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INTRODUCTIONtc \l1 "INTRODUCTION
The National Park Service (NPS) has been charged with the responsibility of managing natural resources on lands under its jurisdiction in a manner that conserves them unimpaired for future generations.  In order to carry out this charge, the NPS has initiated an integrated long‑term program for inventorying and monitoring the natural resources in NPS units.  A pilot study to develop and evaluate field and analytical techniques to accomplish this objective has been implemented in several national parks across the United States; Cape Cod National Seashore and Preserve has been selected to join these parks in the pilot program.  The goals of the pilot program at Cape Cod NS are to develop quantitative sampling and analytical methods that can provide relatively complete inventories and long‑term trends for many components of biological diversity, as well as effective means of monitoring the ecological processes driving the trends (Van Horn et al. 1992). 

Cape Cod National Seashore is an important breeding and migration stopover site for neotropical migrants and supports many state listed rare species (Cape Cod 1992).  Landbirds, because of their high body temperature, rapid metabolism, and high ecological position on most food webs, may be excellent indicators of the effects of environmental change in terrestrial ecosystems (Temple and Wiens 1989).  Furthermore, their abundance and diversity in virtually all terrestrial habitats, diurnal nature, discrete reproductive seasonality, and intermediate longevity facilitate the monitoring of their population and demographic parameters.  It is not surprising, therefore, that landbirds have been selected by the NPS to receive high priority for monitoring (NPS 1992); nor is it surprising that several large‑scale monitoring programs that provide annual population indices and long‑term population trends for landbirds are already in place on this continent.  They include the North American Breeding Bird Survey (BBS), the Breeding Bird Census and Winter Bird Population Study, and the Christmas Bird Count (CBC).  

Recent analyses of data from several of these programs, particularly the BBS, suggest that populations of many landbirds, including forest‑, scrubland‑and grassland‑inhabiting species, appear to be in serious decline (Peterjohn et al. 1995).  Indeed, populations of most landbird species appear to be declining on a global basis.  Nearctic‑Neotropical migratory landbirds (species that breed in North America and winter in Central and South America and the West Indies; hereafter, Neotropical migratory birds) constitute one group for which pronounced population declines have been documented (Robbins et al. 1989, Terborgh 1989).  In response to these declines, the Neotropical Migratory Bird Conservation Program, "Partners in Flight ‑ Aves de las Americas", was initiated in 1991 (Finch and Stangel 1992).  The major goal of Partners in Flight (PIF) is to reverse the declines in Neotropical migratory birds through a coordinated and cooperative program of monitoring, research, management, education, and international cooperation.  As one of the major cooperating agencies in PIF, the NPS has defined its role in the program to include the establishment of long‑term avian monitoring programs at NPS units using protocols developed by the Monitoring Working Group of PIF.  Clearly, the long‑term inventory and monitoring goals of the NPS and the monitoring and research goals of PIF share many common elements. 

Primary Demographic Parameterstc \l2 "Primary Demographic Parameters
Existing population‑trend data on Neotropical migrants can suggest severe and sometimes accelerating declines in some species, but provide no information on primary demographic parameters (productivity and survivorship).  Thus, population‑trend data alone, such as provided by the BBS route operated in Cape Cod National Seashore since 1989,  provide no means for determining at what point(s) in the life cycle problems are occurring, or to what extent the observed population trends are being driven by causal factors that affect birth rates or death rates or both (DeSante 1995).  In particular, large‑scale North American avian monitoring programs that provide only population‑trend data have been unable to determine to what extent forest fragmentation and deforestation on the temperate breeding grounds versus that on the tropical wintering grounds are causes for declining populations of Neotropical migrants (DeSante 1992).  Without critical data on productivity and survivorship, it will be extremely difficult to identify effective management and conservation actions to reverse current population declines (DeSante 1995).  

