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ABSTRACT. The Standardized North American Marsh Bird Monitoring Protocol recommends point counts consisting of a 5-min
passive observation period, meant to be free of broadcast bias, followed by call broadcasts to entice elusive species to reveal their presence.
Prior to this protocol, some monitoring programs used point counts with broadcasts during the first 5 min of 10-min counts, and have
since used 15-min counts with an initial 5-min passive period (P1) followed by 5 min of broadcasts (B) and a second 5-min passive period
(P2) to ensure consistency across years and programs. Influence of timing of broadcasts within point counts and point count duration,
however, have rarely been assessed. Using data from 23,973 broadcast-assisted 15-min point counts conducted throughout the Great
Lakes–St. Lawrence region between 2008 and 2016 by Bird Studies Canada’s Marsh Monitoring Program and Central Michigan
University’s Great Lakes Coastal Wetland Monitoring Program, we estimated detection probabilities of individuals for 14 marsh breeding
bird species during P1B compared to BP2, P1 compared to P2, and P1B compared to P1BP2. For six broadcast species and American
Bittern (Botaurus lentiginosus), we found no significant difference in detection during P1B compared to BP2, and no significant difference
in four of the same seven species during P1 compared to P2. We observed small but significant differences in detection for 7 of 14 species
during P1B compared to P1BP2. We conclude that differences in timing of broadcasts causes no bias based on counts from entire 10minute surveys, although P1B should be favored over BP2 because the same amount of effort in P1B avoids broadcast bias in all broadcast
species, and 10-min surveys are superior to 15-min surveys because modest gains in detection of some species does not warrant the
additional effort. We recommend point counts consisting of 5 min of passive observation followed by broadcasts, consistent with the
standardized marsh bird protocol, for surveying marsh breeding birds.

Influence du moment de diffusion d'enregistrements de chant pendant un point d'écoute et de la durée
du point d'écoute sur la probabilité de détection d'oiseaux de marais nicheurs
RÉSUMÉ. Le Protocole normalisé de surveillance des oiseaux de marais d'Amérique du Nord recommande d'effectuer des points d'écoute
consistant en une période d'écoute passive de 5 minutes, pour qu'il n'y ait aucun biais associé à la diffusion d'enregistrements de chant,
suivie de diffusions d'enregistrements destinées à inciter les espèces discrètes à révéler leur présence. Avant l'instauration de ce protocole,
certains programmes de surveillance préconisaient des points d'écoute comprenant la diffusion d'enregistrements durant les 5 premières
minutes d'une période d'écoute de 10 minutes, et avaient ensuite privilégié des points d'écoute de 15 minutes, consistant en une période
initiale d'écoute passive de 5 minutes (P1), suivie de 5 minutes de diffusion d'enregistrements (B), puis d'une seconde période d'écoute
passive de 5 minutes (P2) afin d'assurer une constance entre les années et les programmes. Toutefois, l'influence du moment de la diffusion
d'enregistrements de chant pendant un point d'écoute et celle de la durée du point d'écoute ont rarement été évaluées. Au moyen des
résultats de 23 973 points d'écoute de 15 minutes, qui comprenaient de la diffusion d'enregistrements et ont été réalisés dans la région
des Grands Lacs-Saint-Laurent entre 2008 et 2016 dans le cadre du Programme de surveillance des marais d'Études d'Oiseaux Canada
et du Great Lakes Coastal Wetland Monitoring Program de la Central Michigan University, nous avons estimé la probabilité de détection
d'individus appartenant à 14 espèces d'oiseaux de marais nicheurs durant P1B comparativement à BP2, P1 comparée à P2, et P1B
comparée à P1BP2. Pour 6 espèces pour lesquelles des enregistrements de chant ont été diffusés et le Butor d'Amérique (Botaurus
lentiginosus), nous n'avons pas trouvé de différence de détection durant P1B comparée à BP2, ni de différence significative pour 4 des
mêmes 7 espèces durant P1 comparée à P2. Nous avons observé des différences de détection petites mais significatives pour 7 des 14
espèces durant P1B comparée à P1BP2. Nous arrivons à la conclusion que le moment choisi pour diffuser les enregistrements de chant
pendant un point d'écoute ne cause pas de biais d'après les dénombrements obtenus dans un point d'écoute de 10 minutes, même si P1B
devrait être privilégiée à BP2 parce que le même effort dans P1B permet d'éviter le biais de diffusion d'enregistrements pour toutes les
espèces pour lesquelles on a diffusé des enregistrements, et que les points d'écoute de 10 minutes sont préférables à ceux de 15 minutes,
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car le gain modeste dans la détection de certaines espèces réalisé avec ces derniers ne vaut pas l'effort additionnel. Pour dénombrer les
oiseaux de marais nicheurs, nous recommandons d'effectuer des dénombrements par point d'écoute consistant en 5 minutes d'écoute
passive suivie de diffusions d'enregistrements, conformément au protocole normalisé des oiseaux de marais.
Key Words: audio lures; Bird Studies Canada’s Marsh Monitoring Program; call broadcasts; Central Michigan University’s Great Lakes
Coastal Wetland Monitoring Program; Standardized North American Marsh Bird Monitoring Protocol

