001; Marzl uff et al. 
2001, 2004). Moreover, the kernel meth­
od is an unbi ased es timator of the under-

lying, true animal di stributio n when a suf­
ficient number (> 300 locati ons) of unbi­
ased animal locat ions a re used (Garton et 
at. 2001 ). 

We initially mapped the kernel di stri­
butions of animal locations, by the 0.05-
conto ur intervals, for each species and 
time peri od in the study area. These maps 
provided an overa ll picture of spati al use 
by each spec ies for each time period. For 
a ll subsequent analyses, we used the por­
tion of each spec ies ' di stributi on occur­
ring within the upper 50% of kerne l vol­
ume, o r 50% contour, for each time pe­
ri od. The upper 50% of kernel volume 
hi ghlights areas of concentrated use by 
e lk or cattle. Such areas often a re referred 
to as "core areas" in analyses of spatia l 
use (Kerna han et a t. 2001). Throughout 
our paper, we refer to these areas as the 
" upper 50% of kernel volume", "50% 
core area", or " core area" . These a reas 
a lso are referred to as centers of a " uti­
li zati on di stributio n," as described by 
Mil lspaugh et al. (2000) and Marzluff et 
a t. (2001 ). 

Because core areas or centers of utili­
zatio n di stributions are based on a sub­
stantially higher number of animal loca­
tions than the outer contours of such di s­
tributions, the core areas typi cally prov ide 
a mo re robust es timate in contrast to es­
timates made at the periphery of the ker­
nel volume (Seaman et al. 1998, 1999; 
Marzluff et at. 2001 ). Moreover, our in­
terest was in monitoring changes in con­
centrated areas of use (the most frequent­
ly used areas) across time periods, as 
could be done with analysis of the core 
areas. 

We used maps of the upper 50% of ker­
nel volume to estimate the change in spa­
tial use by cattle and elk in four ways. 
First, we calculated the percent area with­
in the upper 50% of kernel volume for 
each species and time period tha t oc­
curred in each of fo ur regions, or quad­
rants, in our study area. For this analysis, 
we subdivided the study area into no rth­
west, northeast, southwest, and southeast 
quadrants, each of equal size. We then ex­
pressed the percent area of the upper 50% 
of kernel volume occurring within each 
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of the quadrants as a percentage, for each 
species and time period. This analysis al­
lowed us to further quantify the shift in 
species' distributions across periods. 
Millspaugh et al. (2000) employed similar 
concepts in their application of utilization 
distributions for assessing hunter-elk in­
teractions. 

Second, we calculated the percent 
overlap of the cut units (top right, Figure 
1) within the upper 50% of kernel vol­
ume, by species and time period. This 
analysis was intended to portray the de­
gree to which cattle or elk distributions 
may have shifted away from or toward 
the harvest units during or after harvest. 
For example, if percent overlap of the 
harvest units with the upper 50% of ker­
nel volume was 70% before timber har­
vest but 35% during harvest,. this would 
suggest the species was avoiding the units 
during harvest activities. 

Third, we calculated the percent area 
within the 50% core area for each species 
and time period across the entire study 
area. Under this analysis , if a higher per­
centage of the study area occurred under 
the core area, this would indicate that dis­
tributions of cattle or elk were more dif­
fuse, or spread out, across a larger area. 
A lower percentage would indicate that 
distributions were more concentrated in 
smaller portions of the study area. The 
degree to which distributions are more 
diffuse or concentrated has been used as 
an index of habitat quality in home-range 
analyses. Larger core areas or home rang­
es suggest lower habitat quality, whereas 
smaller areas indicate higher habitat qual­
ity, owing to like differences in the area 
over which animals must meet their needs 
(e.g., see Carey et al. 1992, Zabel et al. 
1995, Cole et al. 1997) . 

And fourth , we assessed the degree to 
which cattle and elk selected or avoided 
the mainline roads , which received high­
est frequency of motorized traffic (N. Ci­
mon, unpublished data, 2004) that entered 
the study area (see traffic rates stated ear­
lier). Mainline roads were identified as 
the 400, 430, and 480 roads before har­
vest (top left, Figure 1), and the 400, 420, 
430, 437 , 440, 460, and 480 roads during 

and after harvest (top right, Figure 1). For 
this analysis , we calculated the mean dis­
tance of 30- X 30-meter pixels to the 
closest mainline road, for those pixels 
within each species' core area during 
each period; this constituted our estimate 
of the area used by each species in rela­
tion to distance from the mainline roads. 
We then divided this number by the mean 
distance of the entire study area's 30- X 

30-meter pixels (n = 16,133) to the clos­
est mainline road, which constituted our 
estimate of the area available to each spe­
cies in relation to distance from the main­
line roads. A ratio of 1.0 of used versus 
available pixels suggests neither selection 
nor avoidance of roads. A ratio > 1.0 in­
dicates avoidance; a ratio < 1.0 suggests 
selection toward roads. 

We also calculated the mean percent 
slope and mean percent overhead canopy 
closure of all 30- X 30-meter pixels with­
in the species' 50% core for each time 
period, and compared these estimates 
across time and with overall estimates for 
the study area. We did this to gain further 
insight as to whether ungulates might 
have been seeking areas of greater secu­
rity (Christensen et al. 1991) in proximity 
to roads or cut units during and after har­
vest. These variables were available from 
spatial layers estimated and used in prior 
ungulate research at Starkey (Johnson et 
al. 2000, Rowland et al. 2000) . 

A minor effect on our distribution anal­
yses resulted from our not restricting the 
kernel estimation to the specific bound­
aries of the study area. That is, elk and 
cattle movements were restricted to the 
enclosure boundaries that formed our 
study area (Figure 1), but kernel estima­
tion was not. This resulted in a small por­
tion of kernel volume being mapped 
along or just outside the study area 
boundaries. Consequently, the core areas 
used in our analyses would have changed 
slightly if we had constrained the kernel 
estimation to the specific enclosure 
boundaries. 

Estimating changes in weight gains of 
cattle and elk 

To evaluate potential effects of changes 
in nutritional status of ungulates follow-
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ing timber harvest, we estimated annual 
weight gains of each species, and com­
pared these annual changes over time. To 
account for annual variation in ungulate 
weight gains due to annual differences in 
weather and associated forage conditions, 
we also calcu lated weight gains for cattle 
and elk in the Main Study Area of Star­
key (Figure 1) as a background reference 
for conditions of no timber harvest. The 
Main Study Area is immediately adjacent 
to the Northeast Study Area, is subject to 
the same weather conditions, and was not 
subjected to timber harvest activities dur­
ing the period of our study (1989 through 
J 996) (See Rowland et al. 1997 for de­
tails) . Thus, we used the weight gains 
from the Main Study Area as a control, 
against which changes in ungulate weight 
gains in the Northeast Study Area could 
be compared. 

To estimate annual weight gain , we 
weighed adult cow elk (> 2 yrs old) dur­
ing late winter or early spring (late Feb­
ruary to early April) before animals en­
tered each study area, and during late fall 
or early winter (late November to early 
January) after these same animals left that 
study area. We weighed calf elk after they 
left the study areas in early winter. Sim­
ilarly, we weighed adult cattle (> 2 yrs 
old) and calves as they entered the study 
areas in mid-June and as they left the 
study areas in mid-October of each year. 

Annual weight gains were expressed as 
an average daily gain for elk cows and 
for beef cows and calves . Specifically, we 
computed the difference between each 
animal's weight before it entered the 
study area and the weight after it left. We 
divided that difference by the number of 
days over which the difference was com­
puted . We then calculated a mean daily 
gain and 95 % confidence interval about 
the mean for each species and age class 
for each year. 

Standardizing each animal's weight gain 
by the number of days over which the gain 
was measured accounted for the fact that 
some animals were weighed earlier or later 
than other animals before entering or after 
leaving the study areas. Only elk cows and 
beef cows and calves with weights mea-

sured both before entering the study areas, 
and after leaving the study areas, were in­
cluded in our analysis of a given year's 
weight gains. Thus, we used a repeated 
measures approach in calculating weight 
gains, in that gains were computed for 
each animal, based on its weight before 
entering and after leaving the study area, 
which increased the precision of our esti­
mates. 

For elk calves, all of which were born 
in the study areas , we calculated the 
weight gain in absolute amount for each 
animal, based on their fall weights after 
they left the study area. We calculated a 
mean weight of elk calves, and 95 % con­
fidence interval about the mean, for each 
year and study area. 

Under our analysis, if timber harvest 
did not affect weight gains, we would ex­
pect that variation in gains observed in 
our study area would remain consistent 
with gains calculated for these species 
and age classes each year in the Main 
Study Area, and that annual variation in 
gains in both study areas was due to var­
iation in weather or other factors. By con­
trast, if timber harvest caused an increase 
or decline in weight gains, we would ex­
pect gains in our study area to increase or 
decrease in relation to such gains ob­
served for the same species and age class 
in the Main Study Area. 

Monitoring changes in elk 
vulnerability to hunting 

We evaluated the vulnerability of elk to 
being killed by hunters before, during, 
and after timber harvest with data from 
hunts of branch-antlered bulls that oc­
curred in the study area from 1989 
through 1996 (Rowland et al. 1997). For 
each year, we calculated hunter success 
rates and the number of days required for 
hunters to harvest an animal, using infor­
mation from Starkey 's hunter check sta­
tion (Rowland et al. 1997). From 1990 
through 1995, the branch-antlered bull 
hunt was foot-access only, with pennis­
sion to use vehicles to retrieve dead ani­
mals. In 1996, vehicle access during the 
hunting season was allowed. Under this 
analysis, if hunter success increased or 
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FIGURE 2. Spatia l distributions of e lk and cattle before (1989- 1991), during, (1992), and 
after (1993- 1996) timber harvest, using fixed-kerne l ana lys is of animal locati ons for each time 
period in the Northeast Study Area of Starkey Experimenta l Forest and Range, northeast 
Oregon. D arkest shades of red represent the highest species ' use. Lightest shades represent 
lowest use. 

the number of days required to kill an e lk 
decreased during or after timber harvest, 
this would suggest that the increased 
openness and road access resulting from 
timber harvest caused elk to be more vul­
nerable to hun ting. 

CHANGES IN CATTLE AND 
ELK DISTRIBUTIONS 

Before timber harvest (1989-1991 ), 
elk were concentrated in the western por­
tion of the Northeast Study Area (Figure 
2), particul arly in the southwest quadrant 
(Figure 3) . E lk distribution shifted sub­
stanti ally during timber har vest (1992), 
however, with use concentrated along 
portions of the study area's outer bound­
aries (Figure 2). Elk distribution shifted 
most to the southeast and northeast quad­
rants during har vest, which had received 
little use beforehand (top right, F igure 3). 
E lk distributions also became more dif­
fuse during timber harvest. Nearly twice 
as much of the study area was within the 

upper 50% of kernel volume compared to 
the period before harvest (bottom right, 
Figure 3) . 

Di stribution shifts by e lk during har­
vest were not related to elk avoidance of 
the cut units, as areas where timber cut­
ting occurred overlapped more with the 
50% core area for elk during harvest than 
before harvest (bottom left, Figure 3) . 
Distribution shifts by elk during timber 
harvest also were not related to elk avoid­
ance of the mainline roads used most fre­
quently by log trucks (400, 420, 430, 437, 
440, 460, and 480 roads, Figure 1)-the 
50% core area for elk during harvest was 
closer to these roads than overall habitat 
avai lable to elk. Specifical ly, the mean 
di stance of all pixels in the 50% core area 
for elk was 655 yards (599 m) from these 
roads, but the overall area available to an­
imals had a mean di stance of 9 16 yards 
(838 m) to the same roads, for a selection 
ratio of 0.72 during harvest. Elk selection 
toward roads, however, was even stronger 
before harves t, when the selection ratio 
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FIGURE 3 . Percentage of the upper 50% of kernel vo lume, or 50% core area, of cattle and e lk d istributio ns occurring in each of fo ur quadrants (top map) by time period (top ri ght bar charts) , the spat ia l overl ap of timber har vest uni ts , or c ut units, w ithin the 50% core area fo r each species (bottom left bar charts), and the percent a rea of the entire Northeast Study Area within the uppe r 50% of kernel vo lume, by time peri od and spec ies (bottom ri ght bar c harts). 

was 0.42, ind icating that elk decreased 
their use near roads during harves t when 
traffic rate increased substantia lly (per 
traffic rates stated in methods). 

In additi on, the 50% core area fo r e lk 
had a steeper average slope (2 1%) during 
harves t compared to the average slope 
(1 7% ), suggesting that e lk selected areas 
of greater security while close to roads. 
By contrast, the core area fo r elk had an 
average slope of 16% before harvest, 
similar to the average slope of 17% avail­
able to animals. Contrary to the pattern 
of elk seeking steeper slopes during tim­
ber harvest, the core area for elk had a 
mean overhead canopy closure (33 %) 
similar to its avail ability (32%). T his also 
was the pattern before harvest, when the 
core area fo r e lk had a mean overhead 
canopy closure of 40% compared to 
avai lable canopy closure of 41 %. 

In 1993-1996, after timber harvest was 
completed, elk again concentrated in the 

western ha lf of the study area, as well as 
in the interior portions of the study area 
that were largely unused during timber 
har ves t (Figure 2). As with the period be­
fore harvest, elk use was concentrated in 
the southwest quadrant (top right, Figure 
3). Elk use of the southeast quadrant also 
dimini shed substanti ally, as occurred dur­
ing harvest. Elk distribution also was 
more diffuse after timber harvest as com­
pared to before har vest, but not as diffuse 
as during harves t (bottom right, F igure 3). 

After timber harvest, e lk also contin­
ued to select areas closer to the mainline 
roads than the area avai lable for use. The 
mean distance of pi xe ls in the 50% core 
area fo r e lk was 332 yards (304 m) from 
these roads, but overa ll habitat available 
to animals had a mean di stance of 916 
yards (838 m) to the same roads, fo r a 
selecti on rati o of 0.36 after harvest. This 
se lecti on ratio was tw ice as strong as that 
observed during harves t (0 .72), further 
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suggesting that elk moved closer to roads 
after log hauling was completed and traf­
fic subsided (per traffic rates stated in 
methods). The average slope of pixels 
within the 50% core area for elk after har­
vest (17%) also was similar to that before 
harvest (16%), indicating that elk moved 
back to more gentle slopes once timber 
harvest had ended. 

