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Resumen. examinamos la ecología de nidificación de Euphagus carolinus a través del monitoreo de 162 nidos 
para obtener datos de supervivencia de nidos en alaska y de 252 registros adicionales de alaska y canadá para 
identificar habitats importantes para la nidificación y evaluar si las bajas tasas de éxito de nidos contribuyeron a 
las disminuciones poblacionales en alaska. en la costa de alaska y a lo largo de canadá, los nidos se encontraron 
principalmente en coníferas (85% de 212 nidos). todos los nidos en coníferas de alaska y el 80% de los de canadá 
estuvieron ubicados en ejemplares de Picea spp., principalmente P. mariana. en alaska se identificó un uso selec-
tivo de ejemplares pequeños de Picea (<8 cm dap), resultando en un alto éxito reproductivo—la supervivencia de 
los nidos incrementó con la densidad de P. mariana, y el éxito de nidos en ejemplares de Picea (79%) fue mayor 
que el de los nidos ubicados en vegetación decidua (52%). la supervivencia de nidos en ejemplares más altos de 
Picea disminuyó, posiblemente debido a la depredación por parte de Tamiasciurus hudsonicus. los individuos de 
E. carolinus nidificaron cerca del agua en el interior (x

_
 = 8 m) y en el sur centro de alaska (x

_
 = 30 m), y los ejem-

plares pequeños de Picea parecieron ser importantes dentro de la mayor parte del área de distribución de la espe-
cie. Sin embargo, en el interior de alaska, la mayoría de los nidos se ubicaron en ejemplares de Salix (78%), los 
que dominaban la vegetación cercana al agua. el éxito de nidos en alaska promedió el 56%, similar a las tasas del 
mismo periodo en nueva inglaterra pero mayor que las de otras especies de Euphagus de américa del norte. Son 
necesarios estudios para verificar si la supervivencia de nidos es alta también en canadá y para investigar dónde y 
cómo el déficit en la supervivencia de adultos o juveniles puede estar limitando el crecimiento poblacional.

neSting ecology of the RuSty BlackBiRd in alaSka and canada

ecología de nidificación de Euphagus carolinus en alaska y canadá

nesting ecology of the Rusty Blackbird
Steven M. Matsuoka et al.

Abstract. we examined the nesting ecology of the Rusty Blackbird (Euphagus carolinus) from 162 nests 
monitored for nest survival in alaska and 252 incidental records from alaska and canada to identify important 
habitats for nesting and to test whether low rates of nest success are contributing to populations declines in alaska. 
in coastal alaska and throughout canada, nests were primarily in conifers (85% of 212 nests). all conifer nests 
in alaska and 80% of those in canada were placed in spruce (Picea spp.), primarily black spruce (P. mariana). in 
alaska use of small spruces (<8 cm dbh) was selective and resulted in high reproductive success—nest survival in-
creased with black spruce density, and success of nests in spruce (79%) was higher than that of nests in deciduous 
vegetation (52%). Survival of nests in taller spruce declined, possibly from predation by red squirrels (Tamiasciu-
rus hudsonicus). Rusty Blackbirds nested near water in interior (x

_
 = 8 m) and south-central alaska (x

_
 = 30 m), and 

small spruces near water appear to be important over much of the species’ range. in interior alaska, however, most 
nests were in willows (78%), which dominated the vegetation near water. nest success in alaska averaged 56%, 
similar to rates over the same period in new england but higher than those of other north american blackbirds 
(30–39%). Studies are needed to verify whether nest survival is also high in canada and to investigate where and 
why deficits in survival of adults or juveniles may be limiting population growth.
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8current address: u.S. fish and wildlife Service, kodiak national wildlife Refuge, 1390 Buskin River Road, kodiak, ak 99615.
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intRoduction

the Rusty Blackbird (Euphagus carolinus) breeds across 
north america’s vast boreal forest, where it is often associ-
ated with forested wetlands and open fresh water (avery et 
al. 1995, Matsuoka et al. 2010, greenberg et al. 2011). until 
the early 20th century ornithologists had often described the 
Rusty Blackbird as common or abundant—since then it has 
suffered one of the steepest rangewide declines of any bird in 
north america (link and Sauer 1996, greenberg and droege 
1999, niven et al. 2004). the causes of the decline remain 
unknown (greenberg et al. 2011). despite the species’ broad 
range, steep decline, and high conservation concern (Rich et 
al. 2004, greenberg et al. 2011), the nesting ecology of the 
Rusty Blackbird is known only from a small number of nests 
placed primarily in small spruce (Picea spp.) and balsam fir 
(Abies balsamea) trees in the extreme southeastern portion of 
the species’ breeding range in new england (kennard 1920, 
ellison 1990, powell et al. 2010). information on nest survival 
in new england has only just become available (powell et al. 
2010), and even information as basic as the length of the in-
cubation and nestling periods remains unconfirmed (kennard 
1920, avery 1995). therefore, a much broader assessment of 
the species’ nesting ecology is needed to document basic attri-
butes of its life history, identify habitats important for nesting, 
and evaluate whether chronically low reproductive success is 
contributing to the decline (greenberg et al. 2011).

in this study we evaluated the nesting ecology of Rusty 
Blackbirds from nests found across the boreal zone in alaska 
from 1995 to 2008 and in canada from 1887 to 2008. Specifi-
cally, we first analyze data from nests to describe the species’ 
general nesting chronology and to test for spatial variation in 
clutch size, nest-site vegetation, and nest height. Second, we 
examine data from six study areas in alaska to test whether 
clutch initiations and daily nest survival varied spatially or 
temporally. we then analyze data from the subset of nests 
monitored on military lands in alaska to identify habitat fea-
tures associated with nest-site selection and to test whether 
daily nest survival varied with habitat features. finally, we 
discuss our findings from alaska and canada in relation to 
those from new england (kennard 1920, ellison 1990, powell 
et al. 2010) to provide a rangewide perspective on the nesting 
ecology of the least studied and northernmost of north amer-
ica’s blackbirds (avery 1995).

MethodS

Study aRea

we obtained data on nesting Rusty Blackbirds from across 
the species’ breeding range outside of new england, primar-
ily from the boreal forest region of alaska and canada, with 
a few records from the temperate rainforest region of alaska. 
from canada, we obtained data from 1887 to 2008 on 230 nests 
from project nestwatch (Bird Studies canada 2009), which 

included records of Rusty Blackbird nests from all canadian 
provinces and territories except nunavut: the yukon territory 
(n = 14 nests), British columbia (n = 44), northwest territories 
(n = 7), alberta (n = 7), Saskatchewan (n = 5), Manitoba (n = 3), 
ontario (n = 52), Quebec (n = 34), newfoundland (n = 7), nova 
Scotia (n = 38), and new Brunswick (n = 19). in alaska, most of 
the data (n = 162 nests) are from six study areas collectively sur-
veyed for nests from 2006 to 2008 in interior and south-central 
regions of the state. other data came from incidental observa-
tions of nests from 1995 to 2008 in interior (n = 20 nests) and 
southeast alaska (n = 2 nests; fig. 1).

in interior alaska, we studied the Rusty Blackbird in four 
areas within the expansive floodplain of the yukon River and 
its major tributaries: from west to east the innoko national 
wildlife Refuge (innoko; 63° 34′ n, 158° 16′ w; R. M. cor-
coran data), fairbanks (64° 52′ n, 147° 45′ w; d. Shaw, 2006 
data; n. a. Rojek, 2008 data), the tanana flats training area 
of the u.S. army’s fort wainwright (tanana flats; 64° 45′ n, 
147° 45′ w; d. Shaw data), and tetlin national wildlife Ref-
uge (tetlin; 62° 39′ n, 141° 3′ w; d. Shaw data; fig. 1). these 
study areas comprise complex mosaics of poorly differentiated 
wetlands with lesser amounts of upland habitats. willow (Salix  
spp.) and alder (Alnus spp.) are the common wetland shrubs >1 m  
in height; balsam poplar (Populus balsamifera), paper birch 
(Betula papyrifera), black spruce (Picea mariana), and white 
spruce (P. glauca) are the dominant trees in forested wetlands. 
we reached the study sites in innoko and the tanana flats by 
motor boat and searched for nests in wetlands along 22 km of 
hather creek (innoko) and 11.25 km2 of floodplain adjacent to 
the tanana River (tanana flats; Matsuoka et al. 2010). Study 
sites in fairbanks and tetlin were reached by road and included 
wetlands with open water on the perimeter of the city of fair-
banks and two lakes and their adjacent forested and shrubby 
wetlands near the alaska highway (tetlin).

