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ABSTRACT

For many years, researchers have suggested that populations of many species of
neotropical migrant birds in the United States are declining. Point counts are the method
most commonly used in monitoring plans for estimating the relative abundance of birds;
they consist of an observer collecting data at a series of locations (or "points") for a
specified period of time. Monitoring populations using point counts plays a critical role in
the conservation of bird species, as these data may signal species declines. I examine
methods for improving the efficiency of point count sampling in wetland and upland forests
in northern lower Michigan. First, using data for two groups of species, neotropical
migrants and short-distance migrants and residents, I examine the effects of (1) changing
the duration of point counts and (2) changing the area covered by each count (count radius)
on the number of individuals detected in wetland and upland ecosystems. Next, I compare
different combinations of methods to see which produce the highest expected cumulative
count per hour (a measure of sampling efficiency). For neotropical migrants in wetland
sites, I found that an 8-12 minute, 100 m radius point counts would be most efficient. This
radius size would also be most effective for sampling the residents and short-distance
migrants using long count durations (8-12 minutes), although similar effciency levels could
be attained using shorter duration (5-6 minute) 50 m radius counts. In the uplands, the
neotropical migrants had the highest expected cumulative counts with 12-minute, unlimited
radius samples; residents could be sampled most efficiently using either the unlimited
radius or 100 m radius size, and long counts (10-12 minutes). These results suggest that
what is most efficient varies both by forest type and by migratory group in northern
Michigan forests.

Next, I address species-specific effects of using different point count radii (with 10
minute count lengths) on sampling efficiency in the same ecosystems, focusing on species
of conservation concern. I also examine how the mean detection rate influences the number
of samples needed to detect a 40% decline in the relative abundance of a species, using
different levels of statistical power. In the wetlands, two neotropical migrant species and
most of the short-distance migrants and residents would all be most efficiently sampled
using the unlimited radius count, while over half of the neotropical migrants, including four
of conservation concern (Veery, and Nashville, Canada, and Blackburnian Warblers)
would be most efficiently sampled using 100 m radius counts. In the uplands, most of the
neotropical migrants, including two of conservation concern (Eastern Wood-Pewee, and
Veery) would be most efficiently sampled using an unlimited radius count. The number of
sampling days required to detect a 40% decline using a one-sided test (alpha =0.1, beta =
0.2) varied widely for the species of concern. Using the count radii found to be most
efficient for each species, detecting this large difference in relative abundance would require
approximately 8 days of data collection for the Eastern Wood Pewee and Nashville Warbler
(in upland and wetland sites, respectively), 17 and 52 days, respectively for the Canada
Warbler and Blackburnian Warblers in the wetlands, and 25 days for the Veery in uplands.
The last species of concern, the Great Crested Flycatcher, was detected at very low rates in
both system, and as a result, detecting declines would be very difficult.
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Chapter 1: Introduction

For many years, the future of neotropical migrant bird species in the United States has
appeared to be in peril; major population declines have been suggested, but progress has
been slow in documenting and explaining these declines (Maurer and Villard 1996). From
Rachel Carson's (1962) Silent Spring, which warned of a future in which pesticides have
silenced the songs of birds, to John Terborgh's Where Have all the Birds Gone (1989),
conservationists have used the hypothesized decline of birds as a vehicle for raising public
awareness and concern about environmental degradation and the loss of forests (Ehrlich et
al. 1988, Maurer and Villard 1996). Testing the hypothesis of widespread declines in
landbird populations is challenging for many reasons, perhaps the most important of which
is that it requires consistent data that cover areas which are orders of magnitude larger than
the average plot size used in scientific studies (Kareiva and Anderson 1989). In addition to
the challenges of obtaining adequate data for species with large ranges, analysis of
monitoring data also offers challenges for conservation workers. The choice of statistical
methods is currently receiving considerable attention, but no consensus has been reached
(James et al. 1996, Thomas 1996)

Documenting hypothesized large-scale declines is also hampered by the many
sources of variability inherent in sampling bird populations at a local scale (e.g., papers
within Ralph and Scott 1981, Taylor et al. 1985, and Ralph et al. 1995a). Point counts are
the method most commonly used for estimating numbers of birds present in an area; they
consist of an observer collecting data at a series of locations (or "points") for a specified
period of time (Verner 1985, Ralph et al. 1995a). Although point count data are often
analyzed as if they represent true "samples" of the bird population at a particular point, it is
likely that more than half of the birds present in an area being sampled are not detected by
the observer (Sauer et al. 1994). Even when singing, 25-50% percent of all males within
hearing distance are likely to be overlooked by the observer in point counts (Scott and
Ramsey 1981b, Bart and Shoultz 1984, Bart 1985). If the percentage of birds detected
were relatively constant, then it would be easy to compensate for the detectability problem.
However detectability is highly variable, and is affected by many factors, including diurnal
and seasonal changes in song frequencies, effects of weather on singing behavior and song
attenuation, differences in the density of singing birds, and differences in the abilities or
attention level of observers (Ralph and Scott 1981, Bart and Shoultz 1984, Dawson 1985,
Verner 1985 and 1987, Verner and Milne 1989, Ralph et al. 1995a). When studies done
by different researchers are compared, all of the above factors can muddle the comparison,
as can differences among bird communities, effects of habitat differences on detectability,
and differences in data collection methods.

The choice of methods for conducting point counts involves determining the
temporal and spatial scales at which the study will be conducted, because choosing the
methods to be used means deciding the time of year to study, time of day to study, total
number of years or seasons to study, length of individual observation periods, size of
study area, number and geographical distribution of study areas, and counting method used
(Wiens 1981, 1986, and 1989, Blondel 1985). As described in Wiens et al. (1986: 153)
"the scale will dictate the methods used, the results obtained, and the interpretations that can
be made of them using sound logic." All of these choices can lead to differences in results,
but in many cases how these results will differ, and if they will differ in the same way
across different species or ecosystems, is not known. The focus of my work is an
examination of sources of variation and bias related to estimating the abundance of bird
populations using point counts, with the goal of contributing to our understanding of how
the scale of data collection influences the results obtained (Levin 1992).
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Since most conservation programs collecting bird population data are tightly bound
by resource limitations, understanding how these choices of scale are likely to impact the
results of sampling is very important. The relative usefulness of data for detecting
population declines can be influenced by the number of points sampled, the total area
sampled, and the amount of time spent at each point. As a result, researchers must
understand the impacts of these choices, so that resources can be used most effectively.
This information can be used to design sampling strategies that maximize the amount of
information gained from sampling within the constraints of a conservation budget, or can
be used to evaluate the efficiency of a generalized program for detecting a decline in the
relative abundance of species of concern.

Guidelines have been established by different governmental land management
offices and conservation organizations for conducting regular surveys of bird populations
in forested ecosystems (e.g., Manley 1993, Sauer 1993, Ralph et al. 1995b). However,
many uncertainties remain as to the optimal design of a monitoring program based on point
counts (Petit et al. 1995). Having a uniform set of standards represents another potential
trade-off; since species and ecosystems vary widely, the best methods for detecting
population changes are also likely to vary. The U.S. has a wide variety of forests; they
vary in species composition, age, frequency of disturbance, climate, internal heterogeneity,
and many other factors. The communities of birds that occupy these forests also vary
widely, making it unlikely that one general approach to collecting point count data will be
the best fit for all of the different situations to which it might be applied. For example,
travel time between points 200 m apart is likely to be 10 minutes or less in old growth
forest with sparse undergrowth. In younger forests or forests with many downed trees,
this travel time can increase to 20 minutes, or more. Long travel times decrease the number
of points that can be covered in one day, which may cause workers on a tight budget to
reduce how many points are sampled in the more dense habitats. Similarly, a five minute
point count may reliably detect birds that sing with high frequency, but may provide little
information about species that sing more sporadically (Scott and Ramsey 1981a). Of
particular interest to me is the efficiency of protocols outlined in recent guidelines (Ralph et
al. 1995b) for detecting changes in relative abundances of species of conservation concern
in northern Michigan.

A second important question that researchers need to answer is: How many
samples are needed to detect biologically significant population declines? All of the
decisions that go into designing a monitoring plan impact the precision of estimates that can
be made based on the data, and like the questions of scale, the decision of what level of
precision is desired should also be made explicit. Are we willing to accept an intensity of
monitoring that allows detection of a 50% decline over a 25 year period with a probability
of 0.9 ? This is the current criterion used for the North American Breeding Bird Survey
(Sauer 1993). Although we may disagree on whether this level of power is sufficient, all
workers involved in monitoring should recognize the importance of knowing what
magnitude of change a particular study design can, and cannot, detect. Although the
presentation of the power of statistical tests seems to be becoming more common in
scientific papers (Gerrodette 1987, Taylor and Gerrodette 1993), the explicit examination
of the power of monitoring plans to detect declines is often not calculated (Taylor and
Gerrodette 1993). The sample size used in a monitoring plan can be chosen to provide a
particular power to detect changes in relative abundance. A comparison of sample sizes
needed to detect a particular change in relative abundance is the approach I have used to
examine the effects of changing sampling protocols on the design of a monitoring plan.

Here, I examine the effects of two methodological decisions, (1) changing the
duration of point counts and (2), the area covered by each count (count radius), in two
broad categories of ecosystems: forested wetlands and forested uplands. These forest
systems support different assemblages of bird species. They further differ in their
structure, which affects both the detectability of the species presents, and the ease of
sampling (i.e., walking between points). Within these systems, I examine two categories
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of species: neotropical migrants, and short-distance migrants and residents. Although I
present results for and discuss all species with sample sizes large enough for analysis, I
focus my discussion and recommendations on the effects of changing sampling regime on
our ability to detect changes in the population size of species considered to be of
conservation concern in the midwestern U.S. (Thompson et al. 1993). Using these data, I
then examine how the sample size needed to detect a particular change in relative abundance
varies with the different sampling protocols. These results are then compared with
proposed point count guidelines (Ralph et al. 1995b), to assess the likely effectiveness of
the suggested methods for the species of conservation concern in northern Michigan
ecosystems. Finally, I suggest compromise methods that may help bridge the differences
between what is most efficient for monitoring rare species in Michigan, and what is most
compatible with contributing to nationwide efforts to identify population trends.

The financial and time constraints that dictate the duration and intensity of most
sampling efforts, as well as the inherent variability in bird count data, limit most population
estimates to representing a fuzzy snapshot of the true situation (Blondel 1985, Barker and
Sauer 1995). Recognition of this constraint on our ability to make observations is needed
so that we do not extrapolate beyond what can logically be interpreted from the data
collected (Wiens et al. 1986). Consequently, the results of my work are limited in that
they are representative of conditions and bird populations present during one summer at a
very specific set of locations. However, information on how varying the scale of
observations within this limited slice of time and space of observations affects the power to
detect population differences using statistical tests is needed if conservation workers are to
maximize the amount of information they can get for their sampling budgets. We can only
expect to make progress in documenting, and determining the causes behind, declines in
populations of neotropical migrants if we fully understand how our methods impact our
results.
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Chapter 2: Detection Patterns Using Different Point Count Durations and
Radii, Effects of Time of Day on Detection Rates, and Most
Efficient Sampling Method for Groups of Species

INTRODUCTION

Point counts, which consist of an observer collecting data on birds observed at a single
point for a standardized time period, are the most common method used for estimating the
presence/absence and abundance of forest dwelling birds (Verner 1985, Ralph et al.
1995a). Monitoring of populations using point counts plays a critical role in conservation
of bird species, in that it provides information that can be used to identify changes in
distribution and abundance that may signal species' declines (James and McCulloch 1985,
Goldsmith 1991, Ralph et al. 1995a). However, detection rates of birds vary widely with
many factors (i.e., location, time of day, weather, time of season, etc.), and as a result
estimates derived from point count data often have very high variances (Ralph and Scott
1981, Verner 1985, Ralph et al. 1995a).

For point count sampling schemes to be a useful conservation tool, the variability in
point count data needs to be reduced as much as possible so that when statistical
comparisons are made between data from different time periods, we are able to detect
declines at an early stage (Verner 1985, Lynch 1995). My main goal for this study was to
characterize how the choice of point count methods contributes to detection rate means and
variances estimated from data collected in two types of forested ecosystems in northern
Michigan. In particular, I am interested in improving the efficiency of monitoring plans for
species of conservation concern.

Here, I address patterns of detections for two groups of species (neotropical
migrants and short-distance migrants and residents), and examine how changing the point
count length and point count radius influences estimates of detection rate means and
variances. Using these mean detection rates, I compare the efficiency of different
combinations of methods in terms of number of individuals predicted to be detected per
hour. Next, because it has been suggested that longer point counts may compensate for
changes in detectability (that can lead to higher variance)(Verner and Ritter 1986, Buskirk
and McDonald 1995), I examine whether this potential benefit of longer counts appears to
be important in these two sets of study sites.

The results of point counts can vary widely based on how they are conducted
(Ralph and Scott 1981, Verner 1985, Ralph et al. 1995a); therefore developing a sampling
plan should involve careful consideration of how the choice of methods is likely to impact
the results obtained. Many of the choices that need to be made can be viewed as a process
of determining the scale of the study (Wiens 1981, Blondel 1985). The most obvious
examples of where scale choices are made in ornithological studies include time of year to
study, total number of years or seasons to study, size of study area, and the number and
geographical distribution of study areas. However, once decisions have been made
regarding the appropriate temporal and spatial scale for a study, the consequences of the
choice of point count parameters also should be examined in light of the goals of the
sampling effort. Point counts can be done in many different ways, in that the observer
must choose the duration of the counting period at each point, the area to be sampled (i.e.,
by setting a maximum distance or radius at which species heard will be counted), the time
of day and weather conditions to include, and the distance that will be traveled between
points (Verner 1985, Ralph et al. 1995a).

The choice of point count methods requires that researchers attempt to match the
scale of their methods with the scale of the question addressed in the study. At the same
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time, they must consider the relative efficiencies of different methods in the ecosystems
where they conduct their research. Some generalities are likely true in all ecosystems; for
example, as point count radius and length of count are increased, the number of individuals
and species recorded per point will increase. However, decisions of how long to count or
how large an area to cover in a count are complicated in part because the impact of changing
these parameters on the detection rate varies by species. Increasing the count lengths
should increase detections of species that sing at low frequencies during all or part of the
sampling period, but will be inefficient for species that maintain high rates of calling (Scott
and Ramsey 1981a, Verner 1985). Similarly, the detections of smaller, quieter species are
likely to be less affected than those of large, highly vocal species by limiting the count
radius (Lynch 1995).

Other factors to consider when choosing a count length are relative biases and
effects on the variance of estimates of mean detection rates associated with short or long
counts. Increasing the length of point counts may compensate for changes in singing
frequencies over the course of a day, and as a result may lead to lower variances (relative to
the mean, i.e., coefficient of variation) when detection rate data are pooled across hours or
seasons (Verner and Ritter 1986, Buskirk and McDonald 1995). This may allow
researchers to increase the total time of day or season that can be sampled, allowing a
greater sample size to be obtained (Verner and Ritter 1986, Buskirk and McDonald 1995).
Data based on longer counts are also likely to be less sensitive to differences between
individual birds' behavior, and should show less of a bias due to skill levels of particular
observers (Buskirk and McDonald 1995). Long counts may also help to compensate for
among count variation in the detectability of birds due to changes in wind or weather. As a
result of both increasing the total number of detections and reducing the variability between
counts done at different times of day or season, or under different weather conditions,
longer counts should increase the power of statistical tests to detect a particular level of
decline (i.e., in terms of percent of previous population level) when compared to the same
number of shorter counts (Verner 1988).

In terms of sampling efficiency, shorter counts allow more counts to be conducted
in a day, allowing researchers to increase their sample size (Verner 1988, Buskirk and
McDonald 1995). Other arguments for shorter counts focus on potential biases that are
likely to be strongest when longer count periods are used; longer counts may increase
chances of double-counting birds that move, or allow time for birds to move into the study
area that weren't there, leading to a positive bias in numbers observed (Scott and Ramsey
1981a, Verner 1988). Longer counts also are inefficient for species with high calling rates,
in that extra time at each point adds few individuals to the total number detected (Scott and
Ramsey 1981a, Verner 1988). Researchers planning to use their data to detect species
declines should also consider that Buskirk and McDonald (1995) suggest that shorter
counts are more effective for actually measuring changes in abundance at particular points,
because the higher means attained in longer periods lead to underestimation of these
changes. Finally, a strong point in favor of short counts is that the resulting data are most
comparable with the huge volume of Breeding Bird Survey (BBS) data. The BBS, which
has been underway since 1966 in the United States and Southern Canada, uses clusters of
fifty 3-minute roadside counts as its sampling unit (Bystrak 1981).

The pros and cons of large and small count radii are similar to those for long and
short counts; one benefit of larger radius (including unlimited radius) counts is their high
detection levels, which provide greater statistical power for detecting a set difference
between samples (Blondel et al. 1981, Dawson 1985, Verner and Ritter 1988, Petit et al.
1995, Thompson and Schwalbach 1995). An additional benefit of unlimited radius counts
is that they don't require that the observer estimate distances in order to determine whether
or not a detected bird is within the area being sampled (Thompson and Schwalbach 1995).
One of the strongest arguments against unlimited distance counts is that the observer does
not know what amount of area is being covered by the count, so that it is not possible to
use these to estimate the density of species unless the detectability with respect to distance

S



is known for the species of concern. However, many authors argue that even when using
a fixed radius count, point count data are not accurate enough to use for estimating the
density of species (Burnham 1981, Verner 1985, Barker and Sauer 1995).

Other arguments in favor of a fixed radius, especially a small (i.e., 25 or 50 meter)
fixed radius, include reduced bias of counts due to observer error; this allows comparisons
of relative abundances between sites and habitats to be made with more confidence (Petit et
al. 1995). Petit et al. (1995) summarize the sources of bias that tend to reduce detection
rates (increase observer error) and have exaggerated effects when larger radius counts are
used as (1) weather (wind, dripping leaves), (2) vegetation structure (differences in
detectability due to vegetation between the observer and the bird), (3) "saturation" effects
(the observer is not able to record all of the birds heard because there are so many), and (4)
observer limitations (differences between observers in skill level and hearing ability). In
addition, many authors argue that smaller count radii can provide more information
regarding the relationship between bird populations and habitat characteristics because the
area being covered by the count is smaller and can be described more specifically
(Koskimies 1989, Martin 1992, Petit et al. 1995).

As described above, one of the arguments in favor of longer point counts is that
they may minimize differences in detection rates across different times of day (or seasons)
(Robbins 1981a, Verner and Ritter 1984). As a final part of this chapter, I examine
whether longer counts actually do show fewer differences in mean detection rates across
different hours of a study than shorter counts in my study sites. Traditionally, point counts
of birds during the breeding season have been conducted only in early morning hours,
because these times tend to have the highest detection rates for most species (Verner and
Ritter 1986). However, if we want to maximize the sample size in monitoring efforts, only
counting in early morning hours requires increasing the number of days sampling or
number of observers, both of which are likely to be more expensive than expanding time
spent by observers in the field per day. If it is true that longer counts allow us to pool more
data (or produce lower relative variance between counts), this is an important factor to
consider when choosing count length because it may allow us to increase the efficiency of
monitoring programs.