In contrast to elk, cattle showed little 
change in distribution during all periods 
of study (Figures 2, 3). The areas of high­
est concentration were generally consis­
tent before, during, and after timber har­
vest, with little change in the percentage 
of the upper 50% of kernel volume by 
quadrant across time (top right, Figure 3) 
or across the study area (bottom right, 
Figure 3). Harvest unit overlap with the 
50% core area of cattle remained consis­
tently between 20%-25 % across all three 
periods (bottom left, Figure 3). The focal 
point of cattle distribution was along the 
Syrup Creek drainage (the east-west con­
tinuum of uncut area mnning east-west 
through the middle of the study area be­
tween the 420 and 480 roads, top right, 
Figure 1), coinciding with darkest areas 
of cattle use during all three periods in 
Figure 2 . Interestingly, overlap of the cut 
units with the 50% core area for cattle 
was less than that for elk, both during and 
after timber harvest (bottom left, Figure 
3), as was the percent area under the 50% 
core for cattle versus elk during these two 
periods (bottom right, Figure 3) . 

Cattle distributions, like those of elk, 
were consistently closer to the mainline 
roads than available habitat. The mean 
distance of pixels in the 50% core area 
for cattle was 1052 yards (962 m) from 
these roads, but overall habitat available 
to animals had a mean distance of 1206 
yards (1103 m) to the same roads, for a 
selection ratio of 0.87 before harvest. The 
50% core area for cattle was progressive­
ly closer to the mainline roads during and 
after harvest, with road selection ratios of 
0.69 and 0.35 , respectively. 

Unlike elk, cattle showed no evidence 
of selection of areas with characteristics 
of greater security from humans. Average 
slopes under the core area used by cattle 
did not appear to change across time pe-

riods (before- 17%; during-18% ; af­
ter- 16%) and was the same or similar to 
the average slope of 17% in the study 
area. Moreover, average overhead canopy 
closure of pixels in the core areas of cattle 
was highest before harvest (43 %) but de­
clined during and after harvest (34% for 
both periods), a pattern that corresponded 
to the change in average overhead canopy 
closure for the study area (42% before 
harvest, 32% during and after harvest). 

CHANGES IN WEIGHT GAINS 
OF ELK AND CATTLE 

Annual weights gains of adult female 
elk and calf elk in the Northeast Study 
Area were not different from gains for 
these same age classes in the Main Study 
Area, based on overlapping 95% confi­
dence intervals between mean gains with­
in each year and age class (Figure 4). 
Moreover, no trend in weight gains in ei­
ther study area was evident (Figure 4). 
Instead, weight gains of elk cows and 
calves were highly variable across years 
in the Northeast Study Area, but consis­
tent with the variability in weight gains 
observed across years in the Main Study 
Area, where timber harvest did not occur 
(Figure 4). That is, the direction and de­
gree of variability in annual weight gains 
was generally consistent between the two 
study areas, suggesting that weight gains 
in elk were largely affected by annual 
variability in weather patterns that affect 
annual changes in forage biomass and 
quality (see Management Implications). 

In contrast to elk, mean weight gains 
for beef cows and calves in the Northeast 
Study Area were mostly higher (non­
overlapping 95% confidence intervals) 
than those documented in the Main Study 
Area within each year and age class (Fig­
ure 5). In 1992 and 1993, however, the 
95 % confidence intervals overlapped be­
tween mean weight gains of beef cows in 
the two study areas ; and in 1995, mean 
weight gain of beef cows was higher in 
the Main Study Area (Figure 5). The pat­
tern of higher weight gains in Northeast 
Study Area versus those in Main Study 
Area was more consistent for beef calves, 
except for one year (1992) where confi­
dence intervals overlapped. 
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FIGURE 4. Mean we ight ga in by adu lt female e lk and ca lf elk before (1989-1991), during ( 1992), and after (1993-1996) timber harvest in the Northeast Study Area as compared to mean weight gain for the same years and age classes in the Main Study Area, Starkey Experimenta l Forest and Range, northeast Oregon. Error bars are the 95 % percent confidence in terva ls about each mean. No weight data were availab le for cows or ca lves during 1991 in e ither study area, and for cows in Northeast Study Area during I 994. Data on the insufficient sample size of one cow e lk weighed during 1992 in Northeast Study Area also was not included. Sample size (number of animals weighed) is shown at the bottom of each bar. 

As with elk, no trend in weight gains 
in either study area was evident for either 
age class of cattle (Figure 5)_ Also similar 
to elk was the high annual variability in 
weight gain observed for beef cows and 
calves, and the strong consistency in the 
degree and direction of this vatiability be­
tween Main and Northeast Study Areas 
across years (Figure 5) . In contrast to elk, 
however, cattle weight gains were more 
precise for each year, and the annual var­
iability appeared to be more similar be­
tween the two study areas (compare Fig­
ure 4 with Figure 5). 

CHANGES IN ELK 
VULNERABILITY TO 
HUNTER HARVEST 

Compared to the period before timber 
harvest, hunter success improved and the 

number of hunter days per harvested an­
imal declined during and after timber har­
vest (Table 2) . The highest hunter success 
and the lowest number of hunting days 
required to take an animal occurred in 
1996, when post-harvest, open conditions 
existed together with unlintited vehicle 
access (Table 2). 

For the years before timber harvest 
(1989-1991), hunter success averaged 
22%, requiring an average of approxi­
mately 19 days to achieve this level of 
success. During timber harvest (1992), 
hunter success increased to 35%, with 
hunters spending an average of approxi­
mately 9 days to achieve this success 
(number of days required to harvest an 
animal). For the years after timber harvest 
(1993-1996), hunter success remained 
higher and similar to success during the 
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FIGURE 5 . M ean we ight gain by cattle, fo r 

adult cows and ca lves , before (1989- 199 1), 
during ( 1 992), and afte r ( 1993- 1995) timber 
harvest in the Northeast S tudy Area as com­
pared to mean weight ga in fo r the same years 

and age c lasses in the M a in Study Area, Star­
key Experimenta l Forest and Range, northeast 
Oregon. Error bars are the 95% percent con­
fi dence in terva ls about each mean. Weight 

data fo r 1996 were not available. Sample size 
(nu mber of animals we ighed) is shown at the 
bottom of each bar. 

year of timber harvest, with an average 
success of 32%. Moreover, an average of 
14 days were required for hunters to take 
an animal pos t-harves t. 

MANAGEMENT IMPLICATIONS 

Elk responded to the period of timber 
harvest by making a substanti al shi ft in 
di stributi on, while cattle did not. In teres t­
ingly, the shift in di stribu tion by elk, and 
the lack of change in di stribution by cat­
tle, did not appear to change animal per­
fo rmance fo r e ither species. Our study is 
one of the few cases in whi ch a meas ure 
of a nim a l o r nutriti o na l p e rfo rmance 
(weight gain) was evaluated in combina­
tion wi th di stributional responses of ani ­
mals under a landscape experiment. Gar­
ton et al. (2001) strongly emphasized the 
need to evaluate the population or nu tri­
tio nal consequences of landscape cho ices 
made by wildli fe under studi es of re­
source selection, habi tat use, and spatial 
distributio n. Garto n et al. (2001 ) also 
highlighted the few studies where the de­
mographic or nutritional consequences of 
landscape choices made by a wi ldli fe spe­
c ies were documented, and parti cularl y 
noted tha t changes in animal selecti on or 
di stribu tio n do no t a lways res ult in 
changes in populati on or animal perfor­
mance. 

In o ur study, the nutriti onal conse­
quences of each species' spati al response 
to timber harvest suggest that each spe­
cies' was able to maintain animal perfor­
mance d uring and after harvest. And yet, 
one species (e lk) substanti ally changed 
di stribution during the experiment, while 

TABLE 2. Success rates and num ber of days hun ted by e lk hun ters du ring branch-antlered 

bull hunts that occurred before (1989- 1991), during (1992), and after (1993- 1996) timber 

harvest in Northeast Study Area, Starkey Experimental Forest and Range . Data on number of 

days hunted and number of days hunted per animal harvested were not avail able (na) fo r 1989 

No. 
No . days an imals 

Hunter hunted per avai l-

N o. No. elk No. days success animal able for Type o f hunter 

Year hunters har ves t hunted (percent) har vested har vest access allowed 

1989 10 3 Na 30 na 6 foot only 

1990 23 5 127 22 25.4 10 foot only 

199 1 14 2 63 14 31.5 8 foot only 

1992 26 9 78 35 8.7 13 foot onl y 

1993 15 3 66 20 22.0 10 foot onl y 

1994 27 5 95 19 19.0 12 foot onl y 

1995 23 8 81 35 10.1 12 foot onl y 

1996 24 13 69 54 5.3 14 vehicle access 
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the other species (cattl e) did not. These 
results serve as a demo nstrati on that stud­
ies of animal behav ior and distribution in 
re lation to human disturbances may not 
provide strong inference about demo­
graphic or nutritional effects. 

Our results mu st be viewed with cau­
ti on, however, as the re lati ve ly small sam­
ple sizes o n whi ch we ight gains were es­
timated suggests that we had low stati -
tica l power and a hi gher like lihood of 
committing Type II errors; that is, of 
fa lsely concluding that weight gains did 
not change in re lation to timber harves t 
when in fact such changes did occur, but 
were not detected. Moreover, we did not 
evaluate the long-term (> I 0 years pos t­
harves t) effects of timber harves t o n 
weight gains, which could be substanti a l­
ly different than short- te rm weight gains. 

The substanti a l increase in percent area 
under the upper 50% of kernel volume for 
e lk during and after timber harvest also 
serves as a cauti onary note. This finding 
indicates that the elk population became 
more dispersed during and after timber 
harves t, suggesting longer moveme nts 
over larger areas by elk to meet their 
needs. Larger areas used by a species in­
dicate lower habitat quality and reduced 
population performance when these pat­
terns ex ist over extended peri ods (e.g., 
see Carey et a l. 1992, Zabel et al. 1 995). 

We also did not assess other response 
variables related to animal and nutritional 
performance of ungulates, such as those 
studied and di scussed by Cook (2002) 
and Cook et al. (2004). Examples include 
esti mates of pregnancy rates and body fat, 
which provide complementary insights on 
ungul ate performance beyond measures 
of weight gain. Moreover, we did not 
evaluate changes in forage biomass, qual­
ity, and phenology that could have pro­
vided additional insights about changes in 
potential carrying capacity. We also did 
not assess diet selection or diet quality of 
ungulates, which provide direct estimates 
of the nutritional plane of animals (Cook 
2002, Cook et al. 2004). Density of both 
species in the study area may have been 
low enough that weight gains for both 
were high before timber harvest, and 

therefore did not change substanti a ll y fo l­
lowing the presumed change in forage 
conditi o ns after harvest. 

Results from our analys is of catt le and 
e lk distributions complement an earlie r 
analys is of ung ul ates in our study area by 
Stewart et a l. (2002), who found that cat­
tle and e lk were spatia ll y separated during 
summer. Our results demonstrated a sub­
stanti a l shift in e lk distributions during 
timber harvest, whi le cattle distributions 
were nearly unchanged. Our results there­
fore indicate that e lk were responding 
more stro ng ly to timber harvest activiti es 
than to catt le distributi ons. 

Our results a lso are surpri sing in that 
we found no evidence that e lk avoided 
the cut uni ts or the mainline roads during 
and after timber harvest. The main line 
roads received a high freq uency of log­
truck traffic throughout the harvest period 
of 1992, and it is possible that e lk became 
hab ituated to this fo rm of predictab le, 
cons istent traffic. This contrasts with the 
less predictable and diverse fo rms of mo­
torized traffic that occur when roads are 
open to the public, which presumably 
contribute to e lk avoidance of these open 
roads (e.g., Rowland et al. 2004, Wisdo m 
et al. 2004) . Importantly, our study area 
was not open to pub li c access and motor­
ized traffic, with the exception of highly 
restri cted pub I ic traffic that was a ll owed 
as part of timber harvest and elk hunting. 
Model pred ictions of elk avoidance of 
roads open to traffic (e.g., T homas et al. 
1979; Rowland et a l. 2000, 2004) do not 
account for speciali zed, restricted forms 
of high-frequency traffic such as that as­
sociated with timber harvest in areas that 
otherwise are closed to public access. 
This aspect of e lk response to motorized 
traffic deserves more attention in future 
research. 

Our results on weight gain for elk also 
complement an earlier analysis by Rine­
hart (200 1 ), who found no difference in 
early winter weights of elk before versus 
after timber harvest in o ur study area. 
Rinehart (200 1) also fo und no difference 
between annual weights of e lk in our 
study and those in the adjacent, Main 
Study Area where timber harvest did not 
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occur. Finally, Rinehart (2001) also noted 
that changes in resource selection and 
home-range size after timber harvest did 
not equate to a reduction in animal per­
formance of elk, as indicated by the lack 
of a trend in early winter weights before 
versus after harvest. 

The high variability in weight gains 
across years for both ungulate species and 
aU age classes strongly suggests that an­
nual gains were largely affected by an­
nual variability in weather patterns that 
affect annual changes in forage biomass 
and quality. This suggestion is supported 
by work of Vavra and Phillips (1979, 
1980), who found that variation in sum­
mer precipitation directly affected the diet 
quality and subsequent weight gains of 
cattle on northeast Oregon summer rang­
es having similar weather and forage con­
ditions as those in our study area. During 
a drought year (1977), diet quality of cat­
tle was substantially lower than years of 
higher summer moisture (1975 and 
1976), resulting in substantially lower 
weight gains during the drought year. 

These patterns of high variability in 
weight gains of domestic ungulates in re­
sponse to year-to-year variation in weath­
er, precipitation, and subsequent forage 
conditions were summarized by Holechek 
et al. (1989, 1998); these authors con­
cluded that growing season variability in 
precipitation exerted a strong effect on 
ungulate performance on rangelands 
across the western United States, partic­
ularly during drought years. Similar in­
ferences were made by Cook et al. (2002) 
regarding annual variation in elk perfor­
mance, as affected by annual variation in 
summer weather that appears to have a 
strong influence on summer nutrition of 
animals. 