The ability to monitor primary demographic parameters of target species (those species abundant enough to provide true trend data, not artifacts of small sample size),  must also be an important component of any successful long‑term inventory and monitoring program that aims to monitor the ecological processes leading from environmental stressors to population responses (DeSante and Rosenberg 1998).  Monitoring primary parameters is important because environmental factors and management actions affect primary demographic parameters directly and these effects can be observed over a short time period (Temple and Wiens 1989).  Because of the buffering effects of floater individuals and density‑dependent responses of populations, there may be substantial timelags between changes in primary parameters and resulting changes in population size or density as measured by census or survey methods (DeSante and George 1994).  Thus, a population could be in trouble long before this becomes evident from survey data.  Moreover, because of the vagility of many animal species, especially birds, local variations in secondary parameters (e.g., population size or density) may be masked by recruitment from a wider region (George et al. 1992) or accentuated by lack of recruitment from a wider area (DeSante 1990). 

MAPStc \l2 "MAPS
In 1989, The Institute for Bird Populations (IBP) established the Monitoring Avian Productivity and Survivorship (MAPS) program, a cooperative effort among public agencies, private organizations, and individual bird banders in North America to operate a continent‑wide network of constant‑effort mist‑netting and banding stations to provide long‑term demographic data on landbirds (DeSante et al 1995).  The design of the MAPS program was patterned after the very successful British Constant Effort Sites (CES) Scheme that has been operated by the British Trust for Ornithology since 1981 (Baillie et al. 1986, Peach et al. 1996).  The MAPS program was endorsed in 1991 by both the Monitoring Working Group of PIF and the USDI Bird Banding Laboratory, and a four‑year pilot project (1992‑1995) was approved and funded by the USDI Fish and Wildlife Service and National Biological Service (now the Biological Resources Division (BRD) of the U.S. Geological Survey (USGS)) to evaluate its utility and effectiveness for monitoring changes in demographic parameters of landbirds.  

Now in its ninth year (sixth year of standardized protocols), the MAPS program has expanded considerably from 17 stations in 1989 to about 450 stations in 1997.  The substantial growth of the Program since 1992 was caused by its endorsement by PIF and the subsequent involvement of various federal agencies, including the NPS, USDA Forest Service, Department of Defense, Department of the Navy, and Texas Army National Guard, in PIF.  Over the past six to eight years, for example, IBP was contracted to operate five or six MAPS stations each in Denali, Yosemite, and Shenandoah national parks, and two stations in Kings Canyon National Park.  Among other reasons, MAPS stations were established in these parks to evaluate the usefulness of MAPS methodology as a major component of the NPS's Inventory and Monitoring Program. 

Goals and Objectives of MAPStc \l2 "Goals and Objectives of MAPS
The specific goals of the MAPS program are to provide, for a suite of target species including both Neotropical migrant and permanent resident species:  

(1) annual indices of adult population size and post‑fledging productivity from data on the numbers and proportions of young and adult birds captured; and

(2) annual estimates of adult survivorship, adult population size, and recruitment into the adult population from mark‑recapture data on adult birds.

These population and demographic indices and estimates will be used to determine annual changes and long‑term trends in the population and demographic parameters of the target species, with short-term data available after only four years.  These indices and estimates will also be used to identify and describe interrelationships between the population and demographic parameters and various covariates, including population sub‑units for the various species, geographic area (at various spatial scales), landscape‑level habitat characteristics, and weather conditions.  They will also be used to facilitate comparisons among data obtained from stations located in landscapes subjected to various management practices in order to provide information relating to the effects of management practice on the population and demographic parameters of the target species. 

Based on fulfilling these goals, the long‑term objectives of the MAPS program then are twofold. First, to provide long‑term, large‑scale population and demographic information on target landbird species that can be used to aid in identifying: 

(a) thresholds and trigger points to notify appropriate agencies and organizations of the need for research and/or management actions, 

(b) the stage(s) in the life cycles at which changes in population dynamics are taking place, 

(c) testable hypotheses regarding the proximate demographic causes of population changes, and 

(d) management actions and conservation strategies to reverse population declines.

Finally, and perhaps most importantly, these data will be used to evaluate the effectiveness of the management and conservation actions implemented.  

These objectives are to be carried out at multiple spatial scales ranging from a very large scale, with the North American continent divided into eight functional regions, to a smaller scale based on physiographic strata, such as the Glaciated Coastal Plain, Southern New England, Upper Coastal Plain, or Coastal Flatwoods) or specific localities (such as individual national parks or national forests).  It is envisioned that the national parks, along with national forests, military installations, and other publicly‑owned lands, will provide one subset of sites for both large‑scale and smaller scale objectives. The sampling strategy utilized at the smaller scales should be hypothesis‑driven and should be integrated with other research and monitoring efforts, as is planned at that scale.  

