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6 J. F. Saracco et al.

estimates ranging from 0.03 to 0.06 (���� � ����; 95% CI: 
0.00, 0.09). We expressed mean species-level productivity as 
the exponentiated intercepts from the model to provide es-
timates on a scale of number of juveniles per adult bird cap-
tured. We used prior distributions identical to those de�ned 
above for the adult captures model with exception to standard 
deviation hyperparameters, for which we used � � � ��� ���.

We modeled adult apparent survival, ������, and residency, 
������, probabilities by applying a state-space version of a 
CJS model that accounts for transients to individual adult 
capture�recapture histories (Saracco et al. 2012). As with 
the productivity model, we allowed survival and residency 
to vary according to a logit-linear function of the human 
footprint covariates; however, we did not include effort or 
overdispersion parameters. The CJS model includes models 
for parameters describing the observation process, capture 
probability, ������, and probability of recapturing a resident 
adult bird �6 days apart in the season it was banded (i.e. prob-
ability of predetermining a newly marked bird as a resident, 
������ based on the assumption that multiple captures at least 6 
days apart is an accurate indicator of residency; Saracco et al. 
2012). For these parameters, we de�ned logit-linear models 
including random species-varying intercepts and zero-mean 
random species * station effects with species-speci�c vari-
ances. For all CJS model intercept means, we de�ned priors 
for inverse-logit transformed values as U (0, 1), rather than 
modeling these species means on a link-scale. Otherwise, 
vague prior distributions were de�ned as described above for 
the adult captures and productivity models.

We implemented models with JAGS (Plummer 2003) in R 
(R Core Team 2021) via the jagsUI package (Kellner 2021). 
Posterior inferences were based on running 4 Markov chain 
Monte Carlo simulations (Gilks et al. 1996) of 100,000 it-
erations following an adaptive phase of 20,000 iterations, 
burn-in phase of 20,000 iterations, and thinning chains by 10 
(total iterations kept = 32,000). For adult capture rate and 
productivity models, we assessed goodness-of-�t based on 
Bayesian P-values, which enumerate the frequencies of dif-
ferences in chi-square (�2) statistics between observed data 
and data generated at each MCMC iteration (KØry and Royle 
2016). Results of both models suggested adequate �t (P = 0.27 
for the adult captures model, and P = 0.71 for the productivity 
model). We report all parameter estimates as posterior distri-
bution means with 95% CIs and consider effect estimates with 
95% CIs not overlapping zero to be statistically signi�cant.

RESULTS
Mean station-scale estimates of avian response variables 
based on the midpoint year (2015) and average disturbance 
values for each of the 31 species included in the analyses are 
reported in Table 2. The number of adults captured/station/
year where a bird was encountered as a breeding species aver-
aged 1.18 [0.85, 1.16] and varied from 0.36 for Dark-eyed 
Junco to 9.31 for Tennessee Warbler. Productivity at these 
stations averaged 0.57 [0.42, 0.75] and ranged from 0.12 for 
Alder Flycatcher to 2.71 for Black-capped Chickadee. Adult 
annual apparent survival probability across species averaged 
0.43 [0.37, 0.48] and ranged from 0.17 for Tennessee Warbler 
to 0.60 for Canada Jay. Residency probability averaged 0.55 
[0.48, 0.62] and ranged from <0.4 for Alder Flycatcher, Least 
Flycatcher, and Wilson�s Warbler to 0.73 for Black-capped 
Chickadee.

Adult Captures
We found little evidence of an overall effect of human 
footprint on the mean adult abundance index for the 31 
bird species at either the 1-km (���� � ���� ������ �����)  
or 5-km (���� � ���� ������ ����� footprint scales (Figure 2A 
and B). Nevertheless, there was high variation among spe-
cies in responses to footprint (���� � ���� ������ ����� � 
���� � ���� ������ �����). Seven species (23%) showed signi�-
cant negative, and 11 species (35%) showed signi�cant posi-
tive, adult abundance-footprint relationships at the 1-km 
scale; and 5 species (16%) showed signi�cant negative, and 
8 species (26%) showed signi�cant positive, relationships be-
tween adult abundance and the 5-km human footprint resid-
uals (Figure 2D and E). Four species had signi�cant negative 
relationships with footprint at both scales (Canada Warbler, 
Mourning Warbler, Magnolia Warbler, and Yellow-rumped 
Warbler), while one species had contrasting relationships be-
tween scales (Least Flycatcher: positive at 1-km and negative 
at 5-km radii). As expected, adult captures of species more 
frequently captured at stations with greater tree cover tended 
to be more negatively affected by footprint than species that 
were more commonly encountered at earlier successional sta-
tions with less tree cover, particularly at the 1-km scale.

