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ABSTRACT I projcc<cd com for 'evero.! contf3Cepl;Ve lre:llmentl thaI could be u£cd by the Bure2u of LUld M",.gement (BLM) '0 

manage 4 wild horse (EqIlJa (tJballw) populatiom. Potenrill management alternatives included exi.$ting roundup OInd selective removll methods. 
comb>ned ......ith contraceptives of different dW:l[]on and eOi:ttivtoess. 1 projeCted costs fot a 20-yeu economic life using the WinEquu!C) wiJd 
horse poputation. model and nare-by-sn.te COST CSUmalCS ceflecring BLM'.s oper.Hional apen'.ie5. Findings revca..led that 1) cum:ntJy aV'li13bLc 2­
year COl1t(iLCCPTi,..C'~ in most siruadons are Cilpable of reducing variable operating costs by 15%. 2) e:xperimenw 3-ycu conrracepbvcs nl3.y be 
capable of reducjng cosrs by 1S%, and 3) combining conlta.ceptives \Ii·ith modest clunges to herd &eX I'nio (e.g., 55-{lO% M) could tnm cost~ by 
30%. PredICted $~vings ca.n incn:a.sc. "",he n contraception i:; applied in conjunction Wltn a (t;mov.u policy Itnt hL.rgcts hOr6e~ aged G-4 yeats 
inm:ad of 0-5 yeus. However. rcdu(tion~ )n herd $iu ferulr jn greater variauon in annual oper~ting expemes. BeC3.U5C the horse progr.un·s 
\'ariablc oper2.ting costs make up ::about llalf of the lOtal program C:O.H$ (wtuch include allIer fi:.ced costs). coutraceplive 'lpplu:ation Uld 
management .can only reduce rot·'u cosa: by l4 % , saV1ng abom S6.1 million per yt..ar. Non~ of rhe contraceptive opoons ] exlmlned dlmlnated 
the need for long-rcrm holdll~g faClJi!i~s oycr the. 20-year period simwared. bur rhe number of honcs heJd may be reduced by abour 17% with 
comrarep"Yc m:annenr Cost eHim:J,rl:s were most ~tn$itl\'c to rhe oldest age adopnlble and per-day holding costs. The BLM wiU expcncm:c 

sigmfl(:anr COSt saVlfigs as carefully dl:signed conrracep(Jve progr.lms become Widespread in the wild hor5e herds It manages. (JOURNAL OF 
WILDUFE MANAGEMENT 71(8):2811-2819; 2007) 
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Recent management of wild horses in the western United 1990:9). Fertility control has been proposed as one option 
States has been governed by che Wild Free-roaming Horses but has not been thoroughly evaluated for expected COSt­
and Burros Act of 1971 (Public Law 92-195), as amended. effectiveness. Fertility control is generally viewed as humane 
Management has typically been achJeved by the Bureau of (Reiter et aI. 1999), is safe and reversible (Kirkpatrick and 
Land Management (BLM) by rounding up each herd abom Turner 2002), and has been shown to successfully comple­
every 4 years and removing selected animals from the range ment other methods of population control for wild horses 
to attain herd-specific population goals known as appro­ (Garrott 1991, Garrott et al. 1992, Gross 2000, Hobbs et al. 
priate management levels (AMLs). Under 2003 ELM 2000). 
policies and guidehnes, young horses (age 0-5 yr), which The BLM maintains a state-by-state database on the costs 

have a higher probability of being adopted, are removed first of herd monitoring, population estimates, selective removal, 

to achieve the AML. If necessary, older horses (2:10 yr) preparation and holding, adoption, comphance checking, 
compose a second tier of removals, followed by horses aged and other program activities. With this database, I estimated 
6-9 (tier 3). All young horses and most middle-aged horses costs of several managcment alternatives using 2004 
rhat have been removed enter a pool from which private management expenses for available or reasonably foreseeable 
adoptions are encouraged. All other horses removed to contraceptive rechnology for 4 BLM-managed wild horse 
achieve population goals are mainrained in long-term populations in a manner similar to that of Garrott et al. 
holding facilities for the temainder of their natural lives (1992), My specific objective was to identifY rhe expected 
(Fig. 1). effectiveness and costs for a limited set of contraceptive 

Management of these herds has been cosdy, Legislation options in the face of variable, stare-by-state management 
has restricted the options that can be used to manage expenses representing BLM's 2003 management policies. 

populations; sanctuary and adoption alternarives have been 
STUDY AREA 

expensive and less than fully effective because of the long­

term care requirements (U.S. General Accounting Office The 4 wild horse populations chosen by BLM for this
 

1990, Conover 2002), and herds continue to grow, often at analysis were rhe Challis Herd Management Area (HMA)
 

high rates (6-25% or more annually; Eberhardt et aI. 1982, near Challis, Idaho, USA; the McCullough Peaks HMA
 

Wolfe 1986). Budgetary Iimitarions demand tough decisions near Cody, Wyoming, USA; the Pryor Mountain Wild
 

on how best to minimize expenditures yet still meet Horse Range north of Lovell, Wyoming, USA; and the
 

legislated goals to maintain a "thriving natural ecological Little Book Cliffs H..\1A near Grand Junction, Colorado,
 

balance" and preserve exisring multiple uses including USA. Each herd had a different management history,
 

rangeland healrh (U.S. General Accounting Office discrete population goals, and unique demographic attri­

butes with accompanying data reliability issues. 