DESIGN OF THE CAPE COD MAPS PROGRAM

The basic goals of MAPS are to obtain annual indices and/or estimates of population and 

demographic parameters, including indices and/or estimates of adult population sizes, indices of the numbers of young that reach independence from their parents, indices of productivity (the proportion of young in the catch), estimates of adult survivorship, and estimates of recruitment into the adult populations.  For the MAPS data collected on the Seashore to be maximally useful, IBP has chosen sites that can address specific questions and test specific hypotheses that will provide critical information on which to base conservation strategies and management actions on the Cape Cod National Seashore.

MAPS data collected at Cape Cod National Seashore can be used to address questions at three spatial scales.  First, at the smallest scale, MAPS data can provide local indices and estimates of productivity at individual stations or groups of stations that can be compared with indices and estimates derived from MAPS data from other stations within the park or from stations near to, but outside, the park.  The MAPS Program in Cape Cod will address several such questions using MAPS data collected in this manner at these local scales. 

Second, data from all six MAPS stations on Cape Cod can be pooled to provide park-wide productivity indices and surviorship estimates and longer-term trends in these indices and estimates.  Pooling data at this level will also allow comparison between Cape Cod NS and other Atlantic coastal parks that may participate in the MAPS program in the future, as well as comparisons between Cape Cod NS and other unprotected areas along the Atlantic coast. 

Finally, MAPS data from Cape Cod NS will be pooled with MAPS data from outside the park to provide regional (or even continental) indices and estimates of (and longer‑term trends in) these key demographic parameters. 

Questions to be Addressed and Hypotheses to be Tested
A. Questions Regarding Productivity Indices be Addressed at Cape Cod National Seashore
Productivity indices produced by MAPS are landscape‑specific, rather than site‑ or habitat‑specific.  This is because the young birds captured at MAPS stations are not necessarily produced within the boundaries of the MAPS station itself, but rather are dispersing individuals that are produced in the surrounding landscape.  In this respect, MAPS productivity indices differ strikingly from nest‑success estimates obtained from direct nest monitoring, in that the latter are site‑ or habitat‑specific but not landscape‑specific unless that particular site is representative of the entire landscape.  In addition, productivity is indexed by MAPS by the proportion of young in the catch each year (or, alternatively, by the number of young per adult captured each year).  Thus, each year's data produce an annual productivity index for each species. 

Two specific questions regarding productivity will be addressed using MAPS data on Cape Cod.

Are productivity indices higher at stations in landscapes where housing density is lower?  As Cape Cod is located in the densely populated Eastern Seaboard and is a popular location for summer homes it is important to understand the affects, if any, of high housing density on the ability of  target species to produce adequate numbers of young to prevent population declines. We will look at data from three stations in landscapes where the housing density is greater than 40 houses/km2  and compare them to data from three stations in landscapes of less than 15 houses/km2.

Do productivity indices vary between landscapes that have different vegetative compositions, specifically between three landscapes composed of mainly oak, pitch pine/oak, or pitch pine/scrub?  MAPS data will be used to provide productivity indices for each of these three  habitats to determine the differences, if any, between the habitat types.  Each habitat supports a different bird community, and as Cape Cod is a highly successional landscape, the possible succession of one type of habitat to another may negatively affect the ability of target species to produce enough young to prevent population declines.  The information that MAPS data can provide regarding productivity indices, therefore, will be extremely important when making and implementing management decisions that will affect the secession of habitats necessary for declining breeding species.

B.  Questions Regarding Survival-rate Estimates to be Addressed at Cape Cod National Seashore
The appropriate spatial and temporal scales are different for productivity than for survivorship considerations.  In contrast to productivity indices, adult survival‑rate estimates require three (for non‑transient CJS models) or four (for transient CJS models that rely on between‑year recaptures to assess residency) consecutive years of data to provide an initial estimate.  In addition, because the adults whose survival rate is estimated by MAPS are the adults that are residents on the study area (at least during summer), MAPS survival‑rate estimates are site‑ or habitat‑specific, at least in terms of breeding season survival.  However, because survival of migratory individuals may depend primarily upon considerations on their wintering grounds or migratory routes thousands of kilometers away, site‑, habitat‑, or landscape‑specific considerations on the breeding grounds for survivorship may well be moot.  Because only a single survival-rate estimate will be produced by pooling data from all six stations on the Seashore, temporal, rather than spatial, considerations become the focus for survivorship analyses.

