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ESTIMATING THE ABUNDANCE OF NESTING RUSTY BLACKBIRDS
IN RELATION TO WETLAND HABITATS IN ALASKA

STEVEN M. MATSUOKA!3, DAVID SHAW?, AND JAMES A. JOHNSON'

\U.S. Fish and Wildlife Service, Migratory Bird Management, 1011 East Tudor Road, mail stop 201, Anchorage, AK 99503
2Alaska Bird Observatory, 418 Wedgewood Drive, Fairbanks, AK 99701

Abstract. We used double sampling to estimate densities of Rusty Blackbird (Euphagus carolinus) nests
among boreal wetlands in Anchorage and Tanana Flats, Alaska, 2007-2008. We also assessed habitat selection
by examining the number and location of nests relative to the availability of various wetland types. We rapidly
surveyed 78 sample units for adult Rusty Blackbirds and intensively searched for nests in a subset of 55 units to
determine actual numbers of nests. Rapid surveys detected 97% of the 75 nests when we restricted counts to pairs
and lone females. They overestimated nest numbers by 17% when we included in the counts lone males, which
sometimes made long flights within and between sample units. Nest densities in sampled wetlands averaged 2.2
and 3.4 nests km2 in Anchorage and Tanana Flats, respectively, surprisingly similar despite wetlands being rare
in Anchorage. An abundance of wetlands made identifying important breeding habitats difficult on the Tanana
Flats, where blackbirds used most wetland types in relation to their availability and avoided wetlands with low
shrubs. Habitat selection was clearer in Anchorage, where ponds, lakes, and wetlands with emergent vegetation
were positive predictors of nest abundance. In this area blackbirds also selected forested wetlands and avoided up-
land habitats for nest sites. An affinity for open water has been noted throughout the Rusty Blackbird’s breeding
range. Research is needed to understand whether this affinity is due to specialized food requirements and to assess
whether this species is vulnerable to widespread drying of wetlands across boreal Alaska.

Key words: Alaska, boreal wetlands, double sampling, Euphagus carolinus, habitat selection, nesting
abundance, Rusty Blackbird.

Estimaciones de Abundancia de Individuos Anidando de Euphagus carolinus
con Relacion a Habitats de Humedales en Alaska

Resumen. Usamos un muestreo doble para estimar las densidades de nidos de Euphagus carolinus en hu-
medales boreales en Anchorage y las Planicies de Tanana, Alaska, entre 2007 y 2008. También evaluamos la selec-
cion de habitat al examinar el nimero y la ubicacion de los nidos con relacion a la disponibilidad de varios tipos de
humedales. Censamos rapidamente 78 unidades de muestreo de E. carolinus adultos y buscamos intensivamente
nidos en un subgrupo de 55 unidades para determinar la cantidad real de nidos. Los muestreos rapidos detectaron
un 97% de los 75 nidos cuando restringimos los conteos a parejas y hembras solitarias. Los muestreos sobreesti-
maron la cantidad de nidos en un 17% cuando incluimos en los conteos a los machos solitarios, los que a veces re-
alizaron vuelos dentro y entre las unidades . Las densidades de nidos en los humedales muestreados promediaron
2.2 y 3.4 nidos por km? en Anchorage y las Planicies de Tanana, respectivamente, siendo sorpresivamente similar
apesar de que los humedales son poco comunes en Anchorage. La abundancia de humedales hizo dificil la identi-
ficacion de habitats de reproduccion importantes en las Planicies de Tanana, donde E. carolinus utilizo la mayoria
de los tipos de humedales con relacion a su disponibilidad y evito los humedales con arbustos bajos. La seleccion
de habitat fue mas clara en Anchorage, donde los estanques, lagos y humedales con vegetacion emergente predije-
ron positivamente la abundancia de nidos. En esta area, los individuos de E. carolinus también seleccionaron los
humedales forestados y evitaron los habitats de tierras altas como sitios de anidacion. Se not6 una afinidad por las
aguas de espacios abiertos a lo largo del area reproductiva de E. carolinus. Es necesario investigar para entender
si esta afinidad se debe a requerimientos alimenticios especificos y para evaluar si esta especie es vulnerable a la
desecacion generalizada de los humedales a lo largo y ancho de la Alaska boreal.

those geographic locations and habitats that support high den-
sities of the species (Greenberg 2008, Greenberg et al. 2011).
Steep rangewide declines of the Rusty Blackbird (Euphagus The Rusty Blackbird breeds across North America’s vast and
carolinus; Greenberg and Droege 1999, Greenberg et al. 2011)  remote boreal forest (Blancher and Wells 2005), where little is
have recently spurred interest in identifying for conservation known about its natural history and specific habitat requirements.

INTRODUCTION
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Broad-scale avian surveys, such as the roadside North Ameri-
can Breeding Bird Survey, are not well suited for estimating
the abundance of or habitat use by breeding Rusty Blackbirds
because of the species’ patchy distribution, solitary breeding
habits, and use of boreal wetlands, which are frequently re-
mote and inaccessible (Greenberg et al. 2011). The localized
surveys that have included the species (Erskine 1977, Spindler
and Kessel 1980, DesGranges and Houde 1989, LaRue et al.
1995, Whitaker and Montevecchi 1997, 1999) have not been
corrected for incomplete detectability and may therefore be
biased to some unknown degree (Machtans et al. 2007). Thus,
there is a need for survey methods that better estimate Rusty
Blackbird abundance and patterns of habitat use during the
breeding season.

In this study, we estimate the abundance of nesting Rusty
Blackbirds relative to various wetland types by using a double-
sampling technique developed for estimating densities of
shorebirds breeding on the remote North Slope of Alaska
(Bart and Ernst 2002, Brown et al. 2007). This method in-
volves obtaining two samples of counts from (1) a number of
survey units that are rapidly searched for breeding pairs and
(2) a subsample of these survey units that are also intensively
searched to determine actual numbers of nesting pairs. The
ratio of the counts from rapid surveys to those from intensive
searches provides a detection ratio, which is then used to cor-
rect the counts across the entire sample of rapidly surveyed
units and thereby provide an unbiased estimate of the number
of nesting pairs (Bart and Ernst 2002). We chose the double-
sampling technique in favor of others because we expected
that in most surveys the number of Rusty Blackbirds encoun-
tered would be insufficient for estimation of densities by dis-
tance sampling (Buckland et al. 2001, Machtans et al. 2007)
and we anticipated that variation in the counts might provide
important information on habitat selection that might other-
wise be lost if the counts were reduced to presence versus ab-
sence and then used in occupancy models (MacKenzie et al.
2006). Our specific objectives were to (1) assess double sam-
pling as a means of estimating the abundance of nesting Rusty
Blackbirds and (2) identify those wetland types that predict
nesting abundance and nest-site selection. We conducted our
study in two contrasting boreal landscapes in Alaska to assess
double sampling over a range of conditions and to compare
patterns of blackbird abundance and habitat selection in a wet-
land- and an upland-dominated landscape.

