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Abstract. This report summarizes regional and program-wide results of the
Monitoring Avian Productivity and Survivorship (MAPS) Program during 2004,
2005, and 2006 using data from 452, 422, and 422 MAPS stations, respectively.
Changes in adult population size and productivity (i.e., reproductive index, defined
as young/adult) from 2003 to 2004, 2004 to 2005, and 2005 to 2006 were derived
from data from 343, 352, and 357 stations, respectively, operated in a constant-effort
manner during each pair of years. The generally alternating, out-of-phase patterns
of annual changes in productivity and adult population size that have characterized
MAPS data for the previous 12 years were much less evident during 2004 to 2006,
presumably because the annual changes in productivity and adult population size
during these latter years were generally small and non-significant. Notable
exceptions were as follows: significant decreases in adult population size in the
Northwest and South-central regions as well as program-wide in 2005, and in the
South-central Region in 2006; significant increases in adult population size in the
North-central and Northeast regions in 2006; significant increases in productivity in
the Northeast and Southeast regions in 2004 followed by significant decreases in
both regions in 2005; and a near-significant increase in productivity in the
Southwest in 2005 followed by a significant decrease there in 2006. Patterns of
annual changes in both adult population size and productivity over the entire 15
years have generally been similar in the Northeast, Southeast, and North-central
regions, and often opposite to those in the Northwest, Southwest, and South-central
regions, which generally tended to be similar to each other. In addition, patterns in
the Alaska/Boreal Canada Region generally tended to be different from those in all
of the other more northerly regions. We used modified Cormack-Jolly-Seber (CJS)
mark-recapture analyses, with ad-hoc between- and within-year transient models,
on 15 years (1992-2006) of data pooled from 653 stations, each operated for at least
four consecutive years, to estimate regional and program-wide annual adult
apparent survival (¢) and recapture probabilities and proportions of residents
among newly captured adults for 192 species. The mean number of stations per
region contributing data (93 stations) and the mean number of species per region
for which survival could be estimated (65 species) were 17.7% and 4.9% greater,
respectively, than the analogous means (79 stations and 62 species) based on
analyses of 12 years (1992-2003) of data. The increased number of stations and years
of data resulted in continued increases in the precision of survival estimates: the
mean number of species per region with CV(¢) < 30%, < 20%, and < 10% increased
by 10%, 13%, and 19%, respectively, using 15 years of data, rather than 12. As in
previous years, a pattern was detected in which mean regional adult survival rates
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tended to be lower at more northerly regions. Mean regional survival rates also
tended to be lower in each of the seven regions for the 15-yr (1992-2006) compared
to the 12-yr (1992-2003) data set, continuing the pattern noted in previous reports
and suggesting that survival has been decreasing in each region. For all species
pooled at the program-wide scale, we used (a) chain indices to estimate a highly
significant 15-yr (1992-2006) decline in adult population size of -1.77% yr”, and a
widely fluctuating temporal pattern in productivity with a decreasing tendency of -
0.25% yr; and (b) both time-dependent and linear trend CJS models to estimate a
nearly significant 13-yr (1993-2005) decline in adult apparent survival of -0.46% yr™.
These long-term declines in vital rates will likely increase the difficulty of reversing
population declines in these landbird species. Finally, we found a tendency for the
annual changes in survival rates to have the same sign as the subsequent annual
changes in productivity, suggesting that factors that drive annual variation in
survival might also drive some of the annual variation in productivity, and that
these factors may act during the non-breeding season.

Key words: constant-effort mist netting and banding; landbird demographics;
MAPS Program; population trends; productivity indices; survival rates.

INFORME DE 2004, 2005 Y 2006 DEL PROGRAMA MAPS (MONITOREO DE
PRODUCTIVIDAD Y SOBREVIVENCIA DE AVES)

Resumen. Este informe resume los resultados regionales y globales del programa
MAPS durante 2004, 2005 y 2006 utilizando datos de 452, 422 y 422 estaciones MAPS
respectivamente. Los cambios en tamafio poblacional y sobrevivencia de adultos (es
decir, indice reproductivo, definido como adultos/juveniles) de 2003 a 2004, 2004 a
2005 y 2005 a 2006, fueron derivados de datos provenientes de 343, 352 y 357
estaciones respectivamente, operadas de forma constante durante cada par de afios.
El patrén general alternante y fuera de fase de los cambios en productividad y
tamafio poblacional que ha caracterizado los datos de MAPS durante los 12 afios
anteriores fue mucho menos evidente entre 2004 y 2006, presumiblemente porque los
cambios anuales fueron generalmente leves y no significativos. Excepciones
importantes son las siguientes: declives significativos en tamafio poblacional de
adultos en las regiones Noroeste y Centro-sur asi como globales en 2005, y en la
region Centro-sur en 2006; aumentos significativos en tamafio poblacional de adultos
en las regiones Centro-norte y Noreste en 2006; aumentos significativos en
productividad en las regiones Noreste y Suroeste en 2004 seguidos por declives
significativos en ambas regiones en 2005; y un casi significativo aumento en
productividad en el Suroeste en 2005 seguido de un declive significativo en 2006. Los
patrones de cambio anual en tamafio poblacional y sobrevivencia en los 15 afios
totales han sido generalmente similares en las regiones Noreste, Sureste y Centro-
norte, y a menudo contrarios a los de las regiones Noroeste, Suroeste y Centro-sur, las
cuales tendieron a ser similares entre ellas. Asimismo, los patrones en Alaska y la
region boreal de Canada fueron diferentes de los del resto de regiones nortefas.
Utilizamos andlisis de marcaje-recaptura Cormack-Jolly-Seber (CJS) con datos
combinados de 653 estaciones, cada una operada al menos durante cuatro afios
consecutivos, para estimar la sobrevivencia aparente de adultos (¢) a escala regional
y global asi como probabilidades de recaptura y proporciones de residentes entre
adultos capturados para 192 especies. El nimero promedio de estaciones por region
que contribuy6 datos (93 estaciones) y el niimero promedio de especies por regién
para las que se pudo estimar sobrevivencia (65 especies) aumentaron en un 17.7% y
4.9% respectivamente, con respecto a los promedios andlogos (79 estaciones y 62
especies) basados en analisis de 12 anos (1992-2003) de datos. El aumento en el
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niimero de estaciones y afios de datos resulté en un continuo aumento de la precisién
de las estimaciones de sobrevivencia: el ntimero de especies promedio por regién con
CV(¢p) <30%, <20% y <10% aumentd en 10%, 13% y 19% respectivamente utilizando
15 afios en lugar de 12. Al igual que en afios anteriores, se detectd un patréon que
indica que las tasas de sobrevivencia anual de adultos tienden a ser mas bajas en
regiones nortefias. Las tasas de sobrevivencia promedio por regién también tendieron
a ser mas bajas en cada una de las siete regiones para el periodo de 15 afos (1992-
2006) comparado con los datos de 12 afios (1992-2003), continuando el patrén
resaltado en informes previos que sugiere que la sobrevivencia ha estado en declive
en cada region. Para todas las especies combinadas a escala global, utilizamos (a)
indices de cadena para estimar un declive altamente significativo en tamafio
poblacional en 15 afios (1992-2006) de -1.77% por afio, y un patréon temporal
altamente fluctuante en productividad con una tendencia negativa de -0.25% por afo;
y (b) modelos CJS tanto tiempo-dependientes como de tendencia lineal para estimar
un declive casi significativo de 13 afios (1993-2005) en sobrevivencia aparente de
adultos de -0.46% por afio. Estos declives a largo plazo en pardmetros vitales
dificultardn seguramente la recuperacién de declives poblacionales en estas especies
de aves. Por tltimo, hallamos una tendencia que consiste en que los cambios anuales
de sobrevivencia tienen el mismo signo que los subsiguientes cambios anuales en
productividad, lo cual sugiere que los factores responsables de la variacién anual en
sobrevivencia afectan también a la variacién anual en productividad, y que estos
factores pueden actuar durante la temporada no reproductiva.

Palabras clave: redeo y anillamiento de esfuerzo constante; demografia de aves
terrestres; programa MAPS; tendencias poblacionales; indices de productividad; tasas

de sobrevivencia.

