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ASSESSING IMPACTS OF OIL-SHALE DEVELOPMENT

ON THE PICEANCE BASIN MULE DEER HERD

by
Gary C. White

Robert A. Garrott

ABSTRACT--Development of energy resources on big game
ranzes generally negatively impacts these iwmportant
wvildlife resources. Although habitat disturbance is
generally important, this impact is overshadowed by the
negative impacts due to an increasing human population
in the area. Increased human activities particularly
stress animals during winter periode when inadequate
nutrition levels may have mlready severly impacted the
population. Increased rosad traffic and poaching causes
additicnal dnathes, vith a decline in survival rates
expected, or at least changes in the causes of mortsl-
ity. This paper describes the experimental design to
monitor and mitigate the impact of oil shale development
in northwestern Colorado on the Piceance Basin mule deer
herd. Piotelemetry techniques are used to measure
changes thrcugh time ir movements, habitat utiliezarion,
and survival rates between cointrol and .rTeatment areas.

KEYWORDS--Big game, survival rates, biotelenerry,
Colorado, competing risks.

Development of a commercial oil shale 1industiy 1n
northwestern Cclorado will occur primarily in and acound
the Piceance Basin, wvhich is sleo winter rsnge for a
large migratory mule deer (Odocoileus hemionuas) herd.
Size of the herd has fluctuated considerably from year
to year and ‘s presently cotimated at 20-25,000 animals.
This herd is an {mportant economic resource in the arca.
From 2-5,000 deer are harvested annually in the basin by
an average of 3,000 hunters (CDOW 1978). Mos: expendi-
tures by these hunters go to ares businesses anc the
Colorado Divisjon of Wildlife (Ross et al. 1975). The
potential acological consequences of commercial develop-
went of Piccance Basin oil shale deposiis on the deer
herd are a s:nsitive politicel and public concern. In
response to this concern, the U.S. Department of Energy
has funded a study to assess impacts of oil shale
development on the mule deer herd in the Picesance Baein.
The goal of this paper is to explain the experimentsl
approach we are taking to mesasure those {mpacts.

OBJECTIVES

The major potential impacts ve are studying are changes
in deer survival. Factors which may directly affect
mortality rutes are increascd huriing, poaching, and
auto-deer collisions due to {nc eased use of roads and
publir lands for recreation. Also increased harassment
of deer by human activities vhen animala are {n poor
condition due to winter stress may decrease survival
rates. Other factors which may indirectly sftect deer
survival rates are loss of habitat and forage production
due to mining activities, air pollution, spent shale
disposs) and construction of housing, roade, utility
corridors and retort facilities. On the othar hané,
raclamation of mining anc spent ahale disposal areas may
anhance habitat, thue increasing deer jurvival rates.
Therafore the objective of the study {s to quantify
changes in deer survival rates and cause of death asm a
function of oil shale deve) . puent.

METHODS

Deer survival ratne are estimated using bictelemetry.
Deer fitted with radio transmitters may be located av
often as necessary using ground, robile and aerial
tracking techniques. Trensaitters sre also equipped



vith a sotion sensing device that signals the researcher
when the animal has failed to move for a predatermined
length o time, allowing mortalities to be quickly
daetected and inveatigated. Thus, biotelemetry provides
dats on both the spatial and temporal movemant patterns
of collared snimals as well as their survival.

RESULTS AND DISCUSSION

The results to date have contributed descriptive base-
line informstion on deer movement patterns and survival
bafore the oil shale industry expands to commercial pro-
duction. Expansion of the industry will sreatly magnify
the potentisl for serious impacts on th» gyeer herd and
it is these impacts that our atudies must detect. If we
limit our fnvestigations to that portion of the deer
herd inhabiting areas vhere intensive development 1is
projected, we muay detect changes in deer msovement pat-
terns and mortality. However, we could not attribute
those changaes solely to developmeit activities (cf.
Green 1979). 1If the Picesnce ecosystem wvas static this
might be possible, but ecosystems are dynamic and change
is inhersnt. Therefore, temporal changes in deer move-
ments and mportality may be a result of natural varisbil-
ity and/or perturbations caused by development activi-
ties. In order to separate natural changes in the
ecosysten from those caused by man's activities, one
must have a quantitative understanding of the natural
phenomena that cause change in ecosystem structuie and
function. However, our knowledge of ecosystem dynamics
is minimsl at best, and such distinctions cannot be made
(~f. Suter 1981).

