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Abstract


Background: Bronchopneumonia is a population limiting disease of bighorn sheep (Ovis canadensis). The cause of this
disease has been a subject of debate. Leukotoxin expressing Mannheimia haemolytica and Bibersteinia trehalosi produce
acute pneumonia after experimental challenge but are infrequently isolated from animals in natural outbreaks. Mycoplasma
ovipneumoniae, epidemiologically implicated in naturally occurring outbreaks, has received little experimental evaluation as
a primary agent of bighorn sheep pneumonia.


Methodology/Principal Findings: In two experiments, bighorn sheep housed in multiple pens 7.6 to 12 m apart were
exposed to M. ovipneumoniae by introduction of a single infected or challenged animal to a single pen. Respiratory disease
was monitored by observation of clinical signs and confirmed by necropsy. Bacterial involvement in the pneumonic lungs
was evaluated by conventional aerobic bacteriology and by culture-independent methods. In both experiments the
challenge strain of M. ovipneumoniae was transmitted to all animals both within and between pens and all infected bighorn
sheep developed bronchopneumonia. In six bighorn sheep in which the disease was allowed to run its course, three died
with bronchopneumonia 34, 65, and 109 days after M. ovipneumoniae introduction. Diverse bacterial populations,
predominantly including multiple obligate anaerobic species, were present in pneumonic lung tissues at necropsy.


Conclusions/Significance: Exposure to a single M. ovipneumoniae infected animal resulted in transmission of infection to all
bighorn sheep both within the pen and in adjacent pens, and all infected sheep developed bronchopneumonia. The
epidemiologic, pathologic and microbiologic findings in these experimental animals resembled those seen in naturally
occurring pneumonia outbreaks in free ranging bighorn sheep.
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Introduction


Bighorn sheep are a North American species that has failed to


recover from steep declines at the turn of the 20th century despite


strict protections and intensive management, and two populations


(Sierra Nevada and Peninsular) are currently classified as


endangered [1]. Epizootic pneumonia is limiting bighorn sheep


population restoration and as such, the etiology is of considerable


interest. The first appearance of the disease in a population is


typically in the form of epizootics that affect animals of all ages and


is sometimes accompanied by high (.50%) mortality rates.


Subsequently, epizootics affecting primarily lambs may occur for


decades [2]. Various causes have been proposed for this disease,


including lungworms (Protostrongylus sp.) [3–6], Pasteurellaceae,


especially Mannheimia (Pasteurella) haemolytica, [7–12] and more


recently, Mycoplasma ovipneumoniae [13–16]. In a recent


comparative review of the evidence supporting each of these


possible etiologies we concluded that M. ovipneumoniae was most


strongly supported as the primary epizootic agent of bighorn sheep


pneumonia [14]. However, the only two previous experimental


challenge studies with M. ovipneumoniae either did not reproduce


disease [13] or were confounded by challenges with other agents


[16]. The objective of this study was to improve upon previous


investigations to better assess the outcome of experimental


introduction of M. ovipneumoniae to naı̈ve bighorn sheep.


Methods


Ethics statement
This study was carried out in accordance with the recommen-


dations in the Guide for the Care and Use of Laboratory Animals


of the National Institutes of Health and in conformance with
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United States Department of Agriculture animal research guide-


lines, under protocols #03854 and #04482 approved by the


Washington State University (WSU) Institutional Animal Care


and Use Committee. As described in those protocols, euthanasia


was performed by intravenous injection of sodium pentobarbital


for animals observed to be in severe distress associated with


pneumonia during the study and prior to necropsy examination


for surviving animals at the end of each experiment.


Experimental aims
Experiment 1 was conducted to investigate the transmission of


M. ovipneumoniae to bighorn sheep and their subsequent


development of disease, using an infected domestic sheep source.


Experiment 2 was conducted to investigate experimental direct M.
ovipneumoniae infection of a single bighorn sheep and the


subsequent transmission of this agent to conspecifics. Both


experiments were conducted in multiple pens separated by short


distances, which allowed investigation of transmission to both


commingled and non-commingled animals.


Experimental animals
All experimental animals originated from herds and flocks


unexposed to M. ovipneumoniae as determined by repeated testing


with both serology on blood serum and PCR on enriched nasal


swab cultures (using the methods described later in the ‘Micro-


biological testing’ section). In Experiment 1, three hand-reared


bighorn sheep (yearling rams BHS #82 and #89 and yearling ewe


BHS #07) that originated from a captive flock at WSU and three


purchased domestic sheep (adult ewes DS #00 and #01 and


yearling ewe DS #LA) were co-housed in three 46 m2 pens, with


one domestic and one bighorn sheep per pen. Pens were separated


by 7.6–12 m. Experiment 1 animals had all been commingled in a


single pen for 104 days immediately prior to the beginning of this


experiment, as previously described [15]. One of the four bighorn


sheep used in that prior study had died of M. haemolytica
pneumonia, while the other three, which had demonstrated no


signs of respiratory disease in that study, were used in experiment


1. In Experiment 2, wild bighorn sheep captured from the Asotin


Creek population in Hells Canyon were housed in two 700 m2


pens, 7.6 m apart, with three animals per pen (Pen #1: adult ewe


BHS #40, yearling ewe BHS #38, and yearling ram BHS #39;


Pen #2: adult ewes BHS #41 and #42 and adult ram BHS #C).


The study pens had either never previously housed domestic or


bighorn sheep (pen 1 in experiment 1; both pens in experiment 2)


or had been rested for greater than one year since their previous


occupancy by any M. ovipneumoniae infected sheep (pens 2 and 3


in experiment 1) prior to these experiments.


Experimental design
Experiment 1. A domestic ewe (DS #00) was placed in


isolation and experimentally infected with M. ovipneumoniae. The


inoculum consisted of ceftiofur-treated (100 ug/ml, 2 hrs, 37uC;


Pfizer, Florham Park, NJ) nasal wash fluids from a domestic sheep


naturally colonized with M. ovipneumoniae [16]. Following


ceftiofur treatment, no aerobic bacterial growth was observed


from the nasal wash fluids cultured under conditions expected to


permit growth of M. haemolytica, B. trehalosi, or P. multocida
(Columbia blood agar with 5% sheep blood, 35uC, overnight, 5%


CO2). DS #00 was then challenged with the treated nasal wash


fluid by infusion of 15 ml in each nares, 10 ml orally and 5 ml into


each conjunctival sac. Subsequent nasal swab samples obtained on


days 1, 2, 4 and 7 post-challenge were all PCR positive for M.
ovipneumoniae using the method described later in the ‘Microbi-


ological testing’ section confirming that the experimental infection


had been successful. On post challenge day 7, DS #00 was


introduced into pen #1 with BHS #82. Following commingling,


DS #00 and BHS #82 were restrained for collection of nasal


swab samples on days 1, 2, 4, 7, 14, 21, 28, and subsequently at 30


day intervals until the experiment was terminated. Rectal


temperatures were recorded from both sheep approximately twice


each week. Sheep in pens #2 (BHS #89 and DS #01) and #3


(BHS #07 and DS #LA) were restrained for rectal temperature


determination and collection of nasal swabs for microbiology at


approximately monthly intervals. All pens were observed daily for


clinical signs of respiratory disease. The experiment was conducted


October 2009–January 2010.


Experiment 2. BHS #39 was inoculated with M. ovipneu-
moniae just prior to its release into pen #1 with non-inoculated


BHS #38 and #40. Non-inoculated BHS #C, #41, and #42


were housed in pen #2 on the same day. The inoculum for BHS


#39 was prepared as described for that used in experiment 1 but


originated from a different domestic sheep source. In lieu of


computation of colony forming units, which is not possible for M.
ovipneumoniae due to inconsistent growth on plated media, viable


M. ovipneumoniae counts in the inoculum were determined using


most probable number (MPN) using a custom 364 format:


Triplicate enrichment broth tubes were inoculated at each of four


decimal dilutions (1022–1025) of the treated nasal wash fluid [17],


incubated (72 hrs, 35C) then PCR was used to detect growth of


viable M. ovipneumoniae. The treated fluid was determined to


contain 930 MPN/ml (95% confidence interval, 230 to 3800


MPN). Two of the bighorn sheep (BHS #38 and #39) in pen 1


were recaptured by drive net on day 21 of the experiment for nasal


swab sampling to detect M. ovipneumoniae infection; otherwise,


no live animal sampling was conducted in experiment #2 to


reduce the risk of traumatic injury of the wild bighorn sheep


involved. The experiment was conducted December 2011–June


2012.


Biosecurity. In both experiments, routine biosecurity mea-


sures included: 1) the pens containing the single M. ovipneumo-
niae-challenged animals (exposed pens) were located downwind of


the prevailing wind direction from the pens containing no


experimentally M. ovipneumoniae exposed animals (clean pens),


2) order of entry rules were established so that on any single day


exposed pens were routinely entered by animal care staff for


feeding and cleaning only after all work in clean pens had been


completed, and 3) personal protective equipment (coveralls and


boots) used in exposed pens were either not reused, or were


sanitized prior to use in clean pens.


Clinical scores. Clinical score data were determined using


the following cumulative point system: observed anorexia (1), nasal


discharge (1), cough (2), dyspnea (1), head shaking (1), ear paresis


(1) and weakness/incoordination (1).


Microbiological testing. Routine diagnostic testing per-


formed by the Washington Animal Diagnostic Laboratory (fully


accredited by the American Association of Veterinary Laboratory


Diagnosticians) included detection of M. ovipneumoniae-specific


and small ruminant lentivirus-specific antibodies in serum samples


using competitive enzyme-linked immunosorbent assays (cELISA)


[14,18,19], detection of M. ovipneumoniae colonization by broth


enrichment of nasal swabs followed by M. ovipneumoniae-specific


PCR testing of the broths [20,21], detection of Pasteurellaceae in


pharyngeal swab samples by aerobic bacteriologic cultures, and


detection of exposure to parainfluenza-3, border disease, and


respiratory syncytial viruses by virus neutralization antibody assays


applied to serum samples.


PCR tests specific for detection of M. haemolytica, B. trehalosi,
and P. multocida, and lktA (the gene encoding the principal
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virulence factor of M. haemolytica and B. trehalosi) were applied to


DNA extracted from pneumonic lung tissues using previously


described primers (Table 1) and methods with minor modifica-


tions. All reactions were conducted individually in 20 mL volumes


containing 80–300 ng of template DNA. For M. haemolytica, B.
trehalosi, lktA and P. multocida, reactions contained 0.5 units of


HotStar Taq DNA polymerase (Qiagen), 2 mL 10x PCR buffer


(Qiagen), 4 mL Q-solution (Qiagen), 40 mM of each dNTP


(Invitrogen). The M. ovipneumoniae reaction used QIAGEN


Multiplex PCR mix. Primers were used at final concentrations of


0.2 mM (M. haemolytica, B. trehalosi, P. multocida, and M.
ovipneumoniae) or 0.5 mM (leukotoxin A). Each reaction included


an initial activation and denaturation step (95uC, 15 min) and a


final 72uC extension step (10 min for Mhgcp-2, lktA, lktA set-1,


and LM primers; 9 min for KMT primers; 5 min for Btsod and


Mhgcp primers). Cycling conditions were as follows: M.
ovipneumoniae, 30 cycles of 95uC for 30 s, 58uC for 30 s, 72uC
for 30 s; B. trehalosi and M. haemolytica (Mhgcp and Btsod


primers), 35 cycles of 95uC for 30 s, 55uC for 30 s, 72uC for 40 s;


P. multocida and lktA (lktA primers), 30 cycles of 95uC for 60 s,


55uC for 60 s, 72uC for 60 s; M. haemolytica (Mhgcp-2 primers),


40 cycles of 95uC for 30 s, 54uC for 30 s, 72uC for 30 s; lktA (lktA


set-1 primers), 40 cycles of 95uC for 30 s, 52uC for 30 s, 72uC for


40 s. Leukotoxin expression was detected in Pasteurellaceae


isolates by MTT dye reduction cytotoxicity assay as described


previously [22].


The 16S–23S ribosomal operon intergenic spacer (IGS) regions


of M. ovipneumoniae recovered from animals in these studies were


PCR amplified (Table 1) and sequenced as previously described


[23].


16S rDNA analyses to identify the predominant bacterial


flora in pneumonic lung tissues. In previous studies, culture-


independent evaluation of the microbial flora of lung tissues in


naturally occurring bighorn sheep pneumonia revealed a polymi-


crobial flora late in the disease course [13,23]. For comparison, we


applied the same methods to lung tissues of the experimentally


challenged animals in this study. Note that more sensitive


detection of specific respiratory pathogens was provided by the


PCR assays described earlier, whereas these 16S studies were


designed instead to identify the numerically predominant bacteria


in affected lungs. The library size used was based on the binary


distribution to provide a 95% chance of detection of each taxon


comprising 10% or more of the ribosomal operon frequency in the


source tissue. Two 1 g samples of pneumonic lung tissues were


aseptically collected from sites at least 10 cm apart, homogenized


by stomaching, and DNA was extracted (DNeasy tissue kit;


Qiagen, Valencia, CA) from 100 uL aliquots of each homogenate.


16S rDNA segments were PCR amplified and cloned as described


[13]. Insert DNA was sequenced from 16 clones derived from each


of the two homogenates from each animal, and each sequence was


attributed to species ($99% identity) or genus ($97% identity)


based on BLAST GenBank similarity [24].


Results


Experiment 1
M. ovipneumoniae infection of DS #00, introduced into pen 1


to start the experiment, was confirmed by positive nasal swab


samples obtained on days 1, 4, and 7 after inoculation prior to its


introduction into pen #1, and on days 1, 2, 4, 7, 14, 21, 28, 60


and 90 after its introduction into pen #1, confirming that the


experimental colonization had been successful and maintained


throughout experiment 1. M. ovipneumoniae was first detected in


the bighorn sheep (BHS #82) commingled with DS #00 in pen


#1 on day 28, and subsequent tests on days 60 and 90 were also


positive. BHS #82 developed signs of respiratory disease including


nasal discharge (onset day 37); coughing and fever (onset day 42);


and lethargy and ear paresis (onset day 61) (Figure 1a). Signs of


respiratory disease were observed in the bighorn sheep in pens #2


(BHS #89) and #3 (BHS #07) beginning on days 62 and 67,


respectively; these signs also included fever, lethargy, paroxysmal


coughing, nasal discharge, head shaking, and drooping ears. No


signs of respiratory disease were observed in the commingled


domestic sheep at any time during the experiment. M.


Table 1. Primers and PCR reaction targets used in these experiments.


Pathogen/Virulence
gene Target Primer Name Sequence (59 R 39) Size (bp) Reference


M. haemolytica gcp MhgcpF AGA GGC CAA TCT GCA AAC CTC G 267 [33]


MhgcpR GTT CGT ATT GCC CAA CGC CG


M. haemolytica gcp MhgcpF2 TGG GCA ATA CGA ACT ACT CGG G 227 [34]


MhgcpR2 CTT TAA TCG TAT TCG CAG


B. trehalosi sodA BtsodAF GCC TGC GGA CAA ACG TGT TG 144 [33]


BtsodAR TTT CAA CAG AAC CAA AAT CAC GAA TG


P. multocida kmt1 KMT1T7 ATC CGC TAT TTA CCC AGT GG 460 [35]


KMT1SP6 GCT GTA AAC GAA CTC GCC AC


Pasteurellaceae leukotoxin lktA lktAF TGT GGA TGC GTT TGA AGA AGG 1,145 [36]


lktAR ACT TGC TTT GAG GTG ATC CG


M. haemolytica leukotoxin lktA lktAF set-1 CTT ACA TTT TAG CCC AAC GTG 497 [34]


lktAR set-1 TAA ATT CGC AAG ATA ACG GG


Mycoplasma ovipneumoniae 16s rDNA LMF TGA ACG GAA TAT GTT AGC TT 361 [20,21]


LMR GAC TTC ATC CTG CAC TCT GT


Mycoplasma ovipneumoniae 16S–23S IGS MoIGSF GGA ACA CCT CCT TTC TAC GG Variable,490 [23]


MoIGSR CCA AGG CAT CCA CCA AAT AC


doi:10.1371/journal.pone.0110039.t001
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ovipneumoniae was detected in nasal swab samples from all


bighorn and domestic sheep in pens #2 and #3 when sampled on


day 70. The bighorn sheep were euthanized for necropsy on days


93 (BHS #89) and 99 (BHS #82 and #07). At necropsy,


significant abnormal findings were limited to the respiratory tract.


Bronchopneumonia affecting 25–50% of the lung volume was


observed in all three bighorn sheep (Figure 2). Histopathological


examination revealed peribronchiolitis with large lymphoid cuffs,


bronchiectasis with purulent exudates, pulmonary atelectasis, and


hyperplastic bronchial epithelia lacking visible cilia (Figure 2).


Experiment 2
On day 21 following release of the inoculated bighorn into pen


#1, M. ovipneumoniae was detected in the inoculated animal and


one pen mate (BHS #38 and #39); the third animal (BHS #40)


evaded capture and sampling on that day. The first signs of


respiratory disease were observed in pen #1 animals on day 21


during drive net capture for sampling, apparently triggered by


exertion (Figure 2a). On day 34, inoculated BHS #39 died in pen


#1. On day 49, signs of respiratory disease were first observed in


the bighorn sheep in pen #2 (Figure 2b). On days 65 and 109,


#41, and #42 in pen #2 died or were euthanized in extremis. The


surviving three bighorn sheep exhibited varying degrees of


respiratory disease: BHS #38 showed persistent respiratory


disease, while BHS #40 and #C showed decreasing respiratory


disease over time, which became minimal after days 161 and 154,


respectively. On day 204, the three surviving bighorn sheep were


euthanized for necropsy. At necropsy, significant abnormal


findings were limited to the respiratory tract. All six bighorn


sheep had bronchopneumonia, with consolidation of lung tissue


volumes ranging from an estimated 5% (BHS #40) to 80–100%


(BHS #41) (Figure 2). Histopathological examination revealed


severe peribronchiolitis with large lymphoid cuffs as seen in


experiment 1. Animals that died or were euthanized in extremis


had an overlying necrotizing bronchiolitis (#39) or abscessing


bronchiolitis with bronchiectasis (BHS #41, #42) (Figure 2).


Figure 1. Clinical signs exhibited by M. ovipneumoniae infected bighorn sheep. Clinical scores (3-day moving averages) of bighorn sheep
following introduction of M. ovipneumoniae: A) Experiment 1, 3 separate pens; solid line, Pen 1, BHS #82; dashed line, Pen 2, BHS #89; dotted line,
Pen 3, BHS #07; B) Experiment 2, Pen 1: solid line, BHS #39 (died day 34); dashed line, BHS #40; dotted line; BHS #38.; C) Experiment 2, Pen 2: solid
line, BHS #42 (euthanized day 109); dotted line, BHS #41 (died day 65); dashed line, BHS #C.
doi:10.1371/journal.pone.0110039.g001
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Microbiology
All bighorn sheep in both experiments seroconverted to M.


ovipneumoniae (Table 2). Most experimental animals had neu-


tralizing antibody to parainfluenza-3 virus, but no significant


changes in antibody titers were observed during the experimental


period. Detectable antibody to other ovine respiratory viruses,


including border disease virus, ovine progressive pneumonia virus,


and respiratory syncytial virus was occasionally observed in single


samples.


M. ovipneumoniae was detected at necropsy in both upper and


lower respiratory tracts of all bighorn sheep except BHS #40


whose lung tissues were PCR negative and whose upper


respiratory samples were PCR indeterminate (Table 3). Aerobic


cultures and/or PCR tests identified B. trehalosi from pneumonic


lung tissues from all bighorn sheep in both experiments (Table 3).


B. trehalosi isolates from BHS #82 and #07 carried lktA and


expressed leukotoxin activity (Table 3). P. multocida and M.
haemolytica were not detected in these animals by either aerobic


culture or PCR.


Culture independent survey of bacteria in pneumonic
bighorn sheep lung tissues


DNA sequences of cloned 16S rDNA revealed that the


predominant bacterial species in pneumonic sections of lung were


Figure 2. Gross and histologic lesions in lungs of bighorn sheep experimentally infected with M. ovipneumoniae. Images of BHS #82 (A,
B), BHS #39 (C, D), BHS #C (E, F) and BHS #42 (G, H). Original magnification of histologic images was 200X (B, D, H) or 100X (F).
doi:10.1371/journal.pone.0110039.g002
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diverse (Table 4). In experiment 1, M. ovipneumoniae was


detected in the lung tissues of all animals. B. trehalosi also


comprised substantial proportions of the pneumonic lung flora in


two animals (BHS #82 and #07), while obligate anaerobic


species, primarily Fusobacterium spp., predominated in the third


animal (BHS #89). The flora identified in the pneumonic lungs of


the animals in experiment 2 was also substantially comprised of


mixed obligate anaerobes especially Fusobacterium spp. (Table 4).


Molecular epidemiology of respiratory


pathogens. Consistent with epidemic transmission, M. ovip-
neumoniae strains recovered from all experimental sheep within


each experiment shared identical IGS DNA sequences with the


respective challenge inoculum (GenBank HQ615162 in experi-


ment 1; KJ551511 in experiment 2).


Discussion


The most striking finding of these experiments was the high


transmissibility of M. ovipneumoniae and the consistent develop-


ment of pneumonia that followed infection of bighorn sheep. The


bacterium was naturally transmitted from single experimentally


inoculated animals (a domestic sheep in experiment 1 and a


bighorn sheep in experiment 2) to all animals within and between


pens up to 12 m distant. Eight of nine bighorn sheep exposed to


M. ovipneumoniae developed severe bronchopneumonia and


three died, while all the domestic sheep remained healthy.


Previous experimental challenge studies conducted with M.
haemolytica or B. trehalosi in the absence of M. ovipneumoniae
have not documented transmission. For example, Foreyt et al. [8]


Table 2. Antibody responses to M. ovipneumoniae and parainfluenza-3 (PI-3) virus.


M. ovipneumoniae1 PI-3 virus2


Experiment ID Pen Pre3 Post3 Pre3 Post3


1 82 1 –8% 93% 512 512


1 89 2 –7% 88% 128 128


1 07 3 –1% 92% 256 512


2 38 1 –6% 74% Neg 64


2 39 1 –13% 67% Neg ,32


2 40 1 –23% 75% 64 512


2 41 2 –19% 82% 512 NT


2 42 2 –11% 82% 256 NT


2 C 2 –4% 66% 256 512


1M. ovipneumoniae antibody detected by cELISA, expressed as percentage inhibition of the binding of an agent-specific monoclonal antibody [14,18].
2PI-3 virus neutralizing antibody detected by virus neutralization [37].
3Pre samples in experiment 1 were obtained on the day that the M. ovipneumoniae colonized domestic sheep was introduced to pen 1 and in experiment 2 were
obtained on the day that BHS #39 was inoculated with M. ovipneumoniae. ‘Post’ samples in both experiments were obtained at necropsy. Neg = No titer detected.
NT = Not tested, due to inadequate specimen volume.
doi:10.1371/journal.pone.0110039.t002


Table 3. Microbiologic findings from pneumonic lung tissues, based on aerobic culture and species specific PCR.


Expt. ID Bacterial pathogens identified in pneumonic lung tissues


B. trehalosi M. haemolytica lktA M. ovipneumoniae Other5


1 82 Cult, sodA1 Neg2 Pos3 16S4 None


1 89 Cult, sodA Neg Neg3 16S Pasteurella sp.5


1 07 Cult, sodA Neg Pos 16S Pasteurella sp.


2 38 Cult, sodA Neg Neg 16S Pasteurella sp.


2 39 NT, sodA NT, Neg2 Neg 16S NT5


2 40 Cult Neg Neg Neg4 Trueperella pyogenes5


2 41 Cult, sodA Neg Neg 16S None


2 42 Cult Neg Neg 16S None


2 C Cult Neg Neg 16S Pasteurella sp.


1Cult = B. trehalosi detected by bacterial culture; sodA = B. trehalosi detected by sodA species-specific PCR (Table 1); NT = Unable to test by bacterial culture (overgrowth
by Proteus sp.).
2Neg = M. haemolytica not detected by either bacterial culture or by PCR with either gcp primer set (Table 1); NT = Unable to test by bacterial culture (overgrowth by
Proteus sp.).
3Neg = Pasteurellaceae lktA not detected in DNA extracts from pneumonic lung tissues by two different lktA PCRs (Table 1) [34,36]. Pos = lktA detected in B. trehalosi
isolates obtained from BHS #82 and #07 [36].
416S = M. ovipneumoniae detected by PCR (Table 1) [20]; Neg = M. ovipneumoniae not detected by PCR.
5Pasteurella sp., Trueperella pyogenes = Bacteria isolated and identified by aerobic culture; Pasteurella sp. were determined not to be B. trehalosi, M. haemolytica, or P.
multocida; NT = Unable to test by bacterial culture due to overgrowth by Proteus sp.
doi:10.1371/journal.pone.0110039.t003
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reported a series of three experiments in which commingled


bighorn sheep were either challenged with intra-tracheal M.
haemolytica or given sterile BHI as controls. Four of the five


control bighorn sheep survived without evidence of disease while


commingled with eight M. haemolytica-challenged bighorn sheep,


of which seven died of pneumonia [8]. Commingled bighorn


sheep also remained healthy in several other studies where


individual bighorn sheep died with apparent M. haemolytica
bronchopneumonia (confirmed by isolation of this bacterium from


lung tissues) [15,25,26].


In addition to high transmissibility, the time course of disease


development and the predominant microbiology of the pneumonic


lung tissues following experimental introduction of M. ovipneu-
moniae differed from that seen in previous bighorn sheep challenge


experiments with other respiratory pathogens. Bighorn sheep


directly challenged with leukotoxin positive M. haemolytica or B.
trehalosi develop peracute bronchopneumonia and .90% die


within a week of challenges with 105 cfu or more [16,27–30]. In


contrast, disease following experimental M. ovipneumoniae
exposures was considerably slower in onset (14–21 days post


infection) and development (deaths occurring 34 to 109 days post


infection; respiratory disease persisted up to 6 months post-


infection); this slow time course closely resembles that documented


previously in bighorn lamb pneumonia outbreaks [13]. After lethal


M. haemolytica challenge, the agent is typically isolated from lung


tissues in high numbers and pure cultures [15,25]; in contrast in


naturally occurring pneumonia outbreaks M. ovipneumoniae may


be predominant early in the disease course but 16S library


analyses have been used to document its overgrowth by diverse


other bacteria later in the disease course [14,23]. Although the


numbers of animals in the experimental M. ovipneumoniae
infection studies reported here are small, the results are consistent


with the trend for early predominance of M. ovipneumoniae
followed by overgrowth by diverse other bacterial later in the


disease course (Tables 3 and 4) [13,14,23].


Our results also differ from our previous attempt to experi-


mentally reproduce respiratory disease by challenge inoculation of


1-week-old bighorn lambs with M. ovipneumoniae, which


produced minor lesions and seroconversion but no clinically


significant respiratory disease [13]. However, laboratory passage


of M. ovipneumoniae (as was performed in that experiment) has


been reported to attenuate virulence in M. ovipneumoniae [31].


Challenge of bighorn sheep with un-passaged M. ovipneumoniae
produced different results, as observed here in experiment #2. In


another study [16], nasal washings from domestic sheep naturally


colonized with M. ovipneumoniae or lung homogenates from a M.
ovipneumoniae-infected bighorn sheep were used for challenge of


bighorn sheep after ceftiofur treatment to eliminate detectable


Pasteurellaceae. Consistent with increased virulence of un-


passaged M. ovipneumoniae, infection and respiratory disease


signs were observed in all four bighorn sheep, one of which died 19


days following challenge. The three surviving animals continued to


exhibit respiratory disease signs for 42 days, at which time the


experiment was terminated by challenge with M. haemolytica
(using a dose documented to be rapidly fatal to bighorn sheep even


in the absence of M. ovipneumoniae) [16]. As a result, the longer


term effects of the mycoplasma infection were not determined in


that study. Therefore, the experiments reported here are the first


in which naı̈ve bighorn sheep were exposed to un-passaged M.
ovipneumoniae and then followed over a time period comparable


with the naturally occurring disease course.


The possibility of viral agents contributing to the disease


observed in this study cannot be completely ruled out, since the


inoculum was derived from nasal washings from domestic sheep
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and no virucidal treatments were applied. However, a previous


study using ultrafiltrates of bighorn sheep pneumonic lung tissues


or nasal washings from domestic sheep failed to reproduce any


respiratory disease in inoculated susceptible bighorn sheep [16]. In


addition, serologic monitoring for the predominant domestic sheep


respiratory viruses did not demonstrate seroconversion of the


experimental animals in this study, as described in the Results and


in Table 2. Therefore, the most parsimonious interpretation of the


data presented here is that the disease observed resulted from M.
ovipneumoniae infection and the sequelae of that infection.


The transmission of M. ovipneumoniae from pen-to-pen in these


experiments strongly suggests that direct contact is not necessary


for epizootic spread of pneumonia in bighorn sheep. Feeding,


watering and other procedures involving animal care or research


staff were designed to minimize the risk of human or fomite-


mediated transmission of the pathogen from pen to pen, although


we recognize it is impossible to completely rule out this possibility.


On the other hand, since aerosolized droplet transmission is


recognized as a transmission route for the closely related


bacterium, Mycoplasma hyopneumoniae (the cause of atypical


pneumonia of swine) [32], it is plausible that a similar transmission


mode occurs with M. ovipneumoniae. Infectious aerosols gener-


ated by coughing animals would likely contribute to the explosive


nature of the pneumonia outbreaks observed following initial


introduction of M. ovipneumoniae into naı̈ve bighorn sheep


populations.


In conclusion, we demonstrated that experimental M. ovipneu-
moniae infection of naı̈ve bighorn sheep induces chronic, severe


bronchopneumonia associated with multiple secondary bacterial


infections and that this infection spread rapidly to animals both


within the same pen and to animals in nearby pens. The


significance of these findings would be clarified by parallel


experiments specifically designed to determine transmissibility


and associated disease outcomes in other agents associated with


bighorn sheep pneumonia, particularly M. haemolytica, in the


absence of M. ovipneumoniae. Furthermore, the case-fatality rates


of M. ovipneumoniae infected animals described here contrasts


with the nearly 100% mortality that follows experimental


commingling of bighorn sheep with presumptively or documented


M. ovipneumoniae-positive domestic sheep and suggests an


important role for polymicrobial secondary infections in deter-


mining mortality rates, which could be investigated in future


studies. Finally, M. ovipneumoniae was still detected in nasal swab


samples of several surviving bighorn sheep that were euthanized at


the completion of these studies, suggesting that survivors of


naturally occurring pneumonia outbreaks may continue to carry


and shed this agent in nasal secretions. Such carriage may provide


a mechanism for the post-invasion disease epizootics in lambs


described in free-ranging populations. If so, this presumptive


carrier state requires further study to characterize the factors that


determine its occurrence and persistence, as these may be critical


for the development of effective management control measures for


this devastating disease.
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[bookmark: _GoBack]Bighorn Sheep Risk Of Contact Not Adequately Analyzed.

The Final Decision does not adequately address the risk of contact between bighorn sheep and domestic sheep.  In fact, the Final Decision completely ignores the very real possibility of any scenario where bighorn and domestic sheep could come into contact.  Furthermore, the BLM has placed no terms and conditions addressing the possibility that bighorn sheep could foray from the nearby Montana Mountains or Trout Creek Mountains herds.  There is no barrier to prevent such a foray and USFS habitat analysis of Nevada shows that highly preferred habitat is nearly continuous between these two populations and the Bilk Creek Allotment.

There have been a number of bighorn sheep die-off events in recent years with more than 1,000 bighorn sheep deaths.

· Hay's Canyon Range in northwestern Nevada (2008).

· Ruby Mountain and Humboldt Ranges, Nevada (1995 and 2009).

· Snowstorm Mountain Range, Nevada (2011).

· Mojave National Preserve (ongoing).

· River Mountains, Nevada (ongoing).

· Yakima River Canyon, Washington (2009).

· Uinta Mountains, Utah (2009).

· Gros Ventre, Wyoming (2009).

Many recent scientific articles have conclusively demonstrated that domestic sheep are capable of transmitting deadly diseases[footnoteRef:1] such as Mannheimia haemolytica, Pasteurella trehalosi, Pasteurella multocida, and Mycoplasma.  [1:  Wehausen et al (2011) Domestic sheep, bighorn sheep, and respiratory disease: a review of the experimental evidence. http://www.bio.sdsu.edu/faculty/kelley/47.pdf ] 


WAFWA[footnoteRef:2] recommends maintaining separation between bighorn and domestic sheep or goats. [2:  WAFWA (2012). Recommendations For Domestic Sheep and Goat Management in Wild Sheep Habitat. http://www.wafwa.org/documents/wswg/RecommendationsForDomesticSheepGoatManagement.pdf ] 


The USFS has developed a tool called the Bighorn Sheep Risk of Contact Tool[footnoteRef:3],[footnoteRef:4] which has been used by the BLM for analysis of risk of contact between bighorn sheep and domestic sheep or goats associated with BLM permitted grazing in the Owyhee Field Office of Idaho[footnoteRef:5]. This tool is freely available to the agency and represents a tool developed with an understanding of current, best available science which overwhelmingly indicates that even one interaction between bighorn and domestic sheep or goats can result in a large scale die-off among bighorn sheep and can have very long lasting effects on the surviving individuals and their progeny. [3:  USDA USFS. (2013a). Bighorn sheep risk of contact tool. Prepared by USDA FS Bighorn Sheep Working Group, Critigen Inc. http://www.critigen.com/sites/critigen/files/case-studies/USFS_BigHorn-Sheep-Risk-Assessment-Tool.pdf]  [4:  USDA USFS. (2013b). Modeling and analysis technical report. USDA Forest Service, Intermountain Region, Prepared for the USDA FS Bighorn Sheep Working Group, Critigen Inc.]  [5:  Jump Creek, Succor Creek, and Cow Creek Watersheds Grazing Permit Renewal Draft Environmental Impact Statement. https://www.blm.gov/epl-front-office/projects/nepa/24953/43104/46090/Group2DEIS_April_22_2013_508.pdf ] 


This tool was developed as part of the Payette National Forest Supplemental Land and Resource Management Plan[footnoteRef:6] which designated areas as suitable and unsuitable to domestic sheep and goat grazing based on risk of contact between those species and bighorn sheep. [6:  Payette National Forest Record of Decision Land and Resource Management Plan. http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5238683.pdf ] 


This threat imposes an undue degradation of wildlife resources of the Winnemucca District and effects the economic values, wildlife values, and viability of an important wildlife species.  The BLM is required to use the best available science to ensure that BLM approved activities don’t threaten the viability of wildlife.

California bighorn sheep inhabit the nearby Montana Mountains or Trout Creek Mountains and the Nevada Department of Wildlife has identified large amount of potential bighorn sheep habitat that is precluded from bighorn reintroductions because of BLM permitted domestic sheep grazing.

Because BLM permitted activities potentially threaten the viability of bighorn sheep and impose undue degradation on public resources, the BLM must conduct a proper risk analysis that ensures the prolonged viability and recovery of bighorn sheep on the Bilk Creek Allotment.  This analysis must analyze the risk of contact between domestic sheep and existing bighorn populations within and nearby the Bilk Creek Allotment to ensure that surrounding populations are not put at undue risk of contact. 

Once a proper analysis has been conducted the BLM must designate areas where the risk of contact threatens the viability of bighorn sheep populations as unsuitable for domestic sheep and goat grazing.  Because bighorn sheep are mobile and routinely disperse to new areas, this risk analysis must be conducted whenever bighorn sheep are detected in new areas outside of the previous risk analysis areas to determine the suitability of domestic sheep grazing.

As part of any adaptive management process, there must be triggers for action and, in this case, terms and conditions placed must be placed on any sheep grazing permit that allows grazing nearby lands deemed unsuitable due to risk of contact.  

To ensure that risk of contact is further mitigated, an emergency response plan (ERP) must be devised which keeps the BLM informed about conditions on the ground.  

As a model, the Payette National Forest Supplemental Land and Resource Management Plan provides direction that instructs the Forest to evoke emergency management response measures if:

· Bighorn sheep presence is detected within 10 kilometers (6.21 miles) of active domestic sheep or goat grazing or trailing. Actions will be taken to ensure separation between bighorn sheep and domestic sheep or goats. RAST10;

· Domestic sheep and goat grazing may only be permitted where separation from bighorn sheep can be maintained. If separation cannot be maintained, permitted domestic sheep and goat grazing shall be prohibited. RAST11;

· Reassess the risk for contact when bighorn sheep are located within previously undocumented areas or new herd units are documented. WIST08; or

· Domestic sheep or goats shall not be utilized as a management tool for weed control where domestic sheep grazing is not suitable or where contact with bighorn sheep is possible. NPST13.

· To maintain separation, when bighorn sheep are found within 10 kilometers of an active domestic sheep and goat allotment, implementation of emergency actions for domestic sheep and goat grazing could include:

1. Moving domestic sheep back to an identified ridgeline within the allotment;

2. Notifying the Idaho Department of Fish and Game of the bighorn location;

3. Removing domestic sheep and goats from the allotment; or

4. Not authorizing domestic sheep or goats on an allotment or driveway for the current grazing season. RAGU13.

The ERP[footnoteRef:7] defines instances in which an emergency response could be implemented include the following situations but is not limited to: [7:  Emergency Response Plan for Potential Situations Regarding Bighorn Sheep and Domestic Sheep and Goats. Payette National Forest. 2003 Land and Resource Management Plan. March 29, 2011. http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5422479.pdf ] 


1. Bighorn sheep are found within the suitable area of an active domestic sheep and goat allotment or trailing route;

2. Bighorn sheep are found within 10 kilometers (6.21 miles) of the suitable area of an active domestic sheep and goat allotment or trailing route;

3. Domestic sheep or goats are found missing from a band;

4. Domestic sheep or goats stray and are found outside of their authorized allotment area and into areas deemed unsuited for domestic sheep or goat grazing; or

5. Domestic sheep or goats are found on the Payette National Forest after the authorized season of use.

The ERP should also require domestic sheep herders carry a GPS device that communicates its location to managers such as the SPOT[footnoteRef:8].  These devices have been widely field tested and provide a simple way to communicate the location of the user, ask for assistance, or inform emergency response officials of an emergency by sending an email to designated people or the proper emergency response team.  As part of the mandatory terms and conditions of any permit, within any area where the risk of contact is high, all herders should be required to carry such a device and be required to communicate the location of sheep bands on a daily basis. [8:  http://www.findmespot.com/en/ ] 


Herders should also be required to report any sighting or sign of a bighorn sheep that is observed.  Herders should also be required conduct daily counts of domestic sheep or goats and to notify the BLM when domestic sheep are missing from bands when in proximity to bighorn sheep areas.

In the event that any of these reasonable mandatory terms and conditions are not met, the ERP must be activated. In the event that a location provided by the herder using a SPOT device is located within any area deemed unsuitable for domestic sheep or goat grazing the ERP must be implemented.
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Bighorn Sheep Risk Of Contact with Domestic Sheep Is Not Adequately Analyzed, Prevented and Mitigated

The Final RMP does not adequately address the risk of contact between bighorn sheep and domestic sheep and goats.  In fact, the Final Winnemucca RMP relies on only two, woefully outdated studies on bighorn sheep that don’t address the risk of contact and consequences of contact between bighorn and domestic sheep or goats. The preferred alternative relies on scientifically untested and inadequate SOP’s and BMP’s with no real analysis of risk of contact between bighorn and domestic sheep or goats.

There have been a number of bighorn sheep die-off events in recent years with more than 1,000 bighorn sheep deaths.

· Hay's Canyon Range in northwestern Nevada (2008).

· Ruby Mountain and Humboldt Ranges, Nevada (1995 and 2009).

· Snowstorm Mountain Range, Nevada (2011).

· Mojave National Preserve (ongoing).

· River Mountains, Nevada (ongoing).

· Yakima River Canyon, Washington (2009).

· Uinta Mountains, Utah (2009).

· Gros Ventre, Wyoming (2009).

Many recent scientific articles have conclusively demonstrated that domestic sheep are capable of transmitting deadly diseases[footnoteRef:1] such as Mannheimia haemolytica, Pasteurella trehalosi, Pasteurella multocida, and Mycoplasma.  [1:  Wehausen et al (2011) Domestic sheep, bighorn sheep, and respiratory disease: a review of the experimental evidence. http://www.bio.sdsu.edu/faculty/kelley/47.pdf ] 


WAFWA[footnoteRef:2] recommends maintaining separation between bighorn and domestic sheep or goats. [2:  WAFWA (2012). Recommendations For Domestic Sheep and Goat Management in Wild Sheep Habitat. http://www.wafwa.org/documents/wswg/RecommendationsForDomesticSheepGoatManagement.pdf ] 


The USFS has developed a tool called the Bighorn Sheep Risk of Contact Tool[footnoteRef:3],[footnoteRef:4] which has been used by the BLM for analysis of risk of contact between bighorn sheep and domestic sheep or goats associated with BLM permitted grazing in the Owyhee Field Office of Idaho[footnoteRef:5]. This tool is freely available to the agency and represents a tool developed with an understanding of current, best available science which overwhelmingly indicates that even one interaction between bighorn and domestic sheep or goats can result in a large scale die-off among bighorn sheep and can have very long lasting effects on the surviving individuals and their progeny. [3:  USDA USFS. (2013a). Bighorn sheep risk of contact tool. Prepared by USDA FS Bighorn Sheep Working Group, Critigen Inc. http://www.critigen.com/sites/critigen/files/case-studies/USFS_BigHorn-Sheep-Risk-Assessment-Tool.pdf]  [4:  USDA USFS. (2013b). Modeling and analysis technical report. USDA Forest Service, Intermountain Region, Prepared for the USDA FS Bighorn Sheep Working Group, Critigen Inc.]  [5:  Jump Creek, Succor Creek, and Cow Creek Watersheds Grazing Permit Renewal Draft Environmental Impact Statement. https://www.blm.gov/epl-front-office/projects/nepa/24953/43104/46090/Group2DEIS_April_22_2013_508.pdf ] 


This tool was developed as part of the Payette National Forest Supplemental Land and Resource Management Plan[footnoteRef:6] which designated areas as suitable and unsuitable to domestic sheep and goat grazing based on risk of contact between those species and bighorn sheep. [6:  Payette National Forest Record of Decision Land and Resource Management Plan. http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5238683.pdf ] 


This threat imposes an undue degradation of wildlife resources across much of the Winnemucca District and effects the economic values, wildlife values, and viability of an important wildlife species.  The BLM is required to use the best available science to ensure that BLM approved activities don’t threaten the viability of wildlife.