INTRODUCTION

The Monitoring Avian Productivity and
Survivorship (MAPS) Program is a continent-
wide, cooperative network of nearly 450
constant-effort mist-netting stations operated
annually during the breeding season (DeSante
and Kaschube 2007). MAPS was established by
The Institute for Bird Populations (IBP) in 1989 to
collect long-term data on the vital rates (primary
demographic parameters such as productivity
and survivorship) of North American landbirds
at multiple spatial scales ranging from station-
specific and local-landscape to program-wide
(DeSante et al. 1995). MAPS now provides
productivity indices from young/adult ratios of
captured birds, and estimates of adult apparent
survival, recruitment, and population growth
rates from Cormack-Jolly-Seber (CJS) analyses of
capture-mark-recapture data on adult birds for
nearly 200 landbird species.

The research goals of MAPS are to describe
temporal and spatial patterns in these vital rates,
as well as relationships between these patterns

and (1) ecological characteristics and population
trends of species, (2) station-specific and
landscape-scale habitat characteristics, and (3)
spatially-explicit weather variables. The
management goals of MAPS are to use these
patterns and relationships to (1) determine the
proximate demographic cause(s) of population
change, (2) formulate management actions and
conservation strategies to reverse population
declines and maintain stable or increasing
populations, and (3) evaluate the effectiveness of
the management actions and conservation
strategies implemented.

Baillie (1990) was among the first to argue that
monitoring vital rates must be a component of
any successful integrated avian population
monitoring scheme. DeSante (1995), DeSante and
Rosenberg (1998), and DeSante et al. (2005)
extended these ideas by arguing that effective
avian management must also be based on vital
rates as well as population sizes and trends. The
reasons for this are many. First, abundance
metrics and the trends derived from them may
not accurately reflect habitat quality (Van Horne
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1983) because of source-sink dynamics (Pulliam
1988, Donovan et al. 1995) and evolutionary and
ecological traps (Schlaepfer et al. 2002). Second,
populations of migratory species could be
limited by processes acting at times other than
those when abundance is measured, thus further
obscuring the link between abundance and
habitat quality (Marra et al. 1998). Third, vital
rates provide crucial information about the stage
of the life cycle at which population change is
being effected (DeSante 1992, DeSante et al.
2001). This information is particularly important
for migratory species because it can suggest
whether management actions should be directed
toward a species' breeding grounds, wintering
grounds, or both. Fourth, environmental
stressors and management actions affect vital
rates directly and usually without the time lags
that often occur with population size (Temple
and Wiens 1989, DeSante and George 1994).
Finally, demographic rate estimates can be
incorporated into predictive population models
to assess potential effects of a variety of land use
or climate factors (Noon and Sauer 1992). Thus,
demographic monitoring not only complements
abundance monitoring, but also has the potential
to provide more timely and insightful
information for management and conservation
applications.

In this report we present results of the MAPS
Program during 2004, 2005, and 2006 using data
from 452, 422, and 422 stations, respectively. For
all species with adequate data (and for all species
pooled), we compare, in a constant-effort
manner, the regional and program-wide indices
of adult population size and post-fledging
productivity obtained during each of these three
years to the analogous indices obtained during
the immediately preceding year. Then, using
data from 653 stations each operated for four or
more consecutive years during the 15-yr period
1992-2006, we present regional and program-
wide estimates of time-constant annual adult
apparent survival probability, recapture
probability, and proportion of residents among
newly captured adults, along with estimates of
the extent of time-dependence in these
parameters. Finally, for all species pooled at the
program-wide scale, we use chain indices to
estimate 15-yr trends in adult population size
and productivity, and use both time-dependent
and linear-trend CJS models to estimate a 13-yr

trend in adult survival rate.

METHODS

The overall design of the MAPS Program and the
general field methods are described in DeSante
et al. (1996, 1998) and discussed in DeSante et al.
(2004). Detailed, standardized methods and
instructions for the establishment and operation
of MAPS stations are provided by DeSante et al.
(2008). Briefly, MAPS stations were established in
20-ha study areas at locations where long-term
mist netting was practical and permissible. In
general, the locations of MAPS stations were
chosen by the station operators (often according
to a hypothesis-driven strategy) and not by a
probability-based sampling design, although
elements of a random sampling strategy were
sometimes employed. Operators generally
adhered to MAPS site-selection criteria (DeSante
et al. 2008), but some aspects of site selection
were dictated by logistical concerns.

NUMBER AND DISTRIBUTION OF STATIONS

A total of 459 MAPS stations was operated
during 2004, a 0.7% increase over the 456
operated during 2003. Of these, 40 (8.7%) were
new in 2004, while 390 were operated during
2003 and 29 were not operated during 2003 but
were operated during one or more years prior to
2003. A total of 85.5% of the stations operated in
2003 continued to be operated in 2004. We
received data useable for productivity and/or
survivorship analyses in time to be included in
this report from 452 of the 459 stations that were
operated during 2004. A total of 440 MAPS
stations was operated during 2005, 19 (4.1%)
fewer than were operated during 2004. Of these,
42 (9.5%) were new in 2005, while 398 were in
operation during a previous year. A total of
84.7% of the stations in operation during 2004
continued to be operated during 2005. We
received data useable for productivity and/or
survivorship analysis in time to be included in
this report from 422 of the 440 stations that were
operated during 2005. A total of 438 MAPS
stations was operated during 2006, 2 (0.5%)
fewer than were operated during 2005. Of these,
37 (8.4%) were new in 2006, while 401 were in
operation during a previous year. A total of
88.0% of the stations in operation during 2005
continued to be operated during 2006. We
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received data useable for productivity and/or
survivorship analysis in time to be included in
this report from 422 of the 438 stations that were
operated during 2006. The principal operator,
sponsoring organization, location, elevation, and
habitat(s) for each station newly established in
2004, 2005, or 2006 (or that was established prior
to 2004 but not previously reported) are
presented in the Appendix. See previous annual
reports (DeSante et al. 1993b, 1996, 1998, DeSante
and Burton 1994, DeSante and Kaschube 2006,
2007, and DeSante and O’Grady 2000) for these
data for stations established prior to 2004.

We divided North America north of Mexico
into eight major geographic regions based on
biogeographical and meteorological consid-
erations and delineated along lines consistent
with physiographic strata established in con-
junction with the North American Breeding Bird
Survey (BBS; Robbins et al. 1986). These eight
MAPS regions are Northwest, Southwest, North-
central, South-central, Northeast, Southeast,
Alaska, and Boreal Canada (see maps in DeSante
et al. 1993a and DeSante and Burton 1994).
Because of the small number of stations in the
two northernmost regions, we generally pooled
data from them into a single Alaska/Boreal
Canada Region for analyses.

The proportions of stations located in each of
the eight MAPS regions (Fig. 1) were very similar
during 2004 to analogous proportions in 2003,
except for slightly higher proportions in the
South-central and Southeast regions and slightly
lower proportions in the Northwest and
Northeast regions. The proportions during 2005
and 2006 were also very similar to those during
2004, except for a progressive decrease in
proportions in the Southwest, small progressive
increases in proportions in the North-central and
Northeast regions, and a 2006 decrease in the
Northwest coupled with the establishment of 15
new stations in Alaska. A total of 975 MAPS
stations were operated for at least one year
between 1992 and 2006; station operators have
provided latitude and longitude coordinates for
966 of these stations. The locations of these 966
stations are mapped in Figure 2.

DATA COLLECTION

Typically, 10 permanent net sites were
distributed rather uniformly throughout the
central eight ha of each 20-ha study area, but

were placed at specific locations where birds
could be captured most efficiently. One mist net
(typically 12-m length, 30-mm mesh) was erected
at each net site and the type and location of all
nets were kept constant for the duration of the
study. Typically, nets were operated for six hours
per day, beginning at local sunrise, for one day
per 10-d period, and for six to 10 consecutive 10-
d periods beginning between May 1 and June 10
(later at more northerly latitudes and higher
altitudes) and continuing through August 8. To
facilitate constant-effort comparisons of data,
nets were opened, checked, and closed in the
same order on all days of operation.

Each bird captured was marked with a
uniquely-numbered aluminum leg band
provided by the U.S. Geological Survey or the
Canadian Wildlife Service. Band number, capture
status, species, age, sex, ageing and sexing
criteria (skull pneumatization, breeding
condition, feather wear, molt, molt limits,
plumage characteristics), physical condition
(mass, wing chord, fat content), date, time,
station, and net number were recorded for all
birds captured, including recaptures. The times
of opening and closing the nets and beginning
each net run were recorded each day so that
effort could be calculated for each 10-d period
and standardized between years. The breeding
(summer residency) status of each species
recorded at the station was determined by the
station operator using methods similar to those
employed in breeding bird atlas projects.

