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ASSESSING Il@ACTS OF OIL-SHALE DEVELOPKENT

ON THE PICEANCE BASIN NULE DEER EERD

by

Gary C. white

Robert A. Garrett

ABSTEACT--Davmlopmenc of cnargy reoources on big Eame
ran~aa Sanermlly negatively impacca thaaa important
wildlife reeourcea. Although habitat disturbance la
generally important, this impact la overshadowed by the
negative impacta due to ●n Increasing human population
in the ●raa. Incraaaed hu-n activities particularly
atreaa ●nimmlo during winter periodb when inadequate
nutrition lavele may have ●lready ●averly impacted the
population. Increaaed rmd traffic and poaching cauaeg
additicoal dcatha, with a decline in survival ratea
●xpected, or ●t leaat changea in the cauaea of mortel-
ity. Thir paper deacribaa the experimental design to
monitor ●nd mitigate the impact of oil shale development
in norlhweatern Colorado on the Piceance Baain mule daer
herd. Biotelemetry technlquee are unad to moanure
changea thrcugh time in movements, habitat utlllcarion,
●nd survival ratea betwaan control and Lreatment areaa.

KEYUORDS--Big game, survival ratea, biotelauetry,
Colorado, competing riaka.

Development of ● commercial oil shale induat~y in
northwaatern C~lorado will occur primarily in ●nd ●tound
the Plceance Baail, which la ●lao winter range for ●

larRe migratory mule deer (Odocoileua hemionue) herd.
Size of the herd ha- fluctuated considerably from year

—.

to year ●nd !a presently eatimeted at 20-25,009 ●,limala.
This herd la ●n important economic reoource {n the area.
From 2-5,000 deer ● re harveated annutilly in the baain by
●n ●verage of 5,000 huntera (CDOU 1978). Mea: expandi-
turea by these huntero go to ● res busineasao ●nd Lha
Colorado DiViaion of Uildlife (Roao et ●l. 1975). The
potential ●cological conaequencea of commercial tievelop-
ment of Piccance Basin oil shale dc~oal{.a on the deer
herd ● re ● o:,naltive political and public concern. In
reoponae .to thlt concern, the U.S. Department of Energy
haa funded ● study to ● eseaa impact~ of oil ohale
davalnpment on the ■ule deer herd in the Piceance Baoin.
“The goal of this paper la to ●xplain the ●xperlmentcl
●pproach we ● re taking to maaoure those impacta.

OBJECTIVES

The mejor potential Irnpacta ve ● re studying ● re than.gaa
in deer survival. Factors which WY directly ●ffect
mortality rmtea arm Incraeard hunting, poaching, ●nd
●uto-deer collioiona due 10 inc ●aaad uae of roada ●nd
publir Ianda for recreation Alto Increaaed haraooment
of dear by human ●ctiv{tlra vh.n ●nimal~ ● re In poor
condition due to winter ctreaa may decrcaoo Curvlval
rate~. Other factors which may indirectly aff?ct darr
survival ratea ● re loaa of habitat ●nd forasr production
due to mlnln~ ●ctivitlea, air polluLion, spent shale
dlspoaal ●nd conatructlon of housing, roads, utillty
corridors and r-tort facilities, On the otb~r han6,
reclamation of mining ●nd ●pant shale diepoaal ● re~a may
●nhance habitet, thus increasing deer ~urvival rates.
Therefor@ the objectlv? of the study 10 to quantify
chan~ea in deer survival raLea ●nd causr of d-a:h ●a ●

function of oil ahalc devil.,puent.

De-r survival ratoa ● re ●rntlmated using blotelemetry.
Deer fitted with radio tranemlttera wy bv located ● u
often ●a neceaaary using ground, robile ●nd aerial
tracklnS tachnlqu?a. Tr@namltterc ● re ●Ieo ●quipped



‘.

..

with s motion nanains device thmt ●igruls the reoenrcher
when the ●niml ham failed to mve for ● predate-nad
length of tire, ●llowins mrtalitiee to be quickly
detected ●nd In=eatigated. Thus, biotelemtry provides
data mm kth the spatial ●nd temporal movement patterns
of collared ●n.imels ao well so their wrvivsl.

