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Abstract. Herein we summarize results of the Monitoring Avian Productivity and
Survivorship (MAPS) Program during 1999-2001, a period in which MAPS grew from 475
stations in 1998 to 498 stations in 2001. We found alternating increases and decreases in
regional annual indices of adult population size, with significant decreases in the Northwest
and South-central regions and non-significant increases in the remaining five regions in 1999;
a significant increase in the South-central region and decreases of varying significance in the
other six regions in 2000; and significant decreases in the Southwest and South-central
regions and increases in four of the five remaining regions in 2001. Productivity (i.e.,
reproductive index, defined as young/adult) tended to follow the opposite pattern, with
significant decreases in five of the seven regions and non-significant increases in the South-
central and Southeast regions in 1999; and increases in five of the seven regions and non-
significant decreases in the North-central and South-central regions in 2000. Productivity,
however, increased further in 2001, with increases in five regions (significant in the South-
central and Alaska/Boreal Canada regions) and non-significant decreases in the Northwest
and Northeast regions. These generally alternating, out-of-phase patterns in productivity
and population size suggest that (a) increased productivity leads to increased population
sizes the following year through increased recruitment, and (b) increased population sizes,
coupled with a higher proportion of younger, inexperienced breeders, may suppress
productivity through increased competition for resources. That these patterns were not
consistent in all regions in all years suggests that density-independent factors may also drive
productivity and that other factors besides productivity (e.g., survival of young and adults)
may also drive year-to-year changes in population size. We estimated regional annual adult
survival (ϕ) and recapture probabilities and proportions of residents among newly captured
adults using 1992-2001 data pooled from all stations operated for at least four consecutive
years and modified Cormack-Jolly-Seber capture-mark-recapture analyses, which included
both between- and within-year transient models. The mean number of stations per region
contributing data for a species (68) and mean number of species per region for which
survival rates could be estimated (59) were 39% and 34% greater, respectively, in the 10-yr
(1992-2001), than in the 7-yr (1992-1998), data set. The increased number of years and stations
in the data continued to increase precision: the mean number of species with CV(ϕ) <30%,
<20%, and <10% increased by 35%, 57%, and 100%, respectively, using the 10- rather than the
7-yr data set. As in previous years, mean regional annual survival probabilities decreased
with increasing latitude. For six of the seven regions, both the number and proportion of
species for which time-dependence in survival was detected in the 10-yr data set was less
than in the 7-yr data set, suggesting that survival varied less during the last three years
(1999-2001) than during the previous seven (1992-1998). Finally, in each region, mean
survival for species for which it was adequately estimated tended to be highest over the five
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years 1992-1996, lower over the seven years 1992-1998, and lowest over the 10 years 1992-
2001, suggesting that a negative trend in survival among North American landbirds may
have occurred over those ten years. We will test this hypothesis in future analyses by
modeling survival as a linear function of year.

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

INFORME ANUAL DE 1999, 2000 Y 2001 DEL PROGRAMA MAPS 
(MAPEO DE PRODUCTIVIDAD Y SOBREVIVENCIA DE AVES)

Resumen. Presentamos un sumario de los resultados del programa MAPS durante los años
1999 y 2000, periodo en el que MAPS creció de 475 estaciones en 1998 a 498 en 2001.
Encontramos aumentos y declives alternados en los índices anuales de tamaño poblacional
adulto, con declives significativos en las regiones noroeste y centro-sur, y aumentos no
significativos en las cinco regiones restantes en 1999; un aumento significativo en la región
centro-sur y declives de significatividad variable en el suroeste y centro-sur y aumentos en
cuatro de las cinco regiones restantes en 2001. La productividad (el índice reproductivo
definido como la proporción de juveniles a adultos) tendió a mostrar el patrón opuesto, con
declives significativos en cinco de las seis regiones y aumentos no significativos en el centro-
sur y el sureste en 1999; y aumentos en cinco de las siete regiones y declives no significativos
en el centro-norte y centro-sur en 2000. Sin embargo, la productividad siguió aumentando en
2001, con aumentos en cinco regiones (significativos en las regiones centro-sur y la de
Alaska/Canadá Boreal) y declives no significativos en el noroeste y noreste. Estos patrones
generalmente alternantes y desfasados en productividad y tamaño poblacional sugieren que
(a) el aumento de productividad conlleva un aumento en tamaño poblacional el siguiente
año mediante un aumento del reclutamiento, y (b) aumentos en el tamaño poblacional, junto
una mayor proporción de reproductores jóvenes sin experiencia, puede reducir la
productividad mediante una mayor competición por recursos. Que estos patrones no sean
similares en todas las regiones en todos los años sugiere que factores denso-independientes
pueden también afectar la productividad, y que otros factores además de la productividad
(por ejemplo sobrevivencia de juveniles y adultos) pueden generar cambios anuales en
tamaño poblacional. Estimamos la tasa anual de sobrevivencia (ϕ) y la probabilidad de
recaptura en adultos, y la proporción de residentes en las capturas de adultos nuevos
utilizando datos de 1992 a 2001 de todas las estaciones operadas al menos por cuatro años
consecutivos y análisis de captura-marcaje-recaptura de Cormack-Jolly-Seber que incluyen
modelos de transehuntes intra e interanuales. El número promedio de estaciones por región
que contribuyó datos para una especie (68) y el promedio de especies para las que se pudo
estimar tasas de sobrevivencia (59) fueron 39% y 34% mayores, respectivamente, al utilizar
10 años de datos (1992-2001) que al utilizar 7 años (1992-1998). El aumento en el número de
años y estaciones continuó aumentando la precisión: el número promedio de especies con
CV (ϕ) <30%, <20%, y <10% aumentó en un 35%, 57%, y 100%, respectivamente, utilizando
10 años en lugar de 7. Como en años anteriores, las probabilidades de sobrevivencia
regionales promedio declinaron al aumentar la latitud. En seis de las siete regiones, tanto el
número como la proporción de especies en las que se detectó dependencia temporal en su
sobrevivencia usando 10 años fue menor que usando 7 años, lo que sugiere que la
sobrevivencia varió menos en los últimos tres años (1999-2001) que en los siete anteriores
(1992-1998). Por último, en cada región, la sobrevivencia promedio en especies para las que
se estimó adecuadamente tendió a ser más alta de 1992 a 1996, más baja entre 1992 y 1998, y
más baja aun entre 1992 y 2001, lo que sugiere una tendencia negativa en sobrevivencia en
aves de bosque en Norte América en esta década. Probaremos esta hipótesis en el futuro
modelando sobrevivencia como función lineal con año.