DATA ENTRY AND VERIFICATION

Computer data entry and proofing were
conducted by MAPS operators or, in those cases
where operators were unable to enter their own
data, by John W. Shipman of Zoological Data
Processing (entry) and by IBP staff biologists
(proofing). MAPS data were then run through
verification routines that screened: (1) the
validity and ranges of all data; (2) each banding
record by comparing the species, age, and sex
determinations to the ageing and sexing criteria
used; (3) all banding data for inconsistent
species, age, or sex determinations for all records
of each band number; and (4) all banding, effort,
and breeding status data for inconsistencies
among them. These verification routines were
conducted, for about 2/3 of the stations, by the
MAPS station operators themselves through the
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BC
(a) 2004 AK BC (b) 2005 1.4%
0.0% 1.1% AK
’ NC 0.0% NC
8.3% NW 9.1%
NW 30.7% NE 305% NE
17.2% 18.0%
SE
sw 13.3% Sw SE
16.3% sc 13.6% sc 14.1%
12.2% 13.4%
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AK 1.8%
(c) 2006 3.7%
NC
W 10.0%
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18.5%
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11.4% 1350Cty 13.5%
. 0

FIGURE 1. Proportions of MAPS stations in each of the eight major geographical regions (NW - Northwest;
SW - Southwest; NC - North-central; SC - South-central; NE - Northeast; SE - Southeast; AK - Alaska; BC -

Boreal Canada) during (a) 2004, (b) 2005, and (c) 2006.

the larger “individual” squares can represent as many as 11 stations.
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use of MAPSPROG, a user-friendly Visual
dBASE data entry/import, verification/editing,
and error-tracking program that operates on a
Windows platform (Froehlich et al. 2006); data
from the remainder of stations were verified by
IBP biologists.

DATA ANALYSES

Methods of data analysis have been described in
DeSante and Burton (1994), DeSante et al. (1998),
and DeSante and O’Grady (2000); discussed in
DeSante et al. (2004); and are briefly summarized
here. Throughout, we use alpha levels of P < 0.05
and P < 0.01 to indicate significant and highly
significant results, respectively. In Tables 1-3
and in the text, we also identify species for which
differences were nearly significant at 0.05 = P
< 0.10. Means throughout are presented with
plus-minus the standard error (SE).

1. Population Size and Productivity Indices —
The numbers of individual adult birds of each
species captured each year, pooled over all
stations within each region (and over all regions)
that were located within the breeding range of
the species, were used as annual regional (or
program-wide) indices of adult population size
for the species. Similarly, for each species in each
region (and over all regions), the pooled number
of individual young birds divided by the pooled
number of individual adult birds (“reproductive
indices”), was used as an annual regional (or
program-wide) index of post-fledging produc-
tivity. Reproductive index (young/adult) is more
consistent with other commonly-used measures
of reproductive success than “productivity
index,” defined as the proportion of young in the
catch [young/(young+adult)], the latter being
used in earlier MAPS reports. Data from a given
station in a given year were included in
population size and productivity analyses if the
station was operated for at least five 10-d periods
that year, of which at least three periods occurred
during the earlier and at least two during the
later parts of the season [adult and young
superperiods, respectively; see DeSante et al.
(2008) for definitions].

Year-to-year changes in the numbers of adult
and young birds were calculated using net-
opening and -closing times and net-run times on
a net-by-net and period-by-period basis to
exclude captures that occurred in a given net in a
given period in one year at a time when that net

was not operated in that period in the other year.
This allowed captures during the two years to be
compared in a rigorous, constant-effort manner.
The statistical significance of annual changes in
the regional (or program-wide) indices of adult
population size and productivity were inferred
for each species from confidence intervals
calculated from the standard errors of the mean
percentage changes. Changes were considered
significant if confidence intervals did not include
zero. Formulae for these standard errors and
confidence intervals were given in Peach et al.
(1996) as derived from those given in Cochran
(1977). We also inferred, by means of binomial
tests, the statistical significance of regional (or
program-wide) changes in adult population size
and productivity indices from the proportion of
target species that increased or decreased in each
region. Significance of these proportional
changes was considered relative to a 50% up or
down change. We included species in these
regional population size and productivity
analyses for which adults were captured at two
or more stations in the region and for which at
least 50 aged individuals were captured at all
stations pooled in at least one of the two years
being compared.

We estimated 15-yr (1992-2006) trends for the
indices of adult population size and productivity
for all species pooled at the program-wide scale by
“chaining” the 14 constant-effort (as defined
above) year-to-year changes in these annual
indices and calculating the slope of the
regression of the “chain” indices. For the trend in
adult population size, we used an arbitrary
starting index of 100 in 1992 and calculated chain
indices in each subsequent year by first
multiplying the proportional change between the
two years times the index of the previous year
and then adding that amount to the index of the
previous year. Trends in productivity were
calculated in an analogous manner, except that
we started with the actual reproductive index in
1992 (0.702) and chained the annual proportional
changes in the reproductive index over the 15
years.

2. Survival Rate Estimates — We calculated
maximum-likelihood estimates and standard
errors for annual adult apparent survival
probabilities (¢) and recapture probabilities (p)
for all species in each region for which adequate
data were obtained. These survival estimates are
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called apparent survival because permanent
emigration from the station is not distin
guishable from actual mortality. We used
Cormack-Jolly-Seber (CJS) capture-mark-
recapture analyses (Clobert et al. 1987, Pollock et
al. 1990, Lebreton et al. 1992) that incorporated a
between-yr transient model (Pradel et al. 1997),
as well as an ad-hoc length-of-stay within-yr
transient model (Nott and DeSante 2002, Hines
et al. 2003). These transient models also permit
estimation of 7 (the proportion of residents
among those newly captured adults that were
not recaptured seven or more days later during
their first year of capture), and provide apparent
survival rate estimates that are unbiased with
respect to transient individuals (Pradel et al.1997,
Hines et al. 2003).

Parameter estimates were calculated from the
capture histories of all adult birds captured at all
stations in the region at which the species was a
usual breeder (i.e., attempted to breed during
more than half of the years the station was
operated). Data from a given station were
included in survivorship analyses if the station
was operated for at least four consecutive years
during the 15-yr period 1992-2006, and was
operated during each of those four or more years
for at least three periods during the adult
superperiod (see above). Stations within 1 km of
each other were merged into a single “super-
station” and data from those stations were
pooled prior to creating capture histories of
individual birds. This prevented individuals
whose home range encompassed parts of both
stations from being treated as two different
individuals. We included species in these
survivorship analyses for which an average of at
least 2.5 individual adult birds were captured
during each of the 15 years 1992-2006 (at least 38
year-unique adult individuals) from all stations
pooled, and for which there were at least two
returns (between-year recaptures) from all
stations pooled. We considered survival
probability to be “better estimated” for species
for which: (1) ¢ was based on at least five returns
over the 15 years; (2) 7 (the estimate of the
proportion of residents among those newly
captured adults that were not recaptured seven
or more days later during their first year of
capture) was < 1.00; (3) SE(¢) < 0.20; and (4)
CV(¢) < 50%.

We modeled all eight combinations of time-

dependence (and -independence) for each of the
three parameters, ¢ (survival probability), p
(recapture probability), and 7 (proportion of
residents), contained in the transient model using
TMSURVIV (Hines et al. 2003), a version of the
computer program SURVIV (White 1983)
modified by J. E. Hines. We used the Akaike
Information Criterion (QAICc) to select appropri-
ate models for each species such that the selected
model was the one with the lowest QAICc
(Burnham and Anderson 1992). We considered
models having QAICc values within two QAICc
units of each other to be equivalent models.

We further estimated the relative likelihood of
each of the eight models using QAICc weights
(wi; Burnham and Anderson 1998). Statistical
support for time-dependence in survival and
recapture probabilities and in proportion of
residents was assessed by summing the w: for all
models in which time-dependence in the
parameter of interest occurred. This method of
multi-model inference enabled us to use the
entire set of eight models to judge the
importance of time-dependence, rather than
basing conclusions on a single best-fit model.
A wi value > 0.5 indicates strong support for
time-dependence in the given parameter, while
0.50 = w: > 0.25 suggests some support for time-
dependence in that parameter.

Finally, in order to gain additional insight into
the issues of time-dependence and temporal
trend in survival, we used the ad-hoc transient
model in Program MARK (White and Burnham
1999) to model program-wide survival (¢) and
recapture (p) probabilities for all species pooled as
(1) time-constant, (2) time-dependent, and (3) a
linear function of time. We again used QAICc
(Burnham and Anderson 1992) and QAICc
weights (w; Burnham and Anderson 1998) to
select among the nine possible models.

