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Abstract

Scientists have feared that emerging infectious diseases could complicate efforts to

conserve rare and endangered species, but quantifying impacts has proven difficult until

now. We report unexpected impacts of West Nile virus (WNv) on radio-marked greater

sage-grouse (Centrocercus urophasianus), a species that has declined 45–80% and is

endangered in Canada and under current consideration for federal listing in the US. We

show that WNv reduced late-summer survival an average of 25% in four radio-marked

populations in the western US and Canada. Serum from 112 sage-grouse collected after

the outbreak show that none had antibodies, suggesting that they lack resistance. The

spread of WNv represents a significant new stressor on sage-grouse and probably other

at-risk species. While managing habitat might lessen its impact on sage-grouse

populations, WNv has left wildlife and public health officials scrambling to address

surface water and vector control issues in western North America.
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I N TRODUCT ION

Emerging infectious diseases present a challenge in the

conservation of sensitive or declining wildlife species

(McCallum & Dobson 1994; Daszak et al. 2000). Since its

introduction to New York in 1999, West Nile virus (WNv)

has rapidly spread west across North America, infecting and

killing wild and domestic birds, horses, humans, and other

animals (Centers for Disease Control and Prevention, 2004).

At least 228 species of birds, 29 mammals, and two reptiles

have been infected with WNv (Centers for Disease Control

and Prevention, 2004). The virus has reached 44 US states,

seven Canadian provinces, Mexico, and the Caribbean, and

continues to spread (Estrada-Franco et al. 2003). Although

many bird species are susceptible, the impact of WNv on

native, wild bird populations is virtually unknown (Marra

et al. 2004). Data from wild avian populations are limited to

two studies of the common and abundant American crow
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(Corvus brachyrhynchos Brehm), in which mortality of marked

individuals was 40–68% (Caffrey et al. 2003; Yaremych et al.

2004). The impacts of WNv may be more severe for species

already threatened by habitat loss and for those in small,

isolated populations, particularly if they show high suscep-

tibility to the virus.

Greater sage-grouse (Centrocercus urophasianus Bonaparte;

hereafter �sage-grouse�; Fig. 1) is native to sagebrush habitats

of western North America. Previously widespread, the

species has been extirpated from much of its original range,

with an estimated range-wide population decline of 45–80%

and local declines of 17–92% (Braun 1998; Connelly et al.

2000b; Aldridge & Brigham 2003). Loss and degradation of

suitable nesting and brood-rearing habitats from anthro-

pogenic change was thought, until now, to be the single

most important factor leading to fragmentation, reduction,

and extirpation of populations (Braun 1998; Connelly et al.

2000a,b; Aldridge & Brigham 2002; Knick et al. 2003).

We document declines in late-summer survival in radio-

marked adult female sage-grouse caused by infection with

WNv in their eastern range (Fig. 2). This work resulted

from a rapid, coordinated effort between US and Canadian

biologists and land managers after discovery of the first

case of WNv-caused mortality of a sage-grouse on 24 July

2003.

METHODS

We monitored radio-marked sage-grouse from March to

September in: (1) southeastern Alberta, (2) southern Phillips

County (SPC), Montana, (3) the northern Powder River

Basin (NPRB) of southeastern Montana and northeastern

Wyoming (north of Interstate-90), (4) the southern Powder

River Basin (SPRB) in northeastern Wyoming, and (5) the

upper Green River Basin (UGRB) in western Wyoming

(Fig. 3). During July and August from 1998 to 2002 for

study sites 1–4, we detected 25 deaths among 284 (8.8%)

radio-collared adult females. During July and August 2003, a

total of 56 mortalities were detected among 242 (23.1%)

radio-collared females from five study sites.