Palabras clave: programa MAPS, anillamiento y redeo de esfuerzo constante, demografía
de aves terrestres, Norte América, tendencias poblacionales, indices de productividad, tasas
de sobrevivencia.
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INTRODUCTION
The Monitoring Avian Productivity and
Survivorship (MAPS) Program is a continent-
wide, cooperative network of nearly 500
constant-effort mist-netting stations operated
annually during the breeding season (May to
August; DeSante et al. 1995, DeSante and
O’Grady 2000). MAPS, which was patterned to a
large extent after the British Constant Effort Sites
scheme (Baillie et al. 1986; Peach et al. 1996,
1998), was established by The Institute for Bird
Populations (IBP) in 1989 to provide for the
large-scale, long-term collection of demographic
data on North American landbirds at multiple
spatial scales. MAPS now provides indices and
estimates of vital rates for over 130 species.

MAPS is organized to fulfill monitoring,
research, and management goals. Monitoring
goals are to provide, for over 130 target species: 

• indices of adult population size and post-
fledging productivity from the numbers of
young and adult birds captured; and 

• estimates of adult population size, adult
survival rate, proportion of residents among
newly captured adults, recruitment rate into the
adult population, and population growth rate
from Cormack-Jolly-Seber (CJS) analyses of
capture-mark-recapture (CMR) data on adult
birds. 
Research goals are to describe: 

• temporal and spatial patterns in these
demographic indices and estimates at multiple
spatial scales; and 

• relationships between these patterns and
ecological characteristics of the target species,
population trends of the target species, station-
specific and landscape-scale habitat character-
istics, and spatially-explicit weather variables. 
Management goals are to use these patterns and
relationships, at the appropriate spatial scales,
to: 

• determine the proximate demographic
cause(s) of population change; 

• formulate management actions and conser-
vation strategies to reverse population declines
and maintain stable or increasing populations;
and 

• evaluate the effectiveness of the manage-
ment actions and conservation strategies
implemented.

Baillie (1990) was among the first to argue
that monitoring vital rates (primary demo-

graphic parameters such as productivity and
survivorship) must be a component of any
successful integrated avian monitoring scheme.
DeSante (1995), DeSante and Rosenberg (1998),
and DeSante et al. (2005a) extended these ideas
by arguing that effective avian management
must be based on vital rates as well as
population sizes and trends. They reasoned
that, because of source-sink dynamics (Pulliam
1988, Donovan et al. 1995) and evolutionary
and ecological traps (Schlaepfer et al. 2002),
abundance metrics and the trends derived from
them may not always accurately reflect habitat
quality (Van Horne 1983). Furthermore,
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). Indeed, a
recent survey of studies that compared both
avian population density and reproductive
success between two or more plots, habitats, or
landscapes, found that, although density and
per capita reproduction were often positively
correlated, about 30% of studies showed
exceptions in which higher density plots had
lower per capita reproduction (Bock and Jones
2004). 

Other advantages for basing management on
vital rates accrue from the fact that environ-
mental 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). Moreover, vital rates provide crucial
information about the stage of the life cycle at
which population change is being effected
(DeSante 1992). This information is particularly
important for migratory birds that winter in
tropical latitudes, because it can determine
whether management actions should be directed
toward a species' temperate breeding grounds,
tropical wintering grounds, or both. 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 provides more
timely and insightful information for manage-
ment and conservation applications. 

In this report we present MAPS results from



1999, 2000, and 2001 using data from 467, 474,
and 484 stations, respectively. For all species
with adequate data (and for all species pooled),
we compare, in a constant-effort manner, the
regional indices of adult population size and
post-fledging productivity obtained each year
with the analogous indices obtained during the
immediately preceding year. We then present
regional 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, from a total of 479 stations operated
for four or more consecutive years during the
10-yr (1992-2001) period.

METHODS
The overall design of MAPS and the general
field methods are described in DeSante et al.
(1996, 1998) and discussed in some detail in
DeSante et al. (2004a). Detailed, standardized
methods and instructions for the establishment
and operation of MAPS stations are provided by
DeSante et al. (2004b). 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. 2004b), but some aspects of site selection
were dictated by logistical concerns. 

DATA COLLECTION

Normally, 10 permanent net sites (sometimes
more, rarely fewer) were distributed uniformly
throughout the central eight hectares 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 in
length, with 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
(both within and between years). Typically, nets
were operated for 6 hr d-1 (sometimes less, rarely
more), beginning at local sunrise, for one day

per 10-d period (rarely more), and for 6 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 Biological Resources Division of
the U.S. Geological Survey (in Canada, the
Canadian Wildlife Service). Band number,
capture status, species, age, sex, ageing and
sexing criteria, date, time, station, and net
number were recorded for all birds captured,
including recaptures. The times of opening and
closing the nets and the beginning of 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 cases
where operators were unable to enter their own
data, by John W. Shipman of Zoological Data
Processing, Socorro, NM (entry) and by IBP staff
biologists (proofing). After proofing, data were
run through verification routines that: (1)
checked the validity and ranges of all data; (2)
screened each banding record by comparing the
species, age, and sex determinations to the
ageing and sexing criteria used; (3) screened
banding data for inconsistent species, age, or sex
determinations for all records of each band
number; and (4) screened banding, effort, and
breeding status data for inconsistencies. These
routines were conducted by IBP biologists or,
increasingly in recent years, by the MAPS
operators themselves through the 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. 2004).

DATA ANALYSES

Methods of data analysis, as described in
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DeSante and Burton (1994), DeSante et al. (1998),
and DeSante and O’Grady (2000), were further
discussed in DeSante et al. (2004a), and are
briefly summarized here. We divided North
America (north of Mexico) into eight major
regions based on biogeographical and
meteorological considerations: Northwest,
Southwest, North-central, South-central,
Northeast, Southeast, Alaska, and Boreal
Canada (see maps in DeSante et al. 1993a,
DeSante and Burton 1994). These regions were
delineated along lines consistent with the
physiographic strata established in conjunction
with the North American Breeding Bird Survey
(Robbins et al. 1986). Because few stations were
established in the Boreal Canada region, we
pooled data from that region and the Alaska
region into a single Alaska/Boreal Canada
region. 

Throughout the text, we use an alpha level of 
P < 0.05 to indicate statistical significance. We use
P < 0.01 to indicate highly significant differences
or relationships. In Tables 1-3, we also identify
species for which between-year differences were
nearly significant at 0.05 � P < 0.10. In express-
ing variation around the mean, we use 
± the standard deviation (Std. Dev.). Finally, for a
number of analyses we compare results between
two time periods. When we refer to the 10-yr
period, this is 1992-2001; the 7-yr period referred
to includes 1992-1998.

Population size and productivity indices — The
numbers of individual adult birds of each
species captured each year, pooled over all
stations within each region that were located
within the breeding range of the species, were
used as annual indices of adult population size
for the species in the region. Similarly, for each
species in each region, the pooled numbers of
individual young birds divided by the pooled
numbers of individual adult birds (“repro-
ductive index”) were used as annual regional
indices of post-fledging productivity. The use of
reproductive index (young/adult), rather than
“productivity index,” defined as the proportion
of young in the catch (young/[young+adult]),
represents a departure from previous usage and
provides an index more in line with other
commonly-used measures of reproductive
success. Data from a given station in a given
year were included in population size and
productivity analyses if the station was operated

in at least five 10-d periods that year; at least
three of these periods had to occur during the
earlier part of the season (the adult superperiod,
when adult birds predominate in the catch) and
at least two had to occur during the later part of
the season (the young superperiod, when young
birds predominate in the catch). Definitions of
the adult and young superperiods for each
starting period are presented in DeSante et al.
(2004b).

