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Steve Hampton has been birding since he was seven years old. He has a Ph.D. in Resource Economics and currently works for the California Department
of Fish and Game.

Creating an Index to Analyze Christmas Bird Count Data:

An Application to West Nile Virus at Putah Creek, California

Facing page: Yellow-billed Magpie, Roseville, California.  Photo/Donald Metzner

Christmas Bird Count (CBC) data set is both extensive and highly variable. Spanning over 100 years and more than
1800 active count circles in the United States alone, it provides a potentially rich source of data to measure changes in
species abundance. In addition to natural changes in bird abundance and distribution, the surveys are subject to a host
of external factors that induce high annual variability, such as weather, survey effort and individual count protocol.
Analyses of count data often attempt to control for these factors using ad hoc methods and with limited success. An
alternative approach is explored here: the development of an index, using some of the count data itself, to control for
all external factors known and unknown.

An index is a kind of “Dow Jones average” intended to be a proxy variable, constructed to capture the effects of unob-
servable or unmeasurable variables on the data. There is no precise method for creating an index, and their development
is as much an art as a science. The most important point, however, is to understand what sources of variation the index
is intended to capture. In the case of CBC data, there are two primary sources of variation: internal and external.
Internal variations are actual changes in a species population within the count area. For example, fewer birds were count-
ed in the survey because there were, in fact, fewer birds. This may be due to changes in the species’ population or
migration pattern. External sources of variation are things such as weather and survey effort. For example, fewer birds
were counted not because there were fewer birds, but because it rained all day, there were fewer party hours than nor-
mal, and the party followed a different route than in past years because a road was closed and they had a new team
leader who wished to structure the route differently. These are typical factors that may induce variation in CBC data.
Our goal is to control for external variation and to take as much noise out of the data as possible. 

By way of example, an index will be developed for the Putah Creek, California Christmas Bird Count (CAPC). Four
species of interest will then be analyzed, comparing them to the index. The four species are Western Scrub-Jay
(Aphelocoma californica), Yellow-billed Magpie (Pica nuttalli), Oak Titmouse (Baeolophus inornatus), and Loggerhead
Shrike (Lanius ludovicianus), all thought to be impacted in recent years by West Nile virus (WNV). American Crow
(Corvus brachyrhynchos) was also considered for the analysis but was dropped when it became apparent that crow num-
bers on the CAPC are extremely variable and have grown exponentially, even through the WNV years. 
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Methods

In this example, we will seek to answer the question: Have the four species of
interest suffered significant declines since the arrival of West Nile virus in 2005? 

The index will be a subset of the species in the count data. In this case, the species
chosen should be common species reliably seen on every count. Ideally, they should
also be unaffected by the variable of interest (i.e. WNV). The intent is that they will
provide a measure of the effects of other external factors such as weather and survey
effort. In this case, we propose that the index shall incorporate all species that meet
the following criteria:

•  They are relatively common, having been recorded on all counts.
•  They are relatively stable; that is, not subject to wide annual swings due to

migratory irruptions, having a coefficient of variation (CV) of less than 0.5. 

Coefficient of variation is the standard deviation divided by the mean. A CV of
less than one implies that the standard deviation is less than the mean. Assuming the
data are normally distributed, approximately two-thirds of all observations are with-
in one standard deviation of the mean. Thus, if the mean is 200 birds per survey,
and the CV is 1.0, implying the standard deviation is also 200, roughly two-thirds
of all surveys produce between 0 and 400 birds (within 200 of the mean). If the CV
is 0.5 (as proposed here) and the mean is again 200, the standard deviation would
be 100. In this case, two-thirds of all surveys produce between 100 and 300 birds
(within 100 of the mean). While a CV of 0.5 is chosen arbitrarily, it does restrict the
index to species with relatively low annual variability. In this way we reduce the noise
potentially generated by other factors (e.g., natural changes in the species’ presence
due to migratory irruptions) and focus on those species that are regularly encoun-
tered in reasonably predictable numbers. It is these species that will provide the best
measure of the biases created by external factors (e.g. weather and survey effort).