Dead sage-grouse were tested for WNv at the Wyoming

State Veterinary Laboratory (birds from WY and MT) or at

the Canadian Cooperative Wildlife Heath Center (birds

from Alberta) in Saskatoon, Saskatchewan. All sage-grouse

underwent complete necropsies, microscopic examination

of routine tissues by histopathology, and were tested for

WNv using two tests, real time polymerase chain reaction

(RT-PCR; Shi 2001) and immunohistochemistry (Kiupel

et al. 2003). Select cases positive for WNv were confirmed

by isolation of the virus from several tissues (brain, heart,

and kidney) in Vero cell cultures (Steele et al. 2000).

We estimated late-summer survival of radio-marked adult

female sage-grouse (‡1 year old) using monitoring data

from the five marked populations. We define late summer as

the 2-month period from 1 July to 31 August that coincides

with the peak season for WNv exposure in humans and

wildlife in this region. We detected mortalities using

mortality sensors on radio-collars or by visually confirming

the status of each individual at regular intervals (typically

every 2–7 days). Because carcasses do not always yield

testable samples, survival estimates based strictly on

recovered carcasses are likely to underestimate mortali-

ties due to WNv infection. Moreover, predators may

preferentially capture and consume infected birds, and

Figure 1 Male greater sage-grouse display-

ing on a lek (photo: Gordon Court).
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Figure 2 Radio marked adult female greater

sage-grouse (photo: Steve Slater).

Figure 3 North American distribution of greater sage-grouse (tan) and locations of five study sites. Range map provided by Michael A.

Schroeder, Washington Department of Fish and Wildlife (http://sagemap.wr.usgs.gov/).
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carcasses may decompose or be scavenged prior to recovery.

To estimate the impact of WNv on survival, we compared

background survival rates among years with and without

WNv and among affected and unaffected sites in 2003

(Fig. 3). The NPRB represents a new study site in 2003 that

was not monitored pre-WNv emergence.

Survival estimation

We used a Kaplan–Meier product limit estimator (Kaplan &

Meier 1958) with a staggered entry design (Winterstein et al.

2001) in STATA 7.0 (STATA Corporation, College Station,

TX, USA; STATA 2001) to estimate late-summer survival.

Each year, new individuals [yearlings and adults (>1 year of

age)] were captured and fixed with radio-collars at each site

to maintain numbers of marked birds. We used a log-rank

test (chi-square statistic) to test for differences in survival

functions (Winterstein et al. 2001) between study areas, and

with respect to the detection of WNv; both within study

areas and for combined data. We then used the Andersen–

Gill (A–G) version of the Cox proportional hazards model

to test for differences in survival functions (Andersen & Gill

1982). The A–G approach allowed us to accommodate left-

and right-censoring and discontinuous intervals of risk in

our monitoring data (Andersen & Gill 1982). When sage-

grouse tracking sessions were >14 days apart, or individuals

were lost prior to the end of the August tracking period (i.e.

fate unknown) they were right-censored from the dataset on

the last date they were located. We estimated dates of

mortality as the mid-point between last date observed alive

and the first date observed dead. In some cases, date of

death was estimated more accurately based on condition of

the carcass (e.g. fresh or decomposed) and temperature

during the interval between observations.

The principle assumption when comparing survival

functions with A–G Cox model is that the hazards are

proportional over time (Andersen & Gill 1982; Winterstein

et al. 2001) or the influence of a treatment or independent

variable on the risk of death does not change over the

duration of the study (Johnson et al., in press). We

compared plots of the logarithms of the estimated cumu-

lative hazard functions (Andersen & Gill 1982; Cleves et al.

2004) and Schoenfeld residuals (Schoenfeld 1982) to test for

violations of the proportional hazards assumption. If

logarithm plots with curves of treatment groups are not

parallel or plots of Schoenfeld residuals indicate a non-zero

slope, the proportional hazards assumption is violated,

preventing comparison of survival curves using the A–G

Cox approach. We used a chi-square goodness of fit test on

the Schoenfeld residuals to statistically test for a non-zero

slope (Grambsch & Therneau 1994; Cleves et al. 2004).

We developed candidate A–G models using categorical

variables to test for the impact of WNv on greater

sage-grouse survival and for differences between study sites.