Both desert bighorn, a BLM sensitive species, and California bighorn sheep inhabit portions of Winnemucca District and the Nevada Department of Wildlife has identified an even greater amount of potential bighorn sheep habitat that is precluded from bighorn reintroductions because of BLM permitted sheep and goat grazing.

Because BLM permitted activities potentially threaten the viability of bighorn sheep and impose undue degradation on public resources, the BLM must conduct a proper risk analysis that ensures the prolonged viability and recovery of bighorn sheep on the Winnemucca District.  This analysis must analyze the risk of contact between domestic sheep or goats and with existing bighorn populations within and nearby the Winnemucca District to ensure that surrounding populations are not put at undue risk of contact. 

Once a proper analysis has been conducted the BLM must designate areas where the risk of contact threatens the viability of bighorn sheep populations as unsuitable for domestic sheep and goat grazing.  Because bighorn sheep are mobile and routinely disperse to new areas, this risk analysis must be conducted whenever bighorn sheep are detected in new areas outside of the previous risk analysis areas to determine the suitability of domestic sheep and goat grazing.

As part of any adaptive management process, there must be triggers for action and, in this case, terms and conditions placed must be placed on any sheep and goat grazing permit that allows grazing nearby lands deemed unsuitable due to risk of contact.  

To ensure that risk of contact is further mitigated, an emergency response plan (ERP) must be devised which keeps the BLM informed about conditions on the ground.  

As a model, the Payette National Forest Supplemental Land and Resource Management Plan provides direction that instructs the Forest to evoke emergency management response measures if:

· Bighorn sheep presence is detected within 10 kilometers (6.21 miles) of active domestic sheep or goat grazing or trailing. Actions will be taken to ensure separation between bighorn sheep and domestic sheep or goats. RAST10;

· Domestic sheep and goat grazing may only be permitted where separation from bighorn sheep can be maintained. If separation cannot be maintained, permitted domestic sheep and goat grazing shall be prohibited. RAST11;

· Reassess the risk for contact when bighorn sheep are located within previously undocumented areas or new herd units are documented. WIST08; or

· Domestic sheep or goats shall not be utilized as a management tool for weed control where domestic sheep grazing is not suitable or where contact with bighorn sheep is possible. NPST13.

· To maintain separation, when bighorn sheep are found within 10 kilometers of an active domestic sheep and goat allotment, implementation of emergency actions for domestic sheep and goat grazing could include:

1. Moving domestic sheep back to an identified ridgeline within the allotment;

2. Notifying the Idaho Department of Fish and Game of the bighorn location;

3. Removing domestic sheep and goats from the allotment; or

4. Not authorizing domestic sheep or goats on an allotment or driveway for the current grazing season. RAGU13.

The ERP[footnoteRef:7] defines instances in which an emergency response could be implemented include the following situations but is not limited to: [7:  Emergency Response Plan for Potential Situations Regarding Bighorn Sheep and Domestic Sheep and Goats. Payette National Forest. 2003 Land and Resource Management Plan. March 29, 2011. http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5422479.pdf ] 


1. Bighorn sheep are found within the suitable area of an active domestic sheep and goat allotment or trailing route;

2. Bighorn sheep are found within 10 kilometers (6.21 miles) of the suitable area of an active domestic sheep and goat allotment or trailing route;

3. Domestic sheep or goats are found missing from a band;

4. Domestic sheep or goats stray and are found outside of their authorized allotment area and into areas deemed unsuited for domestic sheep or goat grazing; or

5. Domestic sheep or goats are found on the Payette National Forest after the authorized season of use.

The ERP should also require domestic sheep herders carry a GPS device that communicates its location to managers such as the SPOT[footnoteRef:8].  These devices have been widely field tested and provide a simple way to communicate the location of the user, ask for assistance, or inform emergency response officials of an emergency by sending an email to designated people or the proper emergency response team.  As part of the mandatory terms and conditions of any permit, within any area where the risk of contact is high, all herders should be required to carry such a device and be required to communicate the location of sheep bands on a daily basis. [8:  http://www.findmespot.com/en/ ] 


Herders should also be required to report any sighting or sign of a bighorn sheep that is observed.  Herders should also be required conduct daily counts of domestic sheep or goats and to notify the BLM when domestic sheep are missing from bands when in proximity to bighorn sheep areas.

In the event that any of these reasonable mandatory terms and conditions are not met, the ERP must be activated. In the event that a location provided by the herder using a SPOT device is located within any area deemed unsuitable for domestic sheep or goat grazing the ERP must be implemented.

BLM fails to adequate analyze risk disease from cattle.

Other outbreaks of deadly disease among bighorn sheep have been associated with contact with cattle[footnoteRef:9].  The BLM must analyze the risks associated with BLM permitted cattle grazing, especially during severe drought conditions when cattle and bighorn sheep seek out water sources and may come into contact. [9:  Wolfe et al (2010) A bighorn sheep die-off in southern Colorado involving a Pasteurellaceae strain that may have originated from syntopic cattle. http://www.ncbi.nlm.nih.gov/pubmed/20966277 ] 


BLM inadequately analyzes effects of conversion from cattle to sheep or sheep to cattle in bighorn sheep habitat.

LG 4.1 and LG 4.2 allow for conversion of cattle grazing to sheep grazing and vice versa.  When considering any such conversion a risk of contact analysis must be undertaken to ensure that domestic sheep or goat grazing does not imperil existing or potential bighorn sheep populations.  Any conversion of sheep to cattle grazing must analyze the differences in how each species uses a landscape using criteria such as forage availability, distance to water, and terrain.  New water developments within bighorn sheep habitat must be analyzed for impacts on bighorn sheep and the risk of contact between cattle, domestic sheep or goats, and bighorn sheep.

BLM inadequately presents a baseline condition of bighorn populations and domestic sheep and goat grazing.

The Final Winnemucca RMP provides little information about the status and health of bighorn sheep populations within and nearby the Winnemucca District.  The reader can gain very little understanding about how current permitted actions have affected bighorn sheep and whether any of the proposed alternatives may influence the risk of contact between domestic sheep or goats, and bighorn sheep.

[bookmark: _GoBack]
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Matt Janowiak 
District Ranger – Columbine Ranger District 
PO Box 439 
Bayfield, CO 81122 


April 4, 2016 
 
Dear Matt, 
 
Enclosed, please find our comments on the Weminuche domestic sheep DEIS. We 
incorporate by reference all previous comments and attachments (both via email and on 
CD) into these comments. 
 
Unfortunately, we found little improvement from the EA to the EIS. It appears that the 
only reason that the Forest Service switched to an EIS was to enable it to have significant 
impacts on bighorn sheep.  
 
It is disappointing that the Forest Service prioritized the interests of two permittees over 
the recovery of bighorn sheep and the protection of Wilderness values.  
 
The first thing that must be accomplished within this decision process is insuring that the 
process complies with NFMA.  
 
The process must result in management that recovers Sensitive Species, including 
bighorn sheep. We had provided a range of Forest Service handbooks and manuals and 
other direction documents, highlighted in the applicable sections, to help insure 
compliance. We also include a few specific sections applicable to this process below. 
 
Unfortunately, it does not appear from the EIS that the highlighted sections we had 
provided previously were implemented. For instance, the DFC’s set for the project area 
are not measurable and there are no timeframes. No DFC’s are provided for bighorn 
sheep. 
 
The EIS failed to factor in cattle as a transmission source. Recent studies indicate cattle 
are a significant source of disease in bighorn sheep. See for instance Drew et al, 2014, 
Wolfe et al, 2010 cited in Shanthalingum et al, 2014, which we provided for the EA. 


Working to protect and restore Western Watersheds 
 


Wyoming Office 
PO Box 1160 
Pinedale, WY 82941 
Tel: (877) 746-3628 
Fax: (208) 475-4702 
Email: Wyoming@WesternWatersheds.org 
Web site: www.WesternWatersheds.org 
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The next critical element is a biologically-based, science-based risk assessment. The risk 
assessment failed to take into consideration the fact that current science requires at least a 
9 mile buffer surrounding bighorn sheep use areas and habitats to reduce potential for 
disease transmission. The modeling severely underestimated foray distances and 
amounts.  
 
The Forest Service also failed to determine viability of the herds in question. These are 
the critical questions that an adequate NEPA process must answer. Nothing within the 
EIS, BE or risk assessment provided any information as to what is a viable population of 
BHS is nor a comparison of that to the impacted populations. Without that there is no 
support for the species call “may adversely impact individuals….”. 
 
The FAQ for the ROC Model states that minimum viable populations for bighorn sheep 
are between 100-188. Populations affected by the decision are below that yet this is not 
discussed in the EIS. 
 
Likewise, the EIS is entirely silent as to, based on current experience, what a disease 
event would likely result in, in terms of die off rates, post die-off recovery trajectories 
and inter CHHR effects. 
  
The failure of the model to accurately predict risk is made very clear in the case  of an 
allotment was ranked 1.0 when there was direct overlap but moving the mythical 
allotment boundary by 0.8 miles it drops to .14 even though the 0.8 miles of boundary 
moving can be walked in about 20 minutes. That is not effective separation.  
 
The EIS states that this boundary move resulted in a 70% reduction in risk of contact 
from 0.9 to 3.0, yet in the Virginia Gulch allotment a boundary move of 0.7 miles closer 
to the CHHR resulted in only a “slight increase” in the risk of contact. These both can not 
be true. 
 
The Regional Office issued guidance on BA and BE preparation, originally found at 
http://fsweb.r2.fs.fed.us/lmp/BABE_guidance.doc which stated: 
 


i. Use ONLY the following wording for species listed as sensitive 
species by the Regional Forester: 
· ``No impacts''  -- where no effect is expected. 
· ``Beneficial effects''  -- where effects are expected to be 


beneficial 
· ``May impact individuals but is not likely to cause a trend to 


federal listing or loss of viability''  -- where effects are expected 
to be insignificant (unmeasurable), or discountable (extremely 
unlikely). 


· ``Likely to result in a trend to federal listing or loss of 
viability''  - where effects are expected to be detrimental and 
substantial. 
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No rational person could come to the conclusion that permitting continued domestic 
sheep grazing directly adjacent to bighorn CHHR’s and within bighorn sheep habitat 
would result in effects that “are expected to be insignificant (unmeasurable), or 
discountable (extremely unlikely).” 
 
The EIS at page 124 states: 
 


Alternative 2, “may adversely impact individual Rocky Mountain bighorn sheep 
and is likely to result in a loss of viability on the planning area, in a trend to 
federal listing, or in a loss of species viability rangewide”.  
 
Alternative 3 or 4 “may impact individual bighorn sheep but is not likely to result 
in a loss of viability on the planning area, nor cause a trend to federal listing or a 
loss of species viability rangewide.” 


 
These calls are problematic for two primary reasons. Firstly, they do not comply with 
FSM requirements (See FSM 2670 R2 Supplement). The question is not if this project 
will result in loss of viability across the entire range of the species, it is within the 
Planning Area. The ROC Report and the EIS provide significant rationale that a disease 
event would be very likely to result in a loss of viability of the bighorn sheep within the 
planning area. 
 
Secondly, other than Enron accounting, which we will discuss later, the few, minor 
changes between Alt 2 and Alt 4 could not rationally result in such a massive difference 
in calls. 
 
Another failure with the process is that the ROC model was run on current population 
numbers, which the report describes as below 50% of objective. The model needs to be 
re-run at objective, not just at current, depressed numbers. 
 
In fact, the calls run counter to the vast majority of the information provided in the ROC 
report. Particularly contradictory would be pages 151 and 152 of the ROC report. 
 
FSM 2620 
 


2621.2 - Determination of Conservation Strategies. To preclude 
trends toward endangerment that would result in the need for 
Federal listing, units must develop conservation strategies for 
those sensitive species whose continued existence may be 
negatively affected by the forest plan or a proposed project. 


 
These have not been provided, nor for the few minor tweaks proposed has their 
effectiveness been examined. 
 
FSM 2670 


2670.22 - Sensitive Species 
1.  Develop and implement management practices to ensure that species do not 
become threatened or endangered because of Forest Service actions. 







 4 


2.  Maintain viable populations of all native and desired nonnative wildlife, fish, 
and plant species in habitats distributed throughout their geographic range on 
National Forest System lands. 
 
3.  Develop and implement management objectives for populations and/or habitat 
of sensitive species. 


 
These have not been implemented. 


 
2670.45 requires Forest Supervisors to “2.  Develop quantifiable recovery 
objectives and develop strategies to effect recovery of threatened and endangered 
species.  Develop quantifiable objectives for managing populations and/or habitat 
for sensitive species. 


 
These have not been implemented. 
 
 


2672.43 - Exhibit 01 
 


BIOLOGICAL EVALUATION PROCESS - THREATENED, ENDANGERED, PROPOSED AND SENSITIVE SPECIES 
PROJECT PROPOSAL 


 
Biological evaluation-- 
Step 1-prefield review of available 
information and identification of 
species known or potentially occurring 


 
No evidence 


-------of species or habitat------ 


 
Appropriate 
documentation 


 
--------------- 


 
Project  
Proceeds 


|       
Evidence of species 


or habitat 
      


|       
Biological evaluation-- 
Step 2-field reconnaissance 


Species not 
------------present or------------ 


expected 
 


Appropriate 
documentation 


--------------- Project  
Proceeds 


|       
Species found       


|       
Biological evaluation-- 
Step 3-conflict determination 


-----------No adverse ----------- 
effect or conflict 


Appropriate 
documentation 


--------------- Project  
Proceeds 


|       
Potential for adverse effect or conflict       


|  
Is modification of project to remove 
adverse or questionable conflict 
possible? 


 
--------------Yes---------------- 


Appropriate 
documentation 


-------------- Project  
Proceeds 


                         |                   \ 
                         |                     \ 


 


                        No            Sensitive  
                         |                   Species--------------------------------------------------- 


Withdraw 
Project 


 


| 
| 


\                  
 \ 


Proposed or 
Federally 


Listed Species 


 Analysis of 
significance  
of effects 


------ Data not sufficient  
to assess significance 


  


|  |  |   
Follow consultation (conference) 
requirements with USFWS/NMFS 
Exhibits 1 & 2 


 Data sufficient 
to assess 


significance 


-------- Biological/ 
botanical investigation 


  


  |     
  Project disposition based on 


determination of significance 
of effects on species 
conservation and population 
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objectives 
 
FSM 2670 R2 Supplement 
 


b.  For Region 2 sensitive species make a determination of: 


(1)  "No impact"; 


(2)  "Beneficial impact";  


(3)  "May adversely impact individuals, but not likely to result in a loss of 
viability in the Planning Area, nor cause a trend toward federal listing"; or 


(4)  "Likely to result in a loss of viability in the Planning Area, or in a trend 
toward federal listing." 


 
Factors that may be considered in the analysis of effects include: the proportion of 
the species’ total population and range that is in the analysis area or is affected by 
the action; whether the habitat affected by the action is necessary for critical life 
functions (for example, feeding, breeding, nesting); timing, frequency and 
duration of human activity, especially as it relates to significant behavioral 
modification; any anticipated reductions in numbers or distribution of the species; 
and the potential of the species to recover from short-term impacts. 


 
The review of Forest Plan requirements is likewise not supported by the material 
provided. For instance, the proposed action does not "prevent physical contact between 
domestic sheep in bighorn sheep". The same holds true for standard 2.7.12 which also 
requires the Forest Service "to prevent physical contact with bighorn sheep", but the 
proposed action does not accomplish that. Merely altering a few boundaries slightly does 
not prevent contact. The proposed action comes nowhere close to implementing 
WAFWA guidance defining effective separation as a minimum 9 mile buffer. 
 
The EIS also provides the caveat that the closed areas will “not [be] used except for 
livestock trailing to reach the allotments.” Yet neither the EIS nor the ROC report 
analyzes the impacts of this (or any other) trailing. 
 
The EIS is entirely silent on the impacts and ROC over the life of the permit if expansion 
of bighorn sheep use areas occurred. The EIS is also silent on the relation of the range 
expansion that has occurred over the last few years with the polygons used in the 
modeling effort. The ROC report states “Bighorn sheep are being observed in places they 
have not previously been reported and they are presumed to be re-occupying historic 
ranges and filling gaps between disjunct core use areas.” But the EIS does not integrate 
this information into its analysis. 
 
The report states “For all these reasons, George et al. (2009) recommend considering all 
opportunities to reduce the potential for physical contact with domestic sheep, thereby 
reducing potential for subsequent disease transmission and bighorn mortality events.” Yet 
the EIS fails to implement this, particularly by ignoring the WAFWA 9 mile buffer. 
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Stunningly, the ROC Report states “This represents a very similar distribution to that 
reported today, but more extensive use of the high ridgeline on the east side of the Pine 
River has been documented in the past 20 years. Also recently, the alpine ridges east of 
Emerald Lake are now recognized to be an important year-round use area (Weinmeister 
2012).” And while the Forest has not provided GIS data that would allow for accurate 
review of this information, it appears that this ridge/plateau is within active sheep 
allotments, yet the ROC report and EIS failed to deal with this. 
 
The ROC report and the EIS does not map the collared location data and fails to 
implement actions to collar most rams in each of the populations, instead relying on 
unlikely observations. 
 
The ROC Report states “Given the boundary adjustment proposed under Alternatives 3 
and 4, removing the zone of overlap with the S-71 CHHR results in a total herd contact 
rate with S-71 of 0.20 under Alternatives 3 and 4. This equates to an estimate of one 
contact with the allotment by a foraying bighorn (ram or ewe) from S-71 every 5.0 years 
under Alternatives 3 and 4. The nearest distance to the S-71 CHHR from the allotment 
under Alternatives 3 and 4 is 0.8 miles.” So a 20 minute walk outside the ‘polygon’ 
would only happen once every 5 years? This is ridiculous. 
 
The fiction of the differences between any of the action alternatives is states plainly in the 
ROC report when it states “No currently active allotments would be closed under any of 
the action alternatives (Alternative 2, 3 or 4). For these reasons the amount of useable 
domestic sheep grazing range would change very little (less than 1% change) between the 
three action alternatives (Alternatives 2, 3 and 4).” And “Because Alternative 4 would 
retain nearly all grazing opportunities (less than 1% change) on currently active domestic 
sheep allotments, Alternative 4 would retain the current condition for domestic sheep 
permittees and meet agency direction for providing livestock grazing opportunities on 
NFS lands.”  So the calls differences must be based on the few, minor additions such as 
reporting and the like, which the EIS is entirely silent on the effectiveness of. 
 
The ROC Report states “A total herd contact rate less than about 0.08 was determined by 
an analysis conducted by the Payette National Forest to be a rate of allotment contact by 
foraying bighorn sheep thought low enough to be likely to maintain long-term bighorn 
sheep herd persistence under a moderate (25%) rate of contact resulting in a disease event 
(USDA Forest Service 2013c, USDA Forest Service 2010a, 2010c and 2010d).” yet 
masks the implications of this by conflating restocking vacant allotment, which could not 
legally be done, to draw attention away from the fact that the open allotments, the only 
allotments really under consideration for livestock grazing here would result in loss of 
viability. 
 
Page 129 -130 continues this purposefully misleading information as the report tries to 
support what the Forest Service is going to do no matter what. 
 
So the bottom line is 2 contacts per year from one of the interconnected populations but 
the report and the EIS fail to translate that into prediction of persistence/viability. Given 
that the Payette ROD found rates of contact that were a tiny fraction of that to result in 
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extirpation, the Forest Service’s vague and misleading discussion of this must be 
corrected. 
 
The ROC report states “An analysis of bighorn sheep disease outbreak intervals on the 
Payette NF (USDA Forest Service 2010d) concluded that using a moderate probability of 
disease transmission given contact (25% of contacts result in a disease transmission 
event), disease return intervals greater than about every 46 years (total contact rate less 
than about 0.08) had a high probability of maintaining long-term herd viability. Slightly 
higher contact rates were predicted to be likely to maintain long-term viability, but 
disease return intervals more frequent than about every 46 years could produce a low 
probability but high consequence event. Disease return intervals more frequent than about 
every 31 years were increasingly less likely to maintain long-term herd viability.” But 
fails to translate this into the Weminuche EIS. 
 
Pages 151 and 152 of the ROC report run directly counter to the assertions made in the 
EIS and BE. This is arbitrary decision-making. 
 
Despite all the flaws in the risk assessment there is almost no real difference between 
current management and Alt 4, when you subtract out the vacant allotments that have not 
been stocked in decades. In other words, the comparison between Alt 2 and Alt 4 is 
disingenuous, in order to show a dramatic difference which does not exist in reality. The 
only real difference is the conversion of Canyon Creek to cattle (yet even here the EIS 
assumes no disease risk with cattle yet this is not supported by current science.) All of the 
risk categories remain the same between current management and Alt 4 when comparing 
apples to apples, not vacant allotments to some theoretical stocked allotment. 
 
“High Risk” is not effective separation, and the EIS complexly fails to provide rationale 
as to how the Forest Service has contorted itself to find that “High Risk” is effective 
separation. 
 
On November 25th, 2008 the Chief of the Forest Service ordered all Regional Foresters “I 
ask that you seek to provide effective separation between domestic sheep and goats and 
wild sheep to minimize the likelihood of disease transmission to wild sheep.  This 
includes careful review of the Payette Principles 
http://www.mwvcrc.org/bighorn/payetteprinciples.pdf  and the Western Association of 
Fish and Wildlife Agencies (WAFWA) June 21, 2008, report entitled: Recommendations 
for Domestic Sheep and Goat Management in Wild Sheep Habitat: 
http://www.mwvcrc.org/bighorn/wafwawildsheepreport.pdf .” (emphasis added) 
 
This has not been complied with. 
 
The DEIS also mentions various WO directions that requires “Where unacceptable risk of 
contact is identified, potential replacement allotments for domestic sheep should be 
identified and analyzed.” Yet the EIS fails to define “unacceptable risk” and provide 
rationale as to how that was determined, nor does the DEIS provide replacement 
allotments. At best, the DEIS rejects even considering this, because it displeased the 
permittees. That is far from a rational excuse. 
 



http://www.mwvcrc.org/bighorn/payetteprinciples.pdf

http://www.mwvcrc.org/bighorn/wafwawildsheepreport.pdf
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Effective separation under the WAFWA Guidance and the Payette Principles requires a 9 
mile buffer or effective geographic barriers. The EIS fails to discuss this and fails to 
implement it. 
 
The RMRS publication, Rocky Mountain Bighorn Sheep – A Technical Conservation 
Assessment which states  “Because disease may represent the most significant threat to 
bighorn sheep in Region 2, especially on national forests with domestic sheep grazing 
allotments in or near bighorn sheep habitat, the creation of effective separation between 
bighorns and domestic sheep and goats is likely critical for preventing disease epizootics 
in areas where there is potential for contact. BLM Guidelines (Bureau of Land 
Management 1992) suggest maintaining a minimum buffer of 13.5 km (9 miles) between 
domestic sheep and goats and wild sheep on BLM lands to minimize the risk of contact 
between the two groups.” and “One of the more important activities that directly affect 
bighorns is domestic livestock grazing in bighorn sheep habitat. Bighorns are negatively 
impacted by disease transmission from domestic livestock, especially domestic sheep and 
goats. Areas that have been grazed by domestic sheep may not be suitable areas for wild 
sheep for up to four years after grazing has been discontinued (Jessup 1985). Bunch et al. 
(1999) suggested that domestic and wild sheep should never be allowed to occupy the 
same areas because of the potential for disease transmission and the risk of a major die-
off.” 
 
The EIS provides no information regarding the conversion of allotments to cattle. As is 
well known cattle use a much more limited area than sheep and utilize different forage 
resources. In addition they spend most of their time in riparian areas. No information was 
provided that would indicate the number of AUMs available for cattle or any type of 
quantified suitability capability analysis for that change. No site-specific analysis has 
been provided for the miles of fences, pipelines and water developments proposed. No 
information is provide as to the location of all these in relation to Wilderness. 
 
In the desired conditions section we see on a measurable "desired conditions" with no 
time frames for achievement. A perfect example is "native grass informed species will 
continue to dominate in both the short and long term". This is an absurd and meaningless 
desired condition. 
 
The EIS continues this same failed approach where the actions taken to correct problems 
are such things as "establish a photo monitoring location". Other suggestions are to 
"reduce utilization by minimizing length of time in area" with this so-called design 
criteria is never implemented as a requirement. The closest thing to a reasonable 
requirement, which is also not implemented anywhere else, is to "increase percent of 
bunchgrasses by 10% within the next 10 years" 
 
The wilderness section conflates the issue that grazing was grandfathered into Wilderness 
to "not further address whether it should be allowed". But that is not the issue here. The 
issue is impacts to Wilderness and recreation values. In fact the Forest plan states for a 
Wilderness management as "where natural processes and conditions have not and will not 
be measurably affected by human use and where natural succession occurs on all existing 
vegetative communities and is influenced by natural processes and disturbance, and the 
structure, composition, function and spatial distribution of vegetative types are the result 
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of natural successional processes. Human influence on vegetation is unnoticeable” but 
livestock grazing as proposed impacts all of these values. 
 
The EIS quotes congressional ‘guidelines’ “Any adjustments in the numbers of livestock 
permitted to graze in wilderness areas should be made as a result of revisions in the 
normal grazing and land management planning and policy setting process, giving 
consideration to legal mandates, range condition, and the protection of the range resource 
from deterioration...” yet fails to implement it.  
 
The EIS at 23 states: 
 


The desired condition [for Wilderness] is, “where natural processes and 
conditions have not and will not be measurably affected by human use and where 
natural succession occurs on all existing vegetative communities and is influenced 
by natural processes and disturbance;” 


 
Yet the EIS does not provide this in its list of Desired Conditions and the EIS fails to 
analyze impacts of the proposed action on these values, particularly from the perspective 
of bighorn sheep recovery and vegetation. 
 
The Wilderness Act requires “agencies to manage wilderness to preserve natural 
ecological conditions” See 2320.1.  
 
36 CFR 293.2 requires: 
 


(c) In resolving conflicts in resource use, wilderness values will be dominant to 
the extent not limited by the Wilderness Act, subsequent establishing legislation, 
or the regulations in this part. 


 
FSM 2320 requires that the Forest Service manage designated Wilderness to: 
 


Manage wilderness to ensure that human influence does not impede the free play 
of natural forces 


 
2320.2 requires that the Forest Service “Maintain wilderness in such a manner that 
ecosystems are unaffected by human manipulation and influences so that plants and 
animals develop and respond to natural forces.” 
 
Clearly, introducing a non-native disease organism toxic to native wildlife does not 
comply with this direction. 
 
2320.3 
 


1.  Where there are alternatives among management decisions, wilderness values 
shall dominate over all other considerations except where limited by the 
Wilderness Act, subsequent legislation, or regulations. 
2.  Manage the use of other resources in wilderness in a manner compatible with 
wilderness resource management objectives. 
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2323.31 - Objectives 


1.  Provide an environment where the forces of natural selection and survival 
rather than human actions determine which and what numbers of wildlife species 
will exist. 
2.  Consistent with objective 1, protect wildlife and fish indigenous to the area 
from human caused conditions that could lead to Federal listing as threatened or 
endangered. 
 


2323.32 
 


5.  Apply the "Policies and Guidelines for Fish and Wildlife Management in 
Wilderness and Primitive Areas," developed jointly by the Forest Service, Bureau 
of Land Management, and the International Association of Fish and Wildlife 
Agencies in a practical, reasonable, and uniform manner in all National Forest 
wilderness units.  Use the guidelines as a foundation for or as addendums to State 
or individual wilderness cooperative agreements. 


 
None of these requirements have been discussed in the EIS and the proposed action does 
not comply with them. 
 
The implementation and of "adaptive management" as provided in alternative 3 and 4 is 
not actually implementation of adaptive management. We have provided in the past 
various documents including R2 Quimby document yet the proposal does not comply 
with any rational version of adaptive management. While it looks good on paper, the 
proposal is meaningless. For example "if monitoring shows the desired conditions are not 
being met or if movement towards achieving the desired conditions in an acceptable time 
frame is not occurring, then an alternate set of management actions ….would be 
implemented” but the monitoring provided is not required and does not provide for it 
sensitivity to determine clear direction and beyond God because the desired conditions 
are extremely general, on measurable and with no time frames it is impossible to 
determine whether the desired conditions are being met or not. Further "acceptable time 
frame" remains completely undefined. 
 
Frequently the Forest Service trots out the excuse of the need for greater "flexibility" "not 
regulated by fixed livestock numbers, type of livestock or seasons of use" and is to be 
"based on conditions on the ground" but this is the exact flexibility that the Forest Service 
has had since its creation through the use of AOIs. So it is disingenuous to state that 
current management is in flexible.  
 
We see a long list of adaptive management options but we see no evidence whatsoever 
that the implementation of these has been implemented in the analyses. For instance, 
Table 2-6 mentions fertilizing existing meadows and construction of fences yet none of 
these have been analyzed in the EIS. 
 
The EIS provides no information regarding how many AUMs of forage are removed 
from the allotment nor the current productivity of the 28,229 acres of suitable range. 
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Despite the fact that recreational impacts are a significant issue no monitoring is provided 
to determine the nature and extent. 
 
Similarly for sensitive species we see that both the boreal toad and northern leopard frog 
are listed as no impact despite sheep impacts to riparian areas. The excuse that is 
provided is that "no evidence that sheep grazing is substantially altering aquatic habitat 
structure" yet the EIS provides no evidence whatsoever that the Forest Service has 
monitored the aquatic habitat and compared it to the habitat structure needed by these 
species. In addition, the proposed action and converts one allotment to cattle which 
significantly impact preparing areas. 
 
The bighorn sheep section discusses, in general terms, a wide range of observations  
outside of CHHR, yet the EIS provides no mapping of these nor does it appear that they 
were clearly integrated into the risk assessment. 
 
Another common failure seen throughout the EIS are statements such as "selecting 
alternative 4 would have both positive and negative effects for sensitive species" or 
"selecting alternative 4 would be more beneficial for sensitive species" yet these 
statements are essentially dishonest because continuing livestock grazing in the project 
area neither has positive effects for sensitive species nor is beneficial to them. All 
impacts of domestic livestock grazing are negative to sensitive species. Certainly some of 
the alternatives are less negative than others but all the action alternatives are negative to 
sensitive species including big horn sheep. 
 
In this section regarding cultural resources we see no information at all regarding the 
current conditions of cultural resources within the analysis area. No information is 
provided regarding the outcome of surveys or the area surveyed under Class III. Without 
any current condition information whatsoever it is impossible to provide a defensible 
analysis of the consequences. 
 
The EIS continually uses the smokescreen of ‘administratively restocking’ vacant 
allotments to erect a façade to make Alternative 4 appear that its protective of bighorn 
sheep yet the assumption that these vacant allotments, many of which have not been 
grazing for nearly half a century, could be restocked without NEPA compliance is 
absurd. The ridiculous assertion also runs contrary to the Forest Plan requirement that 
Wilderness allotments not be restocked. 
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We look forward to working with the FS in fulfilling the intent of NEPA, NFMA and the 
other statutes and regulations the FS works within, through a complete and accurate 
analysis of the impacts of the plan. 
 
Sincerely, 
 
 


 
 
Jonathan B. Ratner 
Director, Wyoming Office 
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White paper on managing for species viability 
 
Objective:  Management of the National Forests to provide for diversity and viability of species 
has proven to be one of the most challenging requirements of the National Forest Management 
Act (NFMA) and its implementing regulations.  In the initial development of Forest Plans, many 
different approaches were used to manage for and analyze viability, and administrative and legal 
challenges proliferated.  Those initial plans are now being revised, many under the umbrella of 
bioregional assessments.  Most of these revisions will follow requirements of the revised NFMA 
regulations issued in November 2000.  Within the context of the bioregional assessments and 
Forest Plan revisions, the Forest Service is attempting to use more consistent and defensible 
approaches to both management for and assessment of species viability.   
 
The objective of this paper is to provide background information for the development of Forest 
Service policy on the issue of viability.  It provides initial recommendations on processes that 
could be used to address viability, and supplies scientific background for those 
recommendations.  The intent of the paper is not to duplicate excellent technical reviews of 
population viability analysis that have been published in recent years, or to propose any new 
developments in the field of population viability analysis.  The primary audience for the paper 
consists of two groups: the Forest Service policymakers who will finalize direction to address 
viability, and the biologists and other technical specialists who must implement that policy.  We 
expect that the technical specialists who will implement direction for viability will require more 
detailed technical information than can be provided in this brief paper.  A more detailed technical 
white paper, addressing specific analytical techniques, will be produced as a companion to this 
present effort. 
 
While this paper focuses on the topic of viability, it is recognized that viability must be 
addressed as part of an overall approach to ecological sustainability.  The revised NFMA 
regulations establish ecosystem diversity and species diversity as the two components of 
ecological sustainability, with species viability as the primary requirement for maintaining 
species diversity.  Other facets of ecological sustainability will be addressed in other white 
papers, which must be considered in combination with this effort. 
 
I.     Introduction 
The National Forest Management Act (NFMA) regulations revised in November 2000 require 
National Forests to “provide for ecological conditions that the responsible official determines 
provide a high likelihood that those conditions are capable of supporting over time the viability 
of native and desired non-native species well distributed throughout their ranges within the plan 
area” (36CFR219.20).  This requirement for species viability is placed within the context of 
requirements for ecological sustainability and ecosystem diversity which state, in part, that “Plan 
decisions affecting ecosystem diversity must provide for maintenance or restoration of the 
characteristics of ecosystem composition and structure within the range of variability that would 
be expected to occur under natural disturbance regimes of the current climatic period” 
(36CFR219.20).  Thus the regulations require that a combination of ecosystem-based and 
species-based approaches be used in providing for ecological sustainability. 
 
NFMA regulations (36CFR219.36) define a viable species as one “consisting of self-sustaining 
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and interacting populations that are well distributed through the species’ range.  Self-sustaining 
populations are those that are sufficiently abundant and have sufficient diversity to display the 
array of life history strategies and forms to provide for their long-term persistence and 
adaptability over time.”  A species is described as being well-distributed “when individuals can 
interact with each other in the portion of the species’ range that occurs within the plan area” (36 
CFR219.20).  The plan area may consist of one or more National Forests, and refers specifically 
to Forest Service lands within that area. 
 
While the NFMA regulations include requirements for species viability, the Act does not use the 
term “viability”.  Rather, it directs that management of National Forests “provide for diversity of 
plant and animal communities based on the suitability and capability of the specific land area in 
order to meet overall multiple-use objectives.”  The regulation (36CFR219.19) reflects this 
language on multiple-use when it directs that “The first priority for stewardship of the national 
forests and grasslands is to maintain or restore ecological sustainability to provide a sustainable 
flow of uses, values, products, and services from these lands.”  Thus, requirements for ecosystem 
and species diversity, including species viability, are placed within the context of the overall 
goals for sustainability of National Forests.  Sustainability is described as being “composed of 
interdependent ecological, social, and economic elements,” and embodying “the principles of 
multiple-use and sustained-yield without impairment to the productivity of the land” (36 CFR 
219.1). 
 
Successful implementation of the species viability and diversity provisions of NFMA requires 
that the following be accomplished as part of Forest Planning: 
• Identification of species in the planning area for which there may be risks that well-


distributed populations will not be maintained, with the caveat that some species are 
naturally rare or not well-distributed 


• Identification of risk factors and limiting factors for species-at-risk 
• Identification of management approaches that would contribute to conservation of 


species-at-risk 
• Construction of Forest Plan alternatives that represent a range of potential conservation 


approaches 
• Assessment of projected effects of management actions on species-at-risk.  Such 


assessments should 1) provide well-reasoned evaluation of the likelihood that habitat and 
other environmental conditions will allow maintenance of well-distributed populations; 
2) consider a timeframe that is adequately long to allow the expression of management 
actions on populations; 3) consider effects of predominant risk factors pertinent to the 
species; 4) consider both cumulative effects and the contribution of National Forest 
management to species viability; 5) use currently-accepted scientific information; and 6) 
clearly portray uncertainty surrounding the assessment, including uncertainty due to gaps 
in knowledge. 


• Thorough documentation in the EIS of the assessment process and the process used to 
select species for the assessment 


• A description, in the Record of Decision, of the basis for judging that the proposed action 
satisfies the diversity and viability requirements.  This must include discussion of and 
response to adverse opinions held by respected scientists. 
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II.       Background 
 
LEGAL AND POLICY INTERPRETATION 
Components of the 1982 NFMA regulation have been difficult to interpret and have sparked 
controversy (Raphael and Marcot 1994).  This is not surprising, as even the Committee of 
Scientists involved in drafting the initial regulation acknowledged that diversity was “one of the 
most perplexing issues dealt with in the draft regulations”, and that “there remains a great deal of 
room for honest debate on the translation of policy into management planning requirements...”  
Several of these difficult points have been clarified through experience and legal interpretation, 
and that clarification is reflected in the revised regulation issued in November 2000.  A 
discussion of those points follows and includes the resolution embodied in the revised regulation. 
 
What is an acceptable level of assurance of viability?
The 1982 regulation defined a viable population as one for which the number and distribution of 
reproductive individuals would “insure its continued existence”.  However, because species and 
their environments are dynamic, it is not possible to insure that a species will persist indefinitely.  
Likewise, there is not a single, fixed size of a population above which a species is viable and 
below which it will become extinct (Boyce 1992).  Consequently, viability is best expressed 
through varying levels of risk, and the level of assurance that a population will be maintained 
becomes a policy, legal, and technical issue.   
 
Court decisions have found that the assurance of viability must be compatible with key multiple-
use considerations.  In ruling on the Northwest Forest Plan, the Ninth Circuit (Seattle Audubon 
Society v. Lyons, 871 F. Supp. 1291 (W.D. Wash. 1994)) stated that “the selection of an 
alternative with a higher likelihood of viability would preclude any multiple-use compromises 
contrary to the overall mandate of the NFMA”.  However, the Ninth Circuit has also made it 
clear that there is a substantive requirement to provide habitat that will maintain viability of 
species.  In an earlier ruling in the northwest (Seattle Audubon Society v. Moseley, 798 F. Supp. 
1473, 1484, and 1494 (W.D. Wash 1992)), the Ninth Circuit commented on a viability rating that 
had been made by an outside report on the Forest Service preferred alternative.  Here, the court 
commented that “if the medium-low viability rating were admittedly the Forest Service’s own 
rating, summary judgement under NFMA would be entered now...Whatever plan is adopted, it 
cannot be one which the agency knows or believes will probably cause the extirpation of other 
native vertebrate species from the planning area.”  
 
The revised NFMA regulations require that there be “high likelihood” that ecological conditions 
are capable of supporting viable populations over time (36 CFR219.20).  This recognizes that, 
while continued existence cannot be insured, there must be some criterion for judging whether a 
plan adequately provides for viability.  As noted by Shaffer et al. (in press), unambiguous criteria 
for acceptable levels of risk to viability have not yet been articulated.  “High likelihood” is not 
intended to be a statistical measure, but instead expresses a level of belief that viability will be 
maintained.  The finding of “high likelihood” should be based on ecological arguments, 
incorporating results of analysis and utilizing criteria such as representation, redundancy, and 
resiliency (Shaffer et al., in press). 
 
Use of the term “ecological conditions” in the regulations is an acknowledgment that species 
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requirements extend beyond vegetative or aquatic habitats.  Ecological conditions are defined as 
including all components of the physical and biological environment that can affect species 
viability, including the abundance of habitats, roads and other structural developments, human 
uses, and invasive and exotic species (36CFR 219.36). 
 
What is a well-distributed species?
Both the 1982 regulations and the 2000 revision require that conditions be provided to support 
species in a “well-distributed” pattern throughout the species range within the plan area.  The 
term “well-distributed” refers to the geographic distribution of the species and its habitat, and the 
biological interactions allowed by that distribution.  The concept of well-distributed must be 
based on the species’ natural history and historical distribution, the potential distribution of its 
habitat, and recognition that habitat and population distribution is likely to be dynamic over time.  
It is most easily defined for broadly distributed species that occur across the landscape.  For such 
species, a well-distributed pattern is one in which the species is either evenly distributed across 
the species range, or distributed in a pattern that allows dispersal of individuals or propagules 
among local populations that are distributed throughout the landscape.  For other species, such as 
local endemics or those tied to naturally scarce or spatially disjunct habitats, a definition of well-
distributed must be developed reflecting the inherent constraints on the distribution of the 
species.  It should not be an expectation that management on National Forests would provide 
broadly- or evenly-distributed habitat for all species.  Appropriate standards for species should 
be based on their life history requisites (home range size, dispersal capability, effect of habitat on 
dispersal, seasonal movements, etc.), historical distribution, potential habitat distribution and 
current condition.  The 2000 revision of the NFMA regulations acknowledges that “where 
species are inherently rare or not naturally well distributed in the plan area, plan decisions should 
not contribute to the extirpation of the species from the plan area and must provide for ecological 
conditions to maintain these species considering their natural distribution and abundance” 
(36CFR219.20).  Appropriate application of the requirement that conditions be provided in a 
well-distributed pattern across the species’ range also has the effect of providing for conservation 
of populations that are at the edge of the range, in addition to populations at the core of the range 
(Channell and Lomolino 2000; Lesica and Allendorf 1995). 
 