Year-to-year changes in the number 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. We inferred the statistical significance
of annual changes in the regional indices of
adult population size and productivity 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 are given in Peach et al.
(1996) and were derived from those given in
Cochran (1977). We also inferred, by means of
binomial tests, the statistical significance of
regional changes in adult population size and
productivity indices from the proportion of
target species that increased or decreased in each
region. 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 either of the two years being
compared. 

Survival rate estimates — We calculated
maximum-likelihood estimates and standard
errors for annual adult apparent survival
probabilities (ϕ) and recapture probabilities (p)
for all species in each region for which adequate
data were obtained. These survival estimates are
termed apparent survival because permanent
emigration from the station is not distin-
guishable from actual mortality. We used
Cormack-Jolly-Seber (CJS) capture-mark-
recapture (CMR) analyses (Clobert et al. 1987,
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Pollock et al. 1990, Lebreton et al. 1992) that
incorporated a between-year transient model
(Pradel et al. 1997), as well as an ad-hoc length-
of-stay within-year transient model (Nott and
DeSante 2002, Hines et al. 2003). These transient
models also permit estimation of τ (the propor-
tion 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
regular or 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 10-yr period, 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
the 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 10
years (at least 25 year-unique individuals) from
all stations pooled, and for which there were at
least two returns (between-year recaptures) from
all stations pooled. This is a substantially more
relaxed criterion than was used in the previous
annual report (an average of at least seven
individual adult birds during each of the seven
years for a total of at least 49 year-unique
individuals; DeSante and O’Grady 2000). We
considered survival probability to be
“adequately estimated” for species for which: (1)
ϕ was based on at least five returns over the 10
years; (2) τ (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(ϕ) < 0.20; and (4) CV(ϕ) < 30%. 

We modeled all eight combinations of time-
dependence (and -independence) for each of the

three parameters (survival probability - ϕ,
recapture probability - p, proportion of residents
- τ) 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 the
appropriate 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. QAICC was calculated as: 

-2(log-likelihood) 
+2(number of estimable parameters) 

with corrections for small sample sizes and
over-dispersion of data.

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 among newly captured
adults was assessed by summing the wi 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 ≥
wi > 0.25 suggests some support for time-
dependence in that parameter.

RESULTS

NUMBER AND DISTRIBUTION OF STATIONS

A total of 481 MAPS stations was operated
during 1999, a 1.3% increase over the 475 in
operation during 1998. Of these, 49 (10.2%) were
new while 432 were in operation during a
previous year. A total of 90.1% of the stations in
operation in 1998 continued to be operated in
1999. We received data useable for productivity
and/or survivorship analyses in time to be
included in this report from 467 of the 481
stations that were operated during 1999. A total
of 483 MAPS stations was operated during 2000.
Of these, 37 (7.7%) were new while 446 were in
operation during a previous year. A total of
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92.5% of the stations in operation during 1999
continued to be operated during 2000. We
received data useable for productivity and/or
survivorship analysis in time to be included in
this report from 474 of the 483 stations that were
operated during 2000. A total of 498 MAPS
stations was operated during 2001, a 3.1%
increase over 2000. Of these, 49 (9.8%) were new
while 449 were in operation during a previous
year. A total of 92.1% of the stations in operation
during 2000 continued to be operated during
2001. We received data useable for productivity
and/or survivorship analyses in time to be
included in this report from 484 of the 498
stations that were operated during 2001. The
principal operator, sponsoring organization,
location, elevation, and habitat(s) for each
station newly established in 1999, 2000, or 2001
(or that was established prior to 1999 but not
previously reported) are presented in the
Appendix. See previous annual reports (DeSante
et al. 1993b, 1996, 1998, DeSante and Burton
1994, and DeSante and O’Grady 2000) for these
data for stations established prior to 1999. 

The proportions of stations located in each of
the eight MAPS regions were very similar
during 1999, 2000, and 2001 (Fig. 1), and were
similar to analogous proportions in previous
years. During each year, about 30% of stations
were operated in the Northwest region, nearly

twice as many as in any other region. As
expected, the fewest stations were operated in
the Alaska and, especially, Boreal Canada
regions. The proportions of total stations
operated in the remaining five regions were
similar, ranging from 7-10% in the North-central
and South-central to 15-17% in the other three
regions. The largest increase in stations during
1999-2001 occurred in the Northeast Region
while the largest decrease occurred in the Alaska
Region. The locations of all 748 stations that
were operated for one or more years between
1992 and 2001 are mapped by 10-minute block
in Figure 2. 

ADULT POPULATION SIZE AND
PRODUCTIVITY

Changes between 1998 and 1999 — Constant-
effort data on the numbers of adult and young
birds captured and the proportion of young in
the catchwere obtained for 1998 and 1999 from
384 MAPS stations that were operated
comparably during both years (Table 1). Included
were 62 species in the Northwest, 38 in the South-
west, 19 in the North-central, 25 in the South-
central, 35 in the Northeast, 25 in the Southeast,
and 18 in the Alaska/Boreal Canada regions,
comprising a total of 112 species overall (plus 19
additional species that met productivity criteria
when data were pooled from all seven regions). 

FIGURE 1. Proportion of MAPS stations in each of the seven major geographical regions (NW - Northwest; SW -
Southwest; NC - North-central; SC - South-central; NE - Northeast; SE - Southeast; AK/BC - Alaska/Boreal
Canada) during (a) 1999, (b) 2000, and (c) 2001.



DAVID F. DESANTE AND DANIELLE R. KASCHUBE

[30]

Adult populations. — Indices of adult
population size for all species pooled (numbers
of adults captured) decreased significantly
between 1998 and 1999 in the Northwest (by -
6.9%) and South-central (by -18.1%) regions and
showed slight, non-significant increases
(ranging from +0.1% to +2.1%) in the remaining
five regions. The proportions of decreasing
species in the Northwest (63%) and South-
central (80.0%) regions were also significantly
>50%. Summing over these two regions, 10
species had significant decreases in numbers of
adults and another nine species had nearly
significant decreases, while only two species
showed significant or nearly significant
increases. The proportion of increasing species
in the Northeast (66%) was significantly >50%,
although the 2.1% increase in adults of all
species pooled in the Northeast was not
significant. The proportions of increasing species
in the remaining four regions (ranging from 40-
56%) were not significantly >50%. Summing

over these five regions, 11 species had
significant or nearly significant increases in
numbers of adults, while 12 species showed
significant or nearly significant decreases in
numbers of adults. 