The average species adult abundance index declined over 
the study period (���� � ���� ������ �����); however, here too 
there was high variation among species (���� � ���� ������ �����; 
Figure 2C). We found signi�cant negative trends for 11 species 
that tended to be associated with more forested habitats; while 
2 other species associated with earlier successional habitats, 
showed signi�cant positive trends (Clay-colored Sparrow and 
Alder Flycatcher; Figure 2F).

Productivity
We found little evidence of a relationship between average 
species productivity and human footprint at the 1-km scale 
(���� � ���� ������ �����; Figure 3A). However, there was high 
variation among species (���� � ���� ������ ���): 3 species 
showed signi�cant negative relationships (White-throated 
Sparrow, Swamp Sparrow, Least Flycatcher) and 2 species 
showed signi�cant positive relationships (Tennessee Warbler, 
Yellow-rumped Warbler) at that scale (Figure 3D). In contrast, 
we found an overall positive relationship between product-
ivity and human footprint at the 5-km scale after account-
ing for footprint at the 1-km scale (���� � ���� ������ �����;  
Figure 3B). This effect was highly variable among species 
(���� � ���� ������ �����). Six species (19%) had positive ef-
fects with 95% CIs not overlapping zero, but only one had 
a negative effect with 95% CIs not overlapping zero (Hermit 
Thrush; Figure 3E).

There was a relatively consistent decline in productiv-
ity across species (����= �0.07 [�0.09, �0.05]) across years 
(Figure 3C), with species mean estimates ranging from �0.04 
to �0.11 (����= 0.03 [0.00, 0.06]; Figure 3F). There was no ap-
parent association between productivity trends or responses 
to disturbance and tree cover associations of adult captures.

Adult Apparent Survival Probability
Adult apparent survival probability tended to be positively asso-
ciated with human footprint (���� = 0.06 [�0.03, 0.14] and ���� = 
0.04 [�0.03, 0.12]; Figure 4A and B). Although there was some 
variation among species (���� = 0.06 [0.00, 0.19] and ���� = 0,06 
[0.00, 0.16]), all species coef�cients for footprint effects had 95% 
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Human footprint, landbird populations, and demographic trends 7

CIs overlapping zero (Figure 4D and E). Adult apparent survival 
probability tended to decline over the study period (����=�0.03 
[�0.08, 0.02]; Figure 4C). Twenty-three species (74%) had mean 
survival trend estimates < 0; however, as for the footprint effects, 
95% CIs on mean trend estimates for all species overlapped zero  
(Figure 4F).

Residency Probability
Residency probability was negatively associated with human 
footprint at the 1-km scale (����= �0.16 [�0.33, �0.01]; ����

= 0.10 [0.00, 0.28]; Figure 5A). Thus, newly marked birds 
were more likely to be transients in habitats that were more 
disturbed at this scale. All species mean effect estimates for 
the 1-km footprint covariate were negative and several had 
95% CIs < 0 (Alder Flycatcher, Swainson�s Thrush, Lincoln�s 
Sparrow; Figure 4D). We found little evidence of an effect 
of a 5-km footprint, after accounting for the 1-km footprint, 
on mean species residency probability (����= �0.05 [�0.17, 
0.07]; ���� = 0.17 [0.02, 0.34]; Figure 5B) or individual spe-
cies residency probabilities (Figure 5E). Mean species resi-
dency probability declined over the study period (���� = �0.05 

[�0.09, �0.01]). Although variable (���� = 0.05 [0.01, 0.10]), 
mean species trend estimates were negative for all species, and 
95% CIs were <0 for 3 species (Yellow Warbler, Ovenbird, 
Chipping Sparrow; Figure 5C and F).