INTRODUCTION
Considerable advances have been made in developing
scientifically rigorous, yet cost-effective field survey protocols for
monitoring elusive marsh bird species. In North America, the
outcome has been the Standardized North American Marsh Bird
Monitoring Protocol (hereafter, standardized marsh bird
protocol; Conway 2011). The standardized marsh bird protocol
was developed because in many regions other broad-scale
monitoring programs have failed to provide adequate data to
answer important questions about elusive and poorly detected
marsh breeding bird species. For instance, long-term trends of
marsh breeding bird species in the southern Great Lakes basin
are more precise and useful for management when based on data
collected by the standardized marsh bird protocol (Tozer 2013,
2016) compared with trends based on data from the North
American Breeding Bird Survey (Environment Canada 2014,
Sauer et al. 2014). The standardized marsh bird protocol is more
useful because it (1) uses standardized call broadcasts of elusive
species during each survey, (2) involves repeated surveys per year
at each survey point, and (3) requires survey points occur within
suitable marsh bird habitat. This generates higher detection
probabilities for elusive species and greater statistical power, and
thus, the standardized marsh bird protocol has been adopted by
various marsh bird monitoring programs throughout North
America (e.g., Seamans et al. 2013, Conway and Seamans 2016,
Tozer 2016, Correll et al. 2017).
The standardized marsh bird protocol requires point counts
consisting of an initial 5-min passive observation period (with no
call broadcasts) followed by a variable number of 1-min periods
during which calls of elusive species are broadcast to entice
individuals to reveal their presence, predominantly by responding
vocally. Data from the initial 5-min passive observation period
allow for analyses free of broadcast bias (Conway 2011).
Broadcast bias includes drawing broadcast species closer to the
observer before they become available for detection, i.e., before
they vocalize or become visible, and increased difficulty in hearing
nonbroadcast species during the broadcast period (Conway and
Gibbs 2005). These sources of bias can be problematic when
determining densities and associated population sizes (e.g., Wiest
et al. 2016).
Although influence of the timing of call broadcasts within point
counts has rarely been assessed, a growing number of studies have
used a suite of methods to compare detections of marsh breeding
birds during initial passive observation periods and subsequent
broadcast periods, and have found significant increases in
detections for nearly all species (reviewed in Conway and Gibbs
2011). Only two studies we are aware of have reported detection
rates during initial passive observation periods as well as
subsequent broadcast and final passive observation periods; both
found increases during broadcasts and reductions during
subsequent passive observation (Lor and Malecki 2002,

DesRochers et al. 2008). However, these studies reported raw
counts for each period or percent changes in raw counts between
subsequent periods. Simultaneously estimating abundance and
detection probability using recent advances in hierarchical
modeling to account for influential covariates and imperfect
detection (reviewed in Dénes et al. 2015) during various periods
and combinations of periods within broadcast-assisted point
counts has yet to be reported. Such an analysis is important
because conducting passive observations at the end of the point
count may cause bias via continued heightened activity of birds
due to previous broadcasts. Conducting the passive observation
period at the end of the point count might jeopardize the unbiased
information that the passive period is intended to gather in the
first place. By contrast, if most individuals are detected during
broadcasts, then results based on the broadcast period combined
with either prior or subsequent passive observation periods might
be similar regardless of broadcast timing.
The influence of call broadcast timing within point counts is
especially relevant to multiple broad-scale regional marsh bird
monitoring programs. Bird Studies Canada’s Marsh Monitoring
Program has surveyed hundreds of points throughout the Great
Lakes–St. Lawrence region annually since 1995 (Fig. 1), which
has provided for numerous useful analyses ranging from
population trends to habitat associations (e.g., Timmermans et
al. 2008, Tozer 2013, 2016). From 1995 to 2007, the MMP
conducted 10-min point counts consisting of 5 min of broadcasts
followed by 5 min of passive observation. Since 2008, the Marsh
Monitoring Program incorporated the standardized marsh bird
protocol by conducting 15-min point counts consisting of an
initial 5-min passive period, followed by 5 min of broadcasts, and
a second 5-min passive period. This 15-min pattern was adopted
because 1995–2007 data could be combined during analysis with
a subset of post-2007 data (the last two 5-min periods), plus a
subset consistent with the standardized marsh bird protocol was
also possible (the first two 5-min periods). The longer 15-min
pattern was also presumed to achieve superior detection of elusive
species, a bonus for boosting statistical power during trend and
habitat analyses. For these reasons, the 15-min point count pattern
was also recommended for use by the Great Lakes Coastal
Wetland Monitoring Program (Burton et al. 2008, Uzarski et al.
2017) and is used annually by dozens of organizations to survey
breeding marsh birds at hundreds of locations throughout the
Great Lakes–St. Lawrence region and elsewhere.
The ramifications of using 10-min versus 15-min point counts
may at first seem trivial, but if timing of call broadcasts within
point counts has little or no effect, and if the final 5 min of 15min counts adds few new detections given the effort required, then
10-min counts may be more effective. The shortened duration
would save 5 min of time during each count and would yield
substantial savings if scaled, for example, over the ~2500 point
counts typically conducted annually by organizations across the
Great Lakes–St. Lawrence region and beyond (Burton et al. 2008,
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Fig. 1. Locations of 3701 sample points used to assess the influence of call broadcast timing within
point counts and survey duration on detection probability of marsh breeding birds throughout the
Great Lakes–St. Lawrence region, 2008–2016. Note that for clarity, in most cases, each point
represents more than one sample point.

Tozer 2013, 2016, Uzarski et al. 2017). A 5-min reduction in
duration for 2500 counts would save 12,500 min or 208 hrs or 26
8-hr work days, which could then yield cost savings or increased
sample sizes and associated statistical power if field effort was
reallocated to new sample points (Hanowski et al. 2007).
Understanding differences in detection during 10-min versus 15min counts is also relevant for justifying the standardized marsh
bird protocol (Conway 2011).
Our goal was to assess the influence of the timing of call
broadcasts within point counts and point count duration on
detection probability of marsh breeding birds observed during
point count surveys. For 14 marsh breeding bird species, we
compared detection probabilities of individuals during various
5-min periods and combinations of consecutive 5-min periods
within 15-min broadcast-assisted point counts. We were
particularly interested in potential differences from 10-min
periods depending on whether broadcasts were at the beginning
or the end of the 10 min. In addition, we explored differences
from the first 5-min passive listening period compared to the
second 5-min passive listening period. Finally, we were interested
in differences between 10-min and 15-min counts. We used data
from 23,973 point counts gathered from two large broad-scale
regional marsh breeding bird monitoring programs operating in
the Great Lakes–St. Lawrence region. We end with
recommendations for surveying marsh breeding birds with point
counts.

