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EXECUTIVE SUMMARY

Long-term assessments of the distribution and abundance of populations are central to evaluating the
potential effects of human activities on wildlife (Pollock et al. 2002). Since 2004, the University of
Montana (UM) has monitored bird populations and riparian vegetation on over 500 miles of the
Madison and Missouri Rivers on behalf of the Northwestern Energy Wildlife Technical Advisory
Committee and the Bureau of Land Management (BLM). This program meets Northwestern Energy’s
Federal Energy Regulatory Commission (FERC) license requirements and meets the purpose and intent
of the Project 2188 Five Year (2018-2022) Wildlife Plan article 423 by:

1. Measuring main stem bird community and riparian vegetation change over time as an indicator
of wildlife habitat conditions,

2. Identifying critical wildlife habitats based on analysis of bird habitat use in relation to vegetation
measures, and

3. Providing feedback on techniques employed to protect, mitigate, and enhance native plants
and wildlife populations within the main stem river system;

This report summarizes analyses of bird population and vegetation trends across six annual surveys
events between 2004 and 2019, and provides recommendations for future efforts. To date, we have
completed 1,867 point-count surveys, counted 32,091 individual birds, and documented 131 species
during standardized point-count surveys. We also observed additional bird species outside the
standardized survey period, bringing the total number of species observed to 159, which represents 60%
of species known to breed in Montana. The majority of species we observed were associated with
riparian or wetland environments, including 25 Montana Species of Concern (MTSOC) and 29 U.S. Fish
and Wildlife Birds of Management Concern. Sample sizes were sufficient to generate precise annual
estimates of density for 39 species with the use of distance sampling methods.

We found statistically significant declines in densities of 20 bird species (53% of species analyzed) and
increases in densities of two species across time. Declining species have a broad range of nesting and
foraging requirements, and include both generalists and riparian specialists. Patterns we observed
largely correspond to long-term trends documented across the region based on the North American
Breeding Bird Survey (BBS; Sauer 2018). Such similarities suggest the drivers of population declines
along the river system are likely operating across large spatial scales. Significant changes in riparian
habitat conditions since 2004, are likely influencing habitat suitability for bird populations. Those
changes include aging cottonwood forests, declining shrub cover, and increases in some invasive
species.

This program provides a direct measure of the status of wildlife within riparian areas across a large
stretch of the Madison and Missouri Rivers, and is currently the only monitoring effort targeting riparian
birds in Montana. Our findings are consistent with declines first observed in 2015, and encompass a 15
monitoring period. Nevertheless, findings are based on only six survey years. Future monitoring will
build on this dataset, providing a more complete picture of changes in wildlife populations over time.
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BACKGROUND

Riparian systems serve essential ecological functions and provide habitats for a disproportionately large
number of plants and animals resulting in the highest known diversities of breeding birds in the western
United States (Naiman and DeCamps 1997). Despite their limited spatial extent, riparian areas provide
nesting habitats for the majority of Montana’s bird species, including nearly half the state’s Species of
Concern (Montana Animal Species of Concern Report 2016). Because riparian areas are highly
productive and often occur at low elevations, they are also highly impacted by human activities, such as
agricultural and urban development, alteration of hydrologic functions due to irrigation and water
diversion, and invasion by non-native species
(Johnson 1992, Ringold et al. 2008).

Despite the importance of riparian areas to wildlife
and major threats affecting them, there is little
information on the status and trends of bird species
that depend on riparian areas in Montana. Starting
in 2004, the University of Montana, with support
from Northwestern Energy (formerly PPL Montana)
and the Bureau of Land Management (BLM), began
monitoring bird populations along the Madison and
Missouri Rivers, which encompass one of Montana’s
largest river corridors. The Northwestern Energy
Wildlife Technical Advisory Committee established -
this monitoring plan to meet Federal Energy Yellow-breasted Chat singing from mature
Regulatory Commission (FERC) license requirements  cottonwood, Missouri River Breaks.

for hydroelectric operations on the river system.

Specifically, this program meets the purpose and intent of the Project 2188 Five Year (2018-2022)
Wildlife Plan article 423 by: 1) measuring main stem bird community and riparian vegetation change
over time as an indicator of wildlife habitat conditions, 2) identifying critical wildlife habitats based on
analysis of bird habitat use in relation to vegetation measures, and 3) providing feedback on techniques
employed to protect, mitigate, and enhance native plants and wildlife populations within the main stem
river system.

In 2019, we completed the sixth survey of breeding birds and vegetation at established long-term
monitoring locations. We also continued partner-supported bird monitoring within the Upper Missouri
River Breaks (UMRB) designed to address the science needs of the Missouri Breaks Riparian Group, a
public and private partnership aimed at restoring cottonwood forest and improving wildlife habitat
along the Upper Missouri River.

Objectives

1. Complete the sixth survey of bird communities at established long-term monitoring locations
within main stem riparian habitats of the Madison and Missouri Rivers, and assess the status
and trends of riparian bird populations and changes in species richness based on survey data
from 2004-2019.

2. Complete the sixth survey of vegetation conditions at bird monitoring sites, and evaluate status
and trends in riparian habitat conditions based on vegetation data collected from 2004-2019.



Objective 1: Riparian Bird Population Status & Trends

Methods

Monitoring Design

In spring of 2004, UM established long-term monitoring locations along the Madison and Missouri Rivers
in Montana between Varney Bridge (south of Ennis) and Fred Robinson Bridge (James Kipp Recreation
Area; Fig. 1). The monitoring area is large, spanning several ecological regions and the extent of
breeding ranges for many species. To distribute monitoring effort across the area and account for
geographic differences in breeding bird distributions, we stratified the river system into three
geographical sections: the Madison River (MAD), the upper Missouri River between Three Forks and
Great Falls (MIS), and the Missouri River Breaks section from Fort Benton to Charles M. Russell National
Wildlife Refuge (BRK).

PRAIRIE POTHOLES

NORTHERN ROCKIES

BADLANDS AND PRAIRIES

O  Survey Points (I) 25 50 TCI)O Miles

Figure 1. Long-term bird monitoring along the Madison and Missouri Rivers and location of geographical strata
(Madison River, Upper Missouri River, and Missouri River Breaks), relative to ecological regions, Montana.



To select locations for long-term monitoring, patches of riparian

vegetation along the river corridor were first delineated, and then USFS US;FOZVS

a random sample of those patches were selected for sampling Public 2%

within each river section. We established survey points within -other 8L
each selected patch by overlaying a 150 x 150 m grid to space 5% 27%
points uniformly across available habitat (see Fletcher et al. 2005

for details). Number of points per patch varied by patch size, with

223 total survey points established across jurisdictional Private MmT
boundaries, including both public and private lands (Fig. 2). In 39% SIEH

17%
2015, we increased sampling effort within the Missouri Breaks

section by adding 68 sampling points on BLM lands following

. . Figure 2. Proportion of survey
previous sampling protocols.

points by ownership category.

Ecological monitoring builds on a foundation of repeatedly measuring

resources over time so that the presence, magnitude, and direction of trends are detected in sufficient
time to make informed management decisions (Thompson et al. 1998, Pollock et al 2002). In 2015, we
conducted a review of bird observations gathered since 2004 to confirm that our monitoring effort (e.g.,
1 visit to 223 sample points) is sufficient to generate precise estimates of densities of many common
and uncommon species of breeding landbirds in riparian areas along the Madison and Missouri Rivers of
Montana. Based on tradeoffs between sampling frequency and power to detect population changes, we
recommended sampling bird communities in this system every other year to most effectively monitor
populations. Nonetheless, greater sampling effort would be required to obtain more precise estimates
for some uncommon and many rare species, which tend to be of greater management and conservation
concern (Noson & Flesch 2015).

Bird Surveys

We conducted standard 10-minute point-counts and used distance sampling methods to survey birds at
all long-term monitoring points (Hutto et al. 1986, Buckland et al. 2001). We surveyed birds between
sunrise and 5 hours after sunrise but not at times when wind velocity was high (= 20 km/hr) or during
consistent precipitation. During surveys, observers recorded all birds seen or heard within a 50-m radius,
how each individual was detected (song, visual, or call), sex of individuals, and estimated distances to
birds from the center point. We measured distances to each bird detected to the nearest meter using a
laser rangefinder.

In addition, we recorded all species detected incidentally outside of standard point-count surveys and
while traveling between points. This data cannot be included in density estimates, but provides
information on presence, species richness, and distribution of bird species not well surveyed during
standard point counts, including rare species and species of conservation concern.

University of Montana - Bird Ecology Lab



Analysis

Density Estimation

We used distance sampling methods to estimate bird species densities. Distance sampling is based on
the concept that the probability of detecting an object (e.g. a bird) decreases with increasing distance
from the observer and also may vary with a range of spatial, temporal, or survey-related factors
(Buckland et al. 2001).