Trend Dependence on Change in Footprint
Trends in adult captures were more negative at stations with 
larger increases in 5-km radius human footprint proportion 
over the study period (���� = �0.03 [�0.04, �0.01]; Figure 6A), 
with mean estimates for all species effect ranging from �0.02 
to �0.04 (���� = 0.01 [0.00, 0.04]). Productivity showed a very 
similar pattern in average trends (���� = �0.02 [�0.04, �0.00]; 
Figure 6B), again with relatively little variation among spe-
cies with mean estimates for all species ranging from �0.01 
to �0.03 (���� = 0.02 [0.00, 0.04]). Average adult appar-
ent survival trend also tended to be more negative at sites 
with greater footprint increases (���� = �0.03 [�0.07, 0.01]; 
Figure 6C), although the year × footprint change effect was 
more variable among species for the survival model (���� = 
0.05 [0.00, 0.11]), ranging from ���  = �0.06 (�0.14,�0.01) 
for White-throated Sparrow to ���  = 0.02 (�0.07, 0.18) for 

TABLE 2.  Mean (95% CIs) estimates of avian response variables for 31 bird species captured at 38 MAPS stations from 2011 to 2020 in the Athabasca 
oil sands region based on posterior distributions of back-transformed intercepts from multi-species demographic models. Scienti�c names are 
presented in Table 1.

Common name 
Adult abundance index
(birds/station) 

Productivity index
(juveniles/adult) 