What is the temporal variation (i.e. long-term trends) in adult survival‑rate estimates and productivity indices of landbirds within the park and how are these trends affected by park management practices?  Examining the variation over time of survival-rate estimates (and productivity indices) will allow the park to determine what effect their management actions, or lack there of, have on the primary demographic parameters of the birds species breeding on Cape Cod.  

It is also important to determine characteristics of (and temporal variation in) the weather associated with the landscapes in which stations or clusters of stations are sited.  Appropriate information would include summary data on the mean temperatures (high, low, and average) and precipitation during the previous winter, previous spring, and current summer; and records of unusual weather events (large storms, high winds, major hot or cold spells).  This information must be included as factors for landscape level analyses, as weather may mask or accentuate the affects of management actions on survival-rate estimates or productivity indices.   These data can be obtained from standardized weather‑data‑collection centers operated as part of the CACO long-term ecological monitoring program.

Number, distribution, and siting of stations
In order to facilitate answering the above described questions, the MAPS study design on the Seashore includes six stations. The stations have been arranged into three pairs of stations - each pair is situated in a different vegetative type and each pair contains one station in an area of high housing density and one in an area of low housing density.  The location of these stations have tentatively been identified from existing GIS data.  

IBP has found that data from clusters of five or six stations within a given national park facilitate the analysis of inter‑station differences in productivity indices through a logistic‑regression approach (Rosenberg 1996, DeSante et al. 1997, Pyle et al. 1997), especially when landscape‑level habitat or management characteristics allow the pooling of data.  Using logistic regression models, we will be able to compare three stations in landscapes of high housing densities to three stations in landscapes of low housing densities.  Using the same stations we can simultaneously, in a mutivariate manner, compare and contrast the productivity indices of a pair of stations in each of the three vegetative landscapes.

Operating six stations allows us to make the above mentioned comparisons, without making unreasonable logistic or personnel demands.  IBP has found that two trained bird banders, working an average of five days per week, can operate six MAPS stations for one day each in a ten‑day period and still have one day to make up missed effort caused by inclement weather or other unavoidable and unpredictable delays.

Furthermore, we have found that pooled data from clusters of five or six stations generally provide the minimum sample sizes of marked adults needed to obtain survivorship estimates with an acceptable degree of precision (about CV=20%; Rosenberg 1996, Pyle et al. 1997).  As mentioned above, six stations will permit an evaluation of spatial and temporal variation (or differences) in productivity, but not in survivorship.  Therefore the survivorship estimates provided by the park will have to be compared to those from outside that park from the same region or habitat type and will require a minimum of five years of data for temporal variation to be assessed within the park.

Site‑specific habitat characteristics can influence the extent to which young birds concentrate at various stations.  Recent work suggests that most young birds (and many adults as well) tend to desert the interior of forests immediately after attaining independence from their parents (about 16‑21 days after fledging) and disperse to edge locations where an abundance of food resources, often fruit, occur (Anders 1996, J. Rappole pers. comm.).  We have found that MAPS stations sited in forest‑interior locations tend to produce lower productivity indices for most species than stations sited at locations that contain some forest‑edge or scrub habitat (DeSante 1996).  Thus, in order to minimize site‑specific sources of variation in productivity indices, and maximize landscape‑level sources of variation, we site stations that contain some forest‑edge or scrub habitat, as the forest interior birds will disperse to these edge sites from the forest interiors. 

In summary, the MAPS program on the Cape Cod National Seashore will focus on how two factors, vegetative type and housing density, affect productivity of landbirds.  Using GIS information and some preliminary ground reconnaissance, six 2 km radii circles have been chosen that meet the sampling strategy set out above for three landscapes and two housing densities.  The actual sites and net locations will be chosen at the start of the season in late May, 1999, to maximize the use of the forest edges within the larger landscape.