On a continent-wide basis (all regions
pooled), the number of adults captured of all
species pooled decreased between 1998 and 1999
by a significant -3.7%, while a highly significant
64% of 131 species showed decreases. 

Productivity. — Overall, productivity
decreased between 1998 and 1999 in five of the
seven regions. In the Northwest Region,
numbers of young birds of all species pooled
showed a highly significant decrease of -16.7%,
substantially greater than the highly significant
decrease in adults of -6.9%, so that the
reproductive index showed a non-significant
decrease of -10.5%. However, the proportion of
decreasing species in the Northwest, for both
number of young captured (66%) and
reproductive index (65%), was significantly

FIGURE 2. Locations (mapped by 10-minute block) of the 757 MAPS stations in operation during one or more
years between 1992 and 2001. Some of the larger “individual” circles can represent as many as 11 stations.
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>50%. Similar declines in the number of young
captured (-12.7%, nearly significant) and in
reproductive index (-14.5%, not significant) were
also found for the Northeast Region, where the
proportion of decreasing species (66%) was
significantly >50% for reproductive index but
not for number of young. Very large, highly
significant declines in number of young
captured (-54.1% and -57.2%) and reproductive
index (-55.1% and -57.5%) were documented for
both the Southwest and Alaska/Boreal Canada
regions, respectively. Moreover, the proportions
of decreasing species were significantly >50%
for both parameters in both regions. Decreases
in number of young and reproductive index
were also found in the North-central Region, but
the decreases were small (-1.8% and -2.9%,
respectively) and non-significant. The
proportion of decreasing species for each of
these parameters (58%) likewise was not
significantly >50%. Summing over all five of
these regions, 43 species had significant or
nearly significant decreases, while only five
species showed significant or nearly significant
increases in number of young captured.
Similarly, 19 species had significant or nearly
significant decreases, while only four species
showed significant or nearly significant
increases in reproductive index. 

In sharp contrast to all of the western and
northern regions, both numbers of young and
reproductive index increased slightly between
1998 and 1999 for both the South-central and
Southeast regions, although none was signif-
icant (number of young in Southeast nearly
significant, +12.7%) and none of the proportions
of increasing species was significant. Even in
these two regions, however, the seven species
with significant or nearly significant decreases
in number of young outnumbered the five
species with such increases. Furthermore, the
three species with significant or nearly
significant decreases in reproductive index
nearly equaled the four species with such
increases in these two regions.

On a continent-wide basis, both the number of
young captured and the reproductive index
(young/adult) for all species pooled showed
highly significant decreases of -25.4% and -
22.5%, respectively, between 1998 and 1999,
while the percentages of decreasing species for
these two parameters were 64% and 60%,

respectively, both significantly >50%.
Changes between 1999 and 2000 — Constant-

effort data on the number of adult and young
birds captured and the proportion of young in
the catch were obtained for 1999 and 2000 from
407 MAPS stations operated comparably in both
years (Table 2). Included were 62 species in the
Northwest, 42 in the Southwest, 20 in the North-
central, 24 in the South-central, 39 in the
Northeast, 28 in the Southeast, and 16 in the
Alaska/Boreal Canada regions, comprising a
total of 114 species overall (plus 21 additional
species that met productivity criteria when data
were pooled from all seven regions). 

Adult populations. — Numbers of adults for
all species pooled decreased between 1999 and
2000 in six of the seven regions (all except the
South-central Region) by amounts that ranged
from highly significant decreases of -19.4% in
the Southwest, -18.0% in Alaska/Boreal Canada,
and -11.2% in the Northeast regions to non-
significant decreases of -4.2% in the North-
central, -3.8% in the Southeast, and -0.0% in the
Northwest regions. The proportion of
decreasing species was significantly >50% for
the Southwest (83%) and Northeast (69%)
regions, but not for the other four regions that
showed decreases in adults for all species
pooled. Summing over the three regions that
showed significant decreases in adults of all
species pooled, 28 species had significant or
nearly significant decreases in adults, while only
five species showed significant or nearly
significant increases. Summing over the three
regions that showed non-significant decreases in
adults of all species pooled, 11 species had
significant or nearly significant decreases in
adults, while eight species showed significant or
nearly significant increases. 

In contrast to all of the other six regions, the
South-central Region showed a significant 15.2%
increase between 1999 and 2000 in numbers of
adults for all species pooled and a proportion of
increasing species (67%) that was nearly
significantly >50%. Three species in the South-
central Region had significant or nearly
significant increases in adults between 1999 and
2000, while no species showed a significant or
even nearly significant decrease in numbers of
adults. 

On a continent-wide basis, numbers of adults
of all species pooled decreased between 1999
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THE MONITORING AVIAN PRODUCTIVITY AND SURVIVORSHIP (MAPS) 1999, 2000, AND 2001 REPORT 
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and 2000 by a highly significant -5.9%, while
56% of 135 species had decreasing numbers of
adults, a proportion that was nearly significantly
>50%.

Productivity. — Both the Northwest and
Southwest regions showed highly-significant
increases in numbers of young captured and in
reproductive index between 1999 and 2000 for
all species pooled, 59.5% and 59.6%, respec-
tively, for the Northwest and 50.0% and 86.0%,
respectively, for the Southwest. The proportions
of increasing species for these two parameters
for these two regions ranged from 69% to 89%
and were highly significantly >50% for each
parameter in each region. Summing over these
two regions, fully 34 species had significant or
nearly significant increases in number of young
captured, while only two species showed
significant or nearly significant decreases.
Similarly, 31 species had significant or nearly
significant increases in reproductive index,
while only one species showed a significant or
nearly significant decrease. The Alaska /Boreal
Canada Region likewise showed large increases
in both number of young (71.3%) and repro-
ductive index (109.0%) for all species pooled,
but the increase in number of young was only
nearly significant while that for reproductive
index was significant. The proportion of
increasing species in the region for each
parameter (63%), was not significantly >50%.
Nevertheless, five species in the region showed
significant or nearly significant increases in one
or the other of these two parameters while no
species showed significant or nearly significant
decreases. Number of young and reproductive
index for all species pooled also increased
between 1999 and 2000 in both the Northeast (a
non-significant 6.6% and nearly significant
20.0%, respectively) and Southeast (a significant
18.9% and nearly significant 23.7%, respectively)
regions, but the magnitude and significance of
the increases were less than in the western
regions. Still, the proportions of increasing
species for the two parameters in the Northeast
(62% and 67%, respectively), were nearly
significantly and significantly >50%, respec-
tively, while the proportions of increasing
species for the two parameters for the Southeast
(79% and 86%, respectively), were both highly
significantly >50%. Summing over the two
eastern regions, the six species with significant

or nearly significant increases in young was
similar in number to the five species with
significant or nearly significant decreases in
young, but the eight species with significant or
nearly significant increases in reproductive
index was much greater in number than the one
species with significant or nearly significant
decreases in reproductive index. 

