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 West Nile virus came to the 

attention of  the North American 

ornithological community in 1999, 

when it caused significant mortality 

among birds in the New York City 

area (Kilpatrick et al. 2007). The virus 

also made newspaper headlines that 

year when it caused significant illness 

in 62 people and led to seven deaths 

(Komar 2003). Over the next five years 

as West Nile virus spread across North 

America, the presence of  dead birds 

was used by public health officials 

to track the advance of  the disease 

(Brault et al. 2004, Eidson et al. 2001, 

Hayes et al. 2005). In response to the 

obvious mortality among members of  

some species, ornithologists began to 

assess the effects that the virus might 

be having on susceptible populations. 

In an effort to determine whether 

West Nile virus has had a lasting 

impact on Ohio birds, I compared 

count numbers for five selected species 

before and after the arrival of  West 

Nile virus in the Cleveland area, in 

Ohio as a whole, and in the United 

States as a whole.

Background

Virus Life Cycle

 West Nile virus (WNV) is a 

mosquito-borne virus that infects 

humans, some other mammals, 

birds, and mosquitoes. Birds and 

mosquitoes are the primary carriers 

of  the disease. Some birds bitten 

by infected mosquitoes temporarily 

develop sufficient concentrations of  

virus in their blood to transmit the 

virus to uninfected mosquitoes, which 

in turn bite and infect other birds. 

If  a bird survives WNV, virus levels 

in its blood subside after a few days 

to a low enough level that it can no 

longer transmit the virus. In addition, 

surviving birds carry antibodies 

that make them immune to further 

infection. Humans and some other 

mammals may also become infected 

when they are bitten by infected 

mosquitoes but rarely carry enough 

virus to pass the infection on to an 

uninfected mosquito (CDC 2009a, 

Hayes et al. 2005). 

Symptoms and Mortality

 Symptoms of  WNV in humans 

may include fever, headache, fatigue, 

and, more rarely, a rash, eye pain, or 

swollen lymph glands. An estimated 

80% of  those infected exhibit no 

symptoms (CDC 2004). Symptoms in 

birds include lethargy, ruffled feathers, 

unusual posture, inability to hold the 

head upright, and uncoordinated 

movement (Komar et al. 2003). More 

than 300 species of  native and exotic 

birds have been reported as infected in 

the United States (CDC 2009b). The 

degree of  illness in birds varies widely 

from species to species. In laboratory 

studies, WNV caused no mortality in 

about two-thirds of  species studied 

(Komar et al. 2003). By contrast, 

100% of  American Crows infected 

in laboratory studies have died, and 

high mortalities are observed in most 

other corvids, as well as in some other 

species (Komar et al. 2003, McLean 
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2006). Laboratory studies of  bird 

mortality have been quite limited, and 

laboratory mortality figures may not 

be representative of  mortality rates for 

birds in the wild. 

Virus History

 WNV was first isolated in Uganda 

in 1937 (McLean 2006). Historically, 

the virus has been found over a 

widespread area, including Europe, 

Africa, the Middle East, southern 

Asia, and Australia. The disease has 

not typically caused illness or death in 

birds in these areas (Brault et al. 2004). 

 WNV was first identified in North 

America near New York City in 1999 

(Kilpatrick et al. 2007). After 1999, 

the disease spread north and south 

and moved steadily westward across 

North America, reaching Ohio in 

2001(McLean 2006) and the West 

Coast in 2003 and 2004 (Hayes et 

al. 2005). Unlike WNV in the rest 

of  the world, the North American 

strain of  WNV (dubbed NY99) was 

characterized by the infection and 

illness of  many bird species and 

frequent death for some. A 2004 study 

by Brault et al. showed that the NY99 

strain of  WNV was more deadly to 

American Crows than strains of  WNV 

typically found in other parts of  the 

world. The increased virulence of  the 

NY99 strain was also seen in other 

corvids and in a variety of  other bird 

species (McLean 2006).

Effects on Bird Populations

 The effects of  WNV on bird 

populations are often described as 

“patchy” and “focal” (McLean 2006). 

That is, the population of  a species in 

one area may show a striking decline, 

whereas populations in adjacent areas 

may not be much affected. However, 

a 2007 analysis of  USGS Breeding 

Bird Survey data through 2005 

examined 20 species in six selected 

locations across the United States. 