What is an adequate level of analysis?
The courts have consistently ruled that the agencies have discretion in determining the 
appropriate level and form of analysis, as long as that analysis is logical, makes use of currently 
accepted science, and addresses any contrary views of respected scientists.  In the decision on the 
Northwest Forest Plan [Seattle Audubon Society v. Lyons, 80 F. 3d 1401, 1404 (9th Cir. 1996)], 
the Ninth Circuit upheld Forest Service analysis and determination of viability saying, “the 
record demonstrates that the federal defendants considered the viability of plant and animal 
populations based on the current state of scientific knowledge.  Because of the inherent 
flexibility of the NFMA, and because there is no showing that the federal defendants overlooked 
any relevant factors or made any clear errors of judgment, we conclude that their interpretation 
and application of the NFMA’s viability regulation was reasonable.”  In a previous ruling in the 
Pacific Northwest, the Ninth Circuit had commented on the need for viability analysis (Seattle 
Audubon Society v. Moseley, 798 F. Supp. 1473, 1484, and 1494 (W.D. Wash 1992)), stating 
“The Forest Service argues that it should not be required to conduct a viability analysis as to 
every species.  There is no such requirement.  As in any administrative field, common sense and 
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agency experience must be used.”  It added, “the court has repeatedly made clear that the agency 
is not required to make a study or develop standards and guidelines as to every species.”  In a 
ruling in Arkansas (Sierra Club v. Robertson, 784 F.Supp. 593 (W.D. Ark. 1991)), the court 
noted, “the agency’s judgment in assessing issues requiring a high level of technical expertise, 
such as diversity, must therefore be accorded the considerable respect that matters within the 
agency’s expertise deserve.” 
 
The NFMA regulations revised in November 2000 allow for the use of surrogate measures, 
including focal species and species groups, in the evaluation of viability.  The use of surrogates 
is further described in section III of this paper.  The regulations also establish expectations for 
levels of analysis in 36CFR 219.20: “In analyzing viability, the extent of information available 
about species, their habitats, the dynamic nature of ecosystems and the ecological conditions 
needed to support them must be identified.  Species assessments may rely on general 
conservation principles and expert opinion.  When detailed information on species habitat 
relationships, demographics, genetics, and risk factors is available, that information should be 
considered.” 
 
RELATIONSHIP OF FOREST SERVICE VIABILITY EVALUATIONS TO POPULATION 
VIABILITY ANALYSIS (PVA) 
Forest Service approaches to management for viable species have evolved at the same time as 
important advances were made in scientific applications of PVA (Beissinger and Westphal 1998; 
Boyce 1992; Emlen 1995; Lee and Rieman 1997; Menges 1991; Shaffer 1981; Shaffer and 
Samson 1985).  While Forest Service approaches generally follow concepts described in the 
scientific literature, several key differences have emerged: 
• Definitions of a viable population in the scientific literature have generally focused on the 


probability of population persistence for a biologically-meaningful period of time.  For 
example, Shaffer (1981) defined a minimum viable population as “the smallest isolated 
population having a 99% chance of remaining extant for 1000 years despite the 
foreseeable effects of demographic, environmental, and genetic stochasticity, and natural 
catastrophes”.  The role of PVA then is to provide an assessment of the likelihood of 
species persistence to some specified point in time.  However, since NFMA regulations 
require that habitat be provided to support well-distributed populations, it is not adequate 
in Forest Service evaluations to simply project species persistence until some point in 
time.  We also need to know the area and distribution within which the species persists.  
Thus, the geographic distribution within which the species is projected to persist should 
be recognized explicitly in the evaluation. 


• Because the NFMA regulations focus on ecological conditions on National Forests within 
the planning area, Forest Service evaluations must partition the effects of ecological 
conditions on National Forests from other effects.  This need to separate out the effects of 
National Forest management creates additional challenges for Forest Service evaluations. 


• Discussions of PVA in the scientific literature generally refer to quantitative assessment 
of risk factors (Boyce 1992), with significant focus on demographic analyses (Beissinger 
and Westphal 1998; Menges 1991; Ralls et al. in press).  Ralls et al. (in press) suggest 
that PVA be defined as “an analysis that uses data in an analytical or simulation model to 
calculate the risk of extinction or a closely related measure of population viability”.   
However, Forest Service evaluations must frequently be done in support of management 
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decision-making when information is scarce and quantitative analysis is not feasible 
(Noon et al. 1999a; Rieman et al. 1993; Ruggiero et al. 1994).  Such evaluations should 
nonetheless be structured as formal evaluations of available data and other information 
concerning a species (Boyce 1992; Noon et al. 1999a) with the objective of estimating 
the likelihood that it will persist into the future in a given distribution.  Where 
information is weak, likelihood should not be considered as a statistical measure, but 
rather as an expression of the level of belief that viability will be maintained.  These 
evaluations must be as credible and informative as possible, given the reality of scarce 
information, and may depend on techniques such as expert opinion panels and the 
application of general conservation principles.   


To reflect the differences between Forest Service evaluations of viability and PVAs described in 
the scientific literature, we propose the term species viability evaluation (SVE) for the 
evaluations done in support of Forest Planning.  Use of the term PVA should be reserved for 
those analyses that actually meet criteria described in the literature (Ralls et al. in press). 
 
III.       Process for Incorporating Species Conservation and Viability into Forest Planning 
This section describes a generalized process for addressing species viability in Forest Plans.  It 
includes eight steps: 1) description of the ecological context, 2) identification of species-at-risk, 
3) collection of information on species-at-risk, 4) identification of species group and focal 
species, 5) description of conservation approaches, 6) development of Forest Plan alternatives, 7) 
evaluation of effects on viability of the Forest Plan alternatives, and 8) monitoring.  These steps 
are necessary to appropriately focus existing science on the issue of species conservation while 
complying with the provisions of both NFMA and the National Environmental Policy Act 
(NEPA).  This should not be seen as a stand-alone process for addressing viability.  Rather, the 
steps should be fully integrated into the overall Forest Planning process. 
 
When possible, approaches to species viability for broadly-distributed species should be 
coordinated at the bioregional or Forest Service regional level.  Coordination at that scale will 
facilitate the development of consistent approaches and documentation.  However, it is 
recognized that some Forest Plan revisions will precede Regional coordination efforts.  In such 
cases, Forests should attempt to coordinate with adjoining Forests, and incorporate as fully as 
possible the elements of the approach outlined in this paper.  If any larger-scale assessments are 
available, they should be fully incorporated in the process.  The importance of tiering analyses 
from one scale to another should be recognized.  Larger-scale assessments provide the capability 
to deal with population level processes (dispersal, migration) for broadly-distributed species, but 
may have to employ crude estimates of habitat and other ecological conditions.  Smaller-scale 
assessments, tiered to the larger-scale, provide the capability to deal with more detailed 
information on habitat and species occurrence. 
 
In addition to coordination across administrative boundaries within the Forest Service, it is key 
to coordinate with other agencies, and to involve the scientific community and others who hold 
ecological knowledge (within the constraints of the Federal Advisory Committee Act).  
Coordination should include other federal land management agencies, federal regulatory 
agencies, American Indian tribes, state wildlife agencies and natural heritage programs.  The 
scientific community, including Forest Service Research, university scientists, industry 
scientists, other agency scientists, and scientists from non-governmental organizations should be 
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involved as fully as possible in all steps in the process in order to gain the benefit of scientific 
input and review. 
 
Major components of each of the steps proposed for addressing viability are described below.   
 
DESCRIBE THE ECOLOGICAL CONTEXT 
An understanding of ecological systems over a range of spatial and temporal scales provides a 
critical foundation for management of species.  The importance of understanding the ecological 
context for land management planning has become clear as agency practices and policies evolve 
to implement ecosystem management (Grumbine 1997).  Recent reviews of land management 
planning suggest that sustainable resource conditions can only be achieved within the constraints 
of ecosystem dynamics (Dale et al. 2000, Aber et al 2000); we cannot manage systems toward 
unsustainable conditions and expect species within those systems to enjoy a high probability of 
persistence.  Because species persistence depends on the state of ecological systems, an 
understanding of system dynamics, pattern, and process provides critical insights into the design 
of conservation approaches and sustainable resource management.  Hierarchy theory highlights 
the importance of understanding the contextual framework that broad-scale processes establish 
for more fine scale elements (King 1997). 
 
The ecological context for species management at the National Forest or multi-Forest level 
should be described within a broad-scale assessment for the bioregion that contains the National 
Forest lands.  The planning regulations specify that a broad-scale assessment should provide 
“findings and conclusions that describe historic conditions, current status, and future trends of 
ecological, social, and/or economic conditions, their relationship to sustainability, and the 
principal factors contributing to those conditions and trends” (36CFR219.5(a)(1)(i)).  The 
ecological context should include both the causal processes and the resulting patterns, 
emphasizing the interactions among disturbance processes in creating pattern. 
 
Although ecosystems can be complex, Holling (1992) has postulated that each ecosystem is 
governed by small sets of processes that operate at particular spatial and temporal scales.  At a 
spatial scale of tens to hundreds of miles and a temporal scale of decades to centuries, the 
structuring processes tend to be disturbance events such as fire and insect outbreaks.  At larger 
spatial and temporal scales, geomorphological processes are the dominant structuring forces 
(Holling 1992).  Thus, the key to describing ecological context in a simplified but meaningful 
way is to focus on the dominant processes that structure the ecosystem and to describe the 
relationship between these processes and the selected species (Risser 1995). 
 
Research studies of disturbance-maintained systems indicate substantial variability in the 
frequency, intensity, and spatial pattern of most major disturbance processes.  In fact, it appears 
that variability in these attributes is needed to maintain biodiversity, because some species may 
require a longer disturbance interval or lower intensity disturbance than the average found within 
the system in order to persist (Clark 1996).  Thus, a description of the ecological context should 
also include the expected variability.  The ecological insights developed from historical ecology 
(Swetnam et al. 1999) play an important role in understanding variability.  An historical 
reconstruction of past ecological structure and disturbance regimes (e.g., assessment of historical 
range of variation) "informs us about what is possible within the context of certain locations and 
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times, and places current conditions into this context" (Swetnam et al. 1999:1201). This 
knowledge provides insights into the potential causes of change and the ecological pathways that 
brought ecosystems to their current condition. Maybe more important, historical analysis can 
suggest whether current conditions are anomalous and provide an understanding of the 
frequency, intensity, and interaction among dominant disturbance processes that influence the 
ecosystems we manage.  
 
Knowledge gained through assessments of historical range of variability does not provide a 
target condition, but an understanding of past variation in pattern and disturbance processes that 
can provide a basis for predicting future variability (Swetnam et al. 1999).  It may not be 
appropriate or possible to recreate the historical range of variability due to long-term changes in 
land use patterns and climate (Landres et al. 1999).  For example, historical conditions based on 
a “presettlement” period likely extend into the warmer climatic period known as the Little Ice 
Age that occurred from roughly AD 1400-1900 (Millar and Woolfenden 1999).  Recognizing the 
limitations of applying historical assessments, the NFMA planning regulations specify that an 
assessment be done of the range of variability that would be expected under the current climatic 
regime (36CFR219.20(a)).  The regulations require that this assessment address, at a minimum, 
major vegetation types, water resources, soil resources, air resources, and focal species that are 
selected to provide insights to the larger ecological system.  Focal species could include 
keystones (e.g., beaver), ecological indicators (e.g., aquatic macro-invertebrates), and indicators 
of ecological processes (e.g., aspen and other fire dependent species).  In addition to assessment 
of these characteristics of the system, the regulations direct that there be assessment of the 
principle ecological processes that have shaped the ecosystem during the current climatic period 
including the distribution, intensity, frequency, and magnitude of those processes.  The 
regulations generally require that areas be managed to maintain them or move them towards a 
state where ecological conditions fall within the range of variability that would be expected 
under the current climatic regime.  However, they permit areas to be managed outside of the 
expected range of variability when it is not practical to restore ecological conditions within this 
range, or when doing so would result in conditions that are ecologically, socially or economically 
unacceptable (36CFR219.20(b)). 
 
An understanding of ecosystem processes can serve not only as ecological context, but can also 
suggest a system-based strategy for maintaining appropriate ecological conditions that contribute 
to viability of species (Bisson et al. 1997; Hunter et al. 1989).  Many species are at risk due to 
changes in ecological processes that have affected vegetation composition and structure and 
altered species interactions (Knopf and Samson 1997; Wilcove 1999).  In the Columbia Basin, 
Wisdom et al. (2000) assessed change from historical to current times in availability of habitat 
for selected vertebrate species.  They concluded that habitat had declined significantly for 
species-at-risk, and that the greatest declines had occurred in fire-maintained, late-seral 
ponderosa pine forests.  Saab and Dudley (1998) projected effects on cavity-nesting birds in 
ponderosa pine forests based on changes in fire regimes from historical conditions.  Management 
strategies that are based on such information and provide for maintenance of ecosystem 
conditions and ecological processes within the expected range of variability contribute to 
maintaining viability of species. 
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IDENTIFY SPECIES-AT-RISK 
Forest Plan documentation must demonstrate that management direction will provide ecological 
conditions such that there is high likelihood that those conditions are capable of supporting 
viability of all native and desired non-native plant and animal species.  For many species (those 
that are common, associated with readily-available habitats, and for which there are no 
significant threats), such demonstration should be relatively straight-forward.  Overall ecosystem 
management direction likely provides appropriate conditions for maintenance of these species.  
More extensive documentation, and increased conservation emphasis, will be necessary for a 
subset of species that are documented or suspected to be at risk within the Forest Plan area.  As a 
first step in addressing species viability, the list of species believed to be at risk in the planning 
area must be identified.  The revised NFMA regulations define species-at-risk as “Federally 
listed endangered, threatened, candidate, and proposed species and other species for which loss 
of viability, including reduction in distribution or abundance, is a concern within the plan area.”  
Since the requirement is to provide for species viability over time, the identification of species-
at-risk should include presently secure species that may be placed at risk in the future under 
provisions of possible Forest Plan alternatives.  Species include any taxa in the plant and animal 
kingdom that have been formally described in the peer-reviewed literature. 
 
A 2-step process can be used to identify species-at-risk.  The first step is identification of species 
that are federally- or state-listed, on the Forest Service sensitive species list, or recognized by 
other organizations, such as the Nature Conservancy, as being at risk.  The second step is review 
of this list with species experts to determine 1) if any species on the list is clearly secure within 
the planning area and therefore does not require further formal consideration and 2) if there are 
additional species not on the list that are locally at risk and which should be considered in detail 
in the plan.  Risk classification systems, such as that developed by the International Union for the 
Conservation of Nature (IUCN) (Hilton-Taylor 2000; Mace and Collar 1995; Mace and Lande 
1991), may be useful in developing the final list of species-at-risk.  Note that many species, 
especially plants, are intrinsically rare and, where their populations are demonstrably secure 
despite their rarity, may not need explicit conservation attention.  Use of the classifications for 
plants is also complicated by the diversity of breeding systems present in plant species.  The 
number and distribution of populations that contribute to viability on a landscape level is highly 
dependent on the breeding system (Huenneke 1991).  The reviews that determine the final list of 
species-at-risk should be carefully documented. 
 
COLLECT INFORMATION 
Existing information on species-at-risk should be collected and summarized.  This should 
include information from a variety of sources, including information from the literature, local 
information on occurrence and population status, and information gathered from local species 
experts.  The following types of information should be considered: 
• Current taxonomy 
• Distribution, including trends  
• Abundance, including trends 
• Demographic characteristics  
• Population trend 
• Diversity – phenotypic, genetic, and ecological 
• Habitat requirements at appropriate spatial scales 


 9







• Habitat amount, distribution and trends 
• Other life history traits, including reproductive system, dispersal mode and capability, and 


seasonal movement patterns 
• Ecological function 
• Key biological interactions 
• Limiting factors/Risk factors 
Reviews of factors that can influence viability are found in Allendorf et al. 1997; Emlen 1995, 
Gilpin and Soule (1986); Holthausen et al. (1999); Lee and Rieman 1997; Marcot (1994), 
Menges (1991); and Noon et al. (1999a). 
 
This step emphasizes the collection and summarization of existing information.  However, one of 
the key points in this step should be the identification of critical information that is currently 
lacking.  Collection of that information through monitoring programs should become a high 
priority. 
 
DEVELOP SPECIES GROUPS/FOCAL SPECIES 
It’s important to identify all species-at-risk in the plan area, and to gather basic information on 
them.  However, where species-at-risk number in the hundreds, it will be infeasible to consider 
all of them in detail in the planning process.  In these cases, credible processes may be used to 
identify a subset of species that will be used to focus species conservation measures and analysis 
in the plan.  The revised NFMA regulations allow and encourage the use of surrogate species and 
species groups in the evaluation of viability for species-at-risk in some but not all situations.  The 
regulation specifies that functional, taxonomic, or habitat based groups of species may all be 
used.  Provisions for the use of individual surrogate species are adopted under the term “focal” 
species.  The regulation clarifies that focal species used in the evaluation of viability represent 
ecological conditions that provide for viability, and that it is not expected that the population 
dynamics of a focal species would directly represent the population dynamics of another species.  
This distinguishes the focal species concept from the concept of management indicator species 
(MIS) in the 1982 regulations.  The 1982 regulation stipulated that MIS would be selected to 
indicate population dynamics of other species.  This concept was widely criticized (Landres et al. 
1988) because field studies demonstrated that species using the environment in very similar ways 
could experience markedly different population trends. 
 
Development of species groups based on risk and on ecological characteristics is discussed 
below.  That discussion is followed by a description of a process by which focal species might be 
identified.  This description emphasizes the selection of focal species to represent ecological 
conditions needed to support species-at-risk.  Other focal species may also be selected as broader 
system indicators (see section on Ecological Context). 
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Grouping based on risk  
Grouping can be organized around the concept of risk, where categories are determined either by 
degree of risk or factors limiting the abundance and distribution of species.  Below we briefly 
describe approaches to grouping species by risk level and risk factors and discuss the advantages 
and disadvantages of doing so.   
 
Grouping by degree of risk  
Species can be ranked by their risk to extinction using a combination of internationally and. 
nationally accepted ranking systems, each designed to assess extinction risk at a different scale. 
Globally, the standard for grouping species by degree of risk was established nearly 30 years ago 
by the International Union for the Conservation of Nature (IUCN) and has been used to set 
conservation priorities worldwide.  The IUCN criteria are most appropriately applied to the 
entire range of a species at a global scale, but these ranks can also help guide national and 
regional evaluations.  Nationally, the federal standard for ranking species by degree of risk was 
set by the Endangered Species Act of 1973 (P.L. 94-359) that established two categories: 
Endangered and Threatened.  In addition to the ESA risk categories, The Nature Conservancy 
and Partners in Flight have each developed systems for ranking by risk level below the federal 
categories of Endangered and Threatened (Carter et al. 2000; Master 1991).   The Nature 
Conservancy system recognizes the need to assess extinction risk at different spatial scales and 
thus assigns each species a global, national, and state rank, tiering to the IUCN and USFWS 
assessment for that species (Groves et al. 2000; Stein et al. 2000). An example of grouping 
species by risk levels is found in the Northern Great Plains Science Assessment (Samson et al. 
1999), where all species selected for the viability assessment were placed into three categories of 
decreasing imperilment.  The first category included federally listed species, the second included 
candidates for federal listing and a combination of global and state ranks assigned by the Nature 
Conservancy, and the third category included species considered to be at risk by two or more 
federal, state, provincial, or other organizations.  
 
The most obvious advantage in grouping species by risk level is the potential to focus attention 
and resources on species in most immediate need of management attention (Mace and Lande 
1991).  In the context of conducting effects analysis, grouping by degree of risk provides a 
framework to focus effects analysis on those species for which management actions may result in 
the most significant consequences -- a significant trend toward extinction or a trend toward 
recovery.  However, grouping by degree of risk fails to reduce the task of conducting effects 
analysis aside from prioritizing analysis efforts.  Species in high-risk categories are not likely to 
have strong ecological similarities, and examining the effects of management on one species is 
unlikely to provide strong insights into the specific effects on other species in the same risk 
category.  Therefore, grouping species by degree of risk alone is unlikely to represent a sufficient 
grouping strategy to facilitate the process of evaluating management alternatives.   
 
Grouping by risk factors  
Examination of the causes of species endangerment and extinction demonstrates that a limited 
number of general factors contribute to the majority of species conservation problems.  Habitat 
loss or change, effects of introduced predators or diseases, changes in ecological processes, 
effects of poorly regulated harvest, effects of competition with introduced species, and the 
effects of environmental contaminants, together or individually, contribute to a significant 
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proportion of extinctions and population declines (Caughley 1994; Caughley and Sinclair 1994; 
Diamond 1989; Pimm et al. 1988; Wilcove et al. 1998).  A closer look at conservation of species 
in a particular geographic region will reveal a more specific list of threats to species persistence.  
The dominant risk factors or threats to species persistence can be used as an organizing 
framework to group species for effects analysis. 


  
The categories of risk factors can be used to organize an effects analysis, and to propose 
particular management alternatives that directly alter the perceived threat.  As such, risk factor 
groupings can provide a framework for the efficient development of effective mitigation 
measures.  Presumably, many species in a risk category would respond to the perceived risk in a 
similar way, facilitating the evaluation of effects.  However, this assumption will not be 
universal and some species placed in a common category by risk factor will respond in divergent 
ways.   
 
Grouping based on ecological characteristics  
Grouping species on the basis of one or more ecological factors provides a strong foundation for 
developing conservation strategies for species-at-risk, because the conservation strategies can 
then be ordered around ecological principles.  Ecological groupings also make sense for 
evaluating the effects of planning alternatives. Five ways to group species ecologically are 
discussed here: 1) habitat associations; 2) guilds; 3) ecological function; 4) body size/home range 
size; and, 5) categories of limitation. 


 
Habitat associations  
The concepts of community types, plant association, and seral (or structural) stages provided by 
plant ecologists form a foundation for grouping terrestrial species by similarity of habitats.  
Seral/structural stages as well as vegetation types should be used when grouping species by 
habitat, because the viability of some species may be dependent on a particular stage that is 
underrepresented or in poor ecological condition.  By using seral/structural stages to define 
species groups, conservation strategies and the analysis of effects can be made more specific.  
Short and Burnham (1982) illustrated a variety of clustering techniques to form groups of species 
to facilitate understanding of the composite environmental requirements of large sets of 
vertebrate species.  Wisdom et al. (2000) used hierarchical cluster analysis to group species-at-
risk within the Columbia Basin.  Similar grouping approaches have been used to cluster fish 
communities (Lee et al. 1997).  Other examples of grouping by habitat association are contained 
in the Southern Appalachian Assessment (SAMAB 1996) and the Northern Great Plains 
Assessment (Samson et al. 1999). 
 
Guilds  
Guilds are groups of species that share one or more life history characteristics. MacArthur and 
MacArthur (1961) classified groups of forest birds by the canopy characteristics occupied by 
each species.  Root (1967) coined the term “guild” to identify groups of species with similar 
feeding ecology. A major criticism of the guild concept is that although guild members share life 
history characteristics, they may respond to environmental changes in distinctly different ways 
and therefore the guild cannot be used to predict how individual guild members may respond 
(Morrison et al. 1992, Marcot et al. 1994).  Guilds may, however, provide a useful way to further 
subdivide groups based on habitat associations.  An example is provided in Wall (1999).   
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Ecological function  
Ecological function as a basis for grouping species was described by Marcot et al. (1997).  
Resulting groups may be used in the development of conservation approaches, with the objective 
of maintaining ecological functions by providing for the composite needs of species that perform 
each function.  Note that the objective here becomes the maintenance of functionality of groups, 
and not necessarily the maintenance of conditions for individual species.  Grouping by ecological 
function may be the best approach for taxa with many poorly known (or unknown) species, and 
resulting groups also serve to assess the functioning of important ecosystem processes.  An 
example of grouping arthropods by ecological function is found in the Forest Ecosystem 
Management Assessment Team report (Thomas et al. 1993b).   
 
Body size and home range size  
A number of ecologists have shown a relationship between body size or weight and home range 
size (McNab 1963, Harestad and Bunnell 1979, Holling 1992).  This relationship may be useful 
for evaluating how species perceive habitats at different spatial scales.  Body size/home range 
size can be used in conjunction with habitat associations to provide further refinement of groups 
using similar habitats but at different scales.  An application of these combined approaches was 
used in Ontario to select indicator species for habitat types and structural stages at three spatial 
scales (McLaren et al. 1998).   
 
Categories of limitation  
Species can also be grouped according to the primary limitations that have contributed to their 
decline.  Lambeck (1997) proposed four categories for grouping species: area-limited, resource-
limited, dispersal-limited, and process-limited.  Lambeck (1997) suggested that the area-limited 
group could be further divided according to major habitat types.  This group may also be 
subdivided by using body size/home range size as an indicator of dispersal limitation.  The 
resource-limited group can be subdivided by categories of key resources (caves, snags), and the 
process-limited group can be divided into types of processes (fire, hydrologic processes). 
 
Identification of focal species 
It may be helpful to select individual focal species that would represent the needs of the groups 
of species-at-risk identified in the previous steps.  Regulations implementing the National Forest 
Management Act suggest that focal species may be used in developing management strategies, 
evaluating viability of species, and developing monitoring plans.  (It is also worth noting that the 
regulations do not require that all species be represented by focal species.  It also allows for the 
use of individual species assessments where appropriate, and for the use of the groups 
themselves as an analytical entity where that is most helpful).  A process for identifying focal 
species follows.  This process assumes that species are being classified and treated according to 
their ecological requirements, and that the process is being carried out at the scale of a Forest 
plan or at a bioregional scale.  Note that the objective of the process presented here is to select 
focal species that best represent the composite ecological requirements of species-at-risk.   
• First, identify species groups associated with specific forest types and structures (e.g., 


late-successional, single-story ponderosa pine) or analogous groups associated with 
grasslands, shrub lands, or aquatic systems.  Processes such as hierarchical cluster 
analysis will be of assistance in developing appropriate habitat-based groups (Wisdom et 
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al. 2000). 
• For each of the species in the group, array the following additional information: 


o Fine-scale habitats used (e.g., snags) 
o Home range and dispersal capability 
o Additional ecological requirements (e.g., lack of human disturbance) 
o Range 


• Based on this information, select one or more species that best represent the full array of 
ecological requirements for all species in each of the habitat-based groups.  It is 
recommended that species with the most demanding requirements be selected here.  If 
their needs are met, then needs of other species within the habitat group should also be 
met.  Several species may have to be selected to fully represent the requirements of all 
species within the habitat-based group.  For example, if some species within the habitat-
based group use snags, then a species with the most demanding or limiting snag 
requirements should be selected as a focal species.  Similarly, within that same habitat 
group, it may be appropriate to select the species with the largest home range, and the 
species with the most limited dispersal capability as focal species. 


 
If focal species are selected in this way, we can legitimately defend them as being representative 
of the ecological requirements of the larger group of species.  Note however, that even where 
species have very similar ecological requirements, it is not an expectation that their population 
dynamics would parallel each other.  Note also that this process requires the use of a great deal 
of detailed information on species habitat requirements, and that a relatively large and diverse set 
of focal species may be needed to provide insight into the requirements of all species. 
 
The above process emphasizes the selection of focal species through grouping of species-at-risk.  
It is also possible in some cases that ecological requirements of species-at-risk could be 
represented by focal species that are not themselves species-at-risk.  For example, ecological 
requirements of predators that are identified to be at risk could be at least partially represented by 
common prey species selected as focal species. Focal species may also be used as system 
indicators (e.g., keystones and other indicators of ecological processes) rather than as  
representatives of species-at-risk.  This use of focal species was discussed in the section on 
ecological context.  Finally, focal species may also be identified to represent the ecological 
requirements of species that are not identified as being at risk.  Such focal species could be used 
in the design of overall ecosystem management strategies, and in the demonstration that 
appropriate ecological conditions are being provided for all species. 
 
DEVELOP CONSERVATION APPROACHES 
Once species-at-risk, species groups, and focal species are identified, approaches to their 
conservation should be developed (Noss and Cooperrider 1994).  For species-at-risk, 
conservation approaches should focus on the key risk factors, and provide options (where 
available) to change those conditions in order to maintain the viability of that species (or group 
of species) (Hilderbrand and Kershner 2000; Lee et al. 1997; Wisdom et al. 2000).  Conservation 
approaches should be designed to mitigate or eliminate both short-term and long-term risks to 
species.  Existing conservation strategies and agreements may be sources for conservation 
approaches.  At this stage in the process, conservation approaches are not management direction.  
When alternatives are developed, the conservation approaches should serve as the basis for 
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forestwide standards and guidelines and management area direction.  The alternatives assessed in 
the Forest Planning process may differ in the way that they incorporate the conservation 
approaches.  Conservation approaches only become management direction after a record of 
decision is issued for a Forest Plan. 
 
To the extent possible, conservation approaches should take into account the needs of a species 
across its entire range or the portion of its range where it is considered at risk.  Approaches 
should generally be consistent across the range of the species, although ecological differences 
across the range may require different approaches in some cases.  Under some circumstances, it 
also may be legitimate to use various approaches in order to test their effectiveness.  
Conservation approaches should also generally be consistent for species that have nearly 
identical reasons for their viability concern. For example, the conservation approaches 
considered for narrowly endemic plants limited to a few known occurrences should be 
consistent, even though each plant may occur on only one forest.  To achieve appropriate levels 
of consistency, approaches are best developed at the ecoregional or bioregional scale.  Ecologists 
and species experts within the scientific community should be involved in the formulation or 
review of conservation approaches.  The development of conservation approaches can be made 
more manageable by grouping species as described in the previous step, and/or by the use of 
focal species. 
 
Development of conservation approaches may also be aided by consideration of both broad 
management practices that provide for overall ecosystem composition and function, and specific 
practices directed at the needs of individual species (Hunter 1990).  That is, some part of the 
overall conditions required by species may be provided through overall ecosystem management 
direction, while other conditions may require species-specific direction.  Understanding the 
ecological context for species-at-risk provides information needed to design overall ecosystem 
management direction that will contribute to viability.  Severe modification of ecosystem 
processes and patterns places many species-at-risk.  The development of conservation 
approaches should begin with this understanding of the ecosystem conditions that have placed 
species-at-risk, and should initially emphasize broad approaches for management of ecosystems 
that are designed to restore those processes and patterns.  Such approaches may include 
strategies such as designation of reserves, management of ecosystem elements and processes 
within the historical range of variation, or emulation of natural disturbance processes in the 
design of management activities.  Since Forest Planning involves the development of 
alternatives, it will usually be necessary to consider several of these strategies when species 
conservation approaches are being developed.  It will be most helpful to first state the species 
needs in terms of broad-scale habitats and processes that support viability before describing 
possible approaches for achieving those conditions. 
 
The viability of many species is only partially addressed through broad direction for 
management of ecosystems, either because the causes for concern are not related to habitat, or 
because those approaches do not adequately address certain fine scale habitat components and 
features such as leks, caves, seeps, bogs, spawning sites and raptor nest sites that are essential for 
viability.   Species-specific direction for such features, or for other non-habitat factors, should be 
developed to supplement broad-scale management as necessary.  This does not imply, however, 
that a separate approach is needed for each individual species.  Development of common 
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approaches for species groups should be feasible.  It should be emphasized that species-specific 
direction should generally be compatible with overall ecosystem management direction.  For 
example, a focus on seeps and bogs may be key to providing appropriate conditions for some 
wetland species.  But, maintenance of those features is also dependent on overall direction for 
maintaining soil and hydrologic conditions. 
 
Conservation approaches should address all levels of biological organization appropriate to the 
species.  This may include demes, local populations, metapopulations, and the entire species 
(Rieman and McIntyre 1993; Wiens 1996).  At the deme or local population scale, the emphasis 
should be on maintaining conditions to support collections of individuals and population 
function.  At the scale of a metapopulation (or other spatially-structured collection of 
populations), the emphasis should be on maintaining populations and interactions among them.  
At the scale of the entire species range, the emphasis should be on maintenance of the 
geographic extent of the species through appropriate population and metapopulation function.  
Conservation of populations on the periphery of a species range should have the same priority as 
conservation of core populations (Channell and Lomolino 2000; Lesica and Allendorf 1995).   
 
Menges (1991) notes the importance of multiple scales of biological organization in maintaining 
overall viability of plant species.  An excellent review of the importance of metapopulation 
structure to the maintenance of viability is provided by Gilpin (1987), and is also summarized by 
Rieman and McIntyre (1993) and Rohlf (1991).  The existence of many populations is especially 
critical for plant species that inhabit patches in a shifting mosaic of habitats.  Multiple 
populations also serve as a source of colonists and thus as a hedge against environmental 
stochasticity.  And, metapopulation dynamics are likely to become increasingly important as 
habitat areas become fragmented.  Thus, the maintenance of metapopulation structure will be 
more likely to allow the species to withstand adverse land management effects (as well as future 
stochastic habitat changes).  The maintenance of this "distribution viability" should also serve as 
a good surrogate for maintaining less easily observed features that also affect the viability of 
plant species, such as genetic variation patterns, pollinator relationships, seed dispersal patterns, 
and gene flow within and among populations.  An example of a metapopulation framework for 
addressing viability of a plant species is provided in the species management guidelines for 
western prairie fringed orchids (Platanthera praeclara) on the Sheyenne National Grassland 
(USDA Forest Service 1999). 
 
INCORPORATE CONSERVATION APPROACHES INTO FOREST PLAN 
ALTERNATIVES 
Maintaining species viability is a legal requirement and therefore must be a goal of every Forest 
Plan alternative.  However, not every alternative will achieve the goal of viability with the same 
level of certainty.  Alternatives will differ in the likelihood of maintaining viable populations, 
and the risks of species extirpations.  In a similar fashion, alternatives will differ in the degree to 
which they accomplish other goals.  In Forest Plan revisions, the effects of the current plan serve 
as the basis for deciding how much change is needed. 
 
Alternatives may differ in both the overall ecosystem management direction that is applied, and 
the species-specific direction that is incorporated.  Note that differences in overall ecosystem 
management direction may result in different sets of species needs that must be addressed 
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through species-specific direction.  To facilitate the process of alternative development, it may 
be helpful to clearly describe the elements of habitat that must be considered for each species, 
and then array the conservation approaches from higher to lower likelihood of successfully 
providing for each element.  
  
ASSESS EFFECTS OF ALTERNATIVES 
This may be the most difficult step in addressing species viability in Forest Plans.  In most 
situations, we lack much of the basic information needed to assess effects on species viability.  
However, NEPA and NFMA require that effects on species viability be disclosed.  The 
framework within which the evaluation is done is also critical.  Guidelines for the framework of 
the Species Viability Evaluation follow: 
• Evaluation of effects should be framed as a risk and uncertainty assessment (Cleaves 


1994), rather than a simplistic determination of viable/not viable.   
• The evaluation must include assessment of both short-term and long-term risks.  The 


timeframe over which long-term risks are projected should be determined based both on 
biology of the species (e.g., generation time, response time to changed conditions, 
recolonization capability) and on the time needed for the overall ecosystem to respond to 
proposed management.  Assessment over such a timeframe is important to a full 
understanding of the long-term effects of management on ecosystems and species, but it 
must be understood that confidence in the accuracy of projections decreases rapidly as 
the timeframe of projections increases. 


• The spatial scale of the evaluation should reflect the scale at which biological populations 
of the species operate (Ruggiero et al. 1994).  Addressing viability at the correct spatial 
scale may require the use of broad-scale assessments as described in the revised NFMA 
regulations (36CFR219.5). 


• In addition to the projected future, the analysis should also address the current condition 
and, where possible, the historical condition of the species. 


• The evaluation must consider both conditions that will be provided on National Forests, 
and cumulative effects of all land ownerships and of actions outside of National Forests.   


• The obligation under the NFMA regulations is to provide for ecological conditions on 
National Forests that would allow for the species continued existence, well-distributed in 
the plan area.  The plan area is defined as National Forest lands.  Thus, the evaluation 
must include an assessment of the likelihood that appropriate conditions for the species 
are to be provided on National Forest lands, even if conditions outside of National 
Forests place the species-at-risk and threaten population processes of the species. 


• For most species, the only practical quantitative analysis is assessment of habitat 
conditions.  It is, however, essential that we make a connection from habitat conditions to 
population consequences, even if this connection can only be established through 
ecological inference. 


• The assessment of conditions that are “well-distributed” must be based on the species 
natural history and historical distribution, the potential distribution of its habitat, and 
recognition that habitat and population distribution is likely to be dynamic over time. 


• Basic requirements for the evaluation are that it be logical, consistent, consider all 
relevant information, and disclose both risks and levels of uncertainty.  It is important to 
document all sources of uncertainty, including uncertainty due to environmental 
stochasticity. 
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• Peer review of assessments contributes to their rigor and credibility. 
 
Viability evaluations may actually be used at several points in the Forest planning process.  An 
initial evaluation may set the stage for the development of conservation approaches.  Such an 
evaluation would help identify the key risk factors to be addressed through conservation actions.  
Evaluations may also be used iteratively in the development of alternatives.  Here, the 
evaluations would help determine what suites of conservation approaches would provide for 
varying levels of risk to viability.  Finally, evaluations must be completed for the final set of 
alternatives brought forward in a Forest Plan effort.  Also, the processes of identifying 
conservation approaches, developing alternatives, and evaluating viability may be iterative.  The 
results of viability evaluations may suggest the need for a refined set of alternatives that would 
then require additional evaluation.  The need for such iteration should be taken into account 
when timelines for planning are established. 
 
Techniques for evaluating viability
In most situations, the information needed to complete a truly quantitative population viability 
analysis (PVA) is lacking (Lee and Rieman 1997; Noon et al. 1999a; Ruggiero et al. 1994).  
Even where substantial information is available, analysis can be complicated by year-to-year 
variability in species population size and demographics (Beissinger and Westphal 1998), 
especially in migratory species or plants that have long-lived seed banks.  An additional 
complication for analysis of viability of Forest Plan alternatives is the need to make future 
projections of the implications of management.  Current conditions of habitat, and species 
response to habitat, will likely be altered by proposed management.  Predicting species response 
to those altered conditions requires knowledge of the relationship of species population dynamics 
to varying habitat conditions.  Such information is only rarely available. 
 
Despite these complications, a variety of techniques have been successfully used to evaluate 
viability within the context of the NFMA regulations.  These range from simple qualitative 
evaluations to complex simulation models that require demographic information.   Evaluation 
techniques are discussed below in three major classes: evaluations relying only on habitat 
information, evaluations based on current population status and characteristics, and evaluations 
combining habitat and population information.  In practice, many evaluations combine two or 
more of the techniques discussed below.  When it is feasible to conduct several different types of 
evaluations of a species, the combined results of those evaluations may provide greater insights 
than would be gained from a single evaluation. 
 
Evaluations relying only on habitat information 
 
In the face of missing information, one alternative is to use inventories and projections of the 
amount and distribution of suitable habitat as a surrogate for species viability evaluation.  This 
method relies on three primary assumptions: (1) that attributes of suitable habitat are known well 
enough to identify areas that meet the life requisites of the species; (2) that the amount, condition 
or quality of suitable habitat is correlated with fitness (Gawler et al. 1987; Van Horne 1983; 
Wilcove et al. 1998); and (3) that habitat is limiting so that changes in amount of suitable habitat 
are correlated with changes in population status.  Viability assessments based on habitat 
inventories and projections are useful to the degree that these assumptions are met, but testing 
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the assumptions may not be possible.  After all, if data were available to test fully the 
assumptions, one could proceed with more sophisticated assessment procedures.   
 
Evaluation relying solely on habitat has a major shortcoming: actual populations, including their 
current status and dynamics, are not explicitly considered.  Such an evaluation may be useful to 
demonstrate broadly that a species status is likely to decline, improve, or remain unchanged.  
However, habitat evaluation as a stand alone technique should not be relied upon to make critical 
determinations in high-risk situations.  Habitat modeling can be combined with other techniques, 
such as expert panels or demographic assessments, to provide a more rigorous analysis. 
 
Evaluations based on population status and characteristics 
 
Demographic characteristics.  The most powerful information on current population status is 
derived from estimates of vital rates.  Such vital rate information may be derived from capture-
recapture (Pollock et al. 1990) or other demographic studies and can include estimates of age-
specific survival and fecundity, immigration, emigration and trends over time in these parameters 
(Lebreton et al. 1992).  This information can be used to estimate overall rates of population 
increase or decrease (Caswell 1989; McDonald and Caswell 1993; Morris et al. 1999; Rieman 
and McIntyre 1993; Silvertown et al. 1993).   
 
Although demographic information can be compelling, its limitations must also be recognized.  
First among these is the expense of collecting the data and the need to collect data over a period 
of years to allow the analysis of trends and to estimate variance in vital rates.  Because of the 
expense of data collection, it is unlikely that reliable demographic data will ever be collected for 
many species.  The second limitation is the need to restrict interpretations of demographic data to 
both the geographic area and the time period within which the data were collected.  Demographic 
characteristics can be used to project future population status only if an assumption is made that 
rates either remain constant over that future time, or change in some specified way.  The final 
limitation on the use of demographic data is the potential for bias in the estimates of survival and 
reproductive rates and of the overall rate of population increase (Caswell 1989; Raphael et al. 
1996).  Knowledge of these potential biases should be used to temper conclusions drawn from 
demographic analyses.   
 
Population trend based on census and presence/absence data.  Population count data and 
presence/absence data can be used to estimate population trend over time.  An excellent 
summary of literature on this subject and techniques for conducting these analyses was recently 
published by the Nature Conservancy (Morris et al. 1999).  Such an analysis is subject to some 
of the same limitations as is analysis of demographic rate information.  Morris et al. (1999) 
recommend that a minimum of seven years of data be used in estimating population trend.  As 
with the use of demographic rates to estimate population trend, the resulting trend is specific to 
the time period and geographic area within which the data were collected, and projections of 
future population status can be made only under an assumption that trends either remain constant 
or change in some specified way.  Estimates of trend based on census and presence/absence data  
may be very useful measures of the relative health of two or more populations and thus provide 
useful information for making decisions concerning those populations (Morris et al. 1999).      
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Genetic considerations.   Knowledge of genetic variation ought to contribute to PVA.  For 
example, isolation of populations can result in restriction of gene flow and loss of genetic 
variation with increased risk of inbreeding depression and genetic drift, which may increase risk 
of extinction (Nelson and Soule 1987; Barrett and Kohn 1991; Frankel and Soulé 1981).  We do 
not know, however, how much and what type of genetic variation is most important to preserve 
(Landweber and Dobson 1999), and efforts to date to incorporate genetics in PVAs completed 
for land-management decisions have not been fruitful. 
 