Adult apparent
survival probability 

Residency
probability 

Yellow-bellied Sapsucker 1.00 (0.81, 1.22) 0.37 (0.28, 0.48) 0.31 (0.22, 0.4) 0.66 (0.52, 0.82)
Alder Flycatcher 3.37 (2.90, 3.89) 0.12 (0.10, 0.14) 0.49 (0.42, 0.57) 0.35 (0.29, 0.42)
Least Flycatcher 1.31 (1.09, 1.57) 0.55 (0.44, 0.68) 0.27 (0.16, 0.39) 0.39 (0.26, 0.56)
Red-eyed Vireo 1.93 (1.63, 2.26) 0.13 (0.10, 0.17) 0.54 (0.45, 0.63) 0.60 (0.46, 0.77)
Canada Jay 0.37 (0.28, 0.47) 1.16 (0.83, 1.57) 0.60 (0.47, 0.73) 0.67 (0.49, 0.86)
Black-capped Chickadee 0.78 (0.65, 0.94) 2.71 (2.22, 3.28) 0.56 (0.47, 0.67) 0.73 (0.58, 0.87)
Boreal Chickadee 0.47 (0.37, 0.58) 1.54 (1.17, 1.98) 0.43 (0.30, 0.56) 0.63 (0.46, 0.82)
Swainson�s Thrush 3.38 (2.91, 3.90) 0.51 (0.43, 0.59) 0.56 (0.50, 0.63) 0.47 (0.38, 0.58)
Hermit Thrush 0.45 (0.35, 0.56) 0.88 (0.65, 1.16) 0.42 (0.29, 0.57) 0.51 (0.33, 0.71)
American Robin 1.60 (1.36, 1.87) 0.19 (0.15, 0.24) 0.46 (0.37, 0.54) 0.67 (0.53, 0.84)
Tennessee Warbler 9.31 (8.16, 10.58) 0.73 (0.64, 0.82) 0.17 (0.06, 0.34) 0.51 (0.33, 0.72)
Yellow Warbler 0.88 (0.70, 1.10) 0.64 (0.48, 0.85) 0.44 (0.35, 0.54) 0.53 (0.41, 0.67)
Magnolia Warbler 1.14 (0.91, 1.39) 0.57 (0.44, 0.73) 0.46 (0.37, 0.55) 0.53 (0.42, 0.65)
Yellow-rumped Warbler 0.93 (0.76, 1.12) 0.40 (0.31, 0.51) 0.38 (0.28, 0.49) 0.57 (0.42, 0.74)
Black-and-white Warbler 0.95 (0.79, 1.14) 0.55 (0.43, 0.68) 0.44 (0.32, 0.57) 0.52 (0.34, 0.72)
American Redstart 0.66 (0.51, 0.82) 0.42 (0.30, 0.58) 0.49 (0.37, 0.61) 0.58 (0.39, 0.78)
Ovenbird 1.88 (1.61, 2.19) 0.51 (0.43, 0.61) 0.30 (0.21, 0.41) 0.47 (0.32, 0.64)
Northern Waterthrush 0.58 (0.44, 0.73) 0.75 (0.53, 1.02) 0.56 (0.44, 0.69) 0.55 (0.38, 0.74)
Mourning Warbler 1.40 (1.07, 1.79) 0.37 (0.27, 0.49) 0.57 (0.48, 0.66) 0.55 (0.44, 0.68)
Common Yellowthroat 0.83 (0.67, 1.00) 0.25 (0.18, 0.34) 0.42 (0.29, 0.55) 0.63 (0.47, 0.80)
Wilson�s Warbler 0.69 (0.55, 0.86) 0.72 (0.54, 0.93) 0.35 (0.21, 0.51) 0.34 (0.21, 0.52)
Canada Warbler 1.36 (1.09, 1.68) 0.76 (0.59, 0.95) 0.44 (0.33, 0.55) 0.46 (0.32, 0.62)
Chipping Sparrow 2.74 (2.36, 3.17) 0.25 (0.21, 0.30) 0.40 (0.31, 0.51) 0.54 (0.40, 0.69)
Clay-colored Sparrow 0.89 (0.68, 1.13) 0.67 (0.49, 0.89) 0.38 (0.28, 0.49) 0.57 (0.44, 0.71)
Savannah Sparrow 3.82 (0.88, 11.66) 0.49 (0.22, 0.94) 0.46 (0.35, 0.58) 0.65 (0.49, 0.81)
Song Sparrow 0.39 (0.29, 0.51) 0.99 (0.69, 1.37) 0.35 (0.24 0.47) 0.58 (0.44, 0.74)
Lincoln�s Sparrow 1.80 (1.53, 2.09) 1.02 (0.86, 1.20) 0.41 (0.34, 0.49) 0.61 (0.52, 0.72)
Swamp Sparrow 0.98 (0.79, 1.19) 1.44 (1.14, 1.80) 0.31 (0.20, 0.43) 0.59 (0.48, 0.73)
White-throated Sparrow 6.89 (6.00, 7.88) 0.52 (0.45, 0.59) 0.41 (0.37, 0.45) 0.68 (0.62, 0.75)
Dark-eyed Junco 0.36 (0.24, 0.50) 2.35 (1.64, 3.31) 0.52 (0.37, 0.67) 0.54 (0.37, 0.73)
Rose-breasted Grosbeak 0.55 (0.43, 0.69) 0.25 (0.16, 0.36) 0.49 (0.34, 0.65) 0.48 (0.28, 0.71)
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8 J. F. Saracco et al.

Mourning Warbler. We found little evidence that residency 
probability trends varied with footprint change (���� = 0.00 
[�0.03, 0.04]; Figure 6D) with all individual species having 
95% CIs overlapping zero and ranging from ���  = �0.02 
(�0.12, 0.03) for Least Flycatcher to ���  = 0.03 (�0.03, 0.12) 
for Swainson�s Thrush (���� = 0.03 [0.00, 0.08]).

DISCUSSION
Support for the hypothesis of negative effects of landscape 
scale disturbance on demographic parameters of the 31 bird 
species included in our analyses was mixed. This result is 
consistent with those of previous work that showed a var-
iety of responses among species and demographic parameters 
to habitat and disturbance at local scales (Bayne et al. 2016, 
Foster et al. 2017, Mahon et al. 2019, Pyle et al. 2020). Our 
multi-species approach and test of responses to an overall dis-
turbance metric do not capture individual species responses 
to speci�c habitat characteristics, such as types of fragmen-
tation or disturbance (e.g., linear features; Bayne et al. 2016), 
or the speci�c spatial scales relevant to individual species and 

how they perceive their habitats (Betts et al. 2014, Mahon 
et al. 2016, 2019); rather, our results highlight a variety of 
community-level and individual species-level responses habi-
tat disturbances related to oil sands resource development in 
northeastern Alberta.

