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Table 2. Model-averaged estimates of population parameters and standard errors from reverse-time and transient capture recapture models applied to
Monitoring Avian Productivity and Survivorship (MAPS) data, mean MAPS reproductive index values and standard errors, and North American Breeding
Bird Survey (BBS) trend estimates and standard errors for yellow warbler over 1992 2003 in 15 physiographic strata.

Transient
Reverse—time model® model? BBS’

Stra’tum nsta nindb Rstrﬂtﬂ SE u strata SE f\strﬂtﬂ SE Cstrﬂtﬂ SE / strata SE RISttﬂtﬂe SE nl’te BStl’ﬂtﬂ SE
Southern New England 4 139 093 0.02 047 0.06 046 0.06 0.50 0.07 056 0.07 0.11 0.04 43 1.62 212
Great Lakes Plain 9 1301 098 0.01 041 0.03 056 0.03 042 0.03 048 0.02 053 0.09 108 0.76 0.56
St. Lawrence River Plain 4 350 0.86 0.02 042 0.04 0.44 0.04 049 0.04 057 0.03 024 008 72 —-0.04 0.62
Allegheny Plateau 4 243 093 0.02 035 0.10 0.58 0.11 038 0.11 037 0.10 0.45 0.80 110 -3.58* 0.55
Northern Spruce-Hardwoods 4 181 1.08 0.02 038 0.08 0.70 0.09 0.35 0.08 038 0.06 052 0.14 240 -—-2.21* 0.79
Aspen Parklands 5 205 095 0.02 028 0.15 067 015 029 0.16 019 0.04 043 0.09 110 0.60 0.79
Southern Rockies 6 1513 1.09 0.01 047 0.03 061 0.03 044 0.03 059 0.02 054 079 58 1.65 1.75
Central Rockies 8 468 1.09 0.02 045 0.03 0.65 0.03 041 0.03 0.56 003 028 0.81 107 0.16 0.68
Dissected Rockies 6 578 1.05 0.01 048 0.04 0.57 0.04 046 0.04 060 0.03 0.59 0.79 48 —-0.06 0.63
Sierra Nevada 9 636 0.99 0.01 044 0.02 055 0.02 045 0.02 055 0.03 048 0.07 20 1.90 4.48
Cascade Mountains 4 211 098 0.02 0.47 0.04 051 0.04 048 0.04 0.57 0.04 027 0.04 19 -0.87 1.60
Pitt-Klamath Plateau 6 368 1.04 0.02 0.45 0.03 0.59 0.03 043 0.03 0.57 0.04 041 1.08 25 -2.03 1.63
Wyoming Basin 3 918 1.04 0.01 0.48 0.03 0.57 0.04 0.46 0.03 0.59 0.02 021 1.28 28  4.29* 2.07
Basin and Range 9 1,005 1.01 0.01 044 0.03 057 0.03 044 0.03 052 0.03 035 081 23 1.40 3.89

Southern Pacific Rainforests 10 758 1.05 0.01 046 003 0.59 0.03 044 002 056 003 029 004 38 093 203

* No. of MAPS stations included in capture recapture analyses. We combined stations <1 km apart. All stations were operated for >4 yr. For 4 strata
(Southern New England, Aspen Parklands, Central Rockies, and Southern Pacific Rainforests), the no. of stations that actually contributed information for
population change (and vital rate) estimation was 2 fewer than indicated here because of sparse recapture data and inestimable recapture probability at the
station level.

" No. of individual birds included in capture recapture analysis. As indicated above, the actual no. of individuals contributing information to estimates was
reduced in 4 strata. The actual no. of individuals was reduced by 47, 73, 44, and 15 for the Southern New England, Aspen Parklands, Central Rockies, and
Southern Pacific Rainforests, respectively.

¢ Reverse-time capture recapture model is Pradel (1996) model. Parameters estimates include the time-constant (i.e., average) rate of population change
(Rerara), (nontransient) ad apparent survival rate (Qgyar,), recruitment rate (both young from previous yr and immigrating ad; f\ strata), and the relative
contribution of ad apparent survival rate to the rate of population change (Ygat; the complement of this value [i.e., 1 — Ygrara] is the relative contribution of
recruitment rate to the rate of population change.

4 Transient model refers to the ad hoc robust design model described in Hines et al. (2003); Qgirara is the time-constant adult apparent survival-rate
estimate.

¢ Reproductive index, calculated as the mean ratio of young to ad birds captured at MAPS stations during constant-effort mist netting.

f No. of BBS routes surveyed (7,.) and estimating equations BBS trend estimate (ﬁstrm; from Sauer et al. 2005). Asterisks indicate statistically significant
(P < 0.05) trend estimates.

survival to A approached or equaled contributions of  have had little in uence on population trend (summed AIC,
recruitment (mean Yy = 0.43; Table 2). Additional — wt for models including Rl,., as a covariate =0.00). Taken
evidence supporting the importance of adult apparent  as a whole, variation in population change for yellow
survival to population trend included 1) strong statistical warblers among strata over this time period appears to have
support for the model with both ¢ and A varying by strata ~ been largely effected via variation in survival rather than
(AIC, wt = 0.61); 2) positive (albeit weak) correlation  productivity.