We considered all species encountered at least 50 times during point counts across the study. We
computed density estimates (no. of birds/ha.) for species and species groups at three spatial scales:
patch, river section, and study area. For patches with fewer than three survey points, we pooled points
with adjacent patches for analysis to obtain sufficient sample sizes. Spatiotemporal replication within
patches (but not at points) was sufficient to generate precise annual estimates of density for 42 pooled
sample patches.

Frequency histograms of distance data were generated for each species considered, and the best fitting
model of detection, the detection function, was selected. We fit both simple detection functions with no
covariates and more complex functions with covariates (Marques et al. 2007). We considered both
spatial and temporal covariates, including time-of-day (min. after local sunrise), time-of-year (Julian
day), year, and river section (Madison, Upper Missouri, and Missouri Breaks). We fit models with all
possible additive combinations of those covariates and used the Akaike information criterion
adjusted for small sample sizes (AIC.) to rank models. To select final models, we assessed the shapes of
detection functions, precision of parameter estimates, and goodness-of-fit of highly ranked models, and
selected the best overall model for each species (Thomas et al. 2010). We considered uniform, half-
normal (HN) and hazard-rate (HR) detection functions for models without covariates, and HN and HR
functions for models with covariates. When fitting HN and HR functions, we considered models with up
to 2 cosine or simple polynomial adjustment terms, and for uniform functions considered up to 2
hermite polynomial terms. We grouped data in 5 m bins, which in all cases effectively smoothed
histograms. We did not right truncate encounter data because the small fixed radius used during counts
(50 m) did not produce long-tailed distributions. To compute estimates, we used the MRDS library in R
(Laake et al. 2017, R Development Core Team 2016).

Trend Estimation
To estimate temporal trends in densities of each species and species group, and assess whether trends
varied spatially among river sections, we used linear mixed-effects model (LMEM) of the following form:

Vit= (Bot bai) + Baxic + PaXje + Palxie X Xit) + €, €;:~N(0,07°) (eq. 1)

where By is an intercept for the population, by; is a vector of random intercepts for each patch, B1is a
trend parameter for a fixed year effect, x; indicates the year of each observation for the i patch
centered at 0, B, estimates a fixed river section effect, x;: indicates the river section of each observation
for the ji section, B3 estimates an interaction term or whether the effect of year varies among sections,
g;t is an error term that has a normal distribution with a mean of zero and variance o2, which measures
observation variance within each section, and yj:are estimates of density from each patch in each
section and year. We log transformed density estimates before modeling to normalize distributions and
so that parameter estimates equaled the relative or percent change in density per year.
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We used the random effects and residual variance structures noted above after first assessing candidate
models with other plausible structures and ranking them based on AIC.. To assess variation in intercepts
among river sections, for example, we assessed the efficacy of replacing bg; in with a vector of random
intercepts for section (bg;) and a vector of random intercepts for patches nested within sections (bg;)).
To assess a simpler structure for observation error, we also assessed models that estimated one
variance across all years. To assess covariance in observation error, we considered first-order
autoregressive and compound symmetric structures. We used restricted maximum likelihood when
assessing models with different random effects and variance structures and maximum likelihood to
estimate fixed effects. We fit all models with the nime library in R.

Comparison with Regional Trends

To evaluate whether observed trends within the study area correspond to those at larger spatial scales
throughout the U.S., we compared our findings with results of the North American Breeding Bird Survey
(BBS). BBS has monitored the status and trends of bird population in North America with the help of
qualified volunteers for over forty years (Sauer 2018).

Species Richness

The richness or number of species in a given area at a given time is a useful metric for monitoring
biodiversity dynamics (Gotelli and Colwell 2011). In addition to assessing trends in richness of all species
combined, we also considered richness of riparian-dependent and riparian-obligate species groups
separately. We categorized riparian-dependent as 60-90% of breeding restricted to riparian areas and
riparian-obligate as >90% of breeding restricted to riparian areas throughout their range (Appendix X;
Rich 2002). We excluded raptor and waterfowl| species from these analyses because they are not
effectively surveyed with point-count methods.

We used point-count data from all points within each riparian patch to compute richness at the scale of
patches. We considered data from 2004 and 2008, when points were visited twice, as separate samples
of patches rather than summing detections across visits. To assess trends in richness across time, we
used the same LMEM approach described above. We computed species richness for the entire study
area based on the Jackknife estimator and 95% confidence intervals with use of program SPECRICH
(Burnham and Overton 1979).

Because all species are not detected perfectly during surveys, species that are present but undetected
during sampling could bias estimates of species richness. Thus, to estimate species richness (N), we
used observed species abundance distributions based on data we gathered during point counts and a
bias-corrected version of the Chao 1 estimator (Chao 1984, Gotelli and Colwell 2011). The Chao1l
estimator represents a universally valid lower bound of species richness that can be applied to any
species abundance distribution and any sample size. In general, estimated lower bounds are close to
species asymptotic richness if sample sizes are sufficiently large; a rough guideline for sufficiency is
when the proportion of species detected once is <50% of the sample, which was the case with our
dataset at 92% of samples at the patch level.

The bias-corrected version of the Chao 1 estimator is as follows:

University of Montana - Bird Ecology Lab



N =N, + f—l (i~ D (eq.2)

2(+1)

where Ngps is the number of species observed, f; is the number of species observed once, and f;is the
number of species observed twice in the sample.

Results

Survey Effort and Detections

We completed 1,867 point-count surveys across six years of monitoring (Table 1). Survey effort was
highest in 2004 and 2008 when we surveyed points two times per year. Additional survey points added
to Missouri Breaks river section in 2015 (e.g. BLM points) and re-sampled in 2017 and 2019 were
included in estimates of densities, but not in trend estimates.

Across all surveys, we recorded 32,091 individual birds and 131 species during standardized point-count
surveys. We also observed additional bird species outside the standardized survey period or at
distances >50 m, bringing the total number of species observed to 159, which represents 60% of species
known to breed in Montana. The majority of species we observed were associated with riparian or
wetland environments, including 23 species that are riparian obligates (>90% of breeding restricted to
riparian areas), 21 species that are riparian-dependent (60-90% of breeding restricted to riparian areas),
and 35 species associated with open water or wetlands including waterfowl and other water birds (Rich
2002). We also documented numerous species of conservation concern, including 25 Montana Species
of Concern (MTSOC) 10 BLM Sensitive Species, and 29 U.S. Fish and Wildlife Birds of Management
Concern (Rosenberg et al. 2016, USFWS 2011). We recorded one new species in 2019—an Indigo
Bunting at Missouri Headwaters on July 10", This neotropical migrant is common in the eastern US, but
is rarely observed in Montana with no confirmed breeding occurrences (Marks et al 2016). See Appendix
A for a list of bird species recorded across all years of monitoring.

Table 1. Annual sampling effort for birds at long-term monitoring (LTM) points and new points added on BLM
Lands in the Upper Missouri River Breaks in 2015 on the Madison and Missouri Rivers in Montana 2004-2019. Total
effort includes repeated visits to sample points.

Year LTM Points BLM Points Total Effort
2004 223 441°
2008 223 408°
2012 208 208
2015 210 68 278
2017 189 68 257
2019 221 39 260

2Points were surveyed two times in 2004 and 2008, and once per year thereafter.
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Population Status

We obtained estimates of density for 39 bird species that we encountered at least 50 times during point
counts. Together these species comprise approximately 25% of the breeding bird community we
observed in the system. The majority of species are associated with riparian environments during the
breeding season, including 10 riparian obligate and 12 riparian dependent species (Rich 2002). Density
estimates for each river section are presented in Table 2.

Yellow Warbler remained the most abundant species in the region with densities that averaged 8.85
birds per ha across years, followed by House Wren at 6.45 birds per ha. Other species, while occurring
in sufficient numbers to include in our analyses, had low densities, such as the Ovenbird and Red-eyed
Vireo, with densities that averaged 0.04 and 0.08 birds per ha, respectively. Species with less precise
predictions (i.e., higher CV) should be interpreted with more caution. For example, estimates for
colony-nesting species like the Cliff Swallow (44% CV) and Violet-green Swallow (50% CV), as well as less
abundant species like the Ovenbird (34% CV) are less precise due to variability in numbers of birds
observed among points.

Densities of most species varied spatially, with significant differences among at least one river section
for 26 of the 39 species we considered (Section P < 0.05; Appendix B). For species that varied across the
river system, many (54%) had higher densities on the Madison River than downstream river sections,
translating to highest total bird densities on the Madison and lowest densities on the Missouri Breaks
(Fig. 3).