Robbins (1981a) analyzed the effect of time of day on bird activity based on more
than a million 3 minute Breeding Bird Survey stops, and did find higher rates of detection
in the early morning. However, using 8- and 10-minute counts (and much smaller sample
size, ranging from 17 to 25 per hourly period), Verner and Ritter (1984) did not find strong
hourly trends; only one of the six data sets they examined showed any significant
differences in detections between a pair of hours. Other support for the idea that longer
counts may show fewer hourly differences comes from Buskirk and McDonald (1995),
who found a trend of decreases in detections after 0800 using 3-, 6-, and 10 minute count
periods, but the differences were only found to be significant for 3 minute counts.
However, other studies, such as Skirvin (1981), have found significant differences
between hourly detections using longer (10 minute) counts. The goal of this part of my
study is to determine if longer counts do seem to offer an advantage with respect to
reducing differences between the mean detection rates at different times of day in the upland
and wetland forests that I studied.

With all of these arguments for and against particular point count methods,
choosing the "best" point count methods for a particular study goal is complicated, and
perhaps confusing. To put all of these pros and cons into perspective and make an
informed decision, a researcher must also examine how different combinations of point
count radius and duration impact mean detection rates in the actual systems being studied.
If one or two combinations of methods produce similar efficiencies in terms of detections
of individuals per unit of sampling time, then the choice of methods can be made based on
which is likely to be less biased, or which will allow the researcher to achieve a secondary
goal, such as examining connections between changing bird numbers and changes in
habitat. Rather than choosing methods based on what has always been done, or what has
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worked in other areas, to use our conservation dollars wisely we need to evaluate potential
methods in the actual areas where they will be used whenever possible. Evaluating the
relative costs and benefits with respect to the efficiency of detecting individual birds is the
focus of this chapter. In summary, the questions I address in this chapter are:

(1) What effects do sampling protocols related to length of count and area
covered by count (count radius) have on the estimated means and variances
of detection rates?

(2) Are there differences between the mean detection rates from different
sampling hours? Does changing the count length affect whether or not
differences between sampling hours are found?

(3) Are there differences in the expected cumulative count per hour (a
measure of sampling efficiency) for different combinations of point count
durations and radii?

METHODS

Study Sites
I conducted my field work at the University of Michigan's Biological Station (UMBS),
which encompasses 4000 ha in the northern lower peninsula of Michigan in Emmet and
Cheboygan Counties (45*35'N lat., 84*42'W long.). Most forests in this region were
heavily logged beginning in the late 1800s, primarily for white pine (Pinus strobus)
(Whitney 1987). Landscape-scale wildfires, fueled by piles of logging slash, followed the
logging operations (Graham et al. 1963, Pyne 1982). As a result of the logging and fires,
the upland areas of the UMBS property are dominated by early successional species, such
as bigtooth aspen (Populusgrandidentata). Within UMBS, sites were selected based on a
map of landscape ecosystems created for UMBS by Pearsall et al. (1995). Pearsall et al.
(1995) utilized an ecological, multifactor approach to identify ecosystem types based on an
integration of physiography, climate, hydrology, soil type, and vegetation (Barnes et al.
1982, Lapin and Barnes 1995, Pearsall et al. 1995, Zogg and Barnes 1995).

To choose upland sites, I first identified ecosystems that covered at least 100-200
ha within UMBS, and were present in contiguous, roughly square-shaped expanses of at
least 30 -40 ha. Since I wanted my results to be generalizable across a range of upland
ecosystem types, I selected a set of types that can be seen as representing a productivity
gradient from fairly low productivity (Table 2-1). Within these ecosystem types, I chose
relatively flat areas with continuous canopy cover for point count transect locations.

The two wetland sites were chosen because they are each part of one half of the
largest contiguous wetland area on UMBS property, Reese's Swamp. The points sampled
in these sites are located in a mosaic of ecosystem types (types as defined by Pearsall et al.
1995), rather than each one being within one relatively homogeneous ecosystem type like
points sampled in the upland sites. Most of the wetland area consists of northern white-
cedar (Thuja occidentalis) swamps that are fringed by mixed hardwood uplands and
bisected by numerous small streams. Adjacent to patches of cedar swamp are patches of
mature hardwoods; these are often associated with sand ridges that radiate east and west
from the stream. There also are dense patches of speckled alder (Alnus rugosa) in the
wettest areas of the swamp. Where the canopy is closed, the understory vegetation is
sparse; ground cover consists primarily of leaf litter with sparse ferns, moss, and
herbaceous vegetation. In canopy gap areas (i.e., where one or many trees have fallen
down), understory vegetation is often extremely dense, and is dominated by balsam fir
(Abies balsamea) and red maple (Acer rubrum), and may include large, contiguous mats of
Sphagnum sp.
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Field Methods
Point counts were conducted between 0615 and 1130 EDT from June 3 - July 19, 1995;
sunrise at UMBS occurred between approximately 0520 and 0550 over the course of this
study. I conducted 113 point counts in the wetland ecosystems, and 130 point counts in
the upland ecosystems. Point counts were conducted along sets of marked, parallel
transect lines that ranged from 300 to 750 m in length (depending on the site), and were
150 meters apart. The first point was located at a randomly selected distance (between 0
and 40 m) from the start of the transect; subsequent points were sampled at 150 m
intervals. Following completion of a transect, I would go on to a new transect (using a
new random start point). Following arrival at each point, I waited about two minutes
before sampling to minimize possible disturbance effects. All counts lasted for 12 minutes
total, and all birds that could be heard or seen were recorded. Although longer counting
periods would have provided a more complete examination of the study questions, I was
limited by the number of days available for sampling, and chose to increase the number of
counts per day rather than the maximum count length. Twelve minutes was chosen
because it incorporated 2 of the most commonly used counting periods (5 minutes and 10
minutes) and because 70-80% of birds detected in longer counts (20-32 minutes) have been
detected in the first 10-12 minutes (Scott and Ramsey 1981a, Hamel 1984).

Point counts were only conducted on days without rain, and when wind speeds
were less than approximately 10-12 miles per hour. If conditions changed after sampling
had begun (i.e., it started to rain or wind speed went above the cutoff point), I stopped
sampling for the day. At each sampling point, I recorded the date, time, location in plot,
temperature, and a category value for wind strength. The wind speed categories were: (0)
very little to no wind; (1) slight wind (identified in the field by movement of leaves); or (2)
medium wind (identified in field by movement of leaves and small twigs). Temperatures
ranged between 10 and 29 degrees Celsius (50 and 84 degrees Fahrenheit) during the
counts.

I estimated how far away each detected bird was (in 10 m intervals), and also
estimated the direction (in degrees) to each bird using a compass. Whenever possible, the
distance estimation was made based on the first detection of the bird. At times many new
birds were heard at once, and, as a result distances to some were estimated based on a
second or third call. Prior to actual data collection, I practiced estimating distances to birds
that were seen and/or heard and then pacing them out for approximately two weeks
(Reynolds et al. 1980, Scott et al. 1981). Also, to continue checking my estimation during
the field season, distances to birds directly ahead of me while I was walking between
points were estimated and checked by pacing. I recorded the direction of the bird at the
same time that I estimated it's distance, and used these two estimates in the field to help me
keep track of individual birds. If a bird appeared to move during the count, its new
location was recorded as a note. Second or multiple individuals of the same species and
sex were determined to be present if (1) they could be heard singing at the same or very
close to the same time from different directions, or (2) they were heard at greater than an
estimated 100 m away, and from areas at least 90 degrees different in direction. For
species such as Black-capped Chickadees, Cedar Waxwings, and Blue Jays (scientific
names for all species are in Appendix A) that often were in groups (either family groups or
flocks), I recorded a maximum of two individuals for a generalized location, even if it
appeared that more were singing or calling simultaneously. I collected data in two minute
intervals, so for each bird recorded, I noted whether or not it was observed in each two
minute periods within the twelve minute samples. Characteristics of birds that were seen,
such as sex, and whether or not these birds were also singing or calling were also
recorded.

Analytical methods
I calculated estimates of means, standard deviations (SD), and standard errors (SE) of
detection rates for each combination of point count length and count radius for all birds
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together, and separated into two groups based on species' migration patterns. Species
were categorized as neotropical migrants if they were listed as neotropical migrants in
Thompson et al. (1993); species not listed were assumed to be short-distance migrants or
residents in the midwest. Separate analyses for these groups were done as a way of
gaining insight into how methodological differences might impact these two broad groups
differently (Verner and Milne 1989).

While in the field, I observed an apparent difference in the frequency of different
wind strength categories between the wetland and upland sites; this type of difference is
likely to contribute to differences in detectability between the two forest types. I tested for
differences in the distribution of wind categories using a Chi-Square Test of Independence.
The distributions of detections for different migratory groups with respect to count length
(0-4,5-8, and 9-12 minutes) and count radius (50-m, 100-m, and unlimited distance radius
sizes) were compared using Chi-Square Tests of Independence. For the count length
analyses, I did separate tests using data from unlimited distance counts, 100-m radius
counts, and 50-m radius counts, in order to see if the patterns of detections varied with the

spatial scale of the samples. All Chi-Square Tests that were done met the assumptions

required for a good X2 approximation (Sokal and Rohlf 1981).
I used One-way Analyses of Variance (ANOVAs) to test for differences in

detection rates at different times of day for all species together, and for neotropical migrants
and residents and short-distance migrants, using data from unlimited point counts with
durations of 4, 8, and 12 minutes. For sets of data with significant results, I used the
Bonferroni Multiple Comparison approach to identify all pairs of count-start times with
significantly different means. I did these analyses separately for wetland and upland data.
Start times of point counts were divided into 5 groups: 0615-0715, 0716-0815, 0816-
0915; 0916-1015; and 1016 - 1115. I conducted all statistical tests using Systat 5.21 for
the Macintosh. For the ANOVAs, data were evaluated for normality using the Lilliefors
test, and examination of skewness and kurtosis coefficients; homogeneity of variances was
examined using Bartlett's test. All data sets analyzed met the assumptions of normality and
homogeneity of variances. The alpha level for all comparisons was set at 0.05.

To compare the efficiency of different combinations of count radius and count
duration, I estimated the expected cumulative count of new individuals per hour of
sampling time (Verner 1988). This estimate is based on the mean detection rate for the
particular combination of methods, divided by the length of the count plus the time it takes
to walk to the next point (both in minutes); this is multiplied by 60 minutes/hour to put the
value into units of hours of sampling time (Verner 1988:2). Travel times for this
comparison were estimated based on my actual travel times to walk the 150 m between
points (17.4 ±*7.8 SD minutes in wetlands, 14.1 ± 7.2 SD in uplands), but travel time
differed with the radius, as it would in an actual sampling program if radius size were used
to determine how far apart points should be to avoid recounting the same birds. Travel
time was based on walking 100 m for 50 m radius counts, 200 m for 100 m radius counts,
and 400 m for unlimited radius counts, estimated as a proportion of the 150 m rate. These
values are likely to be longer than would be required simply to walk from one point to
another in these ecosystems, as they are based on actual elapsed time between points on the
same day, and as a result include time that I spent verifying bird identifications, etc., during
a sampling day.

RESULTS

Weather for Conducting Point Counts
On days when I was planning to sample, 5 entire days and 9 partial days had weather that
was unsuitable for sampling (6 of these partial days were cut short or started late due to
high winds in upland sites, 2 were due to high winds in wetland sites, and one resulted
from rain in an upland site). The 130 counts in uplands and 113 counts in wetlands were
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conducted in 32 actual field days. In the wetland sites, the wind conditions for the 113
counts were recorded as 47= 0 (42%), 43 = 1 (38%), and 23 = 2 (20%), while these
values for the upland sites (130 counts) were 25= 0 (19%), 52= 1 (40%), and 53 = 2
(41%). The distribution of wind categories for the sets of counts was significantly
different; more of the upland counts had stronger winds (category 2), while a lower
proportion of upland counts had very low wind (category 0) when compared to wetland
data (X2 = 18.3, df = 2, p <0.001).

Species Composition and Sex Ratio of Detections
Wetland Sites. In the 113 unlimited-distance counts conducted in wetland ecosystems, I
detected 17 species of neotropical migrants (533 observations of individuals), and 16
species of short-distance migrants and residents (657 observations of individuals) (Table 2-
2). The majority of detections were aural; 1178 (99%) individuals were heard only, or
heard and seen, and 12 (1.0%) were seen only. The majority of these detections were of
singing male birds; of those that were seen and not singing (but may have been chipping)
only 16 (1.4% of total detections) could be identified as females. So that these data can be
compared to a greater number of studies, the number of detections by species are presented
based on 10-minute counts in Table 2-2. The same number of species was found as when
using the 12-minute counts, although the overall number of detections was lower, with 500
neotropical migrants, and 616 short-distance migrants and residents detected during the
counts.

Upland Sites. I identified 15 neotropical migrant species (823 observations of
individuals) and 17 species of short distance migrants and residents (400 observations of
individuals) in 130 unlimited distance point counts in the upland ecosystems (Table 2-3).
The majority of detections were aural; 1204(99%) individuals were heard only or heard
and seen, and 19 (1.5%) were seen only. The majority of detections were of singing
males; of those that could be seen and were not singing (but may have been chipping), only
15(1.3% of total detections) could be identified as females. So that these data can be
compared to a greater number of studies, the number of detections by species are presented
based on 10-minute counts in Table 2-3. The same number of species were found as when
using the 12-minute counts, although the overall number of detections was lower, with 763
neotropical migrants, and 374 short-distance migrants and residents detected during the
counts.

Effects of Point Count Duration
Wetland Sites. For neotropical migrants, four- and eight-minute point counts averaged 68
and 87% of the 12-minute mean (Figure 2-1). For short-distance migrants and residents,
70 and 89% were detected in the first 4 and 8 minutes, respectively (Figure 2-1). No
significant differences were found between the distribution of detections between the 0-4,
5-8, and 9-12 minute periods for the two groups of species based on the unlimited radius,
100 m radius, and 50 m radius data.

Upland Sites. In the upland sites, four- and eight-minute point counts averaged 70
and 88% percent of the 12-minute mean for neotropical migrants (Figure 2-2). For short-
distance migrants and residents, 61 and 80% of the 12-minute mean were detected in the
first 4 and 8 minutes, respectively (Figure 2-2). The distributions of detections in the 0-4,
5-8, and 9-12 minute categories for the two species groups were significantly different
(X 2 = 15.3, df = 2, p <0.001). The neotropical migrants were detected more often than
expected in the first 4 minute period, while the residents and short distance migrants were
found less often than expected in the first four minutes, and more often in the last four
minute period. The same significantly different pattern was found when the time period
distributions for the two migratory groups were compared using data from the 100 m and
50 m radius sizes (X2 = 11.0, df = 2, p < 0.01, and X2= 8.4, df = 2, p < 0.05,
respectively).
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Effect of Limiting the Count Radius
Wetland Sites. In the wetland sites, 73 and 36% of the total detections (unlimited-radius,
10-minute counts) were detected within the 100 m radius, and 50 m radius, respectively
(Figure 2-3). For the residents and short-distance migrants, 64 and 42% of the total birds
detected were estimated to be within the 100 m radius, and 50 m radius, respectively
(Figure 2-3). The distributions of detections within each radius size were significantly

different for the two migratory groups; (X2 = 29.3, df = 2, p <0.0001); the neotropical
migrants were detected proportionally more often in areas between 50 and 100 m away and
less often than expected within the 50 m radius, or outside of the 100 m radius. The
residents and short-distance migrants showed the opposite pattern; for both sets of species,
the bias described for the 50-100 and 100-unlimited distance (either positive or negative)
was particularly strong; the values for both within 50 are closer to the expected values.

Upland Sites. For neotropical migrants, 55% of the all of the birds recorded were
detected within the 100-m radius, while only 22% were observed within the 50-m radius
(Figure 2-4). For the residents and short-distance migrants, 62% of the total was detected
within the 100-m radius, and 33% was detected within the 50-m radius (Figure 2-4). The
distributions of detections within each radius size were significantly different for the two

migratory groups; (X 2 = 18.1, df = 2, p <0.001); the neotropical migrants were detected
proportionally more often in areas greater than 100 m away and less often within the 50 m
radius, while the residents and short-distance migrants showed the opposite pattern.

Detection Rates at Different Hours of the Morning
Wetland Sites. I found that detection rates of all individuals combined, and all neotropical
migrants were higher in the first hour than in the fourth and/or fifth hour of sampling using
data from all count lengths (Table 2-4). For the short-distance migrants and residents, no
differences were found (using any of the count lengths) between mean rates of detection
during different hours.

Upland Sites. In the uplands, I found differences between at least 1 pair of hours
for all species combined; one significant difference (hour 2 had a higher mean than hour 5)
was found for the 4-minute data, while the 8- and 12-minute data showed four and three
pairs of differences, respectively (Table 2-5). For the short-distance migrants and
residents; based on all count lengths, means in hours 1 and 2 were significantly higher than
means in hour 3. No significant differences between hourly means were found for
neotropical migrants based on data from any count length.

Most Efficient Combinations of Count Length and Duration
Wetland Sites. For the neotropical migrants, the most efficient combination of methods
seems to be a 100 m radius count lasting for twelve minutes; based on the trend shown, an
even longer count might produce slightly larger expected cumulative counts. The values
for the unlimited radius and 50 m radius counts are lower, and for counts within the usual
range (5-10 minutes) are quite similar to each other; the trend for the unlimited count radius
is increasing expected cumulative count with increasing duration, while the 50 m radius
data shows a slight increase (from 2-4 minutes) followed by a very shallow decline in
expected count with increasing radius. For the residents and short-distance migrants, both
the 50 m and 100 m radius sizes produce the highest expected cumulative counts; these
show very similar trends of slight increases in values from 2 to 6 or 8 minutes, followed by
slight decreases at the longer counts. The unlimited radius count appears least efficient for
this group as a whole, although the cumulative count increases with count duration, and at
12-minutes produces very similar values to the other two radius sizes.

Upland Sites. The unlimited radius and 100 m radius counts both produce larger
expected cumulative counts than the 50 m radius for neotropical migrants; both of these are
most efficient with the longest count duration examined. The 50 m radius line shows the
opposite trend from the other two, with values decreasing slightly with counts longer than
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4 minutes. For the residents and short-distance migrants, the pattern for the unlimited
radius and 100 m radius sizes are very similar, and these become increasingly more
efficient than a 50 m radius count as the duration of the count increases.

DISCUSSION

Total Detections and Species Composition of Study Sites
As expected, the vast majority of detections (99%) were made based on songs or calls (or
both sound and sight) of birds rather than visual observations alone. This result is similar
to those from other studies in forested ecosystems such as Emlen (unpublished, as cited in
DeJong and Emlen 1985), and Hamel (1984), which found between 94 and 96% of 2039
detections were by ear. Also as expected, the vast majority of observations were recorded
as males (>98%); this percentage is likely to over-represent detections of males, as some
birds that were detected due to call notes or chipping were probably females, but were
recorded as males because they were not seen, or if seen, were not of a sexually dimorphic
species.