Again, in contrast to the other five regions,
modest decreases between 1999 and 2000 were
recorded in the North-central (-12.3%) and
South-central (-15.2%) regions in the number of
young captured for all species pooled and in the
reproductive index (-8.4% and -26.7%, respec-
tively). Only the last difference, however,
reached even the nearly significant level. The
proportion of decreasing species for these two
parameters in these two regions ranged from
46% to 70%, but only the proportion of
decreasing species for reproductive index in the
North-central region (70%) was even nearly
significant. Summing for these two regions,
eight species showed significant or nearly
significant decreases in young (as opposed to
one species showing a nearly significant
increase), and two species showed nearly
significant decreases in reproductive index (as
opposed to one species showing a significant
increase). 

On a continent-wide basis, both the number of
young captured and the reproductive index for
all species pooled showed highly significant
increases of 5.8% and 42.5%, respectively,
between 1999 and 2000, while the proportions of
increasing species for these two parameters
(75% and 72%, respectively) were both highly
significantly >50%. 

Changes between 2000 and 2001 — Constant-
effort data on the numbers of adult and young
birds captured and the proportion of young in
the catch were obtained for 2000 and 2001 from
415 MAPS stations operated comparably in both
years (Table 3). Included were 66 species in the
Northwest, 42 in the Southwest, 24 in the North-
central, 24 in the South-central, 41 in the
Northeast, 29 in the Southeast, and 17 in the
Alaska/Boreal Canada regions, comprising a
total of 123 species overall (plus 16 additional
species that met productivity criteria when data
were pooled from all seven regions). 

Adult populations. — Increases in adult
population size between 2000 and 2001 for all

THE MONITORING AVIAN PRODUCTIVITY AND SURVIVORSHIP (MAPS) 1999, 2000, AND 2001 REPORT 
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species pooled were recorded for four of the
seven regions with significant increases in the
Northwest (6.2%) and Southeast (7.6%). The
proportion of increasing species in the
Northwest (68%) was highly significantly >50%,
but that for the Southeast (52%) was not.
Summing over these two regions, 13 species
showed significant or nearly significant increases
compared to only three species that showed
significant or nearly significant decreases. The
Northeast and North-central regions had smaller
and non-significant increases in the number of
adults of all species pooled (3.5% and 2.7%,
respectively) and had proportions of increasing
species (61% and 54%, respectively) that were
not significantly >50%. Summing over these two
regions, six species showed significant or nearly
significant increases compared to only three
species that showed significant or nearly
significant decreases. 

In contrast, adult population size for all
species pooled decreased in the remaining three
regions by a highly significant -11.5% in the
Southwest, a nearly significant -8.2% in the
South-central, and a non-significant -2.4% in the
Alaska/Boreal Canada regions. The proportions
of declining species in the Southwest (67%) and
South-central (71%) regions were significantly
>50%. Summing over these two regions, 13
species showed significant or nearly significant
decreases compared to only six species that
showed significant or nearly significant
increases. The proportion of decreasing species
in the Alaska/Boreal Canada Region was not
significantly >50% and only one species showed
a significant or nearly significant decrease while
no species showed a significant or nearly
significant increase.

On a continent-wide basis, numbers of adults
of all species pooled increased between 2000 and
2001 by a non-significant 1.2%, and a non-
significant 55% of 139 species showed increases. 

Productivity. — Over most regions, numbers
of young captured and reproductive index for all
species pooled were relatively similar between
2000 and 2001. Exceptions were in the South-
central Region, where numbers of young and the
reproductive index increased by 40.8% and
53.4% (both highly significant), respectively, and
the proportions of increasing species for these
two parameters were each 88% (again, both
highly significant); and in the Alaska/Boreal

Canada Region, where numbers of young and
the reproductive index increased by 38.9%
(significant) and 42.8% (highly significant),
respectively, and the proportions of increasing
species for these two parameters were 65% (non-
significant) and 82% (highly significant),
respectively. Summing over these two regions,
seven species showed significant or nearly
significant increases in young (as opposed to
only two species showing significant or nearly
significant decreases), and seven species showed
significant or nearly significant increases in
reproductive index (as opposed to no species
showing even a nearly significant decrease).
Numbers of young captured for all species
pooled also increased in three other regions by
amounts ranging from 6.1% (Southwest) to
12.9% (North-central), but only the 12.4%
increase in the Southeast region was even nearly
significant. The proportion of species with
increasing numbers of young was significantly
>50% only for the North-central Region (67%).
Reproductive index showed similar, relatively
small increases for these three regions, ranging
from 4.4% (Southeast) to 19.9% (Southwest);
none of these increases were even nearly
significant. The proportion of species with
increasing reproductive indices in these three
regions ranged from a non-significant 48%
(Southeast) to a significant 75% (North-central)
with that for the Southwest (62%) being nearly
significantly >50%. Summing over these three
regions, nine species showed significant or
nearly significant increases in young (as opposed
to five species showing significant or nearly
significant decreases), and eight species showed
significant or nearly significant increases in
reproductive index (as opposed to no species
showing even a nearly significant decrease). 

The number of young captured and the
reproductive index decreased relatively slightly
between 2000 and 2001 in the Northwest (-6.7%
and -12.2%, respectively) and Northeast (-6.0%
and -9.2%, respectively) regions; none of the four
changes was even nearly significant. Similarly,
the proportion of decreasing species for the two
parameters in the two regions ranged from 46%
to 58% and none of the four proportions was
even nearly significantly >50%. Summing over
these two regions, 14 species showed significant
or nearly significant decreases in young, while 13
species showing significant or nearly significant
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increases; and six species showed significant or
nearly significant decreases in reproductive
index, while three species showed significant or
nearly significant decreases. 

On a continent-wide basis, the number of
young captured and the proportion of young in
the catch showed non-significant increases of
3.8% and 2.6%, respectively, between 2000 and
2001, while the proportions of increasing species
for these two parameters were 55% (non-
significant) and 58% (significant), respectively. 

SURVIVAL-RATES

Maximum-likelihood estimates of time-constant
regional annual adult apparent survival rates,
recapture probabilities, and proportions of
residents among newly captured adults were
derived from 10 years of capture-mark-recapture
data pooled over all stations (in each region)
that were operated for four or more consecutive
years during the 1992-2001 period (Table 4).
Data were thus pooled from 136 stations in the
Northwest, 68 in the Southwest, 38 in the North-
central, 62 in the South-central, 73 in the
Northeast, 73 in the Southeast, and 29 in the
Alaska/Boreal Canada region, for a total of 479
stations and an average of 68 stations per region
(Table 5). The increases for the 10-yr period
(1992-2001) over the 7-yr period (1992-1998) in
the number of stations contributing data to
survivorship analyses ranged from 11% in the
South-central Region to 100% in the Southwest
and averaged 44%. 