Species with higher densities on the Madison included 70 H Riparian Obligate spp.

five obligate species (e.g. Gray Catbird, Red-winged O Riparian Dependent spp.
Blackbird, Song Sparrow, Willow Flycatcher, and
Yellow Warbler). Yellow Warbler densities on the 50

60 ¥l Generalist spp.

Madison River averaged 13.49 birds per ha, compared &
to 3.96 on the Missouri Breaks (Table 2). Several ag 40
riparian species occurred mainly on the Missouri 2 30
Breaks section, including the Common Yellowthroat, 5

Ovenbird, and Yellow-breasted Chat. Densities of 20
Brown-headed Cowbirds, a nest parasite that can

10

negatively impact nest success, also varied
significantly across the river system (Section P <0.001 0
in Appendix B), with 3.05 birds per ha on the Madison Upper Missouri

. . . Missouri Breaks
Madison River, 1.22 birds per ha on the Upper
Missouri, and 0.35 birds per ha on the Missouri Figure 3. Mean density estimates by river section
Breaks (Table 2). and degree of riparian habitat dependency

(obligate, dependent, or generalist species),
Montana. Error bars represent + SE.
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Table 2. Density estimates of breeding bird species encountered along the Madison and Missouri Rivers, Montana grouped by degree of dependency on
riparian habitats (e.g. obligate, dependent, or generalist). Sample sizes (n), estimated density per ha (D), and coefficients of variation (CV%) were pooled
across all six survey years from 2004-2019.

Madison Upper Missouri Missouri Breaks
Common Name n D CV (%) n D n D n D
Obligate
Cliff Swallow 472 1.51 44.2 368 2.80 84 1.16 20 0.27
Common Yellowthroat 289 0.22 11.7 27 0.06 68 0.16 194 0.57
Gray Catbird 928 1.83 7.1 469 2.97 383 1.69 76 0.41
Least Flycatcher 1741 2.37 6.0 598 2.90 696 2.31 447 1.75
Ovenbird 61 0.04 34.0 1 0.00 3 0.01 57 0.16
Red-winged Blackbird 376 0.45 14.5 243 0.89 77 0.17 56 0.25
Song Sparrow 706 0.82 9.7 447 1.68 189 0.39 70 0.26
Willow Flycatcher 127 0.14 16.7 102 0.31 23 0.04 2 <0.01
Yellow Warbler 5412 8.85 3.8 2135 13.49 2280 8.06 997 3.96
Yellow-breasted Chat 352 0.30 11.0 15 0.09 111 0.29 226 0.68
Dependent
American Goldfinch 1248 1.81 8.4 451 2.10 533 1.95 264 1.40
Black-capped Chickadee 451 1.26 27.3 148 1.06 213 1.62 90 0.71
Black-headed Grosbeak 292 0.32 12.2 123 0.40 125 0.33 44 0.14
Bullock's Oriole 777 1.18 7.4 266 1.36 296 0.84 215 1.27
Eastern Kingbird 616 0.63 7.8 175 0.49 297 0.74 144 0.52
House Wren 3948 6.45 3.9 1198 6.93 1769 7.35 981 4.89
Lazuli Bunting 159 0.18 14.8 29 0.09 38 0.10 92 0.42
Red-eyed Vireo 72 0.08 26.8 7 0.02 6 0.02 59 0.24
Red-naped Sapsucker 95 0.17 19.1 75 0.35 18 0.07 2 0.02
Tree Swallow 1982 3.72 8.0 997 6.13 814 3.16 171 0.78
Warbling Vireo 261 0.21 10.6 143 0.32 69 0.15 49 0.13
Western Wood-Pewee 947 0.77 4.9 314 0.70 414 0.88 219 0.71
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Table 2.Continued

Madison Upper Missouri Missouri Breaks

Common Name n D CV (%) n D n D n D
Generalist

American Robin 1686 2.00 6.2 652 2.69 652 1.95 382 1.11
Black-billed Magpie 188 0.13 18.1 87 0.18 75 0.12 26 0.06
Brewer's Blackbird 120 0.18 29.3 32 0.15 36 0.11 52 0.36
Brown-headed Cowbird 1328 1.66 7.3 751 3.05 478 1.22 99 0.35
Cedar Waxwing 921 1.92 9.2 376 2.29 378 2.01 167 1.28
Clay-colored Sparrow 83 0.05 314 17 0.06 62 0.09 4 0.01
Common Grackle 292 0.65 20.0 165 1.19 47 0.25 80 0.68
Common Nighthawk 94 0.11 24.7 24 0.05 23 0.07 47 0.23
Downy Woodpecker 260 0.45 11.4 45 0.39 137 0.53 78 0.33
European Starling 2136 2.49 7.3 812 2.96 919 2.52 405 1.75
House Finch 121 0.12 21.3 49 0.14 68 0.15 4 0.01
Mourning Dove 1355 1.00 5.3 312 0.66 676 1.27 367 1.00
Northern Flicker 525 0.41 7.5 124 0.28 196 0.37 205 0.57
Spotted Towhee 275 0.26 14.0 22 0.05 113 0.28 140 0.49
Violet-green Swallow 247 0.35 50.4 34 0.21 203 0.50 10 0.06
Western Kingbird 403 0.64 12.7 65 0.34 250 1.04 88 0.50
Western Tanager 89 0.14 33.0 84 0.38 5 0.02 0 -
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Population Trends

Population trend analyses were performed for 38 of the 39 bird species included in densiy estimation
(Brewer’s Blackbirds were excluded from trend analyses due to poor model fit). Table 3 provides
estimates of annual change in densities across the river system for these species from 2004 to 2019. For
complete results from linear mixed-effects models that include year, river section, and year x section
interactions, see Appendix B.

Comparison with Broader Trends

Thirteen bird species that declined in our monitoring area also declined more broadly across the United
States since 1968 based on comparison with trends generated from BBS route data (Table 3; Sauer
2018). There are also important differences in population trends at these two scales. Six species that
declined on the Madison and Missouri had no measurable population trend across the US, including
three species restricted to riparian areas (American Goldfinch, Black-headed Grosbeak, and Tree
Swallow). Three species that declined in our analyses increased nationwide since 1968, including Red-
eyed Vireo, Warbling Vireo, and Western Wood-pewee. All three species are canopy-nesting species
that breed primarily in riparian forests in the western US, but are widespread breeders in eastern US
forests.

Table 3. Population trends of birds on the Madison and Missouri Rivers, Montana from 2004-2019, and across US
on Breeding Bird Survey (BBS) routes from 1968-2017, grouped by degree of riparian habitat dependency.

Common Name Nest Guild2 Migrator  Madison-Missouri BBS US Trend Trend
y Status®  Trend (2004-2019)¢ (1968-2017) Comparison

Riparian Obligate

Cliff Swallow Other LDM -0.21 1.20* US only
Common Yellowthroat Grn/Low LDM 0.01 —-0.92%* US only
Gray Catbird Grn/Low LDM -0.91 -0.01

Least Flycatcher Mid/Can LDM —1.26%** —1.84* same
Ovenbird Grn/Low LDM -0.07 0.37* US only
Red-winged Blackbird Other SDM 0.59 —1.04* US only
Song Sparrow Grn/Low PR -0.63* —0.59* same
Willow Flycatcher Grn/Low LDM —0.39* —0.69* same
Yellow Warbler Grn/Low LDM —1.80*** —-0.39* same

Riparian Dependent

American Goldfinch Grn/Low PR —3.65%** -0.06 river only
Black-capped Chickadee Cav PR -0.10 0.40* US only
Black-headed Grosbeak Grn/Low LDM -0.73* 0.39 river only
Bullock's Oriole Mid/Can LDM —1.73%** -0.76* same
Yellow-breasted Chat Grn/Low LDM 0.20 -0.64* US only

Continued next page

16



Table 3—Continued.