METHODS

STUDY AREA

We conducted our field work at the Tanana Flats Training Area
of Fort Wainwright (Tanana Flats, 64° 45" N, 147° 45" W) near
Fairbanks in interior Alaska and at Fort Richardson and ad-
jacent Elmendorf Air Force Base in Anchorage, Alaska (An-
chorage, 61° 15’ N, 149° 41" W). The Tanana Flats are within
the expansive floodplain of the Tanana River and include a

mosaic of poorly differentiated and large wetlands that are
flooded annually. Both upland habitats and ponds and lakes
are uncommon in the study area. Surface water is found in
wet graminoid meadows, fens dominated by floating mats of
wetland vegetation, and slow tributaries of the Tanana River.
Willows (Salix spp.) and green alder (Alnus viridis) are the
common wetland shrubs >1 m in height. Balsam poplar (Pop-
ulus balsamifera) and paper birch (Betula papyrifera) are the
dominant trees in forested wetlands; black (Picea mariana)
and white (P. glauca) spruce are fewer. This military training
area was not accessible by road.

At Anchorage, the wetlands are variable in size, isolated,
and dispersed across a primarily upland landscape dominated
by boreal forest. Surface water is largely limited to ponds,
lakes, and estuaries and nearby areas with shallow water and
emergent wetland vegetation. The plant species in Anchorage
wetlands are similar to those on the Tanana Flats, but black
spruce is more common and willows (>1 m in height) are less
common (Matsuoka et al. 2010). At Anchorage, all wetlands
were accessible by road, foot, or canoe. The plant and bird
communities of Fort Richardson have been described in de-
tail by Jorgenson et al. (1998a) and Andres et al. (2001), those
of Fort Wainwright by Jorgenson et al. (1998b) and Benson
(1999).

To allocate our sampling, we first obtained digital geo-
referenced data for Anchorage from the National Wetlands In-
ventory (NWI; Cowardin et al. 1979) and for the Tanana Flats
from land classifications based on Viereck et al. (1992) devel-
oped for this site by Jorgenson et al. (1998b). We then used
these data to identify wetlands, calculate their area, and differ-
entiate wetland classes. We used different land-cover classifi-
cations for the two study areas because NWI had the only data
that covered the entire Anchorage study area and we found
that for the Tanana Flats the land classifications by Jorgenson
et al. (1998b) were more accurate than those by the NWI. Be-
cause of differences between the two study areas in wetland
landscapes and accessibility, we took different approaches
in defining and selecting the sample units that we surveyed
for breeding Rusty Blackbirds and subsequently searched for
nests. On the Tanana Flats, wetland habitats for nesting were
abundant. We therefore laid a grid of squares 500 m on a side
(25 ha) across the study area and selected for surveys the 45
squares (total area of 11.25 km?) that were within 3 km of and
accessible by foot from our remote field camp.

In Anchorage, wetlands were typically isolated, so we
identified individual wetlands as potential sample units. We
selected for sampling all wetlands that were seasonally or per-
manently flooded because Rusty Blackbirds had been previ-
ously observed to feed and nest near these habitats (Kennard
1920, Gabrielson and Lincoln 1959, Avery 1995, Machtans
et al. 2007). These habitats included the shores of estuaries,
ponds, and lakes and palustrine wetlands with emergent wet-
land vegetation or seasonally flooded shrublands or forests.
We added to each of these units a 50-m buffer to encompass
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potential nesting sites in adjacent uplands or wetlands with
saturated soils. When the buffers of nearby wetlands overlapped,
we combined them into a single sample unit. This procedure
resulted in the selection of 33 sample units ranging from 1.1 to
139.2 ha in area (¥ = 29.4 £ 6.1 ha) and totaling 9.67 km?. We
excluded the area of lakes and ponds in these when calculat-
ing the size of the sample unit because these were unavailable
for nesting. We did not expect Rusty Blackbird to nest in the
sample units lying in the low end of this size range; however,
we wanted to determine the minimum size of wetlands that
birds used for breeding in the study area.

FIELD METHODS

We used double sampling (Handel and Gill 1992, Bart and
Ernst 2002, Brown et al. 2007) to estimate the number of pairs
of Rusty Blackbirds nesting in Anchorage in 2007 and 2008
and on the Tanana Flats in 2008. This procedure entailed two
sets of surveys, (1) rapid surveys of sample units to generate
raw counts and (2) nest searches on a subset of these sample
units to determine actual numbers of nesting pairs. In An-
chorage, in 2007 we conducted rapid surveys and searched for
nests in all 33 sample units. In 2008 we conducted rapid sur-
veys of a subset of 23 sample units (x =37.0 = 7.9 ha, total area
sampled = 852 ha) and searched for nests in all of the sample
units in which we detected territorial adults during our rapid
surveys in either 2007 or 2008. We excluded from sampling
(1) seven units <4 ha in area because they did not host nesting
blackbirds in 2007 and (2) three sample units to which mili-
tary activities restricted regular access.

On the Tanana Flats, in 2008 we conducted a single rapid
survey of 45 sample units and nest searches in a subsample of
22 units. The latter included the 11 sample units with the high-
est counts of pairs of blackbirds during the rapid surveys and a
random selection of 11 additional sample units that were near
these. In 2007, we searched for nests but did not rapidly survey
for blackbirds in 13 of these sample units on the Tanana Flats.
We did not include these data in our analyses of abundance
based on double sampling but did include the locations of the
nests from 2007 in our analyses of nest-site selection (see Sta-
tistical Analyses).