METHODS
Study design
We used data from two large broad-scale marsh breeding bird
monitoring programs: Bird Studies Canada’s Marsh Monitoring
Program (hereafter, MMP) and the multi-institution Great Lakes
Coastal Wetland Monitoring Program (hereafter, CWMP) led by
Central Michigan University (Fig. 1). The MMP started in the
Great Lakes and Québec in 1995 and 2004, respectively, and has
operated every year since inception at coastal and inland wetlands
throughout much of the Great Lakes–St. Lawrence region (Tozer
2013, 2016). The CWMP started in 2011 and is scheduled to
operate until at least 2020 throughout the U.S. and Canadian
Great Lakes coastal zones (Uzarski et al. 2017). These programs
have somewhat different study designs, but since 2008 they have
used identical point count protocols in the field. To garner large
numbers of trained participants and achieve large sample sizes at
relatively low cost, the MMP allows participants to select survey
locations, a justifiable approach if one assumes that the locations
are approximately representative of wetlands across a region of
interest. By contrast, the CWMP selects survey locations via
stratified random sampling of wetlands and conducts bird surveys
via paid professional staff. Both monitoring programs target
wetlands dominated by nonwoody emergent plants, such as
cattails (e.g., Typha sp.) and sedges (e.g., Carex sp.), with surveys
located within wetlands. In this paper, we used data from all point
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Fig. 2. Schematic depiction (boxes) of various 5-min periods and combinations of consecutive 5-min periods
within broadcast-assisted 15-min point counts used to assess the influence of call broadcast timing within point
counts and survey duration on detection probability of marsh birds throughout the Great Lakes–St. Lawrence
region, 2008–2016. P1 = first 5-min passive observation period consisting of min 1–5, B = 5-min broadcast
period consisting of min 6–10, P2 = second 5-min passive observation period consisting of min 11–15, P1B =
first 10 min consisting of min 1–10, BP2 = second 10 min consisting of min 6-15, P1BP2 = entire 15-min point
count consisting of min 1–15. Note that the Standardized North American Marsh Bird Monitoring Protocol
recommends P1B.

counts conducted by the MMP and the CWMP between 2008
and 2016 in the Great Lakes–St. Lawrence region.

Bird surveys
Breeding birds were sampled within 100-m-radius semicircular
plots from a point at the edge or within a wetland (hereafter,
sample point). In most large wetlands sample points were located
near the upland / wetland interface (shoreline) or in the interior
of the wetland, while in most small wetlands only shoreline points
were sampled. Each sample point was surveyed for 15 min on two
visits separated by at least 10–15 days during the main avian
breeding season, typically between late May and early July.
Surveys occurred in either the morning (0.5 hr before local sunrise
to 4 hr after local sunrise) or evening (4 hr before local sunset to
0.5 hr after local sunset) or both during favorable weather
conditions (little to no precipitation; wind: Beaufort 0–3, 0–19
km/hr). Each 15-min survey began with 5 min of passive (silent)
observation, and then 5 min of observation during which elusive
species’ calls were broadcast, followed by a final 5-min passive
observation period. The 1-min broadcast periods consisted of 30
s of vocalizations followed by 30 s of silence for each of six species
(hereafter, broadcast species) in the following order: Least Bittern
(Ixobrychus exilis), Sora (Porzana carolina), Virginia Rail (Rallus
limicola), a mixture of American Coot (Fulica americana) and
Common Gallinule (Gallinula galeata), and Pied-billed Grebe
(Podilymbus podiceps). For each of the broadcast species plus
American Bittern (Botaurus lentiginosus), observers recorded the
number of individuals detected during each of the three
consecutive 5-min periods. Call broadcasts were not used during
surveys for American Bittern because the species calls,
unsolicited, relatively frequently, early in the breeding season, yet
data were collected for it during each 5-min period to provide
flexibility during modeling due to its otherwise elusive nature
(Lowther et al. 2009). By contrast, for all of the other seven
species, observers recorded only the number of new individuals
detected during each of the three 5-min periods, which consisted
of: Black Tern (Chlidonias niger), Common Grackle (Quiscalus
quiscula), Common Yellowthroat (Geothlypis trichas), Marsh

Wren (Cistothorus palustris), Mute Swan (Cygnus olor), Redwinged Blackbird (Agelaius phoeniceus), and Swamp Sparrow
(Melospiza georgiana). Observers also recorded a Beaufort wind
scale value and temperature during each survey. Further details
of the bird survey protocols are described in Bird Studies Canada
(2009a,b) and Grabas et al. (2008).