Migrator River Tren BB. Tren Tren
Common Name e Stgataut:by (2034-2;1:) c (1:;:35-20:7)d Com:ar‘ijson
Eastern Kingbird Mid/Can LDM -0.25 -1.26* same
House Wren Cav SDM 1.60*** 0.36* same
Lazuli Bunting Grn/Low LDM 0.30 -0.22
Red-eyed Vireo Mid/Can LDM -0.28* 0.65* opposite
Red-naped Sapsucker Cav SDM -0.78* 1.28* opposite
Tree Swallow Cav SDM —1.95** -0.05 river only
Warbling Vireo Mid/Can LDM -0.51* 0.49* opposite
Western Wood-Pewee Mid/Can LDM -0.03 —-1.14%* US only
Generalist
American Robin Mid/Can PR -0.76 0.21* US only
Black-billed Magpie Mid/Can PR —-0.40* -0.24 river only
Brown-headed Cowbird Other SDM —2.65%** -0.64* same
Cedar Waxwing Mid/Can PR —2.23%** 0.33* same
Clay-colored Sparrow Grn/Low LDM —0.28* -0.02 river only
Common Grackle Mid/Can PR —2.69%** —-2.01%* same
Common Nighthawk Grn/Low LDM 0.01 —1.83* US only
Downy Woodpecker Cav PR -0.59 -0.09
European Starling Cav PR 1.03 —1.15* US only
House Finch Mid/Can PR —-0.76** 0.05 river only
Mourning Dove Grn/Low PR —2.12%** —0.45* same
Northern Flicker Cav PR —0.96*** —1.54* same
Spotted Towhee Grn/Low SDM —0.40%* —0.60%* same
Violet-green Swallow Cav/Other LDM 0.93*** NA NA
Western Kingbird Mid/Can LDM -0.10 -0.19
Western Tanager Mid/Can LDM -0.12 0.80* US only

2 Nest type: Cav = Cavity, Grn/Low = Open-cup, ground/low shrub, Mid/Can= Open-cup mid-story/canopy,, Other=other nest
types.

b Migratory status: PR = perennial resident, DM = Short Distant Migrant, LDM = Long Distant Migrant.

¢Percent annual change on Madison and Missouri Rivers, Montana based on linear mixed effects models in which year was fit
as the only fixed effect (e.g., without year x section interactions). Asterisks indicate significant linear trend. *P < 0.05, **
P<0.01, ***P < 0.001.

d Percent annual change based on Breeding Bird Survey (BBS) from 1968-2017 for United States (Sauer 2018). * P < 0.05
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Densities for 20 of the 38 species (53%) we analyzed
declined significantly across the river system since
2004 (Year P <0.05; Fig. 5). This total includes nine
species not found to be declining in 2017 (Noson &
Flesch 2017). The largest annual decline was -3.7 +
0.5% per year for American Goldfinch, a riparian
dependent shrub-nesting species, followed by the
Common Grackle, associated with agricultural fields
and human landscapes, at -2.7 + 0.5% per year (Year
P <0.001). There were few patterns of declines
indicated by life history traits (Fig.4). Declining
species included those breeding in riparian habitats
as well as less restricted species, all nesting
substrates (cavity, ground, shrub, and tree canopy),
and residents as well as short and long-distance
migrants. Trends varied geographically for six
species, with five of these showing steeper declines
on the Madison River (Year x Section: P <0.05).
Appendix C provides trend estimates by river section
for bird species with significant river section
differences.

We found no evidence of population trends for 14
bird species when considered system-wide (Year P >
0.05; Fig. 6). However, densities of five of these
species changed significantly within one or more
river sections (Year x Section: P <0.05). Two species
associated with riparian habitats declined only on
the Madison River (e.g. Black-capped Chickadee and
Western Wood-pewee), and three species, occurring
primarily on the Missouri Breaks increased only in
this river section (e.g. Common Yellowthroat, Yellow-
breasted Chat, and Ovenbird; Appendix C).

Densities of two bird species had significantly
increasing trends across the river system (Year P
<0.05; Fig. 7). House Wren, a riparian dependent
species, increased by 1.60 + 0.3% per year and
Violet-green Swallows, a generalist, increased by
0.93 + 0.2% per year (Year P < 0.001). Both species

100%
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40%
20%
0%

Obligate Dependent  Generalist

Riparian Habitat Dependency

100%
80%
60%
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‘il
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Grn/Low Mid/Can Cavity
Nesting Guild
100% ONo Change
80% M Declining

Increasing
60%

40%
20%
0%

Resident  Short-distance Long-distance

Percentage of species

Migratory Status
Figure 4. Relationship between population trends and
riparian habitat dependency, nesting location, and
migratory status for the Madison and Missouri Rivers,
Montana 2004-2019.

nest in cavities, but House Wrens utilize small diameter snags and woody debris, while Violet-green
Swallows use a variety of substrates including cavities, broken treetops, and cliffs. Trends of four species
found to be increasing after 2017 were no longer detectable (Noson & Flesch 2017).
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Species Richness

Based on the observed abundance distribution and the 128 species we detected during point counts at
long-term monitoring sites across time, we estimate that 175 species were present in these riparian
areas during the study period.

At the scale of riparian patches, estimated species richness of all species combined ranged from 5 to 78
across each of the 6 years of study and averaged 29.3 £ 0.6 species per patch and year. Estimated
richness of all species combined was higher on average along the Madison River (30.8 + 0.9) than along
the upper Missouri (29.3 + 0.9) and especially the Missouri Breaks (26.3 + 1.3; F>328 = 3.97, P = 0.020,
ANOVA), with much of the difference attributable to riparian obligate species richness, which was >232%
greater along the Madison.

There was no evidence richness of any species group or of all species combined varied linearly across
time (P 2 0.22, LMEM,; Fig. 8). However, temporal trends in richness of riparian obligate species varied
among river sections (P = 0.014; for year x section interaction, Fig. 8), with richness increasing along the
upper Missouri River and declining or remaining stable elsewhere.
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Figure 8. Spatiotemporal variation in estimated species richness of three bird species groups and all species
combined along three sections of the Madison and Missouri Rivers, Montana 2004-2019. Points are estimates (+
SE) based on the Chao1l estimator.
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Objective 2: Trends in Riparian Habitat Condition

Methods

Monitoring Design

See Objective 1, “Monitoring Design”.

Habitat Measures

At each bird survey point, we measured vegetation within four sub-plots, one that was centered at point
and three that were located 25 meters from the center point at directions of 0°, 120°, and 240° (adapted
from Martin et al. 1997). Within each sub-plot, we measured vegetation composition and structure at

two scales: 5-m radius and 11.3-m radius circular plots. :

Within each 5-m radius circular plot, we recorded
ocular estimates of shrub species cover, shrub height,
species cover of saplings (trees <8 cm diameter at
breast height; DBH) and of non-native herbaceous
species, and ground cover. We estimated grazing
intensity based on the density of cow feces, which we
classified as none, low, moderate, or high. Startingin
2012, we also measured sapling density of cottonwoods
(Populus spp.) and of Russian Olive (Elaeagnus
angustifolia) to monitor cottonwood recruitment and
the spread of non-native Russian Olive.

Within each 11.3-m radius circular plot, we measured density of each tree species and of snags in three
size classes: small (8-23 cm DBH), medium (23-38 cm DBH), and large (>38 cm DBH), and considered all
woody plants with stems 28 cm DBH as trees. We measured tree canopy height using a clinometer.

Habitat Analysis

We combined several vegetation variables for analysis: we grouped all species of willow (Salix spp.) and
cottonwood (Populus spp.). We calculated dominance of each individual tree species by multiplying
basal area (m?) of each size class by density (no./ha). We calculated maximum canopy height (m), as the
height of the tallest canopy layer by combining shrub and tree height measures to generate a single
continuous measure of vegetation height. We combined estimates of all species of herbaceous weed
cover (%) into total weed cover.

To estimate trends in the structure and composition of vegetation and other habitat conditions (e.g.,
grazing), we considered a subset of variables (Table 5) and used the same modeling procedure described
above for bird populations (see Objective 1, Analysis). That procedure involved using linear mixed-
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effects models with site-level random effects, and fitting year by river section interaction terms to
evaluate spatial variation in trends (see eq. 1 above).

Results

Survey Effort

We completed 1,237 vegetation surveys across six years of monitoring, representing 97% of points
sampled for birds (Table 4).

Table 4. Annual sampling effort for vegetation at long-term monitoring (LTM) points and new points added in the
Upper Missouri River Breaks in 2015(BLM) on the Madison and Missouri Rivers, Montana 2004-2019.

Year LTM Points BLM Points
2004 223

2008 199

2012 197

2015 204 68

2017 192 68

2019 221 39

Riparian Habitat Conditions

We documented 11 tree species during habitat sampling (Appendix D). Riparian forest composition
varied across the river system, transitioning from Narrowleaf Cottonwood (Populus angustifolia)
dominated riparian forests on the Madison and upper Missouri to Plains Cottonwood (Populus deltoids)
on the Missouri Breaks section. We found Mountain Alder (Alnus incana) and Water Birch (Betula
occidentalis) only along the Madison River, while Green Ash (Fraxinus pennsylvanica) and Box Elder
(Acer negundo) occurred only on the Missouri River. Structurally, cottonwood species were denser and
canopy height was higher on the Missouri River than the Madison River (Section P < 0.001, Appendix E).

Two tree species known to invade riparian habitats, Rocky Mountain Juniper (Juniperus scopulorum) and
non-native Russian Olive (Elaeagnus angustifolia), occurred at 34% and 22% of sites, respectively. We
observed significantly higher juniper densities on the Upper Missouri than the Madison, and none on
the Missouri Breaks (Section P = 0.023; Appendix E). Russian Olive was found on both sections of the
Missouri River, but not on the Madison River.