In the wetland sites, the seven most common neotropical migrant species were all
warblers; two of these, the Nashville Warbler and Canada Warbler, are species of
management concern in Michigan (Ewert, pers. comm.). Four other species of
management concern, the Eastern Wood-Pewee, Blackburnian Warbler, Veery, and Great
Crested Flycatcher, were found at lower rates in the wetland sites. The most common
species detected were resident/short distance migrants (Winter Wren and Black-capped
Chickadee); values for the Black-capped Chickadee are likely to be negatively biased
because I did not record more than two at a particular point, even though it is likely that in
many cases the frequent songs and calls that could be heard from this species were coming
from more than two birds in group. However, there is a confounding problem with
Chickadees in that they appeared to be attracted to me while I was collecting data; often two
or more would perch within 10-m of me and sing or call. Due to these problems,
Chickadees are left out of the individual species analyses in Chapter 3.

The mosaic of different ecosystem types present in the wetland sites is likely to
contribute to the diversity (as indicated by a simple species count) seen in these sites
(MacArthur et al. 1962, Roth 1976, James and Wamer 1982, Boecklen 1986, Freemark
and Merriam 1986, Urban and Smith 1989); many of the common species are frequently
found in coniferous or mixed coniferous/deciduous wetlands (e.g., Nashville Warbler,
Canada Warbler, Veery, Black-and-White Warbler); however, the drier sand ridges and
clumps of alder within the wetland provide other types of habitat favored by species such
as the Ovenbird, and Northern Waterthrush, respectively (Brewer et al. 1991). The effects
of windthrow also contributes to the heterogeneity, and as a result the species richness of
the wetlands. Two species in particular tend to be found in openings in coniferous forest:
Northern Parulas and Magnolia Warblers (Magnolias appear to be attracted to regenerating
conifers)(Brewer et al. 1991). By sampling a gradient of upland sites, the diversity of
habitats (between-site variability) represented in the upland samples is likely to be similar to
that found in the wetlands due to among-site variability; this could explain the similarity in
the number of species detected in both types of sites.

By far the most common bird in upland sites was the Ovenbird, which was
detected at nearly all of the points. Red-eyed Vireos, Hermit Thrushes, and Black-capped
Chickadees were also very common. Two of the species of management concern, the
Eastern Wood-Pewee and Veery, were much more common in the upland sites than in the
wetlands; the Great Crested Flycatcher was found slightly more often, while the
Blackburnian warbler was detected at low rates in both the upland and wetland sites. The
Brown-headed Cowbird, a species that parasitizes the nests of many neotropical migrants,
was detected much more frequently in the uplands than in the wetlands.
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Consideration of Weather and Wind Patterns in Monitoring Plans
As might be expected in northern Michigan, when monitoring time schedules are
developed, they should include enough days in the schedule to account for poor sampling
conditions due to rain and strong winds. Based on one summer of data, it appears that
planning for about 25% more days than the number of actual field days that are required
may be a good rule of thumb, however it is likely that the usefulness of this rule will vary
from year to year. It also appears that recorded patterns of wind can vary significantly
between study sites that are fairly close together. This is likely due to both actual
differences in wind strength in the different sites (related to topography, differences in rates
of surface heating, and distance to open water), and to differences in vegetation leading to
differences in how the strength of wind is perceived by the observer.

Effects of Varying Point Count Length
I found that after four minutes, most of the individuals that will be detected at a particular
point using a 10-12 minute count have been detected. These results are similar to those
from other studies: Savard and Hooper (1995:57) found four and eight minute counts
averaged 68 and 90% of the total number of individuals detected in surveys for grassland
birds in British Columbia, and Gates (1995:136) recorded between 70 and 76% of total
detections in the first five minutes of ten minute counts in Maryland forests. Values for the
wetlands were similar for both migration groups at all radius sizes. Between 70-71% of
individual were detected after four minutes and 87-89% after eight minutes for both the
neotropical migrants and short-distance migrants and residents.

Although high percentages of detections were also found after 4- and 8-minute
counts in the upland sites, there was a significant difference between the 2 species groups'
patterns of detections (based on data from all radius sizes). I found higher rates of
detections of neotropical migrants than residents and short distance migrants, and the
neotropical migrants were more often detected in the early minutes of the count when
compared to the other group. The percent of detections for each after 4 and 8 minutes
reflect this difference; values were 70 and 88% of the total for the neotropical migrants,
compared to 61 and 80%, respectively, for the short distance migrants and residents. Most
of this difference probably comes from differences in calling rates of the species involved.
It is likely that the high rate of detection for neotropical migrants is primarily due to the
presence of many male Ovenbirds and Red-eyed Vireos in the upland sites. Both of these
species tend to have high calling rates, and although the rate for the Ovenbird tends to
decline later in the morning, the rate for the Red-eyed Vireo seems to remain fairly constant
throughout morning hours (Robbins 1981a).

Effects of Varying Point Count Radius
In both sites, and for both neotropical migrants and residents, many more individuals were
detected as the size of the radius of the area sampled increased from 50 m, through 100 m,
to an unlimited radius. This is a fairly obvious result that has been recorded previously
(e.g., Gates 1995, Thompson and Schwalbach 1995, Savard and Hooper 1995) In both
wetland and upland sites, the two migration groups varied significantly in terms of how
much changing this factor affected rates of detection, but they varied in different ways. In
the wetlands, with 36 and 73% of the total individuals detected in the 50 and 100 m radius
sizes respectively, the increase in radius did not contribute as much to the total detections of
neotropical migrants as it did for the short distance migrants and residents (42 and 64%
percent of detection within 50 and 100 m from the count center, respectively), while
limiting the count to 50 m would allow a greater proportion of the residents to be recorded
than neotropical migrants. However, in the upland sites, only 22 and 55% of neotropical
migrants were detected in the 50 and 100 m radius sizes respectively. In contrast to what
was found in the wetland data, the increase in radius contributed a great deal to the total
detection rate of this group. The contrast between these two results illustrates my point that
to determine most efficient sampling methods, species and/or habitat specific differences
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must be examined. The short-distance migrants and residents (33 and 62% of detection
within 50 and 100 m from the count center, respectively), again showed proportionately
higher rates of detections within the 50 m radius samples. This result suggests that using a
smaller radius is less "costly" in terms of lost detections for short-distance migrants and
residents than for the neotropical migrants in the upland sites, where the reverse was true in
the wetland sites.

The differences in patterns found are likely to be due to both variations in the
species compositions of the migratory groups in the two sites, and effects of the habitats
sampled on the detectability of bird song. Many authors have described the effects of
vegetation and atmospheric conditions on the detectability of bird songs; in general, song
attenuation, defined as the reduction in the intensity of sound as it propagates through the
environment (Wiley and Richards 1982), increases as the density of vegetation, and
atmospheric disturbance (i.e., wind) increases (Marten and Marler 1977, Richards and
Wiley 1980, Emlen and DeJong 1981, Richards 1981, Robbins 1981b, Wiley and
Richards 1982, Bibby and Buckland 1987, Waide and Narins 1988, Wolf et al. 1995).
The upland sites are likely to show more of a benefit of using a larger radius because in
general the vegetation in these areas was much more open: it is likely that sound carried
farther in these ecosystems. However, these areas did have significantly more counts for
which winds were recorded as being in the highest category (2); this is probably due both
to actual differences in the patterns of wind affecting the two sets of sites, and to higher
perceived wind levels due to the primarily deciduous vegetation in the upland sites (as
compared to a high percentage of "quieter" coniferous canopies in the wetland sites). In
particular, the bigtooth aspen that dominated the driest upland sites seemed to magnify the
effect of prevailing winds, probably due to the slender branches and long petioles on these
trees. At count locations where aspens were the dominant tree species, detecting birds was
much more difficult if even only a slight breeze was present.

Emlen and DeJong (1981) examined detectability differences related to effects of
wind speed, and found a mean detection distance decrease of approximately 20 percent in
simulated wind speeds of 13-24 km/h as compared to wind speeds of 5 km/h. These data
have been used as an argument in favor of small radius sizes by Petit et al. (1995:55), who
state that since detection threshold distances found by Emlen and DeJong were never less
than 50 m, bias due to differences in wind speed can be minimized by using count radii of
this size. Although not examined in this study, this claim could be tested by comparing the
differences in mean detection rates for the three wind categories separately for the data from
the three radius sizes (i.e., the same methods used in this study for looking for advantages
of longer counts in terms of minimizing differences in mean detection rates between
different sampling hours).

The often dense vegetation in the wetlands probably leads to lower detectabilities in
these systems; however the higher humidity (occasionally taking the form of dense fog) can
lead to decreased sound attenuation, increasing detectability (Wiley and Richards 1982).
The variation in attenuation of bird songs due to vegetation and humidity is likely to be
higher in the wetland systems, since the vegetation structure was more variable due to
patches of areas with few standing trees, and these areas often were extremely humid,
while the upland sites were more uniformly dry. Estimation of bias due to the effects of
habitat on detectability are further complicated by the fact that the magnitude and direction
of effects are likely to vary by species (Bibby and Buckland 1987). Evaluating the relative
bias of each set of point count locations would require actually measuring how far
particular species songs can be heard in each ecosystem under different conditions of wind
and humidity; this can not be estimated from the actual distance estimates used in this study
because it is likely that differences in habitat have contributed to biases in my estimates of
distance (DeJong and Emlen 1985). However, I believe that the overall patterns shown in
the data are likely to be valid, even if the there are unknown biases due to habitat effects
incorporated into my distance estimates. I tried to minimize bias by regularly evaluating
my estimates throughout the study by pacing out distances to birds heard in front of me as I
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was walking from point to point in all ecosystem types. Even so, I do not really have even
a general indication of what the magnitude of bias may be, because the effect of this source
of bias is likely to be highly variable depending on the species in question, weather
conditions, etc.; really getting a handle on this would be a challenging study in itself
(DeJong and Emlen 1985).

Variations in the species composition of the neotropical migrants and short-distance
migrants/residents groups in the two sites are also likely to have contributed to the different
patterns with respect to the effects of increasing count radius. The birds found in these
sites vary in many ways that influence their detectability; for example they differ in size,
song frequency (measured in kilohertz - kHz), singing height, and in how often and how
long they sing (Dawson 1981, Diehl 1981, Lemon et al. 1981, Mayfield 1981, Wiley and
Richards 1982, Waide and Narins 1988, Calder 1990). In general, higher frequency songs
show higher rates of attenuation (Lemon et al. 1981, Wiley and Richards 1982), and
smaller birds tend to have higher emphasized song frequencies than larger birds
(Wallschlager 1980, Ryan and Brenowitz 1985). Larger birds also tend to produce songs
with higher sound intensities (Calder 1980). One of the loudest singers found in my
study, the Winter Wren, is an exception to this general pattern: Its song has been recorded
at 6 milliwatts (mW) (Brackenbury 1979), as compared to values of less than 1 mW found
for most species of similar body weight discussed by Calder (1990). Ovenbirds and
Northern Waterthrushes are also noted as having particularly loud songs as perceived by
human observers (Lemon et al. 1981).

In the wetlands, increasing the count radius had a more positive effect on detection
rates for residents and short distance migrants than it did in the uplands; this is probably
because of the particularly loud song of the most commonly detected short-distance
migrant/resident, the Winter Wren; the Blue Jay and White-throated Sparrow (third and
fourth most common in this group, respectively) also are likely to have loud, relatively low
frequency songs if body size is a useful estimator of these factors. Singing height can also
influence the ability of an observer on the ground to detect species; songs from birds at
lower heights (all else being equal) tend to show less attenuation (Waide and Narins 1988).
Although the Ovenbird, which has a loud song and a low singing height (Ficken and
Ficken 1962), was commonly detected in the wetlands, many of the neotropical migrants
have songs with maximum detection distances that tend to be more moderate (i.e., Black-
and White Warbler), especially when compared to the Winter Wren and Blue Jay (Wolf et
al. 1995). However, there were also more detections of species in the resident/short-
distance migrant group that are often detected by sight (Yellow-bellied Sapsucker) or have
quieter, and/or high frequency songs or calls (Black-capped Chickadee, Brown Creeper),
than were found for the neotropical migrants.

In the upland sites, interspecific differences produce the opposite pattern; here there
were fewer detections of short-distance migrant and resident species that have large
maximum detection distances (i.e., Hermit Thrush, Blue Jay) (Wolf et al. 1995), and many
detections of two loud, frequently singing neotropical migrant species, the Ovenbird and
Red-eyed Vireo. Again, a higher percentage of short-distance migrants and residents were
detected within 50 m when compared to the neotropical migrants; these detections can be
linked primarily to Chickadees, Brown-headed Cowbirds, and Sapsuckers.

Detections Rates at Different Times of Day
Based on my results, conducting longer (8- or 12-minute counts rather than 4-minutes)
does not appear to decrease the number of detectable differences in mean number of
individuals recorded during different hours of the morning. In contrast to what is often
described as the general pattern, detections did not show a consistent decline across hours.
For example, upland short-distance migrants and residents had their lowest means in the
third hour, while neotropical migrants in the wetlands showed an increasing trend between
the fourth and fifth hours (Table 2-4 and 2-5: the difference between these was not
significant). Interestingly, there were not significant differences between hourly means for
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the residents and short-distance migrants in the wetlands, or for the neotropical migrants in
the uplands, but in each forest type the other migratory groups did show significant
differences. This was unexpected, as many studies have found declines through the
morning for most species detected in this study, including species in the groups for which I
did not find significant differences between hours (Shields 1977, Robbins 1981a). For
example, Ovenbirds, Scarlet Tanagers, Black-throated Green Warblers, and Veeries (all
neotropical migrants in uplands), as well as White-throated Sparrows, Brown Creepers,
and woodpeckers (all short-distance migrants or residents in the wetlands) tended to show
either steady or gradual declines in Robbins' (1981a) analysis of 15 years of BBS data
(sets of fifty 3-minute, roadside counts - sample sizes for all species were in the tens of
thousands).

However, as suggested by Verner and Ritter (1986), species specific differences in
patterns are likely to compensate to some extent for trends in other species, leading to total
detections that remain fairly steady. In a transect study in New Jersey, Shields (1977)
found that Blue Jays did not show significant decreases in number recorded per transect
between samples begun at 0600 and ones started at 0730, while 14 of the 18 species
sampled did show significant declines. A similar constant rate of detections was found by
Robbins (1981a) based on 15 years of BBS data. It seems likely that the Blue Jay, as well
as perhaps the Winter Wren, which showed only gradual declines by hour in Robbins
(1981a) analysis of BBS data, and the Chickadee which tended to have peak detections at
midmorning (Robbins 1981a), may have provided enough calls later in the morning to keep
the means relatively steady in my study. In the uplands, where the Blue Jay was detected
less often and the Winter Wren was not present, significant differences were found
between hours. Red-eyed Vireos have been found to be detected at fairly constant calling
rates during morning hours; this common species in the uplands may have helped the
means in these sites remain fairly steady (Robbins 1981a).

Verner and Ritter (1986) note that the rapid changes in the detectability of many
species that occurs in the very early morning may produce sets of counts with particularly
high variances. They suggest that this can result in researchers needing to conduct more
counts at that time of day to detect differences between samples, even though mean rates of
detection are likely to be higher. For neotropical migrants and residents in both the uplands
and wetlands, coefficients of variation (C.V.) tended to decrease with increasing count
length. Patterns in C.V. with respect to time of day were more variable: For migrants in
both sites and residents in uplands, the C.V.s tended to increase later in the day, while for
residents in wetlands they showed a general decrease from early to late morning. An
interesting exception to the trend for decreasing C.V. with increasing count length shows
up in the wetlands, where shorter counts had lower C.V.s in the earliest sampling hour.

It is likely that more differences would be detected with a larger sample size at each
hour, as is suggested by comparing the enormous sample sizes of the study by Robbins
(1981a) that did find differences by hour, and those finding no difference between hours
such as Verner and Ritter (1984), and the upland neotropical migrants and wetland
residents and short distance data from this study. However, based on these data, I agree
with Verner and Ritter (1984) that counts should not be restricted to just the very early
morning hours, because this limits the number of samples that can be collected in a day,
without offering a convincing benefit in terms of higher, less variable, rates of detection.
The benefits seem slight because, although rates of detection were often higher in the first
hour or two, in general the variance for same hour counts tends to be large compared to
between-hour differences in means (Verner and Ritter 1984), and because the trends from
my study sites did not suggest steady declines. As stated above, the argument for longer
counts based on fewer differences between hours doesn't appear convincing, because in
my study there was no relationship between the length of the count and the number of
differences between sampling hours.
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Most Efficient Combinations of Count Length and Duration
The results of the comparison of different combinations of count duration and count radius
suggest that the most efficient combination varies by both by forest type and migratory
group in northern Michigan forests. For neotropical migrants in wetland sites, the 100 m
radius count appears likely to produce the highest cumulative count per hour sampled, and
this radius size is most efficient when the count length is 8-12 minutes. In this system the
100 m radius would also be quite effective for sampling the residents and short distance
migrants using long count durations, although for this group similar results could be
obtained using shorter duration (5-6 minute) 50 m radius counts. In contrast, in the
uplands the neotropical migrants had the highest expected cumulative counts based on 12-
minute, unlimited-distance counts. Short-distance migrants and residents could be sampled
most efficiently using either the unlimited radius or 100 m radius size, and long counts (10-
12 minutes). In the wetlands, with the exception of the data for the neotropical migrants
using the unlimited-distance radius, it appears that 12 minutes was a reasonable maximum
duration to test. However, the trend of increasing efficiency with increasing count length
in these wetland data, and in the both sets of unlimited radius data in the uplands, suggest
that higher expected cumulative counts may be achieved with even longer count durations.
These data also suggest that the trade-offs between count radii can change with species and
forest types; for example, if researchers choose to use 50 m radius counts so that bird data
can be more closely linked to habitat data (Koskimies 1989, Martin 1992), this would lead
to a greater sacrifice of efficiency in the uplands than in wetlands, with particular reduction
in the number of neotropical migrants detected.

These variations can be boiled down to differences in means and differences in non-
counting time during a count. Using point count data collected in the Sierra National
Forest (central California), Verner (1988) found that when non-counting time was
estimated at 5 minutes, a value slightly lower than what I estimated for 50 m radius counts,
the most efficient count length was 4 minutes. When he incorporated a non-counting time
of 10 minutes, the most efficient counts were longer (7-8 minutes), and when he examined
non-counting times more similar to those found for 100 m and unlimited radius counts in
my study, (ranging from 15-30 minutes), the peak for expected cumulative counts was at
10 minutes, the longest time considered. In summing up his findings, Verner suggests that
the proportional gain in efficiency of longer counts increased with longer travel times, and
points out that differences in travel times had "considerably more" effect on count
efficiency than did differences in counting time (1988:2). In areas with difficult terrain,
such as those (especially in the wetlands) sampled in this study, 10 minute counts appear to
be most efficient, for all but the smallest radius. For this reason, the individual species
examinations in Chapter 3 focus on this count length.

Although it may seem that longer counts could be even more efficient (at least when
unlimited-distance counts are used), I suggest that 10 minutes should be considered a
maximum, because there is likely to be a continued decline in the rate of detections per
additional minute of counting. For example, Hamel (1984) found that about 70% of
individuals detected in 20-minute counts were heard in the first 10 minutes (50% were
detected in the first five minutes) in South Carolina forests, while Fuller and Langslow
(1984), working in a variety of habitats in England found that the percent of total detections
heard after 10 minutes in 20 minute counts ranged from 65 -75%. Using 10 minute counts
also provides the benefit of count results being comparable to those done in many other
studies, and allows the researcher to conform to national guidelines suggested by Ralph et
al. (1995b).