For models containing study site as a categorical variable,

the UGRB (control site) was used as the reference category

(indicator contrasts) for comparison of study sites. We used

the Breslow estimation of the continuous-time likelihood

calculation to partition deaths with tied failure times (Cleves

et al. 2004). We took an information theoretic approach

using Akaike Information Criteria (AIC) for model selection

(Anderson et al. 2000). Cox Regression proportional hazards

models are a semi-parametric approach, in which the

baseline hazard is not parameterized and is left unestimated

(Cleves et al. 2004). The intercept (b0) is included in the

baseline hazard and therefore not estimated, excluding it as

an estimated parameter from AIC calculations. We used the

differences in AIC scores (Di) to identify the best approxi-

mating model (i.e. most explanatory power) within the set

(Anderson et al. 2000). AIC weights (wi) were used to assess

the approximate probability that each model was the best

model of the given set (Anderson et al. 2000). We used a

likelihood ratio chi-square statistic to test the significance of

the best approximating model and we assessed the effect of

each parameter on survival using 95% confidence intervals;

intervals that did not overlap zero contributed to the

survival model. We used exponentiated linear coefficients

from the A–G model to generate risk ratios (Winterstein

et al. 2001; Cleves et al. 2004) and assess the risk of death

relative to each parameter (WNv or study site).

WNv monitoring in sage-grouse

To test whether birds that survived had been exposed to

WNv, we collected serum from 41 live birds captured from

within the NPRB study site between 28 August and 25

September 2003, and from six females in the southeastern

Alberta site in September 2003. We also analyzed serum and

tissue samples from 65 sage-grouse harvested throughout

Wyoming in September 2003 that were collected by the

Wyoming Game and Fish Department and the Bureau of

Land Management. Plaque reduction neutralization assays

were performed on serum or plasma samples from live-

sampled birds and hunter-harvested birds (Weingartl et al.

2003).

Vector monitoring

Vector monitoring was initiated in the NPRB study site after

the first sage-grouse mortality was discovered there to

identify primary arthropod vectors of WNv and to estimate

their infection rates. Trapping was conducted in the NPRB

study site between 18 August and 22 September 2003. We

used standard arbovirus surveillance methods (United States

Department of Health and Human Services, Public Health

Service, Centers for Disease Control and Prevention (CDC),
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National Center for Infectious Diseases, Division of

Vector-Borne Infectious Diseases 2003) to capture mos-

quitoes and biting midges in miniature black light/suction

traps (John W. Hock, CO., Gainsville, FL, USA) that were

baited with 1 kg dry ice and set adjacent to aquatic habitats

at sunset. Trap catch bags were collected the following

morning and held in a chilled ice chest prior to insect

identification and processing. Mosquitoes and biting midges

were sorted to species after being quick-frozen on dry ice.

Specimens were stored at )80 �C on liquid nitrogen before

RNA extraction.

RNA extraction was performed on 101 pools of female

Culex tarsalis (Coquillett) (20 specimens maximum per pool;

1774 individuals) and on 19 pools of Culicoides sonorensis

(Wirth and Jones) (50 specimens maximum per pool; 903

individuals) (Table 3) with the RNeasy 96 kit (Qiagen,

Valencia, CA, USA). Samples were ground in liquid

nitrogen, mixed with 1 mL Buffer RLT and centrifuged at

8000 · g for 10 min. Half of the supernatant was stored at

)80 �C, and the remaining was used in the extraction

according to manufacturer’s specifications. Approximately

50 lL of eluate was recovered per sample, and stored at

)20 �C until used in the TaqMan assay. RT-PCR was run

(Lanciotti et al. 2000) on the ABI Prism 7000 Sequence

Detection System with TaqMan One Step RT-PCR master

mix reagents (Applied Biosystems, Foster City, CA, USA).

Primer and probe combinations (DNA Technologies Inc.,

Coralville, IA, USA) were then synthesized (Lanciotti et al.

