Articles

Montane-breeding Bird Distribution and Abundance
Across National Parks of Southwestern Alaska

Courtney L. Amundson,” Colleen M. Handel, Daniel R. Ruthrauff, T. Lee Tibbitts, Robert E. Gill, Jr

U.S. Geological Survey, Alaska Science Center, 4210 University Drive, Anchorage, Alaska 99508

Abstract

Between 2004 and 2008, biologists conducted an inventory of breeding birds during May-June primarily in montane
areas (>100 m above sea level) of Aniakchak National Monument and Preserve (Aniakchak NMP), Katmai National Park
and Preserve (Katmai NPP), and Lake Clark National Park and Preserve (Lake Clark NPP) in southwestern Alaska.
Observers conducted 1,021 point counts along 169 transects within 63 10-km X 10-km plots that were randomly
selected and stratified by ecological subsection. We created hierarchical N-mixture models to estimate detection
probability and abundance for 15 species, including 12 passerines, 2 galliforms, and 1 shorebird. We first modeled
detection probability relative to observer, date within season, and proportion of dense vegetation cover around the
point, then modeled abundance as a function of land cover composition (proportion of seven coarse-scale land cover
types) within 300 m of the survey point. Land cover relationships varied widely among species but most showed
selection for low to tall shrubs (0.2-5 m tall) and an avoidance of alpine and dwarf shrub-herbaceous cover types. After
adjusting for species not observed, we estimated a minimum of 107 £ 9 species bred in the areas surveyed within the
three parks combined. Species richness was negatively associated with elevation and associated land cover types. At
comparable levels of survey effort (n =721 birds detected), species richness was greatest in Lake Clark NPP (75 = 12
species), lowest in Aniakchak NMP (45 = 6 species), and intermediate at Katmai NPP (59 = 10 species). Species
richness was similar at equivalent survey effort (n =973 birds detected) within the Lime Hills, Alaska Range, and Alaska
Peninsula ecoregions (68 = 8; 79 = 11; 67 = 11, respectively). Species composition was similar across all three parks
and across the three major ecoregions (Alaska Range, Alaska Peninsula, Lime Hills) that encompass them. Our results
provide baseline estimates of relative abundance and models of abundance and species richness relative to land cover
that can be used to assess future changes in avian distribution. Additionally, these subarctic montane parks may serve
as signals of landscape change and barometers for the assessment of population and distributional changes as a result
of warming temperatures and changing precipitation patterns.
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Ocean. The Peninsula is an important stopover area for
breeding and migrating birds, including a unique
complement of alpine-nesting species (Murie 1959; Gill
et al. 1981, 2015; Gill and Tomkovich 2004; Ruthrauff et

Introduction

The Alaska Peninsula, dominated by the rugged,
volcanic Aleutian Range, stretches approximately 800

km southwest from mainland Alaska to the Aleutian
Island chain, separating the Bering Sea from the Pacific
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al. 2007; Ruthrauff and Tibbitts 2009). Predominantly
under federal ownership, the Alaska Peninsula and
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Figure 1. Distribution of ecoregions (Nowacki et al. 2001) and

breeding-bird inventory sample plots (10 km X 10 km) with survey

point locations (2004-2008) in Aniakchak National Monument and Preserve, Katmai National Park and Preserve (NPP), and Lake Clark

NPP, Alaska. Black stars denote local human communities.

contiguous mainland portion of the Alaska Range
include three National Parks and three National Wildlife
Refuges. Aniakchak National Monument and Preserve
(Aniakchak NMP), Katmai National Park and Preserve
(Katmai NPP), and Lake Clark National Park and Preserve
(Lake Clark NPP; hereafter, the parks) constitute three of
the five units of the Southwest Alaska Network of
National Parks and occupy the northern extent of the
Peninsula and adjacent mainland (Figure 1). Among the
most isolated and inaccessible units within the National
Park system, the parks encompass a 5° latitudinal
gradient and cover >35,500 km®. Further, they span
three Alaska climatic zones and encompass four eco-
regions in which flora and fauna from the coastal
Aleutian, interior boreal, low Arctic, and Pacific coastal
zones converge (Murie 1959; Gallant et al. 1995). This
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region is one of the most geographically active on the
continent; numerous volcanoes and glaciers subject the
landscape to high rates of natural disturbance.

The current climatic regime in southwestern Alaska,
with mean annual temperatures close to 0°C, renders the
area’s flora and fauna particularly sensitive to small
changes in temperature and precipitation. Increases in
temperature and precipitation in alpine areas have
already led to upslope shifts in treeline and changes in
alpine vegetation communities elsewhere (Walther et al.
2005; Moritz et al. 2008), but changes in avian
distribution may be heterogeneous in direction and
magnitude. In the Sierra Nevada mountains, California,
changes in precipitation led to downslope shifts in avian
distributions while changes in temperature led to
upward shifts in the same area; these avian shifts varied
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in magnitude by species and site (Tingley et al. 2012).
Consequently, montane species richness in the area has
remained relatively constant over the past >80 y at mid-
elevations but decreased at very low and very high
elevations, suggesting heterogeneity in montane bird
community responses to climate change (Tingley and
Beissinger 2013). Southwestern Alaska is facing some of
the largest predicted temperature anomalies and range-
size contractions for montane birds in the world (La Sorte
and Jetz 2010). Resource managers in Alaska have raised
questions about potential effects of climate change on
bird populations. Yet, to date, they have had little
information with which to assess or plan for possible
changes in distribution, abundance, or biodiversity.

Several earlier studies examined migratory birds
breeding in or migrating through the Alaska Peninsula
region (e.g., Murie 1959; Gill and Jorgensen 1979; Gill et
al. 1981; Petersen 1981; Wilk and Wilk 1989; Ward et al.
1994; Adler 1997; Egan and Adler 2001), but most
surveys and studies took place in coastal areas or along
river corridors and lake shores of the lowlands adjacent
to Bristol Bay. Seasonal, geographic, and taxonomic
biases create an incomplete picture of the avian
diversity, distribution, and abundance of breeding birds
in the Alaska Peninsula region, particularly in montane-
dominated vegetation types, which encompass much of
the region’s National Parks. To address this shortcoming,
the National Park Service worked with the U.S. Geological
Survey to conduct a comprehensive inventory of
montane-breeding birds in Aniakchak NMP, Katmai
NPP, and Lake Clark NPP as part of the National Park
Service Inventory and Monitoring Program. Previous
reports summarized those inventory data and described
basic relationships between avian occurrence and
vegetation (Ruthrauff et al. 2007; Ruthrauff and Tibbitts
2009). However, rugged terrain in all of the parks limited
access to certain areas such that not all vegetation types
or elevations were sampled relative to their occurrence
in each park. In addition, preliminary analyses did not
account for potential temporal or spatial correlation in
the counts (cf. Thogmartin and Knutson 2007; Webster et
al. 2008). Thus, preliminary abundance estimates could
not be applied simply and reliably across park landscapes
to estimate parkwide relative abundance or examine
distribution patterns.

Our primary objective was to integrate data from
recent inventories with land cover data to model
abundance, species richness, and distribution of breed-
ing birds across the parks, particularly in montane
vegetation types. We built hierarchical models that
incorporated detection probabilities to estimate density
in relation to land cover attributes. We further modeled
apparent species richness relative to elevation and land
cover composition. Using these model-based approach-
es with environmental covariates accounted for potential
bias arising from undersampling inaccessible areas and
spatial correlation among sampled sites. We then used
modeling results to construct maps of predicted density
(for select species) and total species richness across park
landscapes.
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Methods

Previous reports described the study area, study
design, and field methods in detail, and also provided
basic data summaries (Ruthrauff et al. 2007; Ruthrauff
and Tibbitts 2009). As a result, we only describe our
modeling approaches in detail. We present standardized
common bird species names throughout the text
(Chesser et al. 2017); corresponding scientific names for
all species detected during surveys are listed in Table 1.

Study area, survey design, and data collection
Ecoregions. The parks encompass portions of four
major Alaska ecoregions: the Alaska Range, Lime Hills,
Alaska Peninsula, and Bristol Bay Lowlands (Nowacki et
al. 2001; Alaska Department of Fish and Game 2006;
Figure 1). All ecoregions contain lowland tall shrub and
forest, but vary in topography and vegetation types. The
Alaska Range ecoregion, which includes the eastern half
of Lake Clark NPP, is characterized by high peaks (>3,900
m) and very steep mountain slopes covered with
glaciers, rocky slopes, and ice fields. The ecoregion
contains discontinuous permafrost and sparse vegeta-
tion; dwarf shrub communities are common in wind-
swept areas (Gallant et al. 1995). The Lime Hills ecoregion
lies at the southwest end of the Alaska Range and
includes the western half of Lake Clark NPP, with
mountain peaks >1,970 m in elevation. This ecoregion
is characterized by sharp mountain ridges and deep
lakes; tall and low shrub communities dominate most
areas, with bare ground or sparse vegetation at higher
elevations. The Alaska Peninsula ecoregion is widespread
across the parks, encompassing all of Aniakchak NMP
and most of Katmai NPP. This ecoregion is defined by the
Aleutian Range, which contains several glaciers and
active volcanoes, and reaches 2,600 m in elevation.
Semiarid alpine tundra dominates, but low shrubs,
lichens, and grasslands also occur. The Bristol Bay
Lowlands ecoregion, which only peripherally occurs
along the western fringe of Katmai NPP, is characterized
by flat-to-rolling moraine and outwash-mantled lowland
<150 m in elevation. Moist and wet tundra dominates
the landscape, interspersed with low and dwarf shrubs.
Inventory design. The inventory sampling frame
consisted of a previously delineated 10-km X 10-km
Geographic Information System grid that covered all
three parks (Handel and Cady 2004). We considered
areas within plots for inclusion in the inventory of
montane-breeding birds if they were 1) within park
boundaries, 2) >100 m mean elevation above sea level,
3) <50° mean slope, and 4) unglaciated. Following these
criteria, we selected plots at random, and stratified them
by ecological subsection (Shephard and Spencer 2000;
Spencer 2001; Tande and Michaelson 2001) within each
of the four sampled ecoregions (Nowacki et al. 2001;
Figure 1). Mean elevation across the parks was >100 m
above sea level in 91.0% of 25-ha cells in Katmai NPP,
93.5% of cells in Aniakchak NMP, and 99.3% of cells in
Lake Clark NPP. Nevertheless, we revised plot selection in
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Aniakchak NMP to include those with <100 m elevation
to meet additional inventory objectives for that park. In
Katmai NPP and Lake Clark NPP, we restricted the
number of survey points in each subsection to between
10 and 60 units to avoid undersampling or oversampling
geographically rare or extensive subsections, respective-
ly. Observers conducted surveys at points placed at 500-
m intervals along transects, which were oriented across
gradients of elevation and vegetation type. Observers
attempted to sample all subsections present in each plot
within feasible logistical limits.