1 E-marl: }ohnB@Wtboaw.Net The Challis herd occupied a large area (323,749 ha) of 
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Figure L Approx1matlOn of e",,,jng ,c1eenve removal .nd placemem policy (ba,eline scen.no) (or the Bure.u of Land Management'S wild horse program in 
(he weStern Uniu::d St:are$. For example, 100% or any O-year-old to 5-year-old horses removed from (he range to achieve [he target: populauon Size iUe pl3ced 
in the adoption pooL J obt.ined valnes from Butt.u of Land Management instructIOnal guidance representative of 2003 procednres. 

mostly public land that included many livesrock grazing 
allotments. In 2002, the herd size was estimated at 
approximately 271 horses, growing at about 17% annually. 
Rangeland and aquatic system health goals dictated a 
postremoval population goal of 185 animals, including 
young-of-the-year. 

The Little Book Cliffs herd was located on 12,140 ha of 
public land. ThIS herd of about 150 horses was rounded up 
periodicaUy and had been the subjecr of ongoing contra­
ceptive research. AU yearlings and 2-year-old females, half 
of those aged 3-15 years, and all females > 15 years that 
were captured at the 2002 roundup and returned to rhe 
range were primed with the contraceptive agcnt porcine 
zona pellucida (PZP). Though rhe Litde Book Cliffs HMA 
was undergoing research during my study, I used it as a 
proxy for other populations with similar demographics. 
Simnlations were not meant to emulate research protocols 
currently being applied. 

The McCnllough Peaks HMA occupied 44,515 ha of 
opcn sagebrush (Artemi.ria tridentata) prairie and badlands. 
The wlld horse population was about 150 animals, with rhe 
AML set between 70 animals and 140 animals, excluding 
young-of-the-year. Contraceptives had only recently been 
applied to [his herd. Unlike tbe other herds, McCullough 
Peaks had more older-age horses (tier 2) removed ro achieve 
its AML. 

The Pryor Mountain Wild Horse Range occupied 15,378 
ha of multi-jurisdictional lands along the border of Montana 
and Wyoming. This mostly arid range supported 10(}-200 
freely roaming wild horses. Harsh winters and abnndant 
predators likely limited the number of older animals and 
contributed to variable, intermittently high young-of-the­
year mortality. Conflicting perspectives srimulated research 
on several issues germane to managemenr of this herd, 
includlOg vegetation dynamics and population generics 
(Singer and Schoenecker 2000). Fertility control research 
began on the Pryor Mounrain herd in 2001, with contra­
ceprives applied via remote darting after an inirial roundup. 
Darting, which delivered an initial primer and annual 
booster, can take place oyer time, ultimarely reaching 100% 

of the females targeted for contraceptives. Though BLM 
had managed this herd somewhat differently from the 
others, I included it in this analysis because of its unique 
demography. For tractability, I treated the Pryor Mountain 
herd in a manner parallel to the other 3 herds and assigned it 
management costs representative of Montana because these 
costs most closely represent the Pryor-specific program COSts 
estimated by BLM. 

METHODS 
Population Model 
I extracred data for each herd from BLM records, 
supplemented as necessary with information provided by 
herd managers (Table 1). I then conducted simulations 
using WinEquus© (Version 1.4; Jenkins 2002) for each 
herd. This sex- and age-ba.~ed model mimics roundup, 
selecrive removal, and contraceptive applicarions against a 
backdrop of random variability in both annual environ­
menral conditions and individual animal morraliry and 
reproductive status. The model requires an initial age and 
sex distribution, age-specific survival and foaling rates, 
young-of-the-year sex ratio, and rules governing how 
removals and contraception alternarives are simulared. Each 
random model trial results in a different pattern of 
population growth, at times producing runs of good and 
bad years. 

I ran each scenario as a separate stochastic simulation 
using model input parameters that eontrol the various 
assumprions or management actions rhat might be taken. I 
ran all simulations for 20 years and repeated them for 100 
trials each (Fig. 2). I chose the model's default simulation 
assumptions: 1) there is no correlation between annual 
variation in survival probabilities and foaling rates, 2) inirial 
population si7.e and structure are rreated as inexacr (slightly 
variable in eacb trial) and smoothed by the model, and 3) 
young-of-the-year survival is density independent. 1 simu­
lated each .cenario by the appropriate combination of 6 
model parameters: selective removal rates by sex and age 
class, efficacy of contraceptive agent (if applied), rhreshold 
population size triggering a roundup, target population size 
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Ta.ble 1. K.ey dCl!1ogr3.phll': anJ orhcr inrorm:uion rOi Ihc 4 wild horse herd managcmenr areas I aS5essed in the western United Sr-ales. Val'Jes .Ire 
represemallvc of" 2004 da~:;J.. 