Evaluations combining habitat and population information 
 
Expert opinion assessments.  Because quantitative PVAs have important shortcomings 
(Beissinger and Westphal 1998), and the data needed to conduct them are scarce, management 
decisions have often depended on information provided by qualitative assessments.  Although 
these assessments have been criticized for lack of scientific rigor (Boyce 1992; Ruggiero and 
McKelvey 2000), they often carry significant weight in management decision-making.  Because 
we lack quantitative information on many species, expert opinion is likely to be a frequently used 
technique.  Therefore, it is important to discuss ways that such assessments can be made as 
credible and informative as possible given the reality of scarce information.  
 
Expert opinion, gathered from panels of experts in a carefully structured process, has been used 
in several large-scale viability assessments (Lehmkuhl et al. 1997; Shaw 1999; Thomas et al. 
1993a;Thomas et al. 1993b).  Guidelines for the use of such panels have been described by 
Cleaves (1994).  Among the points emphasized by Cleaves were 1) the value of careful 
definition of the viability outcome scale used in the expert judgment process; 2) the need for 
careful management of the assessment process to minimize bias (task, motivational, and 
cognitive); 3) the importance of separating the assessment process from the determination of 
“acceptable” risk; and 4) the need to fully explain the assessment to decision-makers so that it is 
not misinterpreted during the process of option selection.   
 
Several additional practices may improve the credibility and utility of expert judgments.  First, 
breaking the judgment into component parts has several advantages.  Experts are likely to have a 
clearer understanding of individual components; reviewers can better understand the basis for 
judgments; and individual components are more easily tested through later monitoring efforts.  
Second, requiring experts to provide documentation that supports their judgment would improve 
credibility of the judgment and understanding of the basis for it.  Third, combining expert 
opinion with other techniques should improve the quality of judgments.  For example, if 
thorough demographic and habitat analyses are used as input to expert judgment processes, the 
quality of the resulting judgments is likely to be high.  Finally, monitoring designed to validate 
judgments would greatly improve credibility, and the ability to improve judgments over time.  
As emphasized by Ruggiero and McKelvey (2000), the collection of new information to fill 
knowledge gaps is critical in situations where the scarcity of information necessitated the use of 
expert opinion as an evaluation technique. 
 
The use of expert opinion assessment may also help solve another dilemma--deciding which 
species should be the subject of PVA.  An initial assessment, addressing the broadest possible 
array of taxa, could be used to determine those species for which more detailed analysis is 
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appropriate.  Species whose habitats and populations were considered secure in the expert 
opinion assessment would require little additional attention, allowing the use of more time and 
resources to deal with those species for which experts expressed higher levels of risk to viability.  
This would be particularly helpful in large-scale assessments for areas where there has been no 
thorough review of the status of a broad array of species. 
 
Incidence functions.  Incidence functions may be a useful technique for assessing viability of 
species whose habitat requirements are well known and for which habitat is patchily distributed 
across the landscape.  Incidence functions are based on the tendency for occupancy of habitat 
patches to increase with size of the patch and proximity to other patches, and to decrease as patch 
size declines and/or isolation of patches decreases.  Incidence functions can be estimated from 
data on the presence/absence of a species in habitat patches of varying size and isolation (Herkert 
1994).  Where such functions are available, they can then be used to estimate the likelihood of 
occupancy of single or multiple patches over time (Hanski 1994).  An implicit assumption in this 
approach is that occupancy rates of patches of a given size will remain constant over time.  This 
assumption may not be valid in landscapes that undergo significant change. 
 
Bayesian belief networks.  Bayesian belief networks (BBNs) are a form of influence diagram 
(Oliver and Smith 1990) that can be used to depict the causal relationships among factors that 
influence the outcome of some parameter of interest.  BBNs have been applied to a variety of 
problems in ecology and forest management (Haas 1991; Haas et al. 1994; Lee and Rieman 
1997; Olson et al. 1990).  BBNs have several characteristics that make them useful in assessing 
species viability (Marcot et al. In press): 1) they require the user to clearly display the factors that 
are major influences on species viability, and interactions among those factors; 2) they combine 
categorical and continuous variables; 3) they allow the combination of empirical data with expert 
judgment (Heckerman et al. 1994); 4) they express predicted outcomes as likelihoods; and 5) 
they can be used to structure a monitoring program in a way that compares the likelihood of 
competing hypotheses and continually updates models based on new information.  While BBNs 
frequently make use of expert opinion, they have several advantages over expert opinion 
assessments as described above.  First, they make the use of expert opinion explicit so that 
reviewers and critics can understand the underlying basis for judgments.  Second, by combining 
expert opinion with empirical data, and structuring them into models, they provide for 
repeatability of assessments.  This is especially useful for iterative analysis of possible 
management alternatives.  Examples of BBN models being used to test the effects of 
management alternatives on wildlife and fish species can be found in Raphael et al. (In press) 
and Rieman et al. (In press). 
 
Simulation models.  As noted above, demographic information must be linked to habitat 
information to produce an analysis that is useful for projecting viability into the future under a 
Forest Plan.  One way to make this link is through the use of simulation models (Akçakaya et al. 
1995; Holthausen et al. 1995; Lefkovitch 1965; Raphael et al. 1994).  The simulation models that 
are most germane to management questions are those that link population attributes (size, birth, 
and death rates) to habitat conditions, and thus base future population performance on projected 
future habitat conditions (e.g., Akçakaya 1992, McKelvey et al. 1993).  
 
Simulation models using the relationship of demographic performance to habitat can yield a 


 21







number of different measures of risk, defined as the likelihood of population extinction by some 
specified time under various management scenarios.  Such measures include quasi-extinction 
probabilities (chance of a population decline below a specified level), time to extinction, and 
likelihood of extinction within a fixed time.  Spatially-explicit models can be used to estimate the 
likelihood of maintaining the distribution of species across a landscape.  In virtually all cases, 
there will not be full knowledge of the relationships of demographic rates to habitat.  In these 
cases, simulation models can be used to test sensitivity of model results to various assumptions 
about the relationships of demographics and habitat (Holthausen et al. 1995).   
 
Although simulation models can be very useful, and may be one of the only methods to evaluate 
population response to large-scale land management actions, users must understand the 
limitations of the models and the effort necessary to build and test them.  Results are dependent 
on the structure of the model, the assumptions used to parameterize the model, and the input data 
(including the representation of the land management action being evaluated) (Beissinger and 
Westphal 1998).  Despite these cautions, Brook et al. (2000) found PVA predictions to be 
surprisingly accurate in a retrospective test that used five of the most commonly available PVA 
software packages.  Brook at al. (2000) noted that these findings did not necessarily apply to 
plants.  A summary of the challenges and approaches specific to plant population viability 
modeling is provided by Menges (2000).   
 
Use of species viability evaluations in decision-making
Determination of whether alternatives meet the NFMA standard of “high likelihood” is made 
through the decision-making processes.  This determination should be based on all information 
that is brought forward in the Species Viability Evaluation.  Determinations that integrate the 
results from multiple techniques are generally more robust than those dependent on a single 
technique.  The determination may apply to a single Forest or to a group of Forests that are 
included within the same planning effort, and should take into account the historical, current, and 
projected future conditions for a species.  It should tier to any determinations or assessments 
made at broader scales.  The determination should discuss specific features of the proposed 
action that affect the likelihood of providing for viability, including any trade-offs made to meet 
other goals or because of budget constraints.  Uncertainty associated with the determination 
should be explicitly recognized, and adaptive management measures that will be employed to 
deal with uncertainty over time should be described.   
 
MONITORING 
There is significant uncertainty involved in the processes of managing for and evaluating species 
viability (Beissinger and Westphal 1998; Raphael and Marcot 1994; Ruggiero et al. 1994).  This 
uncertainty is due both to simple lack of knowledge, and to unpredictability of ecological 
systems.  Because of these high levels of uncertainty, it is critical to implement an effective 
monitoring and adaptive management program.   
 
The revised planning regulations require monitoring and evaluation of focal species and species-
at-risk (36CFR219.11).  The primary emphasis is on monitoring the status and trends of 
ecological conditions known or suspected to support these species.  Actual population 
monitoring is appropriate for some species, especially where risk to viability is high and 
population characteristics cannot be reliably inferred from ecological conditions.  The overall 
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intent of monitoring related to viability is to focus on those areas of uncertainty for which new 
information could prompt important changes in management.   
 
The most useful monitoring information provides insights into relations between management 
actions and selected species or their habitats (Noon et al. 1999b). However, collecting 
information on cause and effect is often impractical due to our lack of knowledge about a 
species, the difficulty in monitoring it, its rarity, or the long lag time between activities and 
biological responses (Montgomery 1995).  Therefore, the establishment of monitoring objectives 
for species-at-risk must take into account the state of current knowledge about the species, its 
rarity, detectability, level of risk, the strength of association between habitat conditions and 
population dynamics, and the expected lag time between disturbances and biological responses.  
For poorly known species the primary objective may simply be to determine its status in the plan 
area (does it occur, and if so, in what habitats).   For very rare species, the primary objective may 
be to detect change in status over time.  For many species, however, it is possible to monitor 
change in habitat and to explore causal relations by simultaneously monitoring stressors (Noon et 
al. 1999b) or effectors (USDA Forest Service 2000) that influence habitat condition.  For a few 
species, causal relations between population dynamics and stressors or effectors can be explored.  
Specific considerations for monitoring plant species are discussed in Elzinga et al. (1998). 
 
A primary requirement of successful monitoring is selecting the right indicators (Noss and 
Cooperrider 1994, Noon et al. 1999b).  It may not be necessary to monitor a host of  habitat 
attributes or population parameters.  Much can be gained by monitoring one or two carefully 
chosen indicators that are fairly easy to measure or observe, particularly if  these indicators are 
responsive to changes in stressors that are monitored over the same period of time (Ziemer 1998, 
Noon et al. 1999b).     
 
The following are monitoring objectives related to species viability.  For each objective, there is 
discussion of species characteristics that would lead to that choice of monitoring objective, and 
suggested categories of indicators are given.  The first three objectives are aimed at determining 
status and change of ecological conditions or selected species characteristics, whereas the last 
two objectives explore causal relationships.  One or more of these objectives would apply to each 
species being monitored. 
 
• Determine whether ecological conditions for selected species are consistent with plan 


direction.  The primary indicators to be monitored are the abundance, spatial distribution, 
and quality of habitat.  Monitoring of ecological conditions will be most meaningful for 
species whose population dynamics are believed to be responsive to changes in 
ecological conditions.   Monitoring of ecological conditions is less useful when there is a 
poor correlation between ecological conditions and population dynamics, particularly 
when habitat is abundant but the species is more restricted.  This is often true for rare 
plants, and consequently it is necessary to monitor their abundance or spatial distribution 
rather than ecological conditions.  Also, monitoring of ecological conditions is not 
particularly meaningful for species with poorly understood environmental requirements.   


 
• Determine whether the status of selected species is in keeping with plan direction.  The 


primary indicators of species’ status are abundance, spatial distribution, and/or 
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demographic characteristics such as age-specific survival or reproductive output.  Direct 
monitoring of status may be most appropriate for species with the following 
characteristics: 
 Federally listed species for which recovery plans specify population monitoring 
 Federally listed species without recovery plans, but for which population monitoring 


is considered important 
 Species for which population changes are not strongly linked to habitat and therefore 


population information is needed 
 Species for which identified changes in abundance, spatial distribution, or any 


demographic parameter would trigger a review of management 
 


The last category includes species with low numbers that must be closely monitored to 
determine whether a management activity must be altered, or if direct intervention is 
necessary (population augmentation, reintroduction).  This category also includes species 
that may be abundant, but whose populations appear to respond to management activities.  
Monitoring of these species may serve as an indicator of change in ecological conditions 
for a larger functional group of species (Committee of Scientists 1999).   This category 
could include species besides those considered to be at risk; for example, populations of 
exotic or pest species could be monitored if changes in their populations would trigger a 
review of management. 


 
• Determine whether there are unexpected changes in habitats or populations for species 


that were not identified to be of concern during the planning process.  One area of 
uncertainty is whether or not all species that ought to be of concern were identified in the 
planning process.  Ecological modeling suggests that some common, competitively 
dominant species may be at risk from even moderate habitat loss in patchy landscapes 
(Kareiva and Wennergren 1995; Tilman et al. 1994).  Addressing this area of uncertainty 
requires implementation of a broad based monitoring effort that extends beyond the 
species-at-risk identified in the Forest Plan.  Monitoring the presence/absence of a suite 
of  species using a grid sampling design may be an effective way to accomplish this 
objective (USDA Forest Service 2000).  A grid design with a starting point that varies 
randomly from year to year may reduce problems associated with impacts to permanent 
plots  (Guerrant 1998). 


 
• Investigate assumptions made about effects of management on ecological conditions for 


species-at-risk.  A forest can explore causal relationships between management actions 
and ecological conditions by monitoring selected indicators on replicated management 
treatments and untreated control areas (Walters and Holling 1990).  Such monitoring will 
be most useful for species for which habitat relationships are fairly clear, but the effects 
of management on habitat are uncertain.  For example, the need for snags to support 
cavity-dependent species is well established, but whether a certain vegetation treatment is 
achieving the desired snag density over time may be unknown and therefore worth 
monitoring.   


 
• Investigate assumptions about the effects of management on species populations.   This 


objective requires the greatest effort to achieve, is only realistic to attain for a few 
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species, and is best accomplished in cooperation with the research community.  Primary 
indicators are the abundance, spatial distribution, and/or demographic characteristics of a 
species.  Targeted species should be those for which the link between management action 
and species’ status is uncertain.   For example, a forest may choose to monitor the 
abundance or simply the presence of a species in response to tree thinning if the direction 
and/or magnitude of the response are unknown.  Other selected species might be those 
affected by human disturbance or non-habitat factors.  As with the previous objective, a 
rigorous sampling design of replicated treatments and controls can be used for certain 
monitoring questions, but information can also be gained by examining correlations 
between the status of primary stressors and population levels over the same time period.  
In the thinning example, a forest might monitor species’ abundance on several thinned 
and unthinned areas, or it might investigate a correlative relationship over time between 
total acres thinned and the abundance of the species.   


 
Monitoring is not complete until the results are analyzed in the context of adaptive management.  
Examples of techniques that could be used to analyze population data are found in Thompson et 
al. (1998) and Morris et al. (1999).  Monitoring data may also be used to increase understanding 
of species habitat relationships (Carroll et al. 1999).    
 
The primary purpose of monitoring species-at-risk and their habitats is to determine whether 
management actions need to be modified. Threshold values of each indicator should be 
established that would trigger a review of management (Committee of Scientists 1999).  For 
most indicators, a precise threshold value is not realistic, and it may be more meaningful to 
specify a range of expected values that reflects the dynamic nature of ecosystems (Noon et al. 
1999b).  For some indicators, the threshold may be expressed as a magnitude of change rather 
than a specific value or range of values.  Regardless of the degree of precision, the process of 
establishing threshold values is a good check on the usefulness of the indicators: are they 
measurable, sensitive to change and able to provide the kind of information needed for adaptive 
management.  In addition to triggering reviews of management practices, thresholds may also be 
used to trigger reviews of the monitoring program itself, focusing on the effectiveness and 
appropriateness of monitoring methodology.  It may also be appropriate to review management 
in situations where objectives are being achieved, but monitoring reveals that there is little 
relationship between management actions and the accomplishment of objectives. 
 
 
 
IV. Forest Plan Documentation 
 
Considerations for species viability, including identification of species-at-risk, identification of 
risk factors, description of management approaches that contribute to their conservation, use of 
species groups and focal species, evaluation of the effects of alternatives, and description of 
proposed monitoring, must be fully incorporated into Forest Plans.  Information on species and 
viability should appear in the following sections of the Forest Plan. 
 
• Analysis of the Management Situation.  The species-at-risk should be identified and 


discussed as part of the current management situation.  This provides an opportunity to 
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disclose the species that will need to be addressed in the planning process, basic habitat 
relationships and other environmental needs of those species, species status, threats to 
viability, relationship of species to ecosystem processes, and methods that were used to 
group species and identify focal species. 


 
• Goals and Objectives.   Maintaining species viability should be stated as a Forest Goal 


and also incorporated into the broader goals of ecosystem diversity and ecological 
sustainability.  Objective statements should be based on identified conservation 
approaches and other species information. 


 
• Forestwide Standards and Guidelines.  Standards and guidelines provide an obvious 


opportunity to display specific language for providing appropriate ecological conditions 
for species-at-risk.  Conservation approaches developed by a regional or bioregional 
viability team could provide consistency across forests in the wording of standards and 
guidelines for species-at-risk, where such consistency is warranted by ecological 
conditions and risk factors.  


 
• Plan Alternatives.  Maintaining species viability must be a goal of every Forest Plan 


alternative.  However, not every alternative will achieve the goal of viability with the 
same level of certainty.  Alternatives will differ in the likelihood of maintaining viable 
populations, and the risks of species extirpations. Alternatives may differ in both the 
overall ecosystem management direction that is applied, and additional direction that is 
incorporated to provide for species needs.   


 
• Management Area Direction.  Provisions for species-at-risk should be included in the 


direction for specific management allocations. 
 
• EIS: Affected Environment.  The full list of species-at-risk should be included in the 


Affected Environment chapter of the EIS.  The chapter should highlight some of the same 
features as the Analysis of the Management Situation, discussed above. 


 
• EIS: Effects and Consequences. This section contains the Species Viability Evaluations. 


Effects specific to National Forests, and cumulative effects, must both be disclosed.  
Effects should be projected over an appropriately long period of time, address a 
meaningful portion of the species range, and be framed as a risk assessment rather than a 
simple determination of viable/not viable. 


 
• Monitoring Plan.  The monitoring section of the Forest Plan should display how species 


viability will be monitored, and feedback processes that will be used to improve 
management based on monitoring results. 


 
VI. Summary 
 
It is extremely important that considerations for species viability be incorporated throughout the 
Forest Planning process, rather than simply being a reactive analysis at the end of the process.  
This can be accomplished through setting an appropriate ecological context for the plan, 
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identifying all species-at-risk, collection of information on those species and the ecosystems on 
which they depend, and construction of alternatives featuring an appropriate range of 
conservation measures.  Evaluation of viability, which has been the primary focus of many 
former efforts, then becomes a check on how well the objective for viability has been met.  Many 
options are available for conducting these evaluations, but the choice of technique for most 
species will be severely constrained by limited availability of data.  As a consequence, high 
levels of uncertainty will be associated with findings about species viability.  This necessitates 
substantial focus on the collection of information through monitoring programs, and on the 
potential need for frequent changes in management direction to respond to that new information. 
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Opinion by Judge Berzon


SUMMARY**


Environmental Law


The panel affirmed the district court’s summary judgment
in favor of the United States Forest Service in an action
challenging the Forest Service’s decision, made in response
to concerns regarding disease transmission to
immunologically vulnerable bighorn sheep, to close to
domestic sheep grazing approximately 70% of allotments on


   * A. Wallace Tashima, Circuit Judge, for the Ninth Circuit Court of
Appeals, sitting in the United States District Court, for the District of
Idaho, by designation.


   ** This summary constitutes no part of the opinion of the court.  It has
been prepared by court staff for the convenience of the reader.
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which grazing had been permitted in the Payette National
Forest in Idaho.


The panel held that, pursuant to the National
Environmental Policy Act environmental review process, any
error by the Forest Service in failing to consult the
Agricultural Research Service, a federal agency within the
U.S. Department of Agriculture, before preparing the final
supplemental impact statement and Record of Decision, was
harmless.  The panel held that because the lack of
consultation did not prevent the Forest Service or the public
from considering information about the uncertainties in
transmission of disease from domestic to bighorn sheep, such
as the Agricultural Research Service would have offered, and
because information about the precise mechanisms of such
transmission was not a basis of the Forest Service’s decision,
no prejudice resulted from the lack of consultation.  


The panel also held that the Forest Service did not
otherwise act arbitrarily or capriciously or abuse its
discretion.  Specifically, the panel held that the Forest Service
did not act arbitrarily or capriciously or abuse its discretion
by declining to supplement the final supplemental impact
statement.  The panel also held that the Forest Service did not
act arbitrarily or capriciously or abuse its discretion in its
modeling used to analyze bighorn sheep home ranges and
movement, and the potential impacts of various management
alternatives.
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OPINION


BERZON, Circuit Judge:


Between the late 1800s and the early 1900s, the number
of bighorn sheep in North America declined dramatically,
falling from a high of 1.5 to 2 million individuals to
approximately 10% of that number.  Scientists have generally
attributed the decline to over-harvesting, habitat loss,
competition for food, and disease transmission from domestic
sheep.


In response to concerns regarding disease transmission to
immunologically vulnerable bighorn sheep, the Chief of the
U.S. Forest Service ordered further analysis of the effects of
grazing domestic sheep in the Payette National Forest of
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west-central Idaho (“Payette”).  In response, the Forest
Service prepared a draft supplemental environmental impact
statement (“DSEIS”), an update to the DSEIS, and,
eventually, a final supplemental environmental impact
statement (“FSEIS”) and Record of Decision (“ROD”). 
Concluding that there is a significant risk of fatal disease to
the small and insular populations of bighorn sheep in the
Payette, the Forest Service decided in the ROD to close to
domestic sheep grazing approximately 70% of the allotments
on which grazing had been permitted.


The Idaho Wool Growers Association, other state and
national trade associations, and two sheep ranchers
(collectively, “Wool Growers”) challenged the Forest
Service’s decision, objecting to the Forest Service’s (1)
failure to consult the Agricultural Research Service (“ARS”),
a federal agency within the U.S. Department of Agriculture,
before preparing the FSEIS and ROD; (2) failure to
supplement the FSEIS and ROD in light of the publication in
2010 of a certain study of the transmission of disease from
domestic to bighorn sheep, the “Lawrence study”; and (3)
choice and use of particular models to evaluate the risk of
contact between domestic and bighorn sheep and the effects
of disease transmission from domestic to bighorn sheep.  The
district court entered summary judgment in favor of the
Forest Service.  Wool Growers appealed.


We conclude that any error in failing to consult ARS was
harmless.  As the Forest Service did not otherwise act
arbitrarily or capriciously or abuse its discretion, we affirm.
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I.


A. Background


Bighorn sheep are currently found in two populations in
the Payette—one in Hells Canyon and the other in the Salmon
River Mountains.  In approximately 1870, major die-offs of
bighorn sheep began to occur in the Salmon River Mountains. 
The die-offs roughly coincided with the onset of wide-spread
grazing of domestic sheep in the Payette.


Over the years, the Payette’s bighorn populations have
continued to experience periodic “large-scale, rapid, all-age
die-offs.”  FSEIS xx; see also ROD 6–7.  Since 1981, despite
efforts at transplanting sheep from elsewhere, the total
population in the Payette has decreased by 47%.  Although at
one time more than 10,000 bighorn sheep lived in Hells
Canyon and the surrounding mountains, “they were extirpated
by the mid-1940s.”  ROD 6.  Between 1971 and 2004, 474
bighorn sheep were transplanted into Hells Canyon.  Seven
die-offs in the Hells Canyon population have been reported
since 1971.  At the time the FSEIS was written, that
population numbered 850 sheep.


The Salmon River population was never extirpated. 
According to surveys in 2001, 2003, and 2004, that
population numbers roughly 700 sheep.


B. The NEPA Environmental Review Process


The administrative process underlying this appeal began
in 2003, when the Forest Service, pursuant to the National
Environmental Policy Act (“NEPA”), issued the Southwest
Idaho Ecogroup Land and Resource Management Plans Final
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Environmental Impact Statement and Record of Decision
(“EIS”), which revised the 1988 Payette National Forest Land
and Resource Management Plan.  The EIS was appealed,
appellants urging that the EIS “violated the [National Forest
Management Act] and Hells Canyon National Recreation
Area (HCNRA) Act on the Payette National Forest by
providing for grazing of domestic sheep within or near the
range of bighorn sheep, thus threatening the viability of
bighorn sheep though [sic] disease transmission.”  ROD 1.  In
March 2005, the Chief of the Forest Service agreed that the
EIS “did not adequately address viability [of bighorn sheep
populations in the Payette] or the potential for disease
transmission.”  Id.  The Chief therefore rejected the EIS’s
analysis.  


The Chief then “instructed the Regional Forester to
reanalyze the potential impacts of domestic sheep grazing on
bighorn sheep viability on the Payette National Forest to
ensure habitat is available to support a viable population of
bighorn sheep.”  ROD 1.  The Chief’s decision reflected
general concerns regarding disease transmission—in
particular, the spread of various strains of pneumonia-causing
or -contributing bacteria—from domestic to bighorn sheep, as
confirmed by anecdotal evidence and a multitude of studies.


There is uncertainty regarding the particular mechanics of
disease transmission, and the evidence of transmission is
largely circumstantial.  Pneumonia-causing bacteria are
commonly found in domestic sheep, with the worst outbreaks
killing 2.5% of domestic sheep in a herd.  The impact of
pneumonia on bighorn sheep is considerably more
catastrophic.  Episodic pneumonia outbreaks appear to be the
current limiting factor in bighorn sheep abundance and
distribution, both because large-scale die-offs caused by
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pneumonia kill most or all of a given population, and because
female bighorns who survive die-offs experience low
reproduction and high lamb mortality rates for years
following an outbreak.  Consequently, a number of state and
federal agencies with jurisdiction over bighorn sheep have
expressed concern and modified their management plans to
address disease transmission from domestic to wild sheep. 
ROD 6; see, e.g., John Beecham et al., Rocky Mountain
Bighorn Sheep (Ovis Canadensis): A Technical Conservation
Assessment, Feb. 12, 2007; Timothy Schommer & Melanie
Woolever, A Review of Disease Related Conflicts Between
Domestic Sheep and Goats and Bighorn Sheep, 2008;
Montana Department of Fish, Wildlife and Parks, Montana
Bighorn Sheep Conservation Strategy, Draft, August 2009;
Idaho Department of Fish & Game, Draft Bighorn Sheep
Management Plan, May 2010.  As the FSEIS explained,
“[s]cientists from both sides of the issue . . . recommend that
the species be kept separate until the disease transmission
science is better understood.”  ROD 11.


In September 2008, the Forest Service released the
DSEIS, which “proposed to modify, delete, and add to the
current Forest Plan direction in response to the Chief’s
instructions.”  ROD 1.  The DSEIS precipitated over 14,000
public comments. 


In 2009, because of declining bighorn sheep numbers, the
Forest Service designated bighorn sheep a sensitive species
in the Intermountain Region, which includes the Payette. 
Under that designation, the objectives of bighorn
management “are to prevent listing under the Endangered
Species Act (ESA), avoid or minimize impact to [the]
species[,] whose viability has been identified as a concern,
maintain viable populations of [the] species, and to develop
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and implement management objectives for [the species’]
populations and habitat.”  ROD 8.  


The Forest Service released an update to the DSEIS in
January 2010, which “provided interested stakeholders and
the public an opportunity to review and comment on
improved analyses and alternatives.”  ROD 1.  In the update,
the Forest Service responded to criticisms of the DSEIS’s
qualitative analysis by providing a quantitative analysis.  See
FSEIS xvii; e.g., A-85.  That analysis used modeling to study
the potential risks and effects of contact and disease
transmission.  More than 11,000 comments on the update to
the DSEIS were submitted.


In July 2010, the Forest Service completed and released
the FSEIS and ROD.  To analyze the effects of various
alternative plans on the Payette’s bighorn sheep, the Forest
Service used three models developed in conjunction with
researchers at the University of California, Davis Center for
Animal Disease Modeling and Surveillance.  The models—
called the source habitat, risk of contact, and disease
models—incorporated telemetric location data, including
more than 54,000 data points collected in the Payette over the
course of twelve years from over 400 radio-collared bighorn
sheep.  Even with the use of these models, the Forest Service
recognized, “[d]etermining the probability that a bighorn
sheep will reach an occupied [domestic sheep grazing]
allotment [in the Payette] and that contact between the
species will result in disease transmission is problematic,”
and “there is . . . essentially no research that would allow []
estimation” of the likelihood of contact causing disease
transmission.  ROD 12.  To account for that difficulty, the
Forest Service ran the disease model using a range of
probabilities of contact resulting in disease transmission—


  Case: 14-35445, 03/02/2016, ID: 9885687, DktEntry: 40-1, Page 9 of 29







IDAHO WOOL GROWERS ASS’N V. VILSACK10


5%, 10%, 25%, 50%, 75%, and 100%.  This approach
allowed the Forest Service to assess the effects of various
management alternatives on bighorn sheep subpopulations
despite its inability to estimate accurately the degree of risk
of disease-conveying contact.


After applying the models, the Forest Service selected one
of the alternatives analyzed in the FSEIS, Alternative 7O. 
Alternative 7O would result in the termination of domestic
sheep grazing on approximately 69,000 acres in the Payette,
with implementation to occur over three years.  The models
showed that this alternative reduced the risk of extirpation of
all but one of the bighorn subpopulations to low-to-moderate
at the 5% transmission level; the models predicted a 100%
likelihood of extirpation of the Sheep Mountain
subpopulation at all transmission levels, due to that
subpopulation’s demographics and proximity to domestic
sheep grazing allotments.  At the higher transmission levels,
the probabilities of extirpation under Alternative 7O ranged
from 4% to 76%.  Ultimately, the Forest Service found that
large distances between domestic and bighorn sheep are
necessary to assure protection of bighorns from disease, as
bighorn sheep travel long distances across rugged terrain;
domestic sheep are known to stray from their herds,
remaining on allotments at unpermitted times; and bighorn
and domestic sheep are attracted to each other and seek out
each other’s company.


The FSEIS incorporated findings from the then-
unpublished Lawrence study, the first experiment to
demonstrate directly that transmission of bacteria from
domestic to bighorn sheep is implicated in causing
pneumonia in bighorn sheep.  The study’s authors extracted
bacteria from domestic sheep, genetically modified the
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bacteria to be antibiotic resistant and to radioactively
fluoresce (that is, give off light).  The domestic sheep were
then inoculated with the modified bacteria.  The domestic
sheep were initially placed in pens separated by ten meters
from pens of bighorn sheep.  Later, they were moved so that
they were separated only by a fence.  Still later, all the sheep
were commingled in a single pen.


By the end of the study, three of the four bighorn sheep
had contracted pneumonia and died, and the fourth was
euthanized after displaying telltale and severe signs of
pneumonia.  Post-mortem examinations of the bighorn sheep
showed that they carried the radioactively-labeled, antibiotic-
resistant bacteria with which only the domestic sheep had
been inoculated.


C. This Litigation


Wool Growers appealed the ROD and FSEIS to the
Intermountain Regional Forester.  During the appeal process,
Dr. Donald Patrick Knowles, a co-author of the Lawrence
study and a research scientist within ARS, submitted a letter
discussing his interpretation of the study’s results (“Letter”). 
Dr. Knowles maintained that (1) the study did not prove that
fence-line contact between domestic and bighorn sheep
resulted in transmission of pneumonia-causing bacteria
between the species; (2) transmission of a disease-causing
organism, as well as the mechanisms of disease, are complex
processes; and (3) “transmission of an organism doesn’t
necessarily lead to disease.”  Letter 1–2.  The Regional
Forester, having considered Dr. Knowles’ input, denied Wool
Growers’ appeal.
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Wool Growers then filed a complaint for declaratory and
injunctive relief in the district court, challenging the Forest
Service’s decision.  The court granted Intervenors, a group of
environmental organizations, leave to enter the action as
defendants.  Wool Growers moved to expand the record
pursuant to Asarco, Inc. v. U.S. EPA, 616 F.2d 1153 (9th Cir.
1980).1  The district court granted the motion, permitting the
parties to submit expert declarations in support of their cross-
motions for summary judgment.  After a hearing, the district
court entered summary judgment in favor of the Forest
Service and Intervenors and dismissed the action.


Wool Growers timely appealed the district court’s
decision.  On appeal, Wool Growers challenges three aspects
of the Forest Service’s decision under NEPA: its (1) failure
to consult ARS prior to completing the FSEIS; (2) failure to
supplement the FSEIS; and (3) choice and use of models.


II.


NEPA is a purely procedural statute; it does not impose
any substantive requirements on an agency undertaking
environmental review.  Lands Council v. McNair, 537 F.3d
981, 1000 (9th Cir. 2008) (en banc), overruled on other
grounds by Winter v. Nat. Res. Def. Council, Inc., 555 U.S. 7,
20 (2008).  Rather, “NEPA aims to make certain that the
agency will have available, and will carefully consider,
detailed information concerning significant environmental
impacts, and that the relevant information will be made
available to the larger public audience.”  Id. (citation and


   1 Under Asarco, an administrative record can be expanded upon review
by a federal court to explain what’s already in the record but not to add
substantive evidence.  616 F.2d at 1159–60.
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alterations omitted).  Accordingly, federal agencies must
“take a ‘hard look’ at the environmental consequences of
their actions by preparing an EIS for each ‘major Federal
action significantly affecting the quality of the human
environment.’”  Id. at 1000–01 (alteration omitted) (quoting
42 U.S.C. § 4332(2)(C)).  An EIS “must ‘provide [a] full and
fair discussion of significant environmental impacts’ so as to
‘inform decisionmakers and the public of the reasonable
alternatives which would avoid or minimize adverse impacts
or enhance the quality of the human environment.’”  Id. at
1001 (quoting 40 C.F.R. § 1502.1).


Under NEPA and the Administrative Procedure Act
(“APA”), our review is limited to determining whether the
Forest Service’s analysis was “arbitrary, capricious, an abuse
of discretion, or otherwise not in accordance with law.”  Id.
at 987 (quoting 5 U.S.C. § 706(2)(A)).  We conclude that
although the Forest Service may have acted contrary to
NEPA in one respect, any such error was harmless.  The
Forest Service did not otherwise act arbitrarily or
capriciously, nor did it abuse its discretion.


A. Consultation


1. Duty to consult


NEPA imposes on federal agencies conducting
environmental review a duty to consult with certain other
agencies.  “Prior to making any detailed statement, the
responsible Federal official shall consult with and obtain the
comments of any Federal agency which has jurisdiction by
law or special expertise with respect to any environmental
impact involved [in the proposed action].”  42 U.S.C.
§ 4332(2)(C).  Further, to promote NEPA’s policies of public
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participation and informed decisionmaking, copies of the EIS
and comments thereon from other agencies “shall accompany
the proposal through the existing agency review processes.” 
Id.


The regulations implementing these provisions state that
“[a]fter preparing a draft environmental impact statement and
before preparing a final environmental impact statement the
agency shall . . . [o]btain the comments of any Federal agency
which has jurisdiction by law or special expertise with respect
to any environmental impact involved . . . .”  40 C.F.R.
§ 1503.1(a)(1); see also id. § 1500.1(b) (“Accurate scientific
analysis, expert agency comments, and public scrutiny are
essential to implementing NEPA.” (emphasis added)). 
“Special expertise” is defined as “statutory responsibility,
agency mission, or related program experience.”  Id.
§ 1508.26.  Under the statute and its implementing
regulations, the Forest Service may have had a duty to consult
with ARS before issuing the FSEIS. 


The pivotal question is whether ARS has “special
expertise” concerning one significant aspect of the proposed
decision, the mechanics of pathogen transmission in domestic
sheep.2  Wool Growers argues that it does.  They note, for
example, that 7 C.F.R. § 2.65 delegates to ARS, among other
matters, the authority to “[c]onduct research concerning
domestic animals and poultry, their protection and use, [and]
the causes of contagious, infectious, and communicable
diseases.”  Also, ARS’s mission statement proclaims: “ARS


   2 Because we decide that any consultation error was harmless, see
section II.A.2., infra, we do not address the Forest Service’s argument that
the “special expertise” question does not apply to Dr. Knowles as an
individual.
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conducts research to develop and transfer solutions to
agricultural problems of high national priority and provide
information access and dissemination to . . . enhance the
natural resource base and the environment . . . .”  U.S.
Department of Agriculture, Agricultural Research
Service, ARS: About US, http://www.ars.usda.gov/aboutus/
aboutus.htm.


The Forest Service argues, in response, that it had no duty
to consult with ARS because that agency has no expertise in
wildlife management.  Although ARS’s expertise does center
on domestic, not wild, animals, the development within and
movement of pathogens in domestic sheep is of some
relevance to concerns regarding disease transmission to
bighorn sheep.  The Forest Service’s assessment of the
pertinence of that expertise may be too narrow an
interpretation of its consultation duty under NEPA.  And the
language establishing NEPA’s consultation requirement is
expansive.  It mandates consultation with any federal agency
that has “special expertise with respect to any environmental
impact involved.”  42 U.S.C. § 4332(2)(C) (emphasis added). 
See also 40 C.F.R. § 1503.1(a)(1) (“[T]he agency shall . . .
[o]btain the comments of any Federal agency which has
jurisdiction by law or special expertise with respect to any
environmental impact involved . . . .” (emphasis added)).


Further, Warm Springs Dam Task Force v. Gribble
suggests that for the consultation requirement to apply, the
particular expertise of an agency does not have to encompass
the proposed project as a whole or the issue the proposed
project was designed to address.  Rather, the expertise need
relate only to one of the project’s anticipated environmental
effects.  See 621 F.2d 1017, 1020–21 (9th Cir. 1980) (per
curiam).
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In the end, we need not resolve in this case the precise
parameters of the consultation requirement, or whether it
extended to ARS on the record before us.  Any violation of
the consultation duty that occurred here, we are persuaded,
was harmless.


2. Prejudice


The APA directs us to take “due account . . . of the rule of
prejudicial error.”  5 U.S.C. § 706; see Nevada v. Dep’t of
Energy, 457 F.3d 78, 90 (D.C. Cir. 2006).  Accordingly, we
consider whether the Forest Service’s failure to consult was
harmless.  See Warm Springs, 621 F.2d at 1022–23.  The
harmless-error analysis asks whether the failure to consult
materially impeded NEPA’s goals—that is, whether the error
caused the agency not to be fully aware of the environmental
consequences of the proposed action, thereby precluding
informed decisionmaking and public participation, or
otherwise materially affected the substance of the agency’s
decision.  See Tucson Herpetological Soc. v. Salazar, 566
F.3d 870, 880 (9th Cir. 2009).


Here, Wool Growers contends that, had consultation
occurred, ARS and Dr. Knowles would have conveyed to the
Forest Service information regarding the uncertainties of
disease transmission mechanisms from domestic sheep and
other contributors to bighorn disease.  It is fair to assume Dr.
Knowles would have offered this information—he did offer
it to the Forest Service, both in his letter on appeal to the
Forest Supervisor, as well as in his declarations in the
expanded record before the district court.  But, as reflected in
the FSEIS, such information had already been amply
communicated, and the Forest Service and the public already
had considered it.  
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For example, the FSEIS acknowledged: 


Some of these contentions [challenging the
link between disease in domestic sheep and
disease in bighorn sheep] are accurate.  We do
not understand all of the mechanisms involved
in potential disease transmission between the
species. . . .  Arguably, much of the evidence
is circumstantial; however, the compilation of
cases throughout several decades does
contribute to an increasing body of evidence
that overwhelmingly demonstrates bighorn
sheep near domestic sheep are at risk for
disease transmission, even though “contact”
may not have actually been observed.


FSEIS xxi.  The FSEIS also specifically acknowledged
comments by “scientists and others, primarily from
agricultural disciplines,” regarding the effect of stressors on
bighorn sheep disease, as well as uncertainties regarding
disease transmission.  Id. at 3-12–3-14.  And in the ROD, the
Forest Supervisor took those views and comments into
consideration, stating: “Some scientists and others, primarily
from agricultural disciplines, contend that disease
transmission between bighorn sheep and domestic sheep is
not a relevant factor in bighorn sheep distribution and
population declines in the wildland environment.  I have
taken these arguments into consideration while making my
decision.”  ROD 11.


Nor did these concerns escape public comment.  The
public provided extensive comments showing awareness of
these considerations, including the comments that: “The
FSEIS should be particularly thorough when assessing the
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literature on the causal relationship of disease transmission
between domestic sheep and bighorn sheep,” FSEIS A-81;
“[e]vidence linking disease outbreaks to domestic sheep is
inconclusive,” “[s]tudies documenting disease transmission
between the two species have been done in controlled
environments,” and “[s]tress could be a precursor to the onset
of sickness”, id. at A-87; and “[t]he Forest Service should
disclose plans for reduction or elimination of stressors, such
as bad weather or lack of nutrition, that can predispose
bighorn sheep to disease or exacerbate risk of mortality,” id.
at A-186.  


In Warm Springs, we found no prejudice arising from the
Army Corps of Engineers’ failure to consult the U.S.
Geological Survey because the Corps subsequently
considered the study that consultation would have revealed. 
See 621 F.2d at 1023.  Similarly here, the Forest Service’s
failure to consult did not prejudice its review process.  The
Forest Service took into account essentially the same
comments—arguments from “scientists and others, primarily
from agricultural disciplines” contesting the inference that
domestic sheep can and do transmit disease to wild bighorn
sheep—that ARS, through Dr. Knowles, would have provided
by formally consulting with the Forest Service during the
environmental review process.