Field methods. The main purpose of the inventory was
to identify and count birds breeding in montane areas of
each park. Therefore, we conducted surveys from mid-
May to early June, which coincided with peak courtship
for most species. Observers recorded all birds detected
during 10-min, unlimited-radius point counts (Ralph et al.
1995). Observers also recorded the approximate radial
distance of each bird from the point, time elapsed from
the start of the survey to detection, a suite of
observation-specific information (e.g., sex, behavior,
aural or visual detection), survey-specific information
(wind speed, time of day, date, observer), and vegetation
composition within 50 m or 150 m of the point, classified
according to Viereck et al. (1992). The 10-min count
duration allowed observers to detect species that
typically breed at low densities (e.g., shorebirds, corvids,
cranes; Table 1) and may not be detected within a
standard 3- or 5-min count (Alldredge 2007). We
analyzed 5-min survey data for landbirds to minimize
potential for undetected movement of birds, which
could result in double-counting individuals. On Katmai
NPP and Lake Clark NPP, observers did not record
passerines during 10-min counts that targeted shore-
birds and larger bodied species, but conducted a
subsequent 5-min count immediately following the 10-
min count to record detailed observations of passerines.
On Aniakchak NMP, bird density was low and all species
could be reliably recorded within the first 10-min count.
All observers were trained and experienced in avian
point-count methodology, distance estimation, and
identification of birds in Alaska.

Detection probability

Using point-count information to estimate abundance
of birds can be hampered by variable detection
probability among species, dates, observation condi-
tions, behaviors, vegetation types, and individuals (Buck-
land et al. 2001). We can reasonably account for much
variation in perceptibility (pg), or the ability to detect a
bird given it has provided a cue, and availability (p,), or
the probability a bird has signaled its presence to the
observer, by using careful study design and a combina-
tion of distance-sampling (Buckland et al. 2001) and
time-removal methods (Farnsworth et al. 2002, 2005). In
distance sampling, one records the approximate distance
of a bird or group of birds from the observer. The
analysis accounts for perceptibility by assuming maxi-
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mum ability to detect cues occurs at the survey point
and decreases as a function of distance from the
observer. Distance sampling requires >60-80 observa-
tions to estimate perceptibility reliably (Buckland et al.
2001).

Time-removal methods break the count period into
shorter time intervals and apply a removal estimator to
derive the proportion of the local (point) population that
never signaled its presence to observers (e.g., did not
sing; Farnsworth et al. 2002). During each short time
period, animals are detected and then removed from the
population; fewer animals are then available for detec-
tion in subsequent intervals. The decline in observations
through time can be modeled to estimate the initial
population size (Farnsworth et al. 2002). Combining
these two methods makes various species observed
during variable survey conditions comparable and allows
relative abundance estimation for each species that
should be strongly correlated with actual abundance
(Amundson et al. 2014).

Detection probability models make several assump-
tions, including 1) the population is closed; 2) birds are
not affected by the presence of an observer; and 3) there
is no double-counting of individuals. Distance-sampling
theory further generally assumes that 1) birds at the
point are detected with certainty (g[0] = 1); 2) birds are
detected at their original location (i.e, did not move
toward or away from observer); and (3) distance
measurements are exact. Basic time-removal methods
assume that all ‘easy to detect’ individuals are detected
during the first time interval and remaining birds have a
constant per-minute probability of being detected.
Combining distance-sampling and time-removal meth-
ods relaxes the assumption of perfect detection at the
point and allows more accurate density estimates across
the landscape. Birds observed flying overhead, partici-
pating in aerial chases or fights, or flying and landing
within view of the observer may not be detected at their
original location and could inflate density estimates.
Therefore, we excluded birds exhibiting those behaviors
from analyses with the exception of American pipit and
Wilson'’s snipe, which regularly conduct aerial courtship
displays within breeding territories.

Observers measured distance using a rangefinder
either to the bird itself or to two landscape features
that represented a range in which a bird was located. For
example, a bird singing from a grove of trees could be
measured as the midpoint between the nearest and
furthest tree in the grove. Inherently, then, there will be
some measurement error associated with distance
estimates. We addressed some biases associated with
measurement error by examining histograms of obser-
vations by distance and subsequently binning observa-
tions into distance categories by species (4-5 bins/
species). We determined cutpoints based on the density
of observations within a particular distance bin that
minimized heaping, or the propensity of observers to
round distances (e.g., 50 m, 100 m), which can strongly
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Table 1. Survey length (SL; 5 or 10 min) and total number of individuals observed by species in three National Parks in southwestern
Alaska (Aniakchak [ANIA] National Monument and Preserve [NMP], Lake Clark [LACL] National Park and Preserve [NPP], Katmai
[KATM] NPP) and in four ecoregions within the parks (Alaska Peninsula [AP], Alaska Range [AR], Lime Hills [LH], and Bristol Bay
Lowlands [BBL]) based on 1,021 surveys conducted during May-June, 2004-2008. We excluded observations from groups of >25
birds and individuals in directed flight to focus on birds breeding near survey points. We also excluded observations of passerines
and landbirds that occurred after the first 5 min in Aniakchak NMP to be consistent with effort in Katmai and Lake Clark NPPs.
Species are listed in taxonomic order (Chesser et al. 2017).

No. observed

Park Ecoregion
Common name Scientific name SL (min) ANIA KATM LACL AP AR LH BBL Total
Trumpeter swan Cygnus buccinator 5 0 0 37 0 33 4 0 37
Tundra swan Cygnus columbianus 5 0 6 0 6 0 0 0 6
American wigeon Anas americana 5 0 3 6 3 2 4 0 9
Mallard Anas platyrhynchos 5 0 7 3 7 1 2 0 10
Northern shoveler Anas clypeata 5 0 0 6 0 1 5 0 6
Northern pintail Anas acuta 5 0 4 6 2 1 5 2 10
Green-winged teal Anas crecca 5 0 3 13 3 3 10 0 16
Ring-necked duck Aythya collaris 5 0 3 0 3 0 0 0 3
Greater scaup Aythya marila 5 0 17 38 17 0 38 0 55
Lesser scaup Aythya affinis 5 0 2 0 2 0 0 0 2
Harlequin duck Histrionicus histrionicus 5 3 0 2 3 2 0 0 5
White-winged scoter Melanitta fusca 5 0 0 4 0 4 0 0 4
Black scoter Melanitta americana 5 0 2 6 2 0 6 0 8
Long-tailed duck Clangula hyemalis 5 0 2 3 0 0 3 2 5
Common goldeneye Bucephala clangula 5 0 1 7 1 0 7 0 8
Barrow’s goldeneye Bucephala islandica 5 0 4 5 2 0 5 2 9
Red-breasted merganser Mergus serrator 5 0 2 4 2 4 0 0 6
Willow ptarmigan Lagopus lagopus 5 30 41 39 71 19 20 0 110
Rock ptarmigan Lagopus muta 5 16 52 23 68 10 13 0 91
White-tailed ptarmigan Lagopus leucura 5 0 5 5 5 5 0 0 10
Horned grebe Podiceps auritus 5 0 4 2 4 0 2 0 6
Red-necked grebe Podiceps grisegena 5 0 2 0 2 0 0 0 2
Sandhill crane Antigone canadensis 10 5 8 1 13 1 0 0 14
Black oystercatcher Haematopus bachmani 10 1 0 0 1 0 0 0 1
Black-bellied plover Pluvialis squatarola 10 0 5 0 5 0 0 0 5
American golden-plover Pluvialis dominica 10 0 5 20 5 0 20 0 25
Pacific golden-plover Pluvialis fulva 10 0 6 0 6 0 0 0 6
Semipalmated plover Charadrius semipalmatus 10 30 16 9 46 0 9 0 55
Whimbrel Numenius phaeopus 10 0 25 2 25 2 0 0 27
Hudsonian godwit Limosa haemastica 10 0 1 0 1 0 0 0 1
Marbled godwit Limosa fedoa 10 1 0 0 1 0 0 0 1
Surfbird Calidris virgata 10 0 9 6 9 0 6 0 15
Dunlin Calidris alpina 10 4 0 0 4 0 0 0 4
Rock sandpiper Calidris ptilocnemis 10 21 0 0 21 0 0 0 21
Baird’s sandpiper Calidris bairdii 10 0 0 3 0 1 2 0 3
Least sandpiper Calidris minutilla 10 7 22 7 27 1 6 2 36
Short-billed dowitcher Limnodromus griseus 10 4 0 1 4 1 0 0 5
Wilson's snipe Gallinago delicata 10 10 34 35 44 13 22 0 79
Spotted sandpiper Actitis macularius 10 0 1 3 1 3 0 0 4
Wandering tattler Tringa incana 10 0 0 5 0 4 1 0 5
Greater yellowlegs Tringa melanoleuca 10 6 54 11 58 5 6 2 71
Lesser yellowlegs Tringa flavipes 10 0 0 27 0 15 12 0 27
Red-necked phalarope Phalaropus lobatus 10 19 0 14 19 0 14 0 33
Long-tailed jaeger Stercorarius longicaudus 10 0 0 1 0 0 1 0 1
Bonaparte’s gull Chroicocephalus philadelphia 10 0 3 1 3 1 0 0 4
Mew gull Larus canus 10 2 35 15 33 6 9 4 52
Glaucous-winged gull Larus glaucescens 10 4 2 1 6 1 0 0 7
Red-throated loon Gavia stellata 5 0 2 0 2 0 0 0 2
Pacific loon Gavia pacifica 5 0 2 8 2 1 7 0 10
Common loon Gavia immer 5 0 0 1 0 1 0 0 1
Bald eagle Haliaeetus leucocephalus 10 1 5 1 6 1 0 0 7
Northern harrier Circus cyaneus 10 4 7 0 9 0 0 2 1
Rough-legged hawk Buteo lagopus 10 2 0 0 2 0 0 0 2
Golden eagle Aquila chrysaetos 10 0 2 2 2 1 1 0 4
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No. observed