Herd management Ilrell 

AlTrioure	 Challis LilTt. Boolc Cliff. McCullough Peak. Pryor Mounm.in 

COSt ~l:He
 

intll:ll "ex r:Jt\o (l)/u [\,1)
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x r,,"lin~ me age 2-9 yr (%)
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following removal, whetbcr young-nf-tbc-year were in­
cluded in the MIL, and percentage of Ihe population that 
can be rounded lip. The WinEquus model calculated growth 
rates as the geomettic averagc of yeu-ro-year changes In 
population oize, excluding any management removals. 

Specific Alternatives Ana.lyzed 
Popularion management alternatives that 1 explored using 
vVinEquus included 1) the status quo of selectivc removal, 
adoption, and sanctuary; 2) changing the ftequency of 
roundup, and how efficient roundups are; 3) status quo plus 
a variety of alternative contraceptive application scenarios, 
specJfically varying the duration of the contraceptive agcnt; 

...+ 4" t· .. ~" ~ I " 
10iO l020 

y, 

Fig'llre 2. Ex"mple Wi"r-:quu> model o'''puc tor che McCullough Peok_ 
Herd .~:f.a!l<lgemerH Area in \Vyo;THng shDwing rhe lOlal post[oundup 
pOpUb.I·lon si?,c D( wIIJ h()r:it.:~ (rnmus j'ollng-o(-thc-yr. hl.:CA\I:'L· (h.:y arc nor 

lr1cbded In the targer populalion SiZe) through a 20-y~ar !ilmUlaflOr1 

begHlntllg lO 2004 Light lines (r:lI.:C tht: lOO indl''''IJl1:<11 ~lrnuhtioll rnab .Inri 

rhe he~)v;' boc {rJcts the mcdi3n {most ryplcal) result 

and 4) sex ratio manipulation through age- and sex-specific 
removal tates. I modcled the following limited set of 
scenatios: 

1.	 BaJe/ine.-Management condltJOns as refleeted in ELM's 
rccent roundup pol,cy, including a regular 4-year round­
up cycle with age-specifie placement rates (Fig. 1) Age 
classes are removed in suecessive age-spccific tiers to 
achieve rhe designated AML for each herd, with O-year­
old co 5-year-old horses removed /irst, followed by :::":10 
year olds, and finally 6-year-old to 9-yeat-old anlmals. 

2.	 Alternative bascline.-An alternative co the Baseline 
Scenario being considered by BLM in whIch the first 
tier of removals targets age classes 0-4 years, tier 2 
remains :::":10 years old, and tier 3 is 5-9 years old. In the 
AlternatIve Baseline Scenario, 70% of tier 3, if removed, 
is dirccted to tbe adoption pool and 23% of 4-year-old 
animals end up in long-term holding, in contrast with 
Figure 1. 

3. Roundup frequency.-Seenarios representing regular in­
tervals of every 2 years, 6 years, or 8 years. 

4.	 Contraceplive.-Scenarios representing either a 2-year Ot 
3-year contraceptive agent defined more precisely with 
percent effectiveness in the first and subsequent years 
(Table 2). I assumed that if a contraceptive proved 
ineffective in the /irst year for a given female, it would 
never be effective in subsequent years until re-treatment. 

5.	 Sex ralio.-Scenarios representing reductions in the 
percentage of males removed across al1 tatgeted age 
classes. NormaJJy, if an Olge class is subject to removals, a 
herd-speclfic percentage of animals of both 'exes " 
targeted for that removal. In these scenarios, 1 reduced 
male removals by 10%

, 20%, and 30%, resulting In 
more [emales removed to sarisi)' herd size goals. 

6.	 Roundup ejJiciency.-Scenarios representing changes ln 
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Table 2. Estimated treatment COSt aod annu.al effecriveness of existing 2-year and potential3-year CDnr[8ceptive treatments I used in analysis of 4 wild hot"'" 
herd, in the ",""stem United States. Cos~ include both contraceptive materials and application. Effeaivene.. in this eontelrt refers to the percentage of treated 
females that do not glvt: birth. All values are IcpleSen[ativ~ of 2004. 

Nominal duration (p-) C06tIF (S) Effectiven... yr 1 ("!o) Eff<ctivcnes. yr 2 ('Yo) Effectiven... yr 3 (%) Effe~ne.. yr 4+ (%) 

2' 214 94 82 34 0 
3D 309 95 85 75 0 

, EffeCliveness values reHeet prelimina!)' results from the Clan Alpine Horse Management Area in NV (R. Hall, Bureau of Land Management, personal 
communlca.non). 

b 1 e",,"polnted h)1lotherinl effectlvene" values from 2-)'r effectivene... ra,e,. Cos< of 3-)'1 agent is cos< of 2-1' agent plus addilJon·aJ 12-month time­
release pellets. 

the estimated efficiencies for the 4 herds. I varied the 
nominal roundup efficiency by -5%, +5%, and +10%. 