2000; Lanciotti & Kerst 2001). Positive samples from the

WNENV primer/probe were then tested with the WN3�NC

primer/probe set. Pools were considered positive when CT

values were <37, and the normalized fluorescent signal (Rn)

was 2 · greater than the average of eight non-template

controls for both primer/probe sets. Infection rates were

calculated, adjusting for sample sizes (Biggerstaff 2003).

RESUL T S

Mortality caused by WNv infection occurred among radio-

marked female sage-grouse from four study sites (Alberta,

SPC, NPRB, and SPRB) between 1 July and 31 August 2003

(Fig. 3). Of 22 testable carcasses, WNv was confirmed to be

the cause of death in 18 cases: 5/5 cases in southeastern

Alberta, including two juveniles; 4/4 cases in SPC, Montana;

7/11 cases in the NPRB, including one male; and 1/2 cases

in the SPRB of northern Wyoming. Although small sample

sizes precluded further analysis, WNv-induced deaths of one

male and two chicks (ca. 10 weeks old) suggest that the virus

does not discriminate between sex and age classes. Five

additional unmarked dead sage-grouse from outside our

study sites also tested positive for WNv in the following

Wyoming counties: Big Horn, Carbon, Fremont, Natrona,

and Sweetwater. No deaths due to WNv were detected in

radio-marked females from the UGRB in western Wyoming

(i.e. control site).

Testing model assumptions

Prior to 2003, log rank tests indicated that adult female

survival over the WNv period was similar between the four
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Figure 4 Kaplan–Meier survival estimates for adult female greater sage-grouse during the West Nile virus period (1 July–31 August). Survival

is shown for each study before (black) and during (hatched) the West Nile virus (WNv) period in 2003. The upper Green River Basin

(UGRB) where WNv was not detected is a control site (black in 2003). The Northern Powder River Basin (NPRB) was not monitored pre-

WNv emergence. Number of females monitored within sites in years pre-WNv exposure and in 2003 were: UGRB n ¼ 110 in 2000–02, 55 in

2003; the southern Phillips County (SPC) n ¼ 85 in 2002, 109 in 2003; Alberta (AB) n ¼ 71 in 1998–2002, 23 in 2003; the southern Powder

River Basin (SPRB) n ¼ 18 in 2001–2002, 11 in 2003; NPRB n ¼ 44 in 2003. Asterisks indicate significant differences (log-rank test) in

survival within sites (UGRB, v21 ¼ 1.00, P ¼ 0.316; SPC, v21 ¼ 4.55, P ¼ 0.033; AB, v21 ¼ 5.88, P ¼ 0.015; SPRB, v21 ¼ 5.81, P ¼ 0.016).
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study sites monitored pre-WNv emergence (v23 ¼ 1.55,

P ¼ 0.67; Fig. 4), even though a single confirmed WNv-

related death occurred at the SPRB in 2002. Within the

WNv year (2003), differences in survival existed between

study sites (v24 ¼ 17.01, P ¼ 0.002; Fig. 4), even when the

UGRB control site was excluded and only the four studies

with WNv are considered (v23 ¼ 14.00, P < 0.003; Fig. 4).

Survival for the control site (UGRB) in 2003 also was similar

to that for all other sites combined, prior to 2003 (v21 ¼ 1.0,

P ¼ 0.32, Fig. 4).

For the four study areas with multiple years of data, we

tested the proportional hazards assumption comparing

survival for 2003 (WNv year) to survival in previous years

(each set of study area bars in Fig. 4). For the three WNv

affected study sites, logarithm plots of the estimated hazard

functions for the two treatments within each group were

roughly parallel, and tests of non-zero slopes of the

Schoenfeld residuals were non-significant (SPC: v21 ¼ 0.48,

P ¼ 0.49; Alberta: v21 ¼ 2.69, P ¼ 0.10; SPRB: v21 ¼ 0.26,

P ¼ 0.61), indicating that data within these three study sites

did not violate the proportional hazards assumptions. A test

of nonzero slope of the Schoenfeld residuals for the UGRB

control site was significant (v21 ¼ 7.85, P ¼ 0.005), indica-

ting a violation of the proportional hazards assumption.