Park Ecoregion
Common name Scientific name SL (min) ANIA KATM LACL AP AR LH BBL Total
Short-eared owl Asio flammeus 10 0 1 0 1 0 0 0 1
Downy woodpecker Picoides pubescens 5 1 0 0 1 0 0 0 1
American three-toed woodpecker Picoides dorsalis 5 0 1 4 1 0 4 0 5
Merlin Falco columbarius 10 1 1 1 2 0 1 0 3
Olive-sided flycatcher Contopus cooperi 5 0 0 4 0 4 0 0 4
Say’s phoebe Sayornis saya 5 0 0 2 0 1 1 0 2
Northern shrike Lanius excubitor 10 0 1 1 1 1 0 0 2
Gray Jay Perisoreus canadensis 10 0 2 12 2 3 9 0 14
Black-billed magpie Pica hudsonia 10 3 0 8 3 2 6 0 11
Common raven Corvus corax 10 8 9 7 17 6 1 0 24
Horned lark Eremophila alpestris 5 1 25 30 24 4 26 2 56
Bank swallow Riparia riparia 5 26 0 0 26 0 0 0 26
Black-capped chickadee Poecile atricapillus 5 0 1 1 1 0 1 0 2
Boreal chickadee Poecile hudsonicus 5 0 2 5 2 0 5 0 7
American dipper Cinclus mexicanus 5 0 1 0 1 0 0 0 1
Ruby-crowned kinglet Regulus calendula 5 0 4 55 4 19 36 0 59
Northern wheatear Oenanthe oenanthe 5 0 0 2 0 2 0 0 2
Gray-cheeked thrush Catharus minimus 5 2 0 7 2 3 4 0 9
Swainson’s thrush Catharus ustulatus 5 0 0 3 0 3 0 0 3
Hermit thrush Catharus guttatus 5 85 154 108 236 84 24 3 347
American robin Turdus migratorius 5 6 101 83 104 32 51 3 190
Varied thrush Ixoreus naevius 5 0 16 56 16 21 35 0 72
American pipit Anthus rubescens 5 22 88 88 108 49 39 2 198
Gray-crowned rosy-finch Leucosticte tephrocotis 5 0 3 2 3 2 0 0 5
Pine grosbeak Pinicola enucleator 5 0 3 0 3 0 0 0 3
White-winged crossbill Loxia leucoptera 5 0 0 1 0 1 0 0 1
Common redpoll Acanthis flammea 5 0 14 29 14 20 9 0 43
Hoary redpoll Acanthis hornemanni 5 3 14 23 17 21 2 0 40
Lapland longspur Calcarius lapponicus 5 10 15 10 25 0 10 0 35
Snow bunting Plectrophenax nivalis 5 15 22 18 37 16 2 0 55
Northern waterthrush Parkesia noveboracensis 5 0 4 7 4 6 1 0 11
Orange-crowned warbler Oreothlypis celata 5 55 123 22 178 16 6 0 200
Yellow warbler Setophaga petechia 5 0 22 40 22 39 1 0 62
Yellow-rumped warbler Setophaga coronata 5 0 59 124 59 55 69 0 183
Wilson'’s warbler Cardellina pusilla 5 119 195 93 314 70 23 0 407
American tree sparrow Spizelloides arborea 5 4 124 132 124 39 93 4 260
Savannah sparrow Passerculus sandwichensis 5 29 99 55 123 18 37 5 183
Fox sparrow Passerella iliaca 5 39 232 136 264 116 20 7 407
Lincoln’s sparrow Melospiza lincolnii 5 0 2 2 2 1 1 0 4
White-crowned sparrow Zonotrichia leucophrys 5 10 95 91 105 37 54 0 196
Golden-crowned sparrow Zonotrichia atricapilla 5 112 351 216 447 126 90 16 679
Dark-eyed junco Junco hyemalis 5 0 41 1M 41 39 72 0 152
Rusty blackbird Euphagus carolinus 5 0 0 1 0 1 0 0 1

influence goodness-of-fit tests (Buckland et al. 2001).
Additionally, outliers do little to assess the density
function and may lead to poor fit within chosen
distributions. Therefore, we eliminated the farthest 10%
of observations from analysis for each species (Buckland
et al. 2001).

Detection covariates. We considered a parsimonious
set of covariates to refine perceptibility and availability in
bird observations, and reduced those as necessary to
avoid overfitting models for uncommon species (Table
2). We included date within season as a covariate on
availability. We did not consider time of day because
average survey time was similar among parks, ecore-
gions, and transects and availability is relatively stable
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during the survey period for most species we examined
(Thompson et al. 2017). We examined the effect of two
groups of observers on perceptibility because some
observers did not detect some species, leading to lack of
model convergence when we examined observers
individually. We did not have a priori hypotheses as to
whether observers varied in their ability to detect a
species. Therefore, we condensed observers into two
groups based on similar ability to hear birds; to do this,
we visually inspected detection curves for individual
observers and compared perceptibility (=95% Cls)
estimated from models (described below) for several of
the most common species that had been detected by all
individuals. Observers recorded percent vegetation type
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Table 2. Description and mean value of each covariate used in analyses of landbird and shorebird detection probability in three
National Parks in southwestern Alaska (Aniakchak National Monument and Preserve, Lake Clark National Park and Preserve [NPP],
Katmai NPP) based on surveys conducted during May-June, 2004-2008. Observers collected detection covariate data during

surveys.

Variable Mean (range)

Description

Perceptibility
Observer 2 Observer groups: G1: Observers 1 and 2;

G2: Observers 3, 4, and 5

All observers were trained and experienced in identification and distance
estimation. Observers were combined into two groups based on similar

hearing ability, determined from comparative analysis of detectability curves
for the most common species.

Dense Cover 0.14 (0-1)

The total proportion of either a 50-m- (in closed habitats) or 150-m- (in open

habitats) radius circle around the survey point covered by closed tall shrub,
closed dwarf trees, and closed deciduous, mixed, or coniferous forest.

Availability

Season date 144 (131-160)

The date of the survey within each season. Mean survey date (day 144) was

24 May.

(to third hierarchical level) using the Viereck et al. (1992)
classification system for Alaska within a 150-m radius (n =
779 points) of each point except when visibility was
obscured by trees or shrubs and could only be reliably
estimated within a 50-m radius (n = 242 points). We
defined Dense Cover as the total proportion of the
survey circle covered by closed shrub >1.5 m tall, closed
dwarf trees <3 m tall, and closed forest (deciduous,
coniferous, or mixed) combined. We included this as a
covariate on perceptibility under the hypothesis that an
increase in tall, dense cover would reduce both visual
and aural detections. We did not consider wind because
surveys were only conducted during low-wind condi-
tions (<20 km/h). We included only singing males in
analyses for passerines that were primarily aurally
detected to reduce heterogeneity in perceptibility. We
included all birds of known and unknown sex for willow
ptarmigan, rock ptarmigan, and Wilson’s snipe because
both sexes commonly vocalized, sex could not always be
reliably determined, and sample sizes would otherwise
have been too small to model.