Although animal performance of elk 
did not appear to change in response to 
timber harvest, the post-harvest landscape 
in our study area clearly increased hunter 
success and reduced the number of hunt­
ing days required to harvest an animal. 
These results suggest that increased visi­
bility and access associated with timber 
harvest increased the vulnerability of elk 
to being killed by hunters. These results 

further suggest that timber harvest may 
have the strongest and most enduring ef­
fects on elk vulnerability to hunting, in 
contrast to other effects we measured 
such as changes in distribution and poten­
tial avoidance of human disturbances. 
Consequently, our results suggest that the 
potential for intensive timber harvest to 
substantially increase elk vulnerability to 
hunting is a key issue that deserves care­
ful attention as part of timber harvest 
planning. 

Those points as context, consideration 
of our results, combined with results from 
previous studies (see "Overview of Cur­
rent Knowledge"), could focus on timber 
sale designs that minimize elk vulnera­
bility to hunting and that provide a rela­
tively even and continuous stream of for­
age availability over space and time. Ex­
ample considerations at the watershed 
scale could include the following: 

• Manage for and retain security areas 
for elk in watersheds when planning 
the layout of harvest units in time and 
space. Security areas serve primarily to 
mitigate any increase in elk vulnerabil­
ity to hunting when timber harvest ac­
tivities result in increased visibility and 
human access in a watershed. A secu­
rity area for elk was defined by Hillis 
et al. (1991:38) as a nonlinear block of 
hiding cover at least 250 acres (101 ha) 
in size and at least one-half mile (0.8 
km) from roads open to motorized traf­
fic. Hiding cover was defined by 
Thomas et al. (1979:109) as vegetation 
capable of hiding 90% of a standing 
adult deer or elk from the view of a 
human at a distance equal to or less 
than 200 feet (61 m). In particular, Hil­
lis et al. suggested that security areas 
are most effective in minimizing elk 
vulnerability to hunting when such ar­
eas compose at least 30% of a water­
shed. However, other management op­
tions, such as minimizing road access, 
accounting for elk security provided by 
steep slopes and convex topography, 
and changes in hunting season regula­
tions, also can be considered in tandem 
with management of security areas. 
These additional management options 
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were outlined and discussed by Thom­
as (1991). 

• Restrict motorized and m ec ha nized 
fo rms of hunter access in watersheds 
afte r timber harvest, to prevent an in­
crease in e lk vulnerability to harvest by 
hunters. Maintain such restrictions on 
motorized and m echanized forms of 
hunter access until such time that veg­
etative growth in timber harvest units 
provides sufficient hiding cover to help 
reduce vu lne rabili ty. I n wate rsheds 
with fl at terrain and large areas sub­
jected to timber harvest over a sho rt 
time period, res trictions o n human ac­
cess will be especially effective in min­
imizing an increase in elk vulnerability 
to hunting. In wate rsheds with steep 
terrain and large areas of hiding cover, 
restrictions on hunter access after tim­
ber ha!·vest may be neither necessary 
nor effective , in that elk may have am­
ple areas in which to hide or find se­
curity from hunters. In particular, plan 
the layout of harvest units to retain se­
curity areas (particu larly areas with 
steeper slopes and greater convexity) 
near the cut units to facilitate animal 
escapement from these focal points of 
hunter access (per discussion by Hillis 
et al. 1991 ). 

• Plan timber harvest activities in time 
and space such that a mosaic of seral 
stages are maintained to provide a va­
riety of fo ragi ng conditions for cattle 
and elk. Timber harvest is likely to 
cause an immediate but short-term (l -
3 year) decline in forage availability in 
the harvest units, followed by a large 
increase in forage that may last 10 
years or longer. The biomass and phe­
nology of forage plants is likely to be 
more diverse and stable with the im­
plementation of a mosaic of timber 
harvest activities in time and space. Se­
curity areas for elk can also be sus­
tained consistently under a strategy of 
timber harvest that produces a mosaic 
of sera] stages in time and space. 
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Northwest Forest Ecosystems 
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INTRODUCTION 

U nderstanding is now emerging that 
wild and domestic ungul ates are not 
merely products that compete fo r resourc­
es, but are among the agents contro lling 
ecosystem processes and properti es (Mc­
Naughto n 1984, 1992; Pas tor and Naiman 
1992; M olvar et al. 1993; Hobbs 1996; 
Pastor and Cohen 1997). With thi s un­
derstanding has come recognitio n that 
g reater attention should be given to un­
derstanding how these ungulates func tion 
together in forests of the Northwest (Ir­
w in et al. 1994, Schreiner et al. 1996, 
Ri ggs et al. 2000). 

In the Interior Northwest, forest zones 
receive greater precip itati on, have deeper 
soil p rofil es, and/or higher soil mo isture­
ho lding capacity than most adj acent non­
fo res ted uplands, and thu s can contribute 
substanti ally to landscape pote ntial for 
production of ungulate herbivores. In 
coasta l and in many interior fores ts, in­
frequent but intense natural disturbances 
(e.g ., fire) and episodic management ac­
tivities (e.g., logging) set in motion po­
tentially food-rich secondary successions, 
and are thereby often the primary deter­
minants of herbivore carrying capacity 
(e.g., Hett et al. 1978). Seasonal concen­
tration of ungulates on some forest sites 
can have profound influences on forest 
vegetation and even site characteristics, a 
keystone influence (Paine 1969, M cShea 
and Rappole 1992, Molvar et al. 1993, 
Waller and Alverson 1997). Better knowl­
edge of such relationships may help un­
gulate managers in the Northwest to de­
fine consequences of alternative ungulate­
management strategies, and to define a 
more integrated vision for fores try-ungu­
late management systems. 

Forestry and game management have 
been viewed traditionally as separate if 
albeit potentially complementary endeav-

ors. Attempts have been made to integrate 
game management objectives with forest­
ry th rough regul ation of fo rest practices. 
However, these attempts have not sought 
integration of the keystone influences of 
herbivory with those of silvicultu re. If in­
tegration is to ever be achie ved on that 
bas is, models will have to be used to or­
ganize the integratio n. 

BRIEF SUMMARY OF 
HERBIVORY EFFECTS 

Scienti sts know precious little about 
how ungul ate herbivores influence north­
wes te rn fo rests. M os t of w hat is 
"known " is actually based on studies in 
b orea l and eastern deciduo us fo rests. 
Nevertheless, results of work in these 
ecosystems have been more or less borne 
out in northwestern studies to the extent 
experimental designs have allowed com­
parison. Consequently, this literature can 
help us draw a generalized picture of how 
herbivores function in forests of this re­
gion. 

We k now th at fo raging ha bits are 
strongly linked to the chemistry and 
structure of plant ti ssues (Hobbs 1996) 
and to morphological adaptation s of her­
bivores (Hofmann 1973, Shipley 1999). 
Palatable pl ant tissues tend to contain 
lower amounts of secondary metabolites 
that suppress palatability and digestibility, 
and contain lower amounts of indigestible 
components, than do unpalatable pl ant 
ti ssues . Thus palatable tissues are more 
easily biodegraded, assimilated , and re­
cycled. Palatable plants also tend to have 
less fo rmidable structural defenses, and 
are more easily cropped. Where choices 
are available, large herbivores tend to se­
lect those pl ants and tissues that are most 
efficiently cropped and biodegraded. 

Selective foraging can have a host of 
direct and indirect influences on fo rest 
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communities. These include changing un­
derstory and overstory plant composition 
and structure (Alverson and Waller 1997, 
McShea 1997, Waller and Alverson 
1997), acceleration of conifer growth 
(Bryant et al. 1983, DeToit et al. 1991, 
Pastor et al. 1993, Pastor and Cohen 
1997), modification of forest structure 
(e.g., Stromayer and Warren 1 997), mod­
ification of associated fauna (DeCalesta 
1994, McShea 1997) and development of 
alternate stable states (Stru·field and Chap­
in 1996, Stromayer and Warren 1997, Au­
gustine et al. 1998). In the short term, se­
lective herbivory by ungulates may en­
hance forest productivity, simply because 
of the accelerated flow of nutrients that 
herbivores facilitate via their consump­
tion, degradation, and cycling of plant­
bound nutrients (Pastor et al. 1993 , 
Hobbs 1996, Pastor and Cohen 1997). 
Over the long term , however, the sup­
pression of palatable plants conveys a 
competitive advantage to unpalatable 
plants, particularly to conifers. This ad­
vantage faci litates an acceleration of the 
rate at which conifers become dominant, 
and as forest nutrients become progres­
sively cycled and bound in the less pal­
atable and Jess degradable conifer ti ssues, 
forest productivity ultimately declines. 
There has been some suggestion that 
moose (Alces alces) may be able to facil­
itate elevated stable states of plant pro­
duction in sub-artie forests (Molvar et al. 
1993), but it remains unclear whether 
such facilitated equilibria are either fre­
quent or persistent in other ecosystems. 

Western temperate forests are charac­
terized by substantial variation in climate, 
and nutrient and water relations that ul­
timately limit production potential on any 
given forest site. These forests are also 
characterized by extreme variation in the 
f requency, intensity and extent of episod­
ic di sturbances (e.g., fire, silviculture) 
that arrest and reinitiate successions while 
simultaneously re-partitioning nutrients. 
Thus, even in the absence of herbivores 
these forests have tremendous potential 
for spatiall y explicit dynamism in vege­
tation. Adding multiple species of herbi­
vore only complicates the picture. 

Although northwestern forests are dot­
ted with g razing exclosures, knowledge 
of how ungulate herbivores interact with 
other di sturbance agents to influence 
these forests is neither extensive nor high­
ly detailed. Long-term data sets describ­
ing grazing history and succession have 
been collected at relatively few sites. 
Where long-term data sets do exist, dif­
ferences in succession are readily appar­
ent and in a few cases the stable end-point 
of succession evidently has been affected 
(e.g., Peek et al. 1978, Schreiner et a!. 
1996, Riggs et al. 2000, Alldredge et al. 
2001). Selective herbivory during the 
growing season can suppress plant taxa 
that are palatable at that time of year (Fig­
ure 1, Riggs et al. 2000), but dormant­
season browsing can enhance some plant 
taxa (Peek et al. 1978). In grand fir (Abies 
grandis) and Douglas fir (Pseudotsuga 
menziesii), accumulation of understory 
biomass, and accumulation of understory 
and forest-floor nutrients (N, P, S, Ca, 
Mg, and K) is greater where ruminant 
herbivores are excluded than where they 
are allowed to graze (Table 1, Riggs et al. 
2000). Selective herbivory probably en­
hances con ifer production in the short­
term (Monfore 1993, Weigand et al. 
1993), but may reduce conifer production 
over the long term (Weigand et al. 1993, 
Riggs et al. 2000). The capacity of seral 
vegetation to support herbivores can be 
reduced by selective suppression of pal­
atable plants early in succession (Irwin et 
al. 1994, Riggs et al. 2000, Alldredge et 
al. 2001). 

Different species or combinations of 
herbivores can have dramatically differ­
ent influences on the composition of for­
est understory provided that foraging se­
lectivity is accommodated. In Douglas fir 
and grand fir forests of the interior, early­
season grazing by cattle suppresses her­
baceous plants, while season-long grazing 
by big game suppresses shrubs (Erickson 
1974, Krueger and Winward 1974, Hed­
rick et a!. 1968, Edgerton 1987, Riggs et 
al. 2000, but see Peek et al. 1978). 

To a large extent herbivores operate in 
sequence with episodic di sturbances. Fire, 
logging, herbicides, and fertilizer appli-
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in grazed and ungrazed areas. In (b) , e, represents e lk dietary e lecti vity (after Ivlev 196 1), and 
r, represents relative change of plant taxa (inside re lative to that o utside of exc losures) over 
27 years of secondary success ion. Positive values of r, indicate g reater development inside 
exc losures than outside ; fo r example, the shrub in group I (Pachystima myrsinites) developed 
fo ur times more canopy inside exc losures than it did outs ide exc losures over the 27-yr peri od. 
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cations each catalyze changes in plant 
compos ition and nutrient pools, and her­
bivores then modify the subsequent sec­
ondary succession by altering pl ant com­
pos ition and nutrient dynamics . Influenc­
es of herbi vory on a given fo rest site are 

regulated by foraging selectivity, nutrient 
and dry-matte r demand , and by produc­
tivity and graz ing resistance of pl ants in 
secondar y success ion (Riggs et a!. 2000). 
Presc ribed fi re may ini tia ll y prod uce 
shrub-dominated seres, but repeated fire 
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TABLE 1. Mean biomass and nutrient accumulation in understory vegetation and forest floor, 
outside and inside seven ungulate exclosures on forest sites in northeastern Oregon. Differences 
in nutrient accumulations are largely attributable to reduced accumulation of shrub biomass , 
which in turn can be attributed largely to selective foraging by wild herbivores . Time lapsed 
to produce these effects ranged from 27 to 30 years (see Riggs et al. 2000 for details) 

Component Outside Inside p 

Understory vegetation : Pounds per acre (kg/ha) 

Graminoids 210 (187) 149 (133) NS" 
Forbs 458 (409) 477 (426) NS 
Shrubs 1,168 (1 ,042) 3,203 (2,858) 0.05 

Total, understory 1,836 (1638) 3,829 (3 ,147) 0.05 

Forest Floor 9,971 (8,896) 15,394 (13,735) 0.05 

Nutrients: 
Nitrogen 213 (190) 351 (313) 0.01 
Phosphorus 36 (32) 50 (45) 0.01 
Sulfur 11 (10) 16 (14) NS 
Calcium 306 (273) 500 (446) 0.01 
Magnesium 31 (28) 56 (50) 0.01 
Potassium 59 (53) 91 (81) 0.05 

Total, nutrients 656 (586) 1,064 (949) 0.01 

" NS = no t significant; difference be tween outside and inside the exclosure was not significant (P > 0.10). 

coupled with chronic browsing by big 
game produces alternate seres in which 
the dominant plants are herbs (Peek 
1989). Aspen (Populus tremuloides) re­
generation can be suppressed by chronic 
post-fire herbivory (Bartos et al. 1994). 
Nutrient dynamics and attendant site pro­
ductivity may be modified when large 
herbivores selectively suppress nitrogen­
fixing plants in post-fire successions as 
well (Riggs et al. 2000). Such interac­
tions, involving herbivores and episodic 
disturbance, can influence the effective­
ness of habitat management based on ep­
isodic disturbance (Riggs et al. 1996). 