BBSULTS AND DISCUSSION

The reeulta to date have contrihted descriptive b*ae-
line inforution on deer movement patterns ●nd survival
before the oil #hale industry ●xpanda to c~rcisl pro-
duction. Empenaion of the indumtry will ~watly EAgnify
the pntantisl for ●rioua impacts on tb..! ueer herd ●nd
it lo thaoe impacts that our ttudien must datect. If we
limit our inveatigationa to that portion of the dear
hard inhabiting ● reaa where Intenoive dcvalofment 10
projactad, we WY detect changas in deer wwmant pat-
terna ●nd mortality. Ifwevar, we could not ●ttribute
thooe changea solely to dewelopmalt ●ctivities (cf.
Gram 1979). Ii’ the Picarnce ●coayatem waa ●catic this
might be poaoibl,e, ht ●cooyattm ● re dynamic ●nd change
la inharant. Therefora, temporal chansat+ in deer move-
● ents ●nd wrtality we) be a rawlt of natural veriubll-
ity and/or perturbatlonm cwaad by development activi-
ties. In order to separatm natural changes in the
ecooyatem from those caumad by man’- ●ctivities, on,
-at havr ● quantitative understanding of the metural
phenmena chat cauae chenga in ●cooyotem structure snd
function. However, our knowledge of ●cooyatam dynamic-
la ❑ini-l at beat, ●nd such diotinctiona cennot be made
(cf. Suter 1981).

We want to uoa mula daer ●urvival rateo to illustrate
thit problem of delineating between natural temporal
variation ●nd impacta of the 04,1 mhaie Induatrv. Con-
tAnMd Wnitoring of survival rstea of deer occupying
● reaa whera intena~ve dovelopmant lo planned may indi-
cate ●uwlval racaa ramain relatively coo ,tant until
me.jor devalopmanr. ●ctlvltlen ● re initiatad, At that
time, aurvlval ratao may decreaoe ●harply (Figure 1).

Reoa dats would then ●hw ● corralatfon between
development ●nd deer mortality, but would not imply ●

cauoo-afftict ralmtjonohip. Mw can we doterm.lne if
decraaaed sunivml resulted from oil ●hala develo~ont?
One ●pproach wuld be to otudy a second population of
deer during the mama time interval ●nd subjected to tha
same ●nvirotimantml Influence ●a the monitored popula-
tion, but o~cupyins an ● rea laolated from develo~ant
●cclviti?o. A decreua in the survival rate of both
population ●t the tlm of accaleratod davelo~ont would
indicate the dacreaoa waa not ● rcmlt of t!evalo~ent
twt ooma natural phenomenon such ● o ● severe winter.
If, however, thm survival rate of the population occupy-
lnS the development ●rea decreama whila th~ rato
reui!u ralativaly unchangad In tha population ioolated
frm d~velo~ent, then th~ dacraaoed ●urvival may ba
attributed to men’s sctivitlcs. ThG deai~n required to
remow chs time vsrlabla is ehown in PiSure 2 (Hard
197dL cf. Oraen 1979).

~i~uro 2 will be lnterprated with ●n additive ●ffecto
model. althouSh ● ■ultiplicst!ve ●ffects madel may b.
●ppropriate. The dif[arenct htwatn cell y ●nd CQ1l

10 ● maaaure of how clooe the ~eo~raphi~lcnntrol
~!~;ja to Lho ~rturbad ●ito. The dlffarence betwaan

●nd !11 y la a maszur~ of diffarencao dua to
time wllhour partur ~tioni Thereaultm ofparturbatic,n
wat be ●homn lndiroctly bucauoe tha difference y -y
rtpraccttto both Ceoira hlc ●nd parturhtlon dlffa?~nc?~.

!?UO oaparatc wayo ~f o talnin~ parturbatlon differences
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FICURS 1. Demonstrctlon of the poooible wrong conclu-
sions which My be drawn when the ●yotem being studied
ia changing with time ●nd no spatial control krea 1s
used to compare with the perturbated area.

aiGaogra hi:al a?Fertu ba:ed
Control !iite Site
——— .

tll Pre-Impact Yll
E.2 Poot-7mpact Y21

Y)2
Y22

PIGURE 2. Experimental daalan necaanary to measure en-
vironmental lmpuct when changeo due II time are ●loo ax-
pectad.