7.	 I also considered a limited set of combinations of the 
above scenarios. 

Estimating Dollar Values 
I esrimated costs for each of the main expenses (i.e., 
roundup, treating, and selective removal) along with orner 
miscellaneous management expenses from the state-specific 
costs compiled by the ELM (Table J). These costs 
represented 2004 values, bu t I assumed they increased J % 
annually regardless of geographic area to approximate 
inflation. Removal costs included all expenses of roundup 
and transport to adoption or holding facilities, averaged 
across all removed horses. Preparation and holding costs 
included operational and labor expenses for freeze-marking, 
health care, required vaccinations, feed, and faciliry main­
renance. Adoption costs were largely administrative, includ­
ing follow-up site visits to adopted horses to assess 
compliance with adoption policies. 

Multiyear conuaceptive cosrs I used in this analysis were 
provided by the ELM (1. Coates-Markle, BLM, personal 
communication). The BLM gave a range of costs associaced 
with the 2-,.ear contraceptive. Though costs are likely to 
decline in the future, I chose the more expensive estimate 
provided, $214 per horse, ro be eonservacive. 

I also eonsidered several 0 ther eos ts in the analysis. I 
assumed a minimum roundup cost of $15,000 for the Ptyor 
Mountain HMA and no,ooo for the other J herds, 
reflecting higher eoses for the Pryor herd. This mlmmum 
applies only if the number of animals removed times the 

appropriate per horse removal cost is below the minimum. 
For each contraceptive scenario, I also assumed a flight cost 
of i5,000/yearIHMA (R. Hall, BLM, personal communi­
carion) to estimate contracepcion effectiveness. 

I summarized the resul~ of WinEquus simulations and 
converted them to dollar expenses over a 20-year planning 
horizon. I chose 20 years because it is long enough (5 
complete 4-yr roundup cycles) to reduce dIe uncertainry 
inherent in estimates of the initial age and sex structure and 
to reveal most of the effects of change in sex and age 
strucrure that would result over cime from che variery of 
trearment options simulated. To tally the total expenditures, 
I summed all costs previously described, including which age 
groups were eligible for adoption and how long adoptable 
and unadoptable horses were projected to be held (Fig. 1). I 
assumed all unadoptable horses would remain in holding 
facilities for the remainder of their natural lives, estimated to 
be 25 years. I summarized cost estimates by computing the 
mean number of horses rounded up. removed, and treated 
by sex and age class for each year of the 20-year simulations, 
along wirh average annual costs and the coefficient of 
variation in annual costs. 

First-Order Sensitivity Analysis 
The WinEquus simulation model incorporates environ­
menral and demographic slochasticiry, bur the uneertainty 
in cost estimates and sensitivity of other management 
options was unknown. To examine chis, I performed a firsc­
order sensitivity analysis for [he 4 populations to see where 
opportunities for cost cutting might be found and which 
factors contributed most to the estimated costs. I conducted 

Table J. Variable cost esrimates I obtained from the Bureau of Land Management pertaining to wild horse management acros, ,he Unired S,are" 
representative of 2004 eKpenses. Atypically high COstS in any column may arise where rot,], are averaged over a few hams. ~A '" no' applicable. 

Removal cost Preparation and holding cost Adoption cosr Compliance check 
l\1anagemem area (S!horse) (S!ho['Se/d) (S/hone) (S!hom) 

AZ 345 2.80 318 50
 
C.'\ 211 3.13 305 59
 
CO 433 3.04 291 60
 
E3.s[crn stares NA 7.66 361 %
 
ID 285 2.10 396 18
 
MT 450 13.99 500 150
 
NV 460 3.11 510 66
 
NM 433 3.15 362 81
 
OR 360 J.J5 300 50
 
lIT 434 4.n 367 50
 
WY 300 5.21 760 70
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Table -l. R~'~ul" nr20-ye.tr r~m'l\"ll J.nd l.."omr;)~·l·Fl(i\"(,; )(('n.lfIOi forc-nsf tor rhC' -l wild hnrsL' herd mitn';l~~mcn( Jr~.h I eX<lmlncd in (hc: \\'c~lcrn Unilcd Srarn 
Fnrl'("sl~ hcgln an, .lnd u~c \";I,luC'~ (~pr~ ..('nu,n\"c 01', 200~ H.11 - H.ollnd.L1r. H.t' L'ttic : roundup c:fliCtcn<)'. 