THE CONCEPT OF "REGIME" 

The term "regime" has been used by 
fire ecologists to place fire behavior and 
effect in common context (e.g. , Heinsel­
man 1981, Kilgore 1981, Woodmansee 
and Wallach 1981 , Agee 1993). In efforts 
to understand effects of livestock grazing 
on ecosystems, range scientists have sim­
ilarly characterized livestock grazing re­
gimes in terms of the type of livestock, 
livestock density, seasonal timing, inten­
sity, and frequency of grazing, and in 
"systems" that integrate these factors 

(e.g., Valentine 1990). Other vegetation 
controlling agents such as forest site, for­
estry practices, and herbivory by big 
game can be characterized in similar 
terms. Each vegetation-contrail ing agent 
can be characterized by a multi-factor re­
gime (Figure 2). Regimes for individual 
agents may be independent of one anoth­
er, or inter-dependent in the disturbance 
sequence (Figure 3). Spatial context can 
be key to understanding interactions as 
well, as interspersion of plant communi ­
ties influences seed dispersal and animal 
use patterns. 

Many different combinations of distur­
bance agents can be hypothesized. Only 
some constitute practical management 
strategies, and among these even fewer 
are functionally different from one anoth­
er. The salient point is that understanding 
the role of herbivory in controlling forest 
vegetation necessarily involves under­
standing how herbivory functions in an 
interactive sequence with other distur­
bance agents (Riggs et al. 2000). 

SOME CONCEPTUAL MODELS 
TO CONSIDER 

Management disciplines necessarily 
employ models that describe how man-
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FIGURE 2. Schematic of selected factor regimes for vegetation-controlling agents in north­
western forests. The more likely combinations can be represented with rather simple descrip­
tions as shown in boxes at bottom. 

agement systems are organized and func­
tion (Westoby et al. 1989), a number of 
which might integrate herbivory 's influ­
ences in forests. There is no wide con­
sensus on the "best" model fo r integrat-

MULTI-FACTOR REGIME 
(Mesic Grand Fir) 

~ I Silviculture 

clearcut 

broadcast herbicide 

p lant !ieedlings 

thin ,fertilize 

commercial thin 

commercial thin 

conm1ercial thin 

clearcut 

Herbivory 

} 

no livestock 

elk (11 acres per AUM) 

deer (34 acres per AUM) 

} 

cattle (3 acres per AUM) 

elk (11 acres per AUM) 

deer (34 acres per AUM) 

FIGURE 3. Seventy-five-year disturbance 
chronology for a mesic grand fir site in the 
Blue Mountains of northeastern Oregon. In 
this scenario, timber harvest and planting 
strategies are fixed, fire is categorically pre­
cluded, and italics indicate those disturbance 
agents over which the manager has discretion 
(herbicides, fertil ization, and livestock). Her­
bivory operates in a sequence with episodic 
agents . Grazing regimes illustrated here are 
derived from historical estimates for sites 
studied by Riggs et al. (2000) . 

ing herbivory into forestry, and compar­
ison of alternatives can be useful. 

The Range Succession Model 

Most research concerning ungulate 
herbivory has been conducted m range­
land and pasture settings. The dominant 
model in range management has been the 
"range succession model" as described 
by Westoby et al. (1989) . This model de­
scribes vegetation in terms of a linear 
succession to a single persistent state in 
the absence of grazing (a "monoclimax" , 
after Clements 1916). All possible states 
of vegetation occur along the continuum, 
and changes all occur continuously and 
are reversible. Under the range succession 
model, managers seek herbivore stocking 
that establishes an equilibrium between 
the grazing pressure and the successional 
tendency of a given plant community, 
thereby stabilizing it in succession. 

The range succession model has been 
criticized for lacking realism in several 
situations, chiefly where succession (i .e., 
trend) has not responded continuously to 
grazing modifications . The most extreme 
of such situations is represented by alter­
nate, stable communities of apparently 
low seral status that persist despite mod-
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ifications of grazing regime, these com­
munities having been commonly referred 
to as alternate "states" (Westoby et al. 
1989, Laycock 1991) or domains (Fri edel 
1991). Transitions to such states are often 
not linear, continuous, or easily revers­
ible, and often their inducement requires 
more than modification of the grazing re­
g ime. Forest success ion is often dominat­
ed by overstory dynami cs rather than by 
understory dynamics (where grazing is 
operative), and thus forest succession is 
problematic to this model , as is the intro­
duction of exotic species (Smith 1978) . 

State-and-Transition Model 

The "state-and-transition " model de­
scribed by Westoby et al. (1989) and Lay­
cock (1991) is an alternative to the range 
succession model. Thi s model does not 
require that vegetation succeed to mono­
climax and it does not require that vege­
tation responses to grazing modification 
be continuous. Instead, the state-and-tran­
sition model simply describes vegetation 
in terms of a catalogue of alternative 
states and a catalogue of transitions be­
tween states. States are considered stable 
within reasonable bounds, and are typi­
cally ide ntified based on management sig­
nificance rather than on theoretical sig­
nificance. In state-and-transition model­
ing it is not necessary to recognize climax 
vegetations as such , although climax 
communities may indeed be approximat­
ed by one or more a lternate stable states 
in a particular model. Transition between 
two stable states is induced by episodic 
events (e.g., drought, fire , chaining of ju­
niper stands), by changes in herbivory re­
g ime, or by combinations of episodic 
events and herbivory regime. 

The most obvious benefit of the state­
and-transition model to managers is its 
ability to categorize multiple states of sta­
ble vegetation and to conceptually link 
them via transitions that integrate episod­
ic and chronic disturbance agents. How­
ever, where the occurrence and severity 
of episodic conditions necessary for tran­
sition cannot be predicted with certainty 
(e.g. , precipitation , wildfire), imple men­
tation of the state-and-transition model in 

management may be difficult to plan , and 
in some settings thi s constraint may ren­
der it less practica l in reality than it may 
seem in concept. Also, because the model 
is constructed to conceptualize "switch- . 
ing" (inducing transitions) from one rel­
atively stable state of vegetation to anoth­
er, and because states are stable, it is rel­
atively insensitive to continuous changes 
in vegetation that occur within stable 
states. 

Range Succession versus States and 
Transitions in Northwestern Forests 

The range succession model and the 
state-and-transition model of Westoby et 
al. (1989) are each derived largely from 
the labors of ecologists concerned with 
the management of arid rangelands. Be­
cause our focus is forests, comparing 
these models in forest settings mig ht pro­
vide insig ht to the ir management utility 
there. 

The range success ion model has been 
widely applied in forests, principally by 
the U.S. Forest Service. This application 
probably derives from both an adoption 
of early monoclimax ecological theory by 
range managers (see Westoby et al. 1989) 
and from a perceived need for operational 
consistency between forestry and range 
m anagement programs. The logic of the 
state-and-transition model is recent but 
not new to northwestern forestry (Kessel 
1979). State-and-transition logic has been 
employed explicitly to conceptualize for­
est overstory dynamics (Hemstrom et al. 
2001), illustrated implicitly in diversity 
matrices for forest ecosystems (e.g., Hau­
fler and Irwin 1993 , Haufler et a l. 1996), 
and used to model understory succession 
and herbivore carrying capacity (Jenkins 
and Starkey 1996). In none of these ap­
plications, however, has there bee n ex­
plicit consideration of quantitative herbiv­
ory, by either wild ungulates or livestock, 
as a transition-inducing agent. 

The root criticism of the range succes­
sion model is its bas is in the early Cle­
mentsian notion of a monoclimax preced­
ed by linear succession in which grazing 
simpl y induces retrogression or retards 
succession. Later monoclimax theory, 
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however, did indeed approach recogni z­
ing alte rnate states of vegetati on such as 
"subclimax", " proclimax", " di sclimax", 
and " neoclimax" (Clements 19 16, 1934; 
Weaver and Clements 1938; Oosting 
1 956), a lbe it lacking explic it recognitio n 
of the facto rs responsible fo r each a lter­
native (see Tansley 1935). 

The monoclimax theory's rudimentary 
treatment of alternate stabl e states, and its 
simplified application in the range suc­
cess ion model, might be mitigated to a 
substantia l extent by in tegrating concepts 
of the polyclimax (Tansley 1 935). Tan­
sley (1935) drew attention to Godw in 
(1 929) who insisted that subclimaxes 
might ex ist as stable, equilibrium com­
munities because a fac tor could arrest or 
defl ect a sere . The term " plagiosere" was 
applied to " bent" or " twisted" seres in 
which vegetation was not in equilibrium 
with the arresting factor, while the te rm 
" plagioclimax" was sugges ted for refer­
ring to vegetations that had actually " .. . 
come into equilibrium with the defl ecting 
fac tor . . . " (Tansley 1935:292). Tans ley 
(1 935) ultimately recogni zed three climax 
vegetations that he considered in equilib­
rium with primary fac tors (i.e., climati c 
climax, edaphic climax, and physiograph­
ic climax) and three others that could be 
derived fro m primary climaxes through 
equilibrium with di sturbance agents (i.e., 
fire climax, biotic climax, mowing cl i­
max), among which the biotic climax was 
considered to develop where the " .. . in­
cidence and maintenance of a decisive bi­
otic factor such as continuous graz ing de­
termines the species that persist. " In the 
Northwest, these forms of " disturbance 
climax" are often refen ed to as " discli­
m ax " vegeta tions, after D aubenmire 
(1968) who specifically applied the term 
to equilibrium vegetations that required 
chronic disturbance for mainte nance 
(Nevertheless the term " di sclimax" ac­
tually originated much earlier, as noted 
above). 

Two salient points can be drawn from 
thi s review thus far. First, "climax theo­
ry" is not limited to the monoclimax con­
struction, but also includes the polyc li ­
max alternative. The monoclimax and po-

lyc limax are distingui shed from one an­
other largely by the latte r's somewhat 
more overt accommodati on of alternate 
c limaxes ( i.e., a lte rn a te eq uilibrium 
states), and by the latter 's ex pli cit recog­
nitio n of the agents (some of which a re 
di sturbance agents) that produce alternate 
climaxes. Second, the noti o n of he rbi­
vore-induced, stable states and transitio ns 
was co nceptu all y fo rmed in c lass ica l 
ecology by 1935 at the latest, albei t in 
te rms of climax communities and succes­
sio ns, rather than in terms of states and 
transitions. 

As the monoclimax and polyclimax 
theories evolved throug h refi nement of 
te rminology, the distinc tion between the 
two theories eventua ll y came to be as 
much semanti c as substantive (see Oost­
ing 1 956). Nevertheless it is important to 
understand the distinctio n to fully unde r­
stand the application of climax theory in 
northwestern fores t ecology. As appli ed 
in range management, the early monocli­
max (after C lements 19 16) is an equilib­
rium state of vegetati on in whi ch herbiv­
ory is not operative (herbivory is opera­
tive in the development of lower sera! 
states only; Westoby et al. 1989) . Thi s ap­
plicati on in range management, however, 
is not consistent with application of later 
eli max theory in northwestern forestry 
ecology. As applied in forest ecology, the 
climax is a polyclimax in which some 
forms are in equilibrium with herbivory 
(i.e., herbi vory is operative in the climax 
vegetation). Northwestern fo rest classifi­
cations, as exemplified by Daubenmire 
and D aubenmire (1968), Hall (1 973), 
Pfis ter et al. (1977), Steele et al. (1 98 1), 
Johnson and Simon 1987, and Johnson 
and Clausnitzer 1992 (all adapted after 
D aubenmire 1952) are all polyclimax 
cl ass ificati ons. Indeed, the regionally uni­
versal practice of " habitat typing" north­
western forests based on the compositi on 
of pl ant associations a mounts to taxo­
no mic class ification of fores t sites (not 
vegetations) based on potential natural 
vegetatio n, after Tansley's (1 935) po lycli­
m ax (see D aubenmire 1952, Pfi ste r and 
Arno 1980). " Habitat types" (Dauben­
mire 1952), " potenti al natura l vegeta-
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tions" (Kuchler 1964) and " potential nat­
ural communities" (Hall 1998) each re­
flect polyclimax logic. In the Blue Moun­
tains ecological province, only 7 of 31 
climax forest associations have been suc­
cessfully predicted based on their site 
characteristics alone (Kelly et al. In 
press) . Documentation of these regimes, 
in context with those for sera! vegetations 
(see Hall 1998) would clarify herbivory's 
role in determining stable states of forest 
vegetation in the region. 

Nevertheless, the state-and-transition 
model is an attractive alternative to both 
the monoclimax and polyclimax models. 
It might be attractive to some because it 
does not require explicit distinction be­
tween climax and lower seral states as 
such. More importantly, however, the 
state-and-transition model clearly re­
quires explicit definition of conditions 
that induce transitions (see Westoby et al. 
1989), not merely identification of the 
agents that are involved in producing al­
ternate stable states (see Tansley 1935), 
or knowledge that alternate stable states 
can exist (see Clements 1916, 1934; 
Weaver and Clements 1938). Thus, great­
est management utility of state-and-tran­
sition modeling lies in the fact that it does 
not accommodate ambiguity to the extent 
of either the monoclimax or polyclimax 
model. 

Application of the state-and-transition 
model nonetheless can be challenging in 
the forestry context. Foremost is the basic 
problem of defining a stable state. Com­
mercial foresters might classify forest 
stands based on apparent commercial val­
ue or position in a sequence of explicit 
management events (e.g., seedling, sap­
ling, pole, small saw-log, etc.). Whereas 
those not so concerned with commodity 
production might be attracted to classifi­
cations more reflective of gradual succes­
sion (e.g., stand initiation , stem exclu­
sion, understory reinitiation, old growth; 
after Oliver and Larson 1990). In either 
case, the classification of stands amounts 
to a sequence of sera] stages (some man­
agement-induced) that are explicitly linked 
by some combination of disturbance (i.e. , 
management, herbivores) and succession. 

These stands also vary to substantial ex­
tent in their composition while at the 
same time often sharing in common the 
majority of plant taxa. The initial and in­
termediate "stages" in these artificial se­
quences are virtually never stable, but 
rather are dynamic, often highly and pur­
posefully so. Switching can be induced 
between sera] stages by invoking defined 
conditions, such as clear-cut logging to 
transform a saw-log stand into an herba­
ceous or shrub stage, or controlled cattle 
grazing to facilitate development of a 
shrub understory. However, stability in 
the ecological sense is not achieved short 
of an equilibrium state in which the veg­
etation can be expected to pers ist indefi­
nitely (i.e., some form of polyclimax). 
Thus, an explicit reconciliation of state­
and-transition modeling with polyclimax 
theory seems unavoidable in northwest­
ern forests. 