Analysis
For 14 marsh breeding bird species, we compared detection
probabilities of individuals during various 5-min periods and
combinations of consecutive 5-min periods within 15-min
broadcast-assisted point counts. The various periods or
combinations of consecutive periods consisted of the following
six segments from each 15-min survey: first 5-min passive
observation period consisting of min 1–5 (hereafter, P1), 5-min
broadcast period consisting of min 6–10 (hereafter, B), second 5min passive observation period consisting of min 11–15
(hereafter, P2), first 10 min consisting of P1 and B (hereafter, P1B),
second 10 min consisting of B and P2 (hereafter, BP2), and the
entire 15-min point count (hereafter, P1BP2; Fig. 2).
Given that we were interested in differences in detection
probabilities of individuals among various periods within point
counts, we chose two-level hierarchical N-mixture models for
count data, which included an abundance and detection process
(Royle 2004a,b). Typically these models are used to describe
abundance at the site level and detection at the point count level,
with response data consisting of an R x J matrix of count data,
where R is the number of sites and J is the maximum number of
observations or sampling periods per site, but the models are not
exclusively restricted to this type of data structure (Fiske and
Chandler 2017, Fiske et al. 2017). For our purposes, R was the
number of point counts and J was the maximum number of
observations or sampling periods per point count. This approach
described abundance at the point count level and detection at the
level of 5-min periods within point counts, which produced results
in keeping with our primary goal.
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We parameterized models using the unmarked package (Fiske et
al. 2017) in Program R (R version 2.14.2; R Core Team 2012).
For broadcast species and American Bittern, the counts were the
number of individuals detected during each of the three
consecutive 5-min periods, which we modeled using N-mixture
models for repeated count data via the pcount function in
unmarked. In these models, the detection process described the
probability of detecting an individual marsh breeding bird within
a 5-min period (Royle 2004b). For all other species, the counts
were the number of new individuals detected during each of the
three 5-min periods, which were modeled using multinomial Nmixture models for data collected using removal sampling via the
multinomPois function in unmarked. In these models, the
detection process described the probability of detecting a new
individual marsh breeding bird within a 5-min period (Royle
2004a).
For each species, we fit a single model for inference that included
multiple covariates known to influence detection probability in
marsh breeding birds (Fig. 3; reviewed in Conway and Gibbs
2011). We chose this approach over multiple competing models
for each species to keep the number of models and associated
runtime manageable, which we justified given that detection in
most of the species we analyzed has been shown to be influenced
by most of the covariates we considered (Tozer 2016, Tozer et al.
2016). In the detection process, we modeled the effect of
consecutive 5-min periods (hereafter a categorical variable named
“period” with three levels: P1, B, or P2), different marsh bird
monitoring programs (hereafter a categorical variable named
“program” with two levels: CWMP or MMP), day of the year
(hereafter a continuous variable named “date”; e.g., 1 = Jan 1),
hours to or since sunrise or sunset (hereafter a continuous variable
named “daylight” such that negative numbers were during dark
and positive values were during light), morning or evening
(hereafter a categorical variable named “time of day” with two
levels: morning or evening), wind speed (hereafter a continuous
variable named “wind” consisting of Beaufort wind scale values),
and air temperature (hereafter a continuous variable named
“temperature” measured in degrees Celsius). In the abundance
process, we modeled the effect of year (hereafter a continuous
variable named “year”) to account for abundance of most of the
species increasing or decreasing over the duration of the study
(Tozer 2013, 2016), and to account for residual spatial
autocorrelation in model predictions, we included the effect of
latitude, longitude, latitude², longitude², and latitude × longitude
(Schuster and Arcese 2013, Tozer 2016).
For broadcast species, we fit three separate models with a Poisson,
zero-inflated Poisson, or negative binomial distribution, and
performed further modeling with the distribution that had the
lowest Akaike’s Information Criterion (AIC) value. For all other
species, a Poisson distribution was used because this was the only
distribution available in the multinomPois function in unmarked.
All continuous covariates were z-transformed prior to analysis.
We tested the overall fit of the model for each species using a
parametric bootstrap procedure and the Freeman-Tukey fit
statistic (Fiske and Chandler 2017).
To obtain estimates and associated error of abundance, we made
predictions on the log scale and back-transformed to the response
scale using the log link function, and to obtain estimates and

Fig. 3. Number of point counts (surveys) as a function of
covariates used to assess the influence of call broadcast timing
within point counts and survey duration on detection
probability of marsh breeding birds throughout the Great
Lakes–St. Lawrence region, 2008–2016.
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associated error of detection probability for P1, B, and P2, we made
predictions on the logit scale and back-transformed to the
response scale using the logit link function. We obtained estimates
of detection probabilities for P1B, BP2, and P1BP2 using
parametric bootstrapping with 100 iterations and the following
equations: P1B = 1 − (1 − P1) * (1 − B), BP2 = 1 - (1 - B) * (1 - P2),
P1BP2 = 1 - (1 - P1) * (1 - B) * (1 - P2). We accomplished the latter
by writing an R-function that calculated the above equations, and
then we fed the R-function into the parboot function in unmarked.
We were able to generate estimates of detection for broadcast
species and American Bittern during all six segments within point
counts (P1, B, P2, P1B, BP2, and P1BP2). By contrast, we were only
able to generate estimates for all of the other species during five
segments (P1, B, P2, P1B, and P1BP2) because BP2 was not
estimable using removal sampling. To explore differences between
various periods within point counts for each species, we plotted
model-predicted detection probabilities and associated 95%
confidence intervals for various 5-min periods and combinations
of consecutive 5-min periods (e.g., P1B). We also calculated the
mean and range of detection probabilities during various periods
for some groups of species. We concluded that detection
probabilities were significantly different when 95% confidence
intervals did not overlap.
We restricted our analysis to 14 marsh breeding bird species
targeted by marsh bird monitoring programs in the Great Lakes–
St. Lawrence region (e.g., Tozer 2013, 2016). We did not account
for differences in observers because the large broad-scale
monitoring data that we worked with had hundreds of different
observers, and by extension hundreds of corresponding
parameters to estimate, which made modeling impractical, if not
impossible.

RESULTS
We analyzed 23,973 point counts conducted between 2008 and
2016 at 3701 sample points throughout the Great Lakes–St.
Lawrence region (Fig. 1). Mean number of individuals detected
per point count varied among species from as low as 0.03 to as
high as 4.6 (Figs. 4, 5). Red-winged Blackbird, Swamp Sparrow,
Marsh Wren, and Common Yellowthroat were most abundant,
whereas American Coot, Least Bittern, Common Gallinule, and
Mute Swan were least abundant (Figs. 4, 5). Detection probability
during P1, which was the most comparable across all of the species,
varied in increasing order as follows: Virginia Rail (0.08), Sora
(0.12), Common Gallinule (0.13), American Coot (0.14), Black
Tern (0.20), Common Grackle (0.20), Pied-billed Grebe (0.25),
Least Bittern (0.28), Common Yellowthroat (0.33), Marsh Wren
(0.38), Swamp Sparrow (0.47), American Bittern (0.55), Redwinged Blackbird (0.56), and Mute Swan (0.58; Figs. 4, 5).
Models for each of the broadcast species and American Bittern
fit adequately (all P > 0.05), and generated realistic abundance
and detection estimates (Fig. 4). For the majority of these species,
the negative binomial distribution provided the best-fitting
binomial N-mixture model, but for Common Gallinule, Least
Bittern, and Pied-billed Grebe a zero-inflated Poisson distribution
had better fit. By contrast, according to Freeman-Tukey fit
statistics, multinomial N-mixture models fit poorly for all other
species. By default, these models used a Poisson distribution.
Nonetheless, we used the multinomial N-mixture models for
inference because they yielded realistic estimates of abundance
and detection (Fig. 5).