This study indicated significant and, 

in some cases, sustained declines 

in the population of  seven of  the 

species examined. Not surprisingly, 

declines were most pronounced and 

sustained in American Crows, and 

crows declined significantly in every 

region considered. Other species that 

showed significant declines in one 

or more regions included Blue Jay, 

American Robin, Eastern Bluebird, 

Tufted Titmouse, Black-capped and 

Carolina chickadee (combined), and 

House Wren (Table 1). Blue Jay and 

House Wren populations rebounded 

to expected levels in 2005, whereas 

other species’ populations remained 

suppressed (Ladeau et al. 2007).

WNV in Ohio

 Although WNV arrived in Ohio 

in 2001, the virus did not become 

widespread until 2002 and did not 

have much impact here until late 

summer of  that year. In 2002, there 

were 441 documented human illnesses 

in the state (U. S. Geological Survey 

2003), with 31 deaths (Mandalakas 

et al. 2005). The Cleveland area was 

particularly hard-hit, with 50% of  the 

state’s documented cases occurring in 

Cuyahoga County (U. S. Geological 

Survey 2003), which then had 12% 

of  the state’s population (U. S. Census 

Bureau 2009). A human serology 

study conducted in Cuyahoga County 

indicated that an estimated 1.9% 

of  the county’s population (about 

25,000 out of  a total population of  1.3 

million) had been infected by the end 

of  2002 (Mandalakas et al. 2005).

 Documented infections in birds 

were widespread in Ohio in 2002, 

occurring in all 86 of  Ohio’s 88 
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counties that submitted dead birds 

for testing (U. S. Geological Survey 

2003). The highest numbers of  

infected birds were reported from 

the state’s urban areas, where dead 

or sick birds were more likely to 

be found and where the Culex spp. 

mosquitoes that are a primary carrier 

of  the disease are more common 

(McLean 2006). 

 The reportedly patchy and 

focal nature of  WNV’s impact on 

bird populations is borne out by 

observations in Ohio. Birders on 

Cleveland’s east side perceived the 

2002 effect on the area’s American 

Crow population to be severe, and 

crow populations in the area seem 

to have remained depressed in the 

eight years since 2002 (pers. obs.). 

Systematic point counts begun in 

2001 at the Nature Center at Shaker 

Lakes in Cleveland’s eastern suburbs 

recorded an average of  0.8 crows 

per count in 2001 and the spring of  

2002. Between the fall of  2002 and 

the spring of  2009, counts averaged 

0.01 crows per count, less than 

15% of  the previous level (J. West, 

unpublished data). After WNV, it 

became common not to see a crow in 

a morning’s birding, and any increase 

in observations since has been slight. 

Other species that birders perceived 

to have been affected on the east 

side of  Cleveland included Tufted 

Titmouse, Blue Jay, and Black-capped 

Chickadee. By contrast, although 

Ohio’s state crow population was 

perceived to be affected by the 

2002 epizootic, the perception from 

observations reported to The Ohio 

Cardinal has been that the population 

bounced back fairly quickly and 

completely (Whan 2004, Whan 2005, 

McCormac 2008). 

Methods

Data

 To evaluate whether the perceived 

population declines in Ohio were 

significant and whether the apparent 

impact of  the virus was sustained 

over time, I analyzed data from the 

USGS Breeding Bird Survey (BBS) 

(U.S. Geological Survey 2010, Sauer 

et al. 2008) and Audubon Christmas 

Bird Count (CBC) (National Audubon 

Society 2002). I looked at counts of  

five species: American Crow (Corvus 

brachyrhnchos), Blue Jay (Cyanocitta 

cristata), Tufted Titmouse (Baeolophus 

bicolor), Black-capped and Carolina 

chickadee (treated together) (Poecile 

atricapilla and P. carolinensis), and 

American Robin (Turdus migratorius). 

 Breeding Bird Survey Data: For the BBS 

data for the United States and Ohio, 

I looked at two versions of  the data: 

uncorrected average count per reported 

route (available through 2009) (U.S. 