Of particular interest was the tendency for declines in abun-
dance and demographic rates over time. These declines could 
re�ect, in part, increasing human footprint across the region 
(ABMI 2017). Indeed, we found footprint increases between 
2010 and 2018 at 36 of our 38 study sites, and our demo-
graphic models suggested trends in abundance, productivity, 
and survival were all more negative at sites with larger in-
creases in footprint. The consistency of demographic responses  
to footprint changes among species, despite variation among 
species responses to overall footprint, suggests the import-
ance of landcover type and age. For example, footprint in-
creases between 2010 and 2018 would be expected to largely 
represent new industrial development, and thus loss of habitat 
for all species, while preexisting footprint included regenerat-
ing habitat on previously disturbed and reclaimed sites.

While our observed changes in footprint proportion were 
consistent with demographic declines, other related factors 

FIGURE 2.  Predicted responses (A�C) and effect sizes (D�F) for a multi-species hierarchical model of adult captures per station and year varying as a 
log-linear function of the human footprint proportion at 1-km radius (A, D), the human footprint proportion at 5-km radius after accounting for correlation 
between 1-km and 5-km footprints (B, E), and year (i.e. trend across the 10-year [2011�2020] period; C, F). Solid black lines in A�C represent medians of 
the mean species responses; dashed lines delineate 95% credible intervals. Individual species responses in A�C are represented with lines indicating 
the median posterior prediction. Species codes in D�F (see Table 1) show positions of median effect sizes and error bars indicate 95% credible 
intervals. Shading spans a canopy-cover gradient whereby species most frequently caught at stations with relatively low tree cover are lighter and 
species most frequently caught at sites with greater tree cover are darker. Vertical dashed lines at 0.0 in D�F are added for reference.
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Human footprint, landbird populations, and demographic trends 9

may also have contributed to declines. For example, contam-
inants entering the food chain through air or water sources 
(e.g., Kraus 2019, Chibwe et al. 2021) can be distributed 
across large spatial scales (Brook et al. 2019) and can af-
fect diet, growth, physiology, and demographic rates of birds 
(Hallinger et al. 2011, Cruz-Martinez et al. 2015, Ma et al. 
2018, Hebert 2019). However, Godwin et al. (2019) found 
little indication that proximity to a contaminant source af-
fected productivity or nestling growth of Tree Swallows 
(Tachycineta bicolor) in our study region, and population-
level impacts of contaminants in this system otherwise re-
main largely unknown (Roberts et al. 2022). Finally, other 
unmodeled factors undoubtedly in�uenced dynamics and 
trajectories of populations. For example, heavy rain and 
�ooding were observed across the region in 2013, wild�re 
impacted several monitoring stations in 2016, and vegeta-
tion succession on reclaimed portions of study areas all likely 
contributed to variation in demography and population sizes 
(Foster et al. 2017). Parsing the relative roles of these various 
contributors is beyond the scope of the present study. Future 
populations will be shaped by these and other drivers related 
to climate and landcover change (Stralberg et al. 2015); thus, 
understanding how these factors act independently and in 
combination to affect population trajectories should be a pri-
ority for future research.

We found little effect of footprint on the average adult abun-
dance index of the assemblage of 31 species at either the 1-km 
or 5-km scales. While abundance indices derived from mist-
net samples can re�ect underlying patterns of relative abun-
dance (Dunn and Ralph 2004), differences in habitat structure 
or disturbance and nuances of net placement in relation to 
habitat may also affect availability for capture (Remsen, and 
Good 1996) or numbers of transient individuals (Silkey et al. 
1999). We selected net sites in a manner intended to minim-
ize inter- and intra-station differences in net capture ef�cacy 
(DeSante et al. 2004). Therefore, we suggest that patterns in 
our abundance index largely mirrored underlying patterns of 
abundance, rather than patterns of capture probability.