However, since WNv was never detected in the UGRB, data

from this site in 2003 were pooled with previous years of

non-WNv data for all between year analyses.

We tested for the overall effect of WNv on sage-grouse

by grouping all data into two treatment groups, WNv

detected and WNv not detected (Fig. 4). Logarithm plots of

the estimated cumulative hazard functions indicated that

curves for the two treatments were parallel, suggesting our

combined data did not violate the proportional hazards

assumption. A goodness-of-fit test of the non-zero slopes

in Schoenfeld residuals was non-significant (v21 ¼ 0.19,

P ¼ 0.67), also indicating that data met the proportional

hazards assumption. Lastly, we tested for differences in

survival within the 2003 WNv year by comparing the UGRB

control site where WNv was not detected, to survival of all

other four sites combined. Parallel logarithm plots and the

slope of the Schoenfeld residuals were not different from

zero (v21 ¼ 3.39, P ¼ 0.06) indicating that these data met

the proportional hazards assumption.

Comparison among years with and without WNv

Late-summer survival declined significantly ()14.5%)

between pre-WNv years (89.6 ± 2.05%, 1998–2002) and

2003 (75.1 ± 2.92%; v21 ¼ 15.77, P < 0.001, all sites

grouped; Fig. 4), and more so ()15.8%) when the UGRB

in 2003 is considered a non-WNv year (88.7 ± 1.9% for

non-WNv; 72.9 ± 3.35% for WNv; v21 ¼ 17.70, P < 0.001,

data for UGRB control site in 2003 grouped with all pre-

WNv year data; Fig. 4). Within the four WNv affected study

sites, averaged survival estimates indicate that late-summer

survival in a WNv year (2003; 63.8 ± 6.68%; Fig. 4)

decreased by 25.3% compared to survival in pre-WNv

years (1998–2002; 89.0 ± 1.25%; Fig. 4).

Comparison among control and WNv sites in 2003

Late-summer survival was significantly lower ()25.9%) at

the four sites affected by WNv in 2003 (63.8%) compared

Table 1 Candidate Andersen–Gill multiplicative hazard models,

Akaike Information Criteria (AIC) results for effects of West Nile

virus (WNv) on survival of adult female greater sage-grouse

Model Ki

Log-

likelihood AIC Di wi Rank

WNv + Study site 5 )474.60 959.20 0 0.765 1

WNv + Study site +

WNv · Study site

*7 )473.98 961.96 2.76 0.192 2

WNv 1 )481.47 964.94 5.75 0.043 3

Number of parameters (model complexity) is represented by Ki.

Models were evaluated based on differences among AIC scores

(Di) and AIC weights (wi). Model rank is based on differences

among AIC scores.

*Interaction terms for two study sites (Alberta and NPRB) were

removed due to collinearity.

Table 2 Estimated coefficients, standard errors, and 95% confid-

ence intervals for the best Akaike Information Criteria model

Variable Coefficient SE

Confidence

intervals

Upper Lower

WNv* 1.229 0.327 0.589 1.870

Study Site�
Alberta 0.027 0.392 )0.741 0.794

Southern Phillips

County

)0.891 0.409 )1.692 )0.090

Northern Powder

River Basin

)0.105 0.476 )1.038 0.828

Southern Powder

River Basin

0.259 0.482 )0.741 0.794

Andersen–Gill proportional hazard model (West Nile virus

(WNv) + Study site) describing the impact of WNv on greater

sage-grouse. The Upper Green River Basin (UGRB; control site)

was used as the reference category (indicator contrasts) for com-

parison of study sites.

*Positive coefficient indicates increased hazard for WNv detection

(1) vs. no WNv (0).

�Positive coefficients indicate increased hazard for that site (1)

compared with UGRB control site (0).
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with the UGRB control (89.7%, v21 ¼ 14.00, P < 0.007, all

sites grouped; Fig. 4).