Geological Survey 2010) and the annual 

indices calculated from the BBS’s own 

analysis of  trends for each species and 

region (available through 2007) (Sauer 

et al. 2008). The BBS annual indices 

calculate an overall regional trend by 

averaging the trends from individual 

routes and incorporating a number of  

corrections to weight the trend from 

each route based on route distribution, 

habitat, the population represented 

by the route, observer experience, and 

other factors. The BBS indices are 

probably a more appropriate indicator 

of  changes in population over a region 

than the simpler “uncorrected count 

per reported route” (Link and Sauer 

1998). Comparison of  results from 

the two BBS data sets is complicated 

by the fact that the average count per 

reported route is available through 

2009, whereas the annual indices are 
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available only through 2007. The two 

different versions of  the BBS data 

usually show significant change for the 

same populations.

 For the Cleveland area, I used BBS 

count data from Routes 18 and 118, 

the only routes near the city. Both 

routes are located near the southern 

edge of  Cuyahoga County, though 

neither route is located entirely in the 

county, and Route 118 is entirely in 

Lorain and Medina Counties. Route 

18 was replaced by Route 118 in 1995, 

with a single year of  overlap of  the 

two routes. In addition, data for these 

routes are entirely missing in 1978, 

2002, 2008, and 2009. Although the 

route change may introduce some 

error into the analysis, examination of  

the data indicates that it is reasonable 

to assume that the two routes are 

counting from the same population. 

Given the “patchy” nature of  WNV 

outbreaks, data from these routes may 

not be fully representative of  changes 

in populations in the immediate 

Cleveland area, which is more urban 

than the route area. In addition, other 

factors, such as change in observers, 

weather differences, and habitat 

change make results based on data 

from a single BBS route problematic.

 Data from the BBS are generally 

considered more useful for evaluating 

the possible impact of  WNV than CBC 

data, since the BBS presumably counts 

birds that breed in the count area and 

were therefore exposed to WNV in that 

area (Wheeler et al. 2009). In addition, 

BBS counts are conducted by skilled 

observers in a consistent manner and in 

good weather.

 Christmas Bird Count Data: For the 

CBC data, I generally examined the 

number of  birds observed per party 

hour for the Cleveland count circle, 

for the state of  Ohio, and for the US 

as a whole. Using the CBC to evaluate 

the impact of  WNV is complicated by 

the fact that the CBC counts birds that 

may not have summered and been 

exposed to WNV in the count area. 

In addition, counts are conducted on 

fixed dates regardless of  weather and 

may not be conducted in the same way 

or by the same individuals from year 

to year (Butcher 1990).

 For most species, using the number 

of  birds reported per party hour is 

a reasonable (if  imperfect) way to 

account for changes in observer effort 

over time. However, this approach 

may not be appropriate for birds 

like American Crows, for which a 

large fraction of  the birds counted in 

winter will be those that congregate 

in large roosts in known locations. 

In a typical year, between 50% and 

75% of  the crows reported to the 

Ohio CBC will be in three or four 

roosts of  between 5,000 and 25,000 

birds each (The Ohio Cardinal reports, 

1991 to 1999). Year-to-year changes 

in CBC party hours will have had 

little impact on the number of  birds 

reported from these large roosts. Large 

crow roosts also occasionally move 

(Renfrow 2001), and movement of  

one large roost into or out of  a count 

circle may dramatically change the 

number of  crows reported for the 

state. An additional pitfall of  using 

Ohio’s CBC data is that there are a 

few count circles that are reported in 

The Ohio Cardinal that are not reported 

to Audubon for inclusion in their CBC 

database. Although this probably 

does not have a significant impact for 

species that are well dispersed across 

the state, its impact on the reported 

crow count is significant. The Clark 

County count circle, which typically 

reports between 10,000 and 20,000 
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American Crows (14 to 38% of  the 

state’s total), is published in The Ohio 

Cardinal (see issues dated 1991 to 2007) 

but is not in the Audubon database. 

An unwary user who compares 

historical Audubon data with current 

Ohio Cardinal figures may report a 

population increase that has not 

actually occurred.

 In an effort to compensate for 

all of  these problems with the use 

of  CBC data for American Crow 

populations, I analyzed the total 

reported count of  American Crows 

as well as the crows reported per 

observer hour for the Cleveland count 

circle and for Ohio. For Ohio, I also 

examined total counts as reflected in 

The Ohio Cardinal and as reflected in 

the Audubon database. 