Species showing the strongest positive responses of adult 
captures to footprint included those more frequently cap-
tured at stations with less tree cover and that favor open and 
younger deciduous habitats and forest openings (e.g., Alder 
Flycatcher, Clay-colored Sparrow, Song Sparrow, Yellow 
Warbler; Schieck and Song 2011). However, Red-eyed Vireo 
and Ovenbird (species associated with older deciduous and 
mixed forest types; Schieck and Song 2011) also showed 
positive adult capture responses to disturbance, consistent 
with the �ndings of Mahon et al. (2019). Nevertheless, these 
species may be less abundant near speci�c disturbance types 
such as seismic lines, pipelines, and well pads (Bayne et al. 

FIGURE 3.  Predicted productivity (ratio of young to adult birds; A-C) and effect sizes (D-F) from a multi-species hierarchical model whereby the 
probability of a captured bird is a young (hatching-year) bird varies as a logit-linear function of the human footprint proportion at 1-km radius (A, D), 
the human footprint proportion at 5-km radius after accounting for correlation between 1-km and 5-km footprints (B, E), and year (i.e. trend across the 
10-year [2011�2020] period; C, F). See Figure 2 for additional detail.
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10 J. F. Saracco et al.

2016). Adult captures of Canada Warbler, a species of conser-
vation concern in Canada (Alberta Environment and Parks 
2015, Environment and Climate Change Canada 2019), 
showed consistent negative responses to human footprint and 
strong decline in captures over the study period. This �nd-
ing is consistent with results reported by Wilson et al. (2018), 
which relied in part on data included here, though that study 
found that declines likely also re�ected low survival and re-
cruitment correlated with habitat loss on wintering grounds.

We found no consistent response of productivity to human 
footprint proportion at the 1-km scale. Nevertheless, our hy-
pothesis of negative footprint effects on productivity was sup-
ported for several species at that scale and could re�ect loss 
or degradation of preferred nesting habitat (Hethcoat and 
Chalfoun 2015), although other correlated factors, such as 
noise associated with industrial activities, could also play a 
role (Williams et al. 2021). Only 2 species showed signi�cant 
positive productivity responses to disturbance at the 1-km scale 
(Tennessee Warbler and Yellow-rumped Warbler). These posi-
tive responses suggest that regenerating vegetation in reclaimed 
or post-�re sites could provide cover for nest sites or food re-
sources for post-�edging birds. We generally found little corres-
pondence between adult capture responses of individual species 
to footprint and their productivity responses to footprint, which 
highlights the value of considering demographic (i.e. vital rate, 

or population change parameters), as well as abundance re-
sponses, to better elucidate patterns of habitat quality (Johnson 
2007, Skaggs et al. 2020). For example, we found that Dark-
eyed Junco and Yellow-rumped Warbler were among the spe-
cies whose adult abundance index values were most negatively 
affected by footprint; however, productivity of these 2 species 
tended to be higher in more disturbed landscapes, suggesting 
that the few individuals that nested there were productive (par-
ticularly at the 1-km scale). In contrast, other species showed the 
opposite pattern�positive responses of adults to footprint, but 
lower productivity in those landscapes (e.g., Ovenbird, Least 
Flycatcher), suggesting that these landscapes may represent an 
ecological trap for at least some species (Van Horne 1983).

At the 5-km scale, after accounting for footprint correl-
ation between the 1-km and 5-km scales, we found an overall 
positive relationship between productivity and disturbance. 
This could re�ect age-speci�c patterns of movement and the 
relative importance of early successional habitat for post-
breeding birds (Marshall et al. 2003, Chandler et al. 2012), 
particularly for juveniles (Anders et al. 1998, Porneluzi et al. 
2014). Thus, restoration of habitat in disturbed areas may 
contribute to population sustainability for some species, even 
in cases where breeding use may be limited.