The Forest Service’s failure to consult ARS is immaterial
for another reason as well.  The precise mechanisms of
disease transmission did not affect the Forest Service’s
decision.  As the FSEIS states: “The exact means by which
the disease is transferred [from domestic to bighorn sheep] is
beyond the scope of this analysis and should be conducted by
qualified researchers.”  FSEIS A-187.  The FSEIS’s
conclusion was that the scientific consensus is that disease
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transmission from domestic sheep—by whatever mechanism
and involving whatever confounding factors—poses a
sufficient risk to bighorn sheep viability to merit separation
of the bighorns from the domestic animals.  Confirming that
conclusion, numerous agencies with jurisdiction over bighorn
sheep have found the risk significant enough to compel
modification of their management plans.  See section I.B.,
supra.


Because the lack of consultation did not prevent the
Forest Service or the public from considering information
about the uncertainties in transmission of disease from
domestic to bighorn sheep such as ARS would have offered
(and which Dr. Knowles later did offer), and because
information about the precise mechanisms of such
transmission was not a basis of the Forest Service’s decision,
no prejudice resulted from the lack of consultation.


Wool Growers maintains that its member wool companies
were prejudiced—some of them went out of business due to
the Forest Service’s ultimate decision, they claim.  But this is
not the type of prejudice with which NEPA is concerned. 
Rather, the question is whether the failure to consult
somehow materially altered the environmental review
process, not whether a constituent body was harmed by the
agency’s ultimate decision.  See Cnty. of Del Norte v. United
States, 732 F.2d 1462, 1466–67 (9th Cir. 1984).  Almost
invariably, some individuals or entities are negatively
affected by an agency decision.  As long as “[t]he integrity of
the decision making process within the government and the
public’s opportunity to comment in accordance with all legal
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requirements were not compromised in any way,” id., there
is no prejudice of the sort with which NEPA is concerned.3


Accordingly, we conclude that any error arising from the
Forest Service’s failure to consult was harmless.


B. Supplementation


Wool Growers next challenges the Forest Service’s
failure to supplement the FSEIS.  “Agencies . . . [s]hall
prepare supplements to either draft or final environmental
impact statements if . . . [t]here are significant new
circumstances or information relevant to environmental
concerns and bearing on the proposed action or its impacts.” 
40 C.F.R. §1502.9(c).  But “an agency need not supplement
an EIS every time new information comes to light after the
EIS is finalized.”  Marsh v. Or. Nat. Res. Council, 490 U.S.
360, 373 (1989).  So requiring “would render agency
decisionmaking intractable, always awaiting updated
information only to find the new information outdated by the
time a decision is made.”  Id.  Thus, only “if the new
information is sufficient to show that the remaining action
will affect the quality of the human environment in a
significant manner or to a significant extent not already
considered, [must] a supplemental EIS . . . be prepared.”  Id.
at 374 (alteration and citation omitted).


   3 The Forest Service also argues that any prejudice was cured by the
thorough vetting in the district court of disease transmission questions, as
expressed in the parties’ expert declarations.  This extra-record evidence
does not cure the prejudice—the question of harmlessness is as to the
effect of an error on the NEPA process.  The expert declarations were
submitted well after the NEPA process was complete.  They cannot,
therefore, cure any prejudice, although they are informative as to whether
prejudice occurred.
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Here, Wool Growers contends that publication of the
Lawrence study in 2010, after the FSEIS issued, triggered the
Forest Service’s duty to supplement.  But: (1) the Forest
Service cited and discussed the study, in unpublished form,
numerous times in the FSEIS; (2) the study bolstered the
Forest Service’s decision by confirming that pneumonia-
linked bacteria were transmitted from domestic to bighorn
sheep, and that the transmitted bacteria likely caused the
pneumonia that killed the bighorns in the study;4 and (3) the
study, while confirming bacterial transmission between the
species in a manner not yet definitively proven, reaffirmed
the scientific consensus regarding the risk domestic sheep
present to bighorn sheep, as discussed in the FSEIS and ROD.


The FSEIS stated, for example, that “the vast majority of
literature supports the potential for disease transmission
between the species, documents bighorn die-offs near
domestic sheep, and supports the management option of
keeping these species separate to prevent disease
transmission.”  FSEIS 3-14.  The Lawrence study was fully
in accord with the literature reported, and indeed was taken
into account by the FSEIS in making that statement.  See id. 
It was eminently reasonable for the Forest Service to
determine that the publication of the Lawrence study in
essentially the form relied upon in the FSEIS did not provide
significant information not already considered.


Wool Growers also argues that the Forest Service should
have supplemented the FSEIS in light of Dr. Knowles’
critiques of the Lawrence study.  But Dr. Knowles’ critiques


   4 Wool Growers has not argued that the published version of the study
differs materially from the unpublished form to which the FSEIS cited,
and the Forest Service maintains there is no material difference.
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either: (1) conflict with the express findings of the study, of
which he was an author; or (2) state once more his views
regarding the lack of certainty in disease transmission
mechanisms.  As to the former, it was reasonable for the
Forest Service to decide that certain of Dr. Knowles’
comments—which contradict the study’s conclusion that its
“results unequivocally demonstrate transmission of M.
haemolytica from domestic to bighorn sheep, resulting in
pneumonia and death of bighorn sheep”—did not represent
“significant” new information.  The responses from other
authors of the Lawrence study disputed Dr. Knowles’
characterization of the results of the study, indicating that the
Forest Service reasonably concluded that Dr. Knowles’
critiques did not undermine the relevance of the study’s
conclusion.  And as to the latter, the Forest Service could
reasonably have decided that Dr. Knowles’ comments
regarding the unproven and unknown mechanisms of disease
transmission were already well addressed in the FSEIS, as
discussed above, and therefore that his additional comments
to the same effect did not trigger its duty to supplement the
FSEIS.  Supplementation is not required where the agency,
having taken a “hard look” at reevaluation, “determines that
the new impacts will not be . . . significantly different from
those already considered.”  N. Idaho Cmty. Action Network v.
U.S. Dep’t of Transp., 545 F.3d 1147, 1154–55 (9th Cir.
2008) (per curiam).


We conclude that the Forest Service did not act arbitrarily
or capriciously or abuse its discretion by declining to
supplement the FSEIS.
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C. Models


Wool Growers’ final challenge is to the modeling the
Forest Service used to analyze bighorn sheep home ranges
and movement, and the potential impacts of various
management alternatives.


The framework for evaluating such challenges is well-
established.  “Agencies [must] insure the . . . scientific
integrity[] of the discussions and analyses in environmental
impact statements.”  40 C.F.R. § 1502.24.  Moreover, “NEPA
requires that [EISs] contain high-quality information and
accurate scientific analysis.”  Lands Council v. Powell, 395
F.3d 1019, 1031 (9th Cir. 2005) (citing 40 C.F.R.
§ 1500.1(b)).  If relevant data is incomplete or unavailable,
the EIS “must disclose this fact.”  Id.  Thus, when an agency
uses models in its NEPA analysis, it must provide “up-front
disclosures of relevant shortcomings in the data or models.” 
Id. at 1032.  When an agency undertakes technical scientific
analyses, as with the development of models to help analyze
a problem, the court’s deference to the agency’s judgment is
at its peak.  Lands Council, 537 F.3d at 993.


1. Risk of contact model


The first model with which Wool Growers takes issue is
the risk of contact model.  Wool Growers argues that model
failed adequately to take into account obstacles to bighorn
sheep mobility, including rivers and mountains.


The Forest Service used one aspect of the risk of contact
model—the core herd home range analysis—to map the home
ranges for the fifteen herds in the Payette, as well as one
“area of concern.”  The home range boundaries were
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developed using telemetry data from radio-collared bighorn
sheep.  A second aspect of the model, the foray analysis, was
used to map the distances bighorn sheep travel outside their
home ranges.  The Forest Service used the model, overall, to
predict whether a given foray by a bighorn from its core
home range would intersect a grazing allotment between May
and October, the months during which domestic sheep were
permitted to graze in the Payette.  Contrary to Wool Growers’
argument, the risk of contact model does take into account
obstacles to mobility.  The model incorporates telemetry data
of actual bighorn sheep movements within the Payette.  That
data necessarily accounts for any topographical features that
impede bighorn mobility, as it indicates the distances bighorn
sheep actually move across the landscape.5  Also, bighorns’
chosen habitat is rugged, including steep, rocky terrain that
permits them to escape from predators.  Thus, much of the
Payette’s mountainous terrain does not serve as a barrier to
bighorn sheep movement, although it might be a barrier to the
movement of other species.  And the Forest Service has
pointed to evidence indicating that rivers are not obstacles to
bighorn sheep, as they have been known to swim across the
largest ones in the region.  See W. Watersheds Project v.
BLM, No. 09-0507-E-BLW, 2009 WL 3335365, at *4 (D.
Idaho Oct. 14, 2009).  Wool Growers’ argument that the risk
of contact model failed to account for barriers to movement
therefore fails.


Wool Growers next contends that the risk of contact
model should have been validated by comparing the model’s


   5 The FSEIS also notes that, for various reasons, the telemetry data does
not include some of the longest forays.  It therefore underestimates the
distances moved by bighorn sheep and thus the extent to which they are
able to traverse challenging terrain.  See FSEIS 3-35–36.
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predicted values with actual values to assess the model’s
reliability.  Neither the Forest Service nor Intervenors directly
respond to this argument, although both generally note that
the models: (1) were developed by leading experts in the
field; (2) were derived from peer-reviewed and published
models used to study bighorn sheep movements in the Sierra
Nevada mountains of California; and (3) rely on a large data
set reflecting actual bighorn sheep movements in the Payette.6


We reject Wool Growers’ argument.  The Forest Service
is owed greater-than-average deference as it relates to its
choice of technical methodologies.  Also, as the
methodologies used to construct the risk of contact model
were peer-reviewed and used successfully elsewhere, it was
not unreasonable for the Forest Service to rely on the model,
adjusted to fit local circumstances in the Payette.  The model
was reliable as a predictor of actual movements because it
was predicated on data depicting actual bighorn sheep
movements.  Given the model’s Payette data-based origin, the
Forest Service could reasonably assume that its predictions
were sufficiently reliable to satisfy NEPA.


Ultimately, the Forest Service used top-rate model
designers; relied on peer-reviewed methodologies applied by
other bighorn researchers addressing similar issues; and
incorporated on-the-ground data of bighorn sheep movements
within the Payette.  Given the foregoing, and in light of the


   6 Wool Growers also challenge the risk of contact model on the ground
that two of the Forest Service’s experts expressed conflicting views
regarding whether the model takes into account barriers to bighorn sheep
forays.  Even assuming the experts’ statements conflict—and it is not clear
they do—those statements, which were presented only at the district court,
did not in any way affect the analysis in the FSEIS, which we find
reasonable.
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deference owed to the agency when undertaking technical
analysis within its purview, the Forest Service’s reliance on
the risk of contact model was not arbitrary, capricious, or an
abuse of discretion.  Cf. Lands Council, 537 F.3d at 990–94
(holding that the Forest Service did not act arbitrarily and
capriciously by failing to verify its model with on-the-ground
data).


2. Disease model


Wool Growers asserts two final points of error, related to
the Forest Service’s disease model.  Wool Growers contends
the model did not consider the effects of time on disease
transmission, including both when and for how long bighorn
and domestic sheep will be in contact with one another in the
Payette, as well as the precise timing and period of contact
necessary for transmission to occur.


Determining both the amount of time bighorn and
domestic sheep spend cohabiting and the effects of timing on
disease transmission involve uncertainties acknowledged by
the Forest Service in the FSEIS.  The degree to which both
kinds of uncertainty affect the usefulness of the disease model
can be resolved by the same three responses, as the Forest
Service explained in the FSEIS: 


(1) The disease model was not designed to predict actual
disease outbreak probabilities.  Instead, the Forest Service
used the model to predict the likelihood that extirpation of
bighorn sheep subpopulations would result from various
alternative management plans, assuming probabilities of
disease transmission risk ranging from 5% to 100%.  The
Forest Service did not use the disease model to predict a
particular level of actual risk.
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(2) Because the steps of disease transmission are
uncertain—including the duration of contact between bighorn
and domestic sheep and the precise timing and coincidence of
events necessary for transmission to occur—the Forest
Service ran the model at multiple different probability values. 
By using the model to test various proposed plans at different
risk levels, the Forest Service accounted for the uncertainty
of the variables involved.


(3) Most importantly, the Forest Service clearly explained
the assumptions on which it built the model and the
uncertainties inherent in it, thereby identifying the model’s
limitations.  The FSEIS states, for example: “We do not
understand all of the mechanisms involved in potential
disease transmission between the species,” FSEIS 3-13;
“[There is] so much uncertainty surrounding [the probability
of contact resulting in disease transmission] and essentially
no research . . . that would allow its estimation,” id. at 3-43;
and “[t]he complexity of the [disease transmission] model
and the number of variables whose estimation was necessary
to run it . . . imply a high degree of uncertainty of its results,”
id. at 3-56.  Those explanations and acknowledgments are all
that NEPA requires.  Powell, 395 F.3d at 1031–32 (citing 40
C.F.R. § 1500.1(b)).  Were that not the case, government
actions affecting the environment, positively or negatively,
could be hamstrung by the need for unattainable scientific
certainty. 


Wool Growers points to additional available information
regarding domestic sheep movement within allotments—
grazing permits, operating instructions, and post-season
actual-use reports—the Forest Service could have used to
evaluate more accurately the likelihood that bighorn sheep
would cohabit with domestic sheep.  But as the FSEIS
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explained, so much uncertainty surrounds contact
probabilities that the Forest Service chose not to estimate the
likelihood of actual contact.  Specifically, the FSEIS observed
that, while this information was relevant, it could not be
incorporated into the modeling because domestic sheep: (1)
graze differently on the allotments each year; and (2) could be
anywhere in the Payette between May and October, and could
stray during that time or be left behind after the grazing
season.  Given these uncertainties, the Forest Service did not
act unreasonably by using a range of probabilities to model
the risk of disease transmission.


Wool Growers’ contention that the Forest Service should
have modeled a disease transmission probability of 0% fares
no better.  If the disease transmission probability used was
0%, the models would necessarily show a 0% risk of
extirpation due to disease transmission for any possible
management plan.  Because of the obviousness of this
outcome, a 0% value would not inform the environmental
review process.  Perhaps the Forest Service could have used
a 1% probability to flesh out more fully the effects of disease
transmission, given various management alternatives.  But in
the face of competing reasonable methodologies, we do not
substitute our judgment for that of the agency.  That the
Forest Service could have chosen a different methodology
does not render the extensive analysis it undertook arbitrary
or capricious.7


   7 The peer-reviewed Clifford study of bighorn sheep in the Sierra
Nevada assumed that, given contact between domestic and bighorn sheep,
the likelihood of disease transmission ranged from 50% to 100%.  Here,
the Forest Service chose much more conservative probabilities for use in
its disease model.
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In sum, the disease model was used for a limited purpose,
and, for that purpose, was sufficiently grounded in
scientifically acceptable methodology to shed some light on
the choice of an appropriate management plan.  As the ROD
explained: “Determining the probability that a bighorn sheep
will reach an occupied [domestic sheep grazing] allotment [in
the Payette] and that contact between the species will result
in disease transmission is problematic,” partly because “there
is . . . essentially no research that would allow . . . estimation”
of the likelihood of disease transmission.  ROD 12.  Given
the Forest Service’s open acknowledgment of the model’s
limitations, the uncertainties inherent in estimating contact
and disease transmission, and the actual use of the
model—which was not to estimate actual probabilities of
disease transmission—the Forest Service’s development and
use of the disease model was not arbitrary, capricious, an
abuse of discretion, or otherwise contrary to law.


III.


In light of the foregoing, we conclude that the Forest
Service committed no reversible error in preparing the FSEIS
and ROD.  Accordingly, we AFFIRM.
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1 Introduction 
Completed in July 2003, the Southwest Idaho Ecogroup Land and Resource Management Plans 
Final Environmental Impact Statement (FEIS) and Record of Decision (ROD) were the product 
of regional planning efforts to revise the 1988 Payette National Forest Land and Resource 
Management Plan (Forest Plan) as required by the 1982 National Forest Management Act 
(NFMA) implementing regulations (36 CFR 201). The Intermountain Regional Forester received 
five appeals of the decision to implement Alternative 7 as described in the ROD. Appellants 
contended that the Intermountain Regional Forester (Regional Forester) violated the NFMA and 
Hells Canyon National Recreation Area (HCNRA) Act on the Payette National Forest by 
providing for grazing of domestic sheep within or near the range of bighorn sheep, thus 
threatening the viability of bighorn sheep though disease transmission. 


On March 9, 2005, the Chief of the Forest Service (Chief) concurred that the effects analyzed 
and the discussion of cumulative effects pertaining to bighorn sheep presented in the FEIS did 
not adequately address viability or the potential for disease transmission and reversed the 
Regional Forester's 2003 decision to approve revised management direction for the 
Hells Canyon Management Area (MA) as it pertained to bighorn sheep and its habitat. The Chief 
stated that allowing continued domestic sheep grazing in or near occupied bighorn sheep habitat 
could threaten the viability of bighorn sheep populations within the Hells Canyon area and across 
the Payette National Forest. 


The Chief instructed the Regional Forester to reanalyze the potential impacts of domestic sheep 
grazing on bighorn sheep viability on the Payette National Forest to ensure habitat is available to 
support a viable population of bighorn sheep and support a determination of compliance with the 
HCNRA Act, supplementing the FEIS and to amend the Forest Plan as necessary to address 
habitat needs to maintain bighorn sheep viability. 


In September 2008, the U.S. Forest Service released a Draft Supplemental Environmental Impact 
Statement (DSEIS) that proposed to modify, delete, and add to the current Forest Plan direction 
in response to the Chief's instructions. This direction was proposed to be incorporated into the 
current Forest Plan (USDA Forest Service 2003a) through a Forest Plan Amendment. In January 
2010, the Forest Service released an update to the DSEIS that provided interested stakeholders 
and the public an opportunity to review and comment on improved analyses and alternatives. 
The Forest Service has now completed the Final Supplemental Environmental Impact Statement 
(FSEIS) to supplement the 2003 Southwest Idaho Ecogroup Land and Resource Management 
Plans FEIS. The FSEIS was written to identify suitable rangelands for domestic sheep and goat 
grazing, identify vacant allotments on the Payette NF for closure and amend the Forest Plan with 
direction to maintain habitat necessary to supp0l1 viable populations of bighorn sheep. This ROD 
describes my decision and its rationale. 


Forest Setting 


The Payette National Forest is located in west central Idaho, in Adams, Idaho, Valley, and 
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Wasrungton Counties (Figure 1). The Forest adrrunisters an estimated 2.3 million acres of 
Federal lands that are split into two sections; the west side and the east side (Figure 2). 
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Figure 2. Payette National Forest Proclaimed and Administrative Boundaries 


Elevations vary greatly across the Payette National Forest from 1,600 feet in the Snake River 
Canyon to over 9,500 feet in the Salmon River Mountains, The area contains major mountain 
ranges and major river systems, such as the mainstem Salmon River, Middle Fork Salmon River, 
South Fork Salmon River, Little Salmon River, and the Snake River in Hells Canyon, The 
Payette National Forest provides habitat for nearly 300 terrestrial species, including Rocky 
Mountain bighorn sheep, 


The socio-economic area of influence for the Payette National Forest includes six counties and 
seven communities. Because people use the surrounding forest and non-forested settings for 
social and cultural purposes, as well as a variety of goods and services, National Forest 
management has many influences. People view scenery and wildlife; recreate; and utilize 
vegetation for cultural, social, and economic reasons. Twenty-four domestic sheep and goat 
grazing allotments are located on the Payette National Forest (Figures 3 and 4). 
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,Background 


Prior to the mid-1800s, bighorn sheep were abundant and widely distributed throughout the 
western United States, including Idaho. Numbers of bighorn sheep in North America were 
estimated to be about l.5 to 2 million sheep. Large declines in both abundance and distribution 
of bighorn sheep occurred during the late 1800s and early 1900s as a result of overharvest, 
habitat loss, competition for forage, and disease transmission from domestic sheep that grazed in 
bighorn sheep habitat. Today, despite recurring recovery efforts, bighorn sheep occur at less than 
10 percent of historic numbers. The current distribution is estimated at less than 30 percent of 
historic distribution, with most existing within relatively small and isolated populations. 


Only portions of two bighorn sheep metapopulations remain on the Payette National Forest, one 
within Hells Canyon of the Snake River and the other among the Salmon River Mountains. 
Historically, these populations were likely connected by suitable habitats between the two major 
drainages and recently, bighorn sheep have been observed travelling from Hells Canyon to the 
Salmon River and back again. More than 10,000 bighorn sheep may have once lived in the 
Hells Canyon and surrounding mountains, but they were extirpated by the mid-1940s. Through 
reintroduction, 474 bighorn sheep were transplanted into Hells Canyon between 1971 and 2004. 
Seven die-offs have been reported since 1971. Today, the population is estimated at 850 animals. 
The Salmon River metapopulation was never extirpated. Winter population surveys conducted in 
2001,2003, and 2004 document at least 508 bighorn sheep within the various drainages of the 
Salmon River and 210 bighorn sheep in the South Fork Salmon River and Main Salmon River. 
Historic accounts of major die-offs of bighorn sheep in the Salmon River Mountains began in 
approximately 1870. The population has experienced periodic die-offs and population decline 
since that time. The current estimated numbers of bighorn sheep in hunting units in and around 
the Payette National Forest has decreased 47 percent since 1981. 


During the late 19th and early 20th centuries, large numbers of domestic sheep were grazed on the 
Payette National Forest. In 1915, 174,445 sheep were permitted to graze on the Payette National 
Forest. This number declined throughout the 20th century to around 18,300 in 2009. Today, four 
pennittees are authorized through term grazing permits to graze sheep on the Payette National 
Forest. Both statutory and case laws infer that a term grazing permit represents a privilege, not a 
prope11y right, to use National Forest System lands and resources. Procedures exist to modify or 
cancel term grazing permits. Although the Multiple Use Sustained Yield Act of 1960 directs that 
National Forests provide for multiple uses, such as range, it also states that some land will be 
used for less than all resources and periodic adjustments in use to conform to changing needs and 
conditions are allowed. 


Extensive scientific literature supports the relationship between disease in bighorn sheep 
populations and contact with domestic sheep although the mechanisms of disease transmission 
are not fully understood. Field observations have associated bighorn sheep respiratory disease 
events when observed near domestic sheep, which has led to numerous independent research 
efforts. The results of this research provide strong evidence that bighorn sheep have a high 
probability of contracting fatal pneumonia following contact with domestic sheep. As a result, 
many Federal land management agencies and State wildlife managers recommend eliminating 
shared use of ranges by bighorn and domestic sheep. 
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Review of Disease Transmission and Bighorn Sheep 


Free-ranging bighorn sheep are susceptible to many diseases. The most important of these is 
bronchopneumonia, which is usually associated with bacteria in the genera Pasteurella and 
Mannheimia (Bunch et al. 1999, Miller 2001). Pneumonia caused by these bacteria has produced 
partial-to-complete die-offs of herds across the species' range, with the frequency of die-offs 
being particularly high in the northwestern United States (Monello et al. 2001). The current 
abundance and distribution of the species appears to be largely limited by recurrent pasteurellosis 
epidemics (Hobbs and Miller 1992, Jorgenson et al. 1997, McCarty and Miller 1998) . 


A long history of large-scale, rapid, all-age die-offs in bighorn sheep has been documented 
across Canada and the United States, many presumed associated with domestic animal contact 
(Shackleton 1999). Although limited knowledge of transmission dynamics exists (Garde et al. 
2005), extensive scientific literature supports a relationship between disease in bighorn sheep 
populations and contact with domestic sheep. The literature includes both circumstantial 
evidence linking bighorn die-offs in the wild to contact with domestic animals and controlled 
experiments where healthy bighorn sheep exposed to domestic sheep displayed subsequently 
high mortality rates (Foreyt 1989, 1990, 1992; Foreyt et al. 1994; Onderka et al. 1988; Onderka 
and Wishart 1988; Garde et al. 2005). While much of the evidence for disease transmission from 
domestic sheep to free-ranging bighorn sheep is circumstantial, a large literature base has 
emerged that documents bighorn sheep die-offs near domestic sheep. 


Although various stressors and organisms have been implicated in causing bighorn sheep 
die-offs, death is most often attributed to bacterial pneumonia caused by Pasteurella spp. and 
Mannheimia haemolytica. However, the interaction of disease outbreaks with other stressors 
(both disease and otherwise) in bighorn sheep populations is poorly understood. Recent research 
suggests the complex interactions of disease agents themselves increases uncertainty in diagnosis 
and may also predispose bighorn sheep to secondary disease events. Additional research is 
needed on the interactions of disease pathogens, but it is reasonable to expect bighorn sheep are 
susceptible to diseases caused by multiple pathogens that result in multiple disease cycles 
(e.g., Mycoplasma ovieneumoniae, viruses, internal and external parasites, and other bacterial 
taxa). 


Additional stressors include overcrowding on limited range; loss of escape cover; harassment by 
dogs; encroachment by humans; heavy snowfall and other weather stressors (Bunch et al. 1999); 
parasitism; poor nutrition; predation; and other human disturbances such as roads, habitat 
degradation, noise, genetics, high population densities; capture and restraint techniques; breeding 
behavior; the presence of other wildlife, and high dust levels (Festa-Bianchet 1988, Jenkins et al. 
2000, Jones and Worley 2004, Foreyt 1998 Monello et al. 2001). These stressors may reduce the 
ability of bighorn sheep to resist disease (Garde et al. 2005) 


On the Payette National Forest, 21 percent of bighorn sheep summer source habitat and 9 percent 
of winter source habitat is within domestic sheep and goat allotments and trailing routes that 
cross source habitat. Bighorn sheep utilizing these habitats are at increased risk for disease when 
domestic sheep are on the allotments. A risk of contact with resultant disease transmission may 
occur from any overlap between source habitat and domestic sheep and goat allotments and the 
travel corridors that bighorn sheep traverse between their source habitats. 


The 1982 NFMA planning regulations provide direction for managing fish and wildlife habitat to 
maintain viable populations of existing native vertebrate species within the planning area 
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(36 CFR §2l9.19 and §219.27(a)). The regulations state that habitat must be provided to support, 
at least, a minimum number of reproductive individuals and that habitat must be well distributed 
so that those individuals can interact with others in the planning area. Although the NFMA 
provides direction on viability, a recent court case (Lands Council v. McNair Decision, No. 07­
35000 (9th Circuit, July 2,2008)), stated that the NFMA is explicit that wildlife viability is not 
the Forest Service's only consideration when developing site-specific plans for National Forest 
System lands. The NFMA states that the Forest Service must provide for multiple use and 
sustained yield and include coordination of outdoor recreation, range, timber, watershed, wildlife 
and fish, and wilderness. 


The HCNRA Act provides direction for the "administration, protection and development" of the 
HCNRA. Although grazing is identified as one of several traditional uses of the recreation area, 
the act and its implementing regulations require that the Payette National Forest manage 
livestock grazing in a manner compatible with the protection and maintenance of bighorn sheep 
or their habitat in the HCNRA. Several bighorn sheep herds utilize the HCNRA and move freely 
back and forth to other National Forest System and BLM lands, including the Payette National 
Forest. Grazing domestic sheep on allotments on or adjacent to the HCNRA puts bighorn sheep 
at risk of contracting pasteurellosis (pneumonia) with subsequent mortality. 


On July 29, 2009, the Regional Forester added bighorn sheep to the Sensitive Species list on all 
Forests in the Intermountain Region. The objectives of sensitive species management are to 
prevent listing undeLthe Endangered Species Act (ESA), avoid or minimize impact to species 
whose viability has been identified as a concern, maintain viable populations of native species, 
and to develop and implement management objectives for populations and habi tat of sensitive 
species. 
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Part 


2 Decision and Rationale 



Decision Authority 


I have been delegated the authority to make this decision by the Secretary of Agriculture and 
Chief of the Forest Service (36 CFR 219.10 (f)). 


Decision 


I have decided to select Alternative 70 with implementation modifications (70 modified). This 
decision amends the 2003 Payette Land and Resource Management Plan as described in 
Appendix 0 of the Final Supplemental Environmental Impact Statement (FSEIS), identifies 
lands as suitable for domestic sheep and goat grazing and closes the vacant Shorts Bar Domestic 
Sheep and Goat allotment. The Amended Forest Plan Standards and Guidelines and monitoring 
plan and the closure of the Shorts Bar Allotment are effective 30 days after the decision is made 
(Appendix 0). Alternative 70 modified will be implemented as follows: 


• 	 20 I O-Continue grazing as authorized in the 20 I 0 Annual Operating Instructions for the 
remainder of the 2010 grazing season 


• 	 20 II-Implement management as described for Alternative 7P for one grazing season 
• 	 20 12-Implement management as described for Alternative 7N for one grazing season 
• 	 2013-Implement management as described for Alternative 70 


2010-Continue 2010 Annual Operating Instructions: Permittees will be notified of my 
decision and the implementation schedule; grazing will continue as authorized for 20 I 0 grazing 
season. The following areas will be unsuited for domestic sheep and goat grazing: all of the 
Curren Hill Allotment; the portion of the Smith Mountain Allotment that lies within the HCNRA 
and the following pastures areas that lie either within or outside of the HCNRA: the Deep Creek, 
Echols Butte, Snake River/Indian Creek and the north and west portions of the Smith Mountain 
pastures; the northern p0l1ion of the Hershey Lava Allotment; and the entire French Creek 
Allotment. An estimated 75,329 acres are identified as suitable rangelands for domestic sheep 
and goat grazing. In addition to trailing routes within the areas noted above, the Salmon River 
Driveway south of the intersection with the Hornet Creek Road and Marshall Mountain will not 
be authorized for domestic sheep use. Monitoring measures and Forest Plan direction will be 
implemented as described in Appendix 0 of the FSEIS. 


20ll-Implement Management as Described for Alternative 7P for One Grazing Season: 
On the west side of the Payette National Forest, all acres of the Curren Hill, Boulder Creek, and 
Surdam Allotments will be designated as unsuited for domestic sheep grazing. The western 
65 percent of the Smith Mountain Allotment and the western 15 percent of the Price Valley 
Allotment will also be designated as unsuited for domestic sheep grazing. On the east side of the 
Payette National Forest, all of the Shorts Bar, Little French Creek, French Creek, 
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Marshall Mountain, and North Fork Lick Creek Allotments will be designated as unsuited for 
domestic sheep and goat grazing. The northeast 75 percent of Hershey Lava, eastern 15 percent 
of Josephine, western 75 percent of Bear Pete, southern 50 percent of Victor-Loon and eastern 
75 percent of Twenty Mile will be designated as unsuited for domestic sheep and goat grazing. 
An estimated 46,106 acres will be identified as suitable rangelands for domestic sheep and goat 
grazing. Trailing will not be authorized in areas designated as unsuited for domestic sheep and 
goat grazing as displayed in the FSEIS. Monitoring measures and Forest Plan direction will be 
implemented as described in Appendix 0 of the FSEIS. 


20l2-Implement Management as described for Alternative 7N for One Grazing Season: 
On the west side of the Payette National Forest, all of the Curren Hill, Boulder Creek, and 
Surdam Allotments will be designated as unsuited for domestic sheep grazing. The western 
65 percent of the Smith Mountain Allotment and the western 15 percent of the Price Valley 
Allotment will be designated as unsuited for domestic sheep and goat grazing. On the east side of 
the Payette National Forest, all of the Shorts Bar, Grassy Mountain, Vance Creek, Hershey Lava, 
Little French Creek, French Creek, Marshall Mountain, and North Fork Lick Creek Allotments 
will be designated as unsuited for domestic sheep and goat grazing. The eastern 15 percent of 
Josephine, western 75 percent of Bear Pete, southern 50 percent of Victor-Loon and eastern 
75 percent of Twenty Mile Allotments will be designated as unsuited for domestic sheep and 
goat grazing. An estimated 38,392 acres are identified as suitable rangelands for domestic sheep 
and goat grazing. Trailing will not be authorized in areas designated as unsuited for domestic 
sheep and goat grazing as displayed in the FSEIS . Monitoring measures and Forest Plan . 
direction will be implemented as described in Appendix 0 of the FSEIS. 


2013-Fulll Implementation of Alternative 70: On the west side of the Payette National 
Forest, all of the Curren Hill, Boulder Creek, and Surdam Allotments will be designated as 
unsuited for domestic sheep grazing. The western 65 percent of the Smith Mountain Allotment 
and the western 15 percent of the Price Valley Allotment will be designated as unsuited for 
domestic sheep and goat grazing. On the east side of the Payette National Forest, all of the Shorts 
Bar, Grassy Mountain, Vance Creek, Hershey Lava, Little French Creek, French Creek, 
Josephine, Bear Pete, Marshall Mountain, Victor-Loon, North Fork Lick Creek, and Lake Fork 
Allotments will be designated as unsuited for domestic sheep and goat grazing. The eastern 75 
percent of the Twenty Mile and the northern 10 percent of the Jug Handle Allotments will be 
unsuited for domestic sheep and goat grazing. An estimated 31,592 acres are identified as 
suitable rangelands for domestic sheep and goat grazing. Trailing will not be authorized in areas 
designated as unsuited for domestic sheep and goat grazing as displayed in the FSEIS . 
Monitoring measures and Forest Plan direction will be implemented as described in Appendix 0 
of the FSEIS. 


Rationale for the Decision 


Over the past four years, I have gained an understanding and appreciation for the complexities 
and controversy surrounding the issue of disease transmission between domestic and bighorn 
sheep and the potential economic consequences of restricting domestic sheep grazing on the 
Forest. In making my decision, I considered the preponderance of scientific literature that 
supports the potential for disease transmission between the species and opposing arguments that 
question the science and dispute the connection. Although I carefully considered public 
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comments and the issues identified through the planning process, I am sure that my decision will 
not satisfy everyone. 


As instructed in the Chief's direction regarding the appeal review of the FEIS for the Forest Plan, 
the viability analysis for bighorn sheep on the Payette National Forest has been completed. As 
part of the assessment, I reviewed the available bighorn sheep source habitat, its distribution 
across the Payette National Forest, and its congruity. In addition, I considered how bighorn sheep 
are using and have used the source habitat at a landscape scale internal to the Payette National 
Forest and between adjacent Federal lands. I also reviewed the relative risk of foray contact with 
permitted domestic sheep and reviewed the disease model. 


A long history of large-scale, all-age die-offs in bighorn sheep exists across Canada and the 
United States, many associated with domestic sheep contact. Although limited knowledge of 
transmission dynamics exists, extensive scientific literature supports the relationship between 
disease in bighorn sheep populations and contact with domestic sheep. The literature documents 
both circumstantial evidence linking bighorn die-offs in the wild to contact with domestic 
animals and controlled experiments where healthy bighorn sheep exposed to domestic sheep 
resulted in bighorn sheep mortality. Recent serological research has documented the transmission 
of specific pathogens between domestic and bighorn sheep that are non-lethal in domestic sheep 
but lethal in bighorn sheep. 


Despite the large body of evidence, the economic consequences of restricting domestic sheep 
grazing have polarized the issue. Some scientists and others, primarily from agricultural 
disciplines, contend that disease transmission between bighorn sheep and domestic sheep is not a 
relevant factor in bighorn sheep distribution and population declines in the wildland 
environment. I have taken these arguments into consideration while making my decision. I 
considered the degree of scientific uncertainty concerning the risk of foray contact and potential 
disease transmission. Arguably, much of the evidence is circumstantial; however, the 
compilation of cases throughout several decades does contribute to an increasing body of 
evidence that overwhelmingly demonstrates bighorn sheep near domestics are at risk for disease 
transmission, even though "contact" may not have actually been observed. 


The disease review sections of the FSEIS consider a large body of peer reviewed and published 
literature spanning several decades that address the arguments. While there clearly are gaps in 
the knowledge base on the causal factors and mechanisms of bighorn sheep die-offs and disease 
transmission between the species, the majority of literature supports the potential for disease 
transmission between the species, documents bighorn die-offs near domestic sheep, and supports 
the management option of keeping these species separate to prevent disease transmission. 
Further, there is no peer reviewed literature that suggests bighorn sheep can be grazed with 
domestic sheep without concern for disease transmission between the species. Scientists from 
both sides of the issue also recommend that the species be kept separate until the disease 
transmission science is better understood. 


The analysis conducted for the FSEIS recognizes the uncertainties but clearly focuses on the 
Agency's responsibility to provide habitats to support viable populations of bighorn sheep, 
particularly given the risks that the species currently faces relative to the devastating impacts of 
disease. 


The analysis for the FSEIS uses published literature and expert knowledge about bighorn sheep 
habitat and life history traits to model the potential implications of contact and disease 
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transmission in populations on, or adjacent to, the Payette National Forest. For the analysis, we 
worked with population and disease modeling experts from the Center for Animal Disease 
Modeling and Surveillance from the University of California at Davis to develop models and 
analyses based on telemetry data collected by Idaho Department of Fish and Game, Oregon 
Department of Fish and Wildlife, and Washington Department of Fish and Wildlife from bighorn 
sheep populations that utilize habitat on or adjacent to the Payette National Forest. These data 
include over 54,000 telemetry points, representing approximately 400 individuals for the two 
metapopulations. The data portray the actual movement of bighorn sheep in the field. As part of 
the analysis, actual data were used for the models to limit the number of assumptions. The 
models were developed to better understand bighorn sheep habitat suitability, the potential for 
contact between bighorn sheep and domestic sheep, and the inferences for disease transmission 
between the species. Outputs from this information helped inform the cumulative effects analysis 
and provided a relative comparison between the alternatives carried into detailed study. These 
models include 1) a bighorn sheep source habitat model, 2) a risk of contact model that utilizes a 
bighorn sheep core herd home range analysis and bighorn sheep foray analysis, and 3) a disease 
model. 


I considered outputs derived from the models as a basis for comparing alternatives with respect 
to the risk of foray contact between domestic and bighorn sheep, and to estimate implications for 
disease transmission between the species in the short -term (3-15 years) and the long-term (over 
15 years). Three factors were considered in assessing the potential impacts of disease on 
populations: 1) rate of contact between bighorn sheep and domestic sheep, 2) probability that 
contact will result in transmission of disease, and 3) effect of disease on the bighorn sheep 
population. The rate of contact was estimated by using a large telemetry data set to model core 
herd home ranges and bighorn sheep forays outside of home ranges relative to the availability of 
source habitats. Telemetry data indicate that one bighorn ram has travelled up to 35 kilometers; 
however, the data indicate that the vast majority of forays end at 26 kilometers. Forays have been 
documented occurring mostly within source habitat and the analysis has shown that bighorn 
sheep are 97 percent less likely to occur in non-habitat. Outputs of the core herd home range and 
foray analyses were used to determine the likely rate of bighorn sheep contact with domestic 
sheep and goat allotments. The source habitat model was used to estimate the amount of bighorn 
sheep summer source habitat receiving protection and the percentage of rangelands on the 
Payette National Forest identified as suited for domestic sheep grazing for each alternative. 


Determining the probability that a bighorn will reach an occupied allotment and that contact 
between the species will result in disease transmission is problematic. In a similar analysis 
applied to populations of endangered Sierra Nevada bighorn sheep, researchers assumed that any 
cohabitation with domestic sheep was equivalent to contact and subsequent disease transmission 
(i.e., 100 percent probability of a contact resulting in disease transmission). In the analysis for 
this FSEIS, we used a range of probabilities of contact resulting in disease transmission because 
there is so much uncertainty surrounding this parameter and essentially no research that would 
allow its estimation. The values we used were 5 percent, 10 percent, 25 percent, 50 percent, 
75 percent, and 100 percent. By using a range of values, we also were able to address arguments 
that question the hypothesis that bighorn sheep have a high likelihood of contracting fatal 
respiratory disease following contact with domestic sheep. Under current management 
(i.e., Alternative 7), the Little Salmon, Main Salmon South Fork, Upper Hells Canyon, and 
Sheep Mountain populations have a high probability of extirpation, even when the probability of 
a disease outbreak given contact is assumed to be low (i.e., 1 in 20 or 0.05). 
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Although I considered 28 alternatives, my decision space was fairly limited. My decision space 
was bounded by the following criteria: 


• 	 Provide adequate habitat to support a viable population of bighorn sheep as directed in 
regulations implementing the NFMA, 


• 	 Comply with the HCNRA Act, 
• 	 Honor tribal rights and interests, 
• 	 A void or minimize impacts to bighorn sheep, which are identified as a sensitive species, 
• 	 Eliminate overlap of domestic sheep and goat allotments with bighorn sheep core herd 


home ranges, 
• 	 Maintain domestic sheep and goat grazing where the risk of contact can be avoided to 


address the Multiple Use Sustained Yield Act, 
• 	 Implement monitoring measures and Forest Plan direction to provide habitat that supports 


viable bighorn sheep populations, and 
• 	 Provide resources to implement the decision that are reasonable for the long term. 


Based on the analysis completed, comments received, a thorough review of the science and 
alternative arguments, I chose Alternative 70 modified as the selected alternative to be 
implemented in 2010. I believe the selected alternative provides adequate habitat to support a 
viable population of bighorn sheep as directed in regulations implementing the NFMA; it 
complies with the HCNRA Act; honors tribal rights and interests, eliminates overlap of domestic 
sheep and goat allotments with core herd home ranges, and best met the other decision criteria 
listed above. Although implementing Alternative 70 modified will require additional monitoring 
and compliance with the Forest Plan direction, I am willing to invest the resources to provide 
some time for the grazing industry to find alternate grazing opportunities. In the analysis, 
Alternatives 7N and 70 provide the greatest opportunity for bighorn sheep population expansion 
within habitat due to limited domestic sheep and goat grazing in source habitat. Alternative 70 
provides for more assurance of future expansion of bighorn sheep populations in and around the 
Payette National Forest. Alternative 70 also meets the needs for a sensitive species as it does not 
contribute to a further downward trend in bighorn sheep population numbers . 