Hc:rd management Il.rl:a 

Chllis Little Book Cliffs McCullough P.alu Pryor Mount'iin 
(basdinr ron - S86,418) (b..din. colt .' S48,744) (b_Iin. cost = SI65,~) (baseline CO" = SI~,971) 

'% of .\'ledi.n O/g of Medi.n % of Median '/. of Median 
bll$~ljne llnnual hl~linc IInnu-a.J b2w:linc annual ba~c1ine annu-a.J 

Scc",u;o cost growth ....e ('/0) coS( growth "'.. ('1'.) cOsl growth nte (%) cost growth ncr (%1 

Rt'mm'( onl~' 

Haselinc Ion 20.0 tOO 12.b 100 17.1 100 1.0 
,\IIe-rIl.l!IH b;ls~'llnt' 102 20.0 9R 12.b 9Y 17.2 lJl 1.0 
-lO')n ;\1 tl'n10\':.I! ~~ 1R 2 95 l1.b 9~ H.9 9b U 
- 20° It ;\ I t<:mcw...1 RR \h 8 ~9 LOA 91 12.4 77 OJ 

10'" 0 ~ i femm'JI 82 l' I 9n 9.8 R.1 99 76 O.b 
RC'mnn: ... nd 11'<:,1[ 

2- ~'( Ut'J.fmcnt 8R Ih I ll~ 1.9 Rb 11.9 108 ·0 J 
l-n rre:HmclH 85 15 5 81 75 80 105 109 -09 
,2-n rr('dlmtnt, 2-H RU 7~ II 2 45 2.2 hB 66 ll2 -17 
2-~'r rn·3rml:nc. h-~'T Rl' 152 j~ 5 125 10.0 159 lH 119 0.1 
2-n HC:lTrrn:lIt, R·w Rll 1ih \'J0 121 LO.8 lbS I ~ ~ lOt> 01 
l··H 1rC':llmcrH. - ;li n RLJ (rfr~ 9~ 170 8h 87 ~9 12 ~ 122 07 
2·~·t IH' .. lnh~I){, -~" II H.U cn;~ 87 IS ~ 77 ; I 81 III 112 OR 
2·~'r In.·JlmCrH. or IO",~ Rl' d~il" R1 1") 1 77 hR 7R 10 ~ 12~ - 0.5 
2-~T H(.llmL'nr, - 1010 

0 .\1 (cmn~'OlI 71 120 71 h 1 7~ 7.2 10~ -0 ~ 

J-;r fr('~tm('r.I, - 10b a .\1 rem.)\·;!1 71 I) ) 72 19 70 h.J 99 ()9 

Alrl'rnamc hJscllnc, 1'~'f W:,lIr:ll:nt. 

-30(1(1 ;\1 (t'mu\,:u 71 11.8 hR 5 9 69 6.1 h9 -0.9 

the ~cnsltivity analysis by varying each coS[ (e.g., cOMI 

adopted horse) by ::: 20% and each age class category ::: I 
year class. one parameter at a time, and then calculating the 
ra[,o of the resulting CU,l fluCluatiun to the basc CUSI of lhe 
2-.vear contraeeprive scenano. 

RESULTS 
The alternative baseline scenario proved to be more 
expensive than the baseline scen'Jrio for the Challis and 
Pryor ;Vlountain herds, 102% and 111"10, respecrively 
(Table 4). For lhese 2 herds, the alternative baseline rcsulted 
in an average uf 1-2 additional horses held in long-term 
facilities with attendanT COSts. COSTS were reduced for the 
Little nook Cliff, and :\1cCullnuKh Peaks herd, ullder the 
alternative hasel,ne. 98°'0 and 99" 0, respeCliveh' (Tahle 4). 

Illlhe remo'-c-nnly scenarios, adjustin~ the herds' sex rat,o 
bv removing fewer males was always succelsful al redUCing 
mallagement costs, with the -30% male removal scenarios 
resulting in 10-24% e.o't redu<:tlOns on average and 
corresponding reductions in median annual growth rare 
depending on the herd. Resultant sex ratios for these most 
extreme simulations were generally in the range of 52-57% 
males as opposed to baseline condiTions that were 46% 
males for 3 of the herds. The MeC ullou~h Peaks HI\·1A was 
an exception, because the sex ratio increased over time to 
65% males (Table 4). 

Either a 2-year or 3-year contraceptive applicalion was 
effeCtIve 10 reducing managemem COSts by 12-20°/0 for 3 of 
lhe herds; the Pryor Mountain HMA was an execption 
because of m comparaTively slow ~rowth raTc ,'nd higher 
costs. [n fact. as simulaTcd, the contracepnve se,nanos 

reduced the Pryor Mountain growth rate below zero. None 
of the herds would benefit by delaying the regular 4-}'ear 
roundup frequency to 6 years or 8 years in combinalion with 
a 2-year contraceptive, although reducing the period to 2 
years could reduce (om 26-55% In all but The Pryor 
l\lounTain herd hccause of iTS low growth ratc and high costs 
compared with thc other herds. A 2-year roundup cycle 
combined with contraceptive treatment precludes reproduc­
tion by even more of the youngest females. 

