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I.WHY MONITOR VITAL RATES?

There are three important reasons why monitoring vital rates (primary demographic parameters
such as productivity and survivorship) must be a component of any integrated avian population monitoring
scheme (Balllie 1990). First, environmental stressors and management actions affect vita rates directly
and usudly without the time lags that so often occur with population size (Temple and Wiens 1989,
DeSante and George 1994). Second, vitd rates provide crucia informeation about the stage of the life
cycle a which population changeis being effected (DeSante 1992). Thisinformation is particularly
important for migratory birds that winter in tropica latitudes, because it can determine whether
management actions should be directed toward a species’ temperate breeding grounds, tropical wintering
grounds, or both. Third, monitoring vitd rates provides crucid information about the vigbility of the
population being monitored and about the qudity of the habitat or landscape in which the population
occurs (DeSante and Rosenberg 1998). Because of the vagility of most bird species, locd variationsin
population size may often be masked or accentuated by recruitment or lack thereof from awider region
(DeSante 1990, George et d. 1992). Thus, dendty of aspeciesin agiven areamay not be indicetive of
population viability due to source-sink dynamics (Van Horne 1983, Pulliam 1988, Donovan et a. 1995).

Egtimating primary demographic parametersis critical for understanding population dynamics and
isdirectly applicable to population models that can be used to assess |land- management practices by
examining the effects of the landscapes they produce on vital rates (Noon and Sauer 1992). Although
severd dudies have investigated relationships between regiona landscape patterns and population trends
(Sauer et a. 1996, Flather and Sauer 1996), a particular need remains to examine relationships between
landscape configuration and vitd rates, using standardized methods for collecting vitd rate deta, at various
gpatia scaes (Villard et d. 1999). To be successful, management actions must be designed to influence
the key primary demographic parameter responsible for population decline in a specific target species
(DeSante 1995). Such an gpproach will have amuch higher likelihood of success than one based on
correlations with presence/absence or relative abundance data (DeSante and Rosenberg 1998, Villard et
a. 1999). These consderations necessitate the continued collection of demographic monitoring deta,
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indicate the direction in which analyses of such data should proceed, and emphasize the importance of an
integrated approach to monitoring and adaptive management.

[I. OVERVIEW OF THE MAPS PROGRAM

The Monitoring Avian Productivity and Survivorship (MAPS) program is a cooperative effort
among public agencies, private organizations, and individua bird ringersin North Americato operate a
network of over 500 constant-effort mist netting and ringing stations during the breeding season (DeSante
et a. 1995). MAPSwas established in 1989 by The Ingtitute for Bird Populations (IBP) and was
patterned to alarge extent after the British Constant Effort Sites (CES) scheme operated by the British
Trug for Ornithology (Balllie et d. 1986, Peach et a. 1996, 1998). MAPS utilizes a standardized
congtant- effort mist- netting protocol at a network of stations. Each dtation typicaly consists of about ten
permanent net-sites located opportunigticaly, but rather uniformly, within the interior eight ha of a20-ha
study area (DeSante et d. 2001a). Typicaly, one 12-m, 36-mm-mesh mist net is operated a each net
site for six morning hours per day, for one day during each of six to ten consecutive 10-day periods.
Starting dates vary between May 1 and June 10 (later at more northerly latitudes and higher elevations)
and operation continues through the ten-day period ending August 8. All birds captured during the
program are identified to species, age, and sex using criteriain Pyle (1997) and, if unmarked, are ringed
with auniquely numbered duminum ring provided by the U.S. Geologicad Survey/Biologica Resources
Divison (USGSBRD) Bird Banding Laboratory or the Canadian Wildlife Service/Bird Banding Office.

Following Peach et d. (1996), productivity indices are cal culated as the proportion of young in
the catch (number of young individuals captured/total number of aged individuas captured). Annud adult
surviva rates and adult capture probatilities are estimated from modified Cormack- Jolly-Seber mark-
recapture models (Clobert et a. 1987, Pollock et a. 1990, Lebreton et al. 1992) that include a between+
and within-year length-of-stay transent model (Praddl et d. 1997, Nott and DeSante in press). These
modifications permit estimation of the proportion of residents among newly captured birds and provide
surviva rate estimates that are unbiased with respect to trandent individuds (Pradd et d. 1997).