We included a number of covariates in our models (Fig. 3), most
of which influenced abundance and detection in different ways,
depending on the species (Table 1, 2). With the exception of each
of the three consecutive 5-min periods within point counts, there
was no consistent pattern in the influence of any particular
covariate on abundance or detection across species (Table 1, 2).
For instance, there was a significant influence of year on
abundance and a significant influence of program, date, daylight,
time of day, wind, and temperature on detection in 64–79% of
species depending on the covariate, yet in each case there was a
mix of significant positive and negative estimates (Table 1, 2). It
is worth noting that abundance in 50% of species significantly
decreased over the years of the study (Table 1, 2). In addition,
detection in 50–64% of species was significantly higher for the
MMP compared to the CWMP, significantly decreased as the
season progressed, significantly decreased as the number of hours
to sunset or since sunrise increased, or was significantly higher
during morning compared to evening (Table 1, 2).
For each broadcast species and American Bittern, there was no
significant difference in detection probability during P1B
compared to BP2 (Fig. 4), indicating that the timing of call
broadcasts within 10-min point counts had no influence on
detection. By contrast, detection probability was significantly
higher during P1 compared to P2 in American Bittern,
significantly lower during P1 compared to P2 in Least Bittern and
Virginia Rail, and not significantly different during P1 compared
to P2 in American Coot, Common Gallinule, Pied-billed Grebe,
and Sora (Fig. 4), showing that the timing of 5-min passive
listening periods relative to broadcasts within point counts
influenced detection in some species. As expected, detection
probability was significantly higher for all of the broadcast species
during B compared to passive observation periods, especially for
Common Gallinule, Sora, and Virginia Rail, for which detection
probability was about 40% during B and approximately < 20%
during passive observation periods (Fig. 4). Detection probability
was not significantly different during P1B compared to P1BP2 in
American Coot, Common Gallinule, and Sora, whereas detection
was significantly higher during P1BP2 compared to P1B in
American Bittern, Least Bittern, Pied-billed Grebe, and Virginia
Rail, although the difference in detection between the two periods
for these four species was surprisingly small relative to the
difference in observation time: P1B: 0.60 (0.50-0.76) (mean
[range]); P1BP2: 0.71 (0.59-0.87; Fig. 4).
In each of the remaining species, except Common Grackle,
detection probability of new individuals was significantly lower
during B compared to P1 (Fig. 5). By contrast, in each of the
remaining species, detection of new individuals was not
significantly different during P2 compared to B (Fig. 5). Detection
probability of new individuals was also not significantly different
during P1B compared to P1BP2 in Black Tern, Common Grackle,
Marsh Wren, and Mute Swan, whereas detection of new
individuals was significantly higher during P1BP2 compared to
P1B in Common Yellowthroat, Red-winged Blackbird, and
Swamp Sparrow, although the difference in detection of new
individuals between the two periods for these three species was
surprisingly small relative to the difference in observation time:
P1B: 0.58 (0.44-0.68) (mean [range]); P1BP2: 0.67 (0.53-0.77) (Fig.
5).
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Fig. 4. Detection probability of individuals of some marsh breeding bird species (± 95% confidence intervals) during various 5-min
periods and combinations of consecutive 5-min periods during 23,973 broadcast-assisted 15-min point counts throughout the Great
Lakes–St. Lawrence region, 2008–2016. P1 = first 5-min passive observation period consisting of min 1–5, B = 5-min broadcast
period consisting of min 6–10, P2 = second 5-min passive observation period consisting of min 11–15, P1B = first 10 min consisting
of min 1–10, BP2 = second 10 min consisting of min 6–15, P1BP2 = entire 15-min point count consisting of min 1–15. See Fig. 2 for
a schematic depiction of the periods and combinations of consecutive periods. Predicted abundance (lower, upper 95% confidence
interval) from binomial N-mixture models also shown at the top of each panel for each species.
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Fig. 5. Detection probability of new individuals of some marsh breeding bird species (± 95% confidence intervals) during various 5min periods and combinations of consecutive 5-min periods during 23,973 broadcast-assisted 15-min point counts throughout the
Great Lakes–St. Lawrence region, 2008–2016. P1 = first 5-min passive observation period consisting of min 1–5, B = 5-min
broadcast period consisting of min 6–10, P2 = second 5-min passive observation period consisting of min 11–15, P1B = first 10 min
consisting of min 1–10, P1BP2 = entire 15-min point count consisting of min 1–15. See Fig. 2 for a schematic depiction of the
periods and combinations of consecutive periods. Predicted abundance (lower, upper 95% confidence interval) from multinomial Nmixture models also shown at the top of each panel for each species.
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Table 1. Parameter estimates from binomial N-mixture models used to assess the influence of call broadcast timing within point counts
and survey duration on detection probability of marsh breeding birds throughout the Great Lakes–St. Lawrence region, 2008–2016.
Standard error is given below each estimate in parentheses, with an asterisk indicating statistical significance at P < 0.05. P1 = first 5min passive observation period consisting of min 1–5, B = 5-min broadcast period consisting of min 6–10, P2 = second 5-min passive
observation period consisting of min 11–15, CWMP = Coastal Wetland Monitoring Program, AMBI = American Bittern (Botaurus
lentiginosus), AMCO = American Coot (Fulica americana), COGA = Common Gallinule (Gallinula galeata), LEBI = Least Bittern
(Ixobrychus exilis), PBGR = Pied-billed Grebe (Podilymbus podiceps), SORA = Sora (Porzana carolina), VIRA = Virginia Rail (Rallus
limicola).
Species
Parameter

AMBI

AMCO

COGA

LEBI

PBGR

SORA

VIRA

Abundance
Intercept
Year
Latitude
2
Latitude
Longitude
2
Longitude
Latitude x Longitude

-0.72 (0.06)*
-0.01 (0.02)
0.44 (0.04)*
-0.12 (0.03)*
0.4 (0.05)*
-0.12 (0.03)*
-0.11 (0.03)*

-3.45 (0.16)*
-0.07 (0.06)
-0.46 (0.11)*
0.21 (0.05)*
-0.41 (0.1)*
0.22 (0.07)*
0.43 (0.06)*