University of Montana - Bird Ecology Lab



Rocky Mountain Juniper in the Upper Missouri (left) and Russian Olive in the Missouri Breaks (right)

We encountered 21 species (or species groups) of shrubs and saplings (<8 cm diameter), including ten
species associated with wetland areas (facultative wetland plants, Lichvar 2014, Appendix D). Common
Snowberry (Symphoricarpus albus) was the most common shrub and occurred at 96% of surveyed areas,
followed by willow (Salix spp.), at 87% of sites. Willow cover was higher on the Madison River than
downstream sections (Section P < 0.001; Appendix E).

We found invasive plant species at virtually all surveyed sites, representing 23 species or species groups
(Appendix D). Non-native thistle species (Cirsium spp) were the most common weed and occurred at
95% of sites, followed by Leafy Spurge (Euphorbia esula) and Common Hound’s Tongue (Cynoglossum
officinale) at 68% and 56% of sites, respectively. But the majority (69.5%) of weed species documented
were rarely detected, occurring at fewer than 5 surveyed areas. In places where weeds were found,
average infestation cover was low at 6.7%.

Trends in Riparian Conditions

We continued to observe significant changes in vegetation structure and composition in riparian areas
along the Madison and Missouri rivers since 2004. Of the 16 habitat measures we considered, 11
changed significantly across time (Table 5).

Dominance of cottonwood (Populus spp.) tree species declined across the river system (P < 0.001), with
density of large (>38 cm diameter) cottonwood trees declining by almost 5% per year (+ 0.84 SE; Table 5;
Fig. 9). Cottonwood sapling cover also declined significantly across the river system (P = 0.004; Table 5;
Fig. 11). Medium (23-38 cm diameter) cottonwood trees remained stable on both sections of the
Missouri, but declined significantly on the Madison, and we measured no significant change in small (<8
cm diameter) cottonwood trees (Fig. 9; Appendix E).

Snag dominance also declined significantly (P = 0.003; Table 5). We observed significant declines in
small and medium snag densities, with small (8-23 cm diameter) snags declining the most at 3.3 £ 0.6%
per year (Fig. 11). Dominance of Rocky Mountain Juniper continued to increase significantly, while no
detectable change was measured in Russian Olive dominance (Table 5; Fig.11). Green Ash and Box Elder,
occur only locally along the Missouri Breaks, so sample sizes were too low to evaluate change in
dominance.
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Shrub cover decreased significantly across the river system (Table 5; Fig. 11). Total shrub cover declined
by 3.1 £ 0.5% per year and willow species by 1.5 + 0.6% per year on average, and there was strong
evidence declines were steepest on the Madison and upper Missouri River (Time x Section F=5.79, P =
0.003; Appendix E. We also found that maximum canopy height declined by 2.4 + 0.3% per year,
suggesting losses of taller trees and shrubs.

We found improving trends in grazing intensity and no evidence of changes in total herbaceous weed
cover across the river system (Table 5, Fig. 11).

Table 5. Estimates of river system-wide annual trends (%) in vegetation measures on Missouri and Madison Rivers
2004-2019, based on linear mixed effects models in which year was fit as the only fixed effect (e.g., without year x
section interactions). Note: estimates are annual percent change.

Variable Est. SE t P

Small Populus spp. density (per ha) -1.12 0.78 -1.43 0.153
Medium Populus spp. density (per ha) -0.63 0.82 -0.76 0.446
Large Populus spp. density (per ha) -4.97*** 0.84 -5.90 <0.001
Populus spp. dominance -2.38%** 0.49 -4.87 <0.001
Russian Olive dominance 0.03 0.08 0.40 0.693
Rocky Mountain Juniper dominance 0.38* 0.15 2.57 0.010
Small snag density (per ha) -3.26%** 0.62 -5.28 <0.001
Medium snag density (per ha) -1.30* 0.60 -2.16 0.031
Large snag density (per ha) -0.87 0.60 -1.44 0.149
Total snag dominance -0.82%* 0.28 -2.97 0.003
Populus spp. sapling cover (%) -0.61%* 0.21 -2.85 0.004
Salix spp. cover (%) -1.50* 0.58 -2.59 0.010
Total shrub cover (%) -3.06** 0.51 -6.04 <0.001
Total weed cover (%) -0.37 0.50 -0.74 0.458
Index of Grazing Intensity -1.42%** 0.21 -6.64 <0.001
Max. canopy height (m) -2.36%** 0.25 -9.24 <0.001

Asterisks indicate significant linear trend. *P < 0.05, ** P <0.01, ***P < 0.001.
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Figure 9.Trends in cottonwood
(Populus spp.) tree density (In
no./ha.) for 3 size classes
(small=8-23 cm DBH, med=23-38
cm DBH, and large=>38 cm DBH),
and total cottonwood tree
dominance (In m%/ha.) across
time along the Madison and
Missouri Rivers, Montana 2004-
2019. Estimates (* SE). Lines
represent predictions from linear
mixed-effects models.

Figure 10. Trends in snag density (In
no./ha.) for 3 size classes (small=8-
23 cm DBH, med=23-38 cm DBH,
and large=>38 cm DBH), and total
snag dominance (In m?/ha.) across
time along the Madison and
Missouri Rivers, Montana 2004-
2019. Estimates (* SE). Lines
represent predictions from linear
mixed-effects models.
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CONCLUSIONS

The results of this monitoring effort provide a direct measure of the status of riparian-dependent
wildlife populations and associated habitats across a large (over 500 miles) stretch of the Madison and
Missouri Rivers in Montana, and is the only broad-scale monitoring that targets riparian birds in
Montana.

Six years of monitoring data gathered between
2004 and 2019 continue to show measurable
declines for many riparian obligate and dependent
bird species, with increasing trends restricted to
only a few species. Collectively, bird species
included in our analyses represent approximately
25% of the breeding landbird community in the
region. Although abundances of other populations
likely also varied in this system since 2004, these
results include only species for which we could
reliably estimate densities, constrained by sampling
effort and encounter rates. Continued monitoring
in future years will increase the number of species
we will have sufficient sample sizes to evaluate.

American Goldfinch on the Missouri River, near
Canyon Ferry in May 2019. This species declined
more than any other on the river system.

Populations that declined have a broad range of
nesting, foraging, and other habitat requirements,
and included riparian obligate and dependent
species such as the shrub-nesting Song Sparrow, canopy dwelling Bullock’s Oriole, and cavity-nesting
Red-naped Sapsucker. In addition, nine species not restricted to riparian habitats also declined over
time. While not riparian obligates, declining generalist species breed in the shrubs and forests found
along streams and rivers in the western United States, like Cedar Waxwing, Northern Flicker, and House
Finch.

The two species that increased in abundance across the river system are both common species that are
tolerant of residential development and utilize small snags and woody debris for nesting—substrates
increasingly available in decaying riparian forests. House Wrens occupy the largest range of any native
passerine in the Americas, and are known to usurp or destroy nests of other species (Johnson 2020).
Violet-green Swallows appear to be increasing along the northeast edge of their range, including
Montana (Sauer 2018).

Our findings largely corresponded to long-term trends observed across the United States by the North
American Breeding Bird Survey (BBS) since 1968 (Sauer 2018). Similarities in trends suggest that at least
some of the drivers of population declines in our system are likely also occurring at larger spatial scales.
Our results also included several important differences. We measured significant declines in three
species (Red-eyed Vireo, Warbling Vireo, and Western Wood-pewee) that increased nationwide
according to BBS data. All three are canopy-nesting species that breed primarily in riparian forests in the
western US, but are widespread breeders in eastern US forests. Such differences show how large-scale
monitoring of population trends, while critical for evaluating continental populations, may mask local
changes in populations. This may be particularly true for riparian habitats in the western United States.
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We did not measure any significant changes in river system-wide species richness, but we did find
changes in the number of riparian obligate species by river section: obligate species richness declined on
the Madison and Upper Missouri while increasing in the Missouri Breaks. We documented this pattern
for individual species as well. For example, several shrub-nesting riparian obligate species, including the
Song Sparrow and Willow Flycatcher, declined more steeply on the Madison River than the Missouri.
Whereas several species associated with riparian shrubs on the Missouri Breaks increased, including the
common Yellowthroat and Yellow-breasted Chat.