Selection of Target Species 

Because of the need to obtain the required large sample sizes of adult and young birds captured in mist nets, target species must generally be relatively common species who normally foraging and nest on the ground, or in shrubs, and/or lower levels of the canopy.  In general, species that forage and/or nest high in the canopy usually cannot be captured in sufficient numbers to permit the indexing or estimation of primary demographic parameters with adequate precision.  Similarly, uncommon or rare species generally cannot serve as useful target species, although there are exceptions.

It is also important that target species occur in substantial numbers in the habitat types investigated.  In this manner, useful analyses can be conducted for a given species using landscape‑level habitat information or management action as a covariate.   Table 1 lists potential target species that were chosen by there abundance reported in the 1996 BBS summary of the route run since 1989 on Cape Cod NS.

It is helpful that the various target species have differing ecological traits such as:  nest location (cavity, ground, shrub, tree); breeding habitat preference (forest, edge, scrub, riparian grassland, agricultural land, and urban species are not sampled well by MAPS because of the difficulty of operating mist nets in such habitats); breeding season foraging strategy/diet (sallying, foliage‑gleaning, bark‑gleaning,  ground‑gleaning, seeds and buds); and migration strategy (long‑distance Nearctic‑Neotropical migrant, short‑distance migrant, permanent resident).  Analyses of primary demographic parameters among species grouped according to these ecological traits can provide useful hypotheses as to potential causes of differences in these parameters among species groups and the manner by which environmental stressors may affect these parameters (DeSante in press).  Indeed, one important goal of an effective monitoring effort should be to suggest testable hypotheses regarding causes of observed population changes (DeSante and Rosenberg 1998).  

Future Questions to be Addressed at Large (Regional or Continental) Scales
Important questions can also be addressed using MAPS data pooled over regional or continental scales.  This could be especially important to Cape Cod NS if other Atlantic Coastal Units begin operation of MAPS stations.  MAPS can provide comparisons between these parks that show which management actions are affective so all coastal units can benefit.  Cape Code can also make comparisons between the indices produced in the park and those indices produced by stations not in the park to provide indications of which management actions being implemented outside the Seashore are deleterious or beneficial compared to those actions being implemented within the park.  

If more Atlantic coastal units initiate MAPS components into their monitoring plans, questions that can be asked at this level include, whether management actions that preserve sensitive coastal forests in Cape Cod allow given species to produce more young per adult than those breeding in other seashore parks in which these forest areas are limited and scrub dominates, and if so, is this balanced by lower survival rates of individuals breeding in coastal forests vs scrub?  MAPS data thus can address both important theoretical questions (understanding the evolution of life history strategies) and practical questions (understanding the basic manner and limitations by which management actions can affect the population dynamics of birds).  

MAPS provides unique primary demographic information for avian species not available from any other monitoring program.  We believe that MAPS should be an integral part of Cape Cod National Seashore’s long-term ecological monitoring program.   

Table 1.  Ecological characteristics of proposed target species for the Cape Cod MAPS program. 

Species
Migratory

Strategy
Nest

Location
Habitat

Choice
 Foraging  Strategy 

Blue Jay          
S
T
F
GG 

Black-capped Chickadee
R
C
F
FG 

American Robin
S
T
F
GG 

Gray Catbird
S
S
S
GG 

Pine Warbler
S
T
F
FG 

Ovenbird
L
G
F
GG 

Common Yellowthroat
S
S
S
FG 

Northern Cardinal
R
S
F
GG 

Eastern Towhee
S
G
S
GG 

Chipping Sparrow
S
T
F
GG 

Song Sparrow
S
G
S
GG 

Common Grackle
S
T
F
GG 

House Finch
S
T
S
GG 

American Goldfinch
S
S
S
FG 

   Migration Strategy:  L‑‑long‑distance migrant; S‑‑short‑distance migrant; R‑permanent resident. 

   Nest Location:  C‑‑cavity; T‑‑tree; S‑‑shrub; G‑‑ground. 

   Habitat Choice:  F‑‑forest; R‑‑riparian scrub; S‑‑non‑riparian scrub. 

   Foraging Strategy/Diet:  SA‑‑sallying; FG‑‑foliage gleaning; GG‑‑ground gleaning; SB‑‑seeds and buds.

METHODS
The operation of each of the six stations to be established in 1999 and for all subsequent years will follow MAPS protocol, as established for use by the MAPS Program throughout North America and spelled out in the MAPS Manual (Burton and DeSante 1998).  An overview of both the field and analytical techniques is presented here.