Annual COSts were sensitive to roundup efficiency. 
although increasing the efficiency 5-10% only resulted in 
deereasing com hy about 10"10. TIle Pryor Mountain herd 
remained a nOtable exception. The estimated coefficient of 
varralion in a"era~c annual costs differed among the herds. 
McCullough Peaks and Challis had [he lowes I variabili!)' in 
costs, averaging 25%. Lmle Book Clifts variabili!)' was 
hIgher at 56°"0, and Pryor Mountain annual variablhty was 
al most 100°/0. 

Finally, the 3-\'ear contraceptive application cnmbined 
with either adjustlng the sex ratio or moddYlng the age 
classes rargeted for the adoption program were [he most 
cost-effective treaTmenTS across all herds, with reductions up 
10 29% for Challis, 32% for Linle Book Cliffs, 31 % for 
McCullou~h Peaks, and 31 % for Pryor l\-louotain. Though 
nor shnwn in Tahle 4, the more effective a scenario was at 
reducing costs, the smaller the average annual population 
size over all simulation trials. However, the consequence of 
smaller populallon sizes was typically an increase in rhe 
eoefficienl of vanation In annual costs. In othcr words, the 
smaller the population, the more inherent vanabdity in 
annual growth rates (a function nf the stochasticit)' In 
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Figure 3. Erst-order sensitivity .n.tysis for managemen' com and o,her attribu,es for the 4 wild hone he,d man'gemen, areas (HMA) in rhe we"e,n 
Un'ted States relative to the 2-year contraceptive scenario. Ha<ched bus indicate potential to be more cosr-effecrive ,h.n the baseline aJrem.tive using d.ta 
indicative of 2004 cost,. Empty bars for Pryor Mountain signify rhar aJ1 contucep'lvc .ttem.tive. can be more expensive than the baseline withm the 
sensltivicy range examined. 

WinEquus) and the greater the expected fluctuation in 
management costs. This trend was more evident in the 
alternative roundup interval and alternarive efficiency of 
roundup scenarios than in rhe sex ratio adjustmenr or 
contraceprive alternatives. 

The sensitivity analysis modeled how responsive bottom­
line costs were to changes in each contributing factor (Fig. 
3) relative ro the 2-year conrraceptive. The maximum age 
considered adoptable (5 yr) generally had the largest 
influence on tora! COStS, indicating that if BLM were 
successful in placing more 6-year-old an imals, costs could be 
reduced substantially. Adoption age was followed by the 
average per-day holding cost, a factor that actually exceeded 
maximum age adoptable for the McCullough Peaks herd 
because of its high holding costs (Table 3). Other factors 
(e.g., % of 5-yr-old horses thar are unadoptable, no. of d 
that horses are held prior to adoption, and actual cosr of 
adoption) had approximately equal and low sensirivity 
indices relative ro the other factors. Costs related to 
conrraceptive treatment, minimum roundup costs, and costs 
of off-year population estimates were insensitive because 
they were inconsequenrial compared with orher manage­
ment expenses. 

In summary, contraceptive treatmenr added to the srarus 
quo roundup and removal program was predicted to be cost­
effective for wild horse herds except for those herds with low 
growth rates. Depending on the herd and the effectiveness 
of trearmenc, operational cosr savings projected ranged from 
12% to 20% compared with baseline estimates. When 

combined with other actions that adjust age- and sex­
specific removal rates, cost savings could increase to around 
30% for all herds, even rhose like the slowly growing Pryor 
Mountain herd. Populations controlled solely by roundup 
declined markedly with each roundup (Fig. 2) but typically 
increased rapidly between them. In contrast, modeled 
populations controlled by contraceptives in conjunction 
with removals grew much less rapidly. Increasing the male 
sex ratio further reduced the growth rare, resulting in greater 
stability_ 

DISCUSSION 
Contraceptive Effectiveness 
All contraceptive options I simulated were effective at 
reducing costs for at least 3 of the herds studied. However, it 
should be noted that none of rhe contraceptive options I 
considered were projected to eliminare the need for long­
term holding facilities. In total, the number of horses added 
ro long-term holding was reduced by 17% over the 
simulared 20-year period with the most effective contra­
ceptive treatment, yer only the McCullough Peaks HMA 
actually showed a decreasing number of horses held through 
the 20 years. Little Book Cliffs and Challis eontinued ro 
increase the horses added to holding through time, albeit ar 
rates 6-36% below the baseline scenario. Instead, contra­
ceptive treatment would likely reduce the number of horses 
chat must be removed in total, with attendant cost 
reductions in the number of adoptions and tocal holding 
coscs. Overall, proportionate coscs were predicted to shifr 
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Table 5. r-,'ationwide fIxed and vanable COl[ estimates ior the Bureau ofLand Management's wild horst prognm, 2004. 