in south-central alaska, study areas included boreal wet-
lands within elmendorf air force Base and adjacent fort 
Richardson near anchorage (anchorage; 61° 15′ n, 149° 41′ w;  
S. M. Matsuoka data) and a large complex of wetlands in the 
temperate rainforest zone in the upper copper River delta 
(copper River; 60° 23′ n, 145° 18′ n; p. M. Meyers data; 
fig. 1). the study area in anchorage was located in a primar-
ily upland landscape. wetlands of various sizes were generally 
isolated and dispersed; we searched for nests in all wetlands 
that were seasonally or permanently flooded (n = 33) and in 
the adjacent 50 m of upland habitats (Matsuoka et al. 2010). 
the dominant trees and shrubs within wetlands in anchorage 
are similar to those in interior alaska except that willows are 
uncommon. the copper River study area is located in a large 
network of freshwater sloughs and wetlands where woody 
plants >1 m in height, dominated by willow and alder, grow 
on the banks of sloughs; young Sitka spruces (P. sitchensis) 
are sparse. plant communities in this area are still undergoing 
rapid succession as a result of substantial uplifting from the 
good friday earthquake of 1964 (Stover and coffman 1993).
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figuRe 1. distribution of Rusty Blackbird nests found in alaska (n = 184) and canada (n = 230). Records of nests in canada date from 
1887 to 2008 and were submitted to project nestwatch (Bird Studies canada, unpubl. data). Most nests in alaska are from studies of the 
Rusty Blackbird from 2006 to 2008 in (1) innoko national wildlife Refuge (nwR), (2) fairbanks and adjacent tanana flats training area, 
(3) tetlin nwR, (4) elmendorf air force Base and adjacent fort Richardson near anchorage, and (5) copper River delta.

field SaMpling

all nests from canada and a small number from alaska were 
found incidental to other field work. Most of these nests were 
visited one or two times and thus do not provide information 
from which nest survival can be assessed. each nest record is 
accompanied by a date and typically includes the number of 
eggs or nestlings, the plant species used for nesting, and the 
height of the nest (m). in alaska, the dates of field work varied 
by the six study areas where we intensively searched for and 
monitored nests: anchorage (10 May–5 July 2007 and 2008), 
copper River (25 May–21 June 2006), fairbanks (13 May–28 
June 2006 and 2008), innoko (3–18 June 2006), tanana flats 
(10 May–5 July 2007 and 2008), and tetlin (19 May–19 June 
2008). in each study area, field observers systematically sur-
veyed wetlands for territorial Rusty Blackbirds either by foot 
or from the water by canoe (anchorage and tetlin), kayak 
(copper River), or motor boat (innoko). we searched black-
bird territories for nests by observing adults from a distance 
and following them back to their nests as they carried nest ma-
terials or returned to incubate their eggs or feed their mates 
or young. in anchorage and copper River, when we found 
nests during incubation, we estimated the stage of incubation 
by candling the eggs and comparing the observed stage of em-
bryo development to known stages of development in eggs 
of the Red-winged Blackbird (Agelaius phoeniceus; fig. 2 

in lokemoen and koford 1996). in all study areas, when we 
found nests with nestlings we estimated their age from their 
size and feather development. we monitored each nest every 
2–7 days to determine survival, intervals of egg laying, and 
lengths of the incubation and nestling periods. when we did 
not observe activity we inspected nests to verify failure or 
fledging (Martin and geupel 1993).

figuRe 2. dates of clutch initiations among Rusty Blackbirds 
nesting in interior ( , n = 86 nests) and south-central alaska ( , n = 
52 nests), 2006–2008.
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we typically monitored activity at nests from a distance 
with binoculars, but we examined the contents of nests, either 
directly or with the aid of a mirror mounted on a telescoping 
pole, once during laying to determine date of clutch initiation, 
once during incubation to determine final clutch size, on the es-
timated date of hatching to estimate the incubation period and 
the number of eggs hatched, and 4 days before estimated fledg-
ing to band, weigh, and measure nestlings, and count them be-
fore they fledged. thereafter, we checked nests from a distance 
until we verified fledging or failure. we captured a subset of 
adults in mist nests (2.6 × 6.0 m or 2.6 × 12.0 m; 36-mm mesh) 
placed near their nests and banded each bird with a unique 
combination of one u.S. geological Survey aluminum band 
and three colored leg bands (anchorage, innoko, and tanana 
flats). we considered nests to have been successful when we 
observed adults feeding newly fledged young within 100 m 
of the nest. this distance was less than half the average dis-
tance between nests (see Results) and was within the distance 
that banded adults have been observed feeding newly fledged 
young in both alaska (S. M. Matsuoka and d. Shaw, unpubl. 
data) and new england (l. l. powell, pers. comm.). we con-
sidered nests to have failed from predation when nest contents 
disappeared before the chicks had adequate time to fledge, 
when we found an empty nest with the materials pulled apart, 
or when we found eggshell fragments below an empty nest. 
we considered nests to have been abandoned because of our 
activities when we found a clutch of cold eggs on the visit after 
we banded the adults. during all visits we searched for addi-
tional nests when we encountered new pairs. following each 
nest failure, we searched the associated territory for renesting 
and monitored replacement nests as described above.

there were notable exceptions to these protocols. in an-
chorage and tanana flats, 2008, we inserted iButtons (model 
dS1992l) into a subset of nests and onto nearby trees or shrubs 
to record nest and ambient temperatures at 10-min intervals 
and thereby provide precise dates for fledging and failures, 
which we assumed occurred when nest temperatures dropped 
and remained at ambient levels (hartman and oring 2006). in 
anchorage, 2008, we could not visually inspect the contents 
of two nests in the canopy (>4 m above the ground). we there-
fore determined activity at these nests by repeatedly observing 
adults at nests through binoculars or a spotting scope. we as-
sumed these nests to be in the incubation stage if we observed 
a female sitting continuously on the nest for >20 min and if 
we repeatedly observed adults approaching an unattended nest 
with no food in their bills. we assumed that a nest contained 
nestlings if we observed adults carrying food to an unattended 
nest and subsequently leaving the nest with an empty bill or 
fecal sac (Martin and geupel 1993, Martin et al. 1997).

after each nesting attempt in alaska, we recorded the 
nest’s location in a global-positioning system and sampled the 
nest’s microhabitat for variables that included the plant species 
used for nesting, height of the nest above the ground or water 

(m), and whether tree or shrub containing the nest was alive or 
dead. in anchorage and the tanana flats, we also measured 
more specific attributes of the nest sites that were not consis-
tently measured at other study areas in alaska. this included 
the diameter at breast height (cm at 1.37 m, dbh) and the height 
(m) of the tree or shrubs used for nesting. when more than one 
tree or shrub stem supported the nest, we measured the dbh of 
each stem and the height (m) of the tallest supporting stem. at 
these two study areas we also estimated the concealment of 
the nest by foliage from 1 m above and 1 m from the side from 
each of the cardinal directions by quartiles (0–25%, 26–50%, 
51–75%, and 76–100% concealment); we used the minimum 
of the five nest-cover scores for each nest as a conservative in-
dex of its vulnerability to potential predators. in anchorage 
and tanana flats, where we thoroughly searched the sampled 
areas for nests in order to estimate nest densities (Matsuoka 
et al. 2010), we used a giS to measure the distance from each  
nest to the nearest neighboring nest (m). in anchorage, tanana 
flats, and tetlin we measured the dimensions of nests and 
noted the materials used in their construction.

after the nesting season from late June to mid July, we 
also measured vegetation in anchorage and the tanana flats 
within a 20- × 20-m plot centered on each nest (nest area), and 
within a 20- × 20-m plot located at a random distance (40– 
60 m) and cardinal direction from each nest but not in open 
water. we chose plots of 20 × 20 m because this size sampled 
an area similar to that of other standard studies of nesting 
passerines (James and Shugart 1970, Martin et al. 1997); we 
chose the square shape because determining whether trees 
and shrubs near the plot boundary are within the area to be 
sampled is easier with a square plot than with a circular plot 
(husch et al. 2003). within each nest area and plot of available 
habitat, we counted the number of stems of standing trees and 
shrubs by species, dbh class (2.5–8 cm or ≥8 cm), and whether 
the tree or shrub was live or dead. on the tanana flats, when 
we encountered dense willows or alders, we restricted our 
stem counts to a plot of 10 × 10 m then multiplied them by 4 to 
standardize them to the 0.04-ha area sampled within the 20- × 
20-m plots. at 39 intercept points systematically distributed at 
1.5-m intervals along three 20-m transects spaced 6 m apart, 
we measured canopy cover by looking directly overhead 
through a sighting tube to determine the proportion of points 
with foliage above 3 m (James and Shugart 1970, ganey and 
Block 1994). we estimated water cover as the proportion of 
the intercept points landing on surface water. although mul-
tiple observers sampled vegetation, we trained them before 
sampling in order to minimize variation by observer in mea-
surement and ocular estimation of cover (Block et al. 1987).