We found significant changes in vegetation and other environmental conditions in riparian areas along
the river since 2004, which are likely influencing habitat suitability for various bird populations (Fletcher
' & Hutto 2008). Such changes include aging cottonwood
forests, limited recruitment of new cottonwood, and
declining shrub cover that may be linked to large-scale
modifications of the river system and its floodplain habitats
over the past century for flood control, agriculture, and
hydroelectric operations (Dixon et al. 2012). Other studies of
riparian birds have found that bird communities are affected
by land-use activities at multiple spatial scales, including local
changes to vegetation structure associated with altered river
flows and livestock grazing (Scott et al. 2003, Saab et al.
2005), and changes to surrounding landscapes due to
agricultural conversion and urbanization (Tewksbury et al.
2002, Rodewald & Bakermans 2006). In addition, riparian

gl -

Northern Flicker nestling in cavity,

Madison River. This species declined bird populations are thought to be especially vulnerable to
significantly across the river system from climate change due to their restricted breeding requirements
2004-1019. and the sensitivity of riparian vegetation to climate-induced

hydrologic changes (Huntley et al. 2006).

Our findings confirm the ability of this monitoring program to estimate biologically meaningful changes
in population densities of a relatively large number of breeding bird species, including species that are
common, uncommon, and of management and conservation interest. The majority of trends we first
observed in 2015 have continued. Nevertheless, although these results span a period of 15 years, trend
estimates reported here are based on surveys from only six years of effort and thus should be viewed
cautiously. Continued monitoring will build on this dataset and provide more reliable assessments of
changes in riparian bird populations and environmental conditions over time.
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Appendix A. Total bird encounters, breeding habitat, and conservation status across long-term
monitoring patches from 2004-2019. Species organized taxonomically.

Common Name Abundance®  Breeding Habitat Status®d
Common Loon - Water/Wetland S3B, SENSITIVE
American White Pelican 258 Water/Wetland S3B
Double-crested Cormorant 32 Water/Wetland

Great Blue Heron 52 Water/Wetland S3
White-faced Ibis - S3B SENSITIVE
Turkey Vulture 4

Canada Goose 35 Water/Wetland BMC
Trumpeter Swan - Water/Wetland S3, BMC, SENSITIVE
Wood Duck 1 Water/Wetland BMC

Gadwall 5 Water/Wetland BMC
American Widgeon 2 Water/Wetland BMC

Northern Pintail - Water/Wetland

Mallard 73 Water/Wetland BMC
Blue-winged Teal 5 Water/Wetland BMC
Green-winged Teal - Water/Wetland BMC
Cinnamon Teal 1 Water/Wetland

Ring-necked Duck - Water/Wetland BMC

Lesser Scaup 1 Water/Wetland BMC
Bufflehead - Water/Wetland

Common Goldeneye Water/Wetland BMC

Hooded Merganser Water/Wetland S4

Common Merganser 54 Water/Wetland

Osprey 18 Water/Wetland

Bald Eagle 20 Riparian Obligate BMC, SENSITIVE
Northern Harrier 7 BMC
Sharp-shinned Hawk 2

Cooper's Hawk 12

Swainson's Hawk 8 BMC
Red-tailed Hawk 127

Golden Eagle - S3, BMC, SENSITIVE
American Kestrel 112

Prairie Falcon - BMC
Ring-necked Pheasant 45

Ruffed Grouse -

Wild Turkey 5

Northern Bobwhite -

Sora 1 Water/Wetland BMC

Sandhill Crane 15 Water/Wetland BMC

Killdeer 20 Water/Wetland
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American Avocet
Greater Yellowlegs
Willet

Spotted Sandpiper
Long-billed Curlew
Marbled Godwit
Wilson's Snipe
Red-necked Phalarope
Franklin's Gull
Ring-billed Gull
California Gull
Common Tern
Caspian Tern

Rock Pigeon

Eurasian Collared-Dove
Mourning Dove
Black-billed Cuckoo
Western Screech-Owl
Eastern Screech-Owl
Great Horned Owl
Long-eared Owl
Short-eared Owl
Common Nighthawk
Common Poorwill
White-throated Swift
Rufous Hummingbird
Belted Kingfisher
Red-naped Sapsucker
Downy Woodpecker
Hairy Woodpecker
Northern Flicker
Pileated Woodpecker
Olive-sided Flycatcher
Western Wood-Pewee
Willow Flycatcher
Least Flycatcher
Dusky Flycatcher
Say's Phoebe
Western Kingbird
Eastern Kingbird
Cassin's Vireo
Warbling Vireo
Red-eyed Vireo
Yellow-throated Vireo
Pinyon Jay

Clark's Nutcracker

53

10

111
19
116

46
17
1,355

260
36
525

947
127
1,741

403

616

261
72

Water/Wetland
Water/Wetland
Water/Wetland
Water/Wetland

Water/Wetland
Water/Wetland
Water/Wetland
Water/Wetland
Water/Wetland

Water/Wetland
Water/Wetland

Riparian Dependent
Riparian Obligate
Riparian Obligate

Riparian Dependent

Riparian Obligate
Riparian Dependent

Riparian Dependent
Riparian Obligate
Riparian Obligate

Riparian Dependent

Riparian Dependent
Riparian Dependent
Riparian Dependent

S3B, BMC, SENSITIVE
BMC

BMC

S3B, SENSITIVE

S3B, SENSITIVE
S2B

S3B, BMC, SENSITIVE
S3

S3

S4,BMC

S4B

S4B,BMC

S3
BMC

BMC

S3, BMC
S3
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Black-billed Magpie
American Crow
Common Raven

Tree Swallow
Violet-green Swallow
Northern Rough-winged
Swallow

Bank Swallow

Cliff Swallow

Barn Swallow
Black-capped Chickadee
Mountain Chickadee
Red-breasted Nuthatch
White-breasted Nuthatch
Brown Creeper

Rock Wren

House Wren

Marsh Wren
Ruby-crowned Kinglet
Mountain Bluebird
Veery

Swainson's Thrush
Hermit Thrush
American Robin

Gray Catbird

Northern Mockingbird
Brown Thrasher
European Starling
Cedar Waxwing
Blackpoll Warbler
Orange-crowned Warbler
Yellow Warbler
Yellow-rumped Warbler
Townsend's Warbler
American Redstart
Ovenbird

Northern Waterthrush
MacGillivray's Warbler
Common Yellowthroat
Wilson's Warbler
Yellow-breasted Chat
Western Tanager
Spotted Towhee
Chipping Sparrow

188

17
1,982
247

171

117
472

451

12

3,948
47

11
39
31

1,686
928

28
2,136
921

5,412
43

39
61
17

289
352

89
275

Riparian Dependent

Riparian Obligate
Riparian Obligate

Riparian Dependent

Riparian Dependent
Riparian Obligate

Riparian Obligate
Riparian Dependent

Riparian Dependent

Riparian Dependent

Riparian Dependent
Riparian Obligate

Riparian Obligate
Riparian Obligate
Riparian Obligate
Riparian Dependent
Riparian Obligate
Riparian Obligate
Riparian Obligate

S3

S3B

S4B
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Clay-colored Sparrow 83

Brewer's Sparrow 2 S3B, BMC, SENSITIVE
Field Sparrow

Vesper Sparrow 1

Lark Sparrow 36

Savannah Sparrow 16

Grasshopper Sparrow 1 BMC
Fox Sparrow 1 Riparian Obligate

Song Sparrow 706 Riparian Obligate

Lincoln's Sparrow 1 Riparian Obligate
White-throated Sparrow 1

White-crowned Sparrow 3

Dark-eyed Junco 4

Rose-breasted Grosbeak -

Black-headed Grosbeak 292 Riparian Dependent

Lazuli Bunting 159 Riparian Dependent

Indigo Bunting 1 Riparian Dependent
Red-winged Blackbird 376 Riparian Obligate

Western Meadowlark 53

Yellow-headed Blackbird 9 Riparian Obligate

Brewer's Blackbird 120

Common Grackle 292

Brown-headed Cowbird 1,328

Orchard Oriole 9 Riparian Obligate

Bullock's Oriole 777 Riparian Dependent

House Finch 121

Red Crossbill 2 BMC
Pine Siskin 11

American Goldfinch 1,248 Riparian Dependent

Evening Grosbeak 12 S3
House Sparrow 8

#No abundance reported for species detected outside of 50 m survey distance or 10 minute survey period.
BMontana Species of Concern, S1-high risk, S2-very limited, S3-Potential risk, S4-rare or potentially declining
(Montana Animal Species of Concern Report 2016)

€USFWS- U.S. Fish and Wildlife Service, BMC- Birds of Management Concern (U.S. Fish and Wildlife Service 2011)
4BLM Sensitive, Threatened, or Endangered (Bureau of Land Management).
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Appendix B. Results of linear mixed-effects models of trends in bird species densities organized by
riparian dependency on the Madison and Missouri Rivers, Montana 2004-2019. Models included year,
river section, and year x section interaction fit as fixed effects, and river patch as a random effect.