Within the 10-yr data set, 77 species fulfilled
the revised selection criteria for survivorship
analyses in the Northwest Region, 72 in the
Southwest, 54 in the North-central, 60 in the
South-central, 71 in the Northeast, 41 in the
Southeast, and 36 in the Alaska/Boreal Canada
Region, for an average of 59 species per region
(Tables 4 and 5). The increases, due primarily to
the revised selection criteria, in the number of
species per region for which survivorship
estimates could be obtained ranged from 15% in
the Northwest to 60% in the Southwest and
averaged 34%. 

Also included in Table 4 for each species in
each region are the number of stations from
which data were pooled and the total number of
individual adult birds captured during the 10
years, as well as the total number of captures
and total number of returns of these individuals.

The mean number of individual adult birds
captured per station per species during the 10
years (1992-2001) was lowest for the Northeast
(21.3) and Southeast (22.1) regions, higher for
the South-central (29.1), Northwest (33.3),
North-central (35.0), and Southwest (35.3)
regions, and highest for the Alaska/Boreal
Canada Region (51.2). Two of the Southwest
stations operated more than 10 nets for up to
eight days per period, which may have slightly
inflated the average number of individuals 
per station per species there. No such large
amounts of extra effort were characteristic of
any Alaska/Boreal Canada station, so the high
average number of individuals per station per
species there appeared not to be a function of
extra effort. Altogether, the 479 stations included
in this survivorship analysis were operated for
an average of 6.97 yr each (62 stations for four
years, 105 for five, 45 for six, 55 for seven, 78 for
eight, 53 for nine, and 81 for 10 years) and
produced an average capture rate of 4.41 adult
individuals per station per species per year.
These captures, of course, were not distributed
uniformly over all stations at which a species
was captured; typically, fewer individuals than
average were captured at most stations and
many more individuals than average were
captured at a few stations. 

As in past years, the average total number of
captures per individual per species (for species
that met survivorship selection criteria) was
remarkably constant over the seven regions,
ranging from 1.34 ± 0.21 in the South-central
region to 1.54 ± 0.25 in the Alaska/Boreal
Canada Region, and averaging 1.41 ± 0.28 over-
all. Similarly, the average total number of returns
per individual per species also remained remark-
ably constant over the seven regions, ranging
from 0.129 ± 0.058 in the Southeast region to
0.158 ± 0.076 in the Alaska/Boreal Canada
region, and averaging 0.140 ± 0.079 overall. 

The precision of the estimates of annual adult
survival rate using 10 years of data (1992-2001)
from a total of 479 stations increased over that
obtained during seven years (1992-1998) from a
total of 346 stations (Table 5). The mean
coefficient of variation in survival probability,
CV(ϕ), for all species in each region ranged from
16.4% in the Northwest Region to 23.4% in the
South-central Region and averaged 20.8 ± 2.7%
over the seven regions. These figures compare to
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a range from 19.5% (Northwest) to 25.4% (South-
central) and an average of 22.7 ± 2.1% for 1992-
1998 data, and represent only an 8% average
improvement (Table 5), compared to a 28%
average improvement going from five to seven
years of data. The reason for the relatively small
average improvement is that substantial
increases in precision for many of the more
common species tended to be offset by poor
precision for those species that fulfilled the
revised (and relaxed) selection criteria. A better
measure of the increased precision provided by
10 rather than seven years of data is the mean
numbers of species over the seven regions
having CV(ϕ) <30%, which increased by 35%
from 34 species (with seven years of data) to 46
species (with 10 years of data). Similarly, the
mean number of species per region having
CV(ϕ) <20% increased by 57% from 23 to 36
species; and the mean number having CV(ϕ)
<10% increased by 100% from 8 to 16 species
(Table 5). The mean proportions of species over
the seven regions having CV(ϕ) <30%, <20%, and
<10% also increased by having 10 rather than
seven years of data (Table 5), but, for the reasons
given above, by amounts much less than the
corresponding increases for mean numbers of
species (by 0.1%, 20.4%, and 50.9%, respectively).

Mean regional survival probabilities for all
species in each region (Table 4) ranged from
0.435 (Alaska/Boreal Canada) to 0.519 (South-
west) and averaged 0.484 ± 0.027 for the seven
regions; mean recapture probabilities ranged
from 0.329 (South-central) to 0.445 (Alaska/
Boreal Canada) and averaged 0.364 ± 0.042; and
mean proportion of residents among newly-
captured adults ranged from 0.488 (Northeast)
to 0.574 (Southeast) and averaged 0.529 ± 0.032. 

As in previous years, mean regional survival
and recapture probabilities increased and mean
regional proportion of residents decreased when
consideration was limited in each region to
species for which survival was “adequately
estimated,” i.e., species for which (a) survival
estimates were based on at least five or more
returns, (b) estimates for the proportion of
residents among newly captured adults were
<1.00, (c) SE(ϕ) <0.20, and (d) CV(ϕ) <30% (Table
4). Indeed, when consideration was limited in
each region to these adequately estimated
species, mean regional survival probabilities
ranged from a low of 0.451 (Alaska/Boreal

Canada) to a high of 0.519 (Southwest) and
averaged 0.498 ± 0.024 for the seven regions;
mean regional recapture probabilities ranged
from 0.350 (Southeast) to 0.493 (Alaska/Boreal
Canada) and averaged 0.409 ± 0.050; and
proportion of residents among newly captured
adults ranged from 0.442 (Northeast) to 0.506
(South-central) and averaged 0.472 ± 0.025.

Again, as in previous years, mean regional
survival rates for adequately estimated species
were higher for the three more southerly regions
(Southwest: 0.519 ± 0.105; South-central: 0.515 ±
0.083; and Southeast: 0.513 ± 0.090) than for the
three more northerly regions (Northwest: 0.503
± 0.107; Northeast: 0.503 ± 0.112; and North-
central: 0.481 ± 0.095), and were lowest for the
far northern Alaska/Boreal Canada region
(0.451 ± 0.091). In contrast, mean regional
recapture probabilities for these same species
tended to show the opposite pattern, being
lower in the Southeast (0.350 ± 0.162) and South-
central (0.377 ± 0.129) regions than in the
Northeast (0.416 ± 0.158) and North-central
(0.448 ± 0.150) regions, and highest of all in the
Alaska/Boreal Canada region (0.493 ± 0.174).
Breaking this pattern, however, were the
western regions, where recapture probabilities
were lower in the Northwest Region (0.365 ±
0.152) than the Southwest Region (0.412 ± 0.156).
Mean regional proportion of residents among
newly captured adults for these same species
showed no distinct pattern, being lowest for the
Northeast and Southwest regions (0.442 ± 0.161
and 0.443 ± 0.195, respectively), and highest for
the South-central and Southeast regions (0.506 ±
0.206 and 0.495 ± 0.155, respectively). 