● ra ●vailable. ?irat, (y -y ) - (Y -Y2 ) provides a
■ eaeure of perturbation ●~? ,c?~ when ~~me ~lfferencep
are ramovod. Second, (y -y ) - (y -y ) la a m~asure
of perturbation ●ffrcto ?~en2~eoBrap*}c ~~fferenceo are
remcwad.

The purpooe for including both tlmc and Geographic con-
trolo in the impact ott,dy ie to be ●ble to show caune
and ●ffect. If ●ithcir the tlmc control or the geo-
graphic control io left out of tha deal~n, the raeulttng
confounding of factora would leave the lnterprmtatlon of
reaulte open to question, i.e., the perturbation, per
●e, may or -y not heve had ●n Jmpact, The dcoisn in
PiSura 2 repreoente a manipulation ●xperiment, where th~
trostm~nt 10 the perturbation. Civan that the e~cond
Beo#raphic ● rea is re~lly a control (i.e., Y11-Y12 - ●

cnnetcnt), conclusive raaultc r n be roach~d.

Thlt cnntrol-treatment ●xparimental design providwo the
opti~l ●pproach to ●oee#aing impacts of oil tihnle
development on th Piceance deer herd, But wh~rr can we
find ● control for this population? Obviously there 10
none, but the problam of distinguishing betwren natural
fluctuation ●nd man-csuoed chanIoa dlctatea that we



●ttempt to design our ●cudy ●m close to a cuntrol-
traatment experiment se biologically pomeible. Studying
two subpopulations of the Piceanca deer herd providce
the beet ●olution to thie preblarn.

Banding studiee conductad by tha Colorado Divi*ion of
Wildlife durinB the 19?0’e indicate that deer wintering
in the Piceance Basin my be divided into twr ●ubpopule-
tione baeed on wintering ●nd cerlng areae (Wrtmann
●nd Steinert 19E11). iloct doer wintaring in the northerr:
portion of the Baein mlsrate ●aetward cnd ●tmr in the
uPPar White River drainage. Dear wlnterirrs in the
southern portion cf the Baein, which include- the C-b
tract rnree, migrate oouthward ●nd oummar on the Roan
Plateau. Meet oil ●hele devclo~ent will be concen-
trated in the centrel and oouthern portions of the B~ei~

●nd the Roan Plateau. Little develo~ent Ie currrnt!.y
planned for the northern portion of the baein ●nd there
● re no comercial depoeito of oil chle in the upper
White River area. The ●ubpopuletion of deer tLat occu-
piee thie sree may, tt,trefore, ● ct ● e ● queel-control
for the mouthern subpopulation which will bear tha brunt
of oil ●hele develo~ent. The ●ubpopulntiono do nat
●trlctly ●atiefy tnd requirement for ● control-
treetment experiment ●s come development impacte will be
ragional in ●copem The two oubpopuletione, however, ● r~
in clooe proximity end ar. subjected to ●imilar climatic
condition-, ●nd chould be ●imilar genetically. There-
fore, banning hu~n intervention, they would be a~pectad
to follnw the same trend over time (Eberhardt 1976).

Note that it i~ not critical that the control and treat-
ment population be identical, nnly thet both reepond to
the eme ●nvironmental factors, i.e., t,lc two popula-
tion “track” one nnother. Thut, the ●xpected differ-
● nce between the two mubpopulsttono 10 ● conetant
through time if rio impect occure. A chenge in the
difference of the two ●ubpopulatione through time indi-
catee thee come factor ie chenginS between them, In
thi~ caee we ● eeuma oil ehale impacta, ●ither on winter
range, ●vmmr renge, or both.

Ebarhardt (1976) proposed this ●pproech for environmen-
tal Impect neseeouente, ●usgeetirrg it be known ee ●