Data Collection
All birds captured during the course of the study will be identified to species, age, and sex and, if unbanded, will be banded with USGS/BRD numbered aluminum bands.  The following data will be taken on all birds captured, including recaptures: 

(1)
capture code (newly banded, recaptured, band changed, unbanded);

(2)
band number;

(3)
species;

(4)
age and how aged;

(5)
sex (if possible) and how sexed (if applicable);

(6)
extent of skull pneumaticization;

(7)
breeding condition of adults (i.e., presence or absence of a cloacal protuberance or brood patch);

(8)
extent of juvenal plumage in young birds;

(9)
extent of body and flight‑feather molt;

(10)
extent of primary‑feather wear;

(11)
fat class;

(12)
wing chord and weight;

(13)
date and time of capture (net‑run time); and

(14)
station and net site where captured.

All data will be taken according to MAPS guidelines using standardized codes and forms. 

Effort data, the number and timing of net‑hours on each day (period) of operation, will also be collected in a standardized manner.  In order to allow constant‑effort comparisons of data to be made, the times of opening and closing the array of mist nets and of beginning each net check will be recorded to the nearest ten minutes.

For each of the six stations operated, simple habitat maps will be prepared on which major habitat types, as well as the locations of all structures, roads, trails, and streams, will be marked.  For each major habitat identified at each station, the extent of cover of each of four major layers of vegetation (canopy, sub-canopy, shrub layer, and ground cover) will be classified into one of four categories.

Computer Data Entry and Verification
The computer entry of all banding data will be completed by John W. Shipman of Zoological Data Processing, Socorro, NM.  The critical data for each banding record (capture code, band number, species, age, sex, date, capture time, station, and net number) will be proofed by hand against the raw data and any computer‑entry errors will be corrected.  Computer entry of effort and vegetation data will be completed by IBP biologists using specially designed data entry programs.

All banding data will then be run through a series of verification programs as follows: 

(1)
Clean‑up programs to check the validity of all codes entered and the ranges of all numerical data;

(2)
Cross‑check programs to compare station, date, and net fields from the banding data with those from the summary of mist netting effort data;

(3)
Cross‑check programs to compare species, age, and sex determinations against degree of skull pneumaticization, breeding condition (extent of cloacal protuberance and brood patch), and extents of body and flight‑feather molt, primary‑feather wear, and juvenal plumage;

(4)
Screening programs which allow identification of unusual or duplicate band numbers or unusual band sizes for each species; and

(5)
Verification programs to screen banding and recapture data from all years of operation for inconsistent species, age, or sex determinations for each band number.

Any discrepancies or suspicious data identified by any of these programs will be examined manually and corrected if necessary.  Wing chord, weight, station of capture, date, and any pertinent notes will be used as supplementary information for the correct determination of species, age, and sex in all of these verification processes. 

Data Analysis
In order to facilitate analyses, we will first classify the landbird species captured in mist nets into five groups based upon their breeding or summer residency status.  Each species will be classified as one of the following:  a regular breeder (B) if we had positive or probable evidence of breeding or summer residency within the boundaries of the MAPS station during all years that the station was operated; a usual breeder (U) if we had positive or probable evidence of breeding or summer residency within the boundaries of the MAPS station during more than half but not all of the years that the station was operated; an occasional breeder (O) if we had positive or probable evidence of breeding or summer residency within the boundaries of the MAPS station during half or fewer of the years that the station was operated; a transient (T) if the species was never a breeder or summer resident at the station, but the station was within the overall breeding range of the species; and a migrant (M) if the station was not located within the overall breeding range of the species.  Data for a given species from a given station will be included in productivity analyses if the species is classified as a regular (B), usual (U), or occasional (O) breeder or a transient (T) at the station.  Data for a given species from a given station will be included in survivorship analyses, after collection of four years of data, only if the species is classified as a regular (B) or usual (U) breeder at the station.  Data from a station for a species classified as a migrant (M) at the station will not be included in any analyses.

A.  Population‑size and productivity analyses ‑‑ The proofed, verified, and corrected banding data from 1999 will be run through a series of analysis programs that will calculate for each species and for all species combined at each station and for all stations pooled: 

(1)
the numbers of newly banded birds, recaptured birds, and birds released unbanded;

(2)
the numbers and capture rates (per 600 net‑hours) of first captures (in 1999) of individual adult and young birds; and

(3)
the proportion of young in the catch.