In general, both for all species for which
survival was estimated and for adequately
estimated species, mean regional survival
probabilities from 10 years of data were lower
than those from seven years of data for each of
the four central and eastern regions and for the
Alaska/Boreal Canada Region (cf. Table 4 herein
and Table 3 in DeSante and O’Grady 2000). In
contrast, mean regional survival probabilities for
both groups of species from 10 years of data
were higher than those from seven years of data
for both the Northwest and Southwest regions
(cf. Table 4 here, Table 3 in DeSante and
O’Grady 2000). To control for potential differ-
ences in the species being compared, we ran
matched-pairs t-tests between survival estimates
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from ten and seven years of data for those
species-region combinations for which survival
for the species was estimated with CV(ϕ) <30%
for both sets of data. We found that regional
survival estimates were slightly, but non-
significantly, lower for ten than for seven years
of data for each of the seven regions [nearly
significantly so (t = 1.71, n = 28, P = 0.098) by
0.029 (5.7%) for the North-central Region]. For
all 224 species-region combinations with CV(ϕ)
<30% for both sets of data, survival estimates
were also slightly, but highly significantly 
(t = 2.65, n = 224, P = 0.009), lower by 0.015
(2.9%) for ten than for seven years of data. 

Finally, for each species in each region, we
modeled all possible combinations of time
dependence in the three parameters, ϕ, p, τ (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 107
(26.0%) of the 411 species-region combinations
(Table 6). We found that time dependence in 
at least one parameter was the selected model
(by having a QAICC that was at least 2.0 QAICC

units lower than the QAICC of the fully time-
independent model) for 61 (14.8%) of the 411
species-region combinations. Time dependence
in survival rate was detected for 47 (11.4%) of the
411 species-region combinations, and was found
to be the selected model for 14 (3.4%) of the
species-region combinations. Interestingly, time-
dependence in survival was detected more
frequently in the three more northerly regions
(Northwest - 19.5% of species; North-central -
13.0%; and Northeast - 14.1%) than in the three
more southerly regions (Southwest - 9.7%; South-
central - 3.3%; and Southwest - 9.8%) or the
Alaska/Boreal Canada Region (5.6%).

DISCUSSION
MAPS coverage of North America in 1999, 2000,
and 2001 was widespread with useable data
received in time for this report from 467, 474, and
484 stations, respectively. Although coverage
was generally good, there still were gaps, most
notably in the Great Basin, southwest deserts,
Great Plains, deep South, and most of Canada.
Continuity of station operation remained high
during the three years (averaging 91.6%), but
was slightly lower than the approximately 95%
continuity rate that characterized the first five

years of the program (1992-1996). Because station
continuity is vital for continued success of
MAPS, it is important that operators attempt to
identify and train new operators to take over
their station(s) when, for whatever reason, they
find that they must discontinue operation.

POPULATION SIZE AND PRODUCTIVITY
INDICES

Adult population sizes, as indexed by MAPS,
decreased substantially and significantly
between 1998 and 1999 in the Northwest and
South-central regions and increased slightly and
non-significantly in the remaining five regions,
resulting in a small but significant decrease
continent-wide. The patterns of changes in adult
population size between 1999 and 2000 were
generally reversed from those between 1998 and
1999, with a substantial and significant increase
in the South-central region and decreases of
varying size and significance in the other six
regions, resulting in a highly significant decrease
continent-wide. These patterns generally
reversed again between 2000 and 2001, with
significant decreases in adult population sizes in
the Southwest and South-central regions and
increases in four of the five remaining regions
resulting in a very small and non-significant
increase continent-wide. Indeed, in most regions,
an alternating pattern of increases and decreases
has characterized the annual changes in adult
population size from 1997-1998 through 2000-
2001, during which the numbers of stations
available for between-year comparisons
remained relatively constant (ranging 375 - 415
and averaging 395). 

Of further interest is the fact that regional
reproductive indices have also shown a
generally alternating pattern of increases and
decreases over the five pairs of years from 1996-
1997 through 2000-2001, but the pattern of
increases and decreases in productivity has
generally been out-of-phase with the analogous
pattern in adult population size. Thus, for
example, regional increases in productivity in
1997 were often followed by regional increases
in adult population size in 1998 that coincided
with decreases in productivity in 1998, which
were then followed by decreases in adult
population size in 1999, etc. Indeed, 20 of 28
(71%; P = 0.036, binomial test) annual changes in
reproductive index in the various regions were
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followed the next year in those regions by
changes in adult population size that had the
same sign. Interestingly, 14 of 18 (78%; P = 0.031,
binomial test) significant or nearly significant
regional changes in productivity (as determined
by changes in the reproductive index for all species
pooled or by the proportion of species with
increases or decreases) were followed the next year
by regional changes in adult population size of the
same sign, while only 6 of 10 (60%; P = 0.754,
binomial test) non-significant regional changes in
productivity were followed by regional changes in
adult population size of the same sign. 

These alternating out-of-phase patterns in
productivity and population size suggest that (a)
increases in productivity in a given year may
result in increases in adult population size the
following year through increased recruitment of
young birds, and (b) this increased density of
breeding birds, coupled with a higher propor-
tion of young, inexperienced breeders in the
population, may suppress productivity presum-
ably through increased competition for food or
other critical resources needed for nesting. The
fact that increases in adult population size in a
given year were not always coincident with
decreases in productivity that year suggest that
density-independent factors (presumably
including weather- and climate-related phenom-
ena) may also drive changes in productivity.
Moreover, the fact that increased productivity in
a given year was not always followed the next
year by increased adult population size suggests
that other factors besides productivity
(presumably survival of young and adults) also
drive year-to-year changes in adult population
size. Indeed, it should be emphasized that long-
term population trends depend on the balance
between recruitment of young and survival of
adults (and immigration and emigration), even
in situations in which alternating increases and
decreases in adult population size are perfectly
out-of-phase with analogous increases and
decreases in productivity.

It is also of interest to note that the general
pattern of changes in adult population size in
the Northwest, Southwest, and South-central
regions during the four between-year com-
parisons from 1997-1998 through 2000-2001
(increase, decrease, increase, decrease) was
opposite the general pattern of changes during

those years in the North-central, Northeast, and
Southeast regions (decrease, increase, decrease,
increase). This suggests that the annual changes
in productivity (that greatly influence subse-
quent annual changes in adult population size)
may be driven by weather factors that tend to
act in concert over large areas of the continent,
but that tend to differ between the eastern and
western portions of the continent. In this
respect, it is interesting that annual variations in
productivity and population sizes for the South-
central Region tend to be more similar to those
in Northwest and Southwest regions, while
annual variations in the North-central Region
tend to be more similar to those in the
Northeast and Southeast regions. We emphasize
that weather conditions on the breeding
grounds during the breeding season may not
necessarily be the most important weather
factors driving annual variations in landbird
productivity. Indeed, Nott et al. (2002) used
MAPS data to show that annual variations in
productivity of Neotropical-wintering
migratory landbirds that breed in national
forests in the Pacific Northwest (Washington
and Oregon) correlate best with annual
variations in late-winter/early-spring weather
on their west Mexican wintering grounds that
are apparently driven by annual variations in
the El Nino/Southern Oscillation climate cycle.
In contrast, however, annual variations in
productivity of temperate-wintering landbirds
that breed in those same forests correlate best
with variations in late-winter/early-spring
weather on their breeding grounds that are
apparently driven by annual variations in the
North Atlantic Oscillation climate cycle. In both
cases, however, it seems to be weather just prior
to, rather than during, the breeding season that
controls productivity.