As I discussed in the Introduction, there are many arguments for and against using
particular count radius sizes and count durations. However, to effectively weigh the costs
and benefits of particular methods, it is critical that the most important effect, the effect of
the methods on our ability to meet our research goals, is carefully examined. To detect
species declines, our goal is to maximize the power of statistical tests used to indicate
changes in population size. This requires that we find a balance between increasing the
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mean detection rate, decreasing the variance of that mean rate, and maximizing sample size,
all within the financial constraints of a sampling budget. Based on these efficiency results,
it is clear that one set of methods will not be the most efficient for all situations in which
they could be applied. Differences in efficiencies are likely to be related to habitat- and
species-specific differences in detection probabilities. This study suggests that trends in
efficiency are likely to be predictable, if, for example, one would like to compare the
efficiency of different count lengths in ecosystems with different travel times, or the
efficiency of different count radii for loud versus quiet species. However, specific
recommendations (i.e., exactly how long of a count should be used) will require analysis
of actual data from the areas being sampled, as efficiency calculations should integrate
habitat- and species-specific characteristics. In conclusion, this chapter offers general
patterns, representing averages for many species that may or may not have similar detection
probabilities. If the goal of a sampling program is to monitor population changes in one or
a few species of particular conservation concern, these efficiency results can only provide
general suggestions, rather than the specific information that is needed by researchers
trying to determine the most effective way to spend monitoring resources. In Chapter 3,I
address the need for species-specific data, and identify differences in patterns that are found
when each species is compared to the means presented here.
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Table 2-1. Description of upland point count sites, based on Pearsall et al. (1995) -
Appendix A. The five ecosystem types were grouped into 3 productivity levels, indicated
in the first column. The dominant overstory species and most common understory species
are based on values in Pearsall et al. (1995) for current vegetation with relative density
values of 10% or higher (listed from highest relative density value to lowest).

Dominant Overstory
Ecosystem # of Species Ground Cover Indicator

Number points Soil Description (Understory species) 1  j Species and Notes

36 (low) 16 Excessively drained Bigtooth aspen, red oak, Sparse; species character-

medium sand. red pine (white pine, red istic of dry, acid, infertile

maple, red pine). sites, mosses and lichens,
evidence of burning.

37 (low) 25 Excessively drained Bigtooth aspen, red oak, Sparse; species character-

medium sand. red maple (red maple, istic of dry, acid, infertile
white pine, beech, red sites, evidence of burning.

oak).
44 (med.) 55 Excessively drained to Bigtooth aspen, red maple, Species characteristic of dry,

somewhat excessively red oak (red maple, beech, calcareous, moderately fertile

drained medium sand, white pine, red oak). sites.
calcareous in C horizon.

41 (high) 14 Welldrained,banded Red maple, sugar maple, Species indicating dry to
medium sand. beech (beech, sugar maple, somewhat moist, fertile to

redmaple). very fertile sites.

45 (high) 20 Somewhat excessively Sugar maple, beech, red Species indicating dry to
drainedmedium sand, maple (sugar maple, somewhat moist, fertile to

calcareous in C horizon. beech). very fertile sites.

1Scientific names of tree species listed:
Bigtooth aspen - Populusgrandidentata
Red Oak - Quercus rubra
Red Pine - Pinus resinosa
White Pine - Pinus strobus
Sugar Maple - Acer saccharum
Red Maple - Acer rubrum
American Beech - Fagusgrandifolia
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Table 2-2. Number of detections for each species observed in wetland sites, along with the
percent this number is of total detections, number of counts where each species was
detected, and percent this value is of total counts. Based on 10-minute, unlimited-distance
counts.

Number detected (% of total INumber of counts where
Wetland Species detections for all species) I found (% of 113)

NEOTROPICAL MIGRANTS

Ovenbird. 76(6.8%) 46(41%)
B ac-an'whte' Warbler 7:>0(6.3% : 54%

Canada Warbler 61(5.5%) 47 (42%)
B .~-thted G re WarbI~ler'. :..:.. .. 55(4..':::;:. 9%) .' 22(19%

Northern Waterthrush 37 (3.3%)2(1%

Eastern Wood-Pewee 20 (1.8%) 19 (17%)

Veery 14(.1.3%) 11(9.7%) ... ..
. 9P .~......0( %

Red-eyed Vireo 10 (<1%)(88%
Mala arler 9 ::..(1%8(1)

Great Crested Flycatcher 3 (<1%) 2 (1.8%)

Solitary Vireo1(<% (1)

Rose-breas ted Grosbe ak 1 (<1%) 1 (<1%)
SHORT-DISTANCE MIGRANTS & RESIDENTS

Winter~~~~ Wre 14(1% 10(%
Black-capped Chickadee 111(9.9%) 70 (62%)

..::::::::~~...... :::::....:::....................... . . . . . . . . .
BlueJay S (7 %) ~(50%

White-throated Sparrow 65 (5.8%):5(0%

Recd-.breasted.N'uthac ::::.....:(4.. 1%).:(3:%)

Yellow-bellied Sapsucker 44(3.9%).. .. . 41(36%)

Brown Creeper 27 (2.4%)26 3%

Mourning Dove 8 (<1%) 8 (7.1%)

,..(....%. 
7(6.2% ):

Yellow-ru.med~ Warbler 7(<I: %) 7 (6.2%)

Brown-headed Cowbird 4 (<l%) 4(3.5%)

Common Raven .3 (<1%) 3 (2.7%)

Pilea... ted W oo c ke 2 ( %) 2(2....)

Northern Cardinal 1 (<1%) 1 (<1%)

* For this species, the maximum recorded per point was 2 (see methods).
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Table 2-3. Number of detections for each species observed in upland sites, along with the
percent this number is of total detections, number of counts where each species was
detected, and percent this value is of total counts. Based on 10-minute, unlimited-distance
counts.

Number detected (% of total Number of counts where
Upland Species detections for all species) found (% of 130)

NEOTROPICAL MIGRANTS

Red-eyed Vireo 154(14%) 96(74%)

Veery 52 (4.6%) 41(32%)
Blc-h~ dGreen Warber;::::>;;;::«> 50 4,4%) 42(32%):>:::>::;_;;;:.:::;.:>: <..

Amenican Redstart 46(4.0%) 25(19%)
...carlet . :::::::::.na..::..:..r 39( .% 35(...........7%)......
Great-crested Flycatcher 12 (1.1%) 12 (9.2%)
Rise-breaste Grosbeak 11; (<%0 ....... )
Blackbumnian Warbler 10 (<1%) 10 (7.7%)

Least Flycatcher 4 (<1%)........3(2.3%)
Blc-hotdBlu X arbler.... > 2 (<1 ..... :..(....)

Northern Oriole 2 (<1%) 2(1.5%)

Nashville Warbler 1 (<1%) 1 (<1%)
SHORT-DISTANCE MIGRANTS & RESIDENTS

Hermit Thrush 83 (7.3%). ....... 5(43%)

Common Raven 2(.%) 29(22%)
Ylow-blie.w ~ u~e 322+% 22%

American Robin 21(1.% 19 (15%)

Cedar W axwing* ................ :.:.::.:.::....:11 (<1%) 11(8.5% ~)
P in .W arbler ..... :..:.......:::::....:.:.. ....... 1 ( l. :::>::<::::<<:: %<):.:...:;::::.: .. 7. 7 % ) ..

Blue Jay 9 (<1%o)8 8(6.2%)

Amrrican Crow 6 (%)6 (4.6%)

Yellow-rumped Warbler 5 (<1%) 5 (3.8%)
:.;:. ern Flc. (%........3(~%
Red-breasted Nuthatch 2 (<1%).........2(1.5%)

Chipping Sparrow 2 (<1%)2(.%

* For these species, the maximum recorded per point was 2 (see methods).
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Table 2-4. Estimated mean number (SE) of individuals detected by time of day in wetland
sites based on different point count durations (unlimited count radius). Significant
differences (p <0.05) in means between times of day are identified under the "ANOVA
results" heading with an "S", followed by the pair(s) of counts with significantly different
values (Bonferroni procedure). Sets of data with no significant differences have "NS" in
this column.

Count Hour count began (EDT)
length (1) 0615 (2) 0715 (3) 0815 (4) 0915 (5) 1015 ANOVA
(min.) (n=16) (n=22) (n=26) (n=25) (n=24) results

Individuals of all species
4 8.8 (0.6) 7.0 (0.4) 7.7 (0.5) 6.8 (0.4) 6.7 (0.4) Sa: 1&4, 1&5
8 11.3 (0.8) 9.1 (0.5) 9.3 (0.6) 8.9 (0.5) 8.3 (0.5) Sb: 1&5
12 12.8 (0.8) 10.7 (0.6) 10.7 (0.7) 10.0 (0.5) 9.2 (0.5) Sc- 1&4, 1&5

Neotropical migrants
4 4.6 (0.4) 3.0 (0.4) 3.5 (0.3) 2.4 (0.4) 3.1 (0.4) Sd 1&4
8 5.3 (0.6) 4.3 (0.4) 4.4 (0.4) 3.2 (0.3) 3.8 (0.4) Se- 1&4
12 6.1 (0.7) 5.2 (0.4) 5.3 (0.5) 3.6 (0.4) 4.0 (0.3) Sf: 1&4, 1&5

Short-distance migrants and residents
4 4.3 (0.7) 4.0 (0.4) 4.2 (0.3) 4.4 (0.4) 3.6 (0.3) N Sg
8 5.9 (0.9) 4.8 (0.5) 4.9 (0.3) 5.7 (0.5) 4.6 (0.3) N 5h
12 6.6 (0.8) 5.5 (0.6) 5.5 (0.3) 6.4 (0.5) 5.1 (0.4) N Si

a ANOVA, F(4,108) = 3.1, p = 0.019
b ANOVA, F(4,108) = 3.2, p = 0.017
C ANOVA, F(4,108) = 3.7, p = 0.007

d ANOVA, F(4,108) = 3.9, p = 0.005
e ANOVA, F(4,108) = 2.9, p = 0.026
f ANOVA, F(4,108) = 4.2, p = 0.003

g ANOVA, F(4,108) = 0.62, p = 0.65
h ANOVA, F(4,108) = 1.5, p = 0.22
i ANOVA, F(4,108) = 1.5, p = 0.22
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Table 2-5. Estimated mean number (SE) of individuals detected in upland sites by time of
day based on different point count durations (unlimited count radius). Significant
differences (p <0.05) in means between times of day are identified under the "ANOVA
results" heading with an "S", followed by the pair(s) of counts with significantly different
values (Bonferroni procedure). Sets of data with no significant differences have "NS" in
this column.

Upland Sites
Count Hour count began (EDT)
length (1) 0615 (2) 0715 (3) 0815 (4) 0915 (5) 1015 ANOVA
(min.) (n=21) (n=32) (n=30) (n=25) (n=22) results

Individuals of all species
4 7.2 (0.4) 7.3 (0.4) 5.9 (0.4) 5.7 (0.4) 5.5 (0.4) Sa: 2&5
8 9.7 (0.5) 9.1 (0.4) 7.5 (0.5) 7.2 (0.5) 6.7 (0.5) Sb: 1&3, 1&4

1&5, 2&5
12 11.0 (0.6) 10.6 (0.5) 8.9 (0.5) 8.5 (0.6) 7.9 (0.5) Sc- 1&4, 1&5

2&5
Neotropical migrants

4 4.5 (0.4) 4.8 (0.4) 4.6 (0.3) 4.1 (0.4) 3.9 (0.5) N Sd
8 5.9 (0.5) 6.0 (0.5) 5.7 (0.4) 5.2 (0.5) 4.5 (0.5) N Se

12 6.6 (0.5) 6.8 (0.5) 6.5 (0.4) 6.0 (0.6) 5.0 (0.5) N Sf

Short-distance migrants and residents
4 2.7 (0.4) 2.5 (0.3) 1.3 (0.3) 1.6 (0.3) 1.6 (0.3) Sg: 1&3, 2&3
8 3.8 (0.5) 3.1 (0.3) 1.8 (0.4) 2.0 (0.4) 2.2 (0.4) Sh: 1&3, 2&3
12 4.4 (0.6) 3.8 (0.4) 2.4 (0.4) 2.6 (0.4) 2.8 (0.4) Si: 1&3, 2&3

a ANOVA, F(4,125) = 4.6, p = 0.002
b ANOVA, F(4,125) = 6.7, p = 0.00007
e ANOVA, F(4,125) = 5.9, p = 0.0002

d ANOVA, F(4,125) = 0.89, p = 0.47
e ANOVA, F(4,125) = 1.6, p = 0.19
f ANOVA, F(4,125) = 1.8, p = 0.13

g ANOVA, F(4,125) = 4.1, p = 0.004
h ANOVA, F(4,125) = 4.6, p = 0.002
i ANOVA, F(4,125) = 4.0, p = 0.004
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Chapter 3: Species-specific Patterns of Detection, Power Analyses, and
Estimation of Most Efficient Sampling Scheme

INTRODUCTION

For many years, researchers have suggested that population sizes of many neotropical
migrant bird species appear to be declining (Keast and Morton 1980, Robbins et al. 1989,
Terborgh 1989, Askins et al. 1990, Hagan and Johnston 1992, DeGraaf and Rappole
1995, Peterjohn et al. 1995). To speed our progress in testing hypotheses of declines in
individual species, we need to examine closely the data collection tools that we are using in
our monitoring efforts. In particular, to better understand and document declines of
individual species, we must understand the species-specific results of different sampling
protocols. It is important to examine how different methods of conducting point counts
affect results, because this data collection method is the one most commonly used for
monitoring bird populations (Verner 1985, Ralph et al. 1995a).

Since many point count sampling schemes are designed to maximize the rate of
detections for all birds as a group, or to maximize the rate of detections of some subset of
the group, it is important to determine the direction of detection biases for individual
species with respect to changing length of count, or changing count radius, relative to
results from combined species. The goals of this chapter are to (1) estimate how different
methods for conducting point counts affect sampling results for individual species, and (2)
to use this information to determine what sampling scheme would be most efficient for
detecting declines of that species at a given level of statistical power. Finally, I will explore
ways to group species in order to maximize sampling efficiency within the same
ecosystem, with special emphasis on species of concern in northern Michigan.

Point count sampling efficiency is a measure of the number of bird detections
obtained per unit of sampling time; it represents a tradeoff between the time spent sampling
or walking between points and the amount of data collected at each sampling point (Verner
1985, 1988). The design of an efficient point count sampling plan requires that researchers
balance the conflicting goals of maximizing the number of birds detected and collecting a
large enough sample of points (Verner 1988). The total number of detections (i.e., of birds
of all species) at a particular point can be increased by increasing the amount of time spent
recording birds at each point, and by increasing the radius of the point count sample (Ralph
and Scott 1981, Verner 1985, Ralph et al. 1995a, Chapter 2). The number of points that
can be sampled in a sampling period is determined by the duration of the point count, and
by the distance between points. The distance between points, along with characteristics of
the habitat being sampled, determine the duration of travel, or non-sampling time, within a
sampling day. Determination of the distance between points requires consideration of both
the travel time and the radius of the point count, since to prevent overlap of counting area
points should be at least two times the radius apart from each other.

As was seen in Chapter 2, as point count radius and length of count are increased,
the number of individuals and species recorded per point will increase. However, these
changes are likely to have different effects on different species; increasing the length of
counts should increase detections of species that sing at low frequencies during all or part
of the sampling period, but will be inefficient for species that maintain high rates of calling
(Scott and Ramsey 1981a, Fuller and Langslow 1984). Similarly, the detections of
smaller, quieter species are likely to be less affected than those of large, highly vocal
species by limiting the count radius (Lynch 1995).

Making decisions related to how a particular set of point counts will be done should
involve careful consideration of the goals of the count program, and an examination of
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what type of data would best allow the sampling plan to meet those goals (Blondel 1985,
Dawson 1985, Verner 1985, Dawson et al. 1995). A key goal in the conservation field
may be to monitor the relative abundance of one or more species of concern. Although a
number of studies have examined sampling efficiency by comparing detections-over-time
curves for all species or all individuals present in a particular location (Verner 1988, Cyr et
al. 1995, Petit et al. 1995, Smith et al. 1995), few studies have been done that examine the
efficiency of a set of point count methods for individual species (Verner 1985; studies that
have looked at single species include Hanowski et al. 1990, and Savard and Hooper 1995).
As a result, many of the analyses of efficiency are limited in their value to conservation
workers. By grouping all species or individuals together, it is possible to determine what
combination of methods maximize total detections (see Chapter 2), but if the detectability of
a species of concern is significantly different from the mean for all species (due to a
different calling rate, visibility, or to differences in how far the sound of the call carries),
then this set of methods is not likely to be the most efficient method for monitoring the
particular species.

Although looking at efficiency on a species-specific basis is a good start, to design
a sampling plan that will allow conservation workers to detect changes in relative
abundance, this information should be combined with an analysis of statistical power. The
relative power of a test is equal to 1 - 1, where 1 is equal to the rate of a Type II error. The
Type II error rate is defined as the probability of accepting the simple null hypothesis when
some simple alternative hypothesis is true; this rate increases as the rate of Type I error (the
probability of rejecting the null when it is actually true, or a) decreases. Taylor and
Gerrodette (1993:497) describe three ways that power analysis can be used in the field of
conservation biology; these are to "(1) decide whether the proposed research can answer
our question, (2) choose among alternative experimental designs, and (3) interpret the
results in such a way that it is clear exactly what we can and cannot state given our data."
For the purposes of this study, I am using power analysis in a way that combines purposes
(1) and (2).

I estimate how many point counts would be needed to detect a large decline (40%)
in mean relative abundance between two sets of monitoring data. The actual data collected
represent a hypothetical "first season" of data; the mean for the "second season" is
calculated by subtracting 40% from the mean detection rate found, and the variance for the
second set of data is assumed to be the same as was estimated from the "first season" data.
To compare sample size estimates based on different point count methods, these
calculations are done using the detection rate data from three different point count radius
sizes. Such calculations can provide conservation workers with the tools they need to
estimate how many person-days must be spent collecting data to obtain information for
making management decisions, or can alert researchers when a sampling plan will not
provide information about potential declines because of low power (Taylor and Gerrodette
1993). When these data are combined with efficiency data (with respect to sampling
design), a sample size and design can be selected that maximizes the amount of information
gained about species of concern, while minimizing unnecessary or pointless sampling.

When determining sample sizes needed in a monitoring plan, careful thought must
be given to the level of Type I and Type II errors that will be accepted. In the context of
monitoring, Type I error is the probability of falsely concluding that there is a decline or
difference in relative abundance, and Type II error is the probability of falsely concluding
that there is no difference or decline (Gerrodette 1987, Taylor and Gerrodette 1993,
Thompson and Schwalbach 1995). When monitoring a declining population, the
consequences of accepting a false null hypothesis can be severe if failure to detect the
decline early leads to missed chances for management that may have helped to prevent
further declines (Taylor and Gerrodette 1993). As the chosen alpha decreases, the
probability of a Type II error increases, so what appears to be a more conservative test
based on the alpha level can lead to increased chances for errors in statistical inferences if
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the power of the test is not evaluated (i.e., when a null hypothesis is accepted, but the
power of the test to detect a difference was low, and was not examined)(Forbes 1990).
For purposes of comparison, I examine two levels of power in my analyses.