StatiStical analySeS

we analyzed different subsets of the nest data to address dif-
ferent aspects of the Rusty Blackbird’s nesting ecology. at the 
largest scale we evaluated all nests from alaska and canada to 
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describe the species’ basic nesting ecology and to determine 
whether clutch sizes or substrates used for nesting varied spa-
tially. we examined the data from nests in alaska to test whether 
clutch-initiation dates, clutch sizes, and nest survival varied 
temporally and spatially. finally, we analyzed data from our in-
tensive studies on military lands in alaska to evaluate nest-site 
selection and to test whether nest survival varied with habitat.

Nesting chronology and clutch size across Alaska and 
Canada. we first screened all data from alaska and canada 
and extracted the subset of nests with more than one observa-
tion within the nest-building, egg-laying, incubation, or nest-
ling periods to describe the timing and lengths of each period. 
we pooled all data because samples from any one location 
were small. we estimated the interval at which eggs were laid 
by examining data from nests with more than one observa-
tion during laying to determine whether the number of eggs 
and number of days between observations differed. we de-
termined when incubation began relative to clutch comple-
tion from our observations of females at nests during laying in 
alaska and by comparing nest temperatures to ambient tem-
peratures for three nests in anchorage fitted with iButtons 
before clutch completion.

Clutch initiations in Alaska. we estimated clutch-initia-
tion dates for 138 nests in alaska that we either observed dur-
ing egg laying or had multiple observations of the final clutch 
size and had accurate information on the date of hatching or 
the date of fledging. we did so by backdating on the basis of 
our observations of the interval between eggs, the clutch size, 
the modal number of days from clutch completion to the be-
ginning of hatching, and the modal number of days from the 
beginning of hatching to fledging. we then used analysis of 
variance (anoVa) and developed eight models of clutch-
initiation date that included the intercept only, the univariate 
effects of year, location, and region, the bivariate effects of 
location plus year and location plus region, and the full-facto-
rial effects of location plus year and location plus region. we 
compared the relative fit of these models with akaike’s infor-
mation criterion adjusted for small sample sizes (aicc) and 
rescaled to aicc differences (Δi) and model probabilities (wi).  
to assess the overall evidence that the variable was associ-
ated with the clutch-initiation date, we summed wi of models 
sharing a common explanatory variable (Σwi, Burnham and 
anderson 2002).

Nesting substrates across Alaska and Canada. we ex-
amined all data available on the plant species used for nest-
ing (nest substrates; n = 184 nests in alaska, n = 149 nests in 
canada) to test for spatial variation of nest substrate across 
six regions: interior alaska, coastal alaska (south-central and 
southeast alaska), western canada (Bc, nt, and yt), cen-
tral canada (aB, Sk, MB, and on), eastern canada (Qc and 
interior nl), and maritime canada (nB and nS). we pooled 
data from adjacent provinces to minimize counts of fewer 
than five nests per substrate, a general recommendation for 
comparison of proportions based on counts (Zar 1984). we 

did not include nests from canada that were found after the 
chicks had fledged (n = 28 nests) because we were not certain 
that these were the nests from which the chicks had fledged. 
we first assigned each nest to a general class of substrate: co-
nifer, deciduous tree, deciduous shrub, and other; the latter 
including nests placed in grasses, sedges (Carex sp.), cattails 
(Typha sp.), or on the ground. we then used a log-linear model 
with a poisson distribution to test whether the proportional 
use of substrates in the six regions varied. we did so by first 
developing a main-factor-effects model with region and nest 
substrate, which allowed numbers of nests to vary by region 
and substrate. we then used aicc to compare the fit of this 
model to that of the full-factorial model, which allows propor-
tions of nests in each substrate to vary by region.

we tested whether nest heights varied regionally or by 
nest substrate in the subset of 157 nests from alaska and 133 
nests from canada that included information on both nest 
height and nest substrate. Specifically, we used anoVa and 
resultant aicc values to compare the relative fit of five models 
of average nest height that included the intercept only and the 
univariate effects of region and nest substrate, the bivariate ef-
fects of region plus nest substrate, and full-factorial effects of 
region and nest substrate.

Use and selection of habitats on military lands in Alaska. 
we then examined the habitat data on 107 nests on military 
lands in alaska to (1) test for differences in the use of micro-
habitats between the two areas of intensive study (anchorage 
and tanana flats) and (2) to identify habitat variables that dis-
tinguished nest sites from nearby random sites in each study 
area. first, we used anoVa and compared the study areas in 
the average distance of nests from surface water, distance to 
the nearest nest, height of nests above ground or water, num-
ber of supporting stems, dbh, and height of substrates used as 
nest sites. using aicc, we compared the relative fit of models 
with and without the effects of study area. next, we tested 
for selection of nest substrate by comparing the frequencies 
that Rusty Blackbirds used each substrate for nest sites versus 
the proportional availability of the substrate within the 20- × 
20-m nest area. we pooled samples across nests and nest areas 
separately because of small sample sizes. we further pooled 
counts of substrates for each study area as follows because of 
low counts of nest use or availability: in anchorage, alders 
plus paper birch, black plus white spruce; on the tanana flats, 
alders plus willows, paper birch plus balsam poplar, black plus 
white spruce. we then used log-linear models with a poisson 
distribution and log-link function to test for departures of use 
from availability for each study area separately (Manly et al. 
1993). following Manly et al. (1993:141), we used the param-
eters estimated from the resulting log-linear models to calcu-
late the ratios of proportional use to proportional availability.

we then used univariate logistic regression with a matched-
pairs design (hosmer and lemeshow 2000) to test whether 
individual habitat variables could distinguish 20- × 20-m nest 
areas from nearby 20- × 20-m random areas not used for 
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nesting. we ran separate analyses for anchorage and tanana 
flats because we did not expect selection to be the same, ow-
ing to large differences in habitats (Matsuoka et al. 2010). we 
did not construct multivariate logistic regressions because in 
the univariate analyses we found few effects of covariates. the 
habitat attributes were chosen prior to analysis and included 
distance to water, distance to nearest nest, percent of the 20- × 
20-m area with surface water, canopy cover, and tree- and 
shrub-stem densities by dbh class. for the latter, we combined 
counts of live and dead stems for each plant species to mini-
mize redundancies due to correlations (r > 0.4) and because 
we found Rusty Blackbirds to nest commonly in both live and 
dead vegetation (see Results). we compared the fit of the uni-
variate logistic regressions within a study area by aicc.

Clutch sizes in Alaska and Canada. for nests in alaska 
(n = 104) and canada (n = 28) with multiple observations of 
the final clutch, we used anoVa to test for mean differences 
in clutch size between alaska and canada. we did not in-
clude nests observed only once because we sometimes found 
nests during egg laying. from the alaska data on clutches we 
developed nine anoVa models of clutch size that included 
the intercept only, the null model with a covariate effect for 
clutch-initiation date, and all univariate, bivariate, and full-
factorial models for the effects of year, location, and region 
within alaska. we did not include location and region in the 
same models. we compared these models’ relative fit with 
aicc. we calculated egg viability in alaska as the proportion 
of eggs surviving the incubation stage that hatched. we pooled 
data from alaska because of small sample sizes.