Alternative 70 modified includes implementation of management described under 
Alternative 7P for 2011, where the highest risk for foray contact areas will be unsuited for 
domestic sheep and goat grazing (FSEIS 2-12,133-100,101). Approximately, 90 percent of 
bighorn sheep summer source habitat is protected and 46 percent of rangelands suited for 
domestic sheep are retained. The annual rate of contact for Main Salmon/South Fork herd is 0.12 
and Upper Hells Canyon herd is 0.05. Most herds have a probability of extirpation less than 
25 percent, assuming a disease outbreak given contact of 0.25 (1 in 4) within 100 years 
(Table W -18). The exceptions are the Upper Hells Canyon and Sheep Mountain herds that have a 
probability of extirpation of 40 and 100 percent within 100 years, respectively. Obviously, the 
lower the probability of contact, the more likely a bighorn sheep population will persist. Under 
Alternative 7P, we estimate that a disease outbreak may occur every 19 years, assuming a 
probability of disease outbreak given contact of 0.25. I believe that this risk for contact is 
acceptable for a I-year period only. 


Alternative 70 modified includes implementation of management described under 
Alternative 7N for 2012, where additional areas of risk for foray contact are identified as 
unsuited for domestic sheep and goat grazing (FSEIS, pages 2-11,2-12, 3-100). Under 
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Alternative 7N, 92 percent of bighorn sheep summer source habitat is protected and 38 percent 
of rangelands suited for domestic sheep are retained. The annual rate of contact for Main 
Salmon-South Fork herd is 0.08 and Upper Hells Canyon herd is 0.03. Most herds have a 
probability of extirpation of less than 15 percent assuming a probability of disease outbreak 
given contact of 0.25 (1 in 4) (Table W -19). The exceptions are the Upper Hells Canyon and 
Sheep Mountain herds that have a probability of extirpation of 24 and 100 percent, respectively. 
Under Alternative 7N, we estimate that a disease outbreak may occur every 31 years, assuming a 
probability of disease outbreak given contact of 0.25. I believe that this risk for contact is 
acceptable for the I-year period only. 


Under Alternative 70, additional areas of risk for foray contact are identified as unsuited for 
domestic sheep and goat grazing in 2013 and beyond (FSEIS , pages 2-12 and 3-100) . Under this 
alternative, 94 percent of bighorn sheep summer source habitat is protected and 31 percent of 
rangelands suited for domestic sheep are retained. The annual rate of contact for 
Main Salmon/South Fork herd is 0.04 and Upper Hells Canyon herd is 0.03. Most herds have a 
probability of extirpation less than 10 percent (i.e., 1 in 10), with a 0.25 contact/outbreak 
assumption (Table W -20). The exceptions are the Upper Hells Canyon and Sheep Mountain 
herds that have a probability of extirpation of 22 and 100 percent, respectively. This alternative 
was designed to remove all areas of foray risk of contact and keep remaining allotments as intact 
as possible and provide adequate habitat for bighorn sheep viability and future expansion of the 
species. Under Alternative 70, we estimate that a disease outbreak may occur every 46 years, 
assuming a probability of disease outbreak given contact of 0.25. I believe this is the appropriate 
risk level for long-term management of domestic sheep and goat grazing while providing 
adequate habitat for bighorn sheep populations. 


In selecting Alternative 70 modified, I am making a range suitability determination based on the 
risk of contact during a foray and probability of disease transmission. None of the models 
considered the effect that implementing monitoring measures and Forest Plan direction would 
have on the probability of contact between the two species. The investment in monitoring and 
compliance with Forest Plan direction will decrease the risk of foray contact and potential of 
disease transmission and allow us to safely implement Alternative 70 modified. Given current 
population levels, the low probability of foray contact, and compliance with Forest Plan direction 
and monitoring, allowing a gradual reduction in suited grazing lands maintains a low risk of 
extirpation. Based on current and expected resources for monitoring, implementation of 
Alternative 70 modified is feasible. 


We used the risk of contact model to assess two potential cumulative effects scenarios: 
1) domestic sheep management on Bureau of Land Management (BLM), Nez Perce National 
Forest, State, and private lands would be managed as they are currently (CO), and 2) domestic 
sheep grazing on all adjacent Federal lands would be curtailed while existing domestic sheep 
grazing would continue on State and private lands (Cl) . Under the first scenario (CO), the model 
suggested an additional 1.59 contacts per year. The majority of the additional contacts were from 
Federal lands along the Main Salmon River. The cumulative contacts per year under 
Alternatives 7P, 7N, and 70 are 1.80, 1.72, and 1.68, respectively. Under the second scenario 
(C1), the model suggested an additional 0.50 contacts a year attributable to State and private 
lands adjacent to the Forest. The cumulative contacts per year under Alternatives 7P, 7N, and 70 
were 0.70, 0.62, and 0.58, respectively. The implications of these additional contacts, particularly 
from adjacent Federal lands, are substantial and contribute more to contact risk between the 
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species than any of the action alternatives. Although the disease model was not run for the 
cumulative effects analysis, the increased risk of contact would dramatically increase extirpation 
probabilities. 


In making my decision, I considered cumulative effects. During the public comment period, I 
received letters that stated, "Given the probabilities of contact from off-forest private lands 
sources, excluding domestic sheep on Federal lands is futile." Activities that occur on private 
lands are outside my control. By implementing Alternative 70 modified, I believe we can 
successfully manage the low level of foray contact risk with this alternative. The Forest Plan 
Standards and Guidelines will allow the Forest Service to manage the risk of Alternative 70 
modified so it will not add to the greater risks left on the landscape that are outside the control of 
the Payette National Forest. I have the responsibility to analyze cumulative effects on Forest 
Service administered lands, and disclose them to the public. The analysis conducted recognizes 
these uncertainties but clearly focuses on the Forest Service's responsibility to provide adequate 
habitat to support viable populations of bighorn sheep, particularly given the risks that the 
species currently faces relative to potential impacts from disease. I believe that given the 
cumulative effects, Alternative 70 modified meets the needs of bighorn sheep as a sensitive 
species by not further contributing to a downward trend in the population numbers. The 
regulations implementing NFMA require that I select an alternative that provides habitat to 
support at least a minimum number of reproductive bighorn sheep and the habitat is well 
distributed so that those bighorns can interact with others in the planning area. For this 
document, the definition of planning area is lands administered by the Payette National Forest. 


An extensive Socio-Economic analysis was completed. Under Alternative 70 modified, 
employment and income associated with estimated permitted sheep will be less than the current 
levels. A regional economic model estimates that up to 28 jobs could be lost. If habitat for 
bighorn sheep populations is provided, the unique nature of these hunts, demand for bighorn 
sheep permits, and increasing popularity of nature-based tourism suggest that the role bighorn 
sheep play in local recreation economies could remain stable or increase. 


My decision to implement Alternative 70 modified will balance National Forest use, honor tribal 
rights and interests, and comply with Federal laws and regulations. The most difficult aspect of 
making this decision is determining what level of risk (i.e., probability that a contact results in a 
disease outbreak) is acceptable. People perceive risk differently. In many cases there is a 
considerable degree of scientific uncertainty about risk decisions (e.g., uncertainty about whether 
findings in experimental studies can be extrapolated to wildland conditions or about how to 
estimate model parameters when little data are available). I would be kidding myself if I thought 
there was some level of risk that everyone would find acceptable as there are many ways to 
define acceptable risk and each gives preference to the views of different stakeholders in the 
debate. What I do know is that zero risk is unattainable without removing all domestic sheep 
from the landscape. My job is to balance risk of exposure with the mission of the Forest Service. 
As directed by the regulations implementing NFMA, the Forest Service must provide for 
multiple use and sustained yield. Livestock grazing is one component of multiple use, providing 
wildlife habitat to support viable bighorn sheep populations is another. Implementation of my 
decision will not provide all bighorn sheep the same level of protection; the outcome will depend 
on the health of each animal and herd. However, Alternative 70 modified will provide adequate 
habitat to support a viable population of bighorn sheep while continuing to provide grazing 
opportunities on the Forest. 
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With implementation of Alternative 70 modified, I am making the decision to close the Shorts 
Bar Allotment to any further livestock grazing. This allotment was vacant at the time of Forest 
Plan Revision and was inadvertently overlooked. The allotment has not been grazed under a term 
grazing permit since 1990 and was waived back to the Forest Service in 1992. A temporary 4­
year grazing permit was issued between 1998 and 2001. Uponreview of the allotment, it was 
determined that the range conditions were not conducive to further livestock grazing of any type. 
This determination was based on the presence of steep slopes, limited forage, lack of water 
sources outside of riparian areas and erosive soils. As such, this allotment is identified as 
unsuited for either domestic sheep and goat grazing or cattle and horse grazing. Because the 
allotment has not been used for several years, there will be no economic impact realized from its 
closure or adverse effects to tribal rights and interests or wildlife resources . Of the 21,328 total 
acres within the allotment boundary, 5,256 acres are identified as capable. Classifying the 5,256 
acres as unsuited for livestock grazing and closing the allotment removes them from the 
rangeland resources base. 


Part 


3 	 Public Involvement and 
Alternatives Considered 


Government and Public Involvement 


TRIBAL TRUST RESPONSIBILITIES 


The United States Government has a unique relationship with Federally recognized 
American Indian tribes. Decisions concerning management on Federal lands can effect tribal 
community well being. As Federal agencies undertake activities that may affect tribes' rights, 
property interests, or trust resources, care must be taken to implement Agency policies, 
programs, and projects in a knowledgeable and sensitive manner respectful of tribes' sovereignty 
and needs. The intergovernmental consultation process serves as the primary means for the 
Federal agencies to carry out their tribal trust obligations. 


Consultation is not a single event; it is a process that leads to a decision such as this ROD. 
Consultation can be either a formal process of negotiation, cooperation, and policy-level decision 
making between tribal governments and the Federal Government, or a more informal process 
typically involving staff-to-staff discussions. Consultation can be viewed as an ongoing 
relationship between an agency and a tribe, characterized by consensus-seeking approaches to 
reach mutual understanding and resolve issues. 


I have consulted formally and informally with the Nez Perce, Shoshone-Bannock, and 
Shoshone-Paiute Tribes and the Confederated Tribes of the Umatilla Indian Reservation 
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regarding development of the Forest Plan amendment. Consultation through this process has 
served several purposes: 


• 	 To identify and clarify issues; 
• 	 To provide for an exchange of existing information and identify where information is 


needed; 
• 	 To identify and serve as a process for conflict resolution; 
• 	 To provide an opportunity to discuss and explain the decision; and 
• 	 To fulfill the Federal trust obligations. 


While no Native American Indian reservations are located within the Payette National Forest or 
the its socio-economic area of influence, ancestor's of the modern day Nez Perce, 
Shoshone-Bannock, and Shoshone-Paiute Tribes and the Confederated Tribes of the Umatilla 
Indian Reservation were present in this area long before the Payette National Forest was 
established. The basis of each tribe's status rests within the context of the U.S. Constitution 
provisions for Federal Government's powers for treaty making with other sovereignty. A tribe's 
legal status is also derived through agreements with the U.S . Government; congressional and 
executive branch recognition of the tribe; and Federal court interpretations of Indian law and 
legal documents (e.g., treaties, executive orders, agreements, Federal statutes, and other 
Government-to-Government agreements). Refer to both the FEIS and the FSEIS for specific 
information concerning each individual tribe. 


Since this analysis was conducted as a supplement to the FEIS for the 2003 Forest Plan, 
consultation efforts conducted for that process are included with the additional efforts conducted 
for this analysis. The elements of the 2003 Forest Plan that directly responded to issues 
concerning tribal community well being remain unchanged and will continue to be implemented 
as part of Forest Plan direction following this decision. 


Specific elements of this decision that tribes identified as having bearing on the tribal community 
well being fall into two broad categories: (1) restoration of bighorn sheep populations and 
(2) harvest ability of bighorn sheep. Ensuring harvest ability of culturally important bighorn 
sheep and access to areas culturally or traditionally important for hunting the species is essential 
to the well being of American Indian communities. 


As discussed in the FSEIS Tribal Resources section, my decision provides adequate habitat for 
viable populations of bighorn sheep on the Payette National Forest and also allows for expansion 
of the species. My decision also provides for traditional or culturally important areas where tribal 
members may hunt bighorn sheep. 


COUNTY AND STATE OFFICIALS 


The Forest provided periodic status and project updates to County and State agencies and 
officials. Consultation with county officials and the State of Idaho indicates that a balance 
between the resource needs of bighorn sheep and grazing permittees is desirable. Consultation 
with the State governments of Oregon and Washington indicates no major conflicts between the 
direction in the amended Forest Plan and the goals and objectives of these Government entities. 
The Payette National Forest made various efforts during the supplementation and amendment 
process to understand and consider the policies and perspectives of other agencies and 
governments. 
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PUBLIC INVOLVEMENT 


Public scoping and involvement on the FEIS was extensive and spanned a 7-year period. The 
risk for disease transmission from domestic sheep to bighorn sheep and the subsequent 
population declines were identified early and noted as a concern by the U.S. Fish and Wildlife 
Service (USFWS). It was assumed for the FEIS that disease transmission can occur. Only one 
comment was received during the 7-year period questioning that assumption. Tribal consultation, 
both informal and formal, was also extensive during the 2003 Forest Plan development process. 


The Notice of Intent to prepare a DSEIS and amend the Forest Plan was published in the Federal 
Register in April 2007 (FR 72: 18197-18198). The Forest Service has a long standing policy 
supporting the commitment to encourage cooperation between Federal, State, local, and tribal 
governments. Cooperating status was requested and granted beginning in August 2007 to the 
States of Idaho, Oregon, and Washington and the tribal governments of the Nez Perce, 
Shoshone-Bannock, and Shoshone-Paiute Tribes and the Confederated Tribes of the Umatilla 
Indian Reservation. Prior to the first meeting, each Cooperating Agency and Tribal 
Representative was designated to represent their State or Tribe by the respective Governor or 
Tribal Chair. Representation was reverified halfway through the process. 


At the August 2007 meeting, and again at the May 2009 meeting, the Forest Service reviewed 
the established operational protocols and National Environmental Policy Act (NEPA) process. 
The roles and responsibilities of the Federal Agency and the Cooperating Agencies and Tribal 
Nations were also discussed. In those reviews, it was emphasized that the Forest Service retained 
the authority to make decisions for the SEIS, act as an expert, and author the document. The 
States and Tribes were to act as technical experts, bring their knowledge and data to the analysis, 
inform the Forest Service of pertinent policy expertise, provide comments, and review 
information. Meetings with the Combined Team continued thru January 2010. Documentation of 
meetings can be found in the meeting notes. 


The DSEIS was made available to the public in October 2008. The comment period closed in 
March 2009. During the comment period, the Forest conducted several public meetings and 
provided presentations on the DSEIS to public groups as requested. Over 14,000 comments on 
the DSEIS were received during the comment period. The full response to public comment is 
included in the Final SEIS. The Forest Interdisciplinary Team (IDT) reviewed the comments and 
prepared information on what work needed to be updated based on the comments to the DSEIS. 
In May 2009, this information was shared with the cooperating agencies, States, and tribal 
representatives. 


In January 2010, the Update to the Draft Supplemental Environmental Impact Statement was 
made available to the public for a 45 day comment period. During the comment period, the 
Forest Service conducted public meetings in Boise, Lewiston, Lapwai, McCall, and Weiser. The 
Forest received 11,600 comments during the comment period on the update. A summary of 
public comments and agency responses is provided in Appendix A of the FSEIS. Comments 
generally fell into the following perspectives: (1) save the bighorn sheep; (2) provide for 
domestic sheep grazing; (3) use all of the science; (4) expand the analysis to include more 
economics information; and (5) provide for tribal rights. 
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PLANNING ISSUES 


As a supplement to the FEIS for the Payette Forest Plan, this analysis focused on the significant 
issues identified in the FEIS regarding disease transmission that the Forest had not adequately 
addressed in that assessment. The background surrounding these issues can be found in the FEIS. 


Terrestrial Wildlife Habitat and Species 


Issue Statement 1: Forest Plan management strategies may affect habitat for terrestrial wildlife 
species , including species that are listed or proposed for listing under the Endangered Species 
Act, Region 4 sensitive species, species of special interest, species at risk, and Forest 
Management Indicator Species. 


Issue Statement 2: Forest Plan management strategies may affect disruption , vulnerability, and 
disease risk to terrestrial wildlife species. 


Rangeland Resources 


Issue Statement: Forest Plan management strategies may affect rangeland resources, including 
lands considered suitable for livestock grazing and the form of livestock grazing management 
authorized under permit for the Payette National Forest. 


Tribal Rights and Interests 


Issue Statement: Forest Plan management strategies may affect the avail ability of resources and 
the use of traditional places important to American Indian rights and interests. 


Alternatives Considered 


I considered 28 alternatives (FSEIS , pages 2-1 thru 2-13) of which 14 were analyzed in detail. 
The 14, which include the 7 alternatives evaluated in the FEIS for the 2003 Land and Resource 
Management Plan, are listed below. Fourteen alternatives were considered but dropped from 
detailed study (FSEIS , pages 2-4 thru 2-8). 


ALTERNATIVES IB, 2, 5, AND 7 


Alternatives IB, 2, 5, and 7 were analyzed in the 2003 FEIS. Alternative 7 was the selected 
alternative. The portion of Alternative 7 tied to bighorn sheep viability, di sease transmission 
between domestic sheep and bighorn sheep, and compliance with the HCNRA Act was 
remanded back to the Regional Forester for improved and additional analysis. These alternatives 
are similar in that they do not designate any acres on the Payette National Forest as unsuitable 
for grazing by domestic sheep and all trailing routes remain open. Little or no habitat is available 
to provide for viability of bighorn sheep. They do not address disease transmission between 
domestic sheep and bighorn sheep; 100 percent of the total risk of contact between bighorn and 
domestic sheep remains on the landscape. These alternatives respond to rangeland resources by 
determining 100,310 acres on the Payette National Forest as suited for domestic sheep grazing. 
They provide little or no long-term harvest ability of bighorn sheep for tribal members. None of 
these alternatives comply with the HCNRA Act. For bighorn sheep as a Sensitive Species, these 
alternatives will impact individuals or habitat with a consequence that the action may contribute 
to a trend toward Federal listing or cause a loss of viability to the populations or species . 
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ALTERNATIVES 3,4, AND 6 


Alternatives 3,4, and 6 were also analyzed in the 2003 FEIS. They determined suitable 
rangeland portions of the Smith Mountain Allotment that overlaps current bighorn sheep habitat 
as unsuitable for domestic sheep grazing. MA #1, located outside of grazing allotments, was also 
determined to be unsuitable for domestic sheep grazing. No trailing routes were closed. These 
alternatives determined 7,228 acres as unsuitable for domestic sheep grazing, which does not 
address disease transmission from domestic sheep to bighorn sheep. The risk of contact for this 
alternative for the Main Salmon South Fork herd is 95 percent per year. The risk of contact for 
this alternative for the Upper Hells Canyon Herd is 112 percent per year because more than one 
contact can occur per year. These alternatives affect rangeland resources by determining 
7,228 acres as unsuited and 93,082 acres as suited for domestic sheep grazing. Alternatives 3,4, 
and 6 greatly reduce the harvest ability for tribal members. These alternatives are not compliant 
with the HCNRA Act. For bighorn sheep as a Sensitive Species, these alternatives will impact 
individuals or habitat with a consequence that the action may contribute to a trend toward 
Federal listing or cause a loss of viability to the populations or species. 


ALTERNATIVE 7E 


Alternative 7E designates no area within the Payette National Forest as suitable for domestic 
sheep grazing and leaves no trailing routes open to use within the entire Payette National Forest. 
This alternative reduces the risk of contact between bighorn sheep and domestic sheep from the 
Payette National Forest to zero. Alternative 7E provides the most habitat for viable populations 
of bighorn sheep. This alternative affects rangeland resources by determining 100,310 acres as 
unsuitable for domestic sheep grazing. By eliminating the risk for contact, Alternative 7E may 
provide the tribes the greatest long-term ability to harvest bighorn sheep in all traditional 
locations influenced by the Payette National Forest. This alternative would have a beneficial 
impact on bighorn sheep as a Sensitive Species. 


ALTERNATIVE 7G 


In the DSEIS, populations of bighorn sheep were identified using the Geographic Population 
Range (GPR) model. The GPR was developed utilizing the 2006 Risk Analysis that is no longer 
in effect. Alternative 7G utilizes the GPRs as a boundary only (not tied to the 2006 Risk 
Analysis) and designates all land within the Hells Canyon and Salmon River GPRs as unsuitable 
for domestic sheep grazing. This alternative also closes all trailing routes within the GPRs. This 
alternative affects rangeland resources by determining 61,842 acres as unsuitable for domestic 
sheep grazing and 38,468 as suited. Tribal trust responsibilities may be provided for in the short 
term, but not in the long term. Harvest of bighorn sheep in culturally important areas is greatly 
diminished. Alternative G is compliant with the HCNRA Act by maintaining a separation 
between bighorn and domestic sheep that is likely to keep the two species apart at current 
population levels. For bighorn sheep as a Sensitive Species, this alternative will impact 
individuals or habitat with a consequence that the action may contribute to a trend toward 
Federal listing or cause a loss of viability to the populations or species. 


ALTERNATIVE 7L 


Alternative 7L was developed using the updated quantitative risk analysis and landmarks, such 
as watershed divides, streams, roads, and allotment boundaries, to make implementation easier. 
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This alternative removes only the very highest risk areas from domestic sheep grazing and keeps 
as much suitable range land open as possible. 


This alternative addresses disease transmission from domestic sheep to bighorn sheep by 
determining 35,999 suitable acres as unsuitable for domestic sheep grazing and closes all trailing 
routes within the alternative area. This alternative affects rangeland resources by determining 
35,999 acres as unsuitable for domestic sheep grazing and 64,311 acres as suitable. Tribal trust 
responsibilities may be provided for in the ShOl1 term, but not in the long term. Harvest of 
bighorn sheep in culturally important areas is greatly diminished. Alternative 7L is not in 
compliance with the HCNRA Act. For bighorn sheep as a Sensitive Species, this alternative wilJ 
impact individuals or habitat with a consequence that the action may contribute to a trend toward 
Federal listing or cause a loss of viability to the populations or species. 


ALTERNATIVE 7M 


Alternative 7M was developed using the updated quantitative risk analysis and landmarks, such 
as watershed divides, streams, roads, and allotment boundaries, to make implementation easier. 
This alternative was designed to remove more risk from the landscape and keep grazing outside 
of the core herd home range areas. This alternative addresses disease transmission from domestic 
sheep to bighorn sheep by determining 57,065 suitable acres as unsuitable for domestic sheep 
grazing and closing all trailing routes within the alternative area. This alternative affects 
rangeland resources by determining 57,065 suitable acres as unsuitable for domestic sheep 
grazing and 43,245 acres as suited. Habitat provided for viable bighorn sheep populations may 
only be effective in the immediate future. Extensive levels of monitoring for the presence of 
bighorn sheep would be required to ensure tribal trust responsibilities. For bighorn sheep as a 
Sensitive Species, this alternative will impact individuals or habitat with a consequence that the 
action may contribute to a trend toward Federal listing or cause a loss of viability to the 
populations or species. 


ALTERNATIVE 7N 


Alternative 7N was developed using the updated quantitative risk analysis and landmarks, such 
as watershed divides, streams, roads, and allotment boundaries, to make implementation easier. 
This alternative was designed to remove most of the high risk areas and also add grazing areas of 
lower risk back in. This alternative addresses disease transmission from domestic sheep to 
bighorn sheep by determining 61,918 suitable acres as unsuitable for domestic sheep grazing and 
closing all trailing routes within the alternative area. This alternative affects rangeland resources 
by determining 61,918 suitable acres as unsuitable for domestic sheep grazing and 38,392 acres 
as suited. Tribal trust responsibilities may be met through monitoring for presence of bighorn 
sheep near active domestic sheep and goat allotments. Alternative 7N is compliant with the 
HCNRA Act. For bighorn sheep as a Sensitive Species, this alternative may impact individuals 
or habitat but will not likely contribute to a trend toward Federal listing or loss of viability to the 
populations or species. 


ALTERNATIVE 7H 


Alternative 70 was developed using the updated quantitative risk analysis and landmarks, such 
as watershed divides, streams, roads, and allotment boundaries, to make implementation easier. 
This alternative was designed to remove all areas of major risk, keep allotments as intact as 
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possible, and reduce the amount of monitoring needed to minimal levels. This alternative 
addresses disease transmission from domestic sheep to bighorn sheep by determining 
68,718 suitable acres as unsuitable for domestic sheep grazing and closing all trailing routes 
within the alternative area. This alternative affects rangeland resources by determining 
68,718 suitable acres as unsuitable for domestic sheep grazing and 31,592 acres as suited. Tribal 
trust responsibilities may be met with thorough monitoring for presence of bighorn sheep near 
active domestic sheep and goat allotments. For bighorn sheep as a Sensitive Species, this 
alternative may impact individuals or habitat but will not likely contribute to a trend toward 
Federal listing or loss of viability to the populations or species. 


ALTERNATIVE 7P 


Alternative 7P was developed using the updated quantitative risk analysis and landmarks, such as 
watershed divides, streams, roads, and allotment boundaries, to make implementation easier. 
This alternative was designed to keep many of the high risk areas as unsuited but add in areas 
that are of lower risk and to maximize bighorn sheep protection and maximize the amount of 
suitable range land. This alternative addresses disease transmission from domestic sheep to 
bighorn sheep by determining 54,204 suitable acres as unsuitable for domestic sheep grazing and 
closing all trailing routes within the alternative area. This alternative affects rangeland resources 
by determining 54,204 as unsuitable for domestic sheep grazing and 46,106 as suited. Habitat 
provided for viable populations of bighorns may only be effective in the immediate future. 
Therefore, levels of monitoring for the presence of bighorn sheep near active domestic sheep and 
goat allotments would be required to meet tribal trust responsibilities. Alternative 7P is 
compliant with the HCNRA Act. For bighorn sheep as a Sensitive Species, this alternative may 
impact individuals or habitat but will not likely contribute to a trend toward Federal listing or 
loss of viability to the populations or species. 


Part 


4 	 Findings Related to Laws 
and Authorities 


Findings Required by Law 


NATIONAL FOREST MANAGEMENT ACT (NFMA) 


The 1982 NFMA planning regulations provide direction for managing fish and wildlife habitat to 
maintain viable populations of existing native vertebrate species within the planning area 
(36 CFR §219.19 and §219.27(a)). "In order to insure that viable populations will be maintained, 
habitat must be provided to support at least, a minimum number of reproductive individuals and 
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that habitat must be well distributed so that those individuals can interact with others in the 
planning area" (36 CFR §219.19). "Planning area" is defined as the area of National Forest 
System land covered by a forest plan (36 CFR §219.3) 


The FSEIS was written in response to direction from the Chief to analyze potential effects of the 
revised Forest Plan to bighorn sheep population viability commensurate with the concerns and 
questions raised in the appeal decision. Viability is generally expressed using two components­
number of individuals and time-that can be used to describe population persistence over time. 
For the FSEIS viability analysis, we used 30-100 animals per herd persisting for 100 years. 


For our viability analysis, we used outputs derived from three models (Source Habitat, Risk of 
Contact, and Disease) as a basis for assessing risk of contact between domestic and bighorn 
sheep and for estimating disease transmission between the species. Three factors were 
considered in assessing the potential impacts of disease on populations: 1) rate of contact 
between bighorn sheep and domestic sheep, 2) probability that contact will result in transmission 
of disease, and 3) effect of disease on the bighorn sheep population. Rate of contact was 
estimated by using a large telemetry data set to model core herd home ranges and bighorn sheep 
forays outside of home ranges relative to the availability of source habitats. Outputs of the core 
herd home range and foray analyses were used to determine the likely rate of bighorn sheep 
contact with domestic sheep and goat allotments. 


Alternatives 7P, 7N, and 70 are consistent with the viability requirements of the regulations 
implementing NFMA. Alternatives 7P, 7N, and 70 protect 90 percent, 92 percent, and 
94 percent of summer bighorn sheep source habitats, respectively. Annual rate of contact was 
calculated at 0.20, 0.12, and 0.08, respectively. Assuming a low probability of disease outbreak 
given contact (0.05 or 1 in 20), all populations have a high probability of persistence within the 
I OO-year timeframe. When the probability of disease outbreak given contact is assumed to be 
moderate (0.25 or 1 in 4), several herds show moderate-to-high probabilities for persistence 
within the 100-year timeframe; however, under this scenario, the Upper Hells Canyon herd 
shows a moderate probability of extirpation. Assuming a high probability of disease outbreak 
given contact (1 .0), the Little Salmon, Main Salmon South Fork, and Upper Hells Canyon herds 
have a high probability of extirpation within the 100-year timeframe. 


For bighorn sheep, as a sensitive species, Alternatives 7P, 7N and 70 May Impact Individuals 
or Habitat, But Will Not Likely Contribute to a Trend Towards Federal Listing or Loss of 
Viability to the Population or Species. 


ARE AMENDMENTS TO THE 2003 FOREST PLAN SIGNIFICANT OR NON~ 
SIGNIFICANT? 


Under the National Forest Management Act (NFMA, 16 USC 1604(f)(4), Forest plans may "be 
amended in any manner whatsoever after final adoption and after public notice, and, if such 
amendment would result in a significant change in such plan, in accordance with subsections (e) 
and (f) of this section and public involvement comparable to that required by subsection (d) of 
the section." 


This amendment has been developed using the 1982 regulations. The 1982 regulations state, 
"Based on an analysis of the objectives, guidelines and other contents of the forest plan, the 
Forest Supervisor shall determine whether a proposed amendment would result in a significant 
change to the plan." 
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The Forest Service Handbook policy in place prior to 2000 (Forest Service Handbook 1909.12, 
section 5.32; effective date 8/3/1992) listed four factors to be evaluated when determining 
whether a proposed change to the forest plan is significant or not: (a) timing; (b) location and 
size; (c) goals, objectives and outputs; and (d) management prescriptions. I have evaluated the 
proposed amendment of the Payette National Forest Plan for the reasons described below: 


a. 	 Timing-The timing factor examines at what point, over the course of the Forest Plan 
period, the plan is amended. Both the age of the underlying documents and the duration 
of the amendment are relevant considerations. The decision to revise the Payette Forest 
Plan was made in July 2003 and implemented in September 2003. The Regional Forester 
was instructed to supplement the FE IS and amend the Forest Plan in March 2005; only 
2 years into the life of the plan . With bighorn sheep listed as a Sensitive Species in the 
Intermountain Region of the Forest Service and the downward trend of the species 
population in and around the Payette National Forest, I believe an immediate reduction in 
the risk of disease transmission to be important. Offering of bighorn sheep source habitat 
free of domestic sheep grazing will provide for viable populations. Management direction 
resulting from this amendment will be in place for the remainder planning period; 2013­
2018 based on a 10-15 year plan life. Implementation of the amended plan for 3-8 years, 
while providing habitat for viable populations of bighorn sheep, will not result in a 
significant change in the short term. 


b. 	 Location and Size-The key to location and size is context, or "the relationship of the 
affected area to the overall planning area". The proposed range suitability determination 
for domestic sheep and goats covers approximately 75 percent of the Payette National 
Forest. The proposed management applies to existing Federal grazing permits as weB as 
any proposed or new grazing activities. Rangeland suitability determination for this 
amendment does not make the decision for all livestock classes. For these reasons, I 
believe the Forest Plan amendment wiB not result in a significant change in the location 
of domestic sheep and goat grazing on the Forest. 


c. 	 Goals, Objectives, and Outputs-The goals, objectives, and outputs factor involves a 
determination of "whether the change alters the long-term relationship between the level 
of goods and services in the overall planning area" (Forest Service Handbook 1909.12, 
section 5.32(c)). Application of this criterion requires an analysis of the overall Forest 
Plan and the various multiple-use resources, services, and outputs that may be affected by 
the amendment. This decision applies to existing, proposed, or new projects and will have 
a measurable effect on the rangeland resources, or suitable domestic sheep and goat 
grazing on the Payette National Forest but not to other classes of livestock. Other 
resources considered but deemed to not be measurably affected include: Air Quality and 
Smoke Management; Soil, Water, Riparian, and Aquatic; BotanicallNonnative Plants; 
Recreation; Scenic Environment; Cultural Resources; Roads and Facilities; Inventoried 
Roadless Area; Wilderness and Recommended Wilderness; Fire Management; 
Threatened, Proposed and Candidate Species; Tribal Rights and Interests, and Wild and 
Scenic Rivers. 


Resource sections of the Forest Plan that will change as a result of this amendment are 
Wildlife Resources, Non-Native Plants , and Rangeland Resources. New objectives, 
standards, and guidelines are added in these sections to help accomplish the desired 
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outcome of providing habitat for viable populations of bighorn sheep on the Payette 
National Forest. 


d. 	 Management Prescriptions-The management prescription factor involves determining 
whether or not prescriptions need to change for specific situations or whether the desired 
future condition of the land and resources . No management prescriptions are changing as 
a result of this amendment. 


Finding ofSignificance 


On the basis of the information and analysis contained in the FSEIS and project record, it is 
my determination that adoption of this plan amendment decision does not constitute a 
significant amendment to the 2003 Forest Plan. 


How Does the Amended Forest Plan Meet Other Laws and Authorities? 


HELLS CANYON NATIONAL RECREATION AREA (HCNRA) ACT 


The HCNRA Act (PL 94-199) was enacted on December 31, 1975, and provides direction for the 
"administration, protection, and development" of the HCNRA (16 USC §460gg-4). According to 
the Act, the HCNRA must be administered "in a manner compatible with" seven objectives, two 
of which are "protection and maintenance of fish and wildlife habitat," and the continuation of 
existing uses, including grazing, "as are compatible with provisions of the Act." Grazing is 
recognized as one of several "traditional and valid uses of the recreation area." Management of 
Federal lands within HCNRA is also covered by implementing regulations (36 CFR §292, 
Subpart F). Direction for "grazing activities" provides that "Where domestic livestock grazing is 
incompatible with the protection, restoration, or maintenance of fish and wildlife or their 
habitats ... the Ii vestock use shall be modified as necessary to eliminate or avoid the 
incompatibility. In the event an incompatibility persists after the modification or modification is 
not feasible, the livestock use shall be terminated" (36 CFR §292.48(b». 


Alternatives 7N, 70, and 7P eliminate domestic sheep grazing from National Forest System 
lands within the boundary of the HCNRA and within modeled bighorn sheep core herd home 
range. The contact model results indicate a 4 percent or less risk rating for each of the 
alternatives. This indicates mixing of the two species would occur once every 25 years or less , 
which is considered a low risk of disease transmission. Eliminating domestic sheep grazing in 
the HCNRA and surrounding areas is compatible with the HCNRA Act and its implementing 
regulations by providing for the protection, restoration, and maintenance of bighorn sheep and 
their habitat. All three alternatives are in compliance with the HCNRA Comprehensive 
Management Plan by maintaining a separation between bighorn and domestic sheep that is likely 
to keep the two species apart at current population levels. 


NATIONAL ENVIRONMENTAL POLICY ACT (NEPA) 


In addition to minor edits and correctiDns, a number of changes were made to the DSEIS in 
preparing the FSEIS. These changes were reflected in the release of the update to the DSEIS, 
which allowed for further comment and review by the public. Information disclosed in the FSEIS 
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falls within the scope of the analysis depicted in the update to the DSEIS and in most cases 
provides clarification and additional explanation. 


CONSIDERATION OF SHORT-TERM USES AND LONG-TERM PRODUCTIVITY 


Short-term uses are those expected to occur for the remainder of the planning period, including 
permitted domestic sheep and goat grazing. Although these uses are not authorized by the Forest 
Plan or the amendment, the potential for these uses through identification of areas suited for 
domestic sheep and goat grazing, and Forest Plan goals allow for its consideration. 


Long-term productivity refers to the capability of the land to provide resource outputs for a 
period of time beyond the planning period. Adherence to minimum management requirements 
established by Federal regulation (36 CFR §219.27) maintain long-term productivity of the land. 
Minimum management requirements are found in the Forest-wide and management area 
standard and guidelines and are met under any alternative. The requirements ensure that the 
long-term productivity of the land is not impaired by short-term use; 


Monitoring and evaluation found in Appendix 0 of the FSEIS for the Forest Plan Amendment 
and in Chapter IV of the revised Forest Plan apply to all alternatives. Monitoring ensures that 
long-term productivity of the land is maintained or improved. If monitoring and evaluation 
indicate that Forest Plan standards and guidelines are inadequate to protect long-term 
productivity of the land, then the Forest Plan will be readjusted to provide for more protection or 
fewer impacts. 


UNAVOIDABLE ADVERSE EFFECTS 


The proposed Forest Plan amendment does not produce unavoidable adverse environmental 
effects because it does not directly authorize management activities that result in such effects. 
The amended Forest Plan would, however, establish management emphasis and direction for 
activities that may occur on the Payette during the planning period. 


ENVIRONMENTALLY PREFERABLE ALTERNATIVE 


Regulations implementing the NEPA require agencies to specify the alternative(s) considered to 
be environmentally preferable (40 CFR § 1505.2(b». Forest Service policy further defines this as 
the alternative that best meets the goals of Section 101 of the NEPA. In determining the 
environmentally preferred alternative, I referred to the goals of Section 101 and determined that 
Alternative 7E is the Environmentally Preferred Alternative since it will cause "the least damage 
to the biological and physical environment." It provides the greatest protection to bighorn sheep 
habitats and the highest probabilities of persistence for all bighorn sheep populations. 
Alternative 7E is the only alternative that prevents interspecies contact. For bighorn sheep, as a 
Sensitive Species, Alternative 7E would have a beneficial impact. However, of al l the action 
alternatives, Alternative 70 protects the most source habitat, retains the least suited rangeland for 
domestic sheep, has low contacts per year, and provides adequate habitat for viability of the 
speCIes. 


ENVIRONMENTAL JUSTICE (EXECUTIVE ORDER 12898) 


Executive Order 12898 (59 Fed. Register 7629, 1994) directs Federal agencies to identify and 
address any disproportionately high and adverse human health or environmental effects on 
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minority populations and low-income populations. I have determined from the analysis disclosed 
in the FSEIS, that the Forest Plan as amended complies with Executive Order 12898 (FSEIS, 
Chapter 3,3-141). 


ENDANGERED SPECIES ACT (ESA) 


The ESA creates an affirmative obligation "that all Federal departments and agencies shall seek 
to conserve endangered and threatened species of fish, wildlife, and plants." This obligation is 
further clarified in a National Interagency Memorandum of Agreement (dated August 30, 2000) 
which states our shared mission to "enhance conservation of imperiled species while delivering 
appropriate goods and services provided by the lands and resources." 


Based on the biological evaluation (FSEIS, Appendix K), informal consultation with 
U.S. Department of Interior, Fish and Wildlife Service and U.S. Department of Commerce, 
National Marine Fisheries Service, I have determined that this decision does not change the 
determinations made for the Forest Plan 2003. Therefore, I have determined that there is no need 
to reinitiate consultation on the Forest Plan in light of changes proposed in this amendment. 


MIGRATORY BIR» TREATY ACTjEXECUTIVE ORDER 13186 


The Forest Plan as amended is a programmatic action and as such does not authorize any site­
specific activity. It includes direction to provide source habitat for viable populations of bighorn 
sheep on the Payette National Forest through rangeland suitability determinations for domestic 
sheep and goat grazing. In reviewing the migratory bird information in Appendix F of the FSEIS, 
I have determined that management direction and monitoring included in the Forest Plan 
amendment complies with the Migratory Bird Act and Executive Order 13186. 


CLEAN AIR ACT 


The Forest Plan as amended would result in no measureable increase in the effects to air quality 
and smoke management which were disclosed in the 2003 Forest Plan FEIS. The ROD for the 
2003 Forest Plan concludes that Forest-wide direction will ensure that air quality complies with 
the Clean Air Act and related state requirements. Because the 2003 Forest Plan complies with the 
Clean Air Act and the amendment result in no measurable effects, the Forest Plan as amended 
complies with the Clean Air Act. 


HISTORIC PRESERVATION ACT (NHPA) 


The Forest Plan as amended would result in no changes to the cultural resources as disclosed in 
the FEIS. Because cultural resource management is explicitly defined by law, regulation and 
policy, and these same laws, regulations and policies will be in effect under the Forest Plan as 
amended, my decision, like the 2003 Forest Plan decision, complies with the NHP A. 


CLEAN WATER ACT 


Because the 2003 Forest Plan decision complies with the Clean Water Act and my decision will 
result in no change in effects to the applicable resources, the Forest Plan as amended satisfies the 
Clean Water act. 
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ENERGY REQUIREMENT AND CONSERVATION POTENTIAL 


The Forest Plan is a programmatic action that does not authorize site-specific activities. 
However, energy consumption will vary slightly by alternative due to the monitoring 
requirements. Combining trips to the field or carpooling take advantage of opportunities to 
conserve energy consumption to the extent practicable. 


INVASIVE SPECIES (EXECUTIVE ORDER 13112) 


Executive Order 13112 on Invasive Species directs that Federal agencies should not authorize 
any activities that would increase the spread of invasive species. The Forest Plan and the 
amendment do not authorize any activities that would increase the spread of invasive species. 
However, in the non-native plant section of the amendment, Appendix 0 there is new direction 
limiting the use of goats to control invasive plants when in the core herd home range of bighorn 
sheep herds. The amendment does not alter any effects on native plants as disclosed in the 
2003 FEIS and as such, as supplemented complies with executive order 13112. 


PRIME FARMLAND, RANGELAND AND FOREST LAND 


The Forest Plan complies with the Secretary of Agriculture's Memorandum 1827, which requires 
conservation of prime farmland, rangeland, and forestland. The amendment provides for 
advances in science and technology to allow for adaptive management strategies to be 
considered. 


EQUAL EMPLOYMENT OP,PORTUNITY, EFFECTS ON MINO~ITIES, W'OMEN 


The Forest Plan will not have a disproportionate impact in employment opportunities for any 
minority or low-income communities. I have determined that the Forest Plan, as amended, will 
not differentially affect civil rights of any citizens, including women and minorities. 