RESULTS

ADULT POPULATION SIZE AND
PRODUCTIVITY

1. Changes between 2003 and 2004 — Constant-
effort data were obtained for 2003 and 2004 from
343 MAPS stations operated comparably in both
years. The changes between years in the
numbers of adult and young birds captured and
the reproductive index (young/adult) are
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presented for the entire continent (program-
wide) and for each MAPS region in Table 1 for
those species that met the productivity selection
criteria (see Methods — Data Analysis) and for all
species pooled. These included 130 species
program-wide, 65 species in the Northwest, 34 in
the Southwest, 23 in the North-central, 26 in the
South-central, 36 in the Northeast, 24 in the
Southeast, and 4 in the combined Alaska/Boreal
Canada Region.

(a) Changes in adult population size — The index
of adult population size for all species pooled
(number of adults captured) showed decreases
ranging from -1.6% to -7.9% between years in the
four more easterly regions and increases of 2.6%
and 4.8% in the Northwest and Southwest
regions, respectively, but none of these six
changes was significant or nearly significant
(Table 1). Adults of all species pooled decreased
by a highly significant -32.0% in the Alaska/
Boreal Canada Region (where, however, only
four stations where operated in both years and all
were near Lesser Slave Lake). The proportion of
increasing species was nearly significant in the
Alaska/Boreal Canada (100%) and Southwest
(65%) regions and non-significant in each of the
other five regions. Summing over the five regions
where adult populations tended to decrease
between years, 20 species had significant or
nearly significant decreases in number of adults,
while only six species showed significant or
nearly significant increases. Summing over the
Northwest and Southwest regions, where adult
populations tended to increase, 11 species had
significant or nearly significant increases in
number of adults and 10 species had significant
or nearly significant decreases.

Program-wide, the index for adult population
size for all species pooled decreased by a non-
significant -0.3% (Table 1). The program-wide
proportion of decreasing species (49%) was also
non-significant. Program-wide, 21 species had
significant or nearly significant decreases in
number of adults while 13 species had significant
or nearly significant increases.

(b) Changes in productivity — Productivity
increased significantly and dramatically between
2003 and 2004 in both the Northeast and
Southeast regions (Table 1). The number of
young birds of all species pooled showed highly
significant increases of 31.3% and 36.3% in these
two regions, respectively, while the reproductive

index (young/adult) of all species pooled
showed highly significant and significant
increases of 36.4% and 48.0%, respectively. The
proportions of species with increasing number of
young and increasing reproductive index for
these two regions ranged from 63% to 78% and
were significant for all but number of young in
the Southeast. Summing over these two regions,
a total of seven and 10 species had significant or
nearly significant increases between years in
number of young birds captured and
reproductive index, respectively, while no
species had significant or nearly significant
decreases in either of these two parameters. The
number of young and reproductive index of all
species pooled also tended to increase in the
Northwest Region by 4.6% and 1.9%,
respectively, but neither of these increases was
even nearly significant. Similarly, the proportions
of increasing species for these two parameters in
the Northwest were 58% and 60%, respectively,
but only the proportion of species with an
increasing reproductive index was even nearly
significant. A total of seven and three species had
significant or nearly significant increases in
number of young birds captured and repro-
ductive index, respectively, in the Northwest
Region, while six and two species had significant
or nearly significant decreases in these two
parameters, respectively. In contrast, the number
of young and reproductive index of all species
pooled tended to decrease in each of the other
four regions, but only the decrease in young in
the Alaska/Boreal Canada Region (-66.8%) was
significant, and only the proportions of species
with decreasing numbers of young and
decreasing reproductive indices in the Alaska/
Boreal Canada Region (100% in each case) were
nearly significant. Summing over these four
regions, a total of 17 and five species had
significant or nearly significant decreases in
number of young birds captured and repro-
ductive index, respectively, while only three
species each had significant or nearly significant
increases in these two parameters.
Program-wide, the number of young for all
species pooled increased by a non-significant
4.2% while the reproductive index for all species
pooled increased by a non-significant 4.6% from
0.467 in 2003 to 0.488 in 2004 (Table 1). The
program-wide proportions of species with
increasing number of young and increasing
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reproductive index were each 50%. Program-
wide, only nine species had significant or nearly
significant increases in number of young and
only 10 species had significant or nearly
significant decreases. Similarly, only eight species
had significant or nearly significant increases in
reproductive index and only six species had
significant or nearly significant decreases.

2. Changes between 2004 and 2005 — Constant-
effort data were obtained for 2004 and 2005 from
352 MAPS stations operated comparably in both
years. The changes between years in the
numbers of adult and young birds captured and
the reproductive index are presented for the
entire continent (program-wide) and for each
region in Table 2 for individual species (inclusion
criteria as in Table 1) and for all species pooled.
These included 125 species program-wide, 63
species in the Northwest, 32 in the Southwest, 22
in the North-central, 23 in the South-central, 35
in the Northeast, 26 in the Southeast, and 4 in the
combined Alaska/Boreal Canada Region.

(a) Changes in adult population size — Overall,
the index of adult population size for all species
pooled decreased in 2005 in the four western and
central regions, where productivity tended to be
reduced during 2004, and increased in the two
eastern regions, where productivity significantly
increased during 2004 (Table 2). Adult
population size for all species pooled also tended
to increase in the Alaska/Boreal Canada Region
in 2005, despite the significant decrease in
productivity there in 2004, but, again, data for
these comparisons were received from just five
stations there. The -7.8% and -7.7% decreases in
the number of adults of all species pooled in the
Northwest and South-central regions, respec-
tively, were the only significant changes. Only
the proportions of decreasing species from the
South-central (74%) Southwest (66%) regions
were significant and nearly significant,
respectively. Summing over the two western and
two central regions where adult populations
decreased, a total of 25 species had significant or
nearly significant decreases in number of adults,
while only three species had significant or nearly
significant increases. In contrast, summing over
the remaining three regions where adult
populations increased, 10 species had significant
or nearly significant increases in number of
adults, while only three species had significant
or nearly significant decreases.

Program-wide, the index for adult population
size for all species pooled decreased by a highly
significant -5.0% (Table 2). The program-wide
proportion of decreasing species (58%) was also
nearly significant. Program-wide, 13 species had
significant decreases in number of adults and
another five species had nearly significant
decreases, while only five species showed
significant or nearly significant increases.

(b) Changes in productivity — Regional changes
in productivity for all species pooled between
2004 and 2005 were opposite those between 2003
and 2004 for six of the seven regions (Table 2).
The most pronounced and significant decreases
in productivity in 2005 occurred in the two
eastern regions, where the largest and most
significant increases occurred in 2004. The
number of young of all species pooled in the
Southeast decreased in 2005 by -38.8%, while the
reproductive index decreased there by -38.9%
(both highly significant). These two parameters
decreased in 2005 in the Northeast by -14.2% and
-18.8%, respectively (both nearly significant). The
proportions of decreasing species for these two
parameters in these two regions ranged from
60% to 85% and were highly significant for all
but the number of young in the Northeast (60%)
which was not significant. Summing over these
two regions, 25 species had significant or nearly
significant decreases in the number of young
captured in 2005, while not a single species had
even a nearly significant increase. Similarly, 12
species had significant or nearly significant
decreases in reproductive index, while only two
species had significant or nearly significant
increases. Smaller decreases in productivity (a
nearly significant -9.1% decrease in number of
young of all species pooled and a non-significant
-1.4% decrease in reproductive index) occurred
in 2005 in the Northwest Region following non-
significant increases in productivity there in
2004. The proportion of species (71%) with
decreases in the number of young captured in
the Northwest in 2005 was highly significant.
Fourteen species in the Northwest showed
significant or nearly significant decreases in
number of young captured compared to only
one species with a nearly significant increase;
similarly, six species showed significant or nearly
significant decreases in reproductive index
compared to only one species with a significant
increase. Productivity in the Southwest, North-
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Central and Alaska/Boreal Canada regions
increased in 2005 following generally non-
significant decreases in 2004. The 32.3% increase
in number of young for all species pooled in the
Southwest and 43.9% and 36.8% increases in
reproductive index for all species pooled in the
Southwest and North-Central regions, respec-
tively, were each nearly significant. The propor-
tions of increasing species for these two
parameters ranged between 56% and 75% in
these three regions, and were significant or
nearly significant for number of young in the
North-central Region and reproductive index in
both the Southwest and North-central regions.
Summing over these three regions, four species
had significant or nearly significant increases in
number of young captured, compared to three
species with nearly significant decreases;
similarly, five species showed significant or
nearly significant decreases in reproductive
index, while no species showed even a nearly
significant decrease. In contrast to the other six
regions, decreases (non-significant) from the
previous year occurred in both 2005 and 2004 in
both number of young and reproductive index
for all species pooled in the South-Central
Region; the proportions of decreasing species in
these two parameters were not significant in
either year. Two species had significant decreases
in 2005 in number of young, while no species
had even a nearly significant increase; two
species also had significant or nearly significant
decreases in reproductive index in 2005 while
three species had significant increases.