Nest survival in Alaska. we calculated maximum-likeli-
hood estimates of daily nest survival and proportion of nests 
fledging at least one nestling (nesting success) according to 
dinsmore et al. (2002), who used a logit link to modeled sur-
vival as a function of covariates. the sample comprised 39 
nests from anchorage, 14 from the copper River delta, 24 
from fairbanks, 5 from innoko, 60 from tanana flats, and 8 
from tetlin, 150 nests total, excluding 12 that were abandoned 
during construction from unknown causes, 4 abandoned early 
in incubation after we banded the female, and 4 of unknown 
fate. we assessed nest survival across the six study areas in 
two stages. we first controlled for temporal variation by com-
paring the fit of 18 models of nest survival that included the 
intercept only and all combinations of either (1) the linear or 
quadratic effects of nest age (age and age2), (2) the linear or 
quadratic effects of date (date and date2), and (3) the categori-
cal effects of year (grant et al. 2005). Models with quadratic 
effects were second-order polynomials that included both the 
linear and squared effects of age or date (grant et al. 2005). 
to both identify years with low or high nest survival and to 
minimize the number of estimated parameters, when we 
found evidence for year effects we assessed the resulting co-
efficients for each year and combined years with coefficients 
whose 95% confidence intervals overlapped. we then tested 
for spatial variation in nest survival controlled for temporal 

variation by using the temporal model with the lowest aicc 
and then adding the single effects of region (interior vs. south-
central alaska), study area, and the full-factorial effects of re-
gion plus year and study area plus year.

Nest survival in relation to habitat on military lands in 
Alaska. we then examined the subset of 99 nests on military 
lands in alaska (anchorage and tanana flats) to determine if 
nest survival was related to specific habitat attributes used for 
nesting. this analysis excluded 8 nests with either unknown 
fate or that were abandoned after the adults were banded. we 
used the methods above and first developed 18 models of tem-
poral variation in nest survival. we then used the temporal 
model with lowest aicc and added to it individual nest-habitat 
characteristics. nest-microsite variables included the categori-
cal effects of minimum nest concealment (≤50% concealed vs. 
>50% concealed), nest substrate (shrub, conifer, other), status 
of the nest substrate (live or dead), and the linear or quadratic 
effects of nest height and nest-substrate height. on a broader 
scale, we considered distance to surface water, distance to 
nearest nest, and numbers of stems of willows or black spruce 
within the 20- × 20-m nest area. for the latter, we restricted 
stem densities to willows and black spruce because they were 
the dominant substrates used for nesting (black spruce in an-
chorage, shrubby willows on the tanana flats).

for all models of nest survival we included each categor-
ical covariate as a series of indicator variables; we re scaled 
each continuous habitat variable with a z-transformation 
(dinsmore et al. 2002, Rotella et al. 2004). we compared the 
relative fit of models with aicc and used the delta method 
to calculate the standard error associated with our estimates 
of daily nest survival (cooch and white 2009). Because we 
found substantial evidence for effects of age2 and date, we cal-
culated nest success as the product of the daily estimates over 
the modal length of the nesting period from clutch initiation 
to the fledgling of young (29 days). we used the delta method 
to calculate the variance and 95% confidence intervals asso-
ciated with our estimates of nest survival and nest success 
(cooch and white 2009).

we used arcgiS version 9.0 (eSRi 2005) to map the lo-
cation of nests and study areas, program MaRk version 5.0 
(white and Burnham 1999, cooch and white 2009) to ana-
lyze data on nest survival, and SaS version 9.2 (SaS institute 
2008) to fit generalized linear models. we developed sets of 
candidate models prior to data analyses, considered models 
with Δi < 2.0 to be best supported by the data (Burnham and 
anderson 2002), and present all statistics ± Se.

ReSultS

neSting chRonology and clutch SiZe

in alaska and canada, Rusty Blackbirds constructed new nests 
for each nesting attempt and often placed their nests near old 
nests from previous years. we observed one pair of Solitary 
Sandpipers (Tringa solitaria) that hatched young from an old 
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Rusty Blackbird nest in anchorage in 2008. in alaska, we ob-
served 27 nests the female constructed while closely guarded 
by her apparent mate; we observed copulations of five of these 
pairs, but we never saw males assisting females in building. 
Most of our observations of nest building in alaska were from 
11 to 24 May (n = 25 nests), but in anchorage we noted two late 
nests under construction on 4 and 9 June 2007. the interval 
between the start of building and the laying of the first egg was 
three days for one nest and four days for four nests in alaska.

the ranges of dates over which nests with eggs (alaska: 9 
May–26 June, canada: 4 May–30 June) and nestlings (alaska: 
25 May–8 July, canada: 23 May–16 July) were observed in 
alaska and canada were similar. in alaska, we estimated 
clutches to have been initiated from 6 May to 14 June, most 
(91% of 138 nests) from 10 to 24 May (fig. 2). a model of 
clutch-initiation dates that included region of alaska was best 
supported by the data (log likelihood [L] = −273.7, n = 138 
nests, number of parameters [K] = 3, aicc = 553.6, wi = 0.44). 
this model indicated that clutches were initiated an average 
of 4 days earlier in interior (x

_
 = 12.7 ± 0.6 days, n = 96 nests) 

than in south-central alaska (x
_
 = 16.6 ± 0.9 days, n = 52 nests; 

day 1 = 6 May; fig. 2) and had better fit than the model that in-
cluded study area (Δi = 2.8) and much better fit than the models 
with the effect of year or no effects (Δi ≥ 10.5). the fit of the 
univariate models with region or study area was not improved 
when year or an interaction term was added, so we found no 
evidence that average dates of clutch initiation varied by year.

in both canada and alaska, in 21 nests observed multiple 
times during egg laying (n = 25 intervals between visits), one 
egg was laid per day. in one nest in canada, the first egg was laid 
before the female had finished lining the nest with fine grasses. 
in alaska, females were often observed on eggs prior to clutch 
completion (on 7 of 21 visits during laying), but during these 
observations the eggs were not typically warm to the touch like 
incubated eggs in completed clutches. we fitted three nests with 
temperature-data loggers on the day the second egg was laid. in 
two nests, daytime temperatures were consistent with ambient 
temperatures until the clutch was completed. in the third nest, 
daytime temperatures remained higher than ambient through 
egg laying. in all three nests, evening temperatures were con-
sistently higher than ambient prior to clutch completion. Both 
day and evening nest temperatures were consistently higher 
than ambient from clutch completion to fledging or failure.

in alaska, the modal number of days from the laying of 
the last egg until the hatching of the first egg was 12 days (x

_
 = 

11.8 ± 0.2 days, range = 10–13 days, n = 18 nests). Males did 
not incubate eggs but often delivered invertebrate prey to fe-
males, which typically flew from the nest to a nearby tree or 
shrub where they gave begging calls, quivered their wings, 
and accepted the food. chicks hatched over 1–2 days (n = 
5 nests). in all six study areas in alaska, researchers noted 
that multiple pairs of blackbirds often mobbed them during 
their visits to a nest, particularly during the later stages of the 
nestling phase. the modal number of days from the onset of 

hatching to the fledging of young was 12 days (x
_
 = 11.5 ± 0.2 

days, range 10–13 days, n = 13 nests). in both alaska and can-
ada males and females were observed feeding nestlings and 
newly fledged young.

neStS and neSt SiteS

Nest characteristics in Alaska. the average dimensions of 
nests from anchorage (n = 31 nests), tanana flats (n = 63), 
and tetlin (n = 7) were total outside diameter = 14.1 ± 0.2 cm, 
total height = 11.5 ± 0.2 cm, cup width = 9.6 ± 0.2 cm, and cup 
depth = 5.9 ± 0.1 cm. the outer frame and rim of these nests 
were constructed primarily of spruce, willow, or birch (Betula 
sp.) branchlets and coarse grasses, which were often woven 
into the stems and branches of the tree or shrub supporting the 
nest. lesser materials included mosses, the stems of horsetail 
(Equisetum sp.) and fireweed (Epilobium angustifolium), and 
plant down from cottongrass (Eriophorum sp.) and fireweed. 
the inner cup consisted of mud, mosses, or organic shoreline 
detritus, which were typically wet during construction and 
hardened when dried. the nest cup was often thinly lined with 
fine grasses or sedges; hair of the moose (Alces alces) com-
monly lined nests in anchorage and tanana flats but was not 
observed in tetlin.