between estimates of adult apparent survival rate, Qgrars, and

estimates of population growth rate Xstma (r=0.35, n=15, DISCUSSION
P = 0.20); and 3) good correspondence between adult We demonstrated that the BBS and MAPS can provide

apparent survival rates estimated from the transient (ad hoc similar estimates of trend for many wood-warbler species at
robust design) model and BBS population trends, especially the survey-wide program-wide scale, which is quite re-
for the 2 strata with statistically signi cant BBS population markable given differences in sampling design, gaps in
declines (Table 2; Fig. 2). geographic coverage, and methods. Although improvement

Recruitment of new individuals onto MAPS study areas, of the BBS by sampling non road-side habitats (Droege
fstmm, contributed even more to variation in population 1990, Bart et al. 1995, Keller and Scallan 1999) and
trend than did adult apparent survival rate (mean 1 — Yar estimating detection probabilities (Pollock et al. 2002,
= 0.57). The importance of new recruits was reinforced by Simons et al. 2007) is clearly desirable, our results suggest
strong correlation between f strata and ﬁstrata (r=0.67, n=15, that the current BBS provides estimates of trend that can be
P < 0.01). Note, however, that our measure of recruitment broadly useful for conservation. Concordance between the
represents components of both productivity and survival BBS and MAPS also suggests that MAPS data are

(both rst-year survival and survival of ad immigrating onto representative of real populations despite distributions of
study areas). Although our index of productivity, Rl ara, stations that are not completely random.
was positively correlated with estimates of recruitment rate Although our intention was not to speci cally compare

Futeara (r=0.52, n=15, P < 0.05), productivity appeared to  MAPS and BBS trend estimates at the physiographic strata
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measures (e.g., estimates of nest success) is warranted, we
suggest that suf cient evidence exists to be reasonably
con dent in the ecological signi cance of our RI.

Our comparison of MAPS survival-rate estimates (from
models that account for the presence of transient individ-
uals) and RlIs to BBS estimates of population trend within
15 BBS physiographic strata largely con rmed the ndings
of our MAPS analysis. This comparison could be followed
up with formal joint modeling of MAPS and BBS data (e.g.,
Thomas et al. 2005, Besbeas and Freeman 2006); however,
the simple visual representation we presented provides a
good exploratory view of spatial overlap between trends and
vital rates. Although spatial correspondence between adult
apparent survival-rate estimates and population trend
estimates was not perfect, it was clearly better than the
spatial correspondence between RI and population trend.

Although trends for yellow warbler were stable in most
strata we considered (based on BBS data), we suggest that
successful efforts to reverse declines in strata where they are
declining will hinge on the identi cation of habitat
characteristics that promote high survival rates. Mortality
in long-distant migrants such as yellow warbler may largely
occur during migration (Sillett and Holmes 2002); however,
habitat conditions during premigratory periods, particularly
late winter, may be critical (Sillett et al. 2000, Nott et al.
2002). We are currently investigating spatial variation in,
and habitat correlates of, apparent overwintering survival
rates of yellow warblers and other migratory bird species that
winter in the northern Neotropics (DeSante et al. 20055).

MANAGEMENT IMPLICATIONS

The MAPS program represents a viable cost-effective
method for obtaining demographic monitoring data for
landbird species that are easily captured in ground-level mist
nets. Such data complement count-based data and can better
inform management. Many species monitored with MAPS
methodology are focal species or species of conservation
concern in state Wildlife Action Plans, Partners in Flight
Physiographic Area Plans, and descriptions of United States
North American Bird Conservation Initiative Bird Con-
servation Regions. As few as 4 years of MAPS data can be
used to detect biologically meaningful differences in vital
rates for a target species between clusters (e.g., representing
distinct habitat types or regions) of just a few MAPS
stations each (Rosenberg et al. 1999). This level of effort
requires just 2 4 trained interns (to operate 6 12 stations)
and a supervisory biologist working during 2 (at high
latitudes) to 3 (at lower latitudes) months during the
breeding season. At larger spatial and temporal scales, we
estimate that 20 years of data from the current network of
about 470 MAPS stations is suf cient to detect meaningful
differences in adult apparent survival rates between pop-
ulations or linear trends in survival rates for 19 47 species at
MAPS regional scales (similar to United States Fish and
Wildlife Service regions; DeSante 1992) and for 105 species
at the program-wide scale (J. F. Saracco, D. F. DeSante, D.
R. Kaschube, J. E. Hines, M. P. Nott, and R. B. Siegel, The

Institute for Bird Populations, unpublished report). Never-
theless, habitat- and region-speci ¢ demographic data are
lacking for many landbird species that are potentially
monitorable by MAPS. We suggest that the full potential
of MAPS will only be realized with 1) a clear vision for
improvement and growth to better monitor species and
habitats of conservation concern and under-represented
regions; 2) better integration with spatially extensive
counting efforts (e.g., the BBS) within regions of con-
servation interest (e.g., Bird Conservation Regions); 3)
integration of MAPS into a program of coordinated bird
monitoring, which would help foster a commitment from
tederal, state, and private land managers to implement
MAPS; and 4) continued development and implementation
of analytical techniques that formally link many sources of
monitoring data. Realization of these goals will provide
better guidance to private and public land managers as to the
implementation of MAPS to best meet both local monitor-
ing needs (e.g., in relation to a particular management
action) and the needs of the broader avian conservation
community.
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