Abundance

Our primary objectives were to 1) determine relation-
ships between density, adjusted for imperfect detection,
and each of several land cover types and physiographic
factors for the species most commonly observed during
the inventory; and 2) create predictions of relative
abundance across the parks as a function of those
relationships. We originally evaluated 14 fine-scale land
cover classifications recorded by observers at each site as
the basis of our assessment, but models were often
overfit and unable to be extrapolated to unsurveyed
areas, so we standardized classes between observed land
cover types and the 2011 National Land Cover Database
(NLCD) for Alaska (Homer et al. 2015). Correlations
among observed fine-scale land cover classes and the
NLCD were low (Text S1, Supplemental Material). Because
certain land cover types (e.g., grass, ice and snow) were
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rare and structurally similar to more common cover types
(e.g., dwarf shrub, bare ground), we combined these
cover types with others in the NLCD to reach seven
coarse-scale land cover classes: Baresnow (bare ground
and perennial ice and snow), Dshrubherb (mesic
herbaceous cover and shrub cover <20 cm in height),
Shrub (shrub cover >20 cm and <5 m in height), Dec
(deciduous forest), Mixed (mixed deciduous—needleleaf
forest), Spruce (needleleaf forest consisting of white
Picea glauca, black P. mariana, or Sitka spruce P.
sitchensis), and Water (emergent and woody wetlands
and open water types including turbid and clear water).
The resulting mean correlation between observer
designations and the condensed NLCD classifications
was 0.56 (Text S1, Supplemental Material).

The scale at which birds select land cover types can
vary with landscape configuration, making scale impor-
tant for assessing bird-land cover relationships. Research
elsewhere across highly fragmented tracts of vegetation
suggested that landscape composition at multiple scales
ultimately determined occupancy at the local scale
(Thogmartin and Knutson 2007; Thompson et al. 2014).
Across the vast, intact landscapes of our study areas,
however, use of a land cover type may be less sensitive
to the scale at which it is assessed. Here, we examined
avian selection of land cover types using a single 300-m-
radius buffer around each survey point for all species.
The land cover configurations surrounding individual
survey points were relatively uniform, and the compo-
sitions of NLCD land cover within 150-m- and 800-m-radii
buffers around each survey point were strongly corre-
lated (correlation range = 0.58-0.90, X, = 0.81). The
proportion of water within each buffer was the only land
cover type with r < 0.79. Furthermore, the 300-m scale
was large enough to feasibly predict density in similarly
sized grid cells across the parks. Therefore, we assumed
this scale was representative of the land cover types
used by birds observed at each point.
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Figure 2. Loess-smoothed (degree and span = 1) plots of the mean proportion of seven major land cover classes relative to
elevation (m) within 500-m X 500-m (25-ha) cells throughout Aniakchak National Monument and Preserve, Katmai National Park and
Preserve (NPP), and Lake Clark NPP, in southwestern Alaska. Land cover classes were derived using the National Land Cover Dataset

(Homer et al. 2015; Text S1, Supplemental Material).

Topographical and geomorphological variables affect
microclimate and vegetation structure, especially in
high-latitude areas (Young et al. 1997). These factors
can then indirectly influence bird abundance and
distribution (Jones 2001; Cintra and Naka 2012). Low
elevations were characterized by forests and tall shrubs,
with scattered wet and mesic herbaceous—graminoid
meadows. Mid-elevation sites contained more low to tall
shrubs, and upper elevations were predominantly
characterized by dwarf shrubs and bare ground (Figure
2). Breeding birds are ultimately selecting for vegetation
types rather than elevation per se; therefore, we included
multiple land cover types as potential covariates in
models, but excluded elevation because land cover types
were strongly predictive of elevation in exploratory
models (adjusted R?> = 0.53). We used the Isectpolyrst
function in Geospatial Modelling Environment software
(v. 7.2.0; Beyer 2012) to derive mean values for spatial
covariates either from the NLCD or the National Elevation
Dataset (Gesch 2007).

Multinomial mixture models. To estimate density, we
modeled relative abundance adjusted for detection
probability (py and p,) and adjusted for the area
surveyed for each species (raw data available in Data
S1, Supplemental Material). We created a combined
distance-sampling and time-removal model implement-
ed in a Bayesian framework for analyses (Amundson et al.
2014). We estimated perceptibility (pg) by modeling the
scale parameter (o) of the half-normal detection function
in the distance analysis (Buckland et al. 2001). We
estimated availability (p,) at each point, i, with the
removal model (Farnsworth et al. 2002), using three 100-
s or 200-s time intervals for 5-min or 10-min counts,
respectively.

@ Journal of Fish and Wildlife Management | www.fwspubs.org

We then modeled abundance (A;) as a Poisson
distribution. Factors intrinsic to communities or popula-
tions (e.g., territoriality and constraints on dispersal), or
extrinsic environmental factors (e.g., vegetation compo-
sition and landforms), can lead to clustering or over-
dispersion of birds across a landscape. To address these
concerns, we 1) created nested random effects of points
within transects (i.e., counts on points within a transect
are likely similar), and 2) incorporated spatially structured
environmental covariates. Despite numerous zeros in the
data set, we did not incorporate a zero-inflation
parameter because preliminary analyses suggested zero
inflation reduced model fit and had negligible influences
on resulting estimates or variance (C.L. Amundson,
unpublished data). We linked combined detection
probability to the process model such that latent
abundance (N) was characterized by a Poisson distribu-
tion of the expected count at each site (Kéry and Schaub
2012). We described observed counts at each site (Y;) by
a binomial distribution conditioned on the number of
individuals that were available for detection (p,) and
detected (pgy). The expected count was a function of
transect-specific random intercepts (o) and suite of fixed
covariates (z). The general model was

Yi~Binomial(pg X pa,Ni)

~

Nj~Poisson(2;)

log(%;) = altransect;] + B, X z; (1)

We assigned random effects to normal distributions
with mean 0 and precision 1, where precision is the
inverse of the variance. We assigned variances and the
half-normal shape parameter to uniform priors ranging
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Table 3. Mean (range) values of land cover types and physiographic covariates (elevation, slope) used to determine criteria for
distribution maps and assess bird-land cover relationships in Aniakchak National Monument and Preserve, Katmai National Park and
Preserve (NPP), and Lake Clark NPP in southwestern Alaska. We report mean proportion of each land cover type by National Park and
across all three parks for every 500-m X 500-m grid cell (25 ha) covered by a land cover type (nceys = 107,824). We summarized mean
land cover composition within a 300-m-radius buffer of each survey point (~28 ha; npgints = 1,021). We did not include cells that
were classified as >75% open water or wetlands (n = 6,562 cells), >80% deciduous forest (n =381 cells), >55% mixed forest (n =409

cells), >60° mean slope (n=11,349 cells),

or <100 m mean elevation above sea level in Katmai NPP and Lake Clark NPP or >1,600 m

above sea level for all parks (n = 16,868 cells). Land cover classes were derived using the National Land Cover Dataset (Homer et al.

2015; Text S1, Supplemental Material).

Covariate Aniakchak Katmai Lake Clark All parks Survey points
Elevation (m) 268 (0-1244) 509 (100-1600) 791 (100-1600) 619 (0-1600) 480 (1-1598)
Slope (°) 26.7 (0-60) 30.6 (0-60) 39.0 (0-60) 34.2 (0-60) 23.0 (0-63)
Baresnow 0.18 (0-1) 0.29 (0-1) 0.43 (0-1) 0.35 (0-1) 0.14 (0-1)
Water 0.02 (0-0.75) 0.01 (0-0.75) 0.02 (0-0.75) 0.01 (0-0.75) 0.02 (0-0.74)
Dshrubherb 0.32 (0-1) 0.23 (0-1) 0.12 (0-1) 0.19 (0-1) 0.29 (0-1)
Shrub 0.48 (0-1) 0.41 (0-1) 0.26 (0-1) 0.34 (0-1) 0.41 (0-1)
Dec 0.002 (0-0.29) 0.02 (0-0.8) 0.02 (0-0.79) 0.02 (0-0.8) 0.03 (0-0.76)
Mixed 0.000 (0-0.003) 0.007 (0-0.55) 0.03 (0-0.55) 0.02 (0-0.55) 0.03 (0-0.54)
Spruce 0.000 (0-0.004) 0.04 (0-1) 0.12 (0-1) 0.07 (0-1) 0.08 (0-1)

from 0 to 1,000 (Kéry 2010; Rota et al. 2011). For fixed
effects, we specified vague normal prior distributions
with mean 0 and t = 0.001 (variance = 1,000). We
conducted 25,000-50,000 simulations using three Mar-
kov chains, thinned every 5 samples, and removed the
first 10,000 simulations to facilitate convergence.

We conducted analyses in JAGS ver. 4.1.0 (Plummer
2003) called remotely from the package jagsUl (Kellner
2015) in Program R ver. 3.2.3 (R Core Team 2017). We
assessed model convergence using the Gelman-Rubin
potential scale reduction parameter, R where R = 1 at
convergence (Gelman and Rubin 1992). We accepted
coefficient estimates with B < 1.1. Finally, we examined
goodness-of-fit of all models using posterior predictive
checks (i.e., Bayesian P-values; Royle and Dorazio 2008).
Bayesian P-values from 0.2 to 0.8, with 0.5 as the optimal
value, suggest an acceptable fit to the data. We provide
example R code for our model structure in Text S2
(Supplemental Material). We report breeding bird density
per hectare by dividing N by the area surveyed and
doubling estimates (i.e., assuming a 50:50 sex ratio) for
all species except ptarmigan and Wilson’s snipe. We
interpreted loess plots (span = 1, degree = 1) of
predicted density against values of each land cover type.

Mapping distributions

We extrapolated density estimates across applicable
areas within the parks based on the land cover types
and physiographic factors affecting density. Despite
randomly selecting survey plots and points within plots,
sampling did not encompass the full range of land
cover composition across the parks (Table 3). Therefore,
we assumed survey data were representative of each
park given several criteria and made predictions for cells
that were 1) >100 mean m above sea level in Katmai
NPP and Lake Clark NPP and <1,600 m above sea level
in all parks, 2) <75% open water or wetlands, 3) <80%
deciduous forest, 4) <55% mixed forest, and 5) <60°
mean slope. We created a 500-m X 500-m grid (25 ha)
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across the parks and calculated the proportion of each
land cover type within each cell using the Isectpolyrst
function in Geospatial Modelling Environment. We used
cell-specific land cover proportions as values of a new
data set.