Cost type FaetDr 

Fixed 
Annual monitoring 
Annual population e,timates 
AML' emblishmenr 
Labor 
Non-unir coS[ 
Long-term holding facilities 
TonU fIXed co,ts 

Vanoble 
Sdective removal 
Prepara'ion and holding 
Adoption 
Compuancc check! 
T o,al variable costs 

FIXed + variable 

I A.M:L = 3ppropIiatc: managemem levds. 

from 73% related to adoption and 27% related to holding 
in the baseline case to 56% for adoption, 30% for holding, 
and 14% for contraceptive ueatment in the most effective 
contraceptive scenarios. 

Sex Ratio Manipulation 
Some published lirerarure (Berger 1986), as well as many 
unpublished wild horse environmental assessments, recom­
mend maintaining populations with narural sex ratios 
inclined towards females (e.g., 40 M:60 F). Because sex 
ratio measured in the field results from the combined effects 
ofyoung-of-the-year sex ratio, relative male:female survival, 
and removal rares that vary from herd to herd, it may be 
problemaric to characterize a natural sex ratio, especially for 
a species undergoing such active management. My analysis 
assumed no a priori consuaint on sex ratio resulting from 
management. Herds that have small groups of bachelor 
males rhat are difficult to round up may lend themselves 
easily to such a management strareg)', whereas orher herds 
that have many small harems may prove more difficult and 
costly to manage favoring males. Although I did not assess 
any potential genetic or behavioral ramifications of manage­
menr favoring a male-dominated herd srructure, it is clear 
that changing sex ratios could be significant in determining 
program costs. 

Balancing Range Conditions with Population Size 
The 20-year simulattons typically showed thar any manage­
ment straregy might take several roundup cycles to achieve 
relatively stable demographics. For example, take the 
McCullough Peaks herd I examined (Fig. 2). I simulated 
rhis herd by removing animals from both tiers 1 and 2. A 
herd manager might be tempted to adjusr the managemcnr 
suaregy by also removing tier 3 animals after only 1 or 2 
roundup cycles if the population (and costs) did not appear 
to fall as quickly as expected (i.e., if the population rrajectory 
were near the upper extent of some of the traces on the 
graph). Although removal decisions musr always be made 
using the best available data and be guided by management 
objectives, the results shown here argue for patience in 

&pen•• (S) To[a1 (S) % Df [otal 

219,912 
369,590 
56,635 

8,862,197 
3,513,962 
6,387,500 

23,801,893 54 

5,331,471 
12,046,381 
2,713,.550 

279,150 
20,370,552 46 

44,172,445 100 

population management for these long-lived ungulates. In 
particular, a management option that removes only O-year­
old to 4-year-old horses may resulr in a larger numbet of 
horses on the range initially, yet achieve the desired herd 
reduction goal over the long term. If the range is capable of 
sustaining a larger number of horses for several years, a 
patient apptoach could significantly reduce long-term 
management and holding costs. 

Program-Wide Costs 
My analysis explored methods of reducing costs through a 
combination of contraceptive and other potential manage­
ment techniques. However, the costs I tabulated should be 
considered variable costs because they arise from variation in 
herd population dynamics and management srrategies. 

The BLM also incurs certain fixed costs associated with 
the wild horse program's overhead (e.g., WA and regional 
offices, many HMA monitoring costs, holding facility 
maintenance, support for the 20,000 wild horses currently 
residing in holding facilities). The fixed costs might be 
assumed to continue essentially unchanged regardless of the 
specific roundup and selective removal process, with the 
knowledge that some fixed costs, like annual monitoring, 
aerial population estimation, and new or revised AML 
cstablishment, are subject to annual budgetary constraints. 
These fixed costs have been ignored SO far because they are 
the result of past decisions. 

The BLM provided nationwide costs, both fixed and 
variable, for its wild horse program (Table 5). Variable costs 
represent slightly less than half (46 %) of the aggregate 
cOSts. Results from the WinEquus model indicated that one 
might expect an annual decrease in variable costs of about 
30% if the most cffective management methods were 
implemenred (Table 4). If these savings accrued solely to the 
variable side of the ledger, and if fixed costs remained stable, 
aggregate program costs would likely decrease by only abour 
14%. Characterizing the results of this analysis tn relarive 
terms, assuming rhat a 30% reduction is approximately 
correct for all herds combined, would amount to a 16.1 
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million annual savings In variable program costs in 2004 

dollars. 
Fixed costs might be expected to decline through rime if 

the number of unadoptable horses declines. Other changes 
to roundup and selective removal procedures, such as 
completdy closing an existing sanctuary facility, could alter 
the fixed-cost structure (specifically labor and facility coSts), 
further reducing costs. I did not consider such potenrial 
changes to overall program costs in this analysis. 

Comparison with Findings of Others 
Garrott et aI. (1992) explored the impacts of alternative 
contraceptive management on wild horses in the early 
19905. Similar to this analysLs, Garrott et aI. (1992) 
simulated a nriety of different herds and considered more 
contraceptive alternatives than those examined here. Their 
results were comparable to mine, indicating that most 
nriable program expenses are not relared to contraceptive 
tteatment per se, but instead are associated with adoption 
program costs. Similarly, Garrott (1995) showed that a 2­
year contraceptive agent applied on a 4-year roundup cycle 
can make a large difference in variable costs associated with 
management when roundup efficiencies are around 80% 
and natural rates of increase are comparatively high. In my 
analysis, program cosrs always paralleled population growth 
regardless of rhe management option; this is consistent with 
the findings of Gross (2000) and Garrott et al. (1992). 