WETLANDS AND FLOODPLAINS 


The Forest Plan is a programmatic action and does not authorize any site-specific activity. The 
Forest Plan as amended will result in no change in effects to these resources over those 
anticipated in the FEIS. Therefore, I have determined that the Forest Plan, as amended complies 
with all relevant laws and executive orders regarding wetlands and floodplains. 


FACILITATION OF HUNTiNG HERITAGE AND WESTERN CONSERVATION 


Executive Order 12443 directs the appropriate Federal agencies to facilitate the expansion and 
enhancement of hunting opportunities and the management of game species and their habitat. 
Because my decision is designed to provide adequate habitat for viable populations of bighorn 
sheep on the Payette, it complies with Executive Order 12443. 


OTHER POLICIES 


The existing body of national direction for managing National Forests remains in effect. 
Standards and guidelines included in the Forest Plan provide direction specific to the Payette 
National Forest. The Forest Plan as amended contributes to the Forest Service Strategic Plan for 
FY 2007-2012. 
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Part 


5 Conclusion 



1m lementation 


Implementation of this ROD will occur after the 30th calendar day following publication of the 
legal notice of decision in the Newspaper of record, The Idaho Statesman. This will also be 30 
calendar days after the Notice of A vailabil ity of the Record of Decision and Final SEIS is 
publishedin the Federal Register (36 CFR 219.10 (c)(l)). Decisions on site specific projects are 
not made in the Forest Plan as amended . Those decisions will be made with site-specific analysis 
and appropriate documentation in compliance wi th NEP A. 


TRANSITION TO THE FOREST PLAN AS AMENDED 


Forest Plan direction as amended will apply to all projects that have decisions made on or after 
the implementation of this ROD. 


There are many management actions that have decisions made before the implementation date of 
this ROD. The projected effects of these actions are part of the baseline analysis documented in 
the FSEIS and Biological Evaluation. 


The NFMA requires that "permits, contracts, and other instruments for use and occupancy" of 
National Forest System lands be "considered" with the Forest Plan (16 U.S.c. 1604(i)). In the 
context of a Forest Plan, NFMA specifically conditions the requirement in three ways: 


• These documents must be reviewed only when necessary 
• These documents must be revised as soon as practicable 
• Any revisions a subject to valid existing rights. 


Grazing permits are generally issued for a 10-year term. Because this Forest Plan amendment 
specifically addresses rangeland suitability for domestic sheep and goat grazing, action will be 
necessary to bring the Term Grazing Permits into compliance with this phase of the Forest Plan 
amendment process. 


Administrative Appeals of My Decision 


My decision is subject to the optional appeal procedures available during the planning rule 
transition period pursuant to 36 CFR 219.35(b) provisions of the 2000 planning rule 
(65 FR 67514) and 2001 interpretive rule (66FR 1864). Consistent with Section 8(a)(2) of these 
procedures, a written notice of appeal must be filed with the Intermountain Regional Forester 
within 45 days of the date that the legal notice of this decision appears in The Idaho Statesman 
newspaper. 


Only individuals or organizations that submitted comments or otherwise expressed interest in the 
project during the comment periods may appeal. Appeals must be postmarked or received by the 
Appeal Deciding Officer within 45 days of the publication of the legal notice of decision in The 
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Idaho Statesman newspaper. This date is the exclusive means for calculating the time to file an 
appeal. Timeframe information from other sources should not be relied upon. Incorporation of 
documents by reference is not allowed. 


Appeals must be sent to the Appeal Deciding Officer, Harv Forsgren, Intermountain Regional 
Forester. Appeals can be mailed, faxed , e-mailed, or hand delivered to: 


Intermountain Regional Forester 


USDA-Forest Service 


324 25 th Street 


Ogden, UT 8401 


Fax: (801) 625-5277 


E-mail : appeals-intermtn-regional-office@fs.fed.us 


E-mailed appeals must be submitted in rich text format (rtf), Word (doc), or portable document 
format (pdf) and must include the project name in the subject line. Appeals that are hand 
delivered can be made to the address above during regular business hours of 8:00 A.M. to 
4:30 P.M. Monday through Friday. 


A copy of the appeal must simultaneously be sent to the deciding officer: 


Forest Supervisor, Payette National Forest 

USDA-Forest Service 

800 W. Lakeside Ave. 

McCall, ID 83638 



Any notice of appeal must be fully consistent with Section 9 of the optional appeal procedures 
available during the planning rute transition period pursuant to 36 CFR 219.35(b) provisions of 
the 2000 planning rule (65 FR 67514) and 2001 interpretive rule (66FR 1864). At a minimum, a 
written notice of appeal filed with the reviewing officer must: 


1. 	 State that the document is a notice of appeal filed pursuant to 36 CFR 219 .14(b) (2); 
2. 	 List the name, address, and telephone number of the appellant; 
3. 	 Identify the decision about which the requestor objects; 
4. 	 Identify the document in which the decision is contained by title and subject, date of the 


decision, and name and title of the deciding officer; 
5. 	 Identify specifically that portion of the decision or decision document to which the 


requester objects; 
6. 	 State the reasons for objecting, including issues of fact, law, regulation, or policy, and, if 


applicable, specifically how the decision violates law, regu lation, or policy; and 
7. Identify the specific change(s) in the decision that the appellant seeks. 


[54 FR 3357, Jan. 23,1989, as amended at 55 FR 7895, Mar. 6,1990; 56 FR 4918, Feb. 6,1991] 
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CONTACTS 
More information on the FSEIS and the ROO can be obtained by contacting 


Pattie Soucek 
Land Management Planner 
800 West Lakeside Avenue 
McCall , 10 83638 
(208) 634-0812 
E-mail: psoucek @fs.fed.Ll s 


Or 


Laura Pramuk 
Public Affairs Officer 
800 West Lakeside Avenue 
McCaJJ , 10 83638 
(208) 634-0784 
E-mail : Ibpramuk@fs.fed.u s 


Conclusion 


For the past 5 years, Payette National Forest personnel have worked with tribal governments, 
cooperators, members of the public , elected officials, and other agencies to produce this 
Supplement to the 2003 Southwest Idaho Ecogroup Land and Resource Management Plans 
Final Environmental Impact Statement. The FSEIS was developed by a dedicated lOT composed 
of Forest Service employees, researchers from the University of California at Davis, and Federal 
contractors . The lOT used the best available science to develop and analyze alternatives. 
Science, however, does not always provide definitive answers to complex resource management 
issues, especially when the answers involve determining acceptable levels of risk. My job has 
been to weigh those risks and determine a level that is acceptable given the multiple use mission 
of the Forest Service. 


I know that my decision regarding rangeland suitability determination will require affected 
permittees to adjust as sheep grazing has been their way of life for generations. The 
Forest Service will continue to assist in determining if vacant allotments can be made available 
to our permittees. If in the future , advances in science or technology, such as a vaccine, are 
developed to effectively protect bighorn sheep from disease without requiring the separation 
from domestic sheep provided by this amendment, or if new information becomes available, the 
Forest Plan can be revised or amended to address such changed circumstances. 


Implementing my decision will be challenging and require monitoring and cooperation. Even so, 
I am confident that my decision will provide adequate habitat to support a viable population of 
bighorn sheep on the Payette National Forest. 


Out; ;l () ,;uJI[)j . 
. ate 


Forest Supervisor, Payette National Forest 
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Health Status and Microbial (Pasteurellaceae)
Flora of Free-Ranging Bighorn Sheep
Following Contact with Domestic Ruminants


MARK L. DREW,1 Idaho Department of Fish and Game, Wildlife Health Laboratory, 16569 S 10th Avenue, Caldwell, ID 83607, USA


KAREN M. RUDOLPH, Idaho Department of Fish and Game, Wildlife Health Laboratory, 16569 S 10th Avenue, Caldwell, ID 83607, USA


ALTON C. S. WARD, University of Idaho, Caine Veterinary Teaching Center, University of Idaho, 1020 E Homedale Road, Caldwell, ID 83607,
USA


GLEN C. WEISER, University of Idaho, Caine Veterinary Teaching Center, University of Idaho, 1020 E Homedale Road, Caldwell, ID 83607,
USA


ABSTRACT Eighteen bighorn sheep (Ovis canadensis) with known or suspected contact with domestic
ruminants on public or private land were removed to prevent possible disease transmission. Live bighorns
maintained in captivity were monitored for evidence of respiratory disease. Contacts with cattle (n¼ 4)
occurred in December, January, and July; whereas, most contacts with domestic sheep (n¼ 10), goats (n¼ 3),
or both (n¼ 1) occurred between April and October. Four bighorns died within 7 days following capture and
10 survived from 47 days to 57 months in captivity. Five bighorns had gross and/or histological evidence of
pneumonia. Pasteurellaceae were isolated from 17/18 bighorns, and domestic ruminants that were contacted
by 4 bighorns. Isolates included multiple biovariants of Mannheimia spp. and Bibersteinia trehalosi, and
Pasteurella multocida subspecies and biotypes. Pasteurellaceae from pneumonic lungs included Mannheimia
spp. biovariant 1, P. multocida subsp. multocida a, and B. trehalosi biovariant 2B. The Mannheimia spp.
biovariant 1, isolated from 2 pneumonic bighorns and contacted domestic sheep, had restriction fragment-
length pattern similarity coefficient values of 1.0, indicating high similarity and likely sharing between the
species. Management implications include the need for species separation and rapid responses to contact
situations because 28% of the bighorns died with evidence of respiratory disease following domestic ruminant
contact. � 2014 The Wildlife Society.


KEY WORDS bighorn sheep, domestic cattle, domestic goat, domestic sheep, management, Ovis canadensis,
Pasteurellaceae.


Respiratory disease has been identified as a major limiting
factor for many bighorn sheep (Ovis canadensis) populations
in North America (Miller 2001). Multiple etiological agents,
including lungworms (Prostostrongylus spp.; Spraker and
Hibler 1982), Pasteurella spp. (Weiser et al. 2003, Rudolph
et al. 2007),Mannheimia and Bibersteinia spp. (Jaworski et al.
1998, Rudolph et al. 2007, George et al. 2008, Dassanayake
et al. 2013), Histophilus somni (Ward et al. 2006), viruses
(Parks et al. 1972, Clark et al. 1985, Dunbar et al. 1985), and
Mycoplasma spp. (Woolf et al. 1970, Al-Aubaidi et al. 1972,
Black et al. 1988, Rudolph et al. 2007, Besser et al. 2008,
2013) have been detected in association with respiratory
disease in bighorns. Respiratory disease is recognized as
multifactorial in domestic sheep (O. aries) and domestic goats
(Capra hircus; Brogden et al. 1998). Members of the
Pasteurellaceae family, especially the genera Pasteurella,
Bibersteinia, and Mannheimia, have been the most common


organisms cultured from healthy and diseased bighorns
(Jaworski et al. 1993, 1998,Weiser et al. 2003, Rudolph et al.
2007). Pneumonia associated with Pasteurellaceae in
domestic sheep can present as peracute, acute, or chronic
respiratory or septicemic forms histologically characterized as
fibrinopurulent bronchopneumonia (Gilmour and Gilmour
1989). Pneumonia in bighorns can present in similar forms
(Spraker and Hibler 1982, Spraker et al. 1984).
In some instances, morbidity and mortality have been


documented in bighorns after they have been in close
proximity to, or in contact with, domestic ruminants (Jansen
et al. 2006, George et al. 2008, Wolfe et al. 2010).
Experimental inoculation of captive bighorns with P.
haemolytica from domestic sheep resulted in fatal pneumonia
in the bighorns (Onderka et al. 1988, Foreyt et al. 1994).
Transmission of virulent organisms resulting in mortality of
bighorns has also been reported in bighorns penned with
domestic and exotic sheep species (Foreyt 1989, Callan et al.
1991). Pasteurellaceae not associated with disease have also
been detected in both free-ranging bighorns and domestic
ruminants on shared range (Ward et al. 1997, Rudolph et al.
2003). However, there is concern regarding the potential of
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transmitting organisms from domestic ruminants to big-
horns that could contribute to pneumonic epizootics in free-
ranging bighorns.
Many wildlife management agencies kill or capture


bighorns that have known contact with domestic ruminants
as a strategy to prevent epizootics. This report summarizes
data collected opportunistically from 18 bighorns with
known (n¼ 17) or suspected (n¼ 1) contact with domestic
ruminants during a 14-year period. The objectives of this
report are to provide information regarding contact events;
evaluate bacterial culture results of samples collected from
the bighorns and some domestic ruminant contacts for
evidence of transmission of Pasteurellaceae from domestic
ruminants to bighorns; and describe dynamics of Pasteur-
ellaceae carried by bighorns over extended sampling periods.


STUDY AREA


The study area encompassed 5 states—California, Idaho,
Nevada, Oregon, and Washington in the United States.
Specific locations for the 18 animals are detailed in Table 1.
The Idaho Department of Fish and Game Wildlife Health
Laboratory was located in Caldwell, Idaho.


MATERIALS AND METHODS


Between 1994 and 2008, the Idaho Department of Fish and
Game Wildlife Health Laboratory received 17 (4 F, 13 M)
bighorns with known domestic ruminants contact: domestic
sheep (n¼ 9); domestic goats (n¼ 3); domestic sheep and
goats (n¼ 1); and cattle (Bos tarus; n¼ 4; Table 1). Contact


was observed on public rangeland (n¼ 6) and on private
property (n¼ 11) in California (n¼ 1), Idaho (n¼ 6),
Nevada (n¼ 2), Oregon (n¼ 4), and Washington (n¼ 4).
An additional female bighorn was observed within 0.4 km
(0.25mi) and was believed to have had contact with domestic
sheep on public rangeland in Idaho. Four bighorns (3 shot at
or near the contact sites and 1 darted at the contact site and
transported to the Wildlife Health Laboratory for euthana-
sia) were categorized as Dead on Arrival (DOA). Fourteen
bighorns were captured alive by darting (n¼ 11), aerial net
gun (n¼ 2) or roping (n¼ 1) and transported to the Wildlife
Health Laboratory within 14 days of capture. Of these, 4
died within 7 days following arrival at the Wildlife Health
Laboratory and were categorized as Died Shortly After
Arrival (DSAA). Ten bighorns survived longer than 7 days at
the Wildlife Health Laboratory and were categorized as
long-term monitoring (LTM).
The bighorns ranged from 1 to 5 years old when removed


from contact with domestic ruminants (Table 1). The
estimated duration of contact ranged from 1 to 210 days. Six
bighorns (DOA-1, DSAA-1, LTM-1, LTM-2, LTM-3,
and LTM-5) had been translocated prior to contact events,
although the time interval between translocation and
observed contact varied.
At the Wildlife Health Laboratory, we penned bighorns


individually without fence-line contact, except for 2 pairs
(LTM-7 with LTM-8, and LTM-9 with LTM-10) that
were captured together and subsequently penned together.
Water, trace mineral salt, and alfalfa hay were provided ad


Table 1. Summary of 18 bighorns that were in contact with domestic ruminants, in the northwestern United States, 1994–2008. WHL, Wildlife Health
Laboratory.


Bighorn
IDa


Origin region,
state


Age
(yr) Sex


Domestic
contact
observedb


Initial
contact
observed


Observed
contact
duration


Time at
WHL Fate


Evidence of
pneumoniac


DOA-1d Hells Canyon, ID >1 F DS (RA) Jul 4 Days 0 Days Euthanized No
DOA-2 Warner Mtn, CA 1 M DS (PP) Jun 3 Months 0 Days Euthanized No
DOA-3 Darlington, ID 2.5 M CA (PP) Dec 2–3 Days 0 Days Euthanized No
DOA-4 Rapid River ID >1 M DG (RA) May 11 Days 0 Days Euthanized No
DSAA-1d McDermitt, NV 2 F DS (RA) May 1–2 Days 5 Days Diede Yes
DSAA-2 Tollgate, OR >1 M DS (RA) Oct 1 Day 7 Days Diede Yes
DSAA-3 Hells Canyon, ID 1.5 M DS (RA) Jun 1–2 Days 2 Days Diede No
DSAA-4 Hells Canyon, ID 1.5 M DS (RA) Jun 1–2 Days 6 Days Diede Yes
LTM-1d Battle Mtn., NV 5 M DS (RA) Jan 1 Week 25 Months Diede Yes
LTM-2d Malheur Co., OR 4 F CA (PP) Jul 7 Months 47 Days Diede No
LTM-3d Deschutes, OR 3 M CA (PP) Jan 2–3 Week 7.5 Months Diede Yes
LTM-4 St. Maries, ID >1 M DS, DG (PP) Apr 1 Month 57 Months Euthanizedf No
LTM-5d Wallowa, OR >1 M DS (PP) Apr 1 Week 48 Days Diede No
LTM-6 Challis, ID >1 M CA (PP) Jan 2–3 Months 116 Days Euthanizedf No
LTM-7 Asotin, WA 1 M DS (PP) Jul 1 Week 31 Months Euthanizedf No
LTM-8 Asotin, WA 1 M DS (PP) Jul 1 Week 26 Months Diede No
LTM-9 Asotin, WA 1 F DG (PP) Sep 2–3 Days 18 Months Euthanizedf No
LTM-10 Asotin, WA 1 F DG (PP) Sep 2–3 Days 18 Months Euthanizedf No


a DOA, (Dead on arrival) bighorns killed at or near the site of contact with domestic ruminants or at arrival at the IdahoDepartment of Fish andGameWHL;
DSAA, (Died shortly after arrival) bighorns that died within 7 days after arrival at WHL; and LTM, (Long-term monitoring) bighorns that survived >7
days at the WHL.


b DS, domestic sheep; DG, domestic goats; and CA, cattle. Letters in parentheses, ownership status of land where contact occurred; PP, private property; RA,
public rangeland.


c Evidence of pneumonia at necropsy included reddening, swelling, purulent material, and/or adhesions of the lungs. Not all signs were present in all animals.
d Translocated prior to contact with domestic ruminants.
e Died from pneumonia (DSAA-1, DSAA-2, DSAA-4, LTM-1, LTM-3), dart trauma (DSAA-3), anesthesia complications (LTM-2, LTM-5), and
bluetongue (LTM-8).


f Euthanized at end of study.
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libitum daily. All bighorns were observed daily for visual
indicators of health status. Bighorns were physically
restrained or anesthetized by remote injection for sample
collection, hoof trimming, and annual health examinations as
per University of Idaho Institutional Animal Care and Use
Committee Protocol #2002-18. Six bighorns (DSAA-3,
DSAA-4, LTM-1, LTM-3, LTM-4, and LTM-5) were
given antibiotics at capture or while in captivity to treat either
capture injuries or respiratory disease. As needed, bighorn
sheep were immobilized or physically restrained prior to
humane euthanasia.
We collected samples from bighorns on arrival at the


Wildlife Health Laboratory, at various times during
captivity, and at necropsy. Samples from live animals
included oropharyngeal and/or nasal swabs for bacteriology,
blood for serology, complete blood counts and serum
biochemistries, and feces for parasitology. Samples collected
at necropsy included swabs and tissues for bacteriology and
histopathology. Samples for bacteriology were submitted to
the University of Idaho Caine Veterinary Teaching Center,
Caldwell, Idaho. Tissues for histopathology were placed in
10% buffered formalin and submitted to Caine Veterinary
Teaching Center orWashington Animal Disease Diagnostic
Laboratory, Pullman, Washington. Only results from
bacteriology and histopathology are considered in this report.
Oropharyngeal swabs were collected from multiple


domestic sheep in herds contacted by DSAA-1 and
DSAA-2, 14 and 17 days following bighorn removal,
respectively. Similar samples were collected from 2 feral
domestic goats contacted by LTM-9 and LTM-10 at the
time those bighorns were captured.
We inoculated samples for bacteriology onto Columbia


Blood Agar containing 5% sheep blood or Columbia Blood
Agar containing 5% bovine blood and antibiotics to inhibit
non-Pasteurellaceae (Jaworski et al. 1993). Bacterial
colonies characteristic of Pasteurellaceae were propagated,
identified, and differentiated into biovariants as previously
described (Biberstein et al. 1991, Jaworski et al. 1998).
Isolates in the genus Mannheimia are simply reported as
Mannheimia spp. because they were not speciated using 16S
rRNA sequencing or other molecular methods. The ability
of isolates to produce hemolysis on Columbia Blood
Agar was evaluated and included in biovariant charac-
terization. Isolates identified in the same biovariant
group and cultured from both bighorns and their domestic
contacts were subjected to restriction enzyme analysis
(Jaworski et al. 1993) using Restriction Fragment Length
Patterns to compare similarity of DNA. All DNA
preparations were restricted with HaeIII and those from
LTM-9 and LTM-10 and their domestic contacts were also
restricted with EcoRI.


RESULTS


Contact of bighorns with domestic ruminants occurred
throughout the year (Fig. 1; Table 1), with 10 of 18 detected
during April–July. All 4 cattle and 3 of 4 goat contacts
occurred on private property; whereas, 5 (45%) and 6 (55%)
of the 11 contacts with domestic sheep occurred on private


property and public rangeland, respectively. Thirteen (72%)
contacts involved adult males and 5 (28%) involved adult
females. Of the 6 previously translocated bighorns, 3 males
and 3 females were observed in contact with domestic
ruminants.
Of the 14 bighorns captured alive, 4 died within 7 days


following capture and 10 survived from 47 days to 57 months
in captivity. Three of the 18 (17%) that died within 7 days
and 2 (11%) that died 7 and 25months following capture had
gross and/or histological evidence of pneumonia at necropsy
(Table 1).
Pasteurellaceae were isolated from all bighorns, except


DOA-3, and all samples with the exception of 1 liver and 5
lung tissues and 4 oropharyngeal swab samples (Tables 2–4).
Isolates were characterized in 22 Mannheimia spp. and 8 B.
trehalosi biovariants and 5 P. multocida subspecies and
biotypes.
The majority ofMannheimia spp. biovariants were isolated


only sporadically. Only beta-hemolytic biovariant 1 and non-
hemolytic biovariant 9 abR were isolated from more than one
bighorn sheep. Beta-hemolytic biovariant 1 was isolated
from multiple samples fromDOA-2, DSAA-1, and DSAA-
2 at the time of capture and necropsy following development
of pneumonia and from 2 samples collected from LTM-1.
Biovariant 1 isolates were also cultured from 12 of 23
domestic males contacted by DSAA-1 and from 8 of 9
domestic females contacted by DSAA-2. All of the
biovariant 1 isolates from DSAA-1 had similarity coef-
ficients of 1.0 with 1 of 12 biovariant 1 isolates from the
domestic males. Similarly, 1 of 8 biovariant 1 isolates from
the domestic females had a similarity coefficient of 1.0 with
all biovariant 1 isolates from DSAA-2. Additional beta-
hemolytic Mannheimia spp. biovariants (11 and Ub), were


Figure 1. Temporal patterns for contact between bighorn sheep and
domestic ruminants and for removal of bighorns in the northwestern United
States, 1994–2008. DS, Domestic sheep; DG, domestic goats; and CA,
cattle.
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isolated from individual DOA bighorn sheep, and biovar-
iants 7BX, Ub, 1abEG, and UbB were isolated from individual
LTM bighorn sheep.
The most commonly isolated B. trehalosi biovariants were


non-hemolytic 2 and 2B and beta-hemolytic 2B, which were
isolated from 7, 1, and 7, bighorns respectively. Beta-
hemolytic B. trehalosi 2B and non-hemolytic 2 were isolated
from LTM-9 and LTM-10 and from the domestic goats
they had contacted (Table 4). The Restriction Fragment
Length Patterns of all the isolates in these biovariants from
bighorns and domestic goats had similarity coefficient values
of <0.5, indicating that the organisms were not closely
related. Both LTM-9 and LTM-10 remained clinically
healthy in captivity for 18 months.


The 5 P. multocida types were isolated from 7 bighorns,
with P. multocida subsp. multocida a isolated from 4 and P.
multocida subsp. multocida b isolated from 2 bighorns.
At necropsy, changes in lung tissue suggestive of


pneumonia (reddening or swelling of lung tissue, presence
of abscesses, adhesions, and/or purulent material within the
lung) were found in 5 (28%) of the 18 bighorns (Table 1).
These 5 bighorns (DSAA-1, DSAA-2, DSAA-4, LTM-1,
and LTM-3) constituted 36% of the 14 bighorns received
alive at the Wildlife Health Laboratory. Four of the 5 had
contacted domestic sheep on public rangeland; one had
contacted cattle on private property.
Pasteurellaceae isolated from pneumonic lung tissue


included Mannheimia spp. 1 (DSAA-1 and DSAA-2),


Table 2. Pasteurellaceae isolated from samples collected from “Dead on Arrival” (DOA) bighorns following contact with domestic ruminants in the
northwestern United States, 1994–2008.


Bighorn IDa
Domestic
contactb


Date of
removal


Date
sampled


Source of
samplec


Pasteurellaceae
isolatedd


Evidence of
pneumoniae


DOA-1 DS 16 Jul 2000 16 Jul 2000 NA Mannheimia spp. 11 (b) No
P. multocida U11 (nh)


LG Negative
DOA-2 DS 15 Aug 2000 15 Aug 2000 OP, TR, LG Mannheimia spp. 1 (b) No


B. trehalosi (nh)f


LG P. multocida mult b (nh)
DOA-3 CA 4 Dec 2006 4 Dec 2006 OP, LG Negative No
DOA-4 DG 12 May 2008 12 May 2008 OPg B. trehalosi 2 (nh) No


Mannheimia spp. Ub (b)
LG Negative


a DOA, (Dead on arrival) bighorns killed at or near site of contact with domestic ruminants or at arrival at the Idaho Department of Fish and GameWildlife
Health Laboratory.


b Domestic sheep (DS), domestic goats (DG), and cattle (CA).
c Oropharyngeal swab (OP), nasal swab (NA), tracheal swab (TR), and lung (LG).
dMannheimia spp. Bibersteinia trehalosi, and Pasteurella multocida followed by letters and/or numbers indicate biovariant designation and (nh) and (b) indicate
non-hemolytic or beta-hemolysis on blood agar plates, respectively.


e Evidence of pneumonia at necropsy included reddening, swelling, purulent material, and/or adhesions of the lungs. Not all signs were present in all animals.
f The biovariant of this isolate was not determined.
g Biovariant B. trehalosi 2 (nh) was also isolated from an OP sample from this bighorn on 16 Mar 2008 when captured for radiocollar placement.


Table 3. Pasteurellaceae isolated from samples collected from “Died Shortly After Arrival” (DSAA) bighorns after contact with domestic ruminants in the
northwestern United States, 1994–2008.


Bighorn
IDa


Domestic
contactb


Date of
removal


Date
sampled


Source of
samplec


Pasteurellaceae
isolatedd


Evidence of
pneumoniae


DSAA-1 DS 3 May 1994 5 May 1994 OP, NA Mannheimia spp. 1 (b)f Yes
OP Mannheimia spp. 3aE (nh)


10 May 1994 TR, LG, HT Mannheimia spp.1 (b)f


DSAA-2 DS 3 Oct 1994 3 Oct 1994 OP Mannheimia spp. 1 (b)g Yes
B. trehalosi 2 (nh)


10 Oct 1994 OP, LG, BR Mannheimia spp. 1 (b)g


OP B. trehalosi 2 (nh)
DSAA-3 DS 22 Jun 1995h 22 Jun 1995 OP B. trehalosi 2B (nh) No
DSAA-4 DS 22 Jun 1995h 22 Jun 1995 OP B. trehalosi 2B (nh) Yes


a DSAA, (Died shortly after arrival) bighorns that died <7 days after arrival at the Idaho Department of Fish and Game Wildlife Health Laboratory.
b Domestic sheep (DS).
c Oropharyngeal swab (OP), nasal swab (NA), trachea, (TR), lung (LG), brain (BR), and heart (HT).
dMannheimia spp.,Bibersteinia trehalosi, and Pasteurella multocida followed by letters and/or numbers indicate biovariant designation and (nh) and (b) indicate
non-hemolytic or beta-hemolysis on blood agar plates, respectively.


e Evidence of pneumonia at necropsy included reddening, swelling, purulent material, and/or adhesions of the lungs. Not all signs were present in all animals.
f Multiple biovariants of Bibersteinia, Mannheimia, and Pasteurella were isolated from samples collected from 23 domestic males in the contact herd.
Mannheimia spp. biovariant 1 were isolated from 12 of these sampled on 17May 1994. One of 12 isolates had an RFLP SC¼ 1 compared with isolates from
DSAA-1.


g Multiple Pasteurellaceae strains were isolated from OP samples collected from 9 domestic female lambs in the contact herd; Mannheimia spp. 1 (b) was
isolated from 8 of 9 of these. One of 8 isolates had an RFLP SC¼ 1.0 compared with isolates from DSAA-2.


h Antibiotics given included Amoxicillin to DSAA-3 and DSAA-4 for 2 days after capture and LA-200 given to DSAA-4 for 2 days.
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Table 4. Pasteurellaceae isolated from samples collected from “Long-term Monitoring” (LTM) bighorns following contact with domestic ruminants in the
northwestern United States, 1994–2008.


Bighorn
IDa


Domestic
contactsb


Date of
removal Date sampled


Source of
samplec Pasteurellaceae isolatedd


Evidence of
pneumoniae


LTM-1 DS 12 Jan 1994 12 Jan 1994 OP Mannheimia spp.1 (b), 10B (nh); B.
trehalosi 2 (nh)


Yes


29 Mar 1994 NA B. trehalosi 2 (nh), 2CDS (nh)
6 May 1994 OP Mannheimia spp. 7 (nh), 11BCDS


(nh), 16aBE (nh)
28 Dec 1994g OP B. trehalosi 2 (nh)


NA B. trehalosi 2 (nh)
20 Jul 1995 OP Mannheimia spp. 7BX (b); B.


trehalosi 2 (nh)
NA B. trehalosi 2 (nh)


15 Aug 1995 OP Mannheimia spp. 10a (nh), 11 (b);
B. trehalosi 2 (nh)


NA Mannheimia spp. 1 (b)
21 Dec 1995–10
Jan 1996g


19 Jan 1996g OP B. trehalosi 2 (nh)
OP & NA P. multocida mult a


22 Jan 1996–26
Feb 1996g


28 Feb 1996 NA B. trehalosi 2 (nh), 2G (nh); P.
multocida mult a; Mycoplasma spp.f


5 Mar 1996 LG B. trehalosi 2B (b)
LTM-2 CA 28 Feb 1995 28 Feb 1995 OP B. trehalosi 4CDS (nh) No
LTM-3 CA 28 Jan 1997 28 Jan 1997 OP Mannheimia spp. 8 (nh);


Mannheimia spp.10 (nh), Ua (nh)
Yes


8 Sep 1997–12
Sep 1997g


3 Oct 1997–5
Oct 1997g


5 Oct 1997 LG P. multocida mult a
LTM-4 DS, DG 12 May 1999 12 May 1999f OP B. trehalosi 2B (nh) No


13 Mar 2000 OP Mannheimia spp. 3a (nh); B. tre-
halosi 2 (nh)


21 Jul 2000 OP B. trehalosi 2BS (b)
15 Sep 2000 OP Mannheimia spp. UabB (nh); B.


trehalosi 2BS (b)
1 Mar 2001 OP B. trehalosi 2 (nh), 2B (nh)
19 Jun 2001 OP B. trehalosi 2B (b)
22 Mar 2002 OP Mannheimia spp. UabB (nh); B.


trehalosi 2 (nh)
28 Apr 2003 OP Mannheimia spp. UabB (nh); B.


trehalosi 2B (nh)
1 Dec 2003 OP Mannheimia spp. Uab (nh); B.


trehalosi 2B (nh)
12 Feb 2004 LG Mannheimia spp. UabG (nh); B.


trehalosi 2B (nh)
LTM-5 DS 40 Apr 2000 20 Apr 2000–2


May 2000g
No


3 May 2000 OP Negative
1 Mar 2001 OP B. trehalosi 2B (nh)
19 Jun 2001 LG B. trehalosi 2B (b)


LV Negative
LTM-6 CA 3 Feb 2001 3 Feb 2001 OP B. trehalosi 2B (nh), 4CDS (nh) No


1 May 2001 OP B. trehalosi 2B (b); P. multocida U6


5 Jun 2001 OP B. trehalosi 4CDS (nh)
20 Jun 2001 LG B. trehalosi 4CDS (b)


LTM-7 DS 13 Jul 2001 13 Jul 2001 OP B. trehalosi 2B (b); P. multocida U12 No
8 Aug 2001 OP Mannheimia spp. 1aBEG (b); B.


trehalosi 2B (b); P. multocida mult a
5 Nov 2001 OP B. trehalosi 2B (nh)
26 Feb 2002 OP Negative
4 Jun 2002 OP B. trehalosi 2B (nh); P. multocida


mult a
29 Apr 2003 OP B. trehalosi 2B (nh)
1 Dec 2003 OP B. trehalosi 2B (nh); P. multocida


mult b
12 Feb 2004 LG B. trehalosi 2B (nh)


(Continued)
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beta-hemolytic B. trehalosi 2B (LTM-1), non-hemolytic B.
trehalosi 2B (DSAA-4), and P. multocida subsp. multocida a
(LTM-3). Lung tissue from DSAA-3 and DSAA-4 were
not submitted for bacterial culture although evidence of
pneumonia was detected by histopathology in DSAA-4.
Pasteurellaceae strains were also isolated from lung tissue of 6
bighorns (DOA-2, LTM-4, LTM-5, LTM-6, LTM-7, and
LTM-8) that did not have evidence of pneumonia (Tables 2–
4).


DISCUSSION


The primary purpose of removing bighorns from contact
with domestic ruminants was to prevent those bighorns from
contacting other bighorns and possibly transmitting patho-
genic organisms acquired from domestic ruminants. The risk
of transmitting Pasteurellaceae associated with respiratory
disease in domestic ruminants to bighorns is a major concern
due to virulence of some strains for bighorns (Miller 2001,
Rudolph et al. 2007, CAST 2008).
Various factors may contribute to bighorns contacting


domestic ruminants. Bighorns are sociable animals with


distinct male groups that separate from female groups in
spring and return in the late autumn during rut (Bleich et al.
1997). Individual bighorns may wander and seek association
with other ruminants and males may wander during rut
seeking females. Although the majority of bighorns in this
study were males, contact with domestic sheep or goats did
not correlate with either the bighorn breeding season or
estrus in the domestic species. Food may be an attraction, but
most contacts in this study occurred during months when
food resources would likely not be a limiting factor for
bighorns. The association between translocation of 6
bighorns and contact with domestic ruminants or the time
interval between translocation and contact are unknown.
One focus of this study was on the detection of


Pasteurellaceae because members of this bacterial family
had been implicated in many earlier reports. The isolation of
Mycoplasma spp. from free-ranging bighorns was first
reported in 2007 (Rudolph et al. 2007); however, tests to
detect those organisms in this study were not conducted on
all samples and aMycoplasma spp. was isolated from only one
bighorn (LTM-1). Since then, Mycoplasma spp. (especially


Table 4. (Continued)


Bighorn
IDa


Domestic
contactsb


Date of
removal Date sampled


Source of
samplec Pasteurellaceae isolatedd


Evidence of
pneumoniae


LTM-8 DS 13 Jul 2001 13 Jul 2001 OP Mannheimia spp. UbB (b); B.
trehalosi 2B (b); P. multocida mult a


No


8 Aug 2001 OP B. trehalosi 2B (b); P. multocida
mult a


5 Nov 2001 OP B. trehalosi 2B (nh)
26 Feb 2002 OP Negative
4 Jun 2002 OP B. trehalosi 2 (nh)
29 Apr 2003 OP Mannheimia spp. UbB (nh); B.


trehalosi 2B (nh)
20 Sep 2003 NA Mannheimia spp. UbB (nh); B.


trehalosi 2B (nh); P. multocida mult
a


LG B. trehalosi 2B (nh); P. multocida
mult a


LTM-9 DG 8 Sep 2002 9 Sep 2002 OP B. trehalosi 2B (b)h No
14 Nov 2002 OP B. trehalosi 2 (nh)
28 Apr 2003 OP Mannheimia spp. 16a (nh); B.


trehalosi 2 (nh)
17 Dec 2003 OP Mannheimia spp. 9abR (nh); B.


trehalosi 2 (nh)
30 Mar 2004 LG Negative


LTM-10 DG 9 Sep 2002 9 Sep 2002 OP B. trehalosi 2B (nh)h Noe


14 Nov 2002 OP B. trehalosi 2 (nh)g


28 Apr 2003 OP B. trehalosi 2B (nh)
17 Dec 2003 OP Mannheimia spp. 9abR (nh); B.


trehalosi 2 (nh), 2B (nh)
30 Mar 2004 LG Negative


a LTM, (Long-term monitoring) bighorns that survived >7 days at Idaho Department of Fish and Game Wildlife Health Laboratory.
b Domestic sheep (DS), domestic goats (DG), and cattle (CA).
c Oropharyngeal (OP) and nasal (NA) swabs, lung (LG), and liver (LV).
dMannheimia spp. and Bibersteinia trehalosi followed by letters and/or numbers indicate biovariant designations; (nh) and (b) indicate non-hemolytic or beta-
hemolysis on blood agar plates, respectively. Pasteurella multocida isolates identified to subspecies multocida a and multocida b and biotypes U6 and U12.


e Evidence of pneumonia at necropsy included reddening, swelling, purulent material, and/or adhesions of the lungs. Not all signs were present in all animals.
f Not all samples from bighorns were screened for Mycoplasma spp., but this was the only sample that was positive.
g Antibiotics given on dates indicated. LTM-1 given penicillin 21 Dec 1994–9 Jan 1995, LA-200 26 Dec 1994–2 Jan 1995, Gentocin, amoxicillin, mycotil 2
Jan–10 Jan 1995, LA-200 and penicillin 19 Jan 1996, LA-200, amoxicillin, gentocin, penicillin 22 Jan–26 Feb 1996; LTM-3 given LA-200 and K penicillin
8 Sep–12 Sep 1997, mycotil 3 Oct–5 Oct 1997; LTM-5 given LA-200 20 Apr 2000, ceftiofur 21 Apr–1 May 2000, and penicillin 2 May 2000.


h Bibersteinia trehalosi 2 (b) and 2B (nh) were isolated from samples collected on 9 Sep 2002 from 2 feral goats contacted by LTM-9 and LTM-10; both isolates
had RFLP SC values of <0.5 compared with isolates from LTM-9 and LTM-10.
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M. ovipneumoniae) have become recognized as possible key
agents in bighorn pneumonia, and new refined sampling
protocols have been developed. For example, Weiser et al.
(2012) found Mycoplasma in numerous bighorns in Idaho
using enrichment and species- and genus-specific PCR.
One of the objectives of this report was to describe the


dynamics of the Pasteurellaceae organisms isolated from
individual bighorns, which was most relevant for LTM
bighorns in which several patterns were observed. The
Mannheimia spp. isolates were the most diverse; 14
biovariants were isolated from 7 of the 10 bighorns.
Mannheimia spp. Uab was isolated 3 times over a 3-year
period from LTM-4 and biovariant 9abR was isolated once
from LTM-9 and LTM-10, which were penned together. In
contrast, B. trehalosi biovariants were more consistently
detected from all bighorns. This may be the result of
inhibition of M. haemolytica by B. trehalosi (Dassanayake
et al. 2010) and/or P. multocida (Bavananthasivam et al.
2012), although inhibition in both instances was in in vitro
co-culture experiments, which may or may not be applicable
to in vivo events. Two subspecies and 2 biotypes of P.
multocida were isolated from 12 samples collected from 5
bighorns. Two pairs of bighorns (LTM-7 and LTM-8;
LTM-9 and LTM-10) that were captured and penned
together consistently had similar flora during most of the
sampling period. Factors such as age, environmental
conditions, immune status, and carriage of other organisms
in the respiratory tract may influence presence and detection
of different Pasteurellaceae strains in individual animals and
over time (Brogden et al. 1998, Rudolph et al. 2007). Walsh
et al. (2012) estimated that the optimal sample sizes for
detection of a targeted biovariant in a bighorn population
with 95% confidence ranged from sampling 2 animals twice
to sampling 40 individuals once in a population. Therefore, it
is better to sample multiple animals in a population rather
than testing a single animal to obtain a herd Pasteurellaceae
profile.
Pasteurellaceae are quite ubiquitous and multiple strains


have been isolated, alone or in combination, from both
healthy and diseased bighorns (Thorne et al. 1982, Jaworski
et al. 1998). Although Mannheimia spp. biovariant 1 was
associated with pneumonic lesions in DSAA-1 and DSAA-
2, other Pasteurellaceae strains were isolated from lung tissue
of other bighorns without clinical evidence of pneumonia
(e.g., isolation of P. multocida strains from lung samples from
DOA-2 and LTM-8 without evidence of pneumonia and
from lung tissue of LTM-3, which had evidence of
pneumonia).
Administration of antibiotics does not appear to eliminate


Pasteurellaceae from pharyngeal mucosa in ruminants,
although prophylactic treatment with tilmicosin reduced
nasal shedding in cattle (Frank and Duff 2000). Neither
oxytetracycline nor florfenicol eliminated Pasteurellaceae
from the pharyngeal mucosa of bighorns (Weiser et al. 2009).
The association between administration of antibiotics to
bighorns in this study and subsequent bacterial culture results
is unclear. However, no Pasteurellaceae were isolated from
an oropharyngeal sample collected from LTM-5 following


12 days of antibiotic treatment, which is suggestive of
temporary clearance of the organisms from the pharyngeal
mucosa. Pasteurella multocida strains were first isolated from
samples collected from LTM-1 and LTM-3 following
antibiotic therapy. Isolation of multiple P. multocida strains
from bighorns that died after long-term antibiotic treatment
in an attempt to stop a pneumonic epizootic was reported
previously (Weiser et al. 2003, Rudolph et al. 2007). If
P. multocida inhibits M. haemolytica in vivo as has been
demonstrated in in vitro co-culture (Bavananthasivam et al.
2012), P. multocida may have a competitive advantage in
repopulation of the mucosa and subsequent involvement in
respiratory disease. Another explanation could be variable
susceptibility of organisms to antibiotics as detected with
isolates from bison (Bison bison) (Dyer et al. 2001).
Multiple factors, including ruminant-specific leukotoxin


(one of the most formidable factors), are associated with the
virulence of Pasteurellaceae (Highlander 2001, Griffin et al.
2010). The lktA gene, which codes production of leukotoxin,
possessed by some Mannheimia spp. and B. trehalosi strains
(Kraabel and Miller 1997), has been demonstrated to be
associated with beta-hemolysis on culture media containing
bovine or ovine red blood cells (Murphy et al. 1995, Fisher
et al. 1999). Beta-hemolytic isolates were cultured from 13 of
18 bighorns, while Mannheimia spp. 1 was cultured from 4
bighorns in association with clinical, gross and histological
evidence of pneumonia in two bighorns (DSAA-1 and
DSAA-2) but not in two others (DOA-2 and LTM-1). The
reason that beta hemolytic biovariant 1 was associated with
disease in DSAA-1 and DSAA-2 and not in DOA-2 or
LTM-1 is unknown, but may be due to innate or acquired
immunity of the bighorns or differences in virulence of the
Pasteurellaceae strains.
The Mannheimia spp. strains formerly identified as P.


haemolytica biotypes A and 3, particularly those in biovariant
1, are more commonly isolated from domestic sheep than
bighorns (Ward et al. 1990, Jaworski et al. 1998). The fact
that the beta-hemolytic Mannheimia spp. biovariant 1
isolates cultured from DSAA-1 and DSAA-2 had identical
similarity coefficient values with biovariant 1 isolates
cultured from respective domestic sheep contact groups,
supports the hypothesis that these organisms were acquired
from the domestic sheep.Mannheimia spp. 1 was not isolated
from an oropharyngeal swab collected from DSAA-1 at
capture 4 months prior to contact with the domestic sheep;
therefore, this finding also supports the probability that
domestic sheep were the source of this organism, although it
is recognized that all Pasteurelleace types present in an
animal may not be detected on culture of a single sample
(Walsh et al. 2012). Ideally, determination of transmission
and its direction would be done after prospective sampling of
the bacterial flora present in each animal population and
before contact, as has been done by Lawrence et al. (2010) in
a captive setting.
Stress levels of bighorns in this study were not objectively


evaluated. Chronic stress can negatively influence immune
capabilities in bighorns (Belden et al. 1990) and could have
compounded the development of pneumonia in this study.
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Multiple stress factors, including fear, have been associated
with respiratory disease in domestic ruminants (Coppinger
et al. 1991, Minton et al. 1992, Grandin 1997, Galyean et al.
1999, Fike and Spire 2006). Similar stress factors in
bighorns, especially those that carry Mannheimia spp. 1,
may create a greater risk for respiratory disease.
It is evident from this and other recent reports (e.g., Jansen


et al. 2006, George et al. 2008, Wolfe et al. 2010) that
contacts between bighorns and domestic livestock do occur
and have the potential for transmitting infectious organisms.
Of the 4 bighorns with domestic sheep contact, 3 died within
7 days following capture with evidence of respiratory disease
at necropsy that appeared to be associated with the contact
event. In addition, 5 (28%) of 18 bighorns with domestic
ruminant contact in this study had evidence of pneumonia at
necropsy, one after contact with cattle and 4 after contact
with domestic sheep. Thus, it appears that the risk of
transmission of Pasteurellacae from domestic sheep and
development of disease in bighorn is greater than from cattle,
possibly due to longer and more frequent association.
There are numerous guidelines and recommendations


regarding separation of bighorns from domestic sheep and
goats on public land. Some state wildlife management
agencies have separation policies (e.g., WY [Anonymous
2004] and ID [Idaho Department of Fish and Game 2010]);
others follow general recommendations (Desert Bighorn
Council 1990, CAST 2008, United States Animal Health
Association 2009, Western Association of Fish and Wildlife
Agencies 2010). It is important to acknowledge that contact
between domestic ruminants and bighorns occurs, that
contact can occur throughout the year, can involve both male
and female bighorns, can occur on both public and private
lands, and that rapid response is critical.