The relatively fine resolution of our distribution maps
(~107,000 cells) prevented us from predicting N for each
cell within Bayesian models as a result of computing
power limitations. Instead, we derived 1,000 realizations
of L for each cell by exponentiating the model log-
likelihood using cell-specific spatial covariate values and
draws from a normal distribution for predicted o and j3,
(see eq. 1) and their associated standard errors (Gelman
and Hill 2007:363). We derived coefficients for map
predictions from a model that pooled perceptibility
across Dense Cover. Preliminary analyses suggested
confounding between land cover effects on detection
and abundance model components. Thus, using only
coefficients for abundance from the full model that
parsed contributions of dense vegetation to each model
component would have biased predictions using our ad
hoc cell-estimation method. We estimated overall and
park-specific densities by calculating the mean and
median values across grid cells and taking the 2.5 and
97.5 quantiles of the distribution of cell-specific means
for each species. Similar to our point predictions, we
doubled density estimates (assuming a 50:50 sex ratio)
for all species except ptarmigan and Wilson's snipe.

Species richness

We estimated species richness for each park and the
three predominant ecoregions within park boundaries
(Alaska Range, Lime Hills, and Alaska Peninsula); we did
not include Bristol Bay Lowlands because only 17 points
were sampled along its eastern edge (Figure 1). To
ensure sampling effort was consistent across the parks,
we included passerine and other landbird species
observed during the 5-min surveys in Katmai NPP and
Lake Clark NPP and during the first 5 min of Aniakchak
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NMP surveys; we included shorebirds and low-density
species recorded during the full 10-min surveys in all
parks. We excluded birds in directed flight overhead
and flocks of >25 birds (representing a natural break
point in the counts) to focus on groups suspected of
breeding near survey points. We estimated species
richness using the 'vegetarian’ package in Program R
(version 1.2; Charney and Record 2015), which calcu-
lates the species accumulation rescaled by the mean
number of individuals observed during surveys. This
provides a smooth curve of the number of species
observed in each group relative to sampling effort (i.e.,
the total no. of individuals observed; Colwell et al. 2004;
Handel et al. 2009). We used the first-order jackknife
method, which accounts for species missed during
sampling, to estimate species richness (Burnham and
Overton 1979). We examined differences in predicted
species richness among parks and ecoregions by
comparing mean richness = 95% confidence intervals
at levels of survey effort needed to detect 973
individual birds for Alaska Peninsula, Alaska Range,
and Lime Hills ecoregions (no. observed in Alaska
Range), and at levels to detect 721 individuals for each
park (no. observed in Aniakchak NMP). We estimated
overall species richness based on the total number of
individuals observed (n = 4,923).

We examined factors affecting ‘apparent’ species
richness (i.e., the no. of unique species observed at each
site, uncorrected for detection probability) by creating a
generalized linear model under a Poisson distribution
and a log link with the number of species as the
response variable and either elevation or the same suite
of land cover covariates used for modeling species’
abundance. We realized that analyzing naive species
counts without accounting for differences in detection
probability would likely lead to biased estimates of
species richness (McNew and Handel 2015). We expect-
ed, however, that modeled relationships of richness with
elevation and land cover variables would be conserva-
tive, because detection probability would be greater at
higher elevations with vegetation of lower stature,
whereas species richness should show the reverse
pattern. We truncated observations at a distance of 300
m from the observer to ensure that the species richness
observed was derived on the same scale as the density
maps. Unlike abundance estimation, we assumed that
observations without recorded distances (n = 188) were
within 300 m and included these in richness estimates.
We then mapped species richness across applicable
areas in the parks as described for mapping abundance
based on land cover associations.

We estimated the similarity of species composition
among ecoregions and parks using the Horn-Morisita
(H-M) index of similarity in the 'vegetarian’ package in
Program R. The H-M index estimates the proportion of
shared species among groups. We based inference on
the Wolda (1981) adjusted H-M index of counts to
reduce bias caused by overweighting highly abundant
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species (Jost 2007). We conducted 1,000 bootstrap
simulations to estimate standard errors for each group
(Jost 2007). We present richness and similarity estimates
+ 95% confidence intervals.

Results

Observers surveyed 1,021 points in 169 transects in 63
sample plots across the parks. Fewer observations and
species were recorded in Aniakchak NMP (npoints = 136,
Nobs = 721, Ny = 39) than in Katmai NPP (npyoints = 468,
Nobs = 2,229, Ny, = 71) or Lake Clark NPP (npoints = 417,
Nobs = 1,973, ny, = 78). After eliminating birds in directed
flight overhead and flocks of >25 birds, observers
recorded 5,782 birds of 97 species (range = 1-815
observations/species). Records included 4,440 birds of 62
species during 5-min surveys (including most species of
passerines and landbirds only during the first 5-min of
the 10-min count at Aniakchak NMP) and 483 individuals
of 35 low-density species (i.e., raptors, cranes, shorebirds,
gulls, jaegers, owls, corvids) during 10-min surveys (Table
1). In Aniakchak NMP, yellow warbler (n = 3) was not
included in species richness counts because it was
detected for the first time during the second half of the
10-min survey.

Model results

We analyzed 2,674 observations from 15 species (12
passerines, 2 galliforms, and 1 shorebird). Analyses
included 62-501 observations/species. In general, mod-
els fit these data well; posterior predictive checks
averaged 0.53 (range = 0.44-0.61). Maximum truncated
distance from the observer varied by species (Table 4).
Cumulative perceptibility to 100 m from the observer
ranged from 0.63 for Wilson’s warbler to 0.96 for Wilson's
snipe (Table 4). Singing frequency varied greatly among
species; the estimated availability for detection during a
given point count ranged from 0.52 to 0.97 and was
greatest for warblers and lowest for American robin. We
eliminated covariates on perceptibility for 7 species and
covariates on both detection components for 1 species
to improve model fit (Table S1, Supplemental Material).
For remaining species, perceptibility was generally lower
for Observer Group 2 and with increasing Dense Cover (4
species); availability decreased with season date for 3
species (Table S1, Supplemental Material).

Abundance models indicated a substantial association
with land cover type for landbird species (Table S2,
Supplemental Material). Land cover type models did not
converge for Wilson's snipe, so we evaluated an
elevation-only model (mean elevation within 300 m of
the survey point) for that species. Several species were
positively associated with low to tall shrub (Figure 3) and
forested cover types, especially deciduous forest (Figure
4), but American pipits and rock ptarmigan were more
positively associated with open land cover types such as
dwarf shrub (Figure 5). Savannah and white-crowned
sparrows, and to some extent American tree sparrows,
also used lower elevation wetlands and areas with open

June 2018 | Volume 9 | Issue 1 | 189



Montane Bird Distribution and Abundance in Southwestern Alaska C.L. Amundson et al.

Table 4. Estimates of two components of detection probability, along with sample sizes and truncation distances (m) used in
analysis, for 15 species of montane-breeding birds during surveys in three National Parks in southwestern Alaska (Aniakchak
National Monument and Preserve, Katmai National Park and Preserve [NPP], Lake Clark NPP) during May-June, 2004-2008. Species
modeled include willow ptarmigan Lagopus lagopus, rock ptarmigan L. muta, Wilson’s snipe Gallinago delicata, hermit thrush
Catharus guttatus, American robin Turdus migratorius, American pipit Anthus rubescens, orange-crowned warbler Oreothlypis celata,
yellow-rumped warbler Setophaga coronata, Wilson's warbler Cardellina pusilla, American tree sparrow Spizelloides arborea,
Savannah sparrow Passerculus sandwichensis, fox sparrow Passerella iliaca, white-crowned sparrow Zonotrichia leucophrys, golden-
crowned sparrow Z. atricapilla, and dark-eyed junco Junco hyemalis. Availability (p.; = 95% credible limits) is the probability of being
available for detection (e.g., signaling the observer) during a 5-min (landbirds) or 10-min (Wilson’s snipe) point count. Perceptibility
(bd 100 m; =95% credible limits) is the cumulative probability of being observed within 100 m of the observer, given birds were
available for detection. The number of observations excludes birds in directed flight overhead, groups of ptarmigan >25, as well as

females and birds of unknown sex for all species except willow and rock ptarmigan and Wilson's snipe.