MAPS protocol (DeSante et d. 2001a) aso requires station operators to record the probable
breeding status of al avian species seen, heard, or captured a each station on every day of operation
using methods smilar to those employed in breeding bird atlas projects; and to assgn a composite
breeding status for every species at the end of the season based on those records. In addition, a station
map and standardized quantitative habitat descriptions are prepared each year for each mgor habitat type
contained in the station by means of the MAPS Habitat Structure Assessmert protocol (Nott 2000).
Finally, MAPS operators are able to enter or import, verify, edit, and submit al their datato IBP by
means of MAPSPROG Version 3 (Froehlich et d. 2000, Miche et a. 2000), a specidly designed
Windows-based computer program distributed free of charge for that purpose by IBP. MAPSPROG
has four modules that deal, respectively, with ringing, effort, breeding status, and habitat assessment data.

The program incdludes within- and between-record verification dgorithms that substantialy improve the
quality of the ringing data, particularly age and sex determinations. Importantly, it dlows the persons who
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actualy collect the datato aso verify and edit them. Moreover, this process can be carried out during the
field season, thereby dlowing station operators to learn from their errorsin a very timely manner.

During itsfirst three years (1989-1991), MAPS was comprised of an |BP-sponsored feasibility
study, during which time the program grew from 16 to 66 stations and the protocol became standardized.
The Program was endorsed in 1991 by the Monitoring Working Group of the Neotropica Migratory
Bird Consarvation Inititive, “Partnersin Flight” (PIF), and the Bird Banding Laboratory, and a four-year
pilot project (1992-1995) was approved and funded by the U.S. Department of the Interior (USDI) to
evauate the utility and effectiveness of the Program for monitoring demographic parameters of landbirds.
During the ensuing four-year pilot study, the program grew from 178 to 391 stations. A generd
evauation of the pilot project (DeSante 1996, 2000, DeSante et a. 1999) and an evaluation of the
satistical properties of the data (Rosenberg 1996, Rosenberg et a. 1999, 2000) were completed in
1996. A review of the Program and of the evauations of the pilot project was completed by a pand
assembled by USGSBRD (Geisder 1996). The review concluded that: (1) MAPS istechnicaly sound
and is based on the best available biologicad and atistical methods; (2) it complements other landbird
monitoring programs such as the North American Breeding Bird Survey (BBS) by providing useful
information on landbird demographics that is not available esewhere; and (3) it is the most important
project in the nongame bird monitoring arena since the creation of the BBS.

MAPS thus became an "established" monitoring program in 1996 and continued to grow from
424 gations in 1996 to about 507 gtationsin 2000, the ninth year of standardized operation. The
substantid growth of the Program was caused in part by its endorsement by PIF and the involvement of
various federa agenciesin PIF, including the USDA Forest Service; the USDI Nationd Park Service,
Fish and Wildlife Service, and Bureau of Land Management; and the USDoD Department of the Navy,
Department of the Army, and Texas Army Nationad Guard. During 2000, for example, 151 “agency”
stations were operated by IBP personnel under federa contracts. Support for the operation of the
remaining 356 “independent” dtations (those not operated by 1BP personnel) has come from awide
variety of federd, State, and private sources.

[1l. GOALSAND OBJECTIVES OF MAPS
MAPS s organized to fulfill threetiers of goas and objectives. monitoring, research, and management.
»  Thegpecific monitoring gods of MAPS areto provide, for over 100 target species, including

Neotropical-wintering migrants, temperate-wintering migrants, and permanent resdents.

(A) indices of adult population sze and post-fledging productivity from data on the numbers and
proportions of young and adult birds captured; and
(B) estimates of adult population size, adult surviva rates, proportions of residents, and recruitment
into the adult population from mark-recapture data on adult birds.
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»  The specific research goas of MAPS are to identify and describe:

(1) tempord and spatid patterns in these demographic indices and estimates at a variety of spatia
scaes ranging from the loca landscape to the entire continent; and

(2) relationships between these patterns and ecological characteristics of the target species,
population trends of the target species, stationspecific and landscape-leve habitat
characterigtics, and spatialy-explicit westher variables.

*  The specific management goas of MAPS are to use these patterns and relaionships, at the
appropriate spatia scales, to:

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

(b) suggest management actions and conservation Strategies to reverse population declines and
maintain stable or increasing populations; and

(c) evaduate the effectiveness of the management actions and conservation strategies actualy
implemented through an adaptive management framework.

