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ABSTRACT

Counts and banding captures of spring or fall
migrants can generate useful information on the
status and trends of the source populations. To do
so, the counts and captures must be taken and
recorded in a standardized and consistent manner.
We present recommendations for field methods for
counting and capturing migrants at intensively
operated sites, such as bird observatories and
banding stations with daily or near daily coverage.
Each site should generate a daily “migration count”
for each species. One or more methods are
acceptable, including a visible migration count, a
census or area search, banding captures, and a
daily estimated total. All methods should be
standardized as far as possible and a written
protocol for each site should define the count area,
times and locations of count and capture pro-
cedures, and other site-specific features designed
to maintain consistency from day-to-day and year-
to-year. The protocol should also include standards
for numbers and skills of personnel and for habitat
management. Several factors should be con-
sidered when selecting new migration monitoring
sites, including specific questions to be addressed,
presence of target and/or high priority species,
turnover rate of migrants, habitat stability, property
ownership and tenure, and accessibility. Sites
should be operated for at least 10 years with
coverage of 75% or more of the migration period
of target species.
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INTRODUCTION AND OBJECTIVES

Any species that migrates can be counted during
passage or at a stopover site along the migratory
path. If the entire population breeding or wintering
to the north or south of the site migrates, counts of
migrants have the potential to generate useful
information on the status of those populations.

Accurate knowledge of population status and
trends is fundamental to species conservation. The
premier scheme for determining population change
in North American birds is the Breeding Bird Survey
(BBS; Robbins et al. 1986, Sauer et al. 2004).
However, the BBS roadside survey is unsatisfactory
for monitoring populations of some species that
breed in low densities or are difficult to detect. Also,
geographic coverage by the BBS does not fully
encompass the breeding ranges of many species,
particularly those breeding in northern Canada and
Alaska.

A recent analysis, undertaken for the Partners in
Flight North American Landbird Conservation Plan
(Rich et al. 2004), listed 244 species judged to be
monitored poorly on a continental scale by BBS,
either because the species is too rarely en-
countered, precision of trend estimation is low, or
because BBS covers < 2/3 of the continental
breeding range. These are high priority species
for monitoring by other methods; many are migrants
and potentially amenable to monitoring
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during migration. The authors of the plan
recommended improved migration monitoring
capability in North America, particularly for those
migratory species poorly monitored by BBS (Rich
et al. 2004). The first step for obtaining reliable
population trends from migration data is to ensure
that field data are collected in accordance with
acceptable standards. Our primary objective in this
paper is to provide recommendations for collecting
such data.

The potential value of migration monitoring as a
means of assessing population changes in migrant
landbirds was evaluated in 1993 at an international
workshop organized by the Canadian Wildlife
Service and the U. S. Fish and Wildlife Service
(now the Biological Resources Division of the U.S.
Geological Survey). The workshop recommended
establishment of a continental migration monitoring
program and appointed a technical committee to
establish standards and guidelines for station
operation (Blancher et al. 1994). Draft recom-
mendations were circulated widely for comment
and then were posted on the Internet (Hussell and
Ralph 1998). To make this document more widely
available, we have updated and revised this version
of those recommendations and brought them into
conformity with the suggestions contained in Ralph
and Dunn (2004).

In the interests of brevity, we have omitted some
of the detailed background and rationale for our
recommendations. That additional material is in the
original document (Hussell and Ralph 1998) which
also contains a preliminary list of northern-breeding
species judged to be of high priority for migration
monitoring. For a more complete and updated list
of species priorities, see the North American
Landbird Conservation Plan (Rich et al. 2004).

We describe options and recommendations for field
methods for documenting numbers of small
landbirds during migration, for the purpose of
monitoring changes in population size. The
recommendations are designed for intensively
operated sites, such as bird observatories and bird-
banding capture stations, and they apply equally
to spring and fall migrations. The target audience
is any individual or group who wishes to collect high
quality data to estimate trends in migrating

Jan. - Mar. 2005

North American Bird Bander

bird populations in a scientifically rigorous manner.
These data should be suitable for analyses both of
long-term trends in populations and for com-
parisons among sites throughout North America.