Species No. of observations Truncation distance (m) Pa Pd 100 m

Willow ptarmigan 91 432 0.53 (0.27, 0.79) 0.93 (0.91, 0.95)
Rock ptarmigan 73 500 0.59 (0.25, 0.85) 0.93 (0.92, 0.95)
Wilson's snipe 62 600 0.85 (0.67, 0.95) 0.96 (0.94, 0.96)
Hermit thrush 217 280 0.85 (0.74, 0.92) 0.86 (0.82, 0.89)
American robin 143 300 0.52 (0.38, 0.67) 0.93 (0.89, 0.98)
American pipit 125 300 0.67 (0.56, 0.80) 0.88 (0.84, 0.91)
Orange-crowned warbler 148 150 0.96 (0.93, 0.99) 0.69 (0.61, 0.77)
Yellow-rumped warbler 144 150 0.95 (0.90, 0.98) 0.76 (0.67, 0.86)
Wilson's warbler 280 175 0.97 (0.93, 0.98) 0.63 (0.57, 0.68)
American tree sparrow 202 175 0.81 (0.63, 0.95) 0.72 (0.67, 0.78)
Savannah sparrow 139 200 0.92 (0.85, 0.97) 0.76 (0.70, 0.82)
Fox sparrow 306 250 0.92 (0.87, 0.96) 0.80 (0.76, 0.83)
White-crowned sparrow 140 205 0.70 (0.47, 0.92) 0.82 (0.77, 0.88)
Golden-crowned sparrow 501 280 0.95 (0.93, 0.97) 0.86 (0.84, 0.88)
Dark-eyed junco 103 162 0.69 (0.52, 0.94) 0.76 (0.66, 0.86)

water (Figure 6); whereas, American pipits and rock
ptarmigan were more abundant in alpine areas associ-
ated with bare ground and perennial ice and snow
(Figure 7). American tree sparrows showed a nonlinear
relationship with most land cover types, suggesting they
selected a mosaic of open and closed vegetation.
Wilson’s snipe were negatively associated with elevation
(Figure 8). At sampled points, density for all species
ranged from 0.004 to 0.19 breeding birds/ha and was
lowest for Wilson’s snipe and greatest for Wilson’s
warbler (Table 5). We predicted abundance for 15
species across 107,824 cells (26,956 km?) after removing
34,922 cells that did not meet inclusion criteria. Predicted
mean density per hectare varied across parks; median
density across parks ranged from 0.007 breeding birds/
ha for willow ptarmigan to 0.12 breeding birds/ha for
golden-crowned sparrows (Table S3, Supplemental Ma-
terial). Distribution maps for each species are located in
Figure S1 (Supplemental Material).

Species richness

Accounting for undetected species, overall species
richness was 107 *= 9 species, given the total survey
effort expended (Figure 9). Apparent richness averaged
3.3 species/survey point (range = 0-14, median = 3).
Estimated species richness was lower in Aniakchak NMP
than in either Katmai NPP or Lake Clark NPP at equal
sampling efforts (721 observations; 44.5 = 6.4, 589 *=
9.9, and 74.5 = 12.1 species, respectively; Figure 9, upper
panel). Estimated species richness was similar at equal
survey effort (973 observations) within the Lime Hills,
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Alaska Range, and Alaska Peninsula ecoregions (68.2 =
8.1, 78.9 £ 10.9; 67.4 = 10.6, respectively; Figure 9, lower
panel).

The proportion of shared species was large among
ecoregions and parks. Estimated proportion of shared
species ranged from 0.64 (95% CL = 0.59-0.69) between
Aniakchak NMP and Lake Clark NPP to 0.88 (95% CL =
0.85-0.9) between Katmai NPP and Lake Clark NPP.
Aniakchak NMP and Lake Clark NMP shared a lower
proportion of species than other pairwise park groupings
(Figure 10, left). Pairwise comparisons of the Alaska
Peninsula, Alaska Range, and Lime Hills ecoregions found
a large proportion of shared species between the Alaska
Peninsula and the Alaska Range (0.90; 95% CL = 0.87-
0.93), and lower similarity between each of these two
ecoregions and the Lime Hills (AP-LH = 0.72, 95% CL =
0.67-0.77; AR-LH = 0.67, 95% CL = 0.62-0.71; Figure 10,
right). Observers recorded 17, 7, and 1 unique (i.e., not
detected in other units) species in the Alaska Peninsula,
Alaska Range, and Lime Hills ecoregions, respectively;
and they recorded 7, 11, and 15 unique species in
Aniakchak NMP, Katmai NPP, and Lake Clark NPP,
respectively (Table 1).

We included 4,416 individuals of 90 species in the
Poisson model of apparent species richness. Omitting
observations beyond 300 m from the observer excluded
7 unique species and 507 individuals from the analysis.
Species richness decreased with increasing elevation
(Figure 11), but incorporating individual land cover types
improved model fit (adjusted R*> = 0.13 and 0.24 for
elevation and land cover models, respectively). Species
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Figure 3. Predicted density per hectare of 14 landbird species surveyed during May-June, 2004-2008, at 1,021 points in three
National Parks of southwestern Alaska (Aniakchak National Monument and Preserve, Katmai National Park and Preserve [NPP], Lake
Clark NPP) relative to the proportion of shrub cover (0.2-5 m tall) within a 300-m radius around each point. Solid lines represent
mean predicted values and shaded areas 95% credible intervals. Species modeled include willow ptarmigan Lagopus lagopus, rock
ptarmigan L. muta, hermit thrush Catharus guttatus, American robin Turdus migratorius, American pipit Anthus rubescens, orange-
crowned warbler Oreothlypis celata, yellow-rumped warbler Setophaga coronata, Wilson's warbler Cardellina pusilla, American tree
sparrow Spizelloides arborea, Savannah sparrow Passerculus sandwichensis, fox sparrow Passerella iliaca, white-crowned sparrow
Zonotrichia leucophrys, golden-crowned sparrow Z. atricapilla, and dark-eyed junco Junco hyemalis. Note that scale of y-axis varies

among species.

richness was driven by positive associations with low to
tall shrub and water and negative associations with
dwarf shrub-herbaceous land cover and bare ground
and perennial ice and snow (Figure 11). Species richness
was not strongly associated with coniferous forest, but
decreased with greater amounts of mixed forest and
increased in areas with more deciduous forest (Figure
11). Consequently, the greatest predicted species rich-
ness was in riparian or lacustrine tall shrub communities,
often near large lakes or on islands within lakes (Figure
12). The highest 5% of richness values were concentrated
in Katmai NPP (54%) around Kulik Lake in the north and
along the western river outlets of Lake Grosvenor and
Naknek Lake in the central part of the park. Lake Clark
NPP had 39% of the top 5% of richness values, which
were concentrated in the northeast part of the park
around the Stony and Telequana rivers (Figure S2,
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Supplemental Material). Aniakchak NMP had the fewest
(7%) cells with top richness values; these areas were
concentrated along the Cinder River to the north and
along the Meshik River and in low-elevation areas to the
south (Figure S2, Supplemental Material).

Discussion

Species richness, as well as abundance of many
individual species, increased with vegetation height
and structure in our study. A global analysis of bird
diversity in montane systems found that greatest avian
diversity generally occurs in areas with the warmest and
wettest conditions elevationally (McCain 2009). In high-
latitude mountains, both temperature and precipitation
typically decrease with increasing elevation, leading to a
predicted pattern of concomitant declines in avian
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Figure 4. Predicted density per hectare of 14 landbird species surveyed during May-June, 2004-2008, at 1,021 points in three
National Parks of southwestern Alaska (Aniakchak National Monument and Preserve, Katmai National Park and Preserve [NPP], Lake
Clark NPP) relative to the proportion of deciduous forest (green), mixed deciduous—coniferous forest (gray), and coniferous forest
(blue) within a 300-m radius around each point. Solid lines represent mean predicted values and shaded areas 95% credible
intervals. Species modeled include willow ptarmigan Lagopus lagopus, rock ptarmigan L. muta, hermit thrush Catharus guttatus,
American robin Turdus migratorius, American pipit Anthus rubescens, orange-crowned warbler Oreothlypis celata, yellow-rumped
warbler Setophaga coronata, Wilson’s warbler Cardellina pusilla, American tree sparrow Spizelloides arborea, Savannah sparrow
Passerculus sandwichensis, fox sparrow Passerella iliaca, white-crowned sparrow Zonotrichia leucophrys, golden-crowned sparrow Z.

atricapilla, and dark-eyed junco Junco hyemalis. Note that scale of y-axis varies among species.

diversity (McCain and Grytnes 2010). This pattern was
strongly confirmed in our study and similar to that found
in another montane park in Interior Alaska (Handel et al.
2009). Across broad latitudinal gradients, the best global
predictors of avian species richness are topographical
variability, which reflects heterogeneity in vegetation,
and temperature (Davies et al. 2007). In our study, avian
species richness conformed to this prediction in that the
number of species increased with elevation span and
vertical structure of available vegetation types within
each park (i.e., greatest in Lake Clark NPP and lowest in
Aniakchak NMP).

The strong relationship between species richness of
breeding bird communities and foliage height diversity
has long been recognized, particularly for passerines
(e.g., MacArthur and MacArthur 1961; Karr and Roth
1971; Willson 1974; Tews et al. 2004). Taller shrubs and
trees provide perches for singing, support for nest
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structures, protection from inclement weather, conceal-
ment from nest predators, and important foraging
substrates. In Alaska, many species of birds can be
assigned to their predominant habitat type based on
structure and height of the vegetation, topography of
the terrain, and moisture content of the substrate (Kessel
1979).