We conducted our rapid surveys between 06:00 and 13:00
and from 11 to 23 May, the period from pair formation to early
incubation (Matsuoka et al. 2010) and the time when we ex-
pected detection rates to be relatively high because most fe-
males would not yet be incubating their eggs and most males
would still be actively singing and closely guarding their
mates. We did not constrain our surveys to the early morning
because previous work indicated that detectability of breeding
Rusty Blackbirds does not vary over the morning (P. Blancher,
unpubl. data; C. S. Machtans, unpubl. data). We conducted
rapid surveys at a rate of 10 ha hr™!, walking a path passing
within approximately 100 m of all points in a unit. We mapped
on aerial photos the sex, movements, and behaviors of each
adult Rusty Blackbird we encountered. We took special care
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to distinguish our observations of pairs from those of lone in-
dividuals and to map our simultaneous observations of two
or more birds to help distinguish neighboring pairs after they
had moved (Ralph et al. 1993). In Anchorage, when possible,
we also surveyed the shorelines of the larger lakes by canoe.
At the end of each survey we classified the birds detected by
sex and whether they were paired, then tallied the total num-
ber of observed pairs, lone territorial males, and lone females
in the survey unit (Bart and Ernst 2002). We excluded from
the tally any males that did not behave territorially, any adults
observed only flying over the sample unit, and any adults that
we first detected taking long flights (>100 m) into the survey
unit from adjacent areas. We excluded the last to minimize the
probability of individuals in nearby survey units being double
counted (Machtans et al. 2007).

We searched for nests in a subset of sample units from 15
May to 5 June. In Anchorage, we made one or three visits for
nest searching, one when we did not detect adult blackbirds on
either the rapid survey or during this nest search, three when
we detected adults on either the rapid survey or the initial nest
search. On the Tanana Flats we made three nest searches on
each selected unit. During each visit we concentrated our
searches on wet meadows and the edges of water bodies—
habitats where we typically observed adults during the rapid
surveys. When we encountered adults during nest searches we
observed their activities from a distance, mapped their loca-
tion, movements, and behaviors, and followed them back to
their nests as they carried nesting materials, returned to incu-
bate eggs, or provisioned their mates or young with food. We
recorded the location of each nest in a global-positioning sys-
tem. We sometimes found additional nests in our sample units
when we visited nests to monitor their survival (Matsuoka et
al. 2010). These additional nests were nearly always in areas
where we had encountered pairs whose nests we failed to find
during our previous nesting searches. For each sample unit
we determined the actual number of nesting pairs by sum-
ming the number of nests and the number of territorial pairs
in the unit whose nest we could not find. We did not include in
these tallies those nests that we suspected from their chronol-
ogy and location relative to known failed nests to be attempts
at renesting.

STATISTICAL ANALYSES

We first evaluated the accuracy of the rapid surveys by ex-
amining the data from the subset of sample units in which we
conducted both rapid surveys and nest searches. We did this
by calculating, for each study area and year, a detection ratio
(p) as the number of breeding pairs counted during rapid sur-
veys divided by the actual number of nesting pairs counted
during nest searches (Cochran 1977, Bart and Ernst 2002). We
grouped our counts of birds during the rapid surveys into four
classes—observed pairs, observed pairs plus lone females,
observed pairs plus lone territorial males, and observed pairs
plus lone females and lone territorial males—and calculated
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the detection ratio for each class to determine which combi-
nation of counts resulted in a detection ratio closest to 1. We
then used the combination of counts that minimized bias and
further evaluated the accuracy of the unadjusted rapid surveys
by calculating the proportion of sample units that the surveys
correctly classified as used versus not used by nesting pairs of
Rusty Blackbirds.

We then used p to correct our rapid survey counts and
estimated the density and total number of nesting pairs for
each study area (Bart and Ernst 2002). For the Tanana Flats,
we restricted our estimates to the 11.25-km? area we surveyed
because it was not representative of the entire training area.
For Anchorage, we sampled all suitable wetlands in the study
area. We therefore used the mean of the 2007 and 2008 nest
counts for each sampled unit and estimated densities at two
scales, the immediate wetlands surveyed (9.67 km?) and the
entire study area (243 km?) in Anchorage.

We used Poisson regression to assess whether the avail-
ability of each wetland class was a strong predictor of the
number of pairs of blackbirds nesting in a sample unit. The
wetland classes that we evaluated for the Anchorage study
area were the surface area (ha) of ponds and lakes and the
area (ha) of wetlands with emergent vegetation, scrub-shrub
wetlands, forested wetlands, and upland habitats. For Anchor-
age, we used the maximum number of actual nesting pairs in
each sample unit (2007 and 2008) as the response variable and
included the log of the area of the sample unit (ha) as an off-
set to account for variation in the area of sample units (Jones
et al. 2002). For the Tanana Flats, the wetland classes that we
evaluated were the area (ha) of rivers, graminoid meadows
(meadows), wetlands dominated by low shrubs (low shrub
wetlands), tall shrubs along rivers (tall-shrub wetlands), and
forested wetlands. On the Tanana Flats we used a combination
of actual numbers of nesting pairs and unadjusted rapid-survey
counts as our measure of abundance. We used the actual num-
ber of nesting pairs for the 22 survey units that we intensively
searched for nests. We used the unadjusted count of observed
pairs plus lone females for units that we surveyed only rap-
idly because we found it to be representative of the number of
nesting pairs (see Results). We did not include an offset in the
models for the Tanana Flats because all sample units were of
equal size. We fit all univariate and bivariate combinations of
explanatory variables for each study area and compared the
relative fit of models for each study area with Akaike’s infor-
mation criterion adjusted for small sample sizes (AIC)) and
rescaled as AIC_ differences (A,) and model probabilities (w).
To assess the overall evidence that a variable was associated
with abundance, we summed w, of models sharing a common
explanatory variable (w,, Burnham and Anderson 2002).

We examined the selection of habitats for nest sites sep-
arately for each study area by comparing the frequencies at
which blackbirds used each wetland class for nest sites ver-
sus the availability of each class in the sample units that we
surveyed. For each study area, we pooled nests across sample

units, years, and first and second nesting attempts because of
small sample sizes and used log-linear models with a Poisson
distribution and log-link function (Agresti 1990) to examine
departures of use from availability. We then followed Manly et
al. (1993) and developed a null model that included two vari-
ables, use (nest vs. available) and wetland class (total hectares
surveyed of each wetland class), which allowed the number of
samples to vary by use and available categories. We then com-
pared the AIC  values of the null model and one that added the
interaction, use X wetland class, which tests for selection by
allowing proportional use of the wetland classes to vary from
proportional availability. When we found support for models
with selection, we used the methods of Manly et al. (1993) to
compute and compare standardized selection functions.

We used SAS version 9.2 (SAS Institute 2008) to calcu-
late descriptive statistics and develop predictive models and
ArcGIS version 9.0 to estimate the area of the wetland classes
for each survey unit. We present all estimates + SE and con-
sidered models with A, < 2 to be best supported by the data
(Burnham and Anderson 2002).