0.43 (0.09)*
-0.04 (0.03)
-0.68 (0.07)*
-0.11 (0.05)*
0.67 (0.06)*
-0.14 (0.06)*
0.38 (0.05)*

-2.97 (0.06)*
0.04 (0.04)
-0.62 (0.08)*
-0.15 (0.05)*
0.23 (0.06)*
0.05 (0.05)
0.06 (0.06)

-0.29 (0.06)*
-0.15 (0.02)*
-0.01 (0.04)
0.07 (0.02)*
-0.11 (0.04)*
0.02 (0.02)
0.32 (0.03)*

-1.95 (0.09)*
0.06 (0.04)
0.93 (0.06)*
-0.18 (0.03)*
-0.8 (0.06)*
-0.11 (0.03)*
0.42 (0.04)*

-0.78 (0.05)*
-0.05 (0.02)*
0.71 (0.04)*
-0.28 (0.02)*
-0.11 (0.04)*
-0.14 (0.02)*
0.16 (0.03)*

Detection
P1
B
P2
Program (CWMP)
Day of the year
Daylight
Time of day (morning)
Wind
Temperature

0.24 (0.06)*
-0.16 (0.06)*
-0.02 (0.06)
-0.67 (0.16)*
-0.52 (0.04)*
-0.36 (0.04)*
-1.01 (0.1)*
-0.07 (0.03)*
-0.26 (0.04)*

-1.82 (0.17)*
-0.9 (0.2)*
-2.06 (0.17)*
-1.8 (0.26)*
-0.33 (0.08)*
-0.17 (0.08)*
0.06 (0.21)
-0.13 (0.08)
-0.11 (0.09)

-1.86 (0.09)*
-0.41 (0.12)*
-1.81 (0.09)*
0.14 (0.14)
-0.08 (0.04)
-0.04 (0.05)
0.33 (0.11)*
-0.04 (0.04)
0.01 (0.05)

-0.93 (0.09)*
-0.22 (0.09)*
-0.4 (0.09)*
-0.05 (0.17)
-0.35 (0.06)*
-0.35 (0.06)*
0.23 (0.12)
0.02 (0.06)
0.13 (0.07)*

-1.11 (0.06)*
-0.63 (0.06)*
-1.13 (0.06)*
-0.64 (0.12)*
-0.11 (0.03)*
0.02 (0.03)
0.93 (0.08)*
0.03 (0.03)
0.15 (0.04)*

-2.01 (0.11)*
-0.41 (0.13)*
-1.68 (0.11)*
-1.51 (0.14)*
-0.22 (0.05)*
0.03 (0.05)
-0.47 (0.12)*
-0.13 (0.04)*
-0.23 (0.06)*

-2.5 (0.07)*
-0.16 (0.08)*
-1.46 (0.06)*
-1.23 (0.09)*
-0.05 (0.03)
-0.01 (0.03)
-0.21 (0.07)*
-0.12 (0.03)*
-0.05 (0.04)

Dispersion

0.88 (0.07)*

-3.07 (0.1)*

2.53 (0.04)*

-1.57 (0.13)*

1.39 (0.04)*

-2.08 (0.09)*

-1.2 (0.05)*

DISCUSSION
Timing of call broadcasts within point counts had no influence
on detection probabilities of broadcast species during 10-min
point count surveys in this study. For each broadcast species and
American Bittern, there was no significant difference in detection
probability during P1B compared to BP2. This suggests that steps
to keep the timing of broadcasts consistent within marsh breeding
bird point counts across years and programs are not needed when
analyzing data from entire 10-min surveys.
Point count results from marsh breeding bird monitoring
programs are typically used in at least two different types of
calculations. One is estimating change in species over time, such
as the percent change in occupancy or abundance per year, and
the other is estimating occupancy or population size of species in
a certain area at a particular time (MacKenzie et al. 2003, Royle
2004a,b). For estimating or modeling change, occurrence or
counts of individuals from call broadcast-assisted point counts
are often used as the response variable (e.g., Tozer 2016, Correll
et al. 2017). This is because broadcasts dramatically increase
detections of elusive species, and increased detections result in
increased statistical power to detect trends (Steidl et al. 2013). We
found no significant difference in detection probabilities of
broadcast species and American Bittern in relation to the timing
of broadcasts within 10-min point counts. Therefore, the timing
of broadcasts within 10-min counts should not cause bias when
modeling population change for American Coot, Common

Gallinule, Least Bittern, Pied-billed Grebe, Sora, Virginia Rail,
or American Bittern based on counts from entire 10-minute
surveys. Based on our study, valid analysis of population trends
for these species across years should be possible based on data
where the timing of broadcasts within 10-min point counts differs
among years in the time series.
When estimating occupancy or population size within a certain
area, occurrences or counts from only the passive period rather
than all of the periods within point counts are typically used as
the response variable (e.g., Wiest et al. 2016). This is because
individuals may be drawn closer to the observer by broadcasts
before they become available for detection, which might make
occupancy and density estimates biased because the effective
survey area is uncertain (Conway 2011). We found that detection
probability in nearly two-thirds of broadcast species and
American Bittern was not significantly different during P1
compared to P2, whereas detection probability was significantly
different during these two periods in three species. In Least Bittern
and Virginia Rail, detection probability was significantly higher
during P2 compared to P1, perhaps because of elevated activity
levels caused by broadcasts. By contrast, in American Bittern,
detection probability was significantly higher during P1 compared
to P2, the reasons for which are unclear. This species was analyzed
in the same manner as broadcast species because similar data were
available, but broadcasts of its calls were not used during surveys,
so the difference was not related to conspecific broadcasts. A
possible explanation is that observers were more likely to record
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Table 2. Parameter estimates from multinomial N-mixture models used to assess the influence of call broadcast timing within point
counts and survey duration on detection probability of marsh breeding birds throughout the Great Lakes–St. Lawrence region, 2008–
2016. Standard error is given below each estimate in parentheses, with an asterisk indicating statistical significance at P < 0.05. P1 =
first 5-min passive observation period consisting of min 1–5, B = 5-min broadcast period consisting of min 6–10, P2 = second 5-min
passive observation period consisting of min 11–15, CWMP = Coastal Wetland Monitoring Program, BLTE = Black Tern (Chlidonias
niger), COGR = Common Grackle (Quiscalus quiscula), COYE = Common Yellowthroat (Geothlypis trichas), MAWR = Marsh Wren
(Cistothorus palustris), MUSW = Mute Swan(Cygnus olor), RWBL = Red-winged Blackbird (Agelaius phoeniceus), SWSP = Swamp
Sparrow (Melospiza georgiana).
Species
Parameter