Common Name Year Section Year x Section

F P F P F P
Riparian Obligate
Cliff Swallow 0.05 0.820 0.84 0.438 0.12 0.891
Common Yellowthroat 0.03 0.864 9.67 <0.001 4.75 0.010
Gray Catbird 2.67 0.104 19.13 <0.001 2.07 0.129
Least Flycatcher 13.08 <0.001 0.86 0.429 0.61 0.545
Ovenbird 0.94 0.332 7.34 0.002 5.28 0.006
Red-winged Blackbird 4.35 0.038 13.88 <0.001 1.90 0.153
Song Sparrow 3.78 0.053 46.04 <0.001 9.61 <0.001
Willow Flycatcher 5.12 0.025 10.57 <0.001 1.66 0.193
Yellow Warbler 60.93 <0.001 72.94 <0.001 1.77 0.173
Yellow-breasted Chat 2.25 0.135 12.63 <0.001 4.66 0.011
Riparian Dependent
American Goldfinch 52.12 <0.001 0.35 0.703 0.67 0.513
Black-capped Chickadee 0.14 0.713 4.43 0.017 4.11 0.018
Black-headed Grosbeak 5.90 0.016 2.01 0.145 0.10 0.905
Bullock's Oriole 15.42 <0.001 2.65 0.080 0.62 0.542
Eastern Kingbird 0.35 0.553 2.67 0.079 0.34 0.710
House Wren 21.26 <0.001 3.35 0.043 0.05 0.953
Lazuli Bunting 2.29 0.132 12.60 <0.001 0.13 0.882
Red-eyed Vireo 5.45 0.021 12.05 <0.001 8.38 <0.001
Red-naped Sapsucker 10.58 0.001 16.23 <0.001 11.23 <0.001
Tree Swallow 8.62 0.004 26.69 <0.001 0.64 0.527
Warbling Vireo 5.09 0.025 4.38 0.017 4.02 0.019
Western Wood-Pewee 0.03 0.873 0.65 0.527 6.75 0.001
Generalist
American Robin 4.19 0.042 14.50 <0.001 0.54 0.583
Black-billed Magpie 6.17 0.014 1.53 0.226 4.78 0.009
Brown-headed Cowbird 31.95 <0.001 57.82 <0.001 0.99 0.375
Cedar Waxwing 15.66 <0.001 3.99 0.025 1.88 0.155
Clay-colored Sparrow 8.55 0.004 0.57 0.567 5.59 0.004
Common Grackle 41.16 <0.001 3.25 0.047 6.39 0.002
Common Nighthawk <0.01 0.989 0.05 0.955 3.00 0.052
Downy Woodpecker 2.12 0.147 3.33 0.044 1.59 0.206
European Starling 1.95 0.164 1.58 0.216 0.34 0.712
House Finch 11.92 0.001 3.40 0.041 1.58 0.209
Mourning Dove 42.63 <0.001 7.84 0.001 1.78 0.171
Northern Flicker 11.45 0.001 4.15 0.021 1.51 0.223
Spotted Towhee 7.03 0.009 6.36 0.003 6.79 0.001
Violet-green Swallow 16.73 <0.001 1.55 0.222 2.18 0.115
Western Kingbird 0.21 0.644 3.35 0.043 1.80 0.169
Western Tanager 0.69 0.407 5.43 0.007 5.05 0.007

University of Montana - Bird Ecology Lab




Appendix C. Estimates of trends in bird species density on the Madison and Missouri Rivers, Montana 2004-2019, based on linear-mixed effects model with
Section and Year x Section interaction terms. Madison River is the reference level.

Year Section Year x Section
Missouri Breaks Missouri, upper Year x Missouri Breaks Year x Missouri, upper

Species Est. SE p Est. SE p Est. SE ] Est. SE P Est. SE p

Mourning Dove -0.0180 0.0077 0.021 | -0.3172 0.1021 0.003 -0.0163 0.0990 0.870 -0.0099  0.0093 0.290 0.0038 0.0093 0.681
Red-naped Sapsucker 0.0037 0.0057 0.517 0.1969 0.0434 <0.001 0.0367 0.0427 0.394 -0.0302 0.0072 <0.001 -0.0068 0.0070 0.335
Downy Woodpecker -0.0027 0.0091 0.769 -0.1409 0.0776  0.075 -0.0159 0.0764 0.836 0.0055 0.0113 0.626 -0.0108 0.0111 0.333
Northern Flicker 0.0018 0.0063 0.779 -0.2165 0.0674  0.002 -0.1890 0.0659 0.006 -0.0127 0.0077 0.101 -0.0116 0.0076 0.131
Willow Flycatcher -0.0007 0.0047 0.876 0.1779 0.0520 0.001 0.0165 0.0509 0.748 -0.0083 0.0056 0.139 -0.0018 0.0055 0.742
Western Kingbird -0.0057 0.0096 0.550 | -0.1336 0.1509 0.380 0.1733  0.1458 0.240 0.0134 0.0115 0.246 -0.0031  0.0115 0.789
Warbling Vireo -0.0019 0.0058 0.739 | 0.0689 0.0581 0.241 -0.0516 0.0569 0.368 -0.0129  0.0071 0.069 0.0024 0.0070 0.731
Red-eyed Vireo -0.0117 0.0026 <0.001 | -0.1064 0.0202 <0.001 -0.1050 0.0199 <0.001 0.0104 0.0031 0.001 0.0124 0.0031 <0.001
Tree Swallow -0.0105 0.0134 0.432 1.1880 0.1792 0.000 0.7566 0.1739 <0.001 | -0.0156  0.0163 0.341 -0.0178  0.0163 0.275
Black-capped 0.0200 0.0100 0.046 | 0.0557 0.0911 0.544 0.0981 0.0899 0.280 -0.0346  0.0122 0.005 -0.0186  0.0120 0.123
House Wren 0.0169 0.0079 0.034 | 0.1519 0.0922 0.106 0.2137 0.0901 0.021 -0.0028  0.0097 0.775 -0.0027  0.0096 0.780
American Robin -0.0020 0.0093 0.827 0.4576 0.1163 <0.001 0.2687 0.1132 0.021 -0.0115 0.0112 0.303 -0.0091 0.0111 0.413
Gray Catbird 0.0086 0.0124 0.489 | 0.8282 0.1587 <0.001 0.3532 0.1544 0.026 -0.0306  0.0151 0.044 -0.0223  0.0149 0.137
Cedar Waxwing -0.0308 0.0126 0.015 | 0.3620 0.1646 0.032  0.1296 0.1602 0.422 0.0207 0.0157 0.189 -0.0035  0.0155 0.821
Yellow Warbler -0.0183 0.0063 0.004 | 0.6730 0.0673 <0.001 0.3471 0.0659 <0.001 | -0.0130 0.0076 0.087 -0.0047  0.0075 0.533
Common Yellowthroat 0.0128 0.0042 0.003 | -0.2378 0.0507 <0.001 -0.1678 0.0496 0.001 -0.0154  0.0052 0.003 -0.0131  0.0051 0.010
Ovenbird -0.0072 0.0022 0.001 -0.0818 0.0410 0.051 -0.0792  0.0395 0.050 0.0074 0.0025 0.004 0.0079 0.0025 0.002
Yellow-breasted Chat 0.0130 0.0039 0.001 -0.4953 0.0866 <0.001 -0.3503 0.0829 <0.001 | -0.0141 0.0046 0.003 -0.0102 0.0047 0.030
Spotted Towhee -0.0152 0.0036 <0.001 | -0.2441 0.0921 0.011 -0.0894 0.0880 0.314 0.0120 0.0043 0.006 0.0160 0.0044 <0.001
Song Sparrow 0.0148 0.0086 0.086 0.7120 0.1082 0.000 0.0578 0.1056  0.587 -0.0422 0.0103 <0.001 -0.0181 0.0102 0.077
Lazuli Bunting 0.0060 0.0050 0.230 | -0.2029 0.0497 <0.001 -0.1743 0.0488 0.001 -0.0024 0.0061 0.693 -0.0003 0.0060 0.962
Red-winged Blackbird -0.0053 0.0077 0.494 0.4001 0.0863 <0.001 0.0886 0.0843 0.298 0.0172 0.0092 0.064 0.0082 0.0092 0.373
Brown-headed -0.0190 0.0102 0.066 1.0642 0.1128 <0.001 0.5044 0.1104 <0.001 | -0.0174 0.0125 0.163 -0.0129 0.0123 0.298
Western Tanager 0.0000 0.0031 1.000 0.0864 0.0264 0.002 0.0186 0.0260 0.476 -0.0081 0.0040 0.043 0.0025 0.0039 0.518
House Finch -0.0014 0.0047 0.762 0.0930 0.0416 0.030 0.0990 0.0407 0.018 -0.0078 0.0059 0.191 -0.0103 0.0058 0.080
Common Grackle -0.0318 0.0102  0.002 0.1840 0.0836 0.032 -0.0958 0.0823 0.250 -0.0159 0.0126 0.210 0.0203 0.0124 0.104
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Appendix D. Plant species encountered during riparian vegetation surveys from 2004-2019.