RESULTS

DOUBLE SAMPLING

We conducted both rapid surveys and nest searches on a total
of 55 sample units in 2007 and 2008. In Anchorage, we sam-
pled 10 of these units in both 2007 and 2008. We counted 66
pairs, 15 lone territorial males, and seven lone females during
our rapid surveys. During our nest searches in Anchorage in
2007 and 2008 and the Tanana Flats in 2008, we found a total
of 70 first nests and five territorial pairs whose nests we could
not find (Table 1). We found that the rapid survey estimated
the actual number of nesting pairs best when we restricted
the count to the number of pairs plus the number of lone fe-
males (Table 1). On the basis of this count, the rapid surveys
detected 90 + 12% of the actual nesting pairs in Anchorage,
106 £ 16% of actual pairs on the Tanana Flats, and 97 = 10%
of actual pairs for the study areas combined. This count also
correctly classified 88% of sampled units as used by nesting
pairs, 94% of the units as not used by nesting pairs, and 91%
of the units combined.

The rapid surveys were generally not as accurate when
the count was based on other combinations of our observa-
tions (Table 1). When we restricted the rapid surveys to counts
of observed pairs, they underestimated abundance in Anchor-
age (81 = 11% of actual pairs detected) and for the study sites
combined (88 + 9%) but were quite accurate for the Tanana
Flats (97 £ 16%). With sites and years combined, the rapid
survey overestimated the number of actual nesting pairs when
the count was based on observed pairs plus territorial males
(108 % 11% of actual pairs) and observed pairs plus lone fe-
males and territorial males (p = 117 + 11%).

We used p for each study area to correct the rapid counts
of observed pairs plus females. The density of nesting pairs
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TABLE 1.
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Comparisons of detection ratios (p * SE) of nesting pairs of Rusty Blackbirds counted during rapid surveys of nest-searching

plots in Anchorage and the Tanana Flats, Alaska. The actual count is the sum of first nests found (» = 70) and territorial pairs (n = 5) with

territory centroids in our survey units but whose nests we did not find.

Anchorage Tanana Flats
Sites and years
2007 2008 2008 combined

(n =33 surveys) (n=10 surveys) (n =22 surveys) (n =65 surveys)
Unit of observation® Count p Count p Count p Count p SE
Pairs 17 0.81 17 0.81 32 0.97 66 0.88  0.09
Pairs and lone females 19 0.90 19 0.90 35 1.06 73 097  0.10
Pairs and lone males 23 1.10 18 0.86 40 1.21 81 1.08  0.11
Pairs + lone males and females 25 1.14 20 0.95 43 1.30 88 .17  0.11
Total birds 42 37 75 154
Actual number of pairs 21 21 33 75

*During our rapid surveys most of our observations were of pairs in which males were closely guarding females (n = 66 detections); we
detected smaller number of lone females (n = 7) and lone territorial males (n = 15).

over the area sampled and the total number of actual nests in
Anchorage in 2007 were 2.2 + 1.0 pairs km™2 and 21.0 + 9.6
nests, respectively (n = 33 survey units). Extrapolated across
the military lands in Anchorage, density averaged 0.09 £+ 0.04
pairs km 2, When we restricted our analysis of the Anchor-
age data to the survey units sampled in both 2007 and 2008,
density averaged 2.5 £ 1.1 pairs km2 (n = 23 units), which
was 73% of the average density of 3.4 + 0.9 pairs km2 (n =
45 units) on the Tanana Flats in 2008. We estimated that there
were a total of 38.7 = 9.8 pairs of Rusty Blackbirds nesting on
the surveyed portion of the Tanana Flats in 2008. Densities of
nesting pairs in survey units with blackbirds varied from 2.7
to 24.2 pairs km 2 in Anchorage (n = 8 survey units) and from
4 to 12 pairs km 2 on the Tanana Flats (n = 25 survey units).

PREDICTIVE MODELS OF ABUNDANCE

In Anchorage, a Poisson regression that included lakes and
ponds and wetlands with emergent vegetation best predicted
the count of actual nesting pairs in the Anchorage study area
(log-likelihood [L] =-9.9, n = 33 survey units, number of pa-
rameters [K] =4, AIC =279, w, = 0.47). This model indi-
cated that the number of nesting pairs in a unit increased with
the area of lakes, ponds, and emergent vegetation (Table 2).
Survey units with nesting pairs had 10 times the mean sur-
face area of lakes and ponds and 1.5 times the mean area of
emergent vegetation than survey units without nesting pairs
(Table 3). This model was only slightly better than the next
best model, which included lakes and ponds and uplands (L =
-10.5, K =4, A, = 1.1, w, = 0.27), but was >1000 times more
likely than the model with only an intercept (L = —19.7, K =
2, A, =145, w,<0.01) and 7 times more likely than the uni-
variate model with lakes and ponds. The second-best model
indicated that the number of nesting pairs increased with the
area of lakes and ponds (B = 0.05 £ 0.01) but decreased with
increases in the area of upland habitats (f =—0.04 £ 0.02). All

TABLE 2. Parameter estimates for the Poisson regression mod-
els that best predicted the maximum number of Rusty Blackbird
pairs breeding in Anchorage, Alaska, 2007-2008, and Tanana Flats,
Alaska 2008. The log of the size of the survey units (ha) was used as
an offset to account for differences in survey effort among survey
units in Anchorage.

Variable Estimate SE P
Anchorage
Intercept =5.03 0.48 <0.001
Lakes and ponds 0.04 0.01 <0.001
Emergent vegetation wetland 0.03 0.01 0.01
Tanana Flats
Intercept 0.26 0.19 0.18
Low shrub wetland —0.10 0.04 0.01

other models had A, > 2.4. Summing model weights, we found
strong support for models that included the surface area of
lakes and ponds as a predictor of abundance (Bw, = 1.00). We
found less support for models with emergent vegetation wet-
lands (Zw, = 0.47), upland habitat, shrub wetlands, or forested
wetlands (Zw, < 0.27; Table 3).

On the Tanana Flats, a Poisson regression that included
low-shrub wetlands best predicted the count of nesting pairs
with the count decreasing as the area of low shrub wetlands
in a sample unit increased (L = —40.0, n = 45 survey units,
K=3,AIC_=86.6,w,=0.35; Table 2). Survey units with nest-
ing pairs had 41% of the mean area of low-shrub wetlands
found in survey units without nesting blackbirds (Table 3).
This model was equivalent to the next-best model, which in-
cluded the areas of shrub wetland and meadow (L = —39.6,
K=4,A,=16,w, =0.16), and was 31 times more likely than
the model with only an intercept (L = 44,6, K=2, A, = 6.8,
w,=0.01). Summing model weights, we found the most support
for models that included low-shrub wetlands as a predictor of
abundance (Zw,; = 0.89). We found far less support for models
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TABLE 3. Average area (ha) of wetland types on survey units used
and not used by Rusty Blackbirds in Anchorage, 2007-2008, and
Tanana Flats, 2007, Alaska.