Although our predictive models for abundance of
individual species across the landscape were largely
structured on such attributes, we were surprised to find
that model coefficients for individual covariates did not
reveal the expected relationships and led to less than
useful conclusions for most species (Table S2, Supple-
mental Material). For example, American pipits are
typically an alpine and open tundra species (Hendricks
and Verbeek 2012). Concordantly, predicted abundance
per point was positively associated with bare ground and
perennial ice and snow, and dwarf shrub-herbaceous
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Figure 5. Predicted density per hectare of 14 landbird species surveyed during May-June, 2004-2008, at 1,021 points in three
National Parks of southwestern Alaska (Aniakchak National Monument and Preserve, Katmai National Park and Preserve [NPP], Lake
Clark NPP) relative to the proportion of dwarf-shrub and herbaceous—graminoid vegetation (Dshrubherb) within a 300-m radius
around each point. Solid lines represent mean predicted values and shaded areas 95% credible intervals. Species modeled include
willow ptarmigan Lagopus lagopus, rock ptarmigan L. muta, hermit thrush Catharus guttatus, American robin Turdus migratorius,
American pipit Anthus rubescens, orange-crowned warbler Oreothlypis celata, yellow-rumped warbler Setophaga coronata, Wilson's
warbler Cardellina pusilla, American tree sparrow Spizelloides arborea, Savannah sparrow Passerculus sandwichensis, fox sparrow
Passerella iliaca, white-crowned sparrow Zonotrichia leucophrys, golden-crowned sparrow Z. atricapilla, and dark-eyed junco Junco

hyemalis. Note that scale of y-axis varies among species.

land cover types. Nevertheless, model coefficients were
equivocal for dwarf shrub-herbaceous cover types and
negative for bare ground and perennial ice and snow
(Table S2, Supplemental Material). Coefficients in linear
models are measuring the effect of a one-unit change in
a covariate while holding all other covariates constant. In
our models, this is not possible because all land cover
proportions sum to 1 for each point. Thus, we cannot
have an increase in one cover type without a decrease in
at least one other covariate value. We suspect our
coefficient results are a special case of suppressor effects
(Thompson and Levine 1997; Tu et al. 2008), whereby
land cover types are only weakly linearly correlated (and
thus not multicollinear in the traditional sense; Dormann
et al. 2012), but intrinsically dependent upon one
another. Therefore, at least some land cover types are
explaining variance in one another rather than in avian
abundance. As a consequence, covariates may exhibit
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larger effect sizes and switching of coefficient signs (Tu
et al. 2008; Knaeble and Dutter 2015). We therefore
advise against referring to the strength or magnitude of
individual coefficients in this study. Instead, land cover
associations should be interpreted from predicted
abundance plotted against point-specific land cover
composition.

Most species evaluated had positive associations
between bird abundance and the amount of shrub or
deciduous forest around the point and avoided areas
that were predominantly covered by low-statured
vegetation, bare ground, or perennial snow and ice. In
addition to rock ptarmigan, only the American pipit
showed even a weakly positive association with the
amount of dwarf shrub—herbaceous cover type present,
despite its relatively common occurrence across the
parks. Two of the species we examined, dark-eyed junco
and yellow-rumped warbler, showed strong affinities to
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Figure 6. Predicted density per hectare of 14 landbird species surveyed during May-June, 2004-2008, at 1,021 points in three
National Parks in southwestern Alaska (Aniakchak National Monument and Preserve, Katmai National Park and Preserve [NPP], Lake
Clark NPP) relative to the proportion of wetlands and open water (e.g., lakes and rivers) within a 300-m radius around each point.
Solid lines represent mean predicted values and shaded areas 95% credible intervals. Species modeled include willow ptarmigan
Lagopus lagopus, rock ptarmigan L. muta, hermit thrush Catharus guttatus, American robin Turdus migratorius, American pipit Anthus
rubescens, orange-crowned warbler Oreothlypis celata, yellow-rumped warbler Setophaga coronata, Wilson’s warbler Cardellina
pusilla, American tree sparrow Spizelloides arborea, Savannah sparrow Passerculus sandwichensis, fox sparrow Passerella iliaca, white-
crowned sparrow Zonotrichia leucophrys, golden-crowned sparrow Z. atricapilla, and dark-eyed junco Junco hyemalis. Note that scale

of y-axis varies among species.

forests of all types, and these two species are similarly
allied with coniferous and mixed coniferous—deciduous
forests elsewhere in Alaska as well as throughout their
breeding ranges (Kessel 1989, 1998; Hunt and Flaspohler
1998; Nolan et al. 2002). In contrast, densities of hermit
thrush, golden-crowned sparrow, and orange-crowned
and Wilson’s warblers were greater with increasing
amounts of deciduous forest but negatively or neutrally
related to increases in coniferous or mixed forest. All
these species were more strongly affiliated with shrubs
but tolerated patchy forested vegetation with a signif-
icant deciduous component, as they do elsewhere in
Alaska (Kessel 1989, 1998). General land cover affinities of
the remaining species were similar to those found
elsewhere in Alaska (Kessel 1989, 1998; Van Hemert et
al. 2006; Handel et al. 2009; Gibson 2011; Thompson et
al. 2016). Both white-crowned sparrow and American
robin were associated primarily with shrubs and tolerant
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of moderate amounts of forest, whereas the shrub-loving
fox, Savannah, and American sparrows were largely
intolerant of forest. The sparrows were somewhat
differentiated, however, in their varied associations with
proximity to water.

In general, predictive models for abundance of species
across the landscape were somewhat limited by the
coarse level of attributes available in the 2011 NLCD land
cover layer. For instance, the inability to differentiate
height of low and tall shrubs was particularly significant,
because several of the species we modeled occurred on
our study area much more frequently in tall shrubs
(hermit thrush, fox sparrow, Wilson’s warbler) while
others occurred more frequently in low shrubs (willow
ptarmigan, American tree sparrow, Savannah sparrow) or
wet meadow (Wilson’s snipe; Ruthrauff et al. 2007;
Ruthrauff and Tibbitts 2009). Lack of differentiation of
dwarf shrub from herbaceous cover was less problematic
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Figure 7. Predicted density per hectare of 14 landbird species surveyed during May-June, 2004-2008, at 1,021 points in three
National Parks in southwestern Alaska (Aniakchak National Monument and Preserve, Katmai National Park and Preserve [NPP], Lake
Clark NPP) relative to the proportion of bare ground and perennial ice and snow within a 300-m radius around each point. Solid lines
represent mean predicted values and shaded areas 95% credible intervals. Species modeled include willow ptarmigan Lagopus
lagopus, rock ptarmigan L. muta, hermit thrush Catharus guttatus, American robin Turdus migratorius, American pipit Anthus
rubescens, orange-crowned warbler Oreothlypis celata, yellow-rumped warbler Setophaga coronata, Wilson’s warbler Cardellina
pusilla, American tree sparrow Spizelloides arborea, Savannah sparrow Passerculus sandwichensis, fox sparrow Passerella iliaca, white-
crowned sparrow Zonotrichia leucophrys, golden-crowned sparrow Z. atricapilla, and dark-eyed junco Junco hyemalis. Note that scale

of y-axis varies among species.

because most modeled species that occurred in one
occurred in the other almost as frequently, except for
Wilson’s snipe, which uses wet meadow, or rock
ptarmigan and American pipit, which both occurred
predominantly in drier dwarf shrub at higher elevations
(Ruthrauff et al. 2007; Ruthrauff and Tibbitts 2009).
Adding elevation to these models could have theoret-
ically helped refine these relationships, but we found
that it generally failed to add much resolution because of
its strong correlation with land cover type, which we
found more informative.

Species richness and composition were similar among
the three predominate ecoregions in the parks, which
somewhat followed park boundaries (Figure 1). Small
samples in the Bristol Bay Lowlands, which occurred in
very limited extent in Katmai NPP, precluded any
meaningful inference on species richness or similarity.
Comparisons among individual parks revealed greater
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differences from north to south in both species richness
and species composition, which was not surprising given
that the parks span 5° of latitude, connecting the boreal
biome of Interior Alaska to the tundra biome of the
Alaska Peninsula. The parks shared many of the same
species found during recent inventories of the rugged
Kenai Fjords National Park (Van Hemert et al. 2006),
which lies 250 km west of Lake Clark NPP, and the Alaska
Peninsula/Becharof National Wildlife Refuge (Savage and
Payne 2012), which encompasses the lowlands along
Bristol Bay adjacent to Katmai NPP and Aniakchak NMP.
The parks differed significantly from Kenai Fjords
National Park; however, in the complete or near absence
of species strongly affiliated with the Pacific coast
rainforests, such as rufous hummingbird Selasphorus
rufus, Steller's jay Cyanocitta stelleri, and chestnut-backed
chickadee Poecile rufescens. Similarly, the parks lacked or
hosted only low densities of a large complement of
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Figure 8. Predicted density per hectare of Wilson’s snipe
Gallinago delicata surveyed during May-June, 2004-2008, at
1,021 points in three National Parks in southwestern Alaska
(Aniakchak National Monument and Preserve, Katmai National
Park and Preserve [NPP], Lake Clark NPP) relative to elevation
(m) within a 300-m radius around each point. Solid lines
represent mean predicted values and shaded areas 95%
credible intervals.

waterfowl and shorebirds that occurred commonly on
the Refuge lowlands.

We used individuals detected during point counts,
excluding those in directed flight, in large flocks, and
beyond 300 m of the observer, as a general indication of
species that were most likely regular breeders in each
park. Given these criteria, each park hosted a unique

C.L. Amundson et al.

complement of species that did not occur regularly on
the others. The majority of species unique to any park
were generally uncommon in Alaska, or lowland water-
or wetland-dependent species more common on the
adjacent Alaska Peninsula/Becharof National Wildlife
Refuge. Lake Clark NPP hosted the most species (15)
not found regularly in either of the other two parks.
Unique species, especially within the Alaska Range
ecoregion portion of Lake Clark, included a few
associated with coniferous forests of boreal Interior
Alaska—olive-sided flycatcher, white-winged crossbill,
and Swainson’s thrush. Additionally, several typical
alpine-nesting species—northern wheatear, Say’s phoe-
be, wandering tattler, and Baird’s sandpiper—were
observed during point counts only in Lake Clark NPP,
which hosts the highest mean elevation and greatest
amounts of glaciated and bare ground area of the parks.
Several species associated with deep lakes were also
unique to the Alaska Range portion of Lake Clark NPP,
including trumpeter swan, long-tailed duck, white-
winged scoter, and common loon. All of these species
except trumpeter swan, Say’s phoebe, and northern
wheatear were observed in the other parks peripherally
to the point counts, suggesting that they may also breed
there in very low densities.