Analysis

 I evaluated counts of  the five 

selected species over approximately 

40 years, beginning in 1966 (BBS) or 

1970 (CBC) and continuing through 

the end of  the available data in 2007 

(BBS indices), 2008 (CBC), or 2009 

(BBS count per reported route). For 

each species, I compared average 

counts normalized for effort before 

and after the onset of  WNV using 

Student’s t-test for populations with 

unequal standard deviations. For Ohio 

and Cleveland American Crow counts 

from the CBC, I also compared the 

total counts (not normalized for effort) 

before and after WNV onset. Because 

so many comparisons were being 

made, the critical value for statistical 

significance of  p was set at 0.001. 

Many counts showed trends in the 

period before WNV, so I compared 

the post-WNV counts to the decade 

before WNV (1992 to the last pre-

WNV count) as well as to the entire 

period before WNV. Because BBS data 

are collected in June, before WNV had 

significant impact in Ohio in 2002, I 

considered 2003 to be the first post-

WNV count for the BBS, and 2002 to 

be the first post-WNV count for the 

CBC.

Table 1 - Expected Impact of  West Nile Virus

(from Ladeau, et al., 2007)

Table 1 - Expected Impact of West Nile Virus
(from Ladeau, et al., 2007)

Species Expected Impact Impact shown in Ladeau, et al., 2007
# of Regions Regions w/ Significant Impact

Studied # Percent

American Crow high 6 6 100%
Blue Jay high 4 1 25%
Tufted Titmouse high 4 4 100%
Chickadees moderate 4 2 50%
American Robin moderate 6 3 50%

Ladeau, et al., 2007, used 26 years of BBS data to evaluate the impact of WNV on 20 bird species in six regions 
across the US, including the Northeastern US (CN, DE, MA, NJ, PA, RI), Maryland, Virginia, Illinois, Colorado, and 
Oregon.
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Table 2 - Summary of Significant Changes in Mean
Decade Before WNV vs. Post-WNV

BBS Count/Route BBS Indices CBC Count/Observer Hr CBC Total Count Ohio Cardinal Total Count
Means P Means P Means P Means P Means P

1992-2002/ 
Post-WNV 
2003-2009  

1992-2002/ 
Post-WNV 
2003-2007  

1992-2001/ 
Post-WNV 
2002-2008  

1992-2001/ 
Post-WNV 
2002-2008  

1992-2001/ 
Post-WNV 
2002-2008  

Cleveland
Cleveland BBS data are missing for 1978, 2002, 2008, and 2009

American Crow 49/14 1.10E-04 NA NA 8.5/1.6 7.27E-05 890/130 5.04E-05 na na
Tufted Titmouse 17/3 5.09E-05 NA NA 1.8/1.2 NS na na na na

Ohio
American Crow 38/32 7.10E-04 36/25 8.67E-07 14/9.2 7.55E-05 51,900/38,100 NS 66,700/56,300 NS
Tufted Titmouse 14/9.7 1.29E-04 9.2/6.0 4.09E-04 1.6/1.2 NS na na na na
American Robin 73/80 NS 97/119 4.89E-04 4.3/5.7 NS na na na na

USA
American Crow 34/30 8.98E-06 22/21 NS 11.6/11.3 NS na na NA NA
Blue Jay 13/12 NS 9.7/8.3 6.31E-05 1.8/1.7 NS na na NA NA

Bold entries show statistically significant decline post-WNV. Shaded entries show a statistially significant increase post-WNV.
na indicates data not analyzed; NA indicates data not available.
NS indicates a reported result that is not statistically significant with P < 0.001.

Figure 1. West Nile Virus (WNV) impacts in the Cleveland region as documented by 

Breeding Bird Survey (BBS) and Christmas Bird Count (CBC) observers.
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Figure 1, continued.

Results

Cleveland Area (Figure 1, Tables 2 and 3)

 In the Cleveland area, American 

Crow showed statistically significant 

declines in the wake of  WNV in all 

analyses of  both BBS and CBC data. 

The decline in the crow population 

was significant when compared with 

both the decade immediately before 

WNV (Table 2) and the entire period 

considered (Table 3), and the decline 

followed either a significant increasing 

trend (BBS) or fairly stable counts 

(CBC) over the previous several 

decades. Since the onset of  WNV, all 

counts for the BBS have been lower 

than any since 1987 and all study 

period counts for the CBC have been 

lower than any since before 1970. No 

recent population rebound is evident, 

although BBS counts are missing 

for 2008 and 2009. The 2009 CBC 

results, which were released after 

the end of  this study, indicated some 

minor increase in crow numbers.