We found little effect of disturbance at the 1- and 5-km dis-
tances from our banding stations on adult apparent survival 

FIGURE 4.  Predicted adult apparent survival probability (A�C) and effect sizes (D�F) from a multi-species hierarchical model whereby survival probability 
varies as a logit-linear function of the human footprint proportion at 1-km radius (A, D), the human footprint proportion at 5-km radius after accounting 
for correlation between 1-km and 5-km footprints (B, E), and year (i.e. trend across the 10-year [2011�2020] period; C, F). See Figure 2 for additional 
detail.
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Human footprint, landbird populations, and demographic trends 11

probability and only weak evidence of a decline in survival 
over the study period. The relative lack of signal in the sur-
vival response to local disturbance could re�ect the in�uence 
of non-breeding ground effects in driving this vital rate; for ex-
ample, as described for Canada Warbler by Wilson et al. (2018). 
Assessment of the in�uence of survival rates and trends inclu-
sive of wintering ground habitat change will require greater de-
tail on the connectivity of populations and habitats across the 
annual cycle as well as detailed habitat and disturbance map-
ping information for the wintering ranges, information that is 
currently lacking for most species in our study.

We found a negative relationship between residency prob-
ability and disturbance within 1 km of MAPS stations. 
Residency may be lower in more disturbed areas due to year-
ling adult birds unable to establish territories (Pyle et al. 2020) 
or to territorial males that abandon territories due to inabil-
ity to attract mates (Bayne and Hobson 2001). Particular dis-
turbance types may also contribute to low residency rates for 
some species. For example, seismic lines may hinder territory 
establishment or defense in Ovenbirds (Lankau et al. 2013). 
It is worth noting, however, that because our residency met-
ric only applies to newly marked birds, it does not measure 
true residency probability in the population. For example, 
some variation in our residency probability metric among 
stations may simply re�ect differences in the proportions of 

individuals already marked resulting from variation in cap-
ture probabilities among stations or how long the station 
has been operated (Hines et al. 2003). Given that the bird 
species considered here are relatively short-lived and that 
capture probabilities were relatively low (mean ~ 0.30), we 
do not feel that such effects substantially biased our infer-
ences about human footprint covariate effects or trends in 
residency. We suggest that additional work via model devel-
opment and deployment of other �eld techniques (e.g., radio-
telemetry; Lankau et al. 2013, Kornegay et al. 2018) would 
be useful for better understanding spatial and temporal vari-
ation in true residency.

Despite our �nding of overall declines related to disturb-
ance or increases in disturbance, we also found that a broad 
array of species showed positive responses to footprint for 
at least one response variable or spatial scale. These positive 
responses likely re�ect the early successional habitats that 
were included in our cumulative footprint metric and suggest 
that, while minimizing future disturbance should clearly re-
main a conservation priority, particularly for some species of 
concern (e.g., Canada Warbler), regenerating habitats on dis-
turbed sites can also bene�t bird populations. Nevertheless, 
we acknowledge that complex industrial landscapes such as 
this include multiple stressors that may act at unique tem-
poral or spatial scales and will impact individual species  

FIGURE 5.  Predicted residency probability (probability of a newly marked individual being a resident; A�C) and effect sizes (D�F) from a multi-species 
hierarchical model whereby residency probability varies as a logit-linear function of the human footprint proportion at 1-km radius (A, D), the human 
footprint proportion at 5-km radius after accounting for correlation between 1-km and 5-km footprints (B, E), and year (i.e. trend across the 10-year 
[2011�2020] period; C, F). See Figure 2 for additional detail.

D
ow

nloaded from
 https://academ

ic.oup.com
/condor/article/124/4/duac037/6731964 by guest on 29 N

ovem
ber 2023



D
ow

nloaded from
 https://academ

ic.oup.com
/condor/article/124/4/duac037/6731964 by guest on 29 N

ovem
ber 2023



D
ow

nloaded from
 https://academ

ic.oup.com
/condor/article/124/4/duac037/6731964 by guest on 29 N

ovem
ber 2023



D
ow

nloaded from
 https://academ

ic.oup.com
/condor/article/124/4/duac037/6731964 by guest on 29 N

ovem
ber 2023