SURVIVAL-RATE ESTIMATES

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) increased by
an average of 39%, from 49 to 68 stations, when
data from 10 years (1992-2001) rather than seven
years (1992-1998; DeSante and O’Grady 2000)
were included in survivorship analyses. Because
of a relaxation of the criteria for including
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species in survival analyses (from 49 to 25 year-
unique records), the mean number of species per
region for which data were sufficient to be
included in regional survivorship analyses
increased by an average of 34%, from 44 to 59
species. The increase in the number of stations
and in the length of the study (thus an increase
in the total number of capture histories and the
average number of years over which they were
captured) resulted in a substantial increase in
the precision of the parameter estimates
obtained from capture-mark-recapture analyses.
Thus, the mean number of species per region
with CV(ϕ) <30%, <20%, and <10% increased by
35% (from 34 species with seven years of data to
46 with ten years of data), by 57% (from 23 to 36
species), and by 100% (from 8 to 16 species),
respectively.

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 might be an expected result as the longer
migration routes of more northerly nesting
migratory species and the more severe weather
faced by more northerly nesting permanent
resident species may each reduce survival
probabilities of adults. Moreover, these expected
lower survival rates at higher latitudes may well
be compensated by higher productivity at more
northerly latitudes. Future analyses of MAPS
data will test these hypotheses by modeling
survival and productivity using latitude (and
perhaps altitude) covariates. 

It is of interest that survival rates for ade-
quately-estimated species tended to be lower for
the 10-yr data set, than for the 7-yr data set, in
all seven regions. DeSante and O’Grady (2000)
noted a similar difference between the 7-yr and
5-yr (1992-1996) data sets, although at least some
of that difference likely was caused by inclusion
of the within-year transient model (Hines et al.
2003, Nott and DeSante 2002) in the 7-yr but not
the 5-yr data set. However, because both the 7-
and 10-yr data sets included the within-year
transient model, survival for these species
during the last three years of the 10-yr study
may well have been lower than in earlier years
of the study. Moreover, if the analogous
differences between the 7- and 5-yr data sets
were not entirely due to the inclusion of the
within-year transient model in the 7-yr data set,

then a negative trend in survival among North
American landbirds over the past 10 years may
well exist. In future analyses, we will test this
hypothesis directly by modeling survival as a
linear function of year. 

Interestingly, for capture-mark-recapture
analyses utilizing the 10 years of data, the
proportion of species for which time-dependent
survival (or time-dependence in any parameter
estimate) was detected was less than the
analogous proportion utilizing seven years
(1992-1998) of data for each of the seven regions
except the Southeast Region (where the
proportion of species with time-dependent
survival from the 10-yr data set [0.098] was only
slightly higher than the analogous proportion
[0.088] from the 7-yr data set). Moreover, in only
this one case was the actual number of species
showing time-dependent survival (or time-
dependence in any parameter estimate) greater
for the 10-yr (4 species) than the 7-yr (3 species)
data sets, despite the fact that we were able to
estimate survival for more species from the 10-
yr data sets than from the 7-yr data sets. Indeed,
using the 10-yr data set and summing over all
regions, only 47 species-region combinations
(11.4%) showed time-dependent survival and
107 species-region combinations (26.0%)
showed time-dependence in any parameter
estimate. This compares to 56 species-region
combinations (18.2%) that showed time-
dependent survival and 124 species-region
combinations (40.4%) that showed time-
dependence in any parameter estimate using
the 7-yr data set. This rather unexpected result
suggests that estimates of annual survival (and
annual estimates of other parameters) tended to
be closer to the mean for the latter three years
(1999-2001) than for the earlier seven years
(1992-1998). These results, in conjunction with
results showing mean regional survival rates
from the 10-year data set tended to be lower
than those from the 7-yr data set, reinforce the
hypothesis that there may well be a negative
trend in survival among North American
landbirds. We hasten to add, however, that
considering the great annual variability in
weather and its likely effect upon annual
variations in survival, at least 20 years of data
may be necessary to detect meaningful trends in
survival for most target species (Rosenberg et
al. 2000). 
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RECENT RESULTS RELATED TO RESEARCH
AND MANAGEMENT GOALS OF MAPS

During the past three years, we have continued
to make considerable progress toward attaining
the research and management goals of MAPS. In
particular, we have formulated management
strategies based on modeling demographic
parameters of landbirds (adult population size,
reproductive index, and trends in each of these
two parameters) as functions of remote-sensed
landscape characteristics within areas of 2-4 km
radius surrounding MAPS stations on military
installations and national forests (Nott et al.
2003, 2005). Now, in cooperation with foresters,
natural resource managers, and land managers
on these forests and installations, our
management strategies have begun to be
integrated into new and on-going land
management designed simultaneously to
conserve natural resources and enhance the
particular forest or military mission. In each
case, MAPS stations have been established or
sustained to monitor the effectiveness of our
avian management strategies. 

Additional recent analyses have summarized
results from 10 years (1992-2001) of MAPS data
in Alaska and documented anomalously low
productivity and survival rates for several
species in South-central Alaska; examined the
usefulness of MAPS stations on national wildlife
refuges in USFWS Region 1 to monitor the
demographics of bird species of conservation
concern in target habitat types; and examined
MAPS data from stations throughout the
Northwest MAPS region (from SE Alaska to NW
Wyoming and northern California) to formulate
a strategy for maintaining existing stations and
establishing new stations to effectively monitor
the demographics of bird species of conser-
vation concern and other target and focal species
listed in the various Bird Conservation Plans in
the Region. We have also assessed the statistical
power to detect differences in survival between
populations or changes in survival over time
using MAPS data and determined the numbers
of species for which adult survival rates can be
effectively assessed and monitored in each of the
seven MAPS regions and for all seven regions
combined. We are currently combining these
results with those from the above mentioned
analyses in order to formulate a vision for
enhancing and expanding the MAPS Program in

order to optimize its utility as part of continent-
wide Coordinated Bird Monitoring. 

Finally, other current, on-going analyses of
MAPS data are showing strong positive
correlations between MAPS productivity indices
and nest monitoring results from the Breeding
Biology Research and Monitoring Database
(BBIRD) for about 30 species of wood-warblers
and between estimates of lambda from MAPS
capture-mark-recapture data and population
trends estimated from the North American
Breeding Bird Survey (BBS) for these species.
Additional current analyses combining MAPS,
BBS, and MoSI (Monitoreo de Sobrevivencia
Invernal – Monitoring Overwintering Survival;
DeSante et al. 2005b) are providing results
suggesting that population trends in these
warbler species may be driven primarily by
factors operating away from the their breeding
grounds and affecting survival, especially
survival of first-year birds.
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