Stromayer and Warren (1997) recog­
nized that transition-inducing mecha­
nisms in forests probably involve multi­
ple disturbance agents such as fire, log­
ging, and chronic herbivory, but they 
added that confirmation of new stable 
states might require monitoring over cen­
turies. Kienast et al. (1999) concluded 
that rather extreme browsing by large her­
bivores would not dramatically alter suc­
cessional pathways or long-term woody 
biomass dynamics. Such observations 
beg a critical question. How dramatic and 
persistent must an h erbivore- induced 
change in forest vegetation be in order to 
represent a change in "stable state"? It 
is clear that disturbance-induced, seral 
forest vegetations do not typically repre­
sent "stable states" in the same sense as 
do stable, low-seral-state, rangeland com­
munities (as described by Westoby et al. 
1989). In absence of clear evidence to the 
contrary, sera! forest stages should prob­
ably be modeled explicitly as "transient" 
rather than as "stable" states, because 
these seral vegetations typically " ... (do 
not) persist indefinitely but rather 
(change) into one or other persisting 
states, depending on events while ... in 
the transient state." (see Westoby et al. 
1989:268). 
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FIGURE 4 . Forest zones in the northwest are di stributed along a 2-dimensional gradient 
defined by drought stress and temperature . Oak woodlands, ponderosa pine, Doug las fir, and 
the dri er mixed conifer types are those most I ikely to suffer frequent drought stress and periodic 
fire. Trans ition-inducing inte ractions that involve he rbivores, drought, and fire are probably 
more frequent there than in coasta l and more mes ic mi xed-conifer forests, but the frequency 
of such transitions can be increased through anthropogenic di sturbances such as logg ing, pre­
scribed fire, and persistently high he rbivory regimes . C limate warming should increase the 
frequency of trans ition-induc ing inte ractions along the warm-dry margin of each zone but 
would perhaps be most apparent in the temperature- and moisture-constrained forests. Thi s 
fi gure is simplified from that of Franklin and Dyrness (1973:50). 

Productivity of arid lands is usually 
constrained by moisture, and thus precip­
itation has played a pivotal role in state­
and-transition model s for rangeland ap­
plications (Westoby et al. 1989, Laycock 
1991). Northwestern conifer forests, how­
ever, are strongly zonal in this respect 
(Daubenmire 1969, Franklin and Dyrness 
1973), occurring along a two-dimensional 
gradient defined by drought stress and 
number of optimum growing days. Five 
zones are arrayed typically (oak-juniper 
woodlands, ponderosa pine, mixed coni­
fer, coastal temperate, and subalpine/bo­
real). The woodlands, ponderosa pine and 
dry mixed-conifer forests are usually con­
sidered to be moisture-constrained and in 
this sense are similar to steppe and shrub­
steppe vegetations. Subalpine and boreal 
forests often are considered to be temper­
ature-constrained (Franklin and Dyrness 
1973:50). In between these two extremes, 
most mixed-conifer and coastal-temperate 
forests are less likely to be constrained by 
moisture or temperature (Figure 4) . 

The nature and extent of herbivory's 
involvement in facilitating transitions be-

tween stable states should vary across 
these zones. In the dry, moisture-con­
strained forests, coupling of some herbiv­
ory regimes with relatively frequent 
drought, resultant moisture limitation , and 
in some cases frequent, low-intensity fire 
should produce frequent opportunities for 
herbivory to induce transitions . In wetter 
forests , drought-induced moisture limita­
tion is Jess frequent, as is the fire fre­
quency, but fire intensity increases with 
the fire-return interval (Agee 1993). Thus 
opportunities for herbivores to interact 
with fire regimes to induce transitions be­
tween alternate stable states probably oc­
cur relatively infrequently in wetter, more 
productive forests , albeit more dramati ­
cally under normal fire-return intervals . 

Anthropogenic disturbance regimes 
(e.g. , logging, herbicides, fertilization , 
and/or prescribed fire), howeve1~ should 
increase the frequency of such opportu­
nities. For example, the typical fire-return 
interval on a cool-moist grand fir site 
might be 100-300 years (Agee 1993). 
Under intens ive s ilvicultural manage­
ment, howe ver, the same site might have 
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a di sturbance-return interval (i.e. , log­
ging, herbic ides, fer tili zati on, fire) of o nly 
10-15 years (Figure 3), thus increasing 
the potenti a l frequency of inte ractio n be­
tween episodic agents and herbivores . 
Where epi sodic disturbances markedly al­
ter nutrient pools in these forests, and 
where subsequent herbi vory a lters nutri ­
ent accumulati on such as through selec­
tive suppression of nitrogen-fixing plants, 
alternate states of forest productivity may 
be inducible (Riggs et al. 2000). 

The zonal di stributi on of northwestern 
fo rests mig ht influence the effecti ve mag­
nitude of such interactio ns as well , be­
cause the influences of herbivores depend 
o n the rate of fo rest succession relative to 
the rate of herbivore population increase 
(Crawley 1983). In mesic coastal forests, 
wild ungulate populations may not be 
able to inc rease at suffi c ient rates to have 
much of an effect on the long-term sta­
bility of successions (i.e., from o ne fores t 
rotation to the next), because sites in 
these forests are so rapidl y colonized by 
plants and u ltimately dominated by fores t 
canopy. In drier forests of the Interior, 
however, secondary succession proceeds 
more s lowly, thereby providing a lo nger 
" window of opportunity" for wild un­
gul ate populations to grow and effecti ve­
ly exert influences o n secondary succes­
sio ns. 

Growth and Yield Models 

We have di scussed that northweste rn 
forests can be characteri zed by compli­
c a ted inter-agent di s tu r ba nce reg imes . 
M any of these regimes involve " intensive 
fo restry" p rac ti ces such as pre- pro­
g rammed thinning, herbicide and fe rtil ­
izer applicatio ns. In these settings, forest 
growth simulators play a c rucia l ro le in 
building dete rmini sti c p rojections of tim­
ber growth and yield based o n model 
strategies that dictate both type and se­
quence of management in tervention. The 
dominant simulator in the Northwest is 
probably the Forest Vegetatio n Simulato r 
(FVS ; after Wykoff 1986, Wykoff et al. 
1982), of which many regio nal variants 
exist in public and private domains (see 
http:/ lwww. fs.fed . uslf msclfvsl varia n tsl 

index.php.). These simulators p roject co­
nife r growth and y ield based on input for 
site producti vity, conifer in-growth, mor­
tality, and applied sil viculture. Output is in 
the form of periodic projections (e.g., 3-, 
5-, 10-, or 20-yr periods) of stand attri­
butes (e.g ., trees per acre, diameter distri­
butio n, volume, etc.) that can be interpret­
ed to classes or stages of forest vegetation. 
In some of these regional variants, tree 
growth is calibrated according to polycli ­
max associations, and " post-processor" 
programs are also available for linking 
understo ry dynamics with overstory dy­
namics (after M oeur 1985 ; see http: I I 
www. fs. fe d .u sl fmsc / f v sldesc ri ption l 
model.php. ). 

The FVS and its post-processors can be 
calibrated to herbivory regimes as well , 
thereby providing integration of herbivo­
ry and silviculture in an operatio nal con­
text. However, none of the regional vari­
ants have been calibrated to integrate her­
bi vory effects explic itly. Growth simula­
tors nevertheless are the primary tools 
used by fo resters to simulate forest dy­
namics in forest management, and if 
properly calibrated can provide powerful 
projecti ons of wildlife habitat quality un­
der vary ing silvicul ture regimes (e.g., Ro­
loff et a l. 1999, McGrath et al. 2003). 
They are thus a logical contact point for 
integrating herbivores into the context of 
operatio nal forestry. 

Landscape Models 

Ecosys te m manage me nt impli es a 
landscape focus and a planning horizon 
measured in tens to hundreds of years 
(Tester et al. 1997). The range succession 
model, state-and-transition model (as de­
scribed by Westoby et al. 1989), and veg­
etation simulators represented by the FVS 
are focused on vegetatio n trajectories, or 
on states and transitions within a patch of 
vegetation over relati vely short time pe­
riods (e.g., a few decades). It has been 
argued that these models can not mecha­
nisti cally model either the processes or 
res po nses in vo lved in th e ecosys te m 
(S tar fie ld e t al. 1993, Teste r et al. 1997), 
and can not be asked how the ecosystem 
will respond to specific changes in the 
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driving variables or sporadic environmen­
tal events (Starfield et al. 1993). In these 
models , herbivores modify success ions or 
induce tran sitions in the patch, but the 
range of possibiliti es is defined by expec­
tations considered realistic for the site 
based on historical ranges of variation at 
similar sites. Events or trends outside of 
that range, as might be expected due to 
climate change for example, cannot be 
ex plicitly considered. Also, because these 
models focus on sites or patches, they are 
not well suited to consider how events or 
conditions in nearby patches may influ­
ence events or processes in the focal 
patch (e.g., seed production and dispersal , 
fire intensity and spread, herbivore den­
sity and the predictable spatial pattern of 
grazing intensity). Thus, neither the 
range-succession or state-and-transition 
models are well suited to modeling he r­
bivory effects across landscapes or in 
context with transient climate. There are 
better alternatives. 

"Frame-based" models are a type of 
"top-down" , state-and-transition model 
emerging from landscape ecology (Star­
field et al. 1993, Tester et al. 1997). In 
their simplest form, each frame represents 
an ecosystem (e.g., grassland, deciduous 
forest, conifer forest, etc.). Each ecosys­
tem frame runs as an independent subrou­
tine, only one at a time, and transitions 
occur from one ecosystem frame to an­
other when the conditions necessary for 
maintenance of a frame are no longer met 
(Figure 5). Frame-based models have 
been used to explore how herbivores 
could interact with disturbance to alter 
vegetation in a variety of ecosystems 
(Starfield et al. 1993, Starfield and Chap­
in 1996, Tester et al. 1997). Using a 
frame-based model , Starfield and Chapin 
(1996) concluded that management poli­
cies related to logging and moose popu­
lations could affect vegetation stability as 
much or more than could climate change. 
Like the other models we have consid­
ered, frame-based modeling was initially 
patch-focused but it now incorporates 
spatially explicit relationships in land­
scape contexts (see Rupp et al. 2000a, b). 

Like the more traditional state-and-
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_ _.. Cold-climate shift 
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FIGURE 5. Frame-based model structure 
(large box, after Starfield and Chapin 1996) 
shows normal success ion among arctic and 
boreal ecosystem types (frames) and transi­
tions unde r transient climatic conditio ns. [n 
this model , herbivory interacts with fire and 
logging to influence the probability of each 
transition occurring (see Starfield and Chapin 
1996:856). Bracketed vegetations (outside the 
la rge box) represent Northwest analogs to the 
more northern vegetations . 

tra ns ttiOn models used in rangel a nds, 
frame-based model s are relatively insen­
sitive to linear trajectories of vegetation 
within their frames. Frame-based models 
are probably best used to explore rela­
tively long-term and large-scale vegeta­
tion dynamics. Frame-based models 
should be explored in northwestern for­
ests given the apparent likelihood of 
global warming, the region 's zonal limi­
tations to forest growth and distribution, 
and the likelihood that transition-inducing 
interactions occur between climate, fire, 
forest management and herbivory. Cali­
bration of frame-based models to north­
western forests will probably be challeng­
ing because of zonal factors, complicated 
inter-agent disturbance regimes, and the 
complexity of herbivore assemblages. 

Multi-herbivore systems often present 
the challenge of evaluating influences of 
modifying one or another herbivore re­
gime. An obvious example of this is com­
paring the influence of modifying live­
stock numbers to that of modifying wild 
herbivore populations (Weisberg et al. 
2002). This problem involves interacting 
submodels for weather, carbon, nitrogen, 
water, light, fire, predators, vegetation 
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productio n and herbi vore populatio n dy­
nami cs; simula ting vegetati on dynamics 
in terms of plant compositio n and pro­
ductio n respo nses to climate, fi re , and 
herbivory ; simulating animal responses in 
term s of distribution, production, and 
population growth (Coughenour 1993). 

SUMMARY AND CONCLUSIONS 

Influences of large herbi vores on north­
western fo rests m ay range fro m benign to 
profound, and wild herbivores are just as 
capable of affec tin g fo res t ecosystem 
properti es and processes as are domestic 
lives tock . Wild ungul ates and livestock 
are agents of chronic di sturbance that in­
teract with episodic agents in sequence, 
modify ing transient states that are cata­
lyzed by epi sodic di sturbance. E nlight­
ened management of herbivory effects in 
northwestern forest ecosyste ms must be 
based o n kno wledge of how herbivores 
in terac t sequenti ally with epi sodic di stur­
bance agents. We offer the following sug­
gestions for integrating herbi vory science 
in the regio nal forestry mode l. 

F irs t , continuin g manage me nt with 
o nl y the range successio n model wo uld 
be problematic fo r fores t managers as in­
deed it has been for range managers. T he 
range succession model re mains useful 
for managing short-term responses of 
vegetation w here herbi vory is indeed the 
primary agent responsible for change. 
Howe ver, as utilized hi stori cally it does 
not reconcil e eas ily with the po lyclimax 
theory of forest succession, w ith regio nal 
cl assi fi cati ons of stable fo rest vegetati ons, 
or with disturbance-agent interactio ns. 

Second, in seeking alte rnati ves to the 
range succession model, we should seek 
m odels that can distingui sh herbivory re­
g imes that merely a lter success ions in the 
short-term from those that are like ly to 
p roduce alte rnate stable states over the 
long term . Long-term changes in vegeta­
tio n states will p robably resul t from in­
teractio ns involving herbivores and other 
controlling agents, and will probabl y be 
more like ly in fo rests that are characte r­
ized by high-frequency disturbances, and 
frequent water and/or nutrie nt stress. The 
state-and-transiti on model represents an 

attractive alternati ve for conceptualizing 
patch-level di sturbance regimes and their 
consequences. However, state-and-transi­
tion models are not necessaril y sensitive 
to gradual changes in vegeta tion, require 
unambiguous articul ation and calibration, 
and as proposed in range management 
thus far are not capable of addressing 
landscape-level dynami cs . 