Program-wide, the number of young for all
species pooled decreased by a non-significant -
3.9%, while the reproductive index for all species
pooled increased by a non-significant 1.1% from
0.500 in 2004 to 0.506 in 2005 (Table 2). The
program-wide proportion of species with a
decreasing number of young (57%) was nearly
significant, while the proportion of species with
an increasing reproductive index (47%) was not.
Program-wide, 24 species had significant or
nearly significant decreases in number of young,
while only six species had significant or nearly
significant increases. Similarly, nine species had
significant or nearly significant decreases in
reproductive index, while only four showed
significant or nearly significant increases.

3. Changes between 2005 and 2006 — Constant-
effort data were obtained for 2005 and 2006 from

357 MAPS stations operated comparably in both
years. The changes between years in the
numbers of adult and young birds captured and
the reproductive index are presented for the
entire continent (program-wide) and for each
region in Table 3 for individual species (inclusion
criteria as in Table 1) and for all species pooled.
These included 135 species program-wide, 59
species in the Northwest, 32 in the Southwest, 23
in the North-central, 25 in the South-central, 37
in the Northeast, 27 in the Southeast, and 6 in the
combined Alaska/Boreal Canada Region.

(a) Changes in adult population size — The index
of adult population size for all species pooled
increased in 2006 in the North-central, Northeast,
and Southeast regions and decreased in the
Northwest, Southwest, South-central, and
Alaska/Boreal Canada regions (Table 3). The
increases in the North-central (11.2%) and
Northeast (10.1%) were significant and highly
significant, respectively, while the proportion of
increasing species in Northeast (65%) was also
significant. The decrease in adult population size
for all species pooled in the South-central Region
(-14.3%) and proportion of decreasing species
there (72%) were also highly significant and
significant, respectively. Summing over the three
regions with increases in adult population size
for all species pooled, 18 species had significant
or nearly significant increases in number of
adults, while 8 species showed significant or
nearly significant decreases. In contrast,
summing over the four regions with decreases in
adult population size, 12 species had significant
or nearly significant increases in number of
adults, while 23 species showed significant or
nearly significant decreases.

Program-wide, the index of adult population
size for all species pooled remained fairly
constant between 2005 and 2006 with a non-
significant decrease of -0.8% (Table 3). The
program-wide proportion of decreasing species
(49%) was not significant. Program-wide, 20
species had significant or nearly significant
decreases in number of adults, while 20 other
species showed significant or nearly significant
increases.

(b) Changes in productivity — Regional changes
in productivity for all species pooled between
2005 and 2006 were in the same direction as
regional changes in adults for each of the seven
regions, a situation that has never before been
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recorded in the 15-yr MAPS data set (Table 3).
Regional changes in productivity for all species
pooled between 2005 and 2006 were opposite the
changes in productivity between 2004 and 2005
for four of the seven regions, but were in the
same direction for three regions. The substantial
and generally significant decreases in
productivity between 2004 and 2005 in the
Northeast and Southeast regions were followed
by significant and highly significant increases
between 2005 and 2006 in the number of young
birds of all species pooled in these two regions
(17.7% and 29.2% respectively). In addition, the
proportions of species with increases in number
of young in these two regions (70% and 81%,
respectively) were also significant and highly
significant, respectively. Non-significant
increases between 2005 and 2006 in the
reproductive index of all species pooled also
occurred in these two regions, while the
proportion of species that showed increases in
reproductive index (74%) was significant in the
Southeast Region. A highly significant decrease
in the number of young of all species pooled (-
39.7%) and a significant decrease in reproductive
index (-39.2%) occurred in the Southwest Region
between 2005 and 2006, following nearly
significant increases in productivity there
between 2004 and 2005. The proportions of
species with decreasing number of young and
reproductive index between 2005 and 2006 in the
Southwest (both 81%) were highly significant.
Non-significant decreases in productivity
between 2005 and 2006 also occurred in the
Alaska/Boreal Canada Region, following non-
significant increases in productivity there
between 2004 and 2005. Changes in productivity
of all species pooled between 2005 and 2006 were
in the same direction as those between 2004 and
2005 for the Northwest and South-central
regions, where decreases occurred, and for the
North-central Region, where increases occurred.
All of these changes in reproductive index were
non-significant, but the decrease in the number
of young in the South-central region (-17.3%) and
proportion of decreasing species there (76%)
were both significant, while the increase in
number of young in the North-central region
(20.2%) was nearly significant. Summing over
the three regions where productivity increased
(North-central, Northeast and Southeast), 14
species had significant or nearly significant

increases in number of young, compared to
seven species with significant or nearly
significant decreases; and 10 species had
significant or nearly significant increases in
reproductive index, compared to four species
with significant or nearly significant decreases.
Similarly, summing over the four regions where
productivity decreased (Northwest, Southwest,
South-central, and Alaska/Boreal Canada), 31
species had significant or nearly significant
decreases in number of young, compared to only
six species with significant or nearly significant
increases; and 15 species had significant or
nearly significant decreases in reproductive
index, compared to only two species with
significant or nearly significant increases.

Program-wide, the number of young for all
species pooled decreased by a nearly significant -
6.1% while the reproductive index for all species
pooled decreased by a non- significant -5.3%
from 0.480 in 2005 to 0.454 in 2006 (Table 3). The
program-wide proportions of species with
decreasing number of young (50%) and
decreasing reproductive index (52%) were each
non-significant. Program-wide, 21 species had
significant or nearly significant decreases in
number of young, and 11 species had significant
or nearly significant increases. Similarly, nine
species had significant or nearly significant
decreases in reproductive index, and six had
significant or nearly significant increases.

4. Fifteen-year (1992-2006) program-wide trends
— Chained indices of adult population size (Fig.
3a) and productivity (Fig. 3b) for all species
pooled at the program-wide scale showed a
highly significant decreasing trend in adult
population size of -1.77% yr”, and a widely
fluctuating temporal pattern in reproductive
index with a slight and non-significant decreas-
ing tendency of -0.25% yr-1. Interestingly, all five
decreases in productivity were followed by
decreases in adult population size the next year,
but only three of the eight increases in
productivity were followed by increases in adult
population size the next year. Nevertheless,
seven of the nine significant or nearly significant
changes in productivity were followed the next
year by changes of adult population size of the
same sign (P = 0.070; binomial test), while only
one of four non-significant changes in
productivity was followed by a change of adult
population size of the same sign.

[130]



DAVID F. DESANTE AND DANIELLE R. KASCHUBE

RZ=0.832, P <0.001
100 4 slope = -1.653
Ann. % change = -1.767%

Index of adult population size

»\9%1\(5%%\(59&\%%6\9%%'\%91»\99%»\999:?900:100\1001100%100b‘q}QQBrLQQ%
Year
0751 b R®=0.007, P = 0.760

slope = -0.001
Ann. % change =-0.250%

s

0.70 1

045 4

0.40

Reproductive index (young/adult)

% ob cof o ol o o o) T
£ o, 02,090, 000, o 990, 0% o o i o oo o

P
Year
£ om € R’ =0.253, P=0.080
= slope =-0.002
g 054 | Ann. % change =-0.456%
=
S o052
]
€ o050
o
©
T s
&
S 046
3
2 o4
o R R R - S N N A, o » &
A S Vs {90‘* P o8
& 7 o I F I TS FFF
R S S S
Interval

FIGURE 3. Program-wide 15-yr (1992-2006) trends for all species pooled for (a) adult population size and (b)
productivity (reproductive index: young/adult) from chain indices of constant-effort year-to-year changes
derived from the analysis of > 849,000 captures of > 662,000 aged individuals; and (c) the program-wide 13-yr
trend for all species pooled for adult annual apparent survival rate from the fully time-dependent CJS mark-
recapture model applied to > 406,000 capture histories of individual adult birds.
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SURVIVAL-RATE ESTIMATES

Regional and program-wide maximum-
likelihood estimates of time-constant annual
adult apparent survival rates, recapture
probabilities, and proportions of residents
among the newly captured adults that were not
recaptured seven or more days later during their
first year of capture are presented in Table 4 for
species that met survivorship selection criteria
(see Methods - Data Analysis), along with the
total number of individual adult birds captured
and the total number of captures and returns of
those individuals. These estimates were derived
from 15 years (1992-2006) of mark-recapture data
pooled over all stations in each region (or
program-wide) that were operated for four or
more consecutive years during this period. Data
were pooled from 174 stations in the Northwest,
98 in the Southwest, 58 in the North-central, 84 in
the South- central, 119 in the Northeast, 89 in the
Southeast, and 31 in the Alaska/Boreal Canada
Region (a total of 653 stations program-wide), for
an average of 93 stations per region (Table 5).
The regional increases for the 15-yr period (1992-
2006) over the 12-yr period (1992-2003) in the
number of stations contributing data to
survivorship analyses ranged from 0.0% in the
Alaska/Boreal Canada Region to 30.8% and
31.8% in the Northeast and North-central
regions, respectively, and averaged 17.7%, which
was very near the program-wide increase of
18.7%.