IV. RECENT IMPORTANT RESULTSFROM THE MAPS PROGRAM

For the past nine years, IBP has been publishing monitoring results from MAPS (DeSante 1992,
DeSante and Burton 1994, DeSante et al. 1993, 1996, 1998, 2000). These papers have documented
pronounced annud variation in regiona productivity indices as well as the pattern that increases or
decreases in productivity in agiven year are typicaly followed by respective increases or decreasesin
population size the following year (DeSante et d. 1996, 1998). More recently, MAPS data have yielded
interesting research and management related results. Severa of the more important of these are
described below.

A. Patternsof productivity asa function of nest location and migration strategy

DeSante (2000) described patterns of productivity indices at two spatia scales: dl of eastern
North America and the Sierra Nevada physiographic stratum. Productivity indices for species groups at
both spatid scales varied as afunction of nest location (in descending order: cavity, ground, open-cup
tree, and open-cup shrub nesters) and migration strategy (again in descending order: permanent residents,
temperate-wintering migrants, and Neotropica-wintering migrants). These patterns agree with those
found by direct nest monitoring and those predicted from theoretica considerations, are robust with
respect to time and space, and thus apparently reflect real population processes at multiple spatia scales.
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B. The development and utilization of transent modelsin MAPS mark -recaptur e analyses

Not al individua adult birds captured as part of MAPS protocol are resdent in the Study area
during the breeding season. Some, such asfloaters, failed breeders, and post-breeding dispersing
individuas, may be merely passing through the study area and have essentidly zero probability of being
recaptured there at alater date. Theincluson of such trangent individuas in standard mark-recapture
andyses violates the basic assumption that dl individuas have an equd probability of recapture and
causes substantial underestimation of surviva-rates. This problem can be overcome by use of atransent
modd (Pradd et a. 1997, Nott and DeSante in press) that utilizes both betweert and within-year
information to estimate the proportion of residents among newly captured adults and the surviva rate of
those resident adults.

Figure 1 shows that survivd rate estimatesin the range of 0.4 to 0.5 obtained for target species
from the standard CJS non-transient model were increased by 12% to 20% through the use of the
transgent model. Moreover, the precison of the survivd rate estimates from the transent model averaged
7.5% higher than the precison of the estimates obtained from the standard CJS non-transent mode
(Nott and DeSante in press). These transent models are now being employed in al mark-recapture
anadlyses of MAPS data. Neverthdess, survivd rate estimates from MAPS and virtualy al mark-
recapture experiments on landbirds, including estimates obtained from use of the transent modd, are
confounded by emigration of breeding individuas and, therefore, are actudly estimates of apparent
surviva.
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Figure 1. Relationship between 1992-1998 M APS continent-wide, time-constant annual adult survival rates from use of
the within- and between-year transient model (TMSURVIV) versus use of the standard Cormack-Jolly-Seber (CJS) non-
transient model for 89 species. Adapted from Nott and DeSantein press.
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C. Relationships between adult survival rate estimates from M APS and body mass and
migration strategy

Although previous researchers have made broad inferences about variation in avian survivorship,
they generdly have done so by comparing surviva rates of two or more populations of asingle species
(e.g., Greenberg 1980) or by aggregating multi-species data from many disparate sources (e.g., Martin
1995). The latter sudies have been hampered by the fact that the survivorship vaues from different
Studies were derived from many different fidld methods and analytica modes, each of which hasitsown
unique biases. In contragt, survival rate estimates from MAPS are derived from modified Cormack-Jolly-
Seber mark-recapture anayses that include a between and within-year transent model and are gpplied
to continent-wide data generated by a standardized mark-recapture methodology. As aresult, ecologica
and geographical corrdates of adult surviva rates can be examined with much greater rigor than ever
before.

Figure 2 shows time-constant 1992-1998 annud adult surviva rates plotted againg the natura
logarithm of mean body mass (Dunning 1992, Sibley 2000) for 89 target species and for
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Figure 2. Relationships between time-constant annual adult survival rates from 1992-98 continent-wide MAPS data and
the logarithm of the mean body mass for each of three migratory-strategy species groups (permanent residents,
temperate-wintering migrants, and Neotropical-wintering migrants) and for all species. |BP unpublished data.
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three groupings of these species classified according to migration strategy (permanent residents,
temperate-wintering migrants, Neotropical-wintering migrants). Pogtive linear rdlationships