Use of nesting substrates across Alaska and Canada. 
across alaska (n = 184) and canada (n = 149) nests were 
placed primarily in conifers (n = 199) and deciduous shrubs 
(n = 114); few were placed in deciduous trees or other sub-
strates (n = 20 nests; fig. 3). a log-linear model that allowed 
the proportion of nests in each substrate to vary by region 

figuRe 3. the proportion of Rusty Blackbird nests in each re-
gion of alaska and canada (can) that were placed on the ground 
or in grasses, sedges, or cattails ( , n = 9 nests), deciduous shrubs 
( , n = 114), deciduous trees ( , n = 11), and conifers ( , n = 199). 
Regions included interior alaska, coastal alaska (south-central and 
southeast alaska), western canada (British columbia, northwest 
territories, and yukon territory), central canada (alberta, Sas-
katchewan, Manitoba, and ontario), eastern canada (Quebec and 
interior newfoundland), and maritime canada (new Brunswick and 
nova Scotia).
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(L = −34.2, n = 333 nests, K = 19, aicc = 109.0, wi = 1.0) had 
substantially better fit than the model in which the proportion 
of nests in each substrate in each region was constant (K = 13, 
Δi = 186.4). this model indicated that Rusty Blackbirds in all 
boreal regions but interior alaska were most likely to nest in 
conifers (fig. 3).

in coastal alaska and central, eastern, and maritime can-
ada, Rusty Blackbirds placed nearly all of their nests (81–96%) 
in conifers. in western canada, a majority (66%) did so. in 
contrast, in interior alaska a much smaller proportion of nests 
(15%) was placed in conifers and a much larger proportion 
(78%) was placed in shrubs (fig. 3). in interior alaska, 93 
shrub nests were placed in willows, which were often dead  
(n = 26 nests); one additional shrub nest was located in a dead 
alder. Small numbers of willow (n = 13) and alder shrubs (n = 
6) were used as nest sites across the other regions (fig. 3).

of the nests placed in conifers, all in alaska (n = 75 nests) 
and the majority in canada (80% of 124 nests) were located 
in spruces. in canada, small numbers of Rusty Blackbirds 
nested in other conifers, including balsam fir (n = 14 nests 
in ontario, Quebec, newfoundland, and new Brunswick), 
northern white cedar (Thuja occidentalis; n = 4 nests in on-
tario, Quebec, and new Brunswick), and unidentified conifers 
(n = 6 nests). Most spruce nests were in black spruce (n = 76 
nests), which was used across all regions except the coastal 
rainforest zone in alaska, where 15 nests in the copper River 
delta and one nest near the Stikine River were placed in live 
Sitka spruce. Small numbers of white spruce were also used 
over a broad area that included interior alaska (n = 11 nests), 
south-central alaska (n = 7 nests in anchorage), the yukon 
territory (n = 2 nests), and ontario (n = 5 nests). Most nests 
in unidentified spruces (62% of 58 nests) were located in  
the zone of introgression between the black and red spruce 
(P. rubens) in Quebec, new Brunswick, and nova Scotia 
(gordon 1976). in interior alaska and anchorage, 39% of the 
59 spruces used for nest sites were dead.

eleven nests were also found in deciduous trees includ-
ing paper birch (four nests in anchorage, Quebec, and tanana 
flats), balsam poplar (three in British columbia and tanana 
flats), red maple (Acer rubrum; one in nova Scotia), and pin 
cherry (Prunus pensylvanica; one in ontario). two nests were 
located in grasses (tanana flats), and six nests were located 
in emergent sedges (Carex sp.) and cattails (Typha sp.) in an-
chorage, nova Scotia, and the tanana flats. a single nest in 
British columbia was found on the ground on a beaver (Cas-
tor canadensis) dam.

across alaska and canada, the average height of nests 
was 1.6 ± 0.1 m (n = 321 nests), but it varied by substrate used 
for nesting (L = −164.6, n = 290 nests, K = 5, aicc = 339.2, wi =  
1.0). nest heights from lowest to highest were grass/sedges/
cattails/ground = 0.23 ± 0.06 m (range 0–0.5 m; n = 9 nests), 
shrubs = 1.0 ± 0.1 m (range 0–4.1 m; n = 93 nests), deciduous 
trees = 1.3 ± 0.4 m (range 0.3–5.0 m; n = 10 nests), and coni-
fers = 2.0 ± 0.2 m (range 0–16.2 m, n = 178 nests). the model 
of nest height with an intercept only was not well supported by 
the data (Δi = 21.0).

Use and selection of habitats on military lands in Alaska. 
we found 21 and 23 nests in anchorage in 2007 and 2008, 
respectively, and 32 and 31 nests on the tanana flats in 2007 
and 2008, respectively. Reflecting regional patterns (fig. 3), 
in anchorage Rusty Blackbirds placed 93% of 44 nests in 
spruces (n = 32 nests in black spruce and 7 in white spruce); 
on the tanana flats they placed 76% of 63 nests in shrubs (n = 
47 nests in willows and 1 in alder). all models of nest-micro-
site characteristics that included study area had far better fit 
(wi = 1.0) than their equivalent models without study area (Δi ≥ 
11.4). Substrates used for nesting in anchorage were on aver-
age nearly 2 times taller and 3 times greater in dbh than those 
on the tanana flats; they had one third the number of stems 
supporting nests. nests in anchorage were also nearly 2 times 
higher, 3.5 times farther apart, and 3 times farther from sur-
face water than nests on the tanana flats (table 1). evidence 

taBle 1. comparisons of characteristics [mean ± Se (range) or proportion] of sites of Rusty Black-
bird nests in anchorage and tanana flats, alaska, 2007–2008. Most nests in anchorage were placed in 
black spruce (n = 32); most nests on the tanana flats were placed in willows (n = 47).

Variablea anchorage n tanana flats n

number of supporting stems 1.5 ± 0.1 (1–4) 42 4.3 ± 0.3 (1–11) 58
height of supporting stems (m) 6.6 ± 0.7 (0.9–19.8) 42 3.6 ± 0.3 (0.4–9.5) 57
nest height (m) 3.2 ± 0.5 (0.1–16.2) 43 1.3 ± 0.2 (0.2–12.0) 61
diameter at breast height (cm) 9.8 ± 0.8 (1–24) 42 3.2 ± 0.3 (0.7–13.2) 50
distance to surface water (m) 30.6 ± 6.3 (0–185) 44 8.2 ± 2.7 (0–150) 63
distance to nearest nest (m) 866 ± 213 (24–5437) 44 246 ± 19 (26–699) 62
proportion of nests >50% concealedb 0.46 44 0.06 62

awe did not measure dbh or count supporting stems for nests that were placed in grasses, sedges, or cattails 
(n = 2 nests in anchorage and 5 nests on the tanana flats); we did not measure dbh for nests in trees or 
shrubs shorter than breast height (1.4 m; n = 8 nests on the tanana flats). for other variables sample size 
varies because of missing values.
bpercent nest concealment visually estimated by quartile at each nest from 1 m above, below, and from each 
cardinal direction. we present the proportion of nests that were at least 50% concealed from all directions.
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of colony nesting was limited, as only four pairs of nests were 
within 50 m of each other (two each in anchorage and tanana 
flats). nests on the tanana flats were less concealed by veg-
etation (6% of 62 nests were more than 50% concealed) than 
were those in anchorage (46% of 44 nests were more than 
50% concealed).

when we compared the proportions of nests in shrubs, 
deciduous trees, and conifers to the proportional availabil-
ity of these substrates, we found evidence that the blackbirds 
used these substrates selectively in both anchorage (L = −13.1, 
n = 42 nests and 4154 stems, K = 5, aicc = 36.3, wi = 1.0) and 
the tanana flats (L = −19.0, n = 58 nests and 4840 stems, K = 
7, aicc = 52.0, wi = 1.0). Ratios of use to availability (β > 1 in-
dicates selection, β < 1 indicates avoidance) indicated that in 
anchorage Rusty Blackbirds nested in black and white spruce 
in proportion to their availability (β = 1.3 ± 0.5) and avoided 
nesting in alders and paper birch (β = 0.1), the reference cat-
egory. on the tanana flats they nested selectively in black 
and white spruce (β = 5.0 ± 1.2), used willows and alders in 
proportion to availability (β = 1.5 ± 0.4), and avoided nest-
ing in paper birch and balsam poplar (β = 0.3), the reference 
category.

areas in which Rusty Blackbirds nested in anchorage 
were characterized by a predominance of black spruce and a 
scarcity of willows, but the opposite was true on the tanana 
flats. in both areas the canopy around nests was sparse 
(table 2). we compared habitat characteristics of nest areas 

and paired random areas not used for nesting and found evi-
dence for nest-site selection in anchorage but not on the tanana 
flats, where the addition of none of habitat covariates im-
proved the logistic regression with an intercept only (L = −43.7, 
n = 63 matched pairs of nests and random areas, K = 2, aicc = 
87.3, Δi = 1.0) by 2 aicc values (K = 3, Δi = 0.0–3.1; table 2). 
in anchorage, the model of nest-site selection that included the 
total number of small black spruces (dbh 2.5–8 cm) was best 
supported by the data (L = −26.9, n = 44 matched pairs of nests 
and random areas, K = 3, aicc = 58.1, wi = 0.60). this model 
indicated that Rusty Blackbirds nested in areas with densities 
of small black spruce higher than at matched random sites (β = 
0.019 ± 0.008); other models of nest-site selection were not well 
supported by the data (Δi = 3.6–7.1; table 2).