Study area/wetland type® Used Notused — Zw}

Anchorage (n=_8units) (n=25 units)
Lakes and ponds 19.7+8.9 1.9+0.7  1.00
Emergent vegetation wetland 53+27 36+19 047
Shrub wetland 13.4£8.5 91+33 0.4
Forested wetland 2.5%+0.8 1.4+£0.8  0.05
Upland 19.2+5.8 102+19 027

Tanana Flats (n=25units) (n=20 units)
River 0.7£0.2 04+£02 0.14
Sedge meadow 95+1.2 62x14 022
Low shrub wetland 33+09 81+14  0.89
Tall riparian shrub 55+13 31+£1.0 0.18
Forested wetland 6.0+1.2 71+12 017

In Anchorage we used covariates based on wetland classifications
from the National Wetland Inventory (Cowardin et al. 1979). On the
Tanana Flats we used covariates based on land classifications by Jor-
genson et al. (1998b).

"We compared the relative importance of wetland types as predictors
of the number of breeding pairs by summing model weights (Zw,)
among all univariate and bivariate Poisson regressions calculate
separately for each study area.

with meadow, forested wetlands, rivers, or upland habitats
(Zw,;<0.22; Table 3).

SELECTION OF WETLAND TYPES FOR NESTING

In our analysis of nest-site selection we included the 70 first
nests included in our analysis of double sampling (Table 1),
21 nests that we found on the Tanana Flats in 2007, and four
second nests from Anchorage and one second nest from the
Tanana Flats that we found in 2008. In Anchorage, we found
most of the Rusty Blackbird nests in shrub-scrub wetlands;

TABLE 4.

we found fewer nests in each of the other classes of wetlands
(Table 4). The log-linear model that included selection of wet-
land classes (L = —22.3, n = 43 nests and 933 ha of the wet-
land classes surveyed, K =9, AIC, = 62.8) was 140 times more
likely than the null model of no selection (L = —=30.3, K = 6,
A, =9.9). Comparisons of the standardized selection coeffi-
cients indicated that, in Anchorage, Rusty Blackbirds were 7.4
times more likely to select nest sites in forested wetlands than
in upland habitats, which they tended to avoid. Nests were lo-
cated in emergent and shrub-scrub wetlands in proportion to
availability (Table 4).

On the Tanana Flats, we found most nests in meadows
and forested wetlands, intermediate numbers in tall-shrub
wetlands, and few nests in low-shrub wetlands (Table 4). The
log-linear model that included selection of wetland classes
(L=-23.3, n=>54nests and 1099 ha of the wetland classes sur-
veyed, K =9, AIC = 64.8) was 23 times more likely than the
null model of no selection (L =-29.5, K=6, A, = 6.3). Com-
parisons of standardized selection coefficients indicated that
blackbirds avoided nesting in low-shrub wetlands. Blackbirds
were 4.0-5.9 times less likely to nest in this habitat than in
other wetland classes, which were used in proportion to their
availability (Table 4).

DISCUSSION

We found that our rapid area searches for breeding Rusty
Blackbirds were quite accurate in estimating their abundance
and much more effective in sampling the species than previ-
ous point-count surveys in our study areas. A single rapid area
search for breeding Rusty Blackbirds detected 97% of the
nesting pairs actually present and therefore provided a rela-
tively unbiased estimate of abundance. We were surprised by
this high detectability because most avian surveys do not de-
tect all birds present and therefore require a correction factor

Selection of wetland habitats by nesting Rusty Blackbirds in Anchorage, Alaska, 2007-2008, and Tanana Flats, Alaska,

2008. Observed and expected counts of nests compared with log-linear models. Wetland availability based on the sum of wetland classes

across all wetland units surveyed for territorial Rusty Blackbirds.

Proportional Selection Standardized
Observed Expected Proportional use availability function selection

Study area/wetland class counts counts (0) (™) (0,/m) function (B,)*
Anchorage

Emergent-vegetation wetland 7 6.1 0.16 0.14 1.14 0.19

Scrub-shrub wetland 20 15.4 0.47 0.36 1.30 0.22

Forested wetland 8 2.5 0.19 0.06 3.16 0.53

Upland 8 18.9 0.19 0.44 0.42 0.07
Tanana Flats

Sedge meadow 18 177 0.33 0.33 1.01 0.26

Low-shrub wetland 3 12.0 0.06 0.22 0.25 0.06

Tall riparian shrub 12 9.8 0.22 0.18 1.22 0.31

Forested wetland 21 14.4 0.39 0.27 1.46 0.37

“Ratios of B, estimate the relative likelihood of a class of wetland being selected by nesting blackbirds.
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to be reliable (Thompson 2002). We believe that detectability
was high because we surveyed early in the breeding season
(11-23 May) when (1) most females were not yet incubating
their eggs (Matsuoka et al. 2010) and were therefore still avail-
able for detection and (2) most males were actively singing
and guarding their mates. In particular, most of our observa-
tions of Rusty Blackbirds during the rapid surveys were of
breeding pairs (75% of observations; Table 1), and groups of
animals are often more easily detected than solitary individu-
als (Buckland etal. 2001). We expect that rapid surveys earlier
or later in the nesting season would underestimate abundance
because they would miss females that had either not arrived or
that were incubating eggs or brooding young. In these cases,
estimating the detection ratio will be important for providing
unbiased estimates of abundance. We did find it important to
exclude lone territorial males from the rapid-survey counts as
their inclusion overestimated the number of breeding pairs by
17%. Early in the season we sometimes observed lone territo-
rial males flying hundreds of meters across our survey areas
(Matsuoka and Shaw, unpubl. data), and such movements may
have caused us to double count breeding males (Machtans et
al. 2007).

Comparison of our survey results to those of previous
surveys in our study areas (Benson 1999, Andres et al. 2001)
indicates that detectability is higher during area searches than
during point counts. Our area searches revealed Rusty Black-
birds an order of magnitude more abundant than were previ-
ously detected by point counts in Anchorage (4 birds among
632 points, Andres et al. 2001) and four times the number of
adults detected by point counts on the Tanana Flats (19 birds
among 256 points, Benson 1999). These previous surveys took
place in June, so we suspect that slightly more Rusty Black-
birds would have been counted if the surveys had been earlier
in the season. However, area searches likely yield a detection
rate much higher than that of point counts because they sam-
ple a greater proportion of the home range, which for the Rusty
Blackbird tends to be large because the birds often fly long
distances between foraging and nesting sites (Machtans et al.
2007, Powell et al. 2010a). We recommend that researchers
consider using area searches and double sampling rather than
point counts when surveying for breeding Rusty Blackbirds
and possibly other bird species that have large home ranges
and low population densities (Brown et al. 2007).