Andersen–Gill proportional hazards models

We developed three different candidate models using WNv,

study site, and interaction terms to predict greater sage-

grouse survival (Table 1). The WNv + Study Site model

was the best approximating model (smallest Di AIC score,

Table 1). The model was significant (v25 ¼ 30.57, P < 0.001)

and the Akaike weight (AIC wi ¼ 0.765, Table 1) suggested

high probability that the model was the best approximating

model within the candidate model set. The confidence

intervals for WNv (b ¼ 1.229) did not overlap zero (0.589–

1.870, Table 2), indicating that survival decreased in the

presence of WNv. The exponentiated linear coefficient for

WNv indicated that sage-grouse are 3.4 [exp(1 · 1.229)]

times more likely to die in WNv infected locations

compared to pre WNv-exposure or the UGRB control site

without WNv.

The Alberta, NPRB and SPRB study sites all had similar

survival compared to the UGRB control site (confidence

intervals all overlap zero, Table 2). However, the confid-

ence interval for the SPC site did not overlap zero (b ¼
)0.891, 95% CI: )1.692 to )0.090, Table 2) indicating that

survival at the SPC site was elevated compared to the

UGRB site (Table 2). The exponentiated linear coefficient

indicated that sage-grouse have 0.41 [exp(1 · )0.891)]
times the chance of death (reduced risk) in the SPC study

compared to the UGRB control site. As a comparison for

all sites, we also re-ran this model using each individual

study site as the reference category. In all cases, the SPC

study site had lower relative risk (b coefficient was

negative and confidence intervals did not overlap zero).

Similarly, when the SPC site was used as the reference

category, all four other study sites showed a higher relative

Table 3 Summary of polymerase chain reac-

tion assay data for West Nile virus (WNv)

in Culex tarsalis and Culicoides sonorensis,

Northern Powder River Basin study site,

WY, 2003

Location Pools Specimens Pools WNv+

CT ⁄DRn WNvENV,

WNv3�NC*

C. tarsalis

A 8 146 3 18.1/5.1; 21.2/6.1

23.2/3.9; 25.1/2.3

18.8/5.4; 21.4/6.5

B 4 58 1 23.9/3.9; 31.0/0.7

C 25 487 1 29.3/4.3; 34.5/2.1

D 3 38 0

E 2 32 0

F 30 587 2 28.4/4.1; 28.6/3.4

27.2/2.3; 27.7/4.4

H 2 21 0

I 1 6 0

J 2 27 0

K 1 4 0

L 1 12 1 18.7/5.3; 20.1/6.6

M 1 1 0

N 10 171 2 21.6/5.3; 22.9/6.2

32.0/1.1; 33.9/1.5

O 5 64 0

Q 6 120 2 30.4/4.1; 29.3/4.6

20.1/3.6; 26.4/6.0

Total 101 (7.16)� 1774 12 (11.9%)

C. sonorensis

G 2 100 0

P 1 3 0

R 16 800 2 32.0/4.0; 33.0/4.0

29.9/4.3; 33.3/3.8

Total 19 (2.31)� 903 2 (22.2%)

*TaqMan assay: Interpretation of positive; CT values of <37, and a normalized fluorescent

signal (Rn) of 2 · greater than the average of eight non-template controls for both primers

�WNv-ENV� and �WNv-3�NC�.
�Infection rate/1000.
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risk (b coefficient was positive and confidence intervals did

not overlap zero), indicating that the SPC site had a higher

overall survival rate.

WNv monitoring in sage-grouse and insects

Serum collected from 112 sage-grouse to test whether birds

that survived had been exposed to WNv all tested negative

for WNv antibodies. Twelve pools of female C. tarsalis

(11.9%) tested positive for WNv with an infection rate of

7.16 per 1000 (Table 3). Two pools of female C. sonorensis

(22.2%) tested positive for WNv with an infection rate of

2.31 per 1000 (Table 3).