We want to use mule deer survival rates to illustrata
this problem of delineating between natural temporal
variation and impacts of the o'l shaie industrv. Con-
tanued monitoring of survival rates of deer occupying
areas vhere {ntensive development is planned may indi-
cate survival rates remain relatively coo .tant until
os jor devalopuenr activities are initiated. At that
time, survival rates may decrease sharply (Figure 1).

These date would then show a correalatfon betwveen
develorment and deer mortality, but would not imply a
causs~affuct relationship. How can ve detarmine {f
decressed survival resulted froa ofl shale dovelopment?
One approach would be to etudy a second population of
deer during the sane time interval and subjected to the
sane enviroumantal influences as thes monitored popula-
vion, but occupying an area isolated from development
activities. A decrease in the survival rate of both
populstions at the time of accelersted development would
indicste tha decrease vas not a result of development
byt some natural phenomenon such as a severe winter.

I1f, however, tha survival rate of the population occupy-
ing tha development area decreases vhile the rate
remaina relativaly unchanged in the population isolated
frca development, then tha decressed survival may be
attributed to man's ectivities. The design required to
remove the time variable is showvn in Pigure 2 (Ward
1974, ef. Graen 1979).

Figure 2 will be interpreted with an additive effecte
nwodel, although a multiplicative effects model may be
appropriate. The difierence batwveen cell y 1 and cell

Y,» i &8 measure of hov close the ||o|r|phll control
-)!o fe to Lhe perturbed eite. The difference betwveen
cell y . and 1l y,. fs a mesaure of differences due to
time v*%hour perturBérion. The results of perturbaticn
Pust be shewn indirectly bucause the difference y, -
reprecents both .oo|rnghlc and perturbation dlflc“nciz.
Two eeparate ways of ootaining parturbation differences
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FIGURE 1. Demonstrction of the possible wrong ~onclu-

sions wvhich may be drawn vhen the system bein; studied
is changing with time and no spatial control area {s
used to compare with the perturbated area.
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FIGURE 2. Experimental design necessary to meapure en-
vironmental impuct when changes due 1o time are also ex-
pected.

are available. Piret, (y..,-y,,) (y =Y, ) provides a
measure of perturbation o}gncii vhen i}me &lfforcnccn
are removed. BSecond, (y Y, ) = (Y,,"yY,.) is a meapure
of perturbation effects aﬁan icolrnpﬁ*c biltoroncen are
reaovad.

The purpose for including both time and geographic con-
trole in the ifapact stirdy is to be able to show cause
snd effect. If either the time control or the geo-
graphic control is left out of the design, the resulting
confounding of factors would leave the interpretation of
results npen to question, i.e., the perturbation, per
ss, mayY or may not have had an Jmpact. The design in
Pigure 2 represents o manipulatlon experiment, where the
treatment is the perturbation. Given that the second
geographic area is reclly a control (i.e., ’xl"xz = a
constant), conclusive results ¢ n be reached.

This control-treataent axperimental design provides the
optimal approach to assessing fmpacts of oil shale
development on tiie Piceance deer herd. But where can we
find a control for this population? Obviously there {is
none, but the problem of distinguishing between natural
fluctuations and man-caused changes dictates that we



attempt to design our study as close to a cuntrol-
treatment experiment as biologlcally possible. Studying
twvo subpopulations of the Piceance deer herd providcs
the best solution to this pre¢hlen.

Banding studies conducted by the Colorado Division of
Wildlife during the 1970's indicate that deer wintering
in the Piceance Basin may be divided into twe subpopula-
tions based on wintering and summering areas (Bartmann
and Steinert 1981). Host deer wintering in the northerr
portion of the Basin migrate eastvard cnd suwmmer in the
upper White River drainage. Dear wintering in the
southern portion cf the Basin, which includes the C-b
" tract srea, migrate southward ani summer on the Roan
Plateau. Most 0il shale development will be concen-
trated in the central and southern portions of the Basin
and the Roan Plateau. Little development is currently
planned for the northern portion of the Basin and there
are no commercial deposits of o0il shale in the upper
White River area. The subpopulation of deer that occu-
pies this area may, therefore, act as a quasj-control
for the southern subpopulation which will bear the brunt
of oil shale development. The subpopulations do not
strictly eatisfy tne requirements for & control-
treatment experiment as some development impacts will be
regional in scope. The two subpopulations, however, are
in close proaimity and ar. subjected to similar climatic
coenditions, and ehould be similar geretically. There-
fore, banning human interven:ion, they would be expected
to follow the same trend over time (Eberhardt 1976).