Similarly, when designing a monitoring plan, the relative benefits of using a one-
tailed versus a 2-tailed test should be considered. By choosing to use a one-tailed test, a
researcher gains the benefit of not needing as large of a sample size to detect a particular
difference at a given level of power, but sacrifices the ability to detect changes in the other
direction (in a conservation based monitoring plan intended to detect declines, this would
mean not being able to detect population increases). Monitoring programs that have limited
funds and are most concerned with detecting declines would benefit from the reduced
sample sizes needed to attain the same level of statistical power; researchers examining
changes in population size in general (positive and negative) would need to use two-tailed
tests. For comparative purposes, I present estimates of sample sizes needed for both one-
and two-tailed tests.

An additional goal for this work is to contribute to the discussion of national
standards for point count protocols by examining how standards might hinder our ability to
most efficiently monitor rare species in a particular location. There is strong impetus to
define standards for point count methods, as they would facilitate regional comparisons of
population trends (Manley 1993, Ralph 1993, Ralph et al. 1995b). There are likely to be
drawbacks, however, because the efficiency of a sampling scheme will vary for different
species and in different ecosystems (Verner and Milne 1989). An understanding of which
species will be affected and in what way is an important area that needs to be addressed
before national protocols can be assembled. To address this need, I group species into
categories of those that will be more efficiently sampled using a particular count radius, and
discuss this with respect to the relative conservation concern of different neotropical
migrant species on my study sites.

The discussion of species of management concern is based on a ranking system
devised by Thompson et al. (1993) for neotropical migrant species in the Midwestern U.S.
This system takes a mean of 7 scores (ranging from 1 to 5, with 5 being of highest
concern) in categories titled: (1) global abundance, (2) extent of winter distribution, (3)
threats on wintering grounds, (4) extent of breeding distribution, (5) breeding area threats
in the Midwest, (6) importance of the Midwest to the species, and (7) population trends
(from Breeding Bird Survey Data) (Thompson et al. 1993). Neotropical migrant species
present on my study sites, and their rank in each category, are presented in Table 3-1. Six
of these, the Nashville Warbler, Canada Warbler, Eastern Wood-Pewee, Veery, Great
Crested Flycatcher, and the Blackburnian Warbler have been identified as species of
conservation concern in Michigan by Dr. David Ewert of the Michigan Chapter of The
Nature Conservancy (Ewert, pers. comm.).

In summary, the objectives of my study were to use point count data collected in upland
and wetlands sites to address the following questions:

(1) What effects do sampling protocols (length of count and count radius)
have on the mean and variance of the number of individuals of different
species detected per point?

(2) How do patterns of detections for individual species vary from those for
all species in the same migratory category, or from all other species detected
combined?

(3) How do variations in the means and variances of detection rates
influence the number of samples needed to detect a 40% decline in species
of concern under different power scenarios?
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(4) What protocols allow the most efficient monitoring of trends in relative
abundance for species of concern?

METHODS

Study Areas and Field Methods.
The study sites and methods for collecting point count data were the same as those
described in Chapter 2. As in Chapter 2, data from the upland and wetland sites were
examined separately; species found in both sets of sites were analyzed twice.

Data Analysis.
Species-specific patterns of detection were examined for all species with a mean detection
rate (based on a 10-minute, unlimited radius count) of at least 0.15 in either upland or
wetland sites. For these species, I calculated estimates of mean rates of detection, standard

deviations of the means, and standard errors of these means for data from radii of 50, 70,
100, and 130 meters, and unlimited radius counts, using 4, 8, 10, and 12 minutes of count

data. I chose periods of 4, 8, and 12 minutes from the data available (in two minute
intervals: see Chapter 2) to show the effect of increasing time by a constant interval of 4

minutes. Ten minute data are presented for radius comparisons and used in power analyses
because 10 minutes is the most commonly used point count length, making these data more

directly comparable to those from other studies.
I compiled 4, 8, and 12 minute data at each radius size so that I could examine

patterns of detection under different combinations of count length and radius protocols; this
was done for each species for which the mean detection rate for a 12-minute unlimited-
distance count was 0.15 detections per point or greater. I did not calculate estimates of the

mean rate of detection for two species, the Black-capped Chickadee and the Common
Raven. Chickadees were left out of the analyses because I often heard what sounded like

many birds, but was unable to determine numbers of individuals, and because they
appeared in many cases to be attracted to my presence (see Chapter 2). I left the Common
Raven out of the individual species analyses because it was never detected within an
estimated 200 m from the point count location.

I compared the distribution of observations for individual species with respect to

either count duration or count radius to the distribution of detections found for all other

species of the same migratory group (neotropical migrants or short distance migrants and
residents), and to the distribution of detections for all other species combined using Chi-
Square Tests of Independence. I also used Chi-Square Tests of Independence to test for

differences in the frequency distribution of first detections in the three time periods (1-4, 5-
8 and 9-12 minutes of counting) using data from three different radius sizes (unlimited, 100
m, and 50 m). In all of these comparisons, the totals in each category reflected only the
additional detections recorded in that category - for example the 5-8 minute category in a
time distribution only shows birds recorded in the fifth through eighth minute, not the

cumulative total recorded from 0 -8 minutes. Chi-Square Tests were only done when

species had enough detections so that the assumptions of the X2 distribution were not
violated (i.e., no values less than one, and not more than 20% of values less than 5) (Sokal

and Rohlf 1981). To meet the assumptions of the test, species had to have a total of at least

18-20 detections (mean of about 0.15 detections per point using 10-minute counts with an

unlimited radius) for the comparison of distribution of detections by count radius. Valid

tests for the distribution of detections by time period required higher total numbers of

detections (means rates of about 0.25) because expected values for the 5-8, and 9-12

minute periods were often low. This meant that for a comparison using the 100 m radius

data, the cumulative mean for a species after 12 minutes would have to be 0.25 in order to

keep at least 80% of the expected values above 5. I set alpha at 0.05 for all comparisons,
and used Systat 5.21 for the Macintosh for all statistical tests.
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To estimate the sample size required to detect a 40% decrease between two
estimates of mean relative abundance, I used the 10-minute mean detection rates and
variances estimated in this study, and formulas for determining necessary sample size (tests
for differences between means with equal variances and sample sizes) in Snedecor and
Cochran (1989:102) (Equation 3-1). I calculated sample sizes needed to detect this 40%

decline in relative abundance for each species using 2 levels each of Type I (a) and Type II

error rates (0); one set of values was calculated based on a Type I error rate of 0.10 and a
Type II error rate of 0.20, and the second set of sample sizes is based on smaller acceptable
error rates of 0.05 (Type I) and 0.10 (Type II). I calculated sample sizes for each species
with a mean detection rate higher than 0.10 detections per point in either the upland or
wetland sites. For comparative purposes, I also calculated the same set of values for a two-
tailed test, and a one-tailed test using a 20% decline in relative abundance, based on the
table in Snedecor and Cochran (1989). These results are presented as ratios to allow the
reader to estimate about how many more samples would be needed if these changes were
made in the monitoring scheme.

For a one-tailed test with a and 0 set at 0.10 and 0.20, respectively, the formula for
calculating sample size is as follows:

N = 4.5 (2*a2)/62 Equation 3-1

For each species, I used the sample variance as an estimate of a2. Two-times the variance

is divided by 62; b is the actual difference in means that I want to be able to detect between
the two hypothetical sets of monitoring data. This was calculated for each species as 0.40
times the mean detection rate, representing a 40% decline in the relative abundance (using
one-tailed tests) (Snedecor and Cochran 1989). The number in bold is a multiplier from
Table 6.14.1 in Snedecor and Cochran (1989:104). To estimate sample sizes for a one-

tailed test with a and 0 set at 0.05 and 0.10, this number changes to 6.6. For two-tailed
tests with the less conservative error rates, the multiplier is 6.2, and for the more
conservative two-tailed test, the multiplier is 10.5 (Snedecor and Cochran 1989). As
Snedecor and Cochran (1989) suggest, I added one to the results of these calculations of N
because this "short cut" estimator produces values that are slightly lower than those
obtained using other methods.

To estimate the most efficient point count radius for each species, I started with the
sample sizes required to detect a 40% decline between two estimates of mean relative
abundance based on the one-tailed test (Type I error rate = 0.10, Type II error rate = 0.20)
for the 50m radius, 100 m radius, and unlimited radius data. I then calculated how long it
would take to achieve this sample size incorporating a 10 minute count at each count
location, and an estimate of travel time between points. Based on my daily point count
logs, traveling 150 meters requires 14.0 (7.2 SD) minutes in upland sites and 17.4 (7.8
SD) minutes in wetland sites. From these values, I estimated how long it would take to
travel 100 and 200 m (distances between 50 m radius and 100 m radius counts that should
ensure a reasonable amount of independence between counts while minimizing between
count distance). I set a cutoff for unlimited counts at 400 meters apart, and used the same
travel time estimates to approximate the amount of time needed to travel between count sites
using this travel distance.

RESULTS

Numbers of Detections and Mean Detection Rates: Wetland Sites
I estimated the mean detection rates at 50 m, 100 m, and unlimited-distance radius sizes for
17 species in the wetland sites (10 neotropical migrants and 7 short-distance
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migrants/residents: Table 3-2), and 11 species from the upland sites (7 neotropical
migrants and 4 short-distance migrants/residents: Table 3-3). In the wetland sites (113
counts), the maximum mean detection rate for an unlimited-radius count was 1.29 (0.69
SD) detections/point for the Winter Wren. The difference in species' means between radius
size categories was quite variable; e.g., the Winter Wren and Blue Jay showed large drops
from unlimited radius values to 100 m radius means, while the Northern Parula Warbler,
Black-and-white Warbler, and the Yellow-bellied Sapsucker showed much less of a change
between radius sizes (Table 3-2).

For all species, the standard deviations associated with each mean were quite high,
as is expressed in the coefficient of variations (CV). In general, the CVs increased with
decreasing means within a radius size, and increased from the large radius size to the
smaller radii. I detected eight neotropical migrants and 8 short-distance migrants/residents
fewer than 11 times in 113 counts (Table 2-2).

Numbers of Detections and Mean Detection Rates: Upland Sites
In the upland sites (130 point counts), the maximum mean detection rate for an unlimited
radius count was 2.10 (1.10 SD) detections per point for the Ovenbird. The next highest
mean, for the Red-eyed Vireo, was almost an entire detection per point lower, and the next
most common species, the Eastern Wood-Pewee again showed a large decrease in
detections relative to the first two. As I found in the wetland data, the by-species difference
in means between radius size categories was quite variable; the Ovenbird, Pewee, and
Hermit Thrush showed large drops from unlimited radius values to 100 and 50 m radius
means, while the American Redstart, Brown-headed Cowbird, and Yellow-bellied
Sapsucker showed much less of a change between radius sizes. For all species, the
variances associated with means was quite high, especially for species with smaller means
and for each species at the smaller radius sizes. Eight neotropical migrants and 11 short-
distance migrants or residents were detected fewer than 13 times in 130 counts (Table 2-3)

Detailed Detection Patterns by Species
Mean detection rates based on various combinations of duration and count radii are
presented in Appendix B for 8 neotropical migrants and 7 short-distance migrants.
Species-specific patterns of detections for 7 neotropical migrants and 4 short-distance
migrant or residents found in the upland sites are presented in Appendix C.

Biases in Detection Patterns Related to Count Radius: Wetland Sites
Of the 15 species with high enough detection rates to conduct the Chi-Square Tests of
Independence, 11 had distributions of detections with respect to count radius that were
significantly different from distributions for all other species from the same migration
group (neotropical migrant or resident/short-distance migrant) and/or from patterns for
individuals of all other species (Table 3-4). When neotropical migrants were compared to
only neotropical migrants, the Black-and-white Warbler and the Northern Waterthrush
were more likely than expected to be detected within the 50 m radius, the Nashville Warbler
showed higher than expected detections in the 50 - 100 m range, and the Ovenbird and
Black-throated Green Warbler were found less often than expected in the 0 -50 m and 0 -
100 m zones, respectively. When residents and short distance migrants were compared to
all other species in the same migration group, the Brown Creeper and the Yellow-bellied
Sapsucker were more likely than expected to be detected within the 50 m radius, the Winter
Wren and White-throated Sparrow were found less often than expected between 0 -50 m
from the point count center, and the Blue Jay was found less often than expected within an
100 m radius.

When the wetland species listed above were compared to all species combined,
most showed the same pattern at the same level of significance, although there were some
differences in the strength of the differences observed (Table 3-4). A species not discussed
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above, the Northern Parula, showed a significant difference when compared to all species:
it was detected more often than expected in the 50-100 m range.

Biases in Detection Patterns Related to Count Radius: Upland Sites
Of the 11 upland species with high enough detection rates to conduct the Chi-Square Tests
of Independence, 5 had distributions of detections with respect to distance from observer
that were significantly different from distributions for all other species from the same
migration group and from patterns for individuals of all other species combined (Table 3-
5). When neotropical migrants were compared to others in this group, the American
Redstart was less likely than expected to be detected at distances greater than 100 m, and
the Ovenbird was more likely than expected to be detected in the longest distance category.
When residents and short-distance migrants were examined, the Brown-headed Cowbird
and the Yellow-bellied Sapsucker were more likely than expected to be detected within the
50 m radius, and the Hermit Thrush was detected less often than expected within a 0-100 m
radius. When these the distributions of detections by count radius for these species were
compared to all species combined, they all showed the same pattern of bias at the same
level of significance.

Biases in Detection Patterns Related to Count Duration: Wetland Sites
Unlimited Distance Data. Of the 14 wetland species with enough detections to allow testing
with a Chi-Square Test of Independence, 4 had distributions of detections with respect to
count duration that were significantly different from patterns for all other species from the
same migration group, and from patterns for all birds combined (Table 3-6). The only
neotropical migrant with a significantly different distribution was the Nashville Warbler; it
had fewer detections than expected between minutes 9 - 12 of the count. When residents
and short distance migrants were compared, the Winter Wren had lower rates of detection
than expected in minutes 5 - 12 of the count, while both the Brown Creeper and Red-
breasted Nuthatch were more likely than expected to be detected during these last eight
minutes. When compared to all species combined, all but the Brown Creeper showed
slightly different results (Table 3-6)

100 m Radius Data. When I examined the detection pattern biases related to count
length using the 100 m radius data, of the 10 wetland species with mean detections rates
higher than 0.25, 3 had distributions that were significantly different from distributions for
all other species' from the same migration group, and from distributions for individuals of
all other species combined (Table 3-7a). The only neotropical migrant with a significantly
different distribution was the Ovenbird, which had more detections than expected between
minutes 5-8 of the count, and fewer than expected in the first and last portions of the count.
Short-distance migrants or residents with significant results were the Winter Wren and
Brown Creeper; the Winter Wren showed a strong bias toward being detected in the first 4
minutes, while Brown Creeper had the opposite pattern, being detected more often than
expected in the last 8 minutes. For these two species, I found the same pattern of bias
using the 100 m radius data as I did in the unlimited radius data (see above). For all three
species, the same patterns described here were found when the distribution of detections
was compared to that for all species combined (Table 3-7a).

50 m Radius Data. When bias related to count length was examined using the 50 m
radius data, 4 wetland species had mean detections rates higher than 0.25 detections per
point (based on a 50 m radius, 12 minute count); none of these showed significantly
different distributions when compared to their own migration group or all species combined
(Table 3-7b).

Biases in Detection Patterns Related to Count Length: Upland Sites
Unlimited Radius Data. Of the 10 upland species with enough data to use the Chi-Square
Test of Independence, 4 had distributions of detections with respect to count duration that
were significantly different from patterns for either all other species from the same
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migration group, or from those for all other species combined (Table 3-8). Two
neotropical migrants had significantly different distributions when compared to other
migrants: the Ovenbird was detected less often than expected in the last 4 minutes, while
the Scarlet Tanager showed the opposite pattern, with the strongest source of bias being
higher than expected values in the last 4 minutes. When residents and short distance
migrants were compared, only the Hermit Thrush showed a significantly different
distribution of detections. When the upland species listed above were compared to all
species combined, the Scarlet Tanager was no longer significantly different, and the
Ovenbird showed a different pattern (Table 3-8). When compared to all species, the
strength of bias shifted for the Hermit Thrush toward a greater importance of high values in
the last four minutes. The Yellow-bellied Sapsucker showed a significantly different
distribution of detections when compared to all species; it had higher rates of detection than
expected in the last eight minutes, with particularly different rates in the last 4 minutes.

100 m Radius Data. When I examined detection pattern bias related to count length
using the 100 m radius data, 9 upland species had enough data to do the statistical test, and
I found that 4 of these species' distributions were significantly different from patterns for
all other species from the same migration group or from patterns for individuals of all other
species combined (Table 3-9a). Three neotropical migrants had a significantly different
distributions when compared to other migrants; for the American Redstart and the Scarlet
Tanager, the main sources of bias were lower and higher, respectively, than expected rates
of detection in the last 4 minutes. The Eastern Wood-Pewee showed no strong source of
bias - it had lower than expected rates of detection in the middle 4 minutes and higher than
expected rates at each end of the count. None of the short distance migrants or residents
had significantly different distributions of detections when compared to their own migration
group. When the individual species were compared to all species combined, the American
Redstart had the same pattern described above, while the distributions for the other two
neotropical migrants were not significantly different. As was found with the unlimited
distance results, when compared to all species, the Yellow-bellied Sapsucker showed a
significant bias toward higher than expected rates of detection in the last eight minutes,
particularly in the last four minutes.

50 m Radius Data. Two upland species had mean detection rates higher than 0.25
detections per point based on the 50 m radius data; the Ovenbird and Brown-headed
Cowbird showed significantly different distributions when compared to their own
migration group or all species combined (Table 3-9b). Both the Ovenbird and the Cowbird
were found to have a strong bias toward higher than expected detections in minutes 5-8
when compared to all species; this difference in distributions also was found to be
significant for the Ovenbird when compared to the appropriate migratory group.

Estimation of Sample Sizes Needed to Detect Declines: Wetland Sites
Sample sizes required to detect a 40% decrease between the detection means found in this
study and a hypothetical second set of data (Type I error rate of 0.1 and a Type II error rate
of 0.2) varied greatly between species as a function of both the means and the variances
(Table 3-10). The estimated sample sizes based on an unlimited radius ranged from 16
counts for the very common and easy to detect Winter Wren to 663 counts for the Veery,
which had a low mean and particularly high CV (see Table 3-2). Based on the 100 m and
50 m radii, the Winter Wren still would require the fewest point counts (69 and 190,
respectively), and the Veery would require the most (1,098 and 2,080, respectively). The
relative increase in sample size from the largest radius to the smallest also varied greatly
between species; these are linked to how much the detection rate decreased when the
amount of area sampled was reduced that contained within the 100 m and/or 50 m radius
sizes. The Winter Wren, Blue Jay, and Black-throated Green Warbler, showed the greatest
relative increase in the number of sample required using the smaller radii, while the Black-
and-white Warbler and Brown Creeper showed more similar sample sizes across the radius
categories.
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Estimation of Sample Sizes Needed to Detect Declines: Upland Sites
As I found in the wetland sites, the sample sizes required to detect a 40% decrease between
two estimates of relative abundance with a Type I error rate of 0.1 and a Type II error rate
of 0.2 based varied greatly between upland species as a function of both the mean and
variance of detection rates (Table 3-11). The estimated sample sizes based on an unlimited
radius ranged from 16 counts for the extremely common Ovenbird to 361 counts for the
American Robin. As was seen in the wetland data, the pattern of increase from the largest
radius to the smallest also varied greatly between species. Species such as the Ovenbird,
Eastern Wood-Pewee, and Black-throated Green Warbler showed the greatest relative
increases in the required sample size based on the smaller, rather than unlimited, radii,
while the American Redstart and Yellow-bellied Sapsucker showed more similar values
across the radius categories.