Once the index species are selected, the next step is to develop the index itself. The
most intuitive approach is to normalize the data around 1.00 by dividing all the data
for each species by the first year results, which sets the first year to 1.00 and the fol-
lowing years to a number relative to 1.00. 

Index for species xi = ni/n1 where i = year

The overall index is obtained by taking the average across all species for each year.

Overall Indexi = average (Index for species xi) across all species

In this way, each species is treated equally in the index and more abundant species
are not given proportionately more weight. 

For comparison to target species of interest, their data must also be normalized
around 1.00 from the same base year. 

Results

In this example, we use data from the Putah Creek Christmas Bird Count, focus-
ing on data from the 75th CBC (conducted in December 1974) thru the 112th
CBC (conducted in December 2011), thus providing 38 years of data. The CAPC
actually began three years earlier, but was at a developmental stage with few party
hours. Data from these three years, even corrected for party hours, may not be con-
sistent with the rest of the data. Thus they are dropped without much loss of
sample size. 

Oak Titmouse, Clear Lake State Park,
California. Photo/Barbara Bridges
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Focusing only on species that meet our criteria of being recorded every year and
having a CV less than 0.5, we obtain 28 species for our index (Table 1). They form
our “Dow Jones average.” All four of our species of interest (Western Scrub-Jay,
Yellow-billed Magpie, Oak Titmouse, and Loggerhead Shrike) meet the criteria for
inclusion as well, but are not included because they are the focus of our investigation. 

Presumably all of these 28 species experience natural variation in numbers with-
in the CAPC count circle each year. However, the sample size of 28, and the wide
range of species (waterbirds, raptors, passerines, etc., as well as resident and over-
wintering species) should serve to minimize the effects of internal variation on the
index and thus primarily capture the effects of external factors. 

Table 1. The index species.

Species Mean Standard Deviation Coefficient of Variation

Mallard 142 70 0.49

California Quail 360 144 0.40

Pied-billed Grebe 48 16 0.33

Great Blue Heron 28 9 0.32

Northern Harrier 17 8 0.48

Cooper’s Hawk 8 4 0.46

Red-tailed Hawk 95 27 0.28

American Kestrel 110 38 0.35

Mourning Dove 232 112 0.48

Belted Kingfisher 22 8 0.38

Nuttall’s Woodpecker 120 47 0.40

Downy Woodpecker 21 10 0.46

Northern (Red-shafted) Flicker 442 118 0.27

Black Phoebe 104 42 0.40

Say’s Phoebe 26 11 0.42

Bushtit 510 202 0.40

White-breasted Nuthatch 68 33 0.48

Bewick’s Wren 69 27 0.39

Ruby-crowned Kinglet 431 144 0.33

Western Bluebird 267 130 0.49

Northern Mockingbird 87 36 0.41

Spotted Towhee 238 76 0.32

California Towhee 171 48 0.28

White-crowned Sparrow 1058 432 0.41

Golden-crowned Sparrow 893 265 0.30

Dark-eyed (Oregon) Junco 1415 388 0.27

Western Meadowlark 972 480 0.49

House Sparrow 132 65 0.49

Western Scrub-Jay, Whittier, California.
Photo/David Postiff
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Normalizing the 1974 data around 1.00 and averaging them all, we obtain an
overall index as illustrated in Figure 1. This index is thus a proxy for the effects of
weather, survey effort, and any other external variables both known and unknown
that might have influenced the number of birds per party hour that were counted.
For example, the dips on the 103rd and 106th counts reflect particularly bad weath-
er on the CAPC those years. 

Figure 1. The index for the Putah Creek Christmas Bird Count.

The next step is to normalize the data of the target species around 1.00 for 1974
and compare them over time with the index, focusing on differences beginning in
2005, or the 106th CBC, the first year that WNV presumably impacted these pop-
ulations. Figure 2 compares the index with the Loggerhead Shrike data, also
normalized around 1.00 in the first year of analysis. The WNV years are shown with
white circles. 

Figure 2. The index vs. Loggerhead Shrike. 