were found between adult surviva rates and In (body mass) for each species group and were significant
(P<0.05) for dl groups except permanent resdents. An andyss of co-variance (ANCOVA), which
took body massinto consderation, showed significant (P=0.01) variation in annud adult surviva rates
among the three migration-strategy species groups, with both permanent residents and Neotropica-
wintering migrants having higher survivorship than temperate-wintering migrants. Interestingly, the species
group with the lowest average surviva rate, temperate-wintering migrants, aso had the steepest dope for
itssurvivd rate versus body mass rlaionship, suggesting that the low survivd rates for speciesin this
group were especialy pronounced among species with smal body mass. This may suggest that species
with smal body mass are better off either by migrating to tropica latitudes where overwintering climates
are predictably benign, or by adapting to predictably harsh climatic conditions and foregoing migration.
The poorest strategy (at least as regards adult survivorship) may to be that of migrating to areas where
overwintering climate may sometimes be unpredictably harsh, such that costs of migration are dways
incurred without always regping the benefits.

D. Measures of productivity and survival from MAPS are consistent with observed population
trends

DeSante (1995) showed that reproductive indices based on the ratio of young to adult captures
can provide unbiased estimators of actud productivity if the capture probabilities of young and adult birds
areequa. Thisisunlikely to be the case, however, because the young captured by the MAPS protocol
are primarily juveniles digpersng from the surrounding landscape, while the numbers of dispersing adults
are inflated by captures of the breeding adults that are resdent at the station during much of the MAPS
season (DeSante 1995). Thus we might expect MAPS reproductive indices to underestimate actua
productivity.

Congderable evidence is accumulating, however, to indicate that measures of productivity and
surviva from MAPS are generdly capable of producing modeled population growth rates for multiple
speciesthat correlate with observed population trends for those species (DeSante et . 1999).
Moreover, such relaionships have been demonsrated a multiple spatia scaes, ranging from the smaller
scae of asngle nationd forest, nationd park or military ingtdlation, through the larger scae of groups of
nationd forests or military ingalations within different geographic areas, and findly to the largest scde of
the entire continent. These demondtrations indicate that although MAPS productivity indices may indeed
be biased low, the biases remain relatively consstent over time and space and among vari ous Species,
including those with widely different nest locations and migration Srategies.

An example of such ardationship for multiple species on asngle nationd forest isshownin
Figure 3. Here we see that trends in adult captures for eight target species were significantly positively
related to modeled population changes obtained from data pooled from six MAPS stations operated from
1992 through 1995 on Wenatchee Nationa Forest (DeSante et d. 1999). Similar relationships have
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been obtained for a number of other nationd forests and parksincluding Fiathead, Umatilla, Willamette,
and Siudaw National Forests and Dendli, Y osemite, and Shenandoah National Parks (DeSante et .
1999).
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Figure 3. Relationship between trendsin adult captures and model ed population changes cal culated from reproductive
indices and survival estimates from 1992-1995 MAPS data for eight species on Wenatchee National Forest. Trendsin
adult captures were weighted by the reciprocal of their standard errors and the size of each point reflectstherelative
weight of each species. From DeSante et al. 1999.

E. MAPS productivity indicesand survival rate estimates can be used to identify the proximate
demographic cause(s) of population decline

DeSante et d. (2001b) recently described and evaluated a technique for identifying the proximate
demographic cause(s) of population change. The gpproach involves modding spatid variation in vita
rates (productivity and survivorship) both as a function and not as a function of
spatid variaion in population trends, and using Akaike s Information Criteria (AIC) to sdlect the
appropriate (area-dependent or area-independent) model (Burnham and Anderson 1992).

We conducted these analyses at two spatid scales. At the larger scale, we examined 1992-1998
BBS and MAPS data for Gray Catbird. We modeed productivity and surviva rates from MAPS
dations located in BBS physiographic strata where catbirds were significantly (P<0.01) increasing, as
well as srata where they were significantly decreasing. We found that catbird productivity was best
modeled as independent of area, while adult survival rates for catbirds were best modeled as area
dependent. Moreover, differencesin adult surviva rates were of the magnitude needed to cause the
observed differencesin population trends. We concluded that low adult surviva rate, rather than low
productivity, was the proximate demographic cause of population decline for Gray Catbirdsin the
physiographic sirata where they were declining.
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At the samdler scale, we examined six years (1994-1999) of MAPS data from stations on military
ingdlationsin both the western and eastern Midwest. We conducted analyses on five target species that
showed significant negative or positive trends in adult captures on indalations in either the western or
eastern Midwest, and trends with the opposite sign on ingdlations in the other area. For dl five species,
we found that low productivity on the ingtdlations where the species was declining was a cause of
population decline. Low adult surviva was an additiond cause of decline for Gray Catbird and Y dlow-
breasted Chet. These are important results because they confirm that MAPS data can be used to identify
the vita rate(s) responsible for population declines and, thus, the vital rate(s) toward which management
actions should be directed.