Comparisons With Other Sample Size Estimates
For both wetland and upland species, the sample size requirements for a Type I

error rate of 0.05 and a Type II error rate of 0.10 were approximately 91% higher than
those for the larger error rates. Using a two-tailed test would require 22 and 37% more
samples than those presented in Tables 3-10 and 3-11 for the Type I = 0.05, Type II = 0.1
and for the Type I = 0.10 and Type II = 0.20, power scenarios, respectively. To detect a
20% difference in the relative abundance of each species rather than a 40% difference
would require 4 times as many counts as are shown in Tables 3-10 and 3-11.

Most Efficient Count Radius: Wetland Sites
In the wetland sites, the number of sampling days required to detect a 40% decline in
relative abundance at the different radius sizes varied greatly between species (Table 3-12),
following the pattern set by the number of point required discussed above. In general, the
values were highest in the 50 m category.

The most efficient radius size for detecting population declines also varied by
species, as did the magnitude of the difference between the efficiency of the different radii.
The Black-throated Green Warbler, Eastern Wood-Pewee and most of the short-distance
migrants and residents would all be most efficiently sampled using the unlimited radius
count, while over half of the neotropical migrants (Ovenbird, Veery, and Nashville,
Canada, Northern Parula, and Blackburnian Warblers) would be most efficiently sampled
using the 100 m radius (Table 3-12). The 50 m radius would require to fewest sampling
days for detecting potential declines in Black-and-white warblers, Northern Waterthrush,
Yellow-bellied Sapsuckers, and Brown Creepers.

Most Efficient Count Radius: Upland Sites
As described above, the number of sampling days required to detect a 40% decline in
relative abundance using upland data from different radius sizes varied greatly between
species (Table 3-13). As was seen in the wetland data, for most species the number of
sampling days required were highest in the 50 m radius category.

Again, the most efficient radius size for detecting population declines varied by
species, as did the magnitude of the difference between the efficiency of the different radii.
Here, most of the neotropical migrants (Ovenbird, Red-eyed Vireo, Black-throated Green
Warbler, Eastern Wood-Pewee, and Veery) as well at the Hermit Thrush would all be most
efficiently sampled using the unlimited radius count. The other two neotropical migrants,
the American Redstart and the Scarlet Tanager, as well as the Brown-headed Cowbird and
the American Robin would be most efficiently sampled using the 100 m radius. In the
upland sites, only the Yellow-bellied Sapsuckers would be most efficiently sampled using a
50 m radius.
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DISCUSSION

Detection Patterns Related to Count Duration
As has been seen in other studies, and demonstrated in Chapter 2, the majority of birds
that will be detected at a point are detected within the first 3-5 minutes of counting; there is
a diminishing rate of return for counting effort that extends beyond this period (Scott and
Ramsey 1981a, Fuller and Langslow 1984, Verner 1985 and 1988, Hamel 1988, Dawson
et al. 1995, Gates 1995, Buskirk and McDonald 1995, Welsh 1995). However, as has
been found here and elsewhere, the shape of the return curve as count length increases is
not the same for all species, and as a result the choice of point count length has the potential
to have a strong impact on mean detection rates for some species (Scott and Ramsey 1981a,
Buskirk and McDonald 1995, Gates 1995). In general, patterns of detections for
individual species at upland sites were comparable to those from other studies looking at
count duration (Buskirk and McDonald 1995, Gates 1995); specific species are addressed
below.

Count Duration Bias
Although many researchers have identified species-specific differences in detection
patterns (Scott and Ramsey 1981a, Emlen and DeJong 1981, Fuller and Langslow 1984,
Wolf et al. 1995), efficiency of sampling is often estimated based on detection curves for
all species together (Verner 1988, Cyr et al. 1995, Petit et al. 1995, Smith et al. 1995), or
for groups of species such as neotropical migrants vs. short distance migrants and residents
(see Chapter 2). This practice makes sense if the goal of the sampling regime is to
maximize total detections per unit of sampling time, but is likely to lead to inefficiencies
when the primary goal is to monitor one or a few species of concern (Barker et al. 1993,
Welsh 1995). Also, efficiency with respect to count duration may be estimated using one
radius size, but if a researcher is trying to make the duration decision while also deciding
on a most efficient radius size, interactions between these factors need to be considered. A
key limitation that is inherent in making the comparison of potential count duration biases
between radius sizes is that sample sizes are reduced as the radius decreases, suggesting
that my ability to detect differences in distributions is lower at these smaller radii. For
example, only four species in each forest type had enough data to test for differences using
a Chi-Square Test at the 50m radius: bias at this and the 100 m radius size has not been as
thoroughly investigated as for the unlimited radius.

Duration Bias: Unlimited Radius. Based on my unlimited-distance data from the
wetland sites, a count length based on an efficiency analysis using just the neotropical
migrant data is likely to suggest a count length longer than what would be most efficient for
one of Michigan's species of concern, the Nashville Warbler. If a researcher were to
examine the grouped efficiency estimates for unlimited-radius data in Figure 2-5, she
would conclude that a twelve minute (or longer) count would produce the highest number
of detections per unit sampling time; this is probably longer than what is most efficient for
Nashvilles, since detections for this species were lower than expected in last four minute
interval. This problem could be exacerbated if efficiency is estimated using the data from
all species; here the Nashville detections are lower in both the 5-8 and 9-12 minute counting
periods. The identical pattern was seen for the Ovenbird in the upland sites (although not
in wetland sites). Also in the upland sites, I found that the Scarlet Tanager showed the
opposite bias from the species above when compared to neotropical migrants, suggesting
that "optimal" count lengths estimated from Figure 2-5 would be too short for efficiently
sampling this species. However, the Tanager showed no significant bias when compared
to all species together. All of the other neotropical migrants (using both wetland and
upland data) did not have significantly different patterns of detection with respect to count
length at this radius size.

As was found for the Ovenbird and Nashville Warbler, the most efficient sampling
duration for the Winter Wren (wetland data) would also be shorter than is likely to be
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estimated using grouped data (i.e. using Figure 2-5). The two other wetland species with
significant results, the Brown Creeper, and Red-breasted Nuthatch, would be more
efficiently sampled using longer counts than those likely to be chosen based on either set of
grouped data, while the Yellow-bellied Sapsucker showed this same bias in the upland
sites, but not in the wetlands. The pattern for the Hermit Thrush when compared to its
own species groups is hard to interpret with respect to the effect of estimating efficiency
using the pooled data, but when compared to all species it would appear to require longer
counts than would be most efficient for all species as a whole.

Duration Bias: 100-m Radius. The bias described above for the Nashville Warbler
was not found in the 100 m count radius data. At this radius, the appropriate neotropical
migrant curve shown in Figure 2-5 will provide a reasonable estimate of how sampling
efficiency for this species changes with duration. The Ovenbird showed a significant bias
(towards being most efficiently sampled using shorter counts than the neotropical mean
would suggest) in the wetland data, but no bias in the upland data. Both of these results
suggest that the patterns found at different radius sizes and in different forest types are
likely to be different, and that this difference should be considered when sampling
decisions are made if the goal of a program is to provide the most efficient monitoring
scheme for a particular species.

Another species of particular concern in Michigan, the Eastern Wood-Pewee,
shows a difficult to interpret pattern here; when compared to other neotropical migrants, it
shows a positive bias at each end (i.e., has higher than expected values in first and last
thirds of the count), but neither bias is particularly strong. The Scarlet Tanager has the
same general pattern, but with a stronger difference in the last four minutes, suggesting
again that efficient counts for this species may be longer than those for all neotropical
migrants together, as shown in Figure 2-5. Neither of these patterns was significant when
compared to all species. In the wetland sites, the Brown Creeper and Winter Wren
showed the same general pattern as seen at the unlimited radius, this was also true for the
Sapsucker in the uplands. Interestingly, the same pattern was not found for Sapsuckers in
the upland sites, even though sample sizes were comparable, again suggesting that forest
type (probably as it impacts the observer's detection abilities), can influence detection
patterns.

Duration Bias: 50 m Radius. At the 50 m radius, I was not able to detect any
significant differences among the wetland species with enough data for conducting Chi-
Square Tests. Based on the upland data, the Ovenbird showed the same pattern previously
seen in the wetland 100 m radius data: a strong positive bias in the middle four minute
period (when compared to others in its migratory group - the bias was not found when
compared to all species). Based on this result, the decreasing trend in expected cumulative
counts from durations of 4 to 8 minutes (shown in Figure 2-5) for neotropical migrants at
this radius size is likely to be even steeper for Ovenbirds. Again, this pattern is unlike that
seen for the Ovenbird in the unlimited radius upland data, demonstrating how the point
count methods used can impact results.

Welsh (1995) found some similar species-specific biases when comparing
individual species patterns to those for all species detected during 3-, 5-, and 10-minute
unlimited distance counts in forested study sites in eastern Ontario. Twelve species in his
study had distributions that were significantly different; none of those listed were of
particular concern in Michigan. These included some species that showed the same basic
trend as found in this study for unlimited radius counts (Ovenbird and Yellow-bellied
Sapsucker from upland sites, Red-breasted Nuthatch from wetlands) and some that did not
(the Red-eyed Vireo had higher detections in the 3 minute period with lower values
afterwards; the Hermit Thrush was higher than expected during both the 3 and 5 minute
periods, but lower than expected after 10 minutes of sampling).

Howe et al. (1995) in Wisconsin, and Gates (1995) in Maryland forests, compared
individual species' results to those for all species detected during the first and second
halves of 10-minute, unlimited radius counts. Both found disproportionately more
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observations of Red-eyed Vireos in the first 5 minutes; Howe et al. found more Winter
Wrens, and Gates found more detections than expected of Ovenbirds, Eastern Wood-
Pewees, and Scarlet Tanagers (significant at one of two sites) in the first five minutes.
Species with a bias in the other direction included American Robins and Scarlet Tanagers
(Howe et al. 1995), and Great Crested Flycatchers, Brown-headed Cowbirds, and
American Redstarts (at one of two sites) (Gates 1995). According to Gates (1995:89),
"this implies that 2 five minute counts at separate points are not equivalent to a single 10-
minute count, even if bird distributions are uniform in space, because the 10-minute counts
will include a higher proportion of wide-ranging birds." All of these data support the idea
that to develop a plan for efficiently monitoring one or a few species of concern,
researchers must collect, or have access to species-, and probably also habitat-specific
results that demonstrate the relative efficiency of different point count methods.

Within a forest type, the trends described above are likely to reflect a number of
interspecific behavioral differences in traits such as calling rates, since most other
differences between species (in factors related to detectability) should remain constant
across the 12-minute sampling period. Rates of songs and calls (i.e., number per minute)
have been found to vary between species, however a problem with many studies that
examine calling rate is that researchers start measuring rates once the species is already
calling (i.e., Wolf et al. 1995). These data are not particularly useful in determining how
likely a researcher is to detect a species during a point count, because what is really
important in the sampling context is the time between bouts of singing, since an observer
only needs to hear a bird once to record it at a point. Data on how often birds sing should
be collected on larger scales (i.e., number of 5 or 10 minute periods during a day in which
birds are detected - Mayfield 1981) so that this species-specific information can be
incorporated in study designs.

Differences in bias between samples taken in different forest types are probably
related to differences in detectability due to forest structure, and possibly behavioral
differences in the different habitats related to differences in the density of conspecifics.
Potential effects of different vegetation type and structure on species' detectability are
described in Chapter 2. Within a species, the density of conspecifics may affect
detectability; for example, Verner (unpublished data, as cited in Verner 1985), has
described decreased song rates and duration of song bouts by male marsh wrens
(Cistothoruspalustris) in a low density population compared with a high-density one in
another year on the same study plot. This type of effect is likely to confound attempts to
estimate any difference in detectability between habitats, as different habitats are likely to
support different densities of individuals.

Count Radius Bias
Differences in detection rates related to count radius have not been studied as much as those
due to count duration, probably because of the difficulty associated with estimating
distances to birds, especially those that are far away. However, the effects of radius
determine to a large extent how many birds are detected per point, and directly influence
travel time between points, so potential sources of bias should be investigated. In this
study, many more species showed significant bias related to distance from the observer
than did in relation to count duration, however, only one (the Nashville Warbler) was a
neotropical migrant of special concern in Michigan. In general the biases found followed
well established patterns of song detectability. Significant positive biases were found in the
greater than 100 m category for species that have loud songs or calls such as the Ovenbird
(in both forest types), Black-throated Green Warbler (wetland sites only), Winter Wren,
White-throated Sparrow, Hermit Thrush, and Blue Jay. There were some difference
within this group for the middle category (50-100 m); but in general this was not the part of
the distribution that contributed strongly to the significance of the test. Many researcher
have identified one or more of these species, especially the Winter Wren and Ovenbird, as
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having songs that can be heard across long distances (Brackenbury 1979, Emlen and
DeJong 1981, Lemon et al. 1981, Calder 1990, Wolf et al. 1995).

Similarly, species with particularly quiet songs such as the Black-and-white
Warbler, Brown Creeper, and Brown-headed Cowbird (Emlen and DeJong 1981, Wolf et
al. 1995) had significantly higher rates of detection than expected in the 0-50 m category.
Yellow-bellied Sapsuckers also were heard significantly more often in the 0-50 m category
in both forest types; this is probably due to both a relatively quiet call, and to the fact that
due to the high visibility of their nest holes (and often squeaking nestlings), they were often
seen at the nest without being heard. Two wetland species, the Nashville Warbler (both
comparisons) and the Northern Parula (compared to all species only) showed patterns of
high detections at the middle distance that contribute strongly to the X2, and low values at
either end. This pattern suggests that these species may sing less when an observer is
nearby, while also not singing loud enough to be commonly heard at distances greater than
100 m. Also, the Northern Waterthrush, which seemed very loud when I was sampling,
had proportionately high rates of detection at the smallest radius size. This is probably due
to the fact that it was often found in more open areas of the wetland where visibility was
higher than in other locations.

Statistical Power Analysis
Although many studies have demonstrated significant differences between mean rates of
detections for all species or individuals using different lengths or radii of counts (e.g.,
Buskirk and McDonald 1995, Thompson and Schwalbach 1995), in a practical sense this is
not really the issue when sampling protocols are being decided. What is important is how
this difference between methods affects our ability to detect declines, and how much each
method will cost to use. Ensuring that sampling protocols will provide enough statistical
power (i.e., estimating the probability of accepting a false null hypothesis) to provide
indications of species declines while there are still management options open should be the
real goal of monitoring programs (Taylor and Gerrodette 1993). Since statistical power
increases with increasing sample size, increased size of the effect we are trying to detect,
and decreased variability in the data, all of these factors need to be considered in the
development of a sampling plan (Gerrodette 1987, Taylor and Gerrodette 1993).

Based on the results of the statistical power analysis, if these data are thought of as
the first year's data in a two year monitoring plan, this number (113) of unlimited-distance
point counts, would allow me to detect a 40% declines in the relative abundance (using the
less conservative Type I and Type II error rates) of Nashville Warblers, Black-and-white
Warblers, Canada Warblers, Black-throated Green Warblers, Winter Wrens, Blue Jays,
White-throated Sparrows, and Yellow-bellied Sapsuckers. Using the more conservative
Type I and Type II error rates (0.05 and 0.10, respectively) would only allow me to detect
declines in Winter Wren relative abundance. Reducing the radius size to 100 m radius, also
decreased my ability to detect species declines (with a set number of counts); using the less
conservative error rates I would only be able to detect declines for only the Nashville and
Black-and-white Warblers, and the Winter Wren. Although a 40% decline in relative
abundance over two years is likely to be important biologically, if I designed a sampling
plan using 113 counts and the more conservative error rates at the 100-m radius, or using
either set of error rates and the 50 m radius, I would not be able to detect this large percent
difference between samples for any species. Of particular importance for the species of
conservation concern that are found in Michigan wetlands, only declines for the Nashville
Warbler and Canada Warbler could be detected using this sample size and any radius; the
Eastern Wood Pewee, Blackburnian Warbler, and Veery would require a minimum of 296,
401, and 663 point counts, respectively. The Great Crested Flycatcher was recorded only
3 times in the wetland sites, and is not likely to ever be sufficiently sampled in a monitoring
scheme in this limited area.
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If I conducted a similar "hypothetical" monitoring project in the uplands, even
though the number of counts conducted in upland sites was slightly higher than for
wetlands, I could detect the 40% decline for fewer species (based on two samples of 130
unlimited distance counts). I could potentially detect a 40% decline in relative abundance
using the less conservative Type I and Type II error rates (0.10 and 0.20, respectively) for
the Ovenbird, Red-eyed Vireo, Eastern Wood-Pewee, and Hermit Thrush based on
unlimited radius data; using the more conservative Type I and Type II error rates, or data
from the 100-m counts with less conservative error rates, I could still detect declines for the
first three species. The Ovenbird had such high detection rates that, even using the more
conservative error rates at the 100-m radius, I could still detect this large percent decline.
Of the species of particular concern, declines for the Eastern Wood-Pewee could be
detected using three of the radius size and error rate combinations, and, although the
requires samples for the Veery were still high (as they were in the wetlands), the sample
sizes are much closer here to what I actually did collect (156 counts using unlimited counts
and less conservative error rates - Table 3-11). The other 4 four species either were not
found in the upland sites, or were detected at rates too low to be useful for monitoring.
Even though the Great Crested Flycatcher was found 4 times as often here as it was in
wetlands, detecting declines for this species would probably require over 500 counts.

Most Efficient Sampling Radius
In the wetland sites, most of the neotropical migrants, including three of the species of
particular concern (Nashville, Canada, and Blackburnian Warblers), would be most
efficiently sampled using a 100 m radius count. For the Blackburnian Warbler, using this
radius would save about 21 observer days of sampling over the unlimited radius count; for
most species the difference between the efficiency of these two radii was slight, ranging
from less than 2 days for the Canada warbler to 6 days for the Northern Parula. Similarly,
when compared to the 50 m radius, there were differences between species in the relative
merit of the 100-m radius. The 100 m radius offers an advantage over the 50 m for
sampling Veeries, requiring 28 fewer observer days, and was twice as efficient as the 50 m
for the Nashville. It would also save about 4 days of sampling for the Canada Warbler
and 15 for the Ovenbird. With all of these wetland neotropical migrant species most
efficiently sampled using the 100 m radius size, the higher relative efficiency of this method
found in Chapter Two (Figure 2-5) makes sense. Four species for which relative
efficiency would not be well predicted using the means seen in Figure 2-5 are the Black-
throated Green Warbler and Eastern Wood-Pewee (best sampled using the unlimited
radius), and the Black-and-white Warbler and the Northern Waterthrush (most efficiently
sampled using a 50 m radius count).