Loggerhead Shrike, Palm Bay, Florida.
Photo/Mark Eden
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Figure 3 synthesizes the data in Figure 2, simply showing the difference between
the two lines. Ideally, this should create a smoother graph with less annual variabil-
ity. In the first year of our analysis the difference is 0.00, as both are normalized
around 1.00. In the following years, positive numbers imply the shrike is increasing
relative to the index, while negative numbers show the shrike decreasing relative to
the index. Figures 4 thru 6 show the difference between the index and the other
species of interest. 

Figure 3: Loggerhead Shrike relative to the index.

Figure 6. Oak Titmouse relative to the index.

Figure 4. Western Scrub-Jay relative to the index.

Figure 5. Yellow-billed Magpie relative to the index.



22 AMERICAN BIRDS

Discussion

In this example, a quick visual interpretation of the graphs tells the story. All of
the species had some of their lowest levels, relative to the index, during the recent
WNV years. The Loggerhead Shrike had been in decline and was apparently further
impacted by WNV, but is now possibly recovering from the effects of the virus. The
Western Scrub-Jay was relatively stable, but was then reduced to its lowest levels by
WNV. It has rebounded some each year, climbing back to normal levels. The Yellow-
billed Magpie and Oak Titmouse were both experiencing elevated levels prior to
WNV, which dropped them back to lower numbers they had not seen in many
years. For the Yellow-billed Magpie in particular, WNV has reduced its population
to the lowest levels within the study period. Recovery of both the magpie and tit-
mouse seems anemic at this point.

While differences from the index during the WNV years can be measured with
statistical significance, there is no inherent interpretation of these differences, other
than to say they are different from the index or from the past. Thus, the use of an
index can control for a wide range of external variables, but its interpretive value is
limited. Extrapolation from index values to birds/count or birds/party hour is not
possible.

Another note of caution: the index itself may be biased in an unknown direction
relative to the comparison species. Referring back to Figure 1, the index has consis-
tently high values in the final six of the seven WNV years. Have the index species
benefited from WNV, perhaps because corvid depredation of their nests was
reduced? It is possible, although the wide range of species encompassed by the index
(see Table 1) helps guard against this.

Regardless of these caveats, using the index as a proxy variable to capture the vari-
ation induced by unknown and unmeasurable variables is a powerful tool. It can
help adjust for a wide range of weather and effort-related variables that are difficult
to capture in other ways. As exemplified here, in some contexts it can help reduce
the noise inherent in any CBC data analysis and allow for a more thorough analysis
of bird populations.

Yellow-billed Magpie, Roseville,
California.  Photo/Donald Metzner
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Party Hours & Weather

Perhaps the biggest issue affecting Christmas Bird Count data analysis is the
weather. On the 106th Putah Creek CBC, my rain gauge tallied 3.83 inches
between 6 A.M. and 5 P.M. I was on a bike all day. This was also the first year when
we expected to see impacts from West Nile virus, thus complicating interpretation.
Bird numbers were down, as expected, but so were party hours. Most parties called
it quits by 2 P.M. One group spent the afternoon in a backyard hot tub, thus tally-
ing a different kind of party hours!

The graph below demonstrates that the number of birds counted and party hours
track each other reasonably well, leaving birds per party hour relatively constant.
Although I will add a caveat—this is for our index species only, our steady, reliable
birds; it does not include flocks of irruptives, which may skew the total number of
birds (and thus birds per party hour). A second lesson from the graph is that party
hours reflect the weather—somewhat. It rained pretty much all day on the 103rd,
106th, and 111th counts, and part of the day on the 109th and 110th counts.
Adjusting for rain (such as adding a dummy variable for some or all of these weath-
er events) is probably not necessary; birds per party hour is a sufficient adjustment
on its own. Of course, the use of an index (described in the main article) is a far
more comprehensive approach, capturing all variables simultaneously. 

Above: Rain, rain go away.
Photo/Richard Hall
Left top: Total birds counted relative to
rainy weather conditions.
Left bottom: Satellite image showing a
storm hitting California.  Image courtesy
of http://www.wrh.noaa.gov/
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