Following the procedures pioneered by the British Trust for Ornithology (BTO) in their CES Scheme, the number of adult birds captured will be used as an index of adult population size, and the number of young birds captured and the proportion of young in the catch will be used as indices of post‑fledging productivity.  

After the collection of  two years of data, and then between subsequent years, we will calculate changes between 1999 and 2000 in the indices of adult population size and post‑fledging productivity and determined the statistical significance of any changes that occurred according to methods pioneered by the BTO in their CES scheme.  These year‑to‑year comparisons will be made in a "constant‑effort" manner by means of a specially‑designed analysis program that uses actual net‑run (capture) times and net‑opening and ‑closing times on a net‑by‑net and period‑by‑period basis to exclude captures that occurred in a given net and given period in one year during the time when that net was not operated in that period in the other year. For species that are captured at several stations on Cape Cod National Seashore, the significance of Seashore‑wide annual changes in the indices of adult population size and post‑fledging productivity will be inferred statistically using confidence intervals derived from the standard errors of the mean percentage changes.  The statistical significance of the overall change at a given station will be inferred from a binomial test on the proportion of species at that station that increased or decreased. 

B.  Survivorship analyses ‑‑ After the collection of a minimum of four years of data survivorship analyses will be conducted, with time dependence being incorporated after a minimum of five years of data collection.  Modified Cormack‑Jolly‑Seber mark‑recapture analyses will be conducted using the computer program SURVIV on four years of data from all six stations.  The species to be selected will be those for which on average at least eight captures of adults for every year of data were recorded at the six stations combined. 

Using SURVIV, we will estimate survivorship parameters for each of the target species with two models.  The non-transient model (SP) calculates maximum‑likelihood estimates and standard errors (SEs) for adult survival probability (S) and adult recapture probability (P).  Recapture probability is defined as the conditional probability of recapturing a bird in a subsequent year that was banded in a previous year, given that it survived and returned to the place it was originally banded.  The non-transient model, however, does not account for the presence of transient adults in the population; this deflates the survivorship and recapture estimates.  Four or more years of data allow the application of the transient model (SPG), which provides an estimate and SE of the proportion of residents (G) among newly captured adults.  In both models, these estimates are derived from the capture histories of all adult birds for each target species captured at all stations at which they were classified as regular (B) or usual (U) breeders (see above).

Having five years of data available for assessing the transient model will allow us to consider both time‑constant and time‑dependent (variability as a function of time, t) models for each of the three parameters estimated in all possible combinations for a total of eight models.  We will  not examine spatial variability among stations as individual stations do not produce sufficient data to provide valid estimates.  We will limit our consideration to models that produced valid estimates for both survival and recapture probability (i.e., estimates that are neither less than 0.1 nor greater than 0.9, which together bound the range of realistic estimates for survival and recapture probability in nature).  The goodness of fit of the models will be tested by using a Pearson's goodness‑of‑fit test.  Of those models that fit the data, the one that produces the lowest Akaike Information Criterion (AIC) will be chosen as the optimal model; models showing AIC's within 1.0 of each other are considered equivalent.  The AIC will be calculated by multiplying the log‑likelihood for the given model by ‑2 and adding two times the number of estimable parameters in the model.

C.  Analyses of trends in adult population size ‑‑ After the collection of a minimum of five years of data, we will calculate trends in indices of adult population size for target species that show at least an average of eight adult captures per year at all stations over the five years.  We will calculate adult population indices for each species in each of the five years based on an arbitrary starting index of 1.0 in 1999.  Constant‑effort changes (as defined above) will be used to calculate these indices in each subsequent year by multiplying the proportional change between the two years by the index of the previous year and adding this figure to the index of the previous year, or simply: 

PSIi+1 = PSIi + PSIi * di
where PSIi is the population size index for year i and di is the proportional change in constant‑effort numbers from year i to year i+1.  A regression analysis will then be run to determine the slope of these indices over the five years.  We will use the slope of this regression to provide an estimate of the population trend (PT) for the species, which is defined as the average change per year over the five‑year period in the index of adult population size as determined from mist netting capture‑rate data.                                      
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