A total of 192 species fulfilled selection criteria
for survivorship analyses program-wide, with 85
species fulfilling these criteria in the Northwest,
91 in the Southwest, 62 in the North-central, 63
in the South-central, 76 in the Northeast, 47 in
the Southeast, and 34 in the Alaska/Boreal
Canada Region, for an average of 65 species per
region (Tables 4 and 5). Increases in the number
of species per region that fulfilled selection
criteria for survivorship analyses ranged from
0.0% in the Alaska/Boreal Canada Region to
14.8% in the North-central Region and averaged
4.9%; the program-wide change was also an
increase of 4.9%.

The mean number of individual adult birds
captured per station per species during the 15
years was lowest for the Northeast (22.3) and
Southeast (24.4), higher for the Southwest (36.7)
and South-central (37.0), higher still for the
Northwest (39.6) and North-central (41.9)

regions; it was highest for the Alaska/Boreal
Canada Region (53.4; Table 4). Altogether, the
653 stations included in these survivorship
analyses were operated for an average of 8.24
years each (87 stations for four, 133 for five, 57
for six, 43 for seven, 45 for eight, 57 for nine, 59
for 10, 34 for 11, 21 for 12, 48 for 13, 23 for 14, and
46 for 15 years) and produced an average
capture rate of 4.18 adult individuals per station
per species yr.

As in past years, the average total number of
adult captures per individual per species (for
species that met survivorship selection criteria)
was remarkably constant over the seven regions,
ranging from 1.33+0.21 in the South-central
Region to 1.54+0.25 in the Alaska/Boreal Canada
Region, and averaging 1.37+0.25 overall.
Similarly, the average total number of returns per
individual per species also remained remarkably
constant over the seven regions, ranging from
0.132+0.072 in the South-central Region to
0.157+0.074 in the Alaska/Boreal Canada
Region, and averaging 0.135+0.078 overall.

The precision of the estimates of annual adult
survival rate from 653 stations in the 15-yr
period (1992-2006) increased over that obtained
from 550 stations in the 12-yr period (1992-2003;
Table 5). The mean coefficient of variation in
survival probability, CV(¢), for all species in each
region ranged from 13.5% in the Northwest to
21.3% in the Southwest and averaged 17.7+2.9%
over all regions; the mean program-wide CV(¢)
was 13.8%. These figures compare to a range
from 15.3% in the Northwest to 23.7% in the
South-central, an average of 19.5+2.9% over all
regions, and 15.0% program-wide for 1992-2003
data. This represents a 9% average improvement
going from 12 to 15 years (Table 5), and can be
compared to a 6% improvement going from 10 to
12 years, 8% from 7 to 10 years, and 28% from 5
to 7 years. Another measure of the increased
precision provided by 15, rather than 12, years is
the mean number of species over the seven
regions having CV(¢) < 30%, which increased by
10% from 51 species with 12 years to 56 species
with 15 years. Similarly, the mean number of
species per region having CV(¢) < 20% increased
by 13% from 40 to 46 species; and the mean
number having CV(¢) < 10% increased by 19%
from 21 to 25 species (Table 5). The analogous
program-wide increases in the numbers of
species were 5%, 8%, and 14%. The mean
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proportions of species over the seven regions
having CV(¢) < 30%, < 20%, and < 10% also
increased with 15 years (by 4%, 6%, and 20%,
respectively; Table 5). The analogous program-
wide increases in the proportions of species were
20/0, 30/0, and 9%.

Mean regional survival probabilities for all
species in each region (Table 4) ranged from
0.391 (Alaska/Boreal Canada) to 0.496 (South-
west) and averaged 0.471+0.036 for the seven
regions; the mean program-wide survival
probability was 0.488. Mean regional recapture
probabilities ranged from 0.327 (Northwest) and
0.328 (Southwest) to 0.488 (Alaska/Boreal
Canada) and averaged 0.365+0.057; the mean
program-wide recapture probability was 0.334.
Mean regional proportions of residents among
newly-captured adults ranged from 0.468
(Northeast) to 0.550 (Alaska/Boreal Canada) and
averaged 0.513+0.030; the mean program-wide
proportion of residents was 0.492.

As in previous years, mean regional survival
and recapture probabilities increased and mean
regional proportions of residents decreased
when consideration was limited in each region to
species for which survival was “better
estimated” (see Methods). This pattern held for
each of the three parameters in each of the seven
regions and program-wide except for mean
survival in the South-central Region which was
slightly higher for all species (0.491) than for
better-estimated species (0.488). When
consideration was limited to the better-estimated
species, mean regional survival probabilities
ranged from 0.415 (Alaska/Boreal Canada) to
0.516 (Southwest) and averaged 0.483+0.032 for
the seven regions; the mean program-wide
survival probability for better-estimated species
was 0.489. Mean regional recapture probabilities
ranged from 0.353 (South-central) to 0.518
(Alaska/Boreal Canada) and averaged
0.393+0.057; the mean program-wide recapture
probability for better-estimated species was
0.352. Mean regional proportions of residents
among newly-captured adults ranged from 0.444
(Southwest) to 0.516 (South-central) and
averaged 0.475+0.024; the mean program-wide
proportion of residents for better-estimated
species was 0.456.

Again, as in previous years, mean regional
survival rates for all species were higher in the
three southern regions (Southwest: 0.496+0.095;
South-central:  0.491+0.088; Southeast:

0.478+0.068) than in the three northern regions
(Northwest: 0.486+0.061; North-central:
0.488+0.090; Northeast: 0.470+0.071), respec-
tively, and were lowest in the far northern
Alaska/Boreal Canada region (0.391+0.070). In
addition, except for unexpectedly high mean
survival in the North-central Region, mean
regional survival rates for all species tended to
be higher in the two western regions, lower in
the two central regions, and lowest in the two
eastern regions. In contrast, mean regional
recapture probabilities for all species tended to
show the opposite pattern with respect to both
latitude and longitude, being generally lower in
the three more southerly than the three more
northerly regions and highest in Alaska/Boreal
Canada; and higher in the two eastern regions,
lower in the two central regions, and lowest in
the two western regions. Mean regional
proportions of residents among newly captured
adults for all species showed a geographic
pattern quite similar to that for survival rate (i.e.,
generally higher in more southerly and westerly
regions), except that the highest mean proportion
of residents occurred in the Alaska/Boreal
Canada Region.

In general, mean regional survival proba-
bilities from the 15-yr data set were lower than
those from the 12-yr data set, both for all species
(by an average of -0.004) and for better-estimated
species (by an average of -0.006). The only
exceptions to this pattern were the Northwest for
all species (15-yr higher than 12-yr by +0.002)
and, especially, the North-central Region (15-yr
higher than 12-yr by +0.024 for all species and by
+0.015 for better-estimated species). To control
for potential differences in the species being
compared, we ran matched-pairs f-tests between
survival estimates from the 15- and 12-yr data
sets for those species-region and species-
program wide combinations for which survival
for the species was estimated with CV(¢) < 30%
for both sets of data. We found that regional
survival estimates were lower for the 15- than
the 12-yr data set for six of the seven regions (all
but North-central; P = 0.055, binomial test),
significantly so (by 0.013) for the Southwest (t =
2.21, n = 63, P = 0.031), and that the mean
difference in regional survival estimates for the
two time periods was a decrease of -0.006. We
also found that survival estimates tended to be
lower by -0.003 for 15 than for 12 years of data
for the 160 species-program wide combinations,
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but this difference was not significant.