T hird, the selection of a model to in­
tegrate herbi vory into forest management 
sho uld also depend on the nature and the 
scale of the manager's info rmation need. 
Growth simulators like the FVS provide 
a convenient tool fo r integrating herbi v­
ory influences into the operati o nal con­
text with overstory management, and 
their calibrati on for herbi vory-induced ef­
fects could prov ide unambiguous manage­
ment utility. State-and-transition models 
p rovide a convenient tool for organi zing 
herbi vory's influences in context with 
those of episodic di sturbances, provided 
that stable-states (i.e. , polyclimaxes) and 
the ir transiti ons are not confused with 
transient-state dynamics (i.e ., of sera] 
stages). Landscape mode ls offer ecosys­
tem frameworks in which managers can 
consider spatially-explic it interactions be­
tween herbi vores and other di sturbance 
agents, and their long- term effects o n for­
est ecosystem stabil ity. S till , these models 
remain to be calibrated in the Northwest. 
Forest managers interested in integrating 
herbi vory into the ir m anagement pro­
grams are more constrained by inade­
quate data fo r calibration than by avail­
ability of models, and applied research 
should foc us on calibration. 

Fourth , so me ex perime ntal research 
will be required to understand how her­
bivores interact with other disturbance 
agents to in fl uence forest vegetation. Ul­
timate ly, the management utility of these 
ex per ime nts will de pe nd upo n their 
blending of ungul ate biology, range sci­
ence, forestry science, landscape ecology, 
and even climatology to an extent not of­
ten seen before. Agency and university 
admin istrators would do well to force that 
in tegration in to their research programs 
as rapidly as poss ible . Because the nature 
and magni tude of herbivore effects can be 
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expected to vary across the region's en­
viron mental gradient, long- te rm funding 
for inte rdi sc iplinary research should be 
undertaken at several experiment stati o ns. 

F in ally , integrat ing la rge he rbivores 
into the organi zational mode l for no rth­
western forestry will not be a mere ex­
erc ise in modeling effects. Ultimately, it 
must invo lve manag ing herbivore popu­
lations in context with spec ific landscape 
disturbance regimes. Managing herbivore 
populations will be as important to that 
integrati on as managing the pattern of 
fo restry practices. Thus, to the extent that 
landscape management defi nes herb ivore 
carrying capacity, game departments and 
their constituents have a vested interest in 
understandi ng the biological processes 
and forest dynamics involved. 
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The Role of Ungulate Herbivory and Management 
on Ecosystem Patterns and Processes: Future 
Direction of the Starkey Project 

Martin Vavra, Michael J. Wisdom, John G . Kie, John G. Cook, and 
Robert A. Riggs 

INTRODUCTION 

In the Nati onal Fores ts of the B lue 
M ountains, a high percentage of com­
mercial tree species, such as D ouglas-fi r 
(Pseudots uga menziess i) a nd tru e fi rs 
(Abies spp.), have d ied as a result of over­
crowding on drier sites, drought, and in­
sects (John son et a l. 1995 , Quigley and 
Arbelbide 1997). T hese conditions are 
typical of forested lands throughout the 
West (Covington and M oore 1994, Quig­
ley and Arbelbide J 997). Traditi onal fo r­
est management practices (fi re exclusion, 
harves t practices) (Johnson et al. 1995) 
and livestock grazing (Be lsky and Blu­
menthal 1997) have contributed substan­
tially to the current situatio n (H ann et al. 
1997). Additi onally, because of these in­
flu ences, trees in many stands ex ist at 
hig her basa l areas and hi g her densiti es 
(live and dead) than occurred historicall y, 
creating ladder fuels that have dramati ­
cally increased the ri sk of catas trophi c 
wildfi res covering very large acreages . In 
the coming years it can be expected that 
fi res will continue in forests where exces­
sive fuel build-ups have occurred , and 
that extensive fuels reduction projects 
will be initi ated to prevent them (Healthy 
Forest Restoration Act 2003). 

Secondary succession of both under­
story and conifer co mponents is initiated 
foll owing e ither large fi res or fuel reduc­
tion treatments. These areas often be­
come focal points of ung ulate herbi vory 
for two reasons: 1) vegetation develop­
ing after disturbance is often more pal­
atable to ungul ates relative to that avail­
able o n undi sturbed sites (Asherin 1976), 
and 2) forage producti o n in recently di s­
turbed areas is often greate r th an in sur­
rounding forest co mmunities with dense 

cano pies (McConn e ll and S mi th 1970, 
Klin ka et al. 1996). Large he rbi vores are 
attracted to areas that are c haracteri zed 
by re lative ly hig h bio mass of palatable 
food resources, and thu s can be expected 
to foc us fo raging activity in recently di s­
turbed areas. 

Only rudimentary data exists (Riggs et 
al. 2000) but stro ngly implicate ungul ate 
herbivory as a sig nificant agent in altering 
successiona l trajectories following di stur­
bance (fi re, Jogging, fuels reduction) in 
the Blue M o untains. Raedeke (1988) stat­
ed that selecti ve feed ing by fores t animals 
can resul t in complete changes in the 
struc ture, compositi on, and productivity 
of the forest. In general, pl ant communi­
ties within grazing exclosures are more 
d iverse than the surrounding forest com­
munity subjected to continual herbivory 
(Raedeke 1988) . Recent literature rev iews 
(Hobbs 1996, Augustine and M cNaugh­
ton 1998) c learl y indicate the important 
ro le of ungulate herbivory not only in 
modify ing the compositio n of plant com­
munities, but of ecosystems. 

In the Blue M ountains, herbivory has 
long been recog nized to be a competi tive 
fac to r in ungula te relatio nships (C liff 
1939, Pickford and Reid 1943) and in 
suppressing the understory shrub com­
ponent (Mitchell 1 95 1). The role of un­
gulate herbi vory as a major disturbance 
agent is not well recognized in the pre­
dominant management paradigms, how­
ever, both in the Blue M ountains and in 
all forest ecosyste ms of the western U.S. 
Moreover, knowl edge of herbi vory ef­
fec ts is more anecdotal than predictive 
(Ri ggs et a l. 2000). 

In this paper, we brie fl y describe cur­
rent knowledge regarding the effects of 
ungul ate herbivo ry on ecosystem patterns 
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and processes in forests of western North 
America. We then describe new research 
underway at the Starkey Experimental 
Forest and Range (Starkey) to understand 
ungulate herbivory effects. Finally, we 
identify some of the key policy implica­
tions associated with management of un­
gulate herbivory on National Forests in 
the western United States. 

WHY STUDY AND MANAGE 
UNGULATE HERBIVORY? 

In the western United States, state and 
federal land management plans outside of 
national parks have not recognized the 
ecological effects of foraging by wild un­
gulates as evidenced by the lack of its 
mention in land management plans . Aber 
et al. (2000) made no reference to ungu­
late herbivory, either wild or domestic , in 
their publication "Applying ecological 
principles to management of the U. S. 
National Forests". In Europe, the effects 
of ungulate herbivory are better recog­
nized, but primarily for impacts on regen­
eration of conifers (Krauchi et al. 2000). 
At the same time, livestock grazing has 
long been identified as a potent agent of 
change in the composition, structure and 
production of plant communities (Fieis­
chner 1994), and management and re­
search have attempted to address the po­
tentially deleterious effects of this agent. 
Historically, however, native herbivores 
such as deer and elk usually were per­
ceived as benign constituents of the en­
vironment. In this context, native herbi­
vores are considered a product of man­
agement rather than a disturbance factor 
that might influence other resources and 
ecological processes. More recently, em­
pirical evidence increas ingly indicates 
that ungulate herbivory, wild or domestic, 
can have dramatic effects on ecosystem 
structure and function (Hobbs 1996, Au­
gustine and McNaughton 1998). 

In the Blue Mountains, recent findings 
indicate that wild ungulates dramatically 
alter the successional pathways of forest 
understori es following disturbance (Riggs 
et al. 2000) and impact grasslands (John­
son and Vavra 2001, but see Coughenour 
1991a, Singer 1995). This evidence large-

ly refutes the notion that successional 
pathways can be predicted without regard 
to the herbivory reg imes, and thus under­
scores the need to understand how inter­
actions between herbivores and episodic 
disturbance function, in the context of 
both wild and domestic herbivory. We de­
fine ungulate herbivory as including both 
wild and domestic herbivores. Identifying 
how ungulate herbivory influences com­
position and structure of forest understo­
ries following disturbance is critical to the 
success of forest planning over the next 
several years for several reasons. 

Forest conditions in the western United 
States are such that major changes in 
management are like ly during the next 
several years. Years of fire suppression, 
resulting forest ingrowth and tree mortal­
ity caused by insect and disease outbreaks 
have contributed to the development of 
forests that exceed the natural range of 
variability and are susceptible to confla­
grations (Quigley and Arbelbide 1 997). 
For example, 17 percent of the Wallowa­
Whitman National Forest has burned in 
the last 10 years. As a result, management 
actions are being planned (National Fire 
Plan 2003 and Healthy Forest Restoration 
Act 2003) to reduce tree density and fu­
els, and increase prescribed burning. Nev­
ertheless, vast areas will probably remain 
untreated well into the future and so the 
risk of conflagrations will remain high in 
many areas. Management to restore more 
natural conditions and continuing wildfire 
conflagrations both set in motion second­
ary plant successions that will then be in­
fluenced by ungulate herbivory. The na­
ture and extent of these herbivory effects 
are currently unknown , but sufficient ev­
idence indicates the effects may be rele­
vant and perhaps deleterious to other 
wildlife species, biodiversity, and ecosys­
tems processes in general. Additionally, 
herbivory-induced changes in understory 
may affect productivity of native ungulate 
herds via negative feedbacks (Irwin et al. 
1994) and may increase the degree of in­
terspecific competition among ungulates 
(Vavra and Riggs 2004). 
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NEW RESEARCH AT STARKEY: 
EFFECTS OF UNGULATES ON 
THE FOREST ECOSYSTEM 

Past research at Starkey focused on 
deer and elk responses to management 
(Wisdom et al. 2004). New research, 
however, also will focus on the effects of 
deer, e lk, and cattle as di sturbance agents 
in the ecosystem. Thi s ne w research will 
specifically measure effects of ungulate 
herbivory on pl ant success ion and asso­
ciated changes in nutrient cycling and 
biodiversity. Results are expected to pro­
vide insights to how herbivore regimes 
can be sustainably integrated with other 
disturbances in conifer-dominated ecosys­
tems in the Blue Mountains. 

The new herbivory research at Starkey 
specifically is designed to evaluate the ef­
fects of ungulate grazing, interacting with 
episodic disturbances, on vegetation de­
velopment and a vari e ty of other resourc­
es in grand fir (Abies grandis) and Doug­
las-fir forests predominate across much of 
the interior western United States . Within 
this context, we will assess effects of her­
bivory by elk and by cattle, the two dom­
inant ungul ate species in these ecosys­
tems, using a variety of response vari­
ables including (a) understory forest de­
velopment, (b) elk and cattle forage 
selection and digestibility, (c) nitrogen 
availability and other key nutrients that 
affect forest productivity, (d) insect her­
bivory and biodiversity, and (e) small 
mammal herbivory and biodiversity. 

The research is designed to answer the 
following questions: 

1. How does herbivory by elk and by 
cattle affect alien plant invasions and 
the composition, life forms, species 
richness, cover, and structure of for­
est understories of grand fir and 
Douglas-fir forests ? 

2. How do effects of herbivory by elk 
and by cattle on vegetation develop­
ment vary with low, moderate, and 
high densities of each ungulate, in 
contrast to no herbivory by either un­
gulate? 

3. How does nitrogen availability and 
that of other key nutrients change in 

relation to low, moderate, and high 
densities of e lk and cattle, and how 
mi ght thi s affect vegetation develop­
ment? 

4. How does di et selection by elk and 
cattle interact with herbivory effects 
on vege tation development under 
low, moderate, and hi gh ungulate 
densities? 

S. How does diet selection by e lk and 
cattle, and resultant digestibility of 
forage consumed, change over time 
in relation to low, moderate, and high 
ungulate dens ities, as changes in for­
age biomass and quality occur? 

6. What are the implications of question 
S on the long-term performance of 
elk and cattle populations? 

7. How do herbivory effects by elk and 
by cattle change in relation to epi­
sodic disturbances of intensive tim­
ber harvest and prescribed fire, in 
contrast to effects with no harvest or 
fire? 

8. How does herbivory by insects and 
small mammals affect vegetation de­
velopment, as such forms of herbiv­
ory interact with ungulate herbivory? 

9. Does biodive rs ity of insects and 
small mammals change in re lation to 
ung ulate herbivory? 

I 0. How might conceptual models of un­
gulate herbivory-epi sodic distur­
bance interactions be refi ned and pa­
rameterized for stand-level manage­
ment of grand fir and Douglas-fir for­
ests of the Interior Northwest? 

These questions are being addressed 
with the use of 8 ungulate exclosures, 
each 17 acre (7 ha) in size that have been 
constructed at Starkey. Exclosure sites 
were selected within the strata of timber 
harvest and fire versus no timber harvest 
or fire. Each exclosure has been subdivid­
ed into 7 enclosed paddocks, each 2.5 
acre (1 ha) in size, for stocking density 
manipulation of ungulates (Figure I). 

Each of the 7 individual paddocks that 
compose a 17-acre (7-ha) exc losure (Fig­
ure I) are randomly assigned 1 of 7 dif­
ferent treatment levels : 3 level s of grazing 
by tame e lk (low, moderate, or high den­
sity), 3 levels of grazing by cattle, (low, 
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7 ha­
Ex closure 

Cattle - High 

Cattle - Low 

Elk - Moderate 

-Cattle - Moderate 

Complete Exclusion 

Elk- Low 

Elk - High 

- I ha 
Paddock 

FIGURE 1. Schematic of o ne of e ight 17-
acre (7-ha) exclosures at Starkey Experimen­
ta l Forest and Range. Each exclosure conta ins 
7 paddocks, each I ha in size, w ithin which 
the graz ing tri a ls fo r cattl e and e lk w ill be 
conducted . Each of 7 treatme nt leve ls will be 
randomly assigned to a given 1-ha paddock. 
Stocking densities of bo th elk and cattle will 
be low, moderate , or high. An additional treat­
ment leve l cons is ts of mixed stocking of both 
species, with e lk us ing the 2.5-acre (1-ha) 
paddock early in the summer grazing season, 
fo llowed by cattle us ing the paddock late in 
the summer graz ing seaso n, both at low stock­
ing densities . 

moderate , or high density), and 1 level of 
to tal ungul ate exclusio n (for a total of 7 
paddocks pe r exclosure) . 