D I SCUSS ION

Two lines of evidence led us to conclude that WNv reduced

late-summer survival. Data where sage-grouse were monit-

ored both before WNv (1998–2002) and in 2003 indicate

that survival declined an average of 25%, whereas survival

did not decline in the UGRB, a site where WNv has not

been detected in sage-grouse (Fig. 4). Survival at the four

locations with WNv-induced mortality in 2003 was, on

average, 26% lower than in the UGRB control site (Fig. 4).

Overall, individuals in populations exposed to the virus were

3.4 times more likely to die during the 2-month WNv period

than birds in uninfected populations.

If survival in our marked sample is representative of

broader impacts of WNv, the virus may be an important

new stressor on sage-grouse populations. Survival of adult

females has been shown to be limiting in sage-grouse

populations (Johnson & Braun 1999) and declines due to

WNv occurred in late summer when survival typically is

high (Braun 1998; Schroeder et al. 1999; Connelly et al.

2000a; Aldridge & Brigham 2003).

Of immediate concern are the potential consequences of

WNv for small populations of Gunnison sage-grouse

(C. minimus Bradbury and Vehrencamp) in Colorado and

Utah, and greater sage-grouse in California, Utah, Wa-

shington, North and South Dakota, Alberta, and Saskatch-

ewan. In small, fragmented populations, stochastic events

such as disease exacerbate risk of extinction due to the

combined effect of demographic stochasticity, deterministic

stressors, and inbreeding depression (Soule & Mills 1998;

Westemeier et al. 1998). Moreover, because small or isolated

populations generally show reduced genetic variation, they

are less likely to contain individuals resistant to emerging

infectious disease (Acevedo-Whitehouse et al. 2003).

Knowing whether sage-grouse survive WNv infection is

crucial to anticipating possible long-term effects on popu-

lations (Komar et al. 2003). In a survey of 112 birds from

Alberta, Montana, and Wyoming in fall 2003 from areas with

confirmed WNv deaths in sage-grouse, we found no live

sage-grouse seropositive for neutralizing antibodies against

WNv. Thus, we have no evidence that sage-grouse are able to

survive WNv infection and develop immunity. Since no

other information exists on sage-grouse susceptibility to

WNv, we recently brought 35 wild sage-grouse into captivity

at the Wyoming State Veterinary Laboratory that will be

challenged with the virus to evaluate transmission dynamics.

Vector surveillance near ponds in the NPRB site

indicated that the mosquito C. tarsalis, a highly competent

vector of WNv that breeds in surface waters of western

North America (Reisen & Reeves 1990; Goddard et al.

2002), was infected with WNv (Table 3). Detection of WNv

in C. sonorensis was unexpected; C. sonorensis is a biting midge

known to transmit viral pathogens of livestock and wild

ungulates, but previously has not been recognized as a

potential vector of WNv (Mellor et al. 2000, Table 3).

Surface water sources in arid western landscapes have

been created for agricultural irrigation, drinking access for

livestock, and oil and gas activities. sage-grouse thrive in

native sagebrush-steppe that is largely devoid of natural

sources of standing water; however, females and broods

naturally move to water in late summer if it is available

(Connelly et al. 2000b). Although man-made water sources

that attract sage-grouse also expose them to insects that

vector WNv, the basic biology of arthropod vectors

suspected of transmitting WNV in western North America

is poorly understood. Thus, in 2004 we have linked vector

surveillance in Montana and Wyoming to specific surface

water sources to quantify their relative contribution to

vector production.

The emergence of WNv further complicates the difficult

task of conserving sage-grouse in western North America.

Efficacy of mosquito control with pesticides over vast areas

of sage-grouse range remains untested, and the suggestion

of land-use change only fuels conflict over water manage-

ment in the west. Petitions to list sage-grouse under the

federal Endangered Species Act are intended to force

decisions on issues that could change the management of

public and private lands. Regardless, if we are to prevent

sage-grouse from going extinct on their remaining range, we

must find a way to provide high-quality habitats that support

robust, genetically diverse populations capable of withstand-

ing stochastic disease events.
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