For each species in each region, we also
modeled all possible combinations of time
dependence in the three parameters, ¢, p, 7. The
selected model (lowest QAICc) and up to four
equivalent models (QAICc within 2.0 QAICc
units of the selected model) are presented for
each species in each region (Table 4). We detected
time-dependence in at least one parameter (by
having a time-dependent model that was at least
an equivalent model) for 97 (21.2%) of the 458
species-region combinations and for 54 (28.1%)
of the 192 species program-wide (Table 6). We
found that time-dependence in at least one
parameter was the selected model (QAICc at
least 2.0 QAICcunits lower than the QAICcof the
fully time-independent model) for 74 (16.2%) of
the 458 species-region combinations and for 35
(18.2%) of the 192 species program-wide. Time
dependence in survival rate was detected for 47
(10.3%) of the 458 species-region combinations
and for 29 (15.1%) of the 192 species program-
wide, and was found to be the selected model for
35 (7.6%) of the species-region combinations and
for 18 (9.4%) of the 192 species program-wide
(Table 6). In general, compared to the 12-yr data
set in either survival or any parameter,
proportions of species in the 15-yr data set for
which time dependence was detected were
slightly lower, but proportions of species for
which time dependence was the selected model
were somewhat higher (Table 6 in this report
versus Table 5 in DeSante and Kaschube 2007).

Finally, we examined all nine combinations of
time-constant, time-dependent, and linear trend
models for program-wide survival (¢) and
recapture (p) probabilities for all species pooled.
The selected model, which had nearly 100% of
the QAICcweight (w:), was the one whereby both
survival and recapture probabilities varied with
time (Fig. 3¢c; note that survival probability from
2005-2006 and recapture probability in 2006 are
confounded in the fully time-dependent model,
so only 13 survival estimates were available over
the 15-yr period). Although we found virtually
no statistical support for linear compared to the
more general time-varying models, the estimated
slope for the best linear trend model was
significantly negative (Beta = -0.016, P < 0.05),
with an annual decline in survival of -0.19%. A
negative trend (P = 0.080) was also supported by
a regression fit to annual survival estimates

derived from the best time-varying model,
indicating an annual decline in survival of -
0.46%. Of further interest was that 9 of 12 (P =
0.054; binomial test) annual changes in survival
rate (Fig.3c) were associated with annual
changes in productivity of the same sign (Fig.
3b). Despite this nearly significant proportion of
annual changes in adult survival and
productivity being in the same direction, the
positive correlation between annual survival
from years t to t+1 and reproductive index in
year t+1 was not significant (Fig. 4; r = +0.31, P =
0.30).

DISCUSSION

A mean of 448 MAPS stations were operated
during the four years 2003-2006, a decrease of
8.9% from the mean of 492 stations operated
during the preceding four years 1999-2002, while
mean year-to-year continuity of station operation
decreased from 91.3% during 1999-2002 to 84.4%
during 2003-2006. The 13.3% decrease in total
stations between the high of 505 stations in 2002
and 438 stations in 2006 was comprised of a
21.5% decrease (158 to 124) in IBP-operated
stations and a 9.5% decrease (347 to 314) in
independently operated stations. These
decreases, which have apparently been caused
by the difficulty of securing funding for the
continued operation of long-term monitoring
stations, are troubling, and strategies to address
this problem need to be developed. Hopefully,
on-going efforts to implement plans for
Coordinated Bird Monitoring will help alleviate
this problem. Although coverage of North
America north of Mexico during 2003 through
2006 continued to be widespread, there still were
gaps, most notably in the Great Plains, Great
Basin, southwest deserts, Alaska, and most of
Canada.

PATTERNS OF POPULATION SIZE AND
PRODUCTIVITY

Changes in adult population size between 2003
and 2004 for all species pooled and for many
individual species were relatively small and
mixed across the continent with non-significant
decreases at the program-wide scale and in the
two eastern and two central regions, non-
significant increases in the two western regions,
and a significant decrease in the Alaska/Boreal
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FIGURE 4. Scatterplot of the correlation between program-wide productivity in year t+1 and annual adult
apparent survival rate from year t to year t+1 for all species pooled.

Canada Region. Changes in productivity
between 2003 and 2004 for all species pooled and
for many individual species were also generally
rather small and mixed across the continent, but
showed a different pattern, with substantial and
significant increases in the two eastern regions, a
non-significant increase program-wide and in
the Northwest, and non-significant decreases in
the remaining four regions.

Significant but relatively modest decreases in
adult population size between 2004 and 2005
were recorded for all species pooled and for
many individual species at the program-wide
scale and in the Northwest and South-central
regions, but were likely not driven by the small
and non-significant changes in productivity in
those areas the year before, because two of those
three productivity changes were increases.
Changes in adult population size between 2004
and 2005 for all species pooled in the remaining
five regions were small, non-significant, and
mixed, with increases in the two eastern regions
(following significant increases in productivity
the year before) and in the Alaska/Boreal
Canada Region, and decreases in the Southwest

and North-central regions (following small and
non-significant decreases in productivity the
year before). Regional changes in productivity
between 2004 and 2005 were again mixed across
the continent and were opposite in sign to the
changes between 2003 and 2004 for all but the
South-central region, where productivity
declined non-significantly for the third
consecutive year. The substantial decrease in
productivity in the Southeast was highly
significant while the decrease in the Northeast
and increases in the Southwest and North-
central regions were nearly significant. Program-
wide, productivity showed a slight, non-
significant increase.

Regional changes in adult population size
between 2005 and 2006 were in the same
direction as those between 2004 and 2005 for all
but the North-central and Alaska/Boreal Canada
regions, but generally tended to be more positive
(or less negative) so that the program-wide
decrease was very slight and non-significant. This
makes four consecutive annual program-wide
declines in adult population size for all species
pooled, two of which (2002-2003 and 2004-2005)
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have been significant. Regional changes in
productivity between 2005 and 2006 were again
mixed across the continent and were opposite in
sign to the changes between 2004 and 2005 for
four of the seven regions and at the program-
wide scale. The changes in productivity between
2005 and 2006 were more negative (or less
positive) than those between 2004 and 2005
program-wide and for all but the two eastern
regions, where increases in 2006 contrasted with
decreases during 2005. The only significant
change in productivity between 2005 and 2006,
however, was in the Southwest where a
significant 39.2% decrease in 2006 contrasted with
a nearly significant increase of 43.9% in 2005.

A general out-of phase pattern of changes in
productivity and adult population size has been
noted before in the MAPS dataset (e.g., DeSante
and Kaschube 2006, DeSante and Kaschube
2007). At the program-wide scale, for example, 8
of 10 annual changes in productivity during 1992
to 2003 were followed by changes in adult
population size of the same sign (P = 0.055,
binomial test). This pattern tended to be less
evident during the period 2004 to 2006, and only
persisted strongly in the South-central Region,
where 11 of 13 annual changes in productivity
during 1992 to 2006 were followed by changes in
adult population size of the same sign (P = 0.011,
binomial test). Analogous 15-yr results for the
other regions are: Northwest, 9 of 13 (P = 0.133);
Northeast, Southeast, Alaska/Boreal Canada,
and program-wide, each 8 of 13 (P = 0.291); and
Southwest and North-central, both 7 of 13 (P =
0.538). We believe that the weakening in this
pattern was caused, at least in part, by the fact
that annual changes in both productivity and
adult population size during those latter three
years were relatively small. Indeed, for all
species pooled, only four of the 21 regional
annual changes in productivity and six of the 21
changes in adult population size recorded
during those three years were significant. These
results illustrate that while there is a tendency for
changes in productivity to be followed the next
year by changes in adult population size of the
same sign, other factors in addition to
productivity, presumably survival of both young
and adults, also play important roles in driving
annual changes in adult population size.