MANAGEMENT IMPLICATIONS


This study provides some data to assist wildlife management
agencies in decisions regarding management of risk for
bighorns in contact with domestic ruminants. Management
actions to minimize the potential for contact between the
domestic livestock, especially domestic sheep, and bighorns
are warranted. Contact situations may be of short duration
and may occur on remote or relatively unattended land,
therefore education programs that call for immediate
notification of appropriate land and/or wildlife management
agencies are needed. Our data argue for a proactive and quick
response for removal of bighorns from contact situations.
The challenge for wildlife management agencies is to
determine whether any contact situation can be ignored and
to establish guidelines to minimize contact potential and for
rapid response when contact does occur.
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Abstract Bighorn sheep (Ovis canadensis) often die from
respiratory disease after commingling with domestic sheep.
From 2000 to 2009, we observed commingling between do-
mestic and reintroduced bighorn sheep in 3 populations in UT,
USA. We investigated how commingling affected survival of
radio-collared female bighorns that were released initially
(founder) and those that were subsequently released
(augmented). We predicted that the proportion of young sur-
viving to their first winter and population growth would be
lower after observed commingling with domestic sheep. We
observed groups of bighorns year-round on 2,712 occasions
and commingling between domestic sheep and bighorns in 6
instances. On Mount Timpanogos, survival rates were best
modeled as constant for females (n=57) before and after


observed commingling with domestic sheep. Survival rates
of female bighorns, however, decreased significantly in Rock
Canyon (n=21) and on Mount Nebo (n=22) for founder, but
not augmented bighorns after observed commingling with
domestic sheep. Also, the proportion of young surviving to
their first winter was almost 3 times lower and population
growth was reduced for bighorns after observed commingling
with domestic sheep in Rock Canyon and on Mount Nebo.
Commingling between domestic and bighorn sheep reduced
population parameters in 2 of 3 bighorn populations we stud-
ied; however, on Mount Timpanogos, interactions between
those 2 species were not fatal for radio-collared female
bighorns. Wildlife biologists should manage for spatial sepa-
ration of these 2 species and consider the location of hobby
farms and trailing operations of domestic sheep near release
sites for bighorns.


Keywords Domestic sheep .Ovis canadensis .


Reintroductions . Respiratory disease . Translocations


Introduction


Bighorn sheep (Ovis canadensis) historically occupied much
of the western USA (Buechner 1960; Valdez and Krausman
1999; Krausman and Bowyer 2003); however, populations of
those mammals have declined drastically since the latter part
of the nineteenth century (Geist 1971; Valdez and Krausman
1999). Historical declines have been attributed to
overharvesting, habitat loss, competition with domestic live-
stock, and disease (Smith et al. 1988; Wehausen et al. 2011).
Of those factors, pneumonia epizootics have plagued popula-
tions of bighorns for the past century (Grinnell 1928;
Wehausen et al. 2011). Disease epizootics in bighorn popula-
tions appeared to follow the establishment of grazing by
domestic livestock after European settlement (George et al.
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2008; Wehausen et al. 2011). Respiratory disease may include
multiple infectious agents, such as bacteria (primarily
Mycoplasma ovipneumoniae, as well as Pasteurella
multocida, Mannheimia haemolytica, and Bibersteinia
trehalosi) (Dassanayake et al. 2010; Besser et al. 2012a, b,
2013), and potentially other stressors, such as drought and the
proximity of the bighorn population to carrying capacity
(Monello et al. 2001; George et al. 2008). Fatal respiratory
disease poses 1 of the greatest threats to remaining popula-
tions of bighorn sheep in North America (McClintock and
White 2007; Besser et al. 2012b).


Over the past 30 years, experimental research in enclosures
has been extensive concerning the transmission of fatal respi-
ratory disease when domestic sheep commingle with bighorn
sheep (Foreyt and Jessup 1982; Onderka and Wishart 1988;
Wehausen et al. 2011; Besser et al. 2012a). Additionally, die-
offs in free-ranging herds of bighorns have been documented
after suspected and observed contact with domestic sheep
(Martin et al. 1996; Monello et al. 2001; Cassaigne et al.
2010); however, commingling between bighorns and domes-
tic sheep has been difficult to observe in the wild prior to die-
offs. Epizootics of respiratory disease can suppress popula-
tions of bighorn sheep by reducing survival of adult animals
(Cassirer and Sinclair 2007; George et al. 2008) and decreas-
ing survival of young, especially during summer (Monello
et al. 2001; Cassirer and Sinclair 2007; George et al. 2008;
Cassirer et al. 2013). Those factors produce lingering effects
that can hinder population growth for many years after contact
(Martin et al. 1996; Monello et al. 2001; Cassirer and Sinclair
2007). Although research has documented increased bighorn
mortality shortly after exposure to domestic sheep in an ex-
perimental setting, the etiology of pneumonia epizootics in the
wild is less certain (Besser et al. 2012b, 2013).


Reintroductions of bighorn sheep are an important man-
agement tool for conserving these unique mammals (Bleich
et al. 1990; Whiting et al. 2010b), and this method often is
used by biologists to reestablish populations (Bleich et al.
1990; Krausman 2000). Despite efforts to restore populations
of bighorn sheep, many reintroductions have experienced low
rates of success, because of predation (Rominger et al. 2004),
habitat suitability (Smith et al. 1991), and disease (Singer et al.
2000a). Previous research indicates that reintroduced popula-
tions of bighorns may be more likely to experience problems
with respiratory disease than native populations, especially
when releases occur in areas of proximity to domestic sheep
(Gross et al. 2000; Singer et al. 2000a; Monello et al. 2001). In
some areas, disease may have been a major factor in limiting
the establishment of populations of reintroduced bighorn
sheep (Gross et al. 2000; Singer et al. 2000a; Shannon et al.
2008). Indeed, much remains to be learned about the implica-
tions of respiratory disease and its effects on the restoration
and management of bighorn sheep (Monello et al. 2001;
Wehausen et al. 2011; Plowright et al. 2013).


Mechanisms and causal agents leading to pneumonia epi-
zootics in bighorn sheep after contact with domestic sheep are
not completely understood (Wehausen et al. 2011; Besser
et al. 2013). Much debate still exists about this controversial
topic; therefore, long-term studies are needed documenting
population dynamics of bighorns before and after such events
occur to understand the implications of respiratory disease on
the conservation of bighorn populations (George et al. 2008).
We monitored 3 reintroduced populations of bighorns year-
round in northern UT, USA from 2000 to 2009. During that
time, we observed domestic sheep commingling with
bighorns in each population. Those commingling events pro-
vided us with a rare, post hoc test in a natural setting regarding
the effect of interactions of domestic sheep on population
parameters of reintroduced bighorn sheep. We used Program
MARK to test hypotheses (White and Burnham 1999) regard-
ing survival of radio-collared female bighorns that were re-
leased initially (founder animals) and those that were subse-
quently released (augmented animals). Specifically, we eval-
uated the influence of augmentation and observed
commingling with domestic sheep, as well as environmental,
seasonal, and year effects on survival of radio-marked
bighorns. We also predicted that the proportion of young
surviving to their first winter and population growth for those
bighorns would be substantially lower after observed
commingling with domestic sheep. The results of our
study provide a greater understanding of the implica-
tions of respiratory disease on the conservation, restora-
tion, and management of populations of bighorn sheep
in the western USA.


Materials and methods


Study area


We studied 3 populations (Mount Timpanogos, Rock Canyon,
and Mount Nebo) of Rocky Mountain bighorn sheep
(O. canadensis canadensis) that were reintroduced into UT,
USA (Fig. 1). Those populations occupied the Uinta National
Forest of the Wasatch Mountains, which are oriented north to
south with a large urban interface (>500,000 people) to the
west (Whiting et al. 2008). Elevation in those areas ranged
from 1,388 to 3,636 m (Whiting et al. 2008). Mean summer
temperature was 19 °C, and mean winter temperature was
3 °C (Whiting et al. 2011). Mean annual rainfall was 51 cm,
and the mean yearly snowfall was 145 cm. Those areas were
similar in environmental conditions, topography, and flora.
Generalized vegetative zones descending in elevation were
alpine, conifer, aspen (Populus tremuloides), maple (Acer
spp.), juniper (Juniperus spp.), mountain brush, big sagebrush
(Artemisia tridentata ssp.), forbs, and grasses (Whiting et al.
2008). Forage species used by bighorns in those areas
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included bluebunch wheatgrass (Elymus spicatus), spike fes-
cue (Lecopoa kingii), Sandberg’s bluegrass (Poa secunda),
shortstem buckwheat (Eriogonum brevicaule), and littlecup
penstemon (Penstemon sepalulus) (Whiting et al. 2010b). In
all of our study areas, grazing allotments for domestic sheep
and goats were retired, or converted to cattle allotments,
through the local United States Forest Service Office prior to
bighorn sheep being released; therefore, no legal grazing by
domestic sheep or goats occurred in our study areas.


Capture and observations of bighorn sheep


From 2000 to 2007, 157 bighorn sheep were captured and
released into the 3 study areas (Fig. 1, Table 1). Ninety-four
females were equipped with VHF radio collars at the time of
release (Table 1), and 12 additional females were collared
periodically throughout the study. To help identify groups
(founder or augmented), bighorns released in all study areas
in 2007 were marked with 2, colored ear tags. Wildlife


biologists from the Utah Division of Wildlife Resources
(UDWR) used care when capturing, handling, translocating,
and attaching radio-transmitting collars and ear tags to
bighorns (Sikes et al. 2011).We arbitrarily considered bighorn
sheep released from 2000 to 2002 on Mount Timpanogos as
founder animals and those released in 2007 as augmented
bighorns (Table 1). After the release of bighorn sheep from
Hinton, Alberta, Canada, onMount Timpanogos in 2001, 3 of
those 10 bighorns died within 5 months, and 5 individuals
(1 male and 4 females) were removed by employees of the
UDWR because of suspected disease, although we never
observed those bighorns commingling with domestic sheep.
We considered animals released in Rock Canyon (2001) and
on Mount Nebo (2004) as founder animals and those released
in 2007 as augmented bighorns (Table 1). Each release of
augmented bighorns occurred in areas used by founder ani-
mals, and augmented and founder bighorns intermixed during
29 % of our sightings (n=1,401 observations) after January
2007.


Fig. 1 Locations of study areas in which we observed commingling between domestic and bighorn sheep in UT, USA, from 2000 to 2009. Dark lines
traversing the state are major highways
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We located bighorn sheep with transmitting radio collars
using radiotelemetry equipment, binoculars, and spotting
scopes year-round from 2000 to 2009. We observed groups
of those ungulates an average of 24 occurrences each month.
During that time, near Rock Canyon, we observed 1 domestic
sheep along the urban interface 5 years before our first ob-
served commingling between bighorn and domestic sheep.
That domestic sheep was removed by wildlife biologists from
the UDWR 12 days after being observed. We also observed 3
domestic sheep in an area near Rock Canyon 1 month before
our observed first commingling between bighorn and domes-
tic sheep. Those domestic animals were removed by wildlife
biologists from the UDWR the day that they were observed.
Additionally, in an area near Rock Canyon, we observed 6
domestic goats 1 month before our first observed
commingling between bighorn and domestic sheep. All 6 of
those goats were removed the day that they were observed.
Because we did not observe commingling between domestic
sheep or goats and bighorn sheep during all of those observa-
tions, it is tenuous to infer that transmission of pathogens
occurred; therefore, for our analyses, we only used sightings
of domestic sheep commingling with bighorns (i.e., the 2
species were within 20 m of each other and moved as a group)
that were observed by at least 1 of the authors of this paper,
wildlife biologists from the UDWR, or in 1 instance, a local
law enforcement officer.


Survival analyses


We estimated monthly and annual survival rates (s) using
known-fate models in Program MARK version 5.1 (White
and Burnham 1999). We used model selection (Burnham and
Anderson 2002) to evaluate support for survival models of
radio-collared female bighorn sheep before and after the date


of augmentations of bighorns and before and after the date of
observed commingling with domestic sheep. We only tested
for effects of source population of augmented bighorns on
survival of collared females in 1 of our study areas (Mount
Timpanogos). We were not able to test for the effects of source
population of augmented bighorns in Rock Canyon, because
there were too few collared females (3 from each release) to do
such. We were not able to test for the effect of source popu-
lation of augmented bighorns in models for Mount Nebo,
because all bighorns in that area were from the same source
population (Augusta, MT). We also tested for effect of group,
which included founder or augmented individuals, on survival
of females. To test for differences in survival of collared
females in relation to weather (i.e., drought or inclement
weather), we evaluated support for season—birthing (1 April
to 31 July), summer and autumn (1 August to 30 September),
and winter (1 October to 31 March) (Cassirer and Sinclair
2007; George et al. 2008)—and year effects. Some of those
models included 4-, 8-, or 12-month linear or quadratic de-
creases in survival following commingling with domestic
sheep (George et al. 2008). Those trend models allowed us
to capture the possibility of acute, chronic, or recovery of
survival rates following observed comingling with domestic
sheep. We followed protocols for standard model selection
and constructed a list of biological meaningful a priori can-
didate models for each population (Anderson and Burnham
2002; Burnham and Anderson 2002; Arnold 2010). Separate
analyses for each population simplified our analyses and
allowed us to evaluate support for models in relation to when
augmentation of bighorn sheep occurred or when domestic
sheep were observed comingling with bighorns in each pop-
ulation. We formatted encounter histories (live, dead, or cen-
sored) for each collared female bighorn by month. For our
analyses, we only used collared females that were alive for


Table 1 Locations, years of capture, source areas, and demographic information for populations of bighorn sheep released in northern UT, USA


Release site and date Source area Males Females Young Total % females collared


Mount Timpanogos


January 2000a Rattlesnake Canyon, UT 6 16 3 25 81


January 2001a Hinton, Alberta, Canada 2 8 0 10 100


February 2002a Sula, MT 2 6 1 9 67


January 2007 Sula, MT 0 20 0 20 70


March 2007 Alamosa, CO 1 17 0 18 100


Rock Canyon


January 2001a Hinton, Alberta, Canada 4 15 3 22 67


January 2007 Sula, MT 0 5 0 5 60


January 2007 Augusta, MT 0 5 0 5 60


Mount Nebo


December 2004a Augusta, MT 2 13 3 18 69


January 2007 Augusta, MT 3 22 0 25 59


aWe considered bighorns from these releases as founder animals


740 Eur J Wildl Res (2014) 60:737–748







>1 month after release (Cassirer et al. 2013). We censored
9 bighorns on Mount Timpanogos (4 that were shot by
wildlife biologists because of suspected disease in 2001 and
5 individuals because the battery on the radio collars failed)
and 2 bighorns in Rock Canyon because of radio-collar
failures.


We based model selection on the minimization of Akaike’s
information criterion (Akaike 1973) corrected for small sam-
ple size (AICc) (Lebreton et al. 1992) and AICc weights (wi)
(Buckland et al. 1997; Burnham and Anderson 2002). When
model selection uncertainty occurred (competing models with
>5 % AICc weight), we calculated model-averaged estimates
(Burnham and Anderson 2002) of annual survival by
adjusting time intervals to equal 1/12th of a year. To evaluate
effect sizes, we examined overlap in 95 % confidence inter-
vals (CI) associated with survival estimates. For survival
analyses, we considered bighorn sheep released from 2000
to 2002 on Mount Timpanogos as founder animals and those
released in 2007 as augmented bighorns (Table 1). We also
considered animals released in Rock Canyon (2001) and on
Mount Nebo (2004) as founder animals and those released in
2007 as augmented bighorns (Table 1).


We calculated an index of the survival of young bighorn
sheep to their first winter for Rock Canyon and Mount Nebo
and then compared that value before and after the first ob-
served commingling event with domestic sheep. We could not
compare that value on Mount Timpanogos, because our first
observed commingling event between domestic and bighorn
sheep occurred in August 2000, only 8 months after the first
group of bighorns was released in that area (Table 1). That
value included survival of young from collared and uncollared
females, because we could not identify individual young. For
this analysis, we first relocated collared and uncollared female
bighorns throughout the birthing season to record birthdates
and determine the number of young born in each population
during that season. This method, which has been well
established for these populations, provided a total number of
young born in the sampling year. Data regarding the number
of young born in all areas from 2000 to 2007 were adapted
from Whiting et al. (2008, 2010b, 2011, 2012). Second,
during winter (1 October to 31 March), bighorn sheep used
areas of low elevation, which facilitated their relocation. We
searched those areas and tallied the highest count of young
observed across that season of the same year (Jorgenson 1992;
Roy and Irby 1994). We then compared that value with the
number of young born the previous spring to calculate an
index of the proportion of neonates that survived to their first
winter in each year (Clutton-Brock et al. 1987; Whiting et al.
2011). We did not partition data by year because of small
sample sizes. Data concerning the number of young surviving
to their first winter on Mount Timpanogos and in Rock
Canyon from 2000 to 2006 were adapted from Whiting
et al. (2010b, 2011). We used the two-sample Z test for


proportions, which allows sampling with replacement
(Remington and Schork 1970), to investigate the prediction
that the proportion of young surviving to their first winter was
reduced in Rock Canyon and on Mount Nebo after first
observed commingling with domestic sheep. Others methods,
such as age ratios, were considered more problematic than the
method we used, because of the double variable nature of
ratios (Bowyer et al. 2013).


To document an index of population growth before and
after observed commingling between domestic and bighorn
sheep from 2000 to 2009 in each area, we relocated bighorns
during winter as described previously and tallied the highest
population count of all bighorns observed during that season.
Data from counts have been used as an index of population
size (Slade and Blair 2000). We then calculated the annual
growth rate (λ) (Monello et al. 2001) of bighorn sheep in Rock
Canyon and on Mount Nebo for each year. We then averaged
that value before and after the first observed commingling
between domestic and bighorn sheep in those 2 areas. We
could not compare annual growth rates of bighorn sheep on
Mount Timpanogos, because our first observed commingling
event between domestic and bighorn sheep occurred in
August 2000, 8 months after the first group of bighorns was
released in that area.


Results


From 2000 to 2009, we observed groups of bighorn sheep
year-round on 2,712 occasions (Mount Timpanogos = 1,549,
Rock Canyon = 797, and Mount Nebo = 366). On Mount
Timpanogos, we observed 2 domestic sheep with 6 foun-
der bighorns (2 females, 1 yearling, and 3 young) in
August 2000 and 1 domestic sheep with 16 augmented
bighorns (1 male, 13 females, and 2 young) in November
2008. In Rock Canyon, we sighted 1 domestic sheep with
4 bighorns (1 founder male, 2 founder females, and
1 augmented female) in November 2007. On Mount Nebo,
we observed 1 domestic sheep with 3 founder bighorns
(1 male, 1 female, and 1 young) in November 2006,
4 domestic sheep with 5 bighorns (females and young,
most likely founders) in March 2007, and 4 domestic sheep
with 2 founder females in February 2008. Observations of
domestic sheep commingled with bighorns, in bighorn habi-
tat, accounted for 0.2 % of all sightings of bighorn sheep,
indicating that observing such events was rare. We observed
no other commingling of bighorn sheep with any other do-
mestic ungulates during our study.


Throughout the study, we calculated survival rates for 100
female bighorns that were radio-collared: 28 founder and 29
augmented bighorn sheep on Mount Timpanogos, 15 founder
and 6 augmented individuals in Rock Canyon, and 9 founder
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and 13 augmented bighorns on Mount Nebo. In Rock
Canyon, all founder females that were radio-collared (n=6)
died within 8 months after observed commingling with
domestic sheep compared with 1 of 4 augmented females
that were radio-collared. Similarly on Mount Nebo, 7 of 8
founder females that were radio-collared died within
8 months after commingling with domestic sheep in March
2007 compared with 2 of 13 augmented females that were
radio-collared.


On Mount Timpanogos, the top model was the null model
indicating constant monthly survival, but significant model
selection uncertainty occurred with 5 other competing models
receiving >5%AICc weight (Table 2). Thosemodels included
group (difference in survivorship between founder and aug-
mented bighorns), commingling events, season, and linear
trend models for which survival varied in relation to
commingling events (Table 2). Top models for Rock Canyon
andMount Nebo, however, indicated that variation inmonthly
survival rates was best modeled based on timing of observed
commingling with domestic sheep, but with different


estimated survival rates for augmented versus founder
bighorns (Table 2). These top models were similar and
accounted for almost all of the AICc weights, with no other
models receiving >5 % model weight (Table 2).


Average annual survival (±95 % CI) for radio-collared
female bighorns on Mount Timpanogos was estimated at
0.83 (0.68 to 0.92) before observed contact with domestic
sheep in August 2000 and 0.83 (0.74 to 0.89) after that
observed commingling (Fig. 2). Before commingling in
November 2008, the estimated average annual survival rate
of founder female bighorns was again 0.83 (0.74 to 0.89)
compared with 0.81 (0.70 to 0.89) for augmented bighorns.
Following commingling in November 2008, the estimated
average annual survival rate for founder female bighorns on
Mount Timpanogos was 0.82 (0.71 to 0.90) compared with
0.77 (0.59 to 0.89) for augmented bighorns (Fig. 2).


Average annual survival (±95 % CI) for all female bighorn
sheep that were radio-collared in Rock Canyon was estimated
at 0.84 (0.72 to 0.91) before observed contact with domestic
sheep and 0.38 (0.17 to 0.64) after contact. For founder


Table 2 Results of model selection (AICc and ΔAICc), model weights
(wi), number of estimated parameters (K), and deviance for models (AICc


weight >1 %) of bighorn sheep survival in relation to observed


commingling with domestic sheep, as well as season, group (founder or
augmented), andmonthly trend effects in 3 populations in UT, USA, from
2000 to 2009


Model structure AICc ΔAICc wi K Deviance


Mount Timpanogos


s(.) 315.32 0.00 0.20 1 125.36


s(group) 317.11 1.79 0.08 3 123.14


s(1st observed comingling) 317.13 1.82 0.08 2 125.17


s(group + 12-month linear trend, 1st observed comingling) 317.24 1.92 0.08 4 121.26


s(2nd observed comingling) 317.28 1.97 0.07 2 125.32


s(group + 4-month linear trend, 2nd observed comingling) 317.57 2.25 0.06 2 121.59


s(2nd observed comingling) 318.18 2.86 0.05 4 122.20


s(group + 8-month linear trend, 1st observed comingling) 318.40 3.08 0.04 4 122.42


s(group + 8-month linear trend, 2nd observed comingling) 318.54 3.22 0.04 4 122.56


s(group + 8-month quadratic trend, 1st observed comingling) 318.77 3.45 0.04 4 122.79


s(group + 4-month quadratic trend, 1st observed comingling) 318.84 3.52 0.03 4 122.86


s(group + 4-month linear trend, 1st observed comingling) 318.85 3.53 0.03 4 122.87


s(group + 4-month quadratic trend, 2nd observed comingling) 318.87 3.55 0.03 4 122.89


s(constant survival before 1st observed comingling, different survival by group post commingling) 318.97 3.65 0.03 4 122.99


s(group + 12-month linear trend, 2nd observed comingling) 319.00 3.69 0.03 4 123.03


s(season) 319.04 3.72 0.03 3 125.07


s(different survival by group before and after 1st comingling) 319.06 3.74 0.03 4 123.08


s(season*group) 320.25 4.94 0.02 9 114.20


Rock Canyon


s(constant survival before commingling, different survival by group post commingling) 147.39 0.00 0.52 3 67.44


s(different survival by group before and after commingling) 147.74 0.35 0.44 4 65.77


Mount Nebo


s(constant survival before 2nd commingling, different survival by group post commingling) 106.82 0.00 0.70 3 43.90


s(different survival by group before and after 2nd commingling) 108.62 1.80 0.28 4 43.68


s(constant survival before augmentation, different survival by group after augmentation) 114.47 7.65 0.02 3 51.56
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bighorns, an estimate of average annual survival in Rock
Canyon was 0.85 (0.73 to 0.92) before observed contact with
domestic sheep and 0.05 (0.00 to 0.40) after contact (Fig. 2).
Annual survival rates for augmented female bighorns in Rock
Canyon were 0.74 (0.31 to 0.95) before observed contact with
domestic sheep and 0.73 (0.35 to 0.93) following observed
commingling (Fig. 2). For Mount Nebo, supported models
indicated that the second commingling event (March 2007)
influenced survival rates of collared bighorn sheep (Table 2);
therefore, we report annual survival rates of female bighorn
sheep in relation to that event. On Mount Nebo, the average
annual survival for all radio-collared female bighorns was
estimated at 0.95 (0.73 to 0.99) before observed contact with
domestic sheep and 0.64 (0.48 to 0.78) after contact. For
founder bighorns, the estimated average annual survival rates
on Mount Nebo were 0.95 (0.72 to 0.99) before observed
commingling with domestic sheep and 0.03 (0.00 to 0.28)
after commingling (Fig. 2). For augmented bighorns on
Mount Nebo, the annual survival rates were estimated at
0.97 (0.66 to 1.00) before observed commingling with do-
mestic sheep and 0.83 (0.65 to 0.93) afterward (Fig. 2).


We observed 1,313 groups of bighorn sheep during the
birthing period on Mount Timpanogos (n=726), in Rock
Canyon (n=398), and on Mount Nebo (n=189). Across all
years and during the birthing season, we recorded 151 young
born on Mount Timpanogos and 74 young born in Rock
Canyon before and 26 young born after observed
commingling between domestic and bighorn sheep; and on
Mount Nebo, we recorded 10 young born before and 46
young born after observed commingling with domestic sheep.
To assess survival of young to their first winter, we observed
964 groups of bighorn sheep onMount Timpanogos (n=568),
in Rock Canyon (n=277), and on Mount Nebo (n=119)
during that season. Survivorship of young to their first winter


was 34 % on Mount Timpanogos during the study.
Survivorship of young to their first winter was almost 3 times
higher in Rock Canyon (Z=5.01, P<0.001) and Mount Nebo
(Z=3.62, P<0.001) before observed commingling with do-
mestic sheep (Fig. 3).


Average annual growth rate (λ), indexed from changes in
population size, of bighorns on Mount Timpanogos from
2000 to 2009 was estimated at 1.11 (Fig. 4), whereas the
growth rate in Rock Canyon was estimated at 1.12 before
observed contact with domestic sheep and 0.44 after
commingling (Fig. 4). On Mount Nebo, λ for bighorns was
estimated at 1.87 before and 0.73 after observed commingling
with domestic sheep (Fig. 4).


Discussion


Effects of commingling


Long-term studies documenting population dynamics of big-
horn sheep in the wild before and after epizootics of respira-
tory disease are difficult to conduct, but are needed to better
understand implications of fatal pneumonia on the conserva-
tion of bighorns (George et al. 2008). We observed
commingling between domestic and bighorn sheep in 3 pop-
ulations of reintroduced bighorns. Although we were unable
to collect immunological data or identify the etiological agent
that caused die-offs, which is difficult to do in the wild (sensu
Plowright et al. 2013), the best models indicated a decrease in
survival rates of collared female bighorns in Rock Canyon and
on Mount Nebo after observed commingling with domestic
sheep. Similar outcomes have been documented in other
studies (Cassirer and Sinclair 2007; George et al. 2008).
Survival rates for collared female bighorns on Mount


Fig. 2 Average annual survival
rates of female bighorn sheep that
were radio-collared in Rock
Canyon, on Mount Nebo, and on
Mount Timpanogos in UT, USA,
from 2000 to 2009. Dashed-
vertical lines represent observed
commingling events between
domestic and bighorn sheep
during November 2007 in Rock
Canyon and March 2007 (second
commingling event) on Mount
Nebo, as well as August 2000 (left
line) and November 2008 (right
line) on Mount Timpanogos
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Timpanogos were similar to survival rates of collared females
in Rock Canyon and on Mount Nebo before observed
commingling with domestic sheep. Additionally, on Mount
Timpanogos, survival rates remained constant after 2 occa-
sions of commingling with domestic sheep, indicating that not
all interactions between domestic and bighorn sheep were
detrimental to collared female bighorns in that population.
We hypothesize that domestic sheep that interacted with
bighorns on Mount Timpanogos were not carriers of patho-
gens that produced respiratory disease (Besser et al. 2012a),
that pathogens were not transferred, or did not lead to fatal
pneumonia in collared female bighorns (Wehausen et al.
2011).


Survival rates of founder versus augmented females


We also documented decreases in survival rates of female
bighorn sheep that were considered founder (from original
releases) in Rock Canyon and on Mount Nebo after observed
commingling with domestic sheep. This outcome was note-
worthy, because stress of translocation may increase the sus-
ceptibility of augmented bighorn sheep to disease (Weiser
et al. 2009). Themechanisms leading to outbreaks of epizootic
disease in bighorns after contact with domestic sheep in the
wild are complex and may differ from the results of controlled
pen studies (Wehausen et al. 2011). On Mount Nebo, all
bighorns came from the same source herd and releases were
separated by just over 2 years; however, survival rates of
founder females in that population, as well as in Rock
Canyon, were much lower than survival rates of augmented
bighorns after observed commingling with domestic sheep.
Additionally, on Mount Nebo, had we not evaluated for
models including group (founder or augmented), the overall
effect of observed commingling would have been difficult to
detect, because of overlapping confidence intervals in survival


rates of founder and augmented females in that population.
We hypothesize that founder animals had a weaker innate
immune response, that augmented bighorns had some level
of resistance to pathogens, or that the transfer of pathogens or
predisposing factors to disease differed between founder and
augmented animals (Wehausen et al. 2011; Besser et al.
2012a; Plowright et al. 2013). Indeed, some female bighorn
sheep may be chronic carriers of disease, but may not be
infected by such maladies (Besser et al. 2013; Cassirer et al.
2013; Plowright et al. 2013). These ideas, however, deserve
further experimental testing.


Augmentations of bighorn sheep have been a common
management practice for this species for almost 100 years
(Singer et al. 2000a). Reintroduced populations of bighorns,
however, may be more likely to experience problems with
respiratory disease than native populations, especially when
releases occur in areas of proximity to domestic sheep (Gross
et al. 2000; Singer et al. 2000a; Monello et al. 2001).
Decreased survival rates of founder female bighorns in Rock
Canyon and on Mount Nebo could have been caused by
augmented bighorns that were carrying pathogens when they
were released. Such an idea has been forwarded as a potential
to spread disease to founder bighorn sheep (Wild Sheep
Working Group 2012). Our models, however, did not support
this idea. Indeed, no models that included variation in survival
rates related to the timing of augmentation received >5 %
AICc weight. Additionally, in Rock Canyon, survival rates
of founder bighorns did not decrease until 11 months after
augmentation and within 1 month following observed
commingling with domestic sheep. If augmented bighorns
were carriers of disease, we would have predicted that founder
animals in Rock Canyon and onMount Nebowould have died
during the most stressful time of the year and when increased
social interactions occur (i.e., winter to early spring following
release) (Cassirer and Sinclair 2007; Cassirer et al. 2013).
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Fig. 3 Proportion of young
surviving to their first winter in 2
populations of bighorn sheep
before and after observed
commingling with domestic
sheep in UT, USA, from 2001 to
2009 in Rock Canyon and from
2005 to 2009 on Mount Nebo
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Survivorship of young


Quantifying survivorship of young bighorn sheep before and
after contact with domestic sheep is a valuable way to docu-
ment potential effects of commingling between those species


(Monello et al. 2001; Cassirer and Sinclair 2007; George et al.
2008). In our study, we predicted that the proportion of young
surviving to their first winter would be substantially lower
after observed commingling with domestic sheep. This pre-
diction was supported in areas (Rock Canyon and Mount


A


B


C


Fig. 4 Number of Rocky
Mountain bighorn sheep counted
on Mount Timpanogos (a), Rock
Canyon (b), and Mount Nebo (c)
during winter surveys in UT,
USA. Dashed-vertical lines
represent approximate dates of
observed commingling events
between domestic and bighorn
sheep. Augmentations in all study
areas in 2007 contributed to
population growth (Table 1)
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Nebo) in which we could compare survivorship of young
before and after observed commingling between domestic
and bighorn sheep. Those results were similar to other studies
that documented a decrease in survival of young bighorns
following suspected outbreaks of disease (Cassirer and
Sinclair 2007; Cassirer et al. 2013; Plowright et al. 2013).
Respiratory disease likely affected the survivorship of young
for all female bighorns (founder and augmented) in Rock
Canyon and Mount Nebo, even though survival rates of
augmented females that were collared did not decrease in
those populations. Indeed, young bighorns may die from the
effects of respiratory disease even when adult females do not
(Cassirer and Sinclair 2007; Cassirer et al. 2013; Plowright
et al. 2013).


Although we could not compare survivorship of young
before and after commingling onMount Timpanogos, because
those domestic and wild ungulates were first observed
commingling 8 months after the initial release of bighorns,
noteworthy patterns emerged in that population. Survivorship
of young (n=93) was 40 % from 2000 to 2008. This low
value, however, could have been partially attributed to young
being born late in some of those years (Whiting et al.
2011), or potential effects of commingling with domestic
sheep. After observed comingling with domestic sheep in
November 2008 on Mount Timpanogos, survivorship of
young (n=58) to their first winter was 26 %, similar to the
survivorship values we observed in Rock Canyon and on
Mount Nebo after observed commingling with domestic
sheep. Once again, those young bighorns may have died from
the effects of respiratory disease even when collared females
did not (Cassirer and Sinclair 2007; Cassirer et al. 2013;
Plowright et al. 2013). After observed die-offs, survivorship
of young can be reduced for >5 years (Monello et al. 2001),
which could have lingering effects on the establishment of
reintroduced populations. We hypothesize that these lingering
effects will continue to hinder population growth of bighorns
in our study areas.


Population growth


Quantifying changes in population growth before and after
commingling of domestic and bighorn sheep is a valuable way
to detect the consequences of such interactions (Monello et al.
2001; Cassirer and Sinclair 2007). In Rock Canyon and on
Mount Nebo, although not tested statistically, a general pattern
emerged indicating decreases in estimated population growth
rates after observed commingling of domestic and bighorn
sheep, similar to the results reported in other studies (Monello
et al. 2001; Cassirer and Sinclair 2007). Another study used
information from at least 2 years prior and 2 years after die-
offs to compare rates of population growth in bighorns
(Monello et al. 2001). We documented long-term survival of
collared females (almost 7 years in Rock Canyon) before


observed commingling with domestic sheep, which provided
a clear picture of the effects of such commingling on popula-
tion growth of bighorns in that study area.


Density dependence


Density-dependent factors may predispose bighorn sheep to
fatal respiratory disease (Monello et al. 2001). Across North
America, almost 88 % of pneumonia epizootics in bighorns
occurred within 3 years of peak population numbers (Monello
et al. 2001). Our study populations were recently reintroduced
and consisted of a low number of individuals in each popula-
tion. Additionally, females in those populations exhibited high
pregnancy rates (Whiting et al. 2008, 2010a, 2011) and high
survival of young to first winter before contact with domestic
sheep, which indicate that those populations were most likely
not influenced strongly by density-dependent factors (Martin
and Festa-Bianchet 2010).


Proximity of domestic sheep


Fatal respiratory disease can be transmitted to bighorn sheep
by male bighorns wandering, contacting domestic sheep, and
then returning and infecting other bighorn sheep (Besser et al.
2013), or by overlap of domestic sheep grazing allotments
with areas used by bighorn sheep (Carpenter et al. 2014).
Domestic sheep we observed most likely were stray animals
from trailing operations or from hobby farms of residents who
lived along a heavily populated urban interface. For example,
in 2003, adjacent to our study areas along the Wasatch Front,
we observed as many as 8 flocks of domestic sheep in small
backyard pastures within 10 km of areas occupied by
bighorns. Also, near Mount Nebo, road corridors that were
within 6 km of areas occupied by bighorns were used to move
domestic sheep from summer to wintering areas, much closer
than the buffer of 20 km recommended to separate domestic
and bighorn sheep (Smith et al. 1991; Singer et al. 2000a). The
close proximity of bighorns to domestic sheep along the urban
interface in our study areas may continue to be problematic,
because of the behavioral attraction between these species
(Etchberger et al. 1989; Turner et al. 2004; Wehausen et al.
2011). Indeed, in many areas where the urban interface en-
croaches on habitat of bighorn sheep, infectious diseases will
become an increasingly important issue for the conservation
of bighorns (Etchberger et al. 1989; Turner et al. 2004)—
especially as the likelihood of interactions increases between
wildlife and domestic species in those areas (Smith et al.
2009).


Management implications


The conservation of bighorn sheep populations remains an
important issue across much of western North America


746 Eur J Wildl Res (2014) 60:737–748







(Buechner 1960; Monello et al. 2001). Diseases of domestic
sheep have long posed concerns for the conservation of big-
horn sheep (Buechner 1960;Wehausen et al. 2011), especially
for small, reintroduced populations (Gross et al. 2000; Singer
et al. 2000b; Cassaigne et al. 2010). Additional information
regarding the effects of respiratory disease on population
growth in reintroduced bighorns is a pressing need for the
conservation of these mammals (Monello et al. 2001), espe-
cially because much debate still exists about this controversial
topic. In Rock Canyon and on Mount Nebo, we documented
reductions in survival rates of founder female bighorns, sur-
vivorship of young, and population growth of bighorns after
observed commingling with domestic sheep. Nonetheless, on
Mount Timpanogos, survival rates remained constant for fe-
male bighorn sheep before and after observed commingling
with domestic sheep, indicating that not all contact with
domestic sheep resulted in die-offs of collared female
bighorns. As well as understanding the proximity of release
areas to domestic grazing allotments, we recommend that
biologists consider hobby farms and trailing operations of
domestic sheep in locations adjacent to translocation areas
prior to releasing bighorn sheep. Also, if management of
bighorn populations is the goal, we recommend spatial and
temporal separation of bighorn and domestic sheep wherever
possible (Martin et al. 1996; Schommer and Woolever 2008;
Wehausen et al. 2011; Besser et al. 2013).
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