Our estimate of density across our 243-km? Anchorage
study site (0.09 pairs km2) is within the range of densities
reported in the southeastern portion of the species’ breeding
range in New England (0.01-0.04 pairs km2; Ellison 1990,
Rosenberg and Blancher 2005) and New Brunswick, Nova
Scotia, and Prince Edward Island (0.13 pairs km™2; Erskine
1992). However, the continued decline and range contraction
of the Rusty Blackbird in the southeastern portion of its range
(Powell 2008, Greenberg et al. 2011; Maritime Breeding Bird
Atlas, unpubl. data) has likely suppressed densities below
these levels. Surveys of the southeastern breeding range are
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needed to locate the remaining nesting locations and to as-
sess whether these are ecologically distinguishable in terms of
land use, landscape position, habitat, food resources, or toxi-
cology from sites where the species has been extirpated. To
increase geographic coverage, such surveys could differ from
our study by expending more effort on rapid surveys than on
intensive nest searches.

We were surprised that densities at Anchorage (2.2 pairs
km2) and the Tanana Flats (3.4 pairs km2) were similar when
we restricted inference to the immediate area we sampled. We
had expected densities to be much lower in Anchorage be-
cause in this primarily forested landscape wetlands are rare
but on the river floodplain on the Tanana Flats they area abun-
dant. Across the boreal region of Alaska wetlands may there-
fore support similar densities of nesting pairs with the amount
of wetland area regulating population size within a given land-
scape. Within this context, the vast boreal wetlands along the
Yukon River and its major tributaries, such the Tanana River,
are likely important in supporting the global population of
the Rusty Blackbird, which Rich et al. (2004) estimated to total
2 million birds across the range.

We found that patterns in habitat selection were more eas-
ily detected in Anchorage, where wetlands are discrete and
rare, than on the Tanana Flats, where wetlands suitable for
breeding appeared to be abundant. We found that the sur-
face area of freshwater ponds, lakes, and shallow water with
emergent vegetation was a positive predictor of the numbers
of pairs of Rusty Blackbirds nesting in Anchorage. This asso-
ciation with open water has been observed elsewhere, both in
the Tanana Valley (Spindler and Kessel 1980) and throughout
much of Rusty Blackbird’s breeding range (Avery 1995). In
New England, the species nests near the shores of rivers and
lakes (Kennard 1920, Ellison 1990) and in wetlands with nu-
merous shallow puddles (Powell 2008). In Canada, Machtans
et al. (2007) found Rusty Blackbirds breeding near 88% of
24 boreal lakes in the Northwest Territories; DesGranges and
Houde (1989) found them near 49% of 131 lakes and ponds
in Quebec. Similarly, in both Quebec (LaRue et al. 1995)
and Newfoundland (Whitaker and Montevecchi 1997, 1999),
Rusty Blackbirds often breed in riparian boreal forests along
lakes and rivers but are absent from adjacent upland forests.

Interestingly, we did not find this association on the Ta-
nana Flats where ponds and lakes were rare but surface water
was abundant in streams and rivers, graminoid meadows, fens
covered by floating mats of vegetation, and a variety of other
seasonally flooded types of wetland (Jorgenson et al. 1998b).
The number of pairs of blackbirds nesting on the Tanana Flats
was instead negatively related to the area of low-shrub wet-
lands. Similarly, Rusty Blackbirds both avoided low-shrub
wetlands for nest sites and nested in other types of wetland in
proportion to their availability. On the Tanana Flats the river’s
floodplain appears to have an abundance of wetlands suitable
for breeding, which may have made it more difficult for us to
clearly identify the wetlands favored.
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Wetlands are clearly important for nesting Rusty Black-
birds. In each study area the species nested in a variety of
wetland types; in Anchorage it selected nest sites in forested
wetlands and avoided nesting in upland habitats. Through-
out its breeding range, the Rusty Blackbird nests facultatively
in a variety conifer and shrub species that are not necessar-
ily restricted to wetlands (Matsuoka et al. 2010, Powell et al.
2010b). In New England, however, Powell et al. (2010b) found
that nests located in upland habitats were preyed upon at
higher rates, presumably because of higher densities of the red
squirrel (Tamiasciurus hudsonicus). Thus the Rusty Black-
bird’s prevailing use of wetlands for nesting may be adaptive.
The reasons for the Rusty Blackbird’s more specific penchant
for nesting near open water, however, is not as clear, and we
and other researchers have not found a relationship between
the nest’s survival and its distance from water (Matsuoka et al.
2010; Powell et al. 2010b). We suspect the species’ tie to wa-
ter is more strongly linked to its specialized requirements for
food than for nest sites. We often observed adult Rusty Black-
birds wading in shallow water along shorelines, on floating
mats of vegetation, among emergent wetland plants, and in
seasonally flooded meadows where they fed on spiders, small
fish, and large aquatic invertebrates such as water beetles and
larval odonates, the last of which they often fed to their young
(Matsuoka and Shaw, unpubl. data). Researchers in New Eng-
land and Canada have also observed these patterns in forag-
ing behavior (Ellison 1990, Machtans et al. 2007, Powell et
al. 2010b). In the lower Mississippi Alluvial Valley the spe-
cies feeds principally on insects and seeds along shallow wa-
ter (Greenberg et al. 2011). Thus specialized requirements for
feeding may restrict the Rusty Blackbird’s distribution during
much of its annual cycle, and understanding and providing for
these requirements may be key for conserving and managing
habitats for this declining species (Greenberg et al. 2011).

Finally, across the boreal region of Alaska, lakes and ponds
have been shrinking since 1950. Among the areas sampled,
decreases in surface area range from 4 to 31% and decreases
in the number of water bodies range from 5 to 54% (Riordan et
al. 2006). This reduction is believed to be caused by increases
in temperatures and related increases in evapotranspiration
and lowering of the water table from thawing permafrost (Yo-
shikawa and Hinzman 2003, Smith et al. 2005, Riordan et al.
2006). This drying has resulted in changes in limnology and
communities of aquatic invertebrates, the latter character-
ized by declines in biomass of foods important to waterbird,
such as snails, amphipods, and chironomid larvae, which have
been supplanted by zooplankton (Corcoran et al. 2009). On
the Kenai Peninsula, from 1950 to 1996, invasions of grasses,
shrubs, and trees were associated with substantial drying of
wetlands. In urban areas of Anchorage, 37% of wetlands have
dried and become uplands since 1950 (Klein et al. 2005). Al-
though these patterns of wetland change may not be respon-
sible for the Rusty Blackbird’s chronic rangewide decline
(Greenberg et al. 2011), our findings indicate that this trend,

if continued, will result in less of breeding Rusty Blackbirds’
preferred habitats and may contribute to further declines to
this and possibly other birds dependent on boreal wetlands.