We note that some of the recommendations below
would be somewhat different for study objectives
other than population trend estimation. Such
objectives might include suitability of stopover
habitat, or the composition and productivity of local,
resident birds or short-distance migrants.

The basic approach to documenting population
trends of birds sampled during migration is to
generate a daily “Migration Count,” using one or
more counting techniques as described below
(Dunn and Hussell 1995). Migration monitoring
stations can also gather data relevant to a wide
variety of other important population parameters
on migrating birds. Many of these data, such as
condition, timing of movements, age and sex ratios,
are derived from capture of individual birds. They
may indicate the causes of changes in migrant
population size and composition or generate
hypotheses concerning specific causes of changes,
including declines.

Our recommendations are based on methods that
have been shown in several studies to generate
population trends that correspond well with trends
from the BBS (Hussell et al. 1992, Pyle et al. 1994,
Dunn et al. 1997, Francis and Hussell 1998, Ballard
et al. 2003). Other approaches to data collection
and analysis of migration counts may also prove
to be valid but have yet to be evaluated.

A key recommendation is that each station
develops its own field protocol of standard operating
procedures to be used in the same manner from
day to day and from year to year. Our recom-
mendations do not require that every station use
identical methods. The guidelines presented here
are intended to establish the methodological
bounds within which data useful for monitoring
numbers of migrating birds can be collected. Within
these bounds, techniques should be modified to
meet constraints imposed by local geographical
conditions and the availability of skilled personnel.
We also offer suggestions for choosing new
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sites and provide guidance on which species are
of highest priority for migration monitoring.

Many of our recommendations are designed to
‘maximize the usefulness of migration counts for
estimating population changes. Standardization of
counting methods can only contribute to removing
extraneous variation derived from variable observer
effort and sampling procedures. Migration counts
will still be subject to uncontrollable variation from
factors such as weather, observer differences,
unavoidable changes in the level of effort, and
habitat change. Some of these problems can be
addressed by the use of appropriate analytical
procedures. We do not directly address these
statistical issues here, although we do allude to
them in support of certain recommendations.
Those interested in details should see Hussell
(1981), Hussell et al. (1992), Dunn and Hussell
(1995), Dunn et al. (1997), Francis and Hussell
(1998), and Dunn et al. (2004a,b).

- THE MIGRATION COUNT

A “migration count” is any tally or count of birds on
spring or fall passage (Dunn and Hussell 1995).
This definition could include birds counted at a
stopover site, observed flying past a fixed point in
diurnal migration, captured in nets or traps, seen
on radar screens, or whose calls are recorded in
nocturnal migration. Here we are concerned
primarily with monitoring small landbirds, par-
ticularly nocturnal migrants, by counting birds
observed or captured at stopover sites immediately
following a migratory flight.

Depending on the situation, a migration count may

be derived exclusively from observations (as is the
case with most hawk migration counts), exclusively
from standardized netting of birds, or from a
combination of observations and captures.
Incidental observations (unstandardized or
incompletely standardized) can be a useful
component of a daily “estimated total” (ET).
Therefore, incidental observations are discussed
as an option below, although we do not recommend
that they be used alone. Regardless of the method,
the migration count can never be a complete tally
of every bird present at or passing over a site.
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Instead, observers record a sample of the -
population. Standardization of methods helps
ensure that the proportion of the migrating
population that is counted remains similar from day
to day and year to year. The more standardized
the method, the more consistent and useful the
counts will be.

The ideal that we should strive for is a separate
tally each day (or for each count within a day) of
three groups: (1) newly arrived migrants, (2)
resident individuals, and (3) stopovers that arrived
on earlier days. Inclusion of groups (2) and (3) in
successive counts that are intended to represent
group (1) may violate assumptions of some
analyses. Inaccurate assignment of some
individuals is inevitable in most counting methods,
although banding contributes to separation of new
arrivals from previously captured individuals.