Construc tio n of the e ight exclosures 
began in summer of 2002 and will con­
tinue th rough 2004. Summe r grazing tri ­
als will take place each July, using tame 
e lk and cattle at each stocking level in the 
paddocks. O ver 40 response vari ables re­
lated to effects o n pl ants, nutri ents, un­
gulate di ets, ungul ate nutriti on, and insect 
and small mammal diversity will be mea­
sured over the life of the study, which is 
intended to last at leas t 10 years. 

This new herbivor y study w ill address 
effects of multipl e densities of ungulates, 
of wild versus domestic ungul ates , and 
the interac tions of herbivory with episod­
ic disturbances of reductio n in wood fuels 

and prescribed fire . These treatment ef­
fects have rarely been evaluated in past 
herbivory research, which more typically 
compared comple te exclusion versus ex­
tant herbivo re use, with littl e or no mea­
surement of stocking levels, identifi cation 
of herbi vore species, and little consider­
ati on of interactions with other distur­
bances (Riggs e t al. 2000, Wisdom et al. 
in press) . 

To complement thi s research, models 
will be developed to predic t effects of 
varying densities of ungulates on pl ant 
succession and fire ri sk (Wisdom et al. in 
press). The new research at Starkey will 
be used to para meteri ze the models for 
integrated management of ungulate her­
bivory wi th epi sodi c di sturbances of tim­
ber harvest, f ue ls reduction , and fi re . 

NEW RESEARCH AT STARKEY: 
UNGULATE RESPONSE TO 
FOREST MANAGEMENT 
PRACTICES 

As a result of the recently passed 
Healthy Forests Res toration Act of 2003 
(HR 1904 ), efforts to reduce fuel loadings 
th rougho ut eas tern Oregon, eastern Wash­
ington, and weste rn Idaho will be inten­
sified. These efforts w ill likely include 
mechani cal treatments, prescribed burn­
ing, and other techniques used in the past. 
One such project was recently completed 
at Starkey. In 1996 the Pacific Northwest 
Research Sta ti o n and the Wallowa-Whit­
man Natio na l Forest began pl anning an 
Adapti ve Resource M anagement (ARM) 
fuel reduc ti o n program. ARM projects of­
fer unique oppo rtunities fo r collaboration 
between research and management. Rare­
ly do research statio ns have the funds, 
personnel , and expertise to conduct land 
management activities at such a broad 
scale . Conversely, national fo rests lack 
personnel trained in experimental design 
and the infras tructure to conduct sound, 
scientific experiments. By combining the 
talents and resources of both Research 
and the Nati onal Fores t System in a col­
laborative ARM project, benefi ts accrue 
tha t wo uld be imposs ibl e fo r e ither 
branch o perating independently. M any 
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professional scientific organizations have 
identified the value of such adaptive, col­
laborative resource management efforts 
(Lancia et al. 1 996). 

The fuel reduction treatments began in 
spring 2001 and were completed in fall 
2003. A total of 46 stands of true fir and 
Douglas-fi r that had suffered substantial 
mortality during the spruce budworm out­
break in the late 1980s were chosen for 
treatment. A similar number of stands 
were left untreated as experimental con­
trol s. The treated stands totaled I ,999 
acres (809 ha) in size (mean = 34.6 acres 
(14 ha) , range = 2.8- 114.0 acres (1.1 - 46 
ha)). In many of those stands, fuel load­
ings exceeded 60 tons per acre. The ob­
jective of the treatments was to reduce 
fuel loadings to no more than about I 5-
20 tons per acre. All stands were me­
chanically thinned using a feller-buncher. 
About 75 percent of the treated stands 
were then either broadcast burned or piled 
and burned to achieve final fuel objec­
tives. 

At Starkey, we are using an automated 
radio telemetry system to track e lk, mule 
deer, and cattle and determine how un­
gulates respond to fuel reduction treat­
ments at the landscape level. Some spe­
cific hypotheses we are testing include: 1) 
animals will be attracted to the treatment 
areas because of increased production of 
preferred forages, 2) elk and deer use of 
treatment areas will be influenced by the 
presence of roads and traffic level s, 3) 
spatial memory (remembering where the 
treatments areas are located and the 
amount of forage in each) and explorato­
ry trips (to find newly treated patches) 
will influence the process by which ani­
mals use fuel treatment areas, and 4) the 
shape, size, and spacing of treatment 
patches will affect their use by elk, mule 
deer, and cattle. The automated telemetry 
system is critical to successfully testing 
these hypotheses. 

This study will yield critically needed 
information about how overstory and un­
derstory vegetation responds once the 
fuel reduction treatments have been com­
pleted. The success of future fuel treat­
ments, and even the ability to complete 

such treatments, will be greatly enhanced 
if we understand the vegetation response 
to treatments. In addition, identification 
of cattle, deer, and e lk responses will be 
useful for future environmental assess­
ments and planning efforts. 

Similar future research is in the plan­
ning stages that will incorporate pre­
scribed fire and, if needed, prior fuel re­
duction treatments in ponderosa pine (Pi­
nus ponderosa) communities. The design 
of the experiment will be similar to that 
just described in that experimental pro­
tocols will be used but the size of the 
treatments applied will be on a manage­
ment scale. 

POLICY IMPLICATIONS 

Herbivory exists as an unrecognized 
di sturba nce on landscapes in western 
North America. Extant plant communities 
may be influenced by herbivory and 
termed grazing di sc limaxes (Riggs et al. 
2000). However, the influence of herbiv­
ory in a ltering successional trajectories 
may be most critical following distur­
bance such as fire or fuels reduction treat­
ments. After di sturbance, plants often re­
establish either from rootstocks or seeds 
and are more susceptible to foraging by 
herbivores. Research results from the 
Starkey Experimental Forest and Range 
and elsewhere in eastern Oregon relating 
herbivory and di sturbance are critically 
important as the new Healthy Forest Ini­
tiative is implemented. 

Important management and policy im­
plications relevant to herbivory are: 

• Ungulates act as keystone species that 
control ecosystem function and prop­
erties. These effects have substantial 
ecological, economic, and social con­
sequences that deserve increased focus 
in forest research and management. 
Improved understanding of the effects 
of wild and domestic ungulates , under 
varying population densities, is a crit­
ical need for improved management of 
ungulate herbivory. 

• Structure and composition of vegeta­
tion can change dramatically in relation 
to the intensity of ungulate herbivory, 
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and can have significant impacts on 
biodiversity. Biodiversity responses to 
varying levels of ungulate herbivory 
are not well documented and deserve 
high priority in research. 

• Marked changes in structure and com­
position of vegetation due to herbivory 
may increase error associated with 
identification of vegetative communi­
ties (Riggs et al. 2000) in the context 
of potential natural vegetation, reduc­
ing the accuracy and the value of the 
predominant vegetative/land classifica­
tion systems currently used by federal 
management agencies throughout the 
Northwest (e.g., see Henderson et al. 
1992). 

• Ungulate herbivory can negatively af­
fect ungulate productivity through neg­
ative feedback mechanisms mediated 
through suppression of food resources. 
Declining biomass of forage is likely 
to increase the intensity of ungulate 
herbivory. In turn, the increased her­
bivory may not allow preferred forage 
plants to establish, recover and persist 
unless disturbances such as fire or tim­
ber harvest occur across spatial extents 
sufficient to providing a forage bio­
mass far in excess of what can be uti­
lized by ungulates . On the other hand, 
where disturbance is not sufficient, un­
gulate populations will have to be re­
duced to avoid degradation. In any 
event, managers and policy makers 
might consider how the balance be­
tween landscape di sturbance and her­
bivore population management influ­
ence long term carrying capacity and 
ecosystem stability. These relations de­
serve attention in future ungulate-land­
scape research. 

• Ungulate herbivory may contribute to 
conifer ingrowth in forest understories, 
particularly when high levels of herbiv­
ory are combined with fire suppression , 
resulting in substantially higher risk of 
stand-replacement fires than existed 
historically. 

• When considering forest management 
practices such as timber harvest, fuels 
reduction , and prescribed burning, the 
size and number of treated areas will 

affect the recovery of those areas, with 
smaller treatments likely to attract in­
tensive herbivory and associated 
changes in vegetation development and 
other ecosystem processes. 
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Has The Starkey Project Delivered On 
Its Commitments? 

Jack Ward Thomas and Michael J. Wisdom 

INTRODUCTION 

The Starkey Project was conceived 
from intense debate about how best to 
manage habitats and populations of mule 
deer (Odocoileus hemionus) and elk (Cer­
vus elaphus) in western North America 
(Rowland et al. 1997). Founders of the 
research effort promised to provide defin­
itive knowledge about effects of the dom­
inant public land uses on mule deer and 
elk, and to transfer that knowledge in rel­
evant and synthesized forms for ease of 
management application. 

In our paper, we review the commit­
ments of the Starkey Project and sum­
marize its major achievements. We also 
identify key research opportunities that, 
in our view, are optimally addressed by 
the Project's unique research facility and 
compelling partnerships. Our review is 
focused on the historical performance of 
the Project in generating knowledge of 
high management utility, and the efficient 
transfer of that knowledge to land and 
wildlife managers in western North 
America. 

COMMITMENTS AND 
ACCOMPLISHMENTS 

The Starkey Project was designed to 
address the most contentious of resource 
uses on public lands, and to provide 
cause-effect responses of mule deer and 
elk to those uses. When the Project was 
first proposed in the early 1980s (Wisdom 
et al. 2004a), four resource issues were 
the focus of debate in relation to deer and 
elk: (1) road management; (2) intensive 
timber production and thermal cover; (3) 
competition with cattle; and ( 4) breeding 
efficiency of male elk. These four issues 
became the foundation of the Starkey 
Project's original studies that began in 
1989 and ended during the mid- to late 

1990s at the Starkey Experimental Forest 
and Range (Starkey) and Kamela research 
sites in northeast Oregon (Rowland et al. 
1997, Cook et al. 1998, Wisdom et al. 
2004a). 

Road Management 

Project scientists undertook new re­
search to estimate the long-term spatial 
relations of mule deer and elk to the type 
of road management (open, closed, and 
administrative use) and to the rate of mo­
torized traffic (number of vehicle trips per 
unit time) on the roads. Scientists de­
signed the research to estimate these re­
lations accurately, with sufficient sample 
sizes to clearly portray spatial patterns, 
and at landscape scales commensurate 
with ungulate use and management deci­
sions. 

Investigators met this commitment by 
generating the largest data set ever 
amassed on locations of deer and elk in 
relation to distance from roads of differ­
ent types and rates of traffic; scientists 
characterized these relations with spatial­
ly explicit models that could be directly 
applied in management (Rowland et al. 
2000, 2004; Wisdom 1998; Wisdom et al. 
2004b). Results are now used by state 
wildlife agencies and federal land man­
agement agencies throughout western 
North America. Findings constituted pa1t 
of the foundation for the national roads 
policy established by the U.S . Depart­
ment of Agriculture, Forest Service (FS), 
thus affecting road management on all 
National Forests. 

Intensive Timber Production and 
Thermal Cover 

Thermal cover is defined as "cover 
used by deer or elk to assist in maintain­
ing homiothermy" and as " . . . any stand 

240 
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of coniferous forest trees 40 feet (12 m) 
or more tall with an average canopy clo­
sure exceeding 70 percent" (Thomas et 
al. 1979:113-114). Whether thermal cov­
er was a requirement of elk (that is, 
whether animal performance suffered 
without thermal cover) constituted a ma­
jor question that the Starkey Project 
promised to examine. A corollary ques­
tion that the Project pledged to answer 
was whether intensive timber harvest had 
any measurable effects on habitats and 
populations of mule deer and elk. Prior 
investigations had shown that elk avoided 
or substantially reduced their use of areas 
subject to timber harvest and associated 
road use. But, what if the entire landscape 
was so treated and deer and elk had to 
react to the resultant conditions? 

The question of whether elk require or 
benefit from thermal cover was addressed 
in an experimental study at Kamela 
(Cook et al. 1998). Here, the nutritional 
condition of tractable elk maintained in 
pens was monitored in relation to varying 
amounts of thermal cover and no cover. 
Results, which detected no positive phys­
iological benefits to elk from the presence 
of thermal cover, have changed manag­
ers' thinking about elk-cover relations 
(Cook et al. 2004a). As a result, many 
land managers have modified their ther­
mal cover direction for elk. (Elk use of 
dense forest stands, such as for hiding 
cover and escapement, remain important 
considerations in management [Lyon and 
Christensen 2002]). Notably, contentious 
litigation related to meeting thermal cover 
standards on National Forests was re­
solved, saving millions of dollars to the 
FS planning process. 

Effects of timber management (harvest 
and roading) were addressed by conduct­
ing a landscape experiment to evaluate 
cattle and elk responses to intensive har­
vest and associated human activities at 
Starkey from 1989-1996 (Rinehart 2001, 
Wisdom et al. 2004c). Thousands of un­
gulate locations were collected before, 
during, and after completion of a timber 
sale that substantially reduced canopy 
closure on over half the forested study 
site, and more than doubled the road den-

sity. Measures of animal response provid­
ed little evidence of lasting negative ef­
fects with the major exception of the sub­
stantial increase in elk vulnerability to 
harvest by hunters (Wisdom et al. 2004c). 
Results (Rinehart 2001, Wisdom et al. 
2004c) are now available for timber sale 
planning on National Forests. 

Competition with Cattle 

The degree to which mule deer, elk, 
and cattle compete for food and space 
was another key research problem. By 
evaluating the spatial distributions, re­
source selection patterns, and behavioral 
interactions of the three ungulates as cat­
tle were rotated through the livestock pas­
tures each summer during the 1990s (Coe 
et al. 2001, 2004), scientists estimated a 
realistic forage allocation among cattle, 
deer, and elk by month and season (John­
son et al. 1996). Combined with a sub­
sequent study of diet overlap among the 
three species (Findholt et al. 2004), sci­
entists used the results to build new mod­
els capable of assessing the trade-offs and 
benefits of different grazing management 
scenarios on summer ranges shared by 
cattle, mule deer, and elk (Ager et al. 
2004). 

These models of forage allocation 
(Johnson et al. 1996) and grazing man­
agement (Ager et al. 2004) allow range­
land managers to evaluate trade-offs of 
changing stocking rates among the three 
ungulates under different assumptions 
that reflect ecological differences in un­
gulate use of summer ranges. Application 
of these tools is expected to facilitate 
timely completion of new allotment plans 
now under development in National For­
ests in the western U.S. 