F. MAPS productivity indices, coupled with landscape-level habitat data, can be used to identify
management strategiesfor reversing population declines

A critical management god of MAPS isto identify management actions and conservation
Srategies to reverse population declines by quantifying relationships between reproductive indices and
landscape-level habitat characteristics (Askins and Philbrick 1987). Idedlly, habitat variables should be
measured in the landscape surrounding the station that includes the area from within which the dispersing
juveniles captured by MAPS protocol have originated. The size of this area undoubtedly varies from
pecies to goecies, and possibly varies geographicaly and among habitats for a given species. Although
the size of this areais unknown for virtualy al species, radio telemetry data demondtrate that dispersang
juvenile and post-breeding adult Wood Thrushes generaly disperse less than four km from their nests and
often to edge locations that have dense shrub cover and an abundance of fruit (Anders 1996, Anders et
a. 1997).

Using funding supplied by the DoD L egacy Resources Management Program, we have begun to
investigate relationships between bird captures and landscape characteristics within four-km-radius areas
surrounding MAPS dations on military ingdlations. For example, for each of the nine most common
target species on Jefferson Proving Ground, Indiana, we established logarithmic relationships between
bird captures and various landscape metrics based upon 30-m resolution Multi-Resolution Land
Characterization (MRLC) Consortium remote-sensed data (Bara 1994). Then, from these fitted
logarithmic curves, we cd culated the relationships between reproductive indices (young/adult) and
landscape metrics (Fig. 4).

Figure 4a shows these results for four target species (Ovenbird, Acadian FHycatcher, Wood
Thrush, Kentucky Warbler) as afunction of mean forest patch size, the single landscape metric that
showed the strongest correlation with number of adults captured for each of the four species. These four
species are generally considered to be forest interior species and, for each of them, numbers of both
adults and young were significantly (P<0.05) positively correlated with mean forest patch sze at the Six
dations. Even more interesting were the relationships between reproductive index and mean forest patch
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size (Fig. 4b). For each species, athreshold patch size (the patch size associated with the 45 degree
inflection point of the relationship) was found, below which reproductive indices increased rapidly with
increasing forest patch size and above which increases in forest patch size produced relatively small
increases in reproductive indices.

Both the threshold patch size and the sharpness of the threshold varied among species. Of the
four, the reproductive index for Ovenbird was the most sensitive to mean forest patch size; that is, its
threshold patch size was highest (about 30 ha) and its threshold was least sharp of the four species. This
isin accordance with recent literature on Ovenbirds (Porneluzi et d. 1993, Burke and Nol 1998).
Acadian Fycatcher showed the least sensitive response of reproductive index to mean forest patch size
its threshold patch size was lowest and its threshold was sharpest with very little increase above 20 ha
Reproductive indices for Wood Thrush and Kentucky Warbler showed intermediate sengitivity to mean
forest patch sze. These tolerances to forest fragmentation are also smilar to those previoudy reported
(Gibbs and Faaborg 1990, Robinson
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Figure4. (A) Numbers of individual adult (0) and young (x) birds of four forest interior species captured per 3600 net-
hours at six MAPS stations operated during 1994-1999 on Jefferson Proving Ground, Indiana, as a function of mean
forest patch size in the 4-kmradius area surrounding each station. (B) Relationship between reproductive index
(young/adult) and mean forest patch size at Jefferson Proving Ground for these four species (obtained from the fitted
curvesin A). IBP unpublished data.

et d. 1995), but here, for the first time, we are able to relate the vitd rate actually causing the area
sengtivity to habitat conditions in the locd landscape.

These results have profound management implications. When these types of analyses become
fully developed, it should be possible to calculate, from MAPS survivorship and population trend data,
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the critical values of productivity needed to reverse population declines and produce positive population
trends. It should then be possible to predict the vaues of various landscape metrics that would be
needed to produce such reproductive indices. The development of such landscape-levd management
drategiesis one of the ultimate gods of the MAPS Program.

V. MAPSFIVE-YEAR PLAN AND OBJECTIVESFOR THE NEXT THREE YEARS

With the completion of ten years (1992-2001) of standardized data collection, MAPS will have
matured to the point where it can begin to achieve its mgor research and management goas, aswell as
provide meaningful summaries of monitoring results. Here | present our overal five-year plan and aplan
for achieving a specific set of monitoring, research, and management objectives over the next three years
(2001-2003).