ACKNOWLEDGMENTS

We are particularly grateful to A. R. Ajmi, D. Battle, C. D. Gard-
ner, and P. C. McKee of the U.S. Army, H. J. Griese of the U.S. Air
Force, and N. DeWitt and A. Ruggles of the Alaska Bird Observa-
tory for providing logistical support for our work on military lands
in Alaska. This study was not possible without the hard work and
careful data collection by N. C. Dau, H. J. Griese, S. B. Grimes, A.
Johnson, L. H. DeCicco, E. W. Lance, R. M. Oates, J. Terenzi, and D.
F. Tessler in Anchorage and A. M. Harding, C. Fisher, J. Montgom-
ery, R. J. Rabinovitz, and L. Sweikert on the Tanana Flats. We thank
B. A. Andres, J. Bart, C. M. Handel, C. S. Machtans, and S. M. Shar-
baugh for sharing with us their expertise in designing surveys for
birds. We thank R. Greenberg, C. S. Machtans, and an anonymous
reviewer for improving an earlier draft of the manuscript. Finally,
we thank the members of the International Rusty Blackbird Working
Group for instilling in us a rangewide perspective into the research
and conservation of this species. This project was generously funded
by the Department of Defense’s Legacy Resource Management Pro-
gram, Alaska Bird Observatory, and the U.S. Fish and Wildlife Ser-
vice’s Migratory Bird Management. The findings and conclusions in
this article are those of the authors and do not necessarily represent
the views of the U.S. Fish and Wildlife Service.

LITERATURE CITED

AGRESTI, A. 1990. Categorical data analysis. Wiley, New York.

ANDRES, B. A., A. J. SORENSEN, AND B. T. BROWNE. 2001. Inven-
tory and monitoring of neotropical migratory landbirds on Fort
Richardson, Alaska. Final report to the Department of Defense
Legacy Program. U.S. Fish and Wildlife Service, Nongame
Migratory Bird Management, Anchorage, AK.

AVERY, M. L. 1995. Rusty Blackbird (Euphagus carolinus), no. 200.
In A. Poole and F. Gill [EDs.], The Birds of North America. Acad-
emy of Natural Sciences, Philadelphia.

BART, J., AND S. ERNST. 2002. Double sampling to estimate density
and population trends in birds. Auk 119:35-45.

BENSON, A.-M. 1999. Distribution of landbirds among habitats on
the Tanana Flats and Yukon Maneuver Area, Fort Wainwright,
Alaska, 1998. Unpublished report to the U.S. Fish and Wildlife
Service, Anchorage, AK.

BLANCHER, P., AND J. WELLS. 2005. The boreal forest region: North
America’s bird nursery. Canadian Boreal Initiative, Ottawa, ON.

Brown, S., J. BART, R. B. LANCTOT, J. A. JOHNSON, S. KENDALL, D.
PAYER, AND J. JOHNSON. 2007. Shorebird abundance and distribu-
tion on the coastal plain of the Arctic National Wildlife Refuge.
Condor 109:1-14.

BuckrLanp, S. T., D. R. ANDERSON, K. P. BURNHAM, J. L. LAAKE,
D. L. BORCHERS, AND L. THOMAS. 2001. Introduction to distance
sampling. Oxford University Press, Oxford, England.

BurnHAM, K. P., AND D. R. ANDERSON. 2002. Model selection and
multimodel inference: a practical information-theoretic approach,
2nd edition. Springer-Verlag, New York.

CocHRAN, W. G. 1977. Sampling techniques, 3rd edition. Wiley,
New York.

CORCORAN, R. M., J. R. LOVVORN, AND P. J. HEGLUND. 2009. Long-
term changes in limnology and invertebrates in Alaskan boreal
wetlands. Hydrobiologia 620:77—89.

CoOWwARDIN, L. M., V. CARTER, F. C. GOLET, AND E. T. LAROE. 1979.
Classification of wetlands and deepwater habitats of the United



ESTIMATING ABUNDANCE OF NESTING BLACKBIRDS

States. U.S. Fish and Wildlife Service, Biological Services Pro-
gram (FWS/OBS-79/31), Washington, DC.

DESGRANGES, J.-L., AND B. HOUDE. 1989. Effects of acidity and other
environmental parameters on the distribution of lacustrine birds
in Quebec, p. 7-41. In J.-L. DesGranges [ED.], Studies of the
effects of acidification on aquatic wildlife in Canada: lacustrine
birds and their habitats in Quebec. Canadian Wildlife Service
Occasional Paper 67. Environment Canada, Ottawa, ON.

ELLIsON, W. G. 1990. The status and habitat of the Rusty Blackbird
in Caledonia and Essex counties. Vermont Fish and Wildlife
Department, Waterbury, VT.

ERSKINE, A. 1977. Birds in boreal Canada. Canadian Wildlife Ser-
vice Report Series 41.

ERSKINE, A. J. 1992. Atlas of breeding birds of the maritime prov-
inces. Nimbus Publications and the Nova Scotia Museum, Hali-
fax, NS.

GABRIELSON, I. N., AND F. C. LINCOLN. 1959. The birds of Alaska.
Stackpole, Harrisburg, PA.

GREENBERG, R. 2008. Bye-bye blackbird. Zoogoer, July—August,
p. 9-15.

GREENBERG, R., AND S. DROEGE. 1999. On the decline of the Rusty
Blackbird and the use of ornithological literature to document
long-term population trends. Conservation Biology 13:553—559.

GREENBERG, R., D. W. DEMAREST, S. M. MATSsuokA, C. METTKE-
HorMANN, M. L. AVERY, P. J. BLANCHER, D. C. EVERs, P. B.
HaMEL, K. A. HoBsoN, J. Luscier, D. K. N1veN, L. L. POWELL,
AND D. SHAw. 2011. Understanding declines in Rusty Blackbirds.
Studies in Avian Biology, in press.

HANDEL, C. M., AND R. E. GILL Jr. 1992. Breeding distribution of
the Black Turnstone. Wilson Bulletin 104:122—135.