Methods to be Considered

There are several options for producing a useful
migration count of small landbirds: banding
captures by net or trap; visible migration count; area
search or route census counts; incidental ob-
servations; and daily estimated totals. A sampling
method or combination of methods should be
selected that is judged to be effective at the
particular monitoring site. More than one type of
data can be collected simultaneously, which can
be useful in assessing the contribution of each
method to resuits (Dunn et al. 2004b). Combining
capture with observational methods can improve
the quality of trends in some cases, as well as
increase the number of species that can be
analyzed.

Pros and cons of each method of sampling
migrants should be considered carefully before it
is adopted as part of a standard field protocol. We
provided a detailed list of potential advantages and
disadvantages of each method in Hussell and
Ralph (1998). We recommend that persons
contemplating design of a migration monitoring
program consider those comments.

Visible migration counts - A count of migrants
- can be conducted at sites where an important
feature of migration is diurnal movement of birds
(including diurnal movement of primarily nocturnal
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migrants, and/or movements of strictly diurnal
migrants, such as swallows). The count is usually
taken at a fixed point and consists of a tally of those
individuals that can be identified as they move
through or over the site. This method is used
widely for recording migrations of hawks in North
America (e.g. Fuller and Titus 1990, Bildstein 1998),
as well as waterbirds, and has also been used for
recording diurnal flights of landbirds in Europe and
the Americas (Eckert 1990, Ralph et al. 2005). A
standardized visible migration count may be
adopted in addition, or as an alternative, to a
census, and as a component of an estimated total
(see below). If the count includes individuals that
may remain in, or return to, the count area from
day to day, then a procedure for estimating such
individuals should be adopted.

Area search or route census counts - A census
is an attempt to identify and count all of the birds in
a specified area within a specific time period (Ralph
1981). For monitoring migrants, it should be
conducted at the same time each day, usually within
the first 2-4 hours after sunrise. It may involve an
“area search” of the entire study site (see ‘Count
Area,’ below), or of selected plots within the area
(Ralph et al. 1993:35). A survey along a pre-
determined route within the entire study area can
also be used as a census. The census route or
search area should be of a size that can be covered
in about one hour at a slow walking pace (e.g., a
1-2 km route). A census of migrants may be most
effective in relatively open sites, where the
vegetation is not too dense for birds to be seen
easily. For population monitoring, a census can
be used independently or as a component of an
estimated total. If itis to be used independently, a
procedure for estimating stopovers and residents
should be included if possible, and the census
should perhaps cover a larger area and last
correspondingly longer.

Banding captures - Captures of birds during
migration have often been used alone as a count
method for monitoring changes in population size
(Berthold and Schienker 1975, Berthold et al. 1986,
Hagan et al. 1992, Dunn et al. 1997, Lloyd-Evans
and Atwood 2004). Banding captures also have
the potential to monitor changes in age composition
and other demographic factors (Dunn et al. 2004a,
Hussell 2004). Most standardized capture
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procedures involve only the use of mist nets.
However, Heligoland or other traps (including baited
traps) could be used for the same purposes. The
count of newly arrived birds should be the capture
rate (e.g., birds/net-hour) of newly captured
individuals. Standardized capture can also be a

-component of a daily estimated total. Standards

for netting are detailed in Ralph et al. (2004a), and
are reviewed here only briefly. Net and trap sites
should be identified and marked clearly and set in
exactly the same positions each year. The array
of nets and traps should allow operators to visit all
within 10-15 minutes when no birds are present
(North American Banding Council 2001a, b). The
number and types of nets and traps should remain
constant from hour to hour and year to year, as
these variables can affect capture totals (Pardieck
and Waide 1992). We suggest that bait not be
used with a standardized Heligoland trap or mist-
netting program, because it is difficult to use
consistently (e.g., in consistent quantity), and may
influence stopover duration of migrants. Water drip
traps are easier to standardize, but still must be
used consistently. Unavoidable changes in
position, number, or type of nets or traps (e.g.,
dimensions, mesh size) should be documented.
The nets and traps should be operated during the
same number of hours during the same standard
time period each day. For monitoring nocturnal
migrants, an early morning start at the same time
relative to sunrise is preferred. Nonetheless, even
during the standard period, the trapping or netting
operation should be stopped if conditions arise that
endanger the safety of birds. Opening and closing
times of each net and trap should always be
recorded. Partial closure and opening of the array
of nets and traps should be avoided whenever
possible. Attention should be given to managing
the vegetation in the vicinity of net or trap sites to
mitigate potential long-term changes in the habitat
(e.g., Berthold and Schlenker 1975, Berthold et al.
1986).