 Cleveland’s Tufted Titmouse 

counts also showed significant declines 

post-WNV on the BBS, but the 

decline was not significant for the 

CBC. As for crows, the BBS decline 

was significant compared with both 

the preceding decade and the entire 

period considered, and post-WNV 

counts have all been lower than any 

pre-WNV count since the survey 

began in 1966. Although there was 

no statistically significant decline of  

Tufted Titmouse counts from the 

Cleveland CBC, visual examination 

of  the CBC data shows an apparent 

decline in counts after WNV, with 

some possible recovery. Cleveland 

CBC titmouse counts are typically 
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Figure 2 (Four following pages). West Nile Virus (WNV) impacts across Ohio as 

documented by Breeding Bird Survey (BBS), Christmas Bird Count (CBC), and The Ohio 

Cardinal observers.

Table 3 - Summary of Significant Changes in Mean
Three to Four Decades Before WNV vs. Post-WNV

BBS Count/Route BBS Indices CBC Count/Observer Hr CBC Total Count
Means P Means P Means P Means P

1966-2002/ 
Post-WNV 
2003-2009  

1966-2002/ 
Post-WNV 
2003-2007  

1970-2001/ 
Post-WNV 
2002-2008  

1970-2001/ 
Post-WNV 
2002-2008  

Cleveland
                                               Cleveland BBS data missing 1978, 2002, 2008, 2009
American Crow 27/14 7.30E-04 NA NA 7.4/1.6 7.48E-11 890/130 7.36E-11
Tufted Titmouse 14/3 1.43E-06 NA NA 1.4/1.2 NS na na

Ohio

American Crow 30/32 NS 32/25 1.22E-10 8.6/9.2 NS
30,000/ 
38,100 NS

Tufted Titmouse 11/9.7 NS 10/6.0 2.56E-05 1.4/1.2 NS na na
American Robin 65/80 2.78E-05 72/119 2.12E-08 2.6/5.7 NS na na

USA
Blue Jay 14/12 6.32E-06 11/8.3 1.07E-10 2.0/1.7 NS na na
Tufted Titmouse 11/13 4.03E-07 8.4/9.8 NS 0.7/0.8 NS na na
Chickadees 8.1/9.2 NS 9.4/8.7 1.41E-04 2.9/2.9 NS na na
American Robin 38/38 NS 24/26 6.01E-06 15/12 NS na na

Bold entries show statistically significant decline post-WNV.
Shaded entries show a statistially significant increase post-WNV.
na indicates data not analyzed; NA indicates data not available.
NS indicates a reported result that is not statistically significant with P < 0.001.

approximately one to two birds 

per observer hour, and the impact 

of  running across an extra bird or 

two may have masked population 

decline and/or recovery. However, 

the 2009 CBC (not included in the 

statistical analysis) showed the highest 

number of  titmice per party hour 

ever recorded, indicating that the 

Cleveland area population seems to 

have recovered from any WNV effects.

 None of  the other three species 

considered—Blue Jay, Black-capped/

Carolina chickadees, and American 

Robin—showed a statistically 

signifi cant increase or decrease in the 

Cleveland area after the onset of  WNV.

Ohio (Figure 2, Tables 2 and 3)

 Results for Ohio as a whole 

are similar to those for Cleveland. 

American Crows showed statistically 

signifi cant declines compared with the 

preceding decade for both approaches 

to the BBS data and for the CBC 

count per observer hour. The CBC 

total crow count showed a marked 

decline that was not statistically 

signifi cant, and the Ohio Cardinal total 

crow count showed a less-pronounced 

decline, also not statistically signifi cant. 

For the BBS annual indices, there was 

also a signifi cant decline compared 

with the more than three decades 

Table 3 - Summary of  Signifi cant Changes in Mean

Three to Four Decades Before WNV vs. Post-WNV

Shaded entries show a statistially significant increase post-WNV.