JoNESs, M. T., G. J. NIEMI, J. M. HANOwWSKI, AND R. R. REGAL. 2002.
Poisson regression: a better approach to modeling abundance
data?, p. 411-418. In J. M. Scott, P. J. Heglund, and M. L. Mor-
rison [EDS.], Predicting species occurrences: issues of accuracy
and scale. Island Press, Washington, DC.

JORGENSON, M. T., J. E. RoTH, M. K. RAYNOLDS, M. D. SMITH,
W. LENTZ, A. L. Zusi-CoBB, AND C. H. RACINE. 1998a. An eco-
logical survey for Fort Richardson, Alaska. Final report for
U.S. Army CRELL, Hanover, NH. Alaska Biological Research,
Inc., Fairbanks, AK.

JORGENSON, M. T., J. E. RoTH, M. K. RAYNOLDS, M. D. SMITH,
W. LENTZ, AND A. L. Zusi-CoBB. 1998b. An ecological land clas =+
sification for Fort Wainwright, Alaska. Final report for U.S.
Army CRELL, Hanover, NH. Alaska Biological Research, Inc.,
Fairbanks, AK.

KENNARD, F. H. 1920. Notes on the breeding habits of the Rusty
Blackbird in northern New England. Auk 37:412—422.

KLEIN, E., E. E. BERG, AND R. DiaL. 2005. Wetland drying and
succession across the Kenai Peninsula lowlands, south-central
Alaska. Canadian Journal of Forest Research 35:1931-1941.

LARUE, P., L. BELANGER, AND J. HUOT. 1995. Riparian edge effects
on boreal balsam fir bird communities. Canadian Journal of
Forest Research 25:555-566.

MACHTANS, C. S., S. L. VAN WILGENBURG, L. A. ARMER, AND K. A.
HoBsoN. 2007. Retrospective comparison of the occurrence an¢=+*
abundance of Rusty Blackbird in the Mackenzie Valley, North-
west Territories. Avian Conservation and Ecology 2(1):3. <http://
www.ace-eco.org/vol2/issl/art3> (9 February 2009).

MacKENzIE, D. 1., J. D. NicHoLs, J. A. RoYLE, K. H. POLLOCK,
L. L. BAILEY, AND J. E. HINES. 2006. Occupancy estimation and

833

modeling: inferring patterns and dynamics of species occur-
rence. Academic Press, Amsterdam.

MANLY, B., L. MCcDONALD, AND D. THOMAS. 1993. Resource selec-
tion by animals. Chapman and Hall, London.

MATSUOKA, S. M., D. SHAwW, P. H. SINCLAIR, J. A. JOHNSON, R. M.
CoORCORAN, N. C. Dau, P. M. MEYERS, AND N. A. RojJex. 2010.
Nesting ecology of the Rusty Blackbird in Alaska and Canada.
Condor 112:810-824.

PowkLL, L. L. 2008. Rusty Blackbird (Euphagus carolinus) breed-
ing ecology in New England: habitat selection, nest success, and
home range. M.Sc. thesis, University of Maine, Orono, ME.

PoweLL, L. L., T. P. HopGMAN, AND W. E. GLANZ. 2010a. Home
ranges of Rusty Blackbirds breeding in wetlands: How much
would buffers from timber harvest protect habitat? Condor 112:
835-841.

PoweLL, L. L., T. P. HobpGMAN, W. E. GLANZ, J. OSENTON, AND
C. FISHER. 2010b. Nest-site selection and nest survival of the
Rusty Blackbirds: does timber management adjacent to wetlands
create ecological traps? Condor 112:800—809.

RavrpH, C. J., G. R. GEUPEL, P. PYLE, T. E. MARTIN, AND D. F.
DESANTE. 1993. Handbook of field methods for monitoring land-
birds. USDA Forest Service General Technical Report PSW-
GTR-144, Albany, CA.

RicH, T. D., C. J. BEARDMORE, H. BERLANGA, P. J. BLANCHER, M. S
W. BRADSTREET, G. S. BUTCHER, D. W. DEMAREST, E. H. DUNN,
W. C. HUNTER, E. E. INIGO-ELI1AS, J. A. KENNEDY, A. M. MAR-
TELL, A. O. PuNiaBL, D. N. PAsHLEY, K. V. ROSENBERG, C. M.
RusTAy, J. S. WENDT, AND T. C. WILL. 2004. Partners in Flight
North American landbird conservation plan. Cornell Laboratory
of Ornithology, Ithaca, NY.

RIORDAN, B., D. VERBYLA, AND A. D. MCGUIRE. 2006. Shrinking
ponds in subarctic Alaska based on 1950-2002 remotely sensed
images. Journal of Geophysical Research 111:G04002.

ROSENBERG, K. V., AND P. J. BLANCHER. 2005. Setting numerical pop-
ulation objectives for priority landbird species, p. 57-67. In C. J.
Ralph and T. D. Rich [EDS.], Bird conservation implementation
and integration in the Americas: proceedings of the third inter-
national Partners in Flight Conference, volume 1. USDA Forest
Service General Technical Report PSW-GTR-191, Albany, CA.

SAS INSTITUTE. 2008. SAS/STAT 9.2 user’s guide. SAS Institute,
Cary, NC.

SMmiITH, L. C., Y. SHENG, G. M. MACDONALD, AND L. D. HINZMAN.
2005. Disappearing arctic lakes. Science 308:1429.

SPINDLER, M. A., AND B. KESSEL. 1980. Avian populations and habi-
tat use in interior Alaska taiga. Syesis 13:61-104.

THomPsoN, W. L. 2002. Towards reliable bird surveys: accounting
for individuals present but not detected. Auk 119:18-25.

VIERECK, L. A., C. T. DYRNESS, A. R. BATTEN, AND K. J. WENZLICK.
1992. The Alaska vegetation classification. USDA Forest Service
General Technical Report PNW-GTR-286, Portland, OR.

WHITAKER, D. M., AND W. A. MONTEVECCHI. 1997. Breeding bird
assemblage associated with riparian, interior forest, and non-
riparian edge habitats in a balsam fir ecosystem. Canadian Journal
of Zoology 27:1159-1167.

WHITAKER, D. M., AND W. A. MONTEVECCHI. 1999. Breeding bird
assemblages inhabiting riparian buffer strips in Newfoundland,
Canada. Journal of Wildlife Management 63:167—179.

YOsHIKAWA, K., AND L. D. HiNzmAN. 2003. Shrinking thermokarst
ponds and groundwater dynamics in discontinuous permafrost near
Council, Alaska. Permafrost and Periglacial Processes 14:151-160.


http://www.ace-eco.org/vol2/iss1/art3
http://www.ace-eco.org/vol2/iss1/art3