While standardization of effort is very important, at
some sites, such as certain exposed coastal
locations, it may be difficult or impossible to
maintain an adequately standardized trapping or
netting procedure due to frequent adverse weather
or wide fluctuations in bird numbers (requiring
frequent closure of some or all nets). At some sites,
uncontrollable habitat changes may require re-
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location of nets. In either circumstance, we
recommend banding capture not be used as the
only, independent count method, but it can still be
used as a component of a daily estimated total
(Dunn et al. 2004b) and to determine age and sex
composition of the population.

As discussed in Raiph et al. (2004a), the minimum
data taken at a capture station are: species, band
number, age and sex of the birds, and a measure
of the capture effort expended (e.g., net hours).
Recording of information on how birds were aged
and sexed, wing chord, body mass and/or fat
condition, and molt condition is recommended
highly but is not required for population monitoring
purposes. It is essential that knowledge and
experience of principal banders be at a very high
level to ensure accuracy in identification, appro-
priate use of plumage criteria for age and sex, and,
especially, for use of skull ossification for ageing.
We suggest that a permanent and fully equipped
banding laboratory or shelter be located con-
veniently within the trapping/netting area of all major
stations to enable banders to process birds
accurately and efficiently.

Incidental observations - Recording incidental
observations of birds seen or heard by observers
or banders in the course of their work is important
in determining the presence or absence of rare and
unusual species not normally observed, not
captured by nets or traps, or missed during regular
censuses or visible migration counts. However,
this is inherently an unstandardized method, and
we do not recommend it as a migration count
technique, except when used in combination with
other methods. Nevertheless, standardization can
be improved if consistent procedures or rules are
adopted that result in a similar amount of effort
being devoted to incidental observation each day,
and we recommend that this be done as much as
possible. Incidental observations can be an
important component of the daily estimated total
discussed below, especially if data are collected in
a reasonably consistent way from day to day.

Daily estimated totals - The daily ET approach
to deriving a daily count has been used at many
European and some North American observatories
and has been validated as a population monitoring
method with data from Long Point, Ontario (Hussell
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1'981, Hussell et al. 1992, Francis and Hussell -
1998), and Southeast Farallon Island, California
(Pyle et al. 1994).

The ET method combines data from at least two of
the four methods described above. Regardless of
the components used as input, the objective is to
integrate all available information to estimate the
daily numbers of each species in, or passing
through, a defined count area during the count
period. Because the procedure may be unfamiliar
to many readers (and can involve several
variations), we include some additional details in
Appendix 1. A procedure shouid be included for
estimating the numbers of stopovers and residents
(see below).

ETs are likely to be most useful for small areas
with relatively open habitat, where personnel
housed on-site are making more or less continuous
observations. They may add little to netting stations
in densely vegetated sites where few birds are
visible. Nevertheless, when data-collection
procedures that form a component of the ET are
incompletely standardized (e.g., variable-effort
banding, incidental observations), the ET procedure
may be helpful in overcoming those deficiencies in
standardization (Dunn et al. 2004b). At sites that
experience fairly wide fluctuations in numbers of
migrants (particularly at exposed coastal sites), the
ET procedure may be preferable to sole reliance
on visual counts and/or banding captures. We
recommend that each component of the ET
(census, visible migration count, banding, other
observations) be standardized to the maximum
extent feasible, and that birds detected by each
activity be recorded separately (in addition to the
ET), so that each can be analyzed separately. Any
data collected using techniques involving nocturnal
counts should also be recorded separately from
the more usual diurnal counts.

COUNTAREA

The study area should consist of a defined Count
Area that has features compatible with the chosen
count procedures. A CountArea of 5-20 ha is likely
to be appropriate, but a larger area may be
manageable in very open habitats. If birds are to
be captured, there must be suitable sites for nets
or traps. If visual censuses are to be conducted,

Vol. 30 No. 1