To maximize ability to detect declines in the wetlands for species of concern, I
recommend the 100 m radius count, which was most efficient for both species of concern
that are found primarily in wetland ecosystems, the Nashville and Canada Warblers. This
radius is also most efficient for the Blackburnian Warbler and Veery, although many more
sampling days would be required to detect declines in the relative abundance of these
species. The 100 m radius was only slightly less efficient for the Pewee than the unlimited
radius.

In contrast to the neotropical migrants, none of the residents and migrants from the
wetland sites would be most efficiently sampled using the 100 m radius; 5 out of 7 would
require the fewest sampling days using unlimited radius counts. For the Blue Jay and
Winter Wren, two species that showed particularly strong biases toward being detected at
greater than 100 m away, using the 100 or 50 m radius would require more than 2 (100 m
radius) or 3 (50 m radius) times as many sampling days. Similarly, the Yellow-bellied
Sapsucker and Brown Creeper were the only two species that had lowest values in the 50
m radius column, and they showed a significant bias when compared to other species
toward being found within the 50 m radius. Choosing the 100 m radius to maximize
detections of species of concern would sacrifice efficiency in detecting declines of all of
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these species. However, all of these species required fewer total sampling days for
detecting declines than would be needed for Blackburnian Warbler or Pewees, so it is likely
that a plan designed to detect population changes for these species would also detect
declines in these residents and short-distance migrants.

In the upland sites, the neotropical migrants showed a different pattern from that
seen in the wetlands, with most species requiring the least sampling days to detect a 40%
difference between samples using an unlimited radius count. This was true for the two
species of concern commonly found in the upland sites, the Eastern Wood-Pewee and
Veery. The reduction in sampling effort for these species using the unlimited radius was
not very large; in both cases using the 100 m radius would only require less than three
more sampling days. Although most efficiently sampled using the 100 m radius in the
wetland sites, the Ovenbird would require about one day less of sampling using unlimited
counts in uplands; using either radius would require fewer than 4 days for this species due
to its high rate of detections. The overall pattern again matches that for the "mean"
neotropical migrant efficiency shown in Figure 2-5. Species not well represented by this
pattern of mean efficiency were the American Redstart, which showed a significant
negative bias against being detected at distances greater than 100 m (Table 3-5), and the
Scarlet Tanager (100 m was slightly more efficient).

Again, it seems that one radius size (unlimited) would be most efficient for the two
neotropical migrant species of concern in the uplands, and would also be most efficient for
the majority of migrants. The difference between what was best for species of concern in
the uplands versus the wetlands appears clear cut, and is likely to be related to the long
travel times and often thick vegetation (leading to increased sound attenuation --see Chapter
2) found in the wetland sites.

In contrast to the upland sites, two of the residents and short-distance migrants
from the wetland sites would be most efficiently sampled using the 100 m radius; these
were the Brown-headed Cowbird, which showed a strong bias toward not being found
more than 100 m from the count center, as well as the Robin, which did not show a
significant bias. The Hermit Thrush, a species with a strong bias compared to other species
toward being detected in the farthest radius category, would be most efficiently sampled
using unlimited distance counts, while, as was seen in the wetland sites, the Yellow-bellied
Sapsucker would require the fewest sampling days using the smallest radius, although the
50 m and 100 m values were very similar. A study designed to efficiently sample Veeries
and Pewees in the uplands should also be effective for detecting declines in Hermit
Thrushes and Cowbirds, but not in American Robins or Sapsuckers.

I have only been able to find one other study that examined sampling efficiency in a
similar way; Hanowski et al. (1990) examined the most efficient transect length to use in
transect-based counts designed to detect differences in the number of birds detected in
Wisconsin and northern Michigan forests. The transects were of different lengths, but for
all lengths only birds detected within 100 m on either side of the transect were counted. In
terms of overall results, Hanowski et al. found that fewer samples were needed to detect a
15% difference (a = 0.05, B= 0.20) in number of total individuals per transect when
longer (500 to 1050 m transects) were used, but that less total sampling days were needed
to detect the same level of decline when shorter transects were used (100 m to 350 m in
length), due to the higher number of sample sizes possible using shorter transects. These
differences would lead to 8 days of censusing using the 1000 m transect, versus 4 days
using the 100 m long transect samples.

As in my study, Hanowski et al. (1990) found different trends for individual
species; the Ovenbird and Red-eyed Vireo showed a generally linear trend in increasing
sampling effort needed with increasing transect length, while the Black-throated Green
Warbler and White-throated Sparrow were most efficiently sampled using a 100 or 350,
and 500 m transect, respectively. The Nashville Warbler had similar values for 100, 250
and 500 m transects, with the 350 m and >500 m transects requiring more sampling days.
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These differences are a bit perplexing, as they can't easily be explained by differences in at
what distance species were most often detected, since all counts were based on a 200 meter
wide strip that only varied in length.

Power Analysis Decisions
Although the focus of this study is determination of the most efficient methods for

sampling species of concern in Northern Michigan, consideration of the "hypothetical"
modeling data highlights many other factors that conservation workers need to address
when developing a monitoring plan. One key question that needs to be addressed is:
"What is an acceptable value for beta?" Although .05 has come to be the standard in terms
of the probability of a Type I error (and may not be the most appropriate level to use in
monitoring), there doesn't seem to be a similarly accepted value for beta (Toft and Shea
1983, Gerrodette 1987, Taylor and Gerrodette 1993). One might choose to set B at the
same level as a, which would suggest that the null and alternative hypotheses are being
examined using the same standard (Toft and Shea 1983, Rotenberry and Wiens 1985), or a
cost/benefit analysis of the consequences of each type of error could be done, and the
values for each could be chosen based on the relative costs (Rotenberry and Wiens 1985).
Toft and Shea (1983: 619) suggest that in basic research, the cost of a Type I error (for
example, claiming a pattern exists when it does not) "most often greatly exceeds" the cost
of a Type II error. The opposite is likely to be true in a monitoring context, especially if the
size of the smallest detectable difference is as large as 40% (Taylor and Gerrodette 1993,
Thompson and Schwalbach 1995), although there are certainly financial costs associated
with responding to population declines if some type of management action is taken when
perhaps it was unnecessary (a Type I error in this case). Considering the importance of
Type II errors, in many cases researchers may decide to weight them more heavily or at
least equally to Type I errors.

Also of major importance is determination of the level of decline that our monitoring
plan is powerful enough to detect. Obviously, we would like to do better than being only
able to detect a 40% decline, but deciding on an appropriate level is very challenging, and
as the amount of difference that can be detected decreases, the sample size needed to detect
this difference often dramatically increases (Rotenberry and Wiens 1985). For example,
based on Snedecor and Cochran (1989, Table 6.14.1., p. 104 - see Results), when testing
for a difference between means (one-tailed test), reducing the difference between samples
from 40% to 20% requires four times as many samples, which would lead to four times the
expense in terms of conservation dollars. How do we determine how much of a decline is
biologically significant? Although I do not have an answer to this question, or even a good
guess, it is important that this question be raised whenever changes in population size are
discussed.

Similarly, how much information are we losing by doing a one-tailed test? One-
tailed tests have no power to detect differences or trends in the opposite direction; any
increase in relative abundance would be missed (Gerrodette 1987). In the case of
conservation programs that are purely concerned with detecting declines, the increased
power of a one-tailed test is likely to outweigh the cost of not being able to detect
population increases. However, if monitoring also is required to meet the goal of
evaluating the effect of a management plan or some type of disturbance, most researchers
would be equally interested in population increases. This decision could be made on a
species by species basis, with common species being evaluated using a two-tailed test, and
less common species being tested only for declines, or perhaps the guild approach
described by Verner (1988) could be used for looking at the effects of habitat changes on
groups of species.

Perhaps a better way to use power analysis in this context would be to assume that
the hypothesis of a population decline is to be tested using linear regression of estimated
relative abundance against time - a significant result would be indicated by a regression line
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with a slope significantly different from zero (Gerrodette 1987, Taylor and Gerrodette
1993). In this case, the efficiency of the sampling protocol is evaluated by examining
which methods lead to minimization of the mean squared error of the trend estimate. This
difference in the statistical "goal" is likely to lead to a different optimization as compared to
those found here for the difference between samples (Barker et al. 1993, Barker et al.
1995). Gerrodette (1987) presents a set of formulas for detecting trends in a series of
surveys; using these requires that the researcher make assumptions regarding whether the
changes in abundance are occurring in constant increments or at a constant rate (linear and
exponential models, respectively), and as to whether the coefficient of variation for
abundance estimates is constant, proportional to the square root of abundance, or
proportional to the inverse of the square root of the abundance. Although using these
formulas for all of the species detected was beyond the scope of this study, conservation
workers developing monitoring plans for particular species should use this more realistic
approach, since most monitoring efforts are designed to last for more than two sampling
periods.

Evaluation of Proposed Standard Methods
Recently, there has been movement towards coming up with a standard method for

conducting point counts (Ralph et al. 1995b). Setting standards is problematic, because
although there are many benefits to standardization, one standard is not likely to provide the
most useful data for all researchers (Lynch 1995). Standards suggested by Ralph et al.
(1995b: 161) are designed to be used during the breeding season to "(1) provide trend data
for monitoring population changes; and (2) predict population responses to habitat
manipulations." The goals stated here seem compatible with the approach I have taken, but
the methods suggested would probably reduce sampling efficiency for at least the wetland
species of concern discussed in this study.

For count radius, the standards suggest that observers count all birds within an
unlimited radius, but sub-tally within a 50 m radius (Ralph et al. 1995b). This is designed
to maximize detections per point, while also allowing the observer to use the 50 m data for
comparing relative abundance between different areas, or to determine habitat associations.
Based on my results, this would be inefficient for species that are best sampled using a
smaller radius, even if data for a 50 (and any other radius size) are available, because, with
respect to sampling efficiency, the benefit of using the smaller radius is lost if you still walk
just as far between points (reducing the number of points that can be covered in a sampling
day). However, Ralph et al. (1995b) suggest a rather low minimum distance of 250 m
between points for these unlimited-distance counts, which is quite a bit smaller than the 400
m distances used to estimate efficiency in this study. Using this shorter travel time would
basically negate the loss in efficiency that was found for some species in this study between
the 100 m and unlimited-distance radii.

Unfortunately, this short distance between points is likely to lead to double
counting of birds by observers. Ralph et al. (1995b) support this small minimum distance
by citing a study by Scott et al.(1981), in which 95% of all birds were estimated to be
detected within 125 m of the observer. However, this study was done in Hawaii, and it's
likely that a "95% of all detections distance" would be much larger in many North
American ecosystems, especially in dry, open forests like those that were included in my
upland sites. Ralph et al.(1995b) suggest that this short distance is acceptable because the
maximum detection distance for nearly all species is less than 250 m; in effect, their method
requires that observers remember what they have heard from one point to the next, and
make an effort to not count the same bird twice. I think that remembering birds from one
point to the next is too difficult, and would recommend a larger distance between points, or
a smaller radius count to avoid double counting.

The standards proposed by Ralph et al. (1995b) suggest 5 minute counts when
travel time is less than 10 minutes, and 10 minutes of counting for longer travel times.
Unlike the radius suggestion, this standard would not require compromising sampling
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efficiency in these northern Michigan field sites, because, due to the long travel times, 10
minute counts are likely to be among the most efficient (see Chapter 2). This choice of
methods (as opposed to the radius size choice), allows a researcher to be flexible; longer
counts could be used as long as the observer makes a notation on the data sheet to indicate
when 3, 5, or 10 minutes have gone by so that birds recorded during these time intervals
can be compared with other studies (Buskirk and McDonald 1985).

Limitations of study
One thing that is clear from the discussion of detection distances and sampling bias is that
150 m (the distance between my points) is not far enough to approach conditional
independence; this assumption is violated when birds are recounted at neighboring points,
or when the calling rate of one bird influences the chance of detecting a bird at a
neighboring point (Pendleton 1995). The fact that my samples are collected using
systematic sampling rather than random sampling exacerbates this problem, in that
neighboring values are likely to be correlated, due to similar habitat conditions
(unconditional dependence) (Whysong and Miller 1987, Pendleton 1995). As a result of
both of these, it is likely that the variances estimated in my study are too small, suggesting
that the estimates of samples needed to detect particular changes in relative abundance are
also too small (Whysong and Miller 1987, Pendleton 1995).

Problems with Point Counts in General
As described by Barker and Sauer (1995: 130), "The dominant feature of point counts is
that they do not census birds, but instead provide incomplete counts of individuals present
within a survey plot." Most researchers make this problem worse by analyzing point
count data using standard sampling estimation procedures, acting as if these indices that we
can't even accurately evaluate (in terms of how many birds have been missed) can be
substituted for exact measurements of the birds present within each sampling area (Sauer et
al. 1994, Barker and Sauer 1995). David (1981) and Blondel (1985) argue that many
researchers acknowledge that their work involves many assumptions, such as the
assumption that all birds at a point or counted, but do nothing to compensate for the biases
introduced into their analysis as a result of these assumptions.

Burnham (1981:325) strongly criticizes the use of unadjusted point counts as an
index of abundance, calling this practice "neither scientifically sound nor reliable" because
these data lack any clear connection to biological parameters such as population densities.
Many other authors do not make such a strong statement against unadjusted point counts,
but agree that point count data, as well as data from other similar counting methods (i.e.,
transect counts) should not be used to estimate species densities because of the very low
accuracy of these data (Verner 1985, Verner and Milne 1989). However, point counts are
seen by many as the method of choice for detecting annual trends, because these counts
allow the time sampling to be controlled (as opposed to transect sampling or mapping
studies), and allow the sampling of many sites (Dawson 1981, Verner 1985, 1988, Verner
and Milne 1989).

However, even if we were able to collect extremely accurate point count data, the
problem of picking the correct scale for a study may hinder our ability to accurately
describe patterns of abundance over space and time (Wiens 1981). If the scale of a study
does not match the scale of the processes that are influencing the population, collecting
"perfect" data and making sure to sample enough points so that statistical tests can be
performed at a desired level of power is not enough to prevent researchers from coming to
erroneous conclusions (Wiens 1981). Because of these many limitations to point count
data, assumptions regarding their use should always be stated, and conclusions regarded
with care; however at this time they are likely to be our best early-warning system for
detecting population declines because they are relatively inexpensive, are widely used, and
because they are the only type of long-term data we have for many species (Barker and
Sauer 1995).
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In situations where point counts are the most appropriate method for monitoring
rare species, what do we do when the detection rates for the species are consistently low,
requiring extremely large sample sizes to have the power to detect population declines?
Monitoring species that are already rare, or are widely dispersed within ecosystems offers
an additional set of challenges for researchers. Two of the neotropical migrant species of
concern in Michigan, the Blackburnian Warbler and Great Crested Flycatcher seem to fit
this description, at least in the forests that I studied. The Blackburnian Warbler may be at
risk in northern Michigan due to declines in natural conifers such as white pine, red pine,
eastern hemlock (Tsuga canadensis), and balsam fir that have occurred in mesic upland
sites in northern Michigan (Doepker et al. 1992). These authors sampled for
Blackburnians at 384 listening points in the Escanaba River State Forest in the Upper
Peninsula of Michigan, and only detected them at 9 (2.3%) of these points (1992:368).
Since the power to detect declines decreases as means decrease, our ability to detect
declines in these species is likely to be very low in northern Michigan ecosystems (Taylor
and Gerrodette 1993). Taylor and Gerrodette (1993) suggest that in cases where the power
to detect declines is limited in this way, detection of a decline should not be required before
conservation measures are enacted.

For some species of conservation concern, methods for increasing mean detections
may improve the efficiency of monitoring plans. One option for increasing detection rates
is to use playbacks (recordings of male songs) to encourage singing by territorial males;
this can be done after the regular point count is completed, so that "regular" and playback
data are collected at each point (Johnson et al. 1981, Sliwa and Sherry 1992, Johnson
1995, Lynch 1995). Another way to improve the detections of species of concern is to
have researchers focus on a subset of species, rather than recording data on all; Scott et al.
(1981) found that counts done by "specialists" were higher than for those counting all
species for 5 of 7 species tested (significantly higher for two). So to improve detectability,
maybe limiting the observer in what they record will improve frequencies of detections by
keeping the observer from becoming "saturated" with cues from birds (Verner 1985).
Finally, points can be chosen that maximize the chances of detecting the species of concern.

Conclusions
Since individual species of conservation concern may vary widely in their singing

behaviors and conspicuousness in forested ecosystems, monitoring programs for one or
more rare species may have to be specially tailored to serve the purpose of detecting their
population changes in specific ecosystems (Verner and Ritter 1984). As a result, sampling
plans based on optimizing the efficiency of sampling for all species combined will not be
the most efficient for all individual species (Barker and Sauer 1995). For all species, there
is a general trend of increasing rate of detections with increasing count length and count
radius, however the strength and actual pattern of this trend is quite variable. Prior to
establishing a sampling plan for a particular species of concern, it makes sense to
investigate these patterns so that the species can be sampled with greater efficiency, and
limited conservation funds are not wasted.
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Table 3-4. Listing of species found at wetland sites for which distribution of detections
with respect to distance from observer (count radius) was significantly different than either
all species in the same migration group, or than all species combined (based on 10-minute
counts). Directions of biases found in detections are shown for each radius grouping; parts
of the distribution that had individual cell values for X2 greater than 4 (i.e., that contributed
large values to the total X2 ) are in BOLD. Species with results in boxes had the same
detection pattern bias and significance level when compared to all species and to only their
migratory group; these values are not repeated in the "all species combined" group.

Distance from observer

Neotropical migrants compared to combined other neotropical migrants
Black-and-white Warbler (70) *** higher lower lower
Northern Waterthrush (37) *** higher lower lower
Nashville Warbler (85) ** lower higher lower
Ovenbird (76) ** lower higher higher
Black-thr. Green Warbler (55) *** lower lower higher

Residents & short distance migrants r & sdms comped to combined other r & sdms.
Brown Creeper (27) *** higher lower lower
Yellow-bellied Sapsucker (27) *** higher lower lower
White-throated Sparrow (65) *** lower higher higher
Winter Wren (146) *** lower higer higher
Blue Jay (85) *** lower lower higher

Compared to all other species combined
Northern Waterthrush (37) *** higher higher lower
Northern Parula (29) * lower higher lower
Ovenbird (76) ** lower higher higher
White-throated Sparrow (65) *** lower higher higher
Winter Wren (146) *** lower lower higher

Notes:
1. Significance level of results: * = P<0.05; ** = P<0.01; *** = P<0.001.

Species for which there were enough detections to test (mean of at least 0.15 at an
unlimited radius), but distributions were not significantly different at the 5% level (number
of detections is in parentheses): Canada Warbler (61), Eastern Wood-pewee (20),
American Robin (38), Red-breasted Nuthatch (46).
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Table 3-5. Listing of species found at upland sites for which distribution of detections with
respect to distance from observer (count radius) was significantly different than either all
species in the same migration group, or than all species combined (based on 10 minute
counts). Directions of biases found in detections are shown for each radius grouping; parts
of the distribution that had individual cell values for X2 greater than 4 (i.e., that contributed
large values to the total X2 ) are in BOLD. Species with results in boxes had the same
detection pattern bias and significance level when compared to all species and to only their
migratory group; these values are not repeated in the "all species combined" group.