The mgor monitoring objective for these three years is the production of atenyear summary of
regiond patterns and trends in productivity indices and estimates of adult population size, adult surviva
rate, recruitment rate into the adult population, and population growth rate for about 100 target species,
and a comparison of these data to population trend data from the BBS and other sources. Thiswill
represent the first ever comprehensive summary and regiona analysis of the vital rates of 100 or so of the
more common landbird species over an entire continent.

These monitoring results will provide the basis for achieving the two mgjor research objectives
that are to be addressed during the next three years: (1) to identify spatial patternsin the relationship
between amgor climate variable (sandardized El Nino Southern Oscillation [ENSO] Index) and
productivity indices from the MAPS Program; and (2) to identify spatial paiternsin the reaionships
between vita rates (productivity, recruitment, and survival) and species- pecific demographic and
ecologica corrdates and life history traits, including population growth rate, body mass, migration
srategy, nest location, foraging strategy, and habitat preference. Achieving these two research objectives
aso paves the way for reaching the mgjor research goa for the find two years of thisfive-year plan: to
describe temporal patternsin the vitd rates of target landbird species and to relate them to demographic
and ecological correlates. All of these research objectives address critical areas of current scientific
investigation that have profoundly important practica gpplications. Understanding the manner in which
globd climate variables affect bird demographics, and the manner in which bird demographics affect and
are condrained by life history drategies, are fundamenta for projecting the effects of human-induced
climate change upon avian diversty across north America

Fulfilling these research objectives will, in turn, provide the basis for achieving the mgor
management objective of these three years: identification of the proximate demographic caus(s) of
population change for some 40 or more target species. We will accomplish this objective by modeling
spatid variation in vitd rates as afunction of spatia variation in population trends and ecologica
characteridtics. Identification of the demographic caus(s) of population declineis crucid for assuring that
the most appropriate species- gpecific management actions are being implemented to reverse the declines,
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and that management efforts are not being directed towards ingppropriate stages in the life cycles of the
Species.

The gpplication to MAPS data of two recently developed andytica techniquesis necessary for
achieving the research and management results proposed above. These are: (1) extension of amethod
for adjusting indices of adult population size and productivity to account for missed effort during operation
of MAPS dations (Peach et d. 1998); and (2) the use of tempora symmetry models that permit direct
estimation of recruitment and population growth rates from mark-recapture data (Pradel 1996, Nichols
and Hines in press). Application of these new methods to MAPS data provides the final two objectives
to be addressed during the first three years of thisfive-year plan.

Completing the three-year objectives discussed above will set the stage for fulfilling the mgor
management god for the find two years of this plan: formulation of landscape-level management actions
and conservation strategies for 40 or more target species to reverse population declines and maintain
gable or increasing populaions. We will achieve this god by establishing rel ationships between
productivity indices and recruitment estimates obtained from 12 years (1992-2003) of MAPS data and
station-specific and landscape-leve habitat characterigtics.

The objectives proposed here have been achieved for very few species anywhere, and for
virtudly no landbird speciesin North America, save afew that are critically endangered because of
outright habitat destruction. Still, we believe that we can meet these objectives, given the increasingly
powerful mark-recapture models that have recently been devel oped and more than ten years of datafrom
the network of over 500 MAPS gtations dl utilizing a standardized protocol. We are confident that we
can fulfill these objectives, because we have dready completed successful pilot sudieson al of them at
one or more spatial scales.

Completion of the objectives outlined in this five-year plan will dlow the information derived from
12 years of MAPS data to be applied to the development and implementation of landscape-leve
management plans in a scientificaly rigorous manner. The management god for MAPS subsequent to
these five years will be to evauate, through an adaptive management framework, the effectiveness of the
management actions and consarvation drategies that are actualy implemented. Under this gpproach, we
will utilize hypothess-driven sampling strategies for Siting new stations, such that existing Sationswill serve
as controls and will be paired with new experimentad gtationsin areas where management strategies
designed specificaly to increase productivity are being implemented. If the god is to manage for
increased productivity, then the adaptive management process demands that productivity, and not smply
population size, be monitored. Before reaching that stage of the program, however, we need first to
identify those species whose population declines can be reversed by increasing their productivity, and
then to formul ate gppropriate management drategies for them. That isthe god of our five-year plan.
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