Finally, we note from 15 years of data that the
directions of annual changes in both adult

population size and productivity tended to be
the same for the Northwest and Southwest
regions (10 of 14 for each parameter, P = 0.090)
and for the Northeast and Southeast regions (12
of 14 for adult population size, P = 0.007, and 8
of 14 for productivity), but not for the North-
central and South-central regions (7 of 14 for
adult population size and 4 of 14 for produc-
tivity). Instead, the direction of annual changes
in both parameters for the North-central Region
tended to be more similar to those in the
Northeast and Southeast regions (11 of 14 for
adult population size for each region, P = 0.028),
while the direction of annual changes in both
parameters for the South-central Region tended
to be more similar to the Northwest (10 of 14 for
adult population size, P = 0.090) and Southwest
regions. We also note that the direction of
annual changes in adult population size and
productivity in the Alaska/Boreal Canada
Region did not closely match those in any of the
other three northern regions. In general, the
similarities in directions of annual changes
between regions were greater for changes in
adult population size than productivity. These
results suggest that annual environmental
factors (presumably weather) that affect
landbird populations differ substantially
between the western, eastern, and far northern
parts of the continent, and that those in the
north-central portion are more similar to those
in the East, while those in the south-central
portion are more similar to those in the West.

SURVIVAL-RATE ESTIMATES

Increasing the number of years of data from 12 to
15 provided the following increases: (1) the mean
number of stations per region operated for at
least four consecutive years (the minimum
number of years necessary to be included in
survivorship analyses using a transient model)
increased by an average of 17.7% (79 to 93
stations); (2) the mean number of years per
region over which stations were operated
increased by 7.0% (7.70 to 8.24 years); and (3) the
mean number of species per region that met
selection criteria for survivorship analyses
increased by an average of 4.9% (62 to 65
species). In contrast, however, mean adult
captures per individual per species per region in
the 15-yr data set (1.37) remained virtually the
same as in the 12-yr data set (1.38), as did mean
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returns per individual adult per species per
region (0.135 in each data set). The increase in the
length of the study and in the number of stations
available for survivorship analyses (thus
producing an increase in the total number of
capture histories and the average number of
years over which they were captured) resulted in
a continued increase in the precision of the time-
constant parameter estimates obtained from the
mark-recapture analyses. Indeed, compared to
the 12-yr data set, the mean number of species
per region in the 15-yr data set with CV(¢) <
30%, < 20%, and < 10% increased by 10% (from
51 to 56 species), 13% (from 40 to 46 species), and
19% (from 21 to 25 species), respectively. These
results suggest that the precision of time-
constant estimates of survival might continue to
increase throughout the life of the program.

Again, as in previous years, a pattern of
survivorship was detected in which mean
regional annual adult survival probabilities
tended to be lower at more northerly regions.
This may be a result of the longer migration
routes of more northerly nesting migratory
species and the more severe winter weather
faced by more northerly nesting permanent
residents. Mean regional annual adult survival
probabilities also tended to be lower in each of
the seven regions for the 15-yr than for the 12-yr
data set, thus continuing the pattern noted in
previous reports in which mean regional
survival rates tended to be lower for 12-yr than
10-yr, 10-yr than 7-yr, and 7-yr than 5-yr data
sets. The resulting conclusion that survival rates
tend to be decreasing was confirmed, at least for
all species pooled at the program-wide scale, by
modeling survival both as year-dependent and
as a linear function of year.

PROGRAM-WIDE, ALL-SPECIES-POOLED
TRENDS IN POPULATION SIZE AND VITAL
RATES

Chain indices of adult population size for all
species pooled at the program-wide scale (Fig.
3a) have shown a severe and highly significant
decline of -1.77% yr over the 15 years 1992-2006,
resulting in a total decrease in population size of
22%. It is important to note that vital rates
(productivity and survival) do not need to be
declining to result in a population decline. All
that is needed is for productivity to be too low to
balance mortality (or, stated alternatively, for

survival to be too low to maintain a stable
population in the face of a given productivity
rate). Program-wide results for all species
pooled, however, suggest that adult survival
actually declined by -0.46% yr" over the 15 years
(Fig. 3c) and that productivity also tended to
decline by -0.25% yr* (Fig. 3b). These decreasing
vital rates may well increase the difficulty of
reversing population declines in these species,
and suggest an urgent need to prioritize efforts
to reverse the decreases in survival rates.

It is also interesting that annual changes in
survival rate (measured from breeding season to
breeding season) between pairs of years (f-1 to t)
and (¢t to t+1) tended to have the same sign as
annual changes in productivity between year t
and t+1, despite the fact that the positive
correlation between survival from years ¢ to t+1
and productivity in year t+1 was not significant.
It seems likely that variations in annual survival
may be driven by weather and habitat conditions
on the wintering grounds (especially in late
winter when food resources may be at a
minimum), even in those situations for
migratory species in which most mortality
occurs during migration (Sillett and Holmes
2002). If so, then the tendency for annual changes
in survival to have the same sign as the
subsequent annual changes in productivity
suggests that the same factors that drive annual
variation in survival might also drive some of
the annual variation in productivity, and that
these factors may act during the non-breeding
season. This is consistent with analyses of MAPS
data that showed that annual variations in
productivity of Nearctic-Neotropical migratory
species breeding in the Pacific Northwest are
driven by late-winter/early-spring weather
conditions on their wintering grounds (Nott et
al. 2002). These considerations further reinforce
the pressing need to understand the effects of
winter habitat, weather, and climate on the vital
rates of landbirds, especially those wintering in
the Neotropics.

We point out that the results presented in Figs.
3a and 3b derive from the analysis of > 849,000
captures of > 662,000 aged individuals, while the
results presented in Fig. 3c derive from the
modeling of > 406,000 individual adult capture
histories. We hasten to add, however, that these
results are based on pooling data from all species
over all regions and, thus, likely obscure the
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many important spatial and life-history-related
patterns in vital rates that are suggested in the
species- and region-specific results (Tables 1-4).
These patterns presumably arise in response to
such factors as body mass, migration strategy,
nest location, and foraging behavior. Moreover
the vital rates of these many different species are
likely to be affected differently by various
weather and habitat conditions, which in turn
vary greatly over the different regions of the
continent, within each of which the pool of
species itself tends to differ. Considering all these
sources of heterogeneity when data from all
these species are pooled over the entire
continent, it is remarkable that such a consistent
pattern of results emerges.

RECENT RESULTS AND CURRENT
DIRECTIONS RELATED TO RESEARCH
AND MANAGEMENT GOALS OF MAPS

One of the major goals of MAPS is to determine
the proximate demographic cause(s) of
population trends, i.e., to determine whether
population trends are driven by processes
affecting productivity or by processes affecting
survival. In our previous MAPS report (DeSante
and Kaschube 2007) we described work by
Saracco et al. (2008) on Yellow Warblers that
showed that spatial variation in MAPS
population trends in this species could largely be
explained by spatial variation in adult and first-
year survival, rather than by spatial variation in
productivity. This inference was further
supported for this species by a spatial compar-
ison of BBS estimates of population trends for 15
BBS Physiographic Strata and MAPS produc-
tivity indices and survival-rate estimates.

Saracco and DeSante (2008) recently expanded
this work and examined the importance of
productivity, recruitment, and adult apparent
survival in driving spatial variation at the scale
of Bird Conservation Regions in 12-yr (1992-
2003) MAPS population trends for 28 species of
Nearctic-Neotropical migratory landbirds. They
assessed MAPS population trends (lambda) and
adult survival and recruitment rates using
reverse-time and “transient” Cormack-Jolly-
Seber mark-recapture models, and indexed
productivity by the ratio of young to adult birds
in MAPS constant-effort data. They found that
productivity had strong effects on recruitment
and lambda for only 9 species, while recruitment

had strong effects on lambda for 25 species,
thereby implicating first-year survival as the
driver for at least 16 species. They also found
that adult survival had a strong effect on lambda
for 10 species. Species for which first-year
survival was important in explaining spatial
variation in trends tended to have declining
populations, those for which adult survival was
important tended to have stable populations,
and those for which productivity was important
tended to have stable or increasing populations.
These results suggest that: (1) enhancing survival
(especially of first-year birds) will be important
for slowing declines and stabilizing populations,
(2) enhancing productivity may be necessary to
recover populations whose declines have been
arrested, and (3) identifying relationships
between vital rates and winter habitat and
weather will likely be critical for migratory bird
conservation.

We have also begun to model responses of
these vital rates to weather and habitat
characteristics in order to make inferences
regarding ultimate causes of population trends
and to inform management actions and
strategies for reversing declines and maintaining
stable or increasing populations (Nott et al. 2003,
2005). Our initial work in this regard suggests
that recent population trends in some species
appear to be driven by systematic changes in
weather likely caused by climate change, and
that the changes in weather that are driving these
population trends may be acting variously on the
breeding grounds, wintering grounds, or molt-
migration grounds of particular species. These
results have important implications, not only for
the development of management and conser-
vation efforts to reverse landbird population
declines, but also for efforts to devise adaptation
and mitigation strategies for climate change.
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