Others have pointed out rhat the cost-efficiency of 
contraceptive treatmenr f~)f a long-lived and highly 
produceive specLes is exrremely dependent on herd-specific 
demographics, management constraints, and dara quality 
(Kirkpatrick and Turner 1986, Wolfe 1986, Garrott 1991, 
Hobbs et al. 2000) and that contraception must be used in 
conjune,ion with an ongoing removal program (Gross 
2000). Although I made no attempt to optimize a specific 
management alternative for any of the 4 herds I examined, 
this analysis confirms that conrraceptive programs must be 
,ailored for individual herds, given differences in reproduc­
rive biology and inherent population growth rates. 

Analysis Uncertainty 
These simulations comain several forms of uncertainty. 
First, estimates of inicial condirions and vital paramerers are 
likely inaccurate, and in some cases ] borrowed values for 
one herd from better srudied herds assumed to be similar. 
Second, uncertainty due to range condLtions, predation, and 
other poorly understood regulatory mechanisms is ac­
counted for by vVinEquus but results in the predicted 
variation in annual herd management costs of 20-30%. 
Such high \'ariability likely means that it is difficult to 
distinguish precisely among many cosr estimates. Although 
it would be possible to run more model trials to berter 
estimate ceorral tendencies, doing so would only resulr in a 
reduction of statiStIcal uncertainty rather rhan actual 
uncertainty. Third, the BLM-derived estimates of expenses 
for each of the several cost components are uncertain. Cost'S 
vary through time and with the vagaries of local conditions. 
Further, new contraceptive techniques or agents will likely 

become available within 20 years. If, for example, a 

contraceptive were perfected that could extend the nominal 
efficacy well beyond 3 years, projected cost savings would 
mount accordingly. However, it seems likely that the 
program-wide cost variance would be less than the 2~ 

30% herd level variance because some herds would be 
increasing whereas others would be decreasing. Nonetheless, 
it would be wise to consider the possibility of region-wide 
synchronous oscillations accompanying climatic variation 
that might provide favorable or unfavorable habitat 
conditions throughout the Intermountain West. 

Analysis Limitations 
Practical ecological and management problems can be 
addressed with models, but models are merely mathematical 
abstractions of the real world. Models can help develop a 
better undemanding of the way things work and predict 
outcomes of specific management interventions, but they 
never capture the full variability and complexity inherent in 
,he real world. WinEquus may not always fairhfully 
represent management practices used in some herds. The 
model assumes rhat horses captured and removed approx­
imate a random sample of the herd structure, but in reality, 
depending on the size of the herd, the number of animals 
rhat need to be removed, and other factors thar effect 
roundup efficicncy, females and younger animals may be 
overrepresented in the roundup. 

As always, additional caveats extend beyond the modeling 
domain. This analysis did not account for any potential 
eompensarory reproductive stLmulus afrer ~ 1 year of being 
spared from the energetic demands of pregnancy and 
lactation (Garrott and Taylor 1990) or any potential increase 
in longevity of treared adulr females (Garrott et aI. 1991), 
nor did I consider any effects on genetic integrity, 
cumulative risks to population persistence, or any herd 
social-behavioral effects. ] assumed that rhese conSider­
ations were already reflected in the establishment of each 
herd's AML. This analysis did not facror in any density­
dependent survival or reproduction because I assumed rhat 
each population's AML is set well below levels that would 
normally impaet survival or population growth. For any 
given horse population, there are many intangibles such as 
the public acceptability of BLM management activities 
(Berger 1986, 1991; Boyles 1986) and other potential 
environmental ramifications. For example. I did not 
consider costs of decreased or increased grazing by domestic 
livestock and wildlife on range quality, potential decreased 
siltarion of streams if horse popularions were lower, or any 
secondary effects associated with the adoption program 
(Godfrey 1979). 

MANAGEMENT IMPLICATIONS 
Using rhe mosr recenrly available demographic and cost data 
for 4 widely dispersed wild horse herds, rhis analysis has 
shown that WinEquus is capable of discriminating the 
economic implicacions of a variety of management pre­
scriptions and that prudent, parient eontraceptive appliea­
tions are likely to result in eost savings up to 30% for 
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BLM's wild horse management program. Model results 
dearly iUusrrate that the most significant cost savings accrue 
only when 2-year or 3-year contraceptives are combined 
with removals that explicitly raise the proportion of males 
above 50%. As herd demogtaphic data and contraceptive 
techniques improve, or accepted BLM management guid­
ance evolves, additional modeling can be used to tailor 
management strategies for each herd, potentially resulting in 
even greater cost savings. 
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