Distance from observer
Species (Total Detected) Significance 1  0 - 50m 50 -lO00m >lO00m

Neotropical migrants compared to combined other neotropical migrants
American Redstart (46) ** higher higher lower
Ovenbird (272) *** lower lower higher

Residents & short distance migrants (r & sdms) compared to combined other r & sdms.
Brown-headed Cowbird (47) *** higher lower lower
Yellow-bellied Sapsucker (32) *** higher lower lower
Hermit Thrush (83) *** lower lower higher

Compared to all other species combined
(no additional species or changes from patterns shown above)

Notes:
1. Significance level of results: * = P<0.05; ** = P<0.01; *** = P<0.001.

Species for which there were enough detections to test (mean of at least 0.15 at unlimited
radius), but distributions were not significantly different at the 5% level (number of
detections is in parentheses): Black-throated Green Warbler (50), Eastern Wood-pewee
(101), American Robin (21), Scarlet Tanager (39), Veery (52), Red-eyed Vireo (154).
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Table 3-6. Listing of species found at wetland sites for which distribution of detections
with respect to count length was significantly different than either all species in the same
migration group combined, or than all species combined, based on unlimited distance
counts. Directions of biases found in detections are shown for each radius grouping; parts
of the distribution that had individual cell values for X2 greater than 4 (i.e., that contributed

large values to the total X2) are in BOLD. Species with results in boxes had the same
detection pattern bias and significance level when compared to both all species and just
species in the same migratory group; these values are not repeated under the "all species
combined" heading.

Wetland - Unlimited radius counts
Minutes of Count

Species (Total Detected) Significance 1 -4 mmn | 5 -8 mmn | 9 - 12 mmn

Neotropical migrants compared to combined other neotropical migrants
Nashville Warbler (88) * higher higher lower

Residents & short distance migrants (r & sdms) compared to combined other r & sdms.
Winter Wren (147)*** higher lower lower
Brown Creeper (31) * lower higher higher
Red-breasted Nuthatch (48) ** lower higher higher

Compared to all other species combined
Winter Wren (147) *** higher lower lower
Nashville Warbler (85) ** lower higher lower
Brown Creeper (31) * lower higher higher
Red-breasted Nuthatch (48) ** lower higher higher

Notes:
1. Significance level of results: * = P<0.05; ** = P<0.01; *** = P<0.001.

Species for which there were enough detections to test (mean of at least 0.25 at an
unlimited radius), but distributions were not significantly different at the 5% level (number
of detections is in parentheses): Black-and-White Warbler (76), Black-throated Green
Warbler (63), Blue Jay (93), Canada Warbler (68), Ovenbird (81), Northern Parula (30),
Northern Waterthrush (39), American Robin (39), White-throated Sparrow (73),Yellow-
bellied Sapsucker (47).
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Table 3-7. Listing of species found at wetland sites for which distribution of detections
with respect to count length was significantly different than either all species in the same
migration group combined, or than all species combined, based on 100 m radius counts
(top table). No significant differences were found based on 50 m radius data; species with
enough data to test are listed under the 50 m radius heading. Directions of biases found in
detections are shown for each radius grouping; parts of the distribution that had individual

cell values for X2 greater than 4 (i.e., that contributed large values to the total X2) are in
BOLD). Species with results in boxes had the same detection pattern bias and significance
level when compared to both all species and just species in the same migratory group; these
values are not repeated under the "all species combined" heading.

Wetland - 100 m radius counts
Minutes of Count

Species (Total Detected) Significance 1 -4 min 5 - 8 min| 9- 12 min

Neotropical migrants compared to combined other neotropical migrants

Ovenbird (50)** lower higher lower

Residents & short distance migrants (r & sdmsTom ed to combined other r & sdms.
Winter Wren (70) ** higher lower lower
Brown Creeper (29) * lower higher higher

Compared to all other species combined
(No additional species or changes in patterns)

Notes:
1. Significance level of results: * = P<0.05; ** = P<0.01; *** = P<0.001.

Species for which there were enough detections to test (mean of at least 0.25 based on a
100 m radius), but distributions were not significantly different at the 5% level (number of
detections is in parentheses): Black-and-White Warbler (69), Canada Warbler (50),
Nashville Warbler (69), Northern Waterthrush (39), Red-breasted Nuthatch (34), White-
throated Sparrow (42),Yellow-bellied Sapsucker (41).

Wetland - 50 m radius counts
No significant differences. Species for which there were enough detections to test (mean
of at least 0.25 based on a 50 m radius), but distributions were not significantly different at
the 5% level (number of detections is in parentheses): Black-and-White Warbler (50),
Canada Warbler (28), Winter Wren (31),Yellow-bellied Sapsucker (32).
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Table 3-8. Listing of species found at upland sites for which distribution of detections with
respect to count length was significantly different than either all species in the same
migration group combined, or than all species combined, based on unlimited-distance
counts. Directions of biases found in detections are shown for each radius grouping; parts

of the distribution that had individual cell values for X2 greater than 4 (i.e., that contributed

large values to the total X2) are in BOLD.

Upland -Unlimited radius counts
Minutes of Count

Species (Total Detected) Significance) 1 -4 mmi 5-8 min 9-12 min

Neotropical migrants compared to combined other neotropical migrants
Ovenbird (283) * higher higher lower
Scarlet Tanager (45) * lower higher higher

Residents & short distance migrants (r & sdms) compared to combined other r & sdms.
Hermit Thrush (95) * higher lower higher

Compared to all other species combined
Ovenbird (283) ** higher lower lower
Yellow-bellied Sapsucker (37) ** lower higher higher
Hermit Thrush (95) ** lower lower higher

Notes:
1. Significance level of results: * = P<0.05; ** = P<0.01; *** = P<0.001.

Species for which there were enough detections to test (mean of at least 0.25 after 12
minutes), but distributions were not significantly different at the 5% level (number of
detections is in parentheses): American Redstart (46), Black-throated Green Warbler (53),
Brown-headed Cowbird (53), Eastern Wood-pewee (105), Veery (59), Red-eyed Vireo
(161).
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Table 3-9 a & b. Listing of species found at upland sites for which distribution of
detections with respect to count length was significantly different than either all species in
the same migration group combined, or than all species combined, based on 100 meter (a)
or 50 m radius counts (b). Directions of biases found in detections are shown for each
radius grouping; parts of the distribution that had individual cell values for X2 greater than
4 (i.e., that contributed large values to the total X2 ) are in BOLD). Species with results in
boxes had the same detection pattern bias and significance level when compared to both all
species and just species in the same migratory group; these values are not repeated under
the "all species combined" heading.

(a) Upland - 100 m radius counts
Minutes of Count

Species (Total Detected) Significancel 1 -4 min 5-8 min 9-12 min

Neotropical migrants compared to combined other neotroical migant
American Redstart (37) * higher higher lower 1
Eastern Wood-Pewee (62) * higher lower higher
Scarlet Tanager (32) * higher lower higher

Residents & short distance migrants (r & sdms) compared to combined other r & sdms.
(none)

Compared to all other species combined
Yellow-bellied Sapsucker (35) ** lower higher higher

Species for which there were enough detections to test mean of at least 0.25 at a 100 m
radius), but distributions were not significantly different at the 5% level (number of
detections is in parentheses): Brown-headed Cowbird (47), Hermit Thrush (27), Ovenbird
(131), Veery (39), Red-eyed Vireo (88).

(b) Upland - 50 m radius counts
Minutes of Count

Species (Total Detected) Significancel 1 -4 min 5-8 min 9-12 min

Neotropical migrants compared to combined other neotro ical migrants
Ovenbird (36)** lower higher lower

Residents & short distance migrants (r & sdms) compared to combined other r & sdms.
(none)

Compared to all other species combined
Brown-headed Cowbird (27) * lower higher lower

Notes:
1. Significance level of results: * = P<0.05; ** = P<0.01; *** = P<0.001.

Species for which there were enough detections to test (mean of at least 0.25 at a 50 m
radius), but distributions were not significantly different at the 5% level (number of
detections is in parentheses): American Redstart (46), Red-eyed Vireo (43).
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Table 3-12. Comparison of the efficiency of different sampling radii in wetland sites with
respect to how many sampling days would be required to detect a 40% difference between
two estimates of the mean relative abundance for each species (one-sided test, Type I error
rate set at 0.1, Type II error rate set at 0.2). Using the sample size calculations shown in
Table 3-10, these estimates are based on a 5 hour sampling day, a travel rate of 11.6 min /
100 m (400 m between unlimited radii, 200 between 100 m radii, and 100 between 50 m
radii), and a 10 minute count at each point.

Number of Sampling Days Required to Detect a
40% Decline in Relative Abundance

Species
Unlimited

Distance Count
100 m Radius

Count
50 m Radius

CountIk TV'4 -4%krIM *% 04%kW% l All A iCountr'
NEITROPICAL MIGRANTS
Black-throated Green Warbler 18.4
Eastern Wood-Pewee 55.6
Nashville Warbler 12.6
Canada Warbler 18.8
Ovenbird 23.1
Northern Parula Warbler 30.8
Blackburnian Warbler 75.3
Veery 124.5
Black-and-white Warbler 16.0
Northern Waterthrush 60.7

28.2
58.2
8.4
17.1
18.4
24.5
52.9
121.4

53.6
61.8
16.9
21.2
33.6
53.6
53.6
149.7

10.7
35.7

9.4
27.3

SHORT-DISTANCE MIGRANTS & RESIDENTS
Winter Wren 3.0 7.6
Blue Jay 12.2 35.6
White-throated Sparrow 13.0 19.2
Red-breasted Nuthatch 22.4 24.1
American Robin 22.7 24.3
Yellow-bellied Sapsucker 20.5 15.4
Brown Creeper 37.2 23.1

13.7
35.8
33.6
30.4
40.8
13.7
20.0
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Table 3-13. Comparison of the efficiency of different sampling radii in upland sites with
respect to how many sampling days would be required to detect a 40% difference between
two estimates of the mean relative abundance for each species (one-sided test, Type I error
rate set at 0.1, Type II error rate set at 0.2). Using the sample size calculations shown in
Table 3-11, these estimates are based on a 5 hour sampling day, a travel rate of 9.4 min /
100 m (400 m between unlimited radii, 200 between 100 m radii, and 100 between 50 m
radii), and a 10 minute count at each point.

Number of Sampling Days Required to Detect a
40% Decline in Relative Abundance

Species
Unlimited 100 m Radius

Distance Count Count
I

50 m Radius
Count

NEOTROPICAL MIGRANTS
Ovenbird 2.5 3.8 12.0
Red-eyed Vireo 5.2 9.3 11.0
Eastern Wood-Pewee 7.9 10.6 22.7
Veery 24.6 27.2 32.2
Black-throated Green Warbler 24.5 40.9 64.2
American Redstart 51.6 35.3 53.4
Scarlet Tanager 26.9 24.6 49.1

SHORT-DISTANCE MIGRANTS & RESIDENTS
Hermit Thrush 15.3 37.7 64.2
Brown-headed Cowbird 25.2 17.0 24.5
American Robin 57.0 53.3 154.6
Yellow-bellied Sapsucker 36.4 23.1 22.7
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Chapter 4: Summary and Conclusions

For many years, researchers have suggested that populations of many species of
neotropical migrant birds in the United States are declining. In order to test this
hypothesis, we need to understand how the methods that we use for collecting data impact
the results we obtain, and, if we are not careful, the conclusions that we draw based on our
data. I examined methods for improving the efficiency of point count sampling in wetland
and upland forests in northern lower Michigan. In Chapter 1, the question of what is the
most efficient combination of sampling methods was addressed using two groups of
species, neotropical migrants and short-distance migrants and residents. Here, I compared
the effects of (1) changing the duration of point counts, and (2) changing the count radius
in wetland and upland ecosystems. Next, I compared different combinations of point count
durations and radii to see which produced the highest expected cumulative count per hour
(a measure of sampling efficiency). There was a lot of variation in the patterns for the two
species groups, suggesting that combining the groups into "all species" would further
reduce the potential value of these detection pattern "means" for estimating the most
efficient set of methods to use for a particular species or ecosystem type.

For neotropical migrants in wetland sites, I found that an 8-12 minute, 100 m
radius point counts would be most efficient. This radius size would also be most effective
for sampling the residents and short-distance migrants using long count durations (8-12
minutes), although similar efficiency levels could be attained using shorter duration (5-6
minute) 50 m radius counts. In the uplands, the neotropical migrants had the highest
expected cumulative counts with 12-minute, unlimited radius counts; residents could be
sampled most efficiently using either the unlimited radius or 100 m radius size and long
counts (10-12 minutes). These results suggest that what is most efficient varies both by
forest type and by migratory group in northern Michigan forests.

Next, I addressed species-specific biases, and effects of using different point count
radii (with 10 minute count lengths) on sampling efficiency in the same ecosystems,
focusing on species of conservation concern. Based on my unlimited-distance data from
the wetland sites, if a researcher were to choose a count length based on efficiency analyses
using pooled neotropical migrant data, it is likely that the chosen count duration would be
slightly longer than what would be most efficient for one of Michigan's species of concern,
the Nashville Warbler. I predict that this problem could be exacerbated if efficiency is
estimated using the data from all species, because compared to all species, detection rates
were lower than expected for Nashvilles in the last two-thirds, rather than just last third, of
the sampling period (12 minutes). None of the other wetland species of concern showed a
significant bias at this radius size, however sample sizes for the all but the Canada and
Nashville Warbler were fairly low. Similarly, no significant bias related to count duration
was found for the any of the wetland species of concern using the 100 m radius data. At
this radius, it appears that appropriate wetland neotropical migrant curve shown in Figure
2-5 will provide a reasonable estimate of how sampling efficiency for a species changes
with duration. Another species of particular concern in Michigan, the Eastern Wood-
Pewee, showed a significantly different detection pattern in the upland sites; when
compared to other neotropical migrants, it had a positive bias at each end (i.e., has higher
than expected values in first and last thirds of the count), but neither bias is particularly
strong.

I also examine how the mean detection rate influenced the number of samples
needed to detect a 40% decline in the relative abundance of a species, using different levels
of statistical power. In the wetlands, two neotropical migrant species and most of the
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short-distance migrants and residents would all be most efficiently sampled using the
unlimited radius count, while over half of the neotropical migrants, including four of
conservation concern (Veery, and Nashville, Canada, and Blackburnian Warblers) would
be most efficiently sampled using 100 m radius counts. In the uplands, most of the
neotropical migrants, including two of conservation concern (Eastern Wood-Pewee, and
Veery) would be most efficiently sampled using an unlimited radius count. The number of
sampling days required to detect a 40% decline using a one-sided test (alpha =0.1, beta =
0.2) varied widely for the species of concern. Using count radii found to be most efficient
for each species, detecting this large difference in relative abundance would require
approximately 8 days for the Eastern Wood Pewee and Nashville Warbler (in upland and
wetland sites, respectively), 17 and 52 days, respectively for the Canada Warbler and
Blackburnian Warblers in the wetlands, and 25 days for the Veery in uplands. The last
species of concern, the Great Crested Flycatcher, was detected at very low rates in both
systems, and, as a result, detecting declines of this species would be very difficult. To
Detect declines of 20% rather than 40% would require four times as many sampling days.

In conclusion, this study highlights the fact that the most efficient methods for
sampling bird species of conservation concern are likely to change with each species, and
each situation. Although some generalities can be made with respect to how the ruggedness
of the terrain, or level of sound output from a species may indicate what type of methods
are appropriate, educated guesses are not likely to be good substitutes for pilot studies.
Similarly, if a researcher wants to monitor populations of rare species, they should also
make sure that the number of samples being taken is sufficient for actually detecting
changes in population size. Following a set of guidelines without testing them in the actual
study areas beforehand could lead to wasted time, money, and perhaps most importantly, a
missed opportunity to identify a species decline while there is still time for conservation
actions to work.
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Appendix A. Families and common and scientific names of species, grouped by status as a
neotropical migrant, or as a short distance migrant or resident.

Family Name
NEOTROPICAL
Tyrannidae

Muscicapidae
Vireonidae

Emberizidae

I Common Name
MIGRANTS

Eastern Wood-Pewee
Least Flycatcher
Great Crested Flycatcher
Veery
Solitary Vireo
Yellow-throated Vireo
Red-eyed Vireo
Nashville Warbler
Northern Parula
Magnolia Warbler
Black-throated Blue Warbler
Black-throated Green Warbler
Blackburnian Warbler
Black-and-white Warbler
American Redstart
Ovenbird
Northern Waterthrush
Canada Warbler
Scarlet Tanager
Rose-breasted Grosbeak
Northern Oriole

I Scientific Name

Contopus virens
Empidonax minimus
Myiarchus crinitus
Catharusfuscescens
Vireo solitarius
Vireoflavifrons
Vireo olivaceus
Vermivora ruficapilla
Parula americana
Dendroica magnolia
Dendroica caerulescens
Dendroica virens
Dendroica fusca
Mniotilta varia
Setophaga ruticilla
Seiurus aurocapillus
Seiurus noveboracensis
Wilsonia canadensis
Piranga olivacea
Pheucticus ludovicianus
Icterus Ralbula

SHORT-DISTANCE MIGRANTS AND RESIDENTS
Columbidae Mourning Dove Zenaida macroura
Picidae Yellow-bellied Sapsucker Sphyrapicus varius

Downy Woodpecker Picoides pubescens
Hairy Woodpecker Picoides villosus
Northern Flicker Colaptes auratus
Pileated Woodpecker Dryocopus pileatus

Corvidae Blue Jay Cyanocitta cristata
American Crow Corvus brachyrhynchos
Common Raven Corvus corax

Paridae Black-capped Chickadee Parus atricapillus
Sittidae Red-breasted Nuthatch Sittacanadensis

White-breasted Nuthatch Sitta carolinensis
Certhiidae Brown Creeper Certhia americana
Troglodytidae Winter Wren Troglodytes troglodytes
Muscicapidae Hermit Thrush Catharus guttatus

American Robin Turdus migratorius
Bombycillidae Cedar Waxwing Bombycilla cedrorum
Emberizidae Yellow-rumped Warbler Dendroica coronata

Pine Warbler Dendroica pinus
Northern Cardinal Cardinaliscardinalis
Chipping Sparrow Spizellapasserina
White-throated Sparrow Zonotrichia albicollis
Brown-headed Cowbird Molothrusater
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Appendix B. Wetland species' detection patterns. Open, striped, and solid bars are
detection means (+2 SE) from 4-, 8-, and 12-minute counts, respectively.
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Appendix B (continued). Wetland species' detection patterns. Open, striped, and solid bars are
detection means (+2 SE) from 4-, 8-, and 12-minute counts, respectively.
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Appendix B (continued). Wetland species' detection patterns. Open, striped, and solid bars are
detection means (+2 SE) from 4-, 8-, and 12-minute counts, respectively.
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Appendix C. Upland species' detection patterns. Open, striped, and solid bars are

detection means (+ 2 SE) from 4-, 8-, and 12-minute counts, respectively.
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Appendix C (continued). Upland species' detection patterns. Open, striped, and solid bars
are detection means (+ 2 SE) from 4-, 8-, and 12-minute counts, respectively.
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