fecundity and neSt SucceSS

Clutches in Alaska and Canada. among nests with multiple 
observations of the final clutch size, 48 nests had 6 eggs, 62 
nests had 5, 21 nests had 4, and one in canada had 3. one ad-
ditional nest on the tanana flats was found with 7 nestlings. 
an anoVa model that compared mean clutch size in alaska 
to that in canada (L = 54.7, n = 132 nests, K = 3, aicc = −103.2) 
had substantially better fit than the model with only an inter-
cept (Δi = 20.2), indicating that clutches in alaska (x

_
 = 5.3 ± 

0.1 eggs, mode = 5 eggs, n = 104 nests) were larger than those 
in canada (x

_
 = 4.6 ± 0.1 eggs, mode = 4 eggs, n = 28 nests). for 

the subset of nests from alaska, clutch size was best described 

taBle 2. habitat characteristics of areas used by nesting Rusty Blackbirds in comparisona to matched random areas 
not used for nesting in anchorage and tanana flats, alaska 2007–2008.

diameter (dbh)  
class (cm)

anchorage  
(n = 44 matched pairs)

tanana flats  
(n = 63 matched pairs)

Variableb nests Random Δi nests Random Δi

alder 2.5–8 15.6 ± 4.2 8.6 ± 2.7 4.9 26.1 ± 5.9 25.3 ± 7.6 3.1
≥8 0.9 ± 0.6 0.3 ± 0.2 6.5 0.7 ± 0.2 1.0 ± 0.5 2.2

willow 2.5–8 0.0 ± 0.0 0.0 ± 0.0 * 73.7 ± 8.5 57.0 ± 9.3 0.9
≥8 0.0 ± 0.0 0.0 ± 0.0 * 7.0 ± 1.3 5.1 ± 1.2 1.8

paper birch 2.5–8 2.9 ± 1.6 2.1 ± 1.3 5.5 13.5 ± 2.8 12.4 ± 2.6 2.8
≥8 1.1 ± 0.3 3.6 ± 1.4 3.6 8.2 ± 1.5 9.8 ± 2.0 2.0

Balsam poplar 2.5–8 0.0 ± 0.0 0.0 ± 0.0 * 0.4 ± 0.3 0.5 ± 0.3 3.1
≥8 0.0 ± 0.0 0.0 ± 0.0 * 0.3 ± 0.2 1.8 ± 1.1 0.0

Black spruce 2.5–8 55.9 ± 7.3 36.3 ± 6.6 0.0 0.3 ± 0.3 0.0 ± 0.0 2.1
≥8 8.9 ± 1.4 6.2 ± 1.5 4.4 0.2 ± 0.2 0.0 ± 0.0 0.3

white spruce 2.5–8 1.7 ± 0.5 1.3 ± 0.6 6.8 1.0 ± 0.3 2.2 ± 1.2 1.5
≥8 1.6 ± 0.5 1.9 ± 0.8 7.1 0.5 ± 0.2 0.8 ± 0.3 1.4

canopy cover 20.5 ± 2.6 17.1 ± 3.9 6.4 25.2 ± 2.4 24.1 ± 3.5 3.0
Surface-water cover 12.4 ± 3.3 15.3 ± 3.8 6.9 22.4 ± 3.0 25.0 ± 3.5 2.6
intercept only 5.1 1.0

afor each study area separately, we used univariate logistic regression with a matched-pairs design to compare habitat 
variables of nest areas and paired random areas not used for nesting. we compared the relative fit of models within each 
study area with akaike’s information criterion adjusted for small sample sizes (aicc) and rescaled as aicc differences 
(Δi; an asterisk indicates that the tree or shrub species occurred at a density too low for habitat selection to be modeled).
bShrub and tree densities are numbers of live and dead stems within 20- × 20-m vegetation plots (0.04 ha). canopy 
cover and surface water cover were the percent of 39 points intercepting vegetation > 3 m in height and surface water, 
respectively.
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by a model that included clutch-initiation date (L = 55.2, n = 
104 nests, K = 3, aicc = −104.4), indicating that clutch size 
declined as the nesting season progressed (βo = 5.87 ± 0.15, 
βintiation date = −0.04 ± 0.01). other models with the effects of 
region, study area, year, or an intercept only were not well 
supported by the data (Δi ≥ 9.9).

Nest losses in Alaska. within alaska, egg viability was 
high and partial reductions of broods were quite rare. among 
the 69 nests that survived through incubation period, 90 ± 2% 
of 373 eggs hatched. among the subset of 63 of these nests 
that fledged young, 96 ± 2% of 312 hatchlings fledged. of the 
150 nests in alaska whose survival we monitored, 96 fledged 
young, 54 failed, and four had an unknown fate. among failed 
nests, 48 were lost to predators (89%), four failed from un-
known causes, and one nest in sedges and one nest in cattails 
sank into water. we observed one instance of predation, a red 
squirrel (Tamiasciurus hudsonicus) taking eggs from a nest 
during incubation. although we rarely witnessed nest preda-
tion, we often observed adult Rusty Blackbirds mobbing gray 
Jays (Perisoreus canadensis) or Black-billed Magpies (Pica 
hudsonia) in our study areas. less commonly, we observed 
blackbirds mobbing common Ravens (Corvus corax) and a 
variety of raptors including the Bald eagle (Haliaeetus leuco-
cephalus), northern harrier (Circus cyaneus), Sharp-shinned 
hawk (Accipiter striatus), northern goshawk (A. gentilis), 
Red-tailed hawk (Buteo jamaicensis), and Merlin (Falco 
columbarius). we even observed adult blackbirds on single 
instances chasing Solitary Sandpipers, wilson’s Snipe (Gal-
linago delicata), or american Robins (Turdus migratorius). 
we never observed pairs to renest after successfully fledging 
young, but we observed two color-marked females in anchor-
age renesting 57 m and 196 m from their failed first nests.

Nest survival in Alaska. all models of daily nest sur-
vival in alaska that included the effects of year indicated that 
nest survival was similar in 2007 and 2008. for parsimony, 
we therefore reduced models with year effects to 2006 versus 
2007 and 2008 combined. with years reduced in this manner, 
daily nest survival averaged 0.947 ± 0.012 in 2006 [nest suc-
cess (S) = 0.21 (95% ci 0.08–0.37)], 0.985 ± 0.002 in 2007 
and 2008 [S = 0.64 (95% ci 0.54–0.72)], and 0.980 ± 0.003 
for all three years combined [S = 0.56 (95% ci 0.47–0.64)]. 
daily nest survival, however, was best described by a tempo-
ral model that included age2, date, and year (L = −192.5, K = 
5, aicc = 395.0, wi = 0.42), indicating that daily nest survival 
declined with date, first declined and then increased with nest 
age, and was lower in 2006 than in 2007 and 2008 combined 
(logit scale; β0 = 6.89 ± 1.32, βage = −0.32 ± 0.15, βage2 = 0.016 
± 0.009, β2007–2008 = 1.16 ± 0.30; fig. 4). Standardizing to the 
median nest-initiation date of May 16 (date = 7 in the model), 
we calculated the product of the daily estimates of nest sur-
vival over the modal nesting period (29 days) and found that 
nest success was 0.34 in 2006 (95% ci 0.17–0.67) and 0.71 
in 2007 and 2008 combined (95% ci 0.59–0.85). this model 
had better fit than the second-best model, which included the 

effects of age2, date2, and year (K = 6, Δi = 2.0, wi = 0.16) and 
the third-best model with age2 and year (K = 4, Δi = 2.3, wi = 
0.14). Summing model weights we found the most support for 
models with year effects (Σwi = 1.0), age2 (Σwi = 0.72), and 
date (Σwi = 0.62); we found less support for models with the 
linear effects of age (Σwi = 0.13) and the quadratic effects of 
date (Σwi = 0.22) and no support for the model with the inter-
cept only (Δi = 27.6, wi < 0.001). the best temporal model was 
not improved by the addition of the effects of study area, study 
area times year, region, or region times year (Δi = 0.2–2.7).