Common Name

Genus Species

Wetland Status®

Trees (>8cm DBH)

Box Elder

Mountain Alder

Water Birch

Russian Olive

Green Ash

Rocky Mountain Juniper
Narrowleaf Cottonwood
Black Cottonwood
Plains Cottonwood
Choke Cherry

Willow spp.

Box Elder

Mountain Alder
Serviceberry

Silver sagebrush

Big Sagebrush
Water Birch
Red-osier Dogwood
Russian Olive

Green Ash

Rocky Mountain Juniper
Common Juniper
Narrowleaf Cottonwood
Black Cottonwood
Plains Cottonwood
Choke Cherry
Skunkbush Sumac
Currant spp.

Rose spp.

Willow spp.
Buffaloberry
Common Snowberry

Yellow mustard
Cheat grass
Shepherd's Purse
Hoary Cress Whitetop
Knapweed species
Canada Thistle
Thistle spp.

Shrubs & Saplings (<8cm DBH)

Acer negundo

Alnus incana.

Betula occidentalis
Elaeagnus angustifolia
Fraxinus pennsylvanica
Juniperus scopulorum
Populus angustifolia
Populus balsamifera
Populus deltoides
Prunus viginiana

Salix spp.

Acer negundo

Alnus incana.
Amelanchier alnifolia
Artemesia cana
Artemisia tridentata
Betula occidentalis
Cornus sericea
Elaeagnus angustifolia
Fraxinus pennsylvanica
Juniperus scopulorum
Juniperus communis
Populus angustifolia
Populus balsamifera
Populus deltoides
Prunus viginiana

Rhus trilobata

Ribes spp.

Rosa spp.

Salix spp.

Shepherdia canendensis
Symphoricarpus albus

Non-native & Invasive Herbaceous

Brassica spp.

Bromus tectorum
Capsella bursa-pastoris
Cardaria draba
Centaurea spp.

Cirsium arvense
Cirsium spp.

FACW
FACW

FACW

FACW
FACW
FAC
FACU
FACW

FAC
FACW
FACU
FACU

FACW
FACW

FACW

FACW
FACW
FAC
FACU
FAC
FAC
FACU
FACW
FACU
FACU

...continued on next page.
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Appendix D continued.

Common Name

Genus Species

Wetland Status®

Common Hound's Tongue
Leafy Spurge
Bedstraw
Pepperweed
Dalmation Toadflax
Common Toadflax
Reed Canary Grass
Sulfur Cinquefoil
Tall Buttercup
Sowthistle
Dandelion
Common Tansy
Field Pennycress
Common Mullein

Cynoglossum officinale
Euphorbia esula
Galium spp.
Lepidium latifolium
Linaria dalmatica
Linaria vulgaris
Phalaris arundinacea
Potentilla recta
Ranunculus acris
Sonchus arvensis
Taraxacum officinale
Tanacetum vulgare
Thlaspi arvense
Verbascum Thapsus

@ National Wetland Plant List: OBL-Obligate wetland (almost always occurs in wetlands), FACW-Facultative Wetland

(Usually occur in wetlands), FAC-Facultative (Occur in wetlands and non-wetlands), FACU-Facultative upland

(Usually occur in non-wetlands, Lichvar 2014

Appendix E. Results of linear mixed-effects models of trends in vegetation measures on the Madison

and Missouri Rivers, Montana 2004-2019. Models included year, river section, and year x section

interaction fit as fixed effects, and river patch as a random effect.

Time Section Time x Section

Vegetation Measures F P F P F P

Small Populus spp. density (per ha) 1.84 0.175 4.66 0.015 2.11 0.122
Medium Populus spp. density (per ha) 0.65 0.422 9.52 <0.001 3.68 0.026
Large Populus spp. density (per ha) 34.79 <0.001 7.58 0.002 0.30 0.742
Populus spp. dominance 24.16 <0.001 15.44 <0.001 0.09 0.911
Small snag density (per ha) 27.73 <0.001 2.17 0.127 0.01 0.989
Medium snag density (per ha) 4.69 0.031 1.67 0.202 0.32 0.727
Large snag density (per ha) 2.11 0.146 0.75 0.477 2.41 0.090
Total snag dominance 8.82 0.003 0.21 0.814 1.12 0.327
Juniper dominance 6.56 0.011 4.13 0.023 2.38 0.093
Russian Olive dominance 0.15 0.697 0.89 0.420 1.22 0.296
Populus spp. sapling cover (%) 8.17 0.004 1.01 0.372 0.30 0.738
Salix spp. cover (%) 6.92 0.009 11.14 <0.001 5.79 0.003
Total shrub cover (%) 35.15 <0.001 3.17 0.053 7.61 0.001
Max. canopy height (m) 85.55 <0.001 22.41 <0.001 0.67 0.512
Index of Grazing Intensity 43.35 <0.001 0.62 0.544 3.06 0.047
Total weed cover (%) 0.59 0.442 0.26 0.771 10.53 <0.001
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Appendix F. Estimates of trends in vegetation measures based on linear-mixed effects model with Section and Year x Section interaction terms on the Madison
and Missouri Rivers, Montana 2004-2019. Madison River is the reference level. All factors were log transformed.

Year Section Year x Section
Missouri Breaks Missouri, upper Year x Missouri Breaks Year x Missouri, upper

Vegetation Measures Est. SE p Est. SE p Est. SE p Est. SE 1] Est. SE P
Small Populus spp. density (per ha) -0.026 0.014 0.063 | -0.956 0.322 0.005 -0.304 0.313 0.338 | 0.005 0.020 0.810 0.035 0.019 0.061
Medium Populus spp. density (per 0.018 0.014 0.220 | -1.099 0.272 <0.001 -0.131 0.264 0.621 | -0.057 0.021 0.007 -0.020 0.019 0.296
ha)

Large Populus spp. density (per ha) -0.057 0.015 0.000 | -0.969 0.287 0.002 -0.011 0.279 0970 | 0.017 0.022 0.440 0.008 0.020 0.695
Populus spp. dominance -0.023 0.009 0.008 | -0.910 0.172 <0.001 -0.207 0.166 0.220 | -0.004 0.013 0.748 0.001 0.012 0.935
Small snag density (per ha) -0.033 0.011 0.003 | -0.285 0.137 0.044 -0.124 0.131 0.350 | 0.002 0.016 0.896 0.000 0.015 0.995
Medium snag density (per ha) -0.019 0.011 0.076 | -0.174 0.163 0.292 0.119 0.157 0.453 | 0.012 0.016 0.425 0.006 0.014 0.678
Large tree density (per ha) -0.002 0.011 0.857 0.113 0.102 0.276 0.094 0.097 0.335 | 0.007 0.015 0.640 -0.023 0.014 0.110
Total snag dominance -0.006 0.005 0.190 | -0.023 0.074 0.764 0.029 0.072 0.693 | 0.003 0.007 0.674 -0.007 0.007 0.309
Russian Olive dominance 0.002 0.001 0.149 | -0.040 0.034 0.257 -0.004 0.033 0.908 | -0.003 0.002 0.130 -0.002 0.002 0.269
Juniper dominance 0.000 0.003 0.992 0.192 0.091 0.041 0.247 0.089 0.008 | 0.008 0.004 0.030 0.004 0.004 0.319
Populus spp. sapling cover (%) -0.006 0.004 0.117 | -0.035 0.046 0.450 0.017 0.044 0.705 | -0.003 0.006 0.629 0.001 0.005 0.779
Salix spp. cover (%) 0.012 0.010 0.235 1.190 0.257 <0.001 0.372 0.250 0.145 | -0.048 0.015 0.001 -0.035 0.014 0.011
Total shrub cover (%) -0.001 0.009 0.884 0.348 0.272 0.207 -0.327 0.265 0.225 | -0.044 0.013 0.001 -0.040 0.012 0.001
Max. canopy height (m) -0.027 0.004 <0.001 | -0.523 0.083 <0.001 -0.119 0.080 0.145 | 0.008 0.007 0.250 0.003 0.006 0.625
Index of Grazing Intensity -0.009 0.004 0.015 0.054 0.049 0.276 -0.016 0.047 0.728 | -0.013 0.005 0.018 -0.003 0.005 0.546
Total weed cover (%) 0.024 0.009 0.007 | -0.042 0.169 0.804 0.098 0.164 0.554 | -0.022 0.013 0.083 -0.053 0.012 <0.001
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