“pseudoexperimefit”. He uoeo thle term because “’clasmi-
?al” ●maertmantal deoigno call for random ●ouignment of
the control and treatment ~r~upm and reolicatione of
●ch Broup. AlthouSh the idoel ●pproech in terme of
quantitative deoign, rsndom ●eoignment ie iwpoesible
beceuoe the treatment, in thio ceea oil chele develop-
❑ent, csnnot be controlled ●nd replicete cnntrol mnd
treetmcnt sroup~ ● re ●coentlall} nonexistent in naturel
●cooy~tems. Hence, the bettwe can do in field etudier
ie ●itabliah one control ●nd traatment Sroup M ecologi-
cally olmiler so poooible end coliect otveral yeere of
pre- ●nd poet-development data. Technique limltatione
●nd tha inevitable variability aoeociated with natural
populations wkee it doubtful that sny but aejor chenses
cen be detectea ●xperimentally (Eberhardt 1976;.
Uthough we mey detect otatiatically sl~nificant chanIea
in mmured perant~ra, det~mininc cauoe-and-effect
relationohlpo will be difficult (Thomao ● t ●l. 1981) ●nd
will require ●ocumptlone heed on jua~ent. When thin
●xperi-ntal ●pproach ie compered with the ●lternative
of ●ttempting to identify dovelopentel impscto from
temporel chsnses ●lone, the ●dvanta~eo are clearly ●vi-
dent.

The #reateot difficulty with detectins impmcto of oil
shale devel~~ent on tha mule deer population 1s the
mall temple else that ean be ●xpected. For the experi-
ment demcribed ●bove, the sample mice (n) lC years.

fhch year that the two oubpopulacione ere monitored adde
mn ●dditional data point, i.e., one ❑ ore observation of
the diffarencaa batween the two ●ubpopulationa ie
detected. The number of radioe put on daer only re?inea
tho quality of meamuremento takan. That Ie, more r~dioa
can be equated to ● balance with greater precision or a
microscope with ● more powerful lene. The number of
radio-collared dear in ●ach ●ubpapulation, therefore,
does not contribute data pointe to the ● ntimete of the
diffarance between the two ●ubpopulationn. tither, it
providee s more pr~ciee measurement of the ● etimate 01
the difference between tha two ●ubpopulatione.

In addition LO keaauring dee’. eurvival ratmn, we will
uae ● competing rick analyoio to datact changee in
causaa of deer mortality between the quaei-control ●nd
treatmtnt ● reao. Application of the theory of competing
riako to tha deer population involvee detecting nhifte
in the cauae of ❑ortality due to oil shale development.
Conceivably, the negative ● nd poeitiva fnrceo on deer
ourvival could balance out, i.e., ❑ ore deer WY be
killed by poachere ●nd on :he highwaye, but fewer deer
● re killed by coyotao bacaume of incraased hunting and
trapping prenoure on predatorm. A competing riok
analyeis on the fate of radt> collared deer could detect
theoe changea through time and between cha quaei-control
●nd treataent ●:eaa, ● ren though tha ovarall deer sur-
vival rate remained conetant.

The wjor contribution of ● competing ri~k ●rtlyeie ie
quantification of the ●ctual impect of an increaee in a
particular source of ❑ortality. For ●xample, an
increaoe of 500 da:r per yaar killed by poachere doee
not mean 500 fewer diner. Rather, come a! the 500 deer
would have died of other causee ehortly ●fter the time
they ware poached. Therefore, ●ven though an individual
arimal 1S killed due to ●n oil ohel~ impact, the ●ctual
impact on the deer population may not be aL high ●o the
data would firnt ●uggeet.

We believe it eeaential to maaeure eurvivel rntee in the
two eubpoFJlatiol,# to detect impacto of oil ●hale
develepmant. Chengeo in movement pattrrna of mule daar
will reflect oomc impact, but thp importance of the
im~act cannot be documantad beoed only on changee in
raovemente. Such changee may not lead to a decline in
t’,a daar population, the ul:imte potential impact of
oil ehale development. In contract, ● 4rop in the
●nnual murvlval rmte without compeneatton will leed to ●

lowtir-d deer pnpuletion, ●nd hence indicate s ●ubntan-
tlal impact.

CONCLUSIONS

From the Infoleation we callect~d to date, we feel that
● control-treatmcn: ●xperimental deai~n !O practical for
●coecelng oil ehale industry Irlpacte ~n the Plceance
Faein ❑ula dear herd ●nd we have !mplamanted thlo
deoign. Pre-development movement ●nd ❑ortality date
wil) be collected for e~varel yeare ●nd ●n ●ttempt wde
to maximize ●ample elcro to incroasc our ●bility to
detect charrgea, Development of ● co~arclal oil ehala
induetry will then provide the p~rturbatlono ‘o be meaa-
ur-d.
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