Nest survival in relation to habitat on military lands 
Alaska. on military lands in alaska, we found the most sup-
port for a temporal model that included age2 (L = −117.1, K = 3, 
aicc = 240.2, wi = 0.32). as in the model in fig. 4, daily nest 
survival first declined from ages 0 to 21 days and then rose 
thereafter. the next four best-fitting models, in decreasing 
order of relative fit, included age2 in combination with either 
date, year, date2, or date plus year (Δi = 0.9–2.9). Summing 
model weights we found the most support for models with 
age2 (Σwi = 0.83), far less support for models with age, date, 
date2, or year (Σwi = 0.14–0.34), and no support for the model 
with the intercept only (Δi = 17.7, wi < 0.001). the model with 
age2 (Δi = 3.8) was improved by more than two aicc values by 
the addition of the substrate used for nesting (K = 5, Δi = 0.0), 
the quadratic effect of the height of the plant used for nesting 
(K = 5, Δi = 0.8), the density of black spruce stems in the area 
used for nesting (K = 4, Δi = 1.1), or the quadratic effect of nest 
height (K = 5, Δi = 1.5). none of these models was improved 
by more than one aicc value by the addition of the effects 
of study area. the model with age2 was not improved by the 
addition of the linear effects of nest height, the linear effects 

figuRe 4. daily survival rate and associated 95% ci of Rusty 
Blackbird nests (n = 150) in alaska in relation to nest age (days) and 
year (dashed line, 2006; solid line, 2007 and 2008 combined). esti-
mates of daily nest survival on day 0, when the first egg was laid, are 
standardized to May 17 and are based on a model with covariates for 
date, year, and the quadratic effects of nest age. 
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of the height of vegetation used for nesting, or the effects of 
study area, nest cover, whether the plant supporting the nest 
was live or dead, densities of willow stems, distance to water, 
or distance to nearest nests (Δi = 2.2–5.7).

Reducing nesting substrates to conifers versus all others 
substrates combined further improved the model with age2 
and nesting substrates by 1.5 aicc values (logit scale; βo = 
9.8 ± 2.9, βage = −0.63 ± 0.31, βage2 = 0.015 ± 0.008, βconifer = 
1.00 ± 0.38). when we calculated the product of the survival 
rates for each nest age with this model, we found that nest 
success in conifers was 0.78 (95% ci 0.64–0.96) and in other 
substrates combined was 0.52 (95% ci 0.33–0.80). the fit of 
the model with age2 and nesting substrates was not improved 
by reducing substrates to shrubs versus all other substrates 
combined.

the model with age2 and the quadratic effect of the height 
of the plants used for nesting (logit scale; βo = 11.1 ± 3.0, βage = 
−0.69 ± 0.31, βage2 = 0.016 ± 0.008, βsubstrate height = 0.53 ± 0.23, 
βsubstrate height2 = −0.19 ± 0.07) indicated that daily nest survival 
first increased as nests were placed in vegetation up to 6 m in 
height and then began to decline with increases in vegetation 
height above 11 m. this model’s estimated coefficients were 
nearly identical to those of the model with age2 and the qua-
dratic effect of nest height because of the high correlation (r = 
0.57) between nest height and the height of the plant support-
ing the nest. finally, the model of nest survival that included 
age2 and the density of black spruce indicated that nest sur-
vival increased with increases in the density of black spruce in 
the area used for nesting (βblack spruce = 0.42 ± 0.23).

diScuSSion

in our analysis of Rusty Blackbird nests from across alaska 
and canada, we found that (1) the species has a widespread af-
finity for conifers, particularly spruces, for nest sites, (2) that 
selectivity for spruces on military lands in alaska was adap-
tive in terms of relatively high reproductive success, and (3) 
that nest survival across alaska varied within the year and 
in successive years but was generally high and not at chroni-
cally low levels that would strongly contribute to the species’ 
long-term and rangewide decline. across the coastal region 
of alaska and the boreal region of canada, 85% of 212 nests 
were placed in conifers, primarily spruces (100% in alaska, 
80% in canada). this pattern is quite similar to that in new 
england where 93% of 65 nests were in conifers and 64% of 
conifer nests were placed in spruces (kennard 1920, ellison 
1990, powell et al. 2010). the use of black spruce as a nest 
site was particularly widespread through all regions of alaska 
and canada except in the coastal rainforest zone of alaska, 
the only area where Rusty Blackbirds nested in young Sitka 
spruce, the principal conifer available. as we found, erskine 
(1977), on the basis of Breeding Bird censuses across boreal 
canada, described the Rusty Blackbird as characteristic of 

black spruce bogs. desgranges and houde (1989) also found 
Rusty Blackbirds breeding at 75% of 63 lakes in districts with 
black spruce in Quebec, and 74% of the Rusty Blackbirds  
encountered by Machtans et al. (2007) in the northwest terri-
tories were in black spruce muskegs, often near standing wa-
ter and lakes. thus, black spruce near emergent vegetation, 
ponds, and particularly lakes (Matsuoka et al. 2010) may be 
a favored combination of habitat features for breeding across 
much of the species’ range.

our nest monitoring on military land in anchorage in-
dicated that the Rusty Blackbird’s use of spruce is selective 
and results in relatively high rates of nesting success. in this 
area, Rusty Blackbirds nested in areas of relatively high den-
sity of small black spruce and placed their nests primarily in 
such trees. Birds nesting in dense spruce benefited reproduc-
tively, as nest survival increased with black spruce density. 
we suspect that in areas of high density of the small black 
spruce in which Rusty Blackbirds typically nest, predation 
rates may be lower because the number of potential nest sites  
that predators have to search is higher, in accordance with 
the potential-prey-site hypothesis (Martin 1993). nesting in 
spruce trees, particularly small ones, had additional advan-
tages, as nest success in both anchorage and the tanana flats 
was slightly higher for nests placed in spruces (78% of nests 
fledged young) than for those in deciduous vegetation (52% 
of nests fledged young) and survival of nests placed in trees > 
11 m tall was lower. in alaska, deciduous vegetation tended 
to leaf out after Rusty Blackbirds began to incubate their eggs 
and so may have provided less direct cover from predators 
than did conifers. however, we did not find nest survival to be 
associated with level of nest concealment. all trees taller than 
9 m in which Rusty Blackbirds nested were spruces. taller 
spruces are more likely to produce cones (greene et al. 2002) 
and attract foraging red squirrels, the major predator of pas-
serine nests in the boreal forest (Rangen et al. 1999, Bayne 
and hobson 2002, willson et al. 2003, Ball et al. 2009) and 
the one species we observed preying on Rusty Blackbird eggs. 
therefore, nesting in small spruces may be in part an adap-
tation to reduce nest predation by red squirrels, which range 
across north america’s boreal forest (Steele 1998). nesting in 
wetlands may also be advantageous because their densities of 
red squirrels and corvids are low (deSanto and willson 2001) 
and nest-predation rates are lower than in uplands (Robertson 
1972, deSanto and willson 2001).

in new england, as we found in alaska, Rusty Black-
birds nest in small spruces and firs where growth of these 
conifers is dense (kennard 1920, ellison 1990, powell et al. 
2010). although the use of such habitat resulted in high rates 
of nest survival in undisturbed wetlands in alaska, it does not 
in human-altered landscapes in new england, where Rusty 
Blackbirds often nest in dense young conifers regenerating 
from recent logging adjacent to wetlands (ellison 1990, powell 
et al. 2010). in regenerating forest in new england, the Rusty 

20_MS100149.indd   820 11/29/10   10:51:12 AM



neSting ecology of the RuSty BlackBiRd  821

Spe
c

ia
l

 Se
c

t
io

n
: R

a
n

g
e

w
id

e
 e

c
o

l
o

g
y

 o
f

 t
h

e
 d

e
c

l
in

in
g

 R
u

St
y

 B
l

a
c

k
B

iR
d

Blackbird’s rates of nest success were much lower (33% of 
30 nests fledged young) than in undisturbed wetlands with 
older but stunted conifers (100% of nine nests fledged young). 
habitat characteristics of harvested sites and undisturbed 
wetlands were quite similar with the exception of landscape 
(upland and wetland, respectively) and the average age of the 
small conifers used for nesting (14 and 28 years, respectively). 
thus, recent harvests appear to attract nesting Rusty Black-
birds into upland habitats that they would otherwise avoid; once 
in the upland habitats they suffer high rates of nest predation 
(powell et al. 2010).