Note that it is not critical that the coantrol and treat-
ment populations be identical, only that both respond to
the same environmental factors, i.e., tne two popula-
tions “"frack” one another. Thus, the expected differ-
ence betwveen the two aubpopulations is a constant
through time if rno impect occura. A change in the
difference of the two subpopulations through time ind{i-
cates that some factor is changing between them. In
this case ve assume o0i] shale impacts, either on winter
range, svomer range, or both.

Eberhardt (1976) proposed this approach for environmen-
tal impact assessuents, suggesting it be known aa a
"pseudoexperiment”. He uses this term because “classi-
ral" exderimental designe call for random asiignment of
the control and treatment groups and replications of
each group. Although the ideal approach in terms of
quantitative design, randoa assignment is lapossidle
because the treatment, in this case oil shale develop-
aent, cannot be controlled and replicate control and
treataent group. are essentially nmonexistent {n natural
ecosy’tems. Hence, the best we can do in field studies
is establish one control and treatment group as ecologi-
cally eimilar as possible and coliect several yaars of
pre- aud post-development data. Technique limitationa
and the inevitable varfability associated with natural
populations makes it doubtful that sny but major changes
can be detected aexperimentally (Ebarhardt 1974).
Although we may detect statistically significant changes
in measured parameters, detirmining cause-and-effect
relationships will be Jdifficult (Thomas et al. 1981) and
will require sssumptions based on judgment. When thie
experimantal approach is compared with the alternative
nf sttempting to identify developmental impacts from
temporal changes alone, the advantages are clearly evi-
dent.

The greatest difficulty with detecting impacts of oil
shale development on the mule deer population s the
small ganple sise that can be expected. For the experi-
mant described above, the sample size (n) 1s years.

Each year that the two subpopulations are monitored adds
an edditional data point, i.e., one more observation of
the differences between the two eubpopulations {is
detected. The number of radios put on deer only refines
the quality of measurements taken. That is, more radics
can be equated to s balance with greater precision or a
microscope with a more powerful lens. The number of
radio-collared deer in each subpopulation, therefore,
does not contribute data points to the estimate of the
difference between the twvo subpopulations. Rather, it
provides » more precise measurement of the estimate of
the difference between the two subpopulations.

In addition to measuring dee. survival rateg, we will
use a competing risk analysis to detact changes in
cauges of deer mortali*y between the quasi-control and
trestment areas. Application of the theory of competing
risks to the dezr population involves detecting shifts
in the cause of mortality due to oil shale development.
Conceivably, the negative and positive forces on deer
survival could balance out, i.e., more deer may be
killed by poachers and on *he highways, but fewer deer
are killed by coyotes because of increased hunting and
trapping pressure on predators. A competing risk
analysis on the fate of radi> collsred deer could detect
these changes through time and between the quasi-control
and treatuent ateas, even though the ovarall deer sur-
vival rate remained constant.

The major contribution of a competing rizk arilysis 1is
quantification of the actual impact of an increase in a
particular 3gource of mortality. For example, an
increase of 500 de:r per year killed by poachers does
not mean 3500 fewer dmer. Rather, some 9f the 500 deer
would have died of other causes shortly after the time
they were posched. Therefore, aven though an individual
arimal is killed due to an oil shale impact, the actual
impact on the deer population may not be aL high as the
data would first suggest.

We believe it essential to measure survival rates in the
tvo subpopilations to detect 1impacts of oil shale
development. Changes in movement patterns of mule desr
will reaflect soz> impact, but the importance of the
impact cannot be documontad based only on changes in
novements. Such changes may not lead to a decline in
t'.e deer population, the ultimate potential impact of
oil shale development. In contrast, a drop in the
arnual erurvivael rute without compensation will lead to a
lowered deer pnpulation, and hence indicate & substan-
tial {mpact.

CONCLUSIONS

From the infoirmation we collected to date, we feel that
8 cnntrol-treatnen: experimental design {s practical for
assessing oil shale {ndustry impacts on the Piceance
Rasin mule deer herd and we have {mplemented this
design. Pre-developaent movement and mortality data
wil) be collected for several years snd an attempt made
to maximize sample alsrs to incroase our ability to
detect changes. Development of & commercial oil shale
induatry will then provide the perturbations 'o be aeas-
ured.
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