BLTE

COGR

COYE

MAWR

MUSW

RWBL

SWSP

Abundance
Intercept
Year
Latitude
2
Latitude
Longitude
2
Longitude
Latitude x Longitude

-1.38 (0.14)*
-0.2 (0.02)*
0.8 (0.04)*
-0.16 (0.02)*
-0.6 (0.04)*
-0.2 (0.03)*
0.45 (0.03)*

-0.2 (0.13)
0.02 (0.01)*
-0.05 (0.02)*
-0.1 (0.01)*
0.29 (0.02)*
0.11 (0.01)*
0.06 (0.01)*

-0.09 (0.03)*
-0.03 (0.01)*
-0.14 (0.01)*
-0.01 (0.01)
-0.11 (0.01)*
0 (0.01)
-0.02 (0.01)*

0.22 (0.16)
-0.02 (0.01)*
-0.61 (0.02)*
-0.12 (0.01)*
0.11 (0.02)*
0 (0.01)
-0.05 (0.01)*

-2.06 (0.06)*
0.18 (0.03)*
-0.81 (0.11)*
-1.69 (0.09)*
-0.55 (0.07)*
-0.25 (0.06)*
0.72 (0.09)*

1.52 (0.02)*
-0.02 (0)*
-0.19 (0.01)*
-0.04 (0)*
0.01 (0.01)
0.05 (0)*
0.05 (0)*

0.29 (0.03)*
-0.02 (0.01)*
0.07 (0.01)*
-0.18 (0.01)*
0.42 (0.01)*
-0.03 (0.01)*
-0.27 (0.01)*

Detection
P1
B
P2
Program (CWMP)
Day of the year
Daylight
Time of day (morning)
Wind
Temperature

-1.41 (0.17)*
-2.18 (0.21)*
-2.06 (0.25)*
-2.92 (0.2)*
-0.03 (0.04)
0.27 (0.05)*
0.68 (0.13)*
0.38 (0.04)*
0.09 (0.06)

-1.36 (0.16)*
-1.89 (0.2)*
-2.07 (0.23)*
-0.1 (0.05)
-0.16 (0.02)*
-0.14 (0.02)*
0.49 (0.05)*
0 (0.02)
-0.02 (0.02)

-0.7 (0.04)*
-1.64 (0.06)*
-1.58 (0.07)*
0.63 (0.06)*
0.03 (0.02)
-0.11 (0.02)*
0.77 (0.05)*
-0.16 (0.02)*
0.09 (0.02)*

-0.5 (0.25)*
-1.95 (0.29)*
-2.28 (0.32)*
-0.45 (0.05)*
0.13 (0.02)*
-0.29 (0.04)*
0.1 (0.04)*
0.09 (0.02)*
0.06 (0.02)*

0.32 (0.14)*
-1.14 (0.19)*
-1.05 (0.24)*
2.26 (0.32)*
-0.32 (0.08)*
-0.28 (0.08)*
-0.29 (0.19)
0.27 (0.08)*
-0.29 (0.11)*

0.24 (0.04)*
-0.87 (0.06)*
-0.99 (0.08)*
-0.07 (0.04)*
-0.24 (0.01)*
-0.15 (0.01)*
-0.09 (0.02)*
-0.06 (0.01)*
0.08 (0.01)*

-0.12 (0.06)*
-1.03 (0.08)*
-1 (0.12)*
0.03 (0.07)
0.34 (0.02)*
-0.11 (0.02)*
0.16 (0.05)*
-0.05 (0.02)*
-0.09 (0.02)*

American Bittern at the beginning of the survey, artificially
raising detection during the first 5-min, and were less likely to
record it after because the American Bittern calls frequently and
is very loud and obvious when it calls. To avoid bias when
estimating occupancy or population sizes within certain areas or
during other analyses that require unbiased estimates, we
recommend conducting passive observation periods before
broadcasts rather than after broadcasts. We note that even though
this recommendation applies to only two broadcast species in our
study that showed significant differences between P1 compared
to P2, it is justified because the same amount of time is required
for P1B and BP2, so nothing is lost in terms of effort or associated
statistical power as described above by favoring P1B over BP2,
plus P1B comes with the advantage of being consistent with the
standardized marsh bird protocol (Conway 2011).
Considering the amount of effort involved with the addition of
P2, we found surprisingly small but significant differences in
detection probability in 7 of the 14 species during P1B compared
to P1BP2. Detection in a little over half of broadcast species and
American Bittern was significantly higher during P1BP2
compared to P1B, and detection of new individuals in nearly half
of the remaining species was significantly higher during P1BP2
compared to P1B. However, the magnitude of these significant
differences was unexpectedly small relative to the difference in
observation time. Increasing point count duration from 10 min
to 15 min required 50% more time spent observing at sample
points, whereas the corresponding percent increase in mean
detection probability for species showing significant differences