24/26 6.01E-06

11/13 4.03E-07

65/80 2.78E-05 72/119 2.12E-08
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Figure 2, continued.
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pre-WNV. All BBS annual indices for 

Ohio since WNV have been lower 

than any prior BBS index. Visually, 

all data sets seem to show some slow 

recovery of  the crow population since 

the first post-WNV count. All data 

except for the BBS indices suggest 

that Ohio’s crow population may have 

been approaching its pre-WNV level 

by the end of  the study period.

 Counts of  Tufted Titmouse for 

Ohio show almost the same pattern 

as those of  American Crow. Both 

BBS data sets indicate statistically 

significant declines post-WNV 

compared with the previous decade, 

and the BBS indices show the decline 

to be significant compared with all 

previous indices. Although the decline 

in counts for the CBC is not significant 

at the 95% confidence level for 

P<0.001, there is a visually apparent 

decline post-WNV. In addition, all 

post-WNV counts are lower than 

any in the previous decade for both 

approaches to the BBS data. Visual 

examination of  the data suggests that 

Ohio’s population of  Tufted Titmice 

may have been approaching its pre-

WNV levels by the end of  the study 

period.

 In addition to the declines noted, 

American Robin showed statistically 

significant increases in Ohio BBS 

indices post-WNV, perhaps as the 

continuation of  a long-term upward 

population trend. In laboratory 

studies, robins have been shown to 

have relatively low mortality from 

WNV, and are thought to be one of  

the important carriers of  the virus, 

since they develop fairly high virus 

levels in their blood without suffering 

ill effects (Kilpatrick et al. 2007, Komar 

et al. 2003, LaDeau et al. 2007). No 

statistically significant changes were 

observed in either Blue Jays or Black-

capped/Carolina chickadees.

USA (Tables 2 and 3)

 Data for the US as a whole paint a 

much less coherent picture than those 

for Cleveland or Ohio. American 

Crow counts show a significant 

decline only for the uncorrected BBS 

data compared with the previous 

decade. Visual examination of  the 

BBS annual indices also shows an 

apparent decline, but the change is 

not statistically significant. Blue Jays 

show post-WNV declines for several 

of  the comparisons made; however, 

these declines appear to be part of  

a decades-long downward trend in 

Blue Jay counts. Tufted Titmice show 

significant increases for the uncorrected 

BBS compared to the full period, but 

this increase also appears to be part of  

a long-term trend, as does the decline 

in the BBS index for chickadees.

Discussion

 This analysis indicates that there 

have been significant declines in the 

populations of  American Crow and 

Tufted Titmouse in Ohio following 

the onset of  WNV in the late summer 

of  2002. These declines have been 

sustained over a number of  years, with 

slow recovery of  these populations 

toward the end of  the study period. 

Blue Jay, Black-capped and Carolina 

chickadee, and American Robin 

populations were not significantly 

affected. Results of  this analysis are 

consistent with more sophisticated 

assessments of  the effects of  WNV, 

such as Ladeau et al. (2007) and 

Wheeler et al. (2009).

 In the Cleveland area, the declines 

in crow and titmouse populations 

were much more pronounced 

than the decline for the state as a 

whole, emphasizing the patchy and 

focal nature of  WNV’s impact on 
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birds. The data suggest that these 

populations had limited recovery 

through the end of  the study period 

and that the titmouse population 

had fully recovered by the end of  the 

summer of  2009 (after the end of  the 

study period). My personal experience 

with American Crows on Cleveland’s 

east side suggests that they had also 

begun to increase by the end of  the 

study period.

 Mortality from a viral epizootic 

tends to decline as susceptible 

individuals die, leaving a resistant 

population. However, this may not 

be the pattern that is followed by 

some bird species infected with the 

NY99 strain of  WNV. For American 

Crows and some other corvids, there 

is little evidence that any significant 

number of  infected birds survive 

to develop immunity to WNV. 

Because the virus is now established 

throughout the US, additional 

outbreaks can be expected wherever 

there is suitable mosquito habitat. 

Although such outbreaks become 

less severe as adults of  carrier species 

(e.g., Blue Jay, American Robin, and 

House Sparrow) survive infection, 

become immune, and can no longer 

transmit infection, the virus can 

be expected to continue to infect 

mosquito populations, birds, and 

humans, albeit at lower levels than in 

the years immediately following its 

introduction into the US (Hayes et al. 

2005, Wheeler et al. 2009). It will be 

interesting to observe and track the 

populations of  susceptible species 

over time. 
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