Breeding Efficiency of Bull Elk 

Determining the degree to which elk 
productivity is affected by age of breed­
ing males was a major objective of the 
Starkey Project in the 1990s (Noyes et al. 
2004). During two separate, five-year 
studies, conception dates in female elk 
were shown to occur earlier and be more 
synchronous with increasing breeding age 
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of male elk (Noyes et al. 1996, 2002). 
That is, breeding by older bulls resulted 
in calves being born earlier and over a 
shorter time period each spring, confer­
ring a number of survival benefits (Noyes 
et al. 2004). 

As a result, states and provinces 
throughout western North America mod­
ified their hunting regulations to protect 
older male elk from being taken by hunt­
ers. Protection of older males from hunt­
ing is now recognized and implemented 
as an important management strategy, 
owing to the benefits of older males as 
breeders, in combination with the recog­
nized social and aesthetic benefits of 
viewing these animals (Bunnell et al. 
2002). 

ADDITIONAL 
ACCOMPLISHMENTS 

As Project investigators completed 
their initial studies during the 1990s, sev­
eral new resource issues in public land 
management emerged that could be ad­
dressed with the use of the Project's novel 
research technologies (Wisdom et al. 
2004a). Those issues became the focus of 
subsequent ungulate research at Starkey. 
New research completed or underway in­
cludes: 

• Effects of woody fuels reduction on 
distributions and forage conditions for 
mule deer, elk, and cattle (Vavra et al. 
2004); 

• Deer and elk responses to off-road rec­
reation, including travel by all-terrain 
vehicles, horseback, mountain bike, 
and foot (Wisdom et al. 2004d); 

• Development and testing of new road 
models for elk management (Rowland 
et al. 2004 ); 

• Synthesis and modeling of factors that 
affect elk vulnerability to harvest by 
hunters (Vales 1996, Johnson et al. 
2004); 

• Energetic costs to deer and elk exposed 
to, but not harvested, under varying 
levels of hunting pressure and season 
designs (Johnson et al. 2004); 

• Hourly, daily, and seasonal changes in 
movements and habitat use by mule 

deer and elk, measured at fine resolu­
tion with one of the largest data sets on 
ungulate locations ever amassed (Ager 
et al. 2003); 

• Effects of sampling design on resource 
selection and home range estimators 
for wildlife research (Garton et al. 
2001, Leban et al. 2001); 

• Exploration and use of diffusion theory 
to model animal movements (Brillinger 
et al. 2004); 

• Consideration of nutrition demands 
and animal condition to enhance elk 
productivity (Cook et al. 2003, 2004b); 

• Effects of ungulate herbivory on veg­
etation development and ecosystem 
processes (Riggs et al. 2004, Vavra et 
al. 2004); 

• Validation of resource selection pat­
terns for elk to strengthen and expand 
inference space for management (Coe 
2003). 

Results from these follow-on studies 
have yielded compelling benefits to man­
agers. For example, defensible options for 
managing off-road vehicles and other off­
road recreation on public lands are now 
being developed. Findings are expected 
to provide information about effects of 
off-road recreation, particularly motor­
ized recreation, the most-rapidly growing 
use of public lands in the United States 
(Havlick 2002). 

Another example is the current re­
search on management of deer, elk, and 
other wildlife in relation to fuels treat­
ments to reduce fire risk (Vavra et al. 
2004). The Starkey Experimental Forest 
and Range has been identified by the FS 
as a national research site to evaluate suc­
cess of fuels treatments to reduce fire risk 
in National Forests, and to assess effects 
on wildlife. 

Two other studies of keen interest and 
utility to managers are (l) energetic and 
movement responses of deer and elk to 
hunting, specifically when animals are 
exposed to hunting activities but not har­
vested (Johnson et al. 2004), and (2) ef­
fects of nutrition on elk productivity 
(Cook et al. 2003, 2004b). State, federal , 
private, and provincial resource managers 
are using findings from this new research 
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to meet increasing demands for hunting 
and viewing of elk, which generate hun­
dreds of millions of dollars annually to 
local and regional economies in western 
North America (Bunnell et al. 2002). 

EFFECTIVE TRANSFER 
OF KNOWLEDGE 
TO MANAGEMENT 

The Starkey Project has been one of 
the few research programs in the FS with 
a full-time focus on the science of tech­
nology transfer (Rowland et al. 1997). 
The transfer program has served as an ef­
fective liaison between management and 
research. As a result, the Project has 
shared research technologies and results 
directly with more than 200,000 recipi­
ents encompassing local , regional, nation­
al, and international organizations, groups, 
and agencies. These communication me­
diums beyond scientific publications in­
cluded field tours, presentations, work­
shops, symposia, news releases , newspa­
per features, magazine articles, radio in­
terviews, and television coverage. Over 
600 field tours and presentations have 
been given, and scientists have organized 
over 15 field tours and more than 20 pre­
sentations per year during the past de­
cade. 

The technology transfer program 
helped garner widespread public accep­
tance and support of Project research and 
results (Rowland et al. 1997). Transfer ef­
forts have been viewed as one of the pri­
mary reasons that many land and wildlife 
managers have readily adopted Starkey 
research findings. 

STARKEY'S FUTURE: BEST 
USES OF A UNIQUE FACILITY 

The unique research facility at Starkey, 
described in detail elsewhere (Rowland et 
al. 1997, 1998; Wisdom et al. 2004a), is 
an optimal environment in which to con­
duct manipulative experiments and elu­
cidate cause-effect responses of ungulates 
at landscape scales. We know of no other 
research facility that has the combination 
of experimental controls and animal 
tracking technologies needed to conduct 

such cause-effect research at landscape 
scales. There are emerging, significant re­
search questions ideally suited for study 
within the Project's unique research facil­
ity. 

Effects of Elk Removal on 
Mule Deer 

Scientists have noted the anecdotal ev­
idence suggesting that as elk invade mule 
deer ranges and become plentiful, mule 
deer numbers decline (e.g., see Wallmo 
1981, Wisdom and Thomas 1996). In 
support of this hypothesis , one of the 
more interesting findings from research at 
Starkey has been the consistently strong 
avoidance shown by mule deer for elk 
(Johnson et al. 2000; Coe et al. 2001, 
2004; Stewart et al. 2002; Wisdom et al. 
2004b). Interference competition may be 
operating, causing mule deer avoidance 
of elk and reducing population perfor­
mance of deer. 

The only definitive manner in which to 
document whether mule deer avoidance 
of elk results in reduced population per­
formance of deer is to conduct a manip­
ulative experiment, where elk are re­
moved from an area and the population 
response of deer is measured. Then, elk 
could be reintroduced to the study area, 
first at low density, and mule deer popu­
lation response measured. Finally, elk 
could be allowed to reach high density, 
and mule deer response again measured. 
The cycle could be repeated to validate 
the initial set of mule deer responses to 
elk removal and reintroduction. 

The Starkey facility is one of the few 
sites in which such removal experiments 
could be done in a definitive manner to 
document whether interference competi­
tion is operating between mule deer and 
elk. Given that mule deer populations are 
declining throughout much of western 
North America (Kie and Czech 2000), 
this research should be viewed as one of 
the highest priorities of the Starkey Proj­
ect. 

Effects of Hunting Season Designs 
on Mule Deer and Elk 

Research at Starkey has documented 
substantial energetic costs to mule deer 
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and elk under different types and lengths 
of hunting seasons (Johnson et al. 2004). 
What remains to be evaluated, however, 
are the effects of a full spectrum of dif­
ferent hunt types, season lengths, hunter 
densities, and associated options for road 
and off-road access on deer and elk. 
In particular, how all-terrain vehicles 
(ATVs), with full access to the hunting 
landscape, affect harvest rates of targeted 
animals, and energetic costs of non-tar­
geted animals, has not been studied. This 
issue is a major concern of state wildlife 
agencies. Starkey, with its capability to 
design and administer a variety of hunts 
as part of landscape experiments, and ac­
curately measure the population respons­
es of ungulates, is well-suited for such re­
search. 

Off-road Vehicle Effects on Wildlife 
and other Resources 

Use of ATVs during non-hunting peri­
ods can substantially increase movement 
rates of elk, and consequently, is likely to 
increase the daily energetic expenditures 
of animals (Wisdom et al. 2004d) . What 
remains unclear, however, is the effect of 
ATVs on elk during hunting seasons. 
Moreover, the effects of ATVs and other 
forms of off-road recreation on additional 
species of wildlife, on exotic plant inva­
sions, and other resources such as soil 
productivity and water quality, have not 
been studied experimentally. 

These topics are well suited for new 
research at Starkey, to complement and 
validate current research on effects of off­
road recreation (Wisdom et al. 2004d). 
ATV riding is the most rapidly-growing 
recreational use on public lands (Havlick 
2002), and other forms of off-road rec­
reation such as mountain biking, horse­
back riding, and hiking also are increas­
ing. New research on the comparative ef­
fects of these different forms of off-road 
recreation is urgently needed. Starkey is 
ideally suited for conducting such re­
search with appropriate experimental con­
trols to elucidate cause-effect relations. 

Effects of Ungulate Herbivory 
on Forest Development 
and Productivity 

Ungulate herbivory has profound ef­
fects on vegetation development and pro­
ductivity in forest ecosystems (Hobbs 
1996; Riggs et al. 2000, 2004). Livestock 
grazing has long been recognized as an 
agent of change in composition, structure, 
and development of plant communities 
(Fleischner 1994), but herbivory by wild 
ungulates has not always been recognized 
as an ecological force in western North 
America (Augustine and McNaughton 
1998). 

New research is currently being 
planned at Starkey that would evaluate 
effects of varying levels of grazing by 
cattle and elk on plant succession, soil 
nutrients , animal biodiversity, and ungu­
late nutrition, as measured over long (10 
or more years) time periods (Vavra et al. 
2004). This research will use a series of 
large, 18-acre (7 .3-ha), exclosures each 
subdivided into 7 pastures with different 
levels of elk and cattle grazing during 
summer. The research, however, requires 
substantial funding (at least $500,000 per 
year) that currently is unavailable. More­
over, herbivory by cattle versus elk is a 
highly contentious issue, fraught with un­
certainty, and clouded by strong political 
interests. For example, stringent utiliza­
tion standards are often imposed on cattle 
grazing in riparian habitats to meet objec­
tives for management of salmonids. And 
yet, effects of herbivory by wild ungu­
lates may also affect habitat conditions, 
and in ways neither acknowledged nor 
understood. The new herbivory research 
at Starkey is needed to understand the ef­
fects of wild versus domestic ungulates in 
relation to management goals for wildlife, 
vegetation , silviculture, nutrient availabil­
ity, and other measures of forest produc­
tivity (Vavra et al. 2004). 

Habitat Management Relations with 
Ungulate Nutrition 

The individual , stand-level effects of 
timber management, fuels reduction, pre­
scribed burning, wildfires, insect defolia-
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tion, and other episodic disturbances on 
the nutritional condition of ungulates is 
understood at a coarse level. However, 
the nutritional effects of the combination 
of these disturbance events in time and 
space on the landscape are complex and 
poorly documented. For example, episod­
ic disturbances create open-canopy for­
ests, resulting in substantial increases in 
forage biomass for ungulates (Peek et al. 
2001). And yet the degree to which these 
episodic disturbances, and the mosaic of 
such disturbances in time and space, ad­
equately meet the nutritional demands of 
wild and domestic ungulates is neither 
well understood nor well studied (Cook 
et al. 2003). 

New studies of ungulate foraging dy­
namics and nutritional intake are needed 
with the use of tame elk, deer, and cattle. 
The Starkey Project and its many partners 
maintain tractable mule deer, elk, and cat­
tle for such grazing studies (Cook et al. 
2003). These animals, and scientists ex­
perienced in their use, could be quickly 
put to work at Starkey to discern the nu­
tritional benefits of fuels reduction treat­
ments, timber harvest, and other habitat 
manipulations at the stand level, and for 
the mosaic of stands across the landscape. 

Moreover, Project scientists have de­
veloped a compelling set of maps depict­
ing the probabilities of habitat use by elk, 
mule deer, and cattle across the land­
scape, estimated by month and season 
from years of research at Starkey (Ager 
et al. 2004). These probabilities could be 
linked to the underlying nutritional con­
ditions of each habitat type, using the 
tractable cattle, deer, and elk available at 
Starkey. Such research would provide in­
sight about the nutritional consequences 
of ungulate habitat choices. Given current 
concerns about declining productivity in 
elk and mule deer populations (Kie and 
Czech 2000, Johnson et al. 2004), a basic 
management question still needs to be ad­
dressed. That is, how well are current 
habitat conditions, and those planned un­
der future landscapes, providing for the 
nutritional needs of wild and domestic 
ungulates? New studies on ungulate nu­
trition in relation to habitat conditions at 

Starkey could fill this increasingly impor­
tant gap in current knowledge. 

CONCLUSIONS 

The Starkey Project has de li vered on 
its promises. In fact, the Project has paid 
off far in excess of those promises. To 
drive home that point, consider the fol­
lowing: over 140 publications completed 
or in press; over 40 partners actively in­
volved in the research; over 50 studies 
completed or underway; more than 600 
tours and presentations to local, regional, 
national, and international audiences; and 
common and increasing use of results by 
state, federal, tribal, and private land and 
wildlife managers across western North 
America. Keys to the Project's remark­
able success have been many: (1) unique 
technologies that have facilitated the 
completion of needed studies previously 
considered difficult or impossible to con­
duct under appropriately controlled con­
ditions; (2) long-term commitments by 
diverse federal, state, private, and tribal 
interests; (3) continued focus on ungulate 
issues of highest relevance to manage­
ment; and (4) constant and open dialogue 
and sharing of the research with all inter­
ests and resource users (for details, see 
Kie et al. 2004, Quigley and Wisdom 
2004 and Wisdom et al. 2004a). 

Perhaps most impressive is the eco­
nomic return from the research, which is 
conservatively estimated to far exceed the 
20 million dollars invested by partners 
during the Project's 22-year history. This 
economic return will increase in the fu­
ture, as use of resulting information by 
land and wildlife managers continues to 
expand. This unique and long-lasting re­
search program is a shining example of 
applied research conducted under con­
trolled and rigorous conditions, and made 
available to users and interested parties 
through publications, tours, presentations, 
and media outlets. We urge partners in the 
Starkey Project to continue supporting 
this long-term research for the mutual 
benefit of land and wildlife managers and 
those who benefit from and care about 
forests, rangelands, and the wildlife these 
habitats support. 
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