was 19% for broadcast species and American Bittern and 16% for
the remaining species. Thus, even though detection probability
differed significantly in half of the species during P1B compared
to P1BP2, we suggest, as elaborated below, that the effort spent
observing each point for an additional 5 min is better spent
elsewhere.
A major design question of any bird monitoring program is
whether surveying more sample points with less effort per point
is better than surveying fewer points with more effort per point.
The answer depends on the question being addressed and the
travel time between points. For monitoring population trends in
marsh breeding birds over time, both Hanowski et al. (2007) and
Steidl et al. (2013) concluded that maximizing the number of
sample points is generally economically and statistically more
effective than resampling established points, assuming that the
prescribed point counts satisfy at least a minimum threshold of
sufficient effort. Hanowski et al. (2007) even recommended no
resampling during Great Lakes coastal marsh bird surveys unless
all possible wetlands are surveyed at least once. We note that we
did not evaluate trade-offs between the number of sample points
and the amount of resampling relative to statistical power in this
study. However, in keeping with the conclusions of Hanowski et
al. (2007) and Steidl et al. (2013), we suggest that the significant
gains in detection probability with 15 min of surveying compared
to 10 min in 7 of the 14 species were small enough that the final
5 min of 15-min point counts be invested in sampling additional
points elsewhere whenever possible. This is especially true when
additional points in close proximity to the initial sample points
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can be sampled in wetlands that would otherwise remain
unsampled (i.e., when travel time between points is relatively
small), without violating statistical assumptions of spatial
independence. Given that population trend analysis is an objective
of many marsh bird monitoring programs, according to
Hanowski et al. (2007) and Steidl et al. (2013), our
recommendation of 10-min surveys instead of 15-min surveys
could result in greater statistical power because of larger sample
sizes, which could result in more effective marsh bird
conservation.
To illustrate the cumulative advantages of reducing point count
duration, consider that typically at least ~2500 15-min marsh bird
point counts are conducted at ~1250 points in ~500 wetlands
annually by various organizations throughout the Great Lakes–
St. Lawrence region (Burton et al. 2008, Tozer 2013, 2016, Uzarski
et al. 2017). By conducting 10-min instead of 15-min point counts
across the region, approximately 12,500 min will be available for
sampling new points. Assuming 25–75% of the saved time would
be spent traveling, an additional ~150–460 new points could be
surveyed at ~70–200 new wetlands. Based on total estimated
survey costs per wetland (US$1395 [2007 currency]; Meixler
2008), it might require ~US$112,000–331,000 (estimated in 2017
currency) to survey these additional points using 15-min counts.
By using 10-min instead of 15-min point counts, one essentially
gains, at almost no additional cost, a ~12–38% increase in sample
size and associated statistical power in exchange for small
reductions in detection probabilities for some species. For
instance, the largest significant reduction in detection that we
observed went from 0.75 during P1BP2 for Least Bittern down to
0.60 during P1B, whereas the smallest significant reduction went
from 0.59 during P1BP2 for Virginia Rail down to 0.50 during P1B.
The multinomial N-mixture models with Poisson distributions
that we used to estimate abundance and detection probability for
some of the species did not fit adequately according to FreemanTukey fit statistics. Nonetheless, we used these apparently poorly
fitting models for inference because predicted abundance and
detection probability estimates were similar to previous estimates
based on part of the same dataset using different methods (Tozer
2013, 2016, Tozer et al. 2016), suggesting that the models did fit
adequately. We note that we included in the models a suite of
covariates known to influence detection, suggesting that our use
of the models to estimate differences in detection may not have
been unduly influenced by apparent lack of fit (Kéry and Royle
2016).
We included a number of covariates in our statistical models, and
found they influenced abundance and detection in most species,
although the magnitude and direction of the influence varied
considerably. This was expected given that abundance and
detection in different species of marsh breeding birds respond in
diverse ways to the covariates we considered (e.g., Tozer 2013,
Tozer et al. 2016). For many species, detection significantly
decreased as the season progressed, and as the number of hours
to sunset or since sunrise increased. This was likely a result in
most species of reduced activity and vocalization associated with
completion of breeding and differences in activity levels as the
day progressed, respectively. For half the species, detection was
significantly higher during morning compared to evening,
perhaps also because of differences in activity levels in most

species. Although it is worth noting that the influence of morning
versus evening on detection was much less among broadcast
species and American Bittern. Detection of about one-third of
these species was significantly higher during morning (Common
Gallinule, Pied-billed Grebe), significantly higher during evening
(American Bittern, Sora, Virginia Rail), or showed no significant
difference (American Coot, Least Bittern), which supports the
use of morning as well as evening surveys in monitoring programs
targeting elusive marsh bird species (e.g., Tozer 2013, 2016,
Uzarski et al. 2017). We also found that detection in many of the
species was significantly higher for the MMP compared to the
CWMP, the reasons for which are unclear, but perhaps related to
differences in species abundances and sampling locations. The
MMP targets Great Lakes coastal and inland wetlands in the
southern portion of the Great Lakes basin, whereas the CWMP
randomly samples Great Lakes coastal wetlands throughout the
entire Great Lakes basin. Higher abundances of some species at
inland wetlands compared to coastal wetlands may have increased
detection for the MMP (Tozer 2013). Finally, we noted for half
the species that abundance decreased over the years of the study,
a finding that matches the results of others using part of the same
dataset (Timmermans et al. 2008, Tozer 2013, 2016). This
highlights the need investigated here to ensure that long-term,
broad-scale monitoring programs maintain data continuity,
including the ability to evaluate potential changes in detection,
so statistically robust estimates are possible across many years of
data collection. Robust long-term information will ultimately
result in more effective conservation of declining species.

CONCLUSION
Prior to development of the standardized marsh bird protocol,
some regional monitoring programs used point counts with call
broadcasts during the first 5 min of 10-min counts, and have since
used 15-min counts to ensure consistency in data across years and
programs. However, the influence of timing of broadcasts within
point counts has rarely been assessed. For six broadcast species
and American Bittern, we found no significant difference in
detection during P1B compared to BP2, and no significant
difference in detection in four of these seven species during P1
compared to P2. We did find significant but small differences in
detection in 7 of the 14 species during P1B compared to P1BP2.
We conclude, (1) timing of broadcasts should not cause bias
during analysis based on counts from entire 10-min surveys, (2)
P1B should be favored over BP2 because the same amount of effort
avoids broadcast bias in all of the broadcast species, and (3) 10min surveys should be favored over 15-min surveys because
modest gains in detection in some species does not warrant the
additional effort. Saved effort could be invested in sampling more
points, where possible, with an associated increase in statistical
power and influence on conservation actions. We recommend
point counts consisting of 5 min of passive observation followed
by broadcasts, consistent with the standardized marsh bird
protocol (Conway 2011), for surveying marsh breeding birds.

Responses to this article can be read online at:
http://www.ace-eco.org/issues/responses.php/1063
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