although in new england the Rusty Blackbird seems to 
be sensitive to logging, the species appears to be adaptable to 
natural disturbances that occur frequently and at large scales 
in the boreal forest (Blais 1983, Johnson 1992, Matsuoka et al. 
2006). we often observed Rusty Blackbirds nesting in willows 
and spruces in alaska that had been recently killed by flood-
ing or outbreaks of bark beetles (Dendroctonus rufipennis or 
Ips sp.). in new england, the species has also been observed 
nesting in dead spruces (kennard 1920) and areas flooded by 
beavers (ellison 1990). unlike that of the Red-winged Black-
bird, survival of Rusty Blackbird nests in dead vegetation is no 
lower than in live vegetation (dinsmore and dinsmore 2007). 
with respect to fire, Machtans et al. (2007) found no changes 
in Rusty Blackbird abundance or occupancy from 1975 to 
2006 despite fires during that period in the forests surround-
ing 13 of 45 sampled lakes. the black spruce forests that nest-
ing Rusty Blackbirds favor are quite flammable, with a mean 
fire-return interval of 79 years on the kenai peninsula, alaska 
(deVolder 1999). fires may benefit the Rusty Blackbird by re-
ducing densities of nest predators (Robertson and hutto 2007) 
such as the red squirrel (koprowski et al. 2006).

the only region we studied where spruce was not the 
dominant nest sites was interior alaska, where Rusty Black-
birds instead placed 78% of 121 nests in shrubs, nearly all 
willows. within this region on the tanana flats, willows nu-
merically dominated the vegetation in the areas where the 
blackbirds nested, and the blackbirds placed their nests in wil-
lows in proportion to their availability. we observed this same 
pattern with spruce in south-central alaska in anchorage. 
Both on the tanana flats and in anchorage, nests were on av-
erage quite close to surface water (8 and 30 m, respectively) so 
in both areas the birds may have simply been using the dense 
vegetation that was near water. But although spruces were 
quite rare on the tanana flats, they were used as nest sites 
more often than expected from their availability. furthermore, 
alders were also common in nest areas in anchorage, the ta-
nana flats, and Maine (powell et al. 2010) but were almost 
never used as nest sites (2% of 333 nests in alaska and can-
ada; 0% of 63 nests in new england, kennard 1920, ellison 
1990, powell et al. 2010). alders may be avoided because of 
an intrinsic preference for conifers (parrish 1995) or willows 
or because they lack the structure to support Rusty Blackbird 

nests, which are quite large and typically woven into multiple 
stems and branches. for similar reasons, grasses, sedges, and 
cattails are likely avoided as nests sites. one nest in sedges 
and one nest in cattails failed as they sank into water, and low 
nesting in general may be avoided because it runs a higher risk 
of flooding.

in alaska, we found that daily survival rates of Rusty 
Blackbird nests varied temporally, being highest during lay-
ing, declining through hatching, and increasing slightly dur-
ing the last 8 days of the nestling period (fig. 4). this pattern 
is similar to that of the Red-winged Blackbird in connecticut 
(Robertson 1972) and Missouri (cao et al. 2008) and grass-
land sparrows in north dakota (grant et al. 2005): nest sur-
vival is low during hatching and increases as adults become 
increasingly defensive as fledging approaches (Robertson 
1972, grant et al. 2005). the Rusty Blackbird’s nest survival 
also declined linearly through the breeding season, in paral-
lel with the seasonal decline in clutch size. this decline in fe-
cundity might explain why the species has not been found to 
renest after successfully fledging young in alaska (this study) 
or new england (kennard 1920, powell et al. 2010). Second 
broods may further be precluded because, before fall migra-
tion, juveniles must undergo a nearly complete first prebasic 
molt that is much more costly, in terms of time and energy, 
than the first prebasic molt typical of passerines, which does 
not include the remiges (pyle et al. 1997).

although nest success was relatively low in alaska in 
2006 (21%) and low in regenerating clearcuts in new england 
from 2005 to 2008 (powell et al. 2010), the overall pattern de-
veloping from studies of nesting in alaska and new england 
does not support a hypothesis that the Rusty Blackbird is suf-
fering from chronically low rates of nest success. in alaska, 
nest success did vary by year but was high in both 2007 and 
2008 (64%) and averaged 56% across the three years com-
bined. the average rate is quite similar to that of Rusty Black-
birds nesting in new england (62%, powell 2008) and much 
higher than that of the Red-winged, yellow-headed, and Brew-
er’s Blackbirds (30–39%; Martin 1995). we found no relation-
ship between the distance between nests and nest survival in 
alaska. thus, density-dependent limitations on nest survival 
may now be minimized because of the species’ decline. we 
also recognize that low-quality nest sites may have previously 
contributed to the species’ decline but are no longer used be-
cause nest densities are now much lower. we cannot explain 
why nest survival in alaska was so low in 2006, though most 
nest losses we noted were due to predation (89% of losses) 
and rates of predation of Red-winged Blackbird nests are also 
quite variable (Beletsky and orians 1996, dinsmore and din-
smore 2007). additional years of data from alaska would help 
provide a stronger test of whether low reproductive success 
currently limits populations of Rusty Blackbirds. however, 
we believe that the need for information on nest survival is 
more urgent in southern canada, where the evidence for both 
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long-term decline and landscape change is stronger than in 
alaska (greenberg et al. 2011).

in alaska, clutches averaged 5.3 eggs, slightly larger than 
in canada (4.6 eggs) or new england (4.5 eggs; powell et al. 
2010) and much larger than those of Red-winged Blackbirds 
breeding in the temperate zone, whose average clutch size in 
20 studies ranged from 2.4 to 3.7 eggs (yasukawa and Searcy 
1995). this pattern follows the latitudinal increase in clutch 
size common among passerines (kulesza 1989) and thought 
to be a function of greater food availability (Ricklefs 1980), 
lower nest-predation risk (Martin 1995), or lower probability 
of adults’ annual survival (Martin et al. 2000) in northern lati-
tudes. however, our sample of clutch sizes from canada was 
small, and additional data would help clarify spatial patterns 
in the species’ clutch size. Starvation of nestlings was par-
ticularly rare in alaska; nests that fledged young successfully 
reared 96% of their hatchlings.

like nest survival, the viability of Rusty Blackbird eggs 
in alaska was also quite high, with 90% of the eggs that 
avoided predation and flooding hatched. this rate is simi-
lar to that in new england, where only two eggs among 43 
Rusty Blackbird nests studied by powell et al. (2010) failed to 
hatch. we had expected the incidence of nonviable eggs to be 
higher in new england because the level of methylmercury 
in the blood of adult Rusty Blackbirds was three times higher 
in new england, nova Scotia, and new Brunswick than in 
birds sampled on our study areas in alaska. levels in new 
england and the maritime provinces were equivalent to the 
levels killing embryos in other species of birds (edmonds et 
al. 2010). across this region, Rusty Blackbirds are both con-
tracting in range (powell 2008) and declining at particularly 
high rates (Sauer et al. 2008; Maritime Breeding Bird atlas, 
unpublished data). the high levels of methylmercury that are 
accumulating from the atmospheric fallout of industrial pol-
lution (driscoll et al. 2007) may be reducing fitness by lower-
ing physiological condition and survival of Rusty Blackbirds 
rather than by killing embryos; however, we cannot rule out 
that some adults may have been sterile. likewise, if events 
during the nonbreeding season, such as losses or degradation 
of bottomland forests, are contributing disproportionately to 
the species’ decline (greenberg and droege 1999), such ef-
fects will likely be reflected in lowered body condition or 
lower survival rates (greenberg et al. 2011). therefore, studies 
that examine survival of adults and juveniles are needed, par-
ticularly since nest success is not clearly limited. Such stud-
ies would help put into perspective the rates of nest survival 
that are necessary to support viable populations and would be 
most useful if they were incorporated into carefully designed 
cross-seasonal investigations aimed at distinguishing the ef-
fects of events in the breeding season from those in winter on 
the Rusty Blackbird’s physiological condition, survival, and 
population growth rate (Sillett and holmes 2002, greenberg 
et al. 2011). Such investigations of migratory species are few 

but sorely needed both to understand the mechanisms and ad-
dress the causes of migratory birds’ declines (greenberg and 
Marra 2005, holmes 2007).
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