Our analysis of birds recorded during point counts
suggests that 107 = 9 species breed regularly in
montane regions across the parks. Species richness
curves were not at asymptotes for individual parks,
however, and additional survey effort would likely
increase richness estimates. The species richness map
suggests riparian areas and south-facing u-shaped
mountain valleys attract a wide diversity of bird species
(Figure 12). These areas align with the distribution of
shrub cover, with which many of the individual species

Table 5. Estimated densities (birds per hectare) of 15 species of montane-breeding birds on points surveyed in three National Parks
in southwestern Alaska (Aniakchak National Monument and Preserve, Katmai National Park and Preserve [NPP], Lake Clark NPP)
during May-June, 2004-2008. Species modeled include willow ptarmigan Lagopus lagopus, rock ptarmigan L. muta, Wilson’s snipe
Gallinago delicata, hermit thrush Catharus guttatus, American robin Turdus migratorius, American pipit Anthus rubescens, orange-
crowned warbler Oreothlypis celata, yellow-rumped warbler Setophaga coronata, Wilson’s warbler Cardellina pusilla, American tree
sparrow Spizelloides arborea, Savannah sparrow Passerculus sandwichensis, fox sparrow Passerella iliaca, white-crowned sparrow
Zonotrichia leucophrys, golden-crowned sparrow Z. atricapilla, and dark-eyed junco Junco hyemalis. Densities represent means (95%
credible limits), corrected for detection probability, across all of the points sampled within each park and in all parks combined.

Density per hectare

Species All parks

Aniakchak Katmai

Lake Clark

Willow ptarmigan
Rock ptarmigan
Wilson's snipe

0.02 (0.01, 0.03)
0.01 (0.006, 0.03)
0.004 (0.003, 0.006)

0.02 (0.01, 0.04)
0.01 (0.007, 0.03)
0.006 (0.003, 0.009)

0.02 (0.009, 0.04)
0.02 (0.008, 0.04)
0.005 (0.003, 0.007)

0.02 (0.008, 0.03)
0.005 (0.003, 0.01)
0.003 (0.002, 0.005)

Hermit thrush

American robin
American pipit
Orange-crowned warbler
Yellow-rumped warbler
Wilson's warbler
American tree sparrow
Savannah sparrow

Fox sparrow
White-crowned sparrow
Golden-crowned sparrow
Dark-eyed junco

0.05 (0.04, 0.06)
0.04 (0.02, 0.07)
0.04 (0.03, 0.05)
0.09 (0.07, 0.12)
0.08 (0.06, 0.10)
0.19 (0.16, 0.22)
0.11 (0.08, 0.15)
0.06 (0.05, 0.08)
0.11 (0.10, 0.14)
0.06 (0.04, 0.11)
0.11 (0.1, 0.13)

0.06 (0.03, 0.09)

0.02 (0.004, 0.06)

0.04 (0.02, 0.06)

0.09 (0.06, 0.15)

(
(
0.05 (0.04, 0.07) 0.06 (0.05, 0.08) 0.04 (0.03, 0.05)
0.05 (0.02, 0.11) 0.04 (0.02, 0.05) 0.04 (0.02, 0.08)
0.05 (0.02, 0.09) 0.04 (0.03, 0.05) 0.03 (0.02, 0.04)
0.07 (0.06, 0.11) 0.15 (0.12, 0.2) 0.03 (0.02, 0.05)
0.004 (0, 0.02) 0.07 (0.05, 0.10) 0.11 (0.08, 0.14)
0.18 (0.14, 0.24) 0.25 (0.21, 0.31) 0.11 (0.09, 0.14)
0.02 (0.002, 0.09) 0.12 (0.09, 0.15) 0.13 (0.09, 0.19)
0.06 (0.04, 0.09) 0.08 (0.06, 0.1) 0.04 (0.03, 0.06)
0.05 (0.04, 0.08) 0.16 (0.13, 0.2) 0.08 (0.06, 0.1)
0.03 (0.003, 0.1) 0.06 (0.04, 0.09) 0.07 (0.04, 0.15)
0.11 (0.09, 0.14) 0.14 (0.13, 0.17) 0.08 (0.07, 0.09)
(
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Figure 9. Predicted species richness relative to survey effort
(cumulative no. of individuals observed) for individual parks
(upper panel) and predominant ecoregions within parks
(lower panel) during the breeding season in southwestern
Alaska. Inventories were conducted during May-June, 2004-
2008, in three National Parks: Aniakchak National Monument
and Preserve (ANIA), Katmai National Park and Preserve [NPP]
(KATM), and Lake Clark NPP (LACL). These parks encompassed
large portions of three ecoregions: Lime Hills (LH), Alaska Range
(AR), and Alaska Peninsula (AP). Predicted species richness
increased with the number of individuals detected during
surveys and did not reach an asymptote for any park or
ecoregion. Shaded regions indicate 95% confidence intervals
based on bootstrapping. Vertical gray lines represent levels of
effort at which we compared species richness among
ecoregions and parks. A list of species encountered during
surveys can be found in Table 1.

we modeled were strongly associated. Species richness
was greatest in Lake Clark NPP and lowest in Aniakchak
NMP, and species composition was least similar between
these two parks. The landscape of Aniakchak NMP has
largely been shaped by volcanic activity of the Aniakchak
caldera, which formed only approximately 3,500 y ago.
The terrain is characterized by young soils covered with
successionally young vegetation types. Approximately
40% of the landscape is covered by dwarf and low shrubs
and the park contains no coniferous and very little
deciduous forest. Aniakchak NMP also has lower mean
elevation and a smaller elevational range than either
Lake Clark NPP or Katmai NPP. The low diversity of
terrestrial vegetation types and restricted elevational
gradient may explain why species diversity was lowest in
Aniakchak NMP. The species found in Aniakchak NMP are
largely a subset of those that occur in nearby Katmai
NPP; 95% of species ever recorded in Aniakchak NMP
have also been confirmed in Katmai NPP (Ruthrauff and
Tibbitts 2009).

Our analysis of species richness did not incorporate
detection probability, which varied among the species
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Figure 10. Similarity of avian species composition during the
breeding season within three National Parks in southwestern
Alaska (left) and the portions of three predominant ecoregions
that they include (right), based on surveys conducted during
May-June, 2004-2008. The three parks inventoried include
Aniakchak National Monument and Preserve (ANIA), Katmai
National Park and Preserve (NPP; KATM), and Lake Clark NPP
(LACL), which together encompass portions of the Alaska
Peninsula (AP), Alaska Range (AR), and Lime Hills (LH)
ecoregions. Pairwise and overall comparisons were based on
Horn-Morisita’s index of similarity, which estimates the
proportion of species shared among groups. Error bars
represent 95% confidence intervals based on bootstrapping.

we examined and was always <<100%. This is a limitation
to our analysis and may positively bias estimates of
richness to land cover types occupied by species with
greater detection probabilities. Recently, Colwell et al.
(2012) implemented methods to estimate site-specific
species richness while correcting for undetected species.
Although we tried this approach, richness was so low
that models were unable to reach convergence at either
the point or transect level. Thus, we could only examine
apparent richness and acknowledge that the assumption
of equal detectability among species and survey sites is
likely violated.

Density estimation

Raw counts (i.e., no. of birds observed per point count)
on the parks were generally similar for a given species to
those recorded during a recent inventory of the adjacent
Alaska Peninsula/Becharof National Wildlife Refuge
(Sesser and Jehle 2005) and on the Seward Peninsula
in northwestern Alaska (Thompson et al. 2016), both of
which are more representative of the subarctic tundra
biome. In contrast, estimated densities, corrected for
detection probability using similar techniques to ours,
were much greater (2-20X) for most species in the
Yukon—-Charley Rivers National Preserve (NP) in Interior
Alaska than densities in our study area (Handel et al.
2009). These discrepancies likely reflect real differences in
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Figure 11. Predicted mean breeding-bird species richness from models incorporating either land cover type or elevation within 300
m of the observer on 1,021 points surveyed during May-June, 2004-2008 in three National Parks in southwestern Alaska (Aniakchak
National Monument and Preserve, Katmai National Park and Preserve [NPP], Lake Clark NPP). Solid lines represent mean predicted
values and shaded areas 95% confidence intervals. The forest plot represents three types: deciduous forest (green), mixed
deciduous-coniferous forest (gray), and coniferous forest (blue). A list of species encountered during surveys can be found in Table

1.

abundance that exist between core breeding areas in
large contiguous areas of boreal forest in Interior Alaska
and the peripheral fingers of boreal forest that occur in
southwestern Alaska. In contrast, densities were similar
for fox sparrow and Wilson’s warbler but approximately
10 times greater for hermit thrush in the southwestern
Alaska parks than in Yukon-Charley Rivers NP, which
reflects the importance of shrubs in the tundra biome.
Density of common species varied widely by individual
park, and though we are confident these represent real
differences, we cannot rule out that they may be due in
part to year effects because we surveyed parks in
different years.

@ Journal of Fish and Wildlife Management | www.fwspubs.org

We conducted a post hoc analysis to explore our
ability to predict abundance and distribution by exam-
ining two species that, to date, have not been observed
in Aniakchak NMP (Ruthrauff and Tibbitts 2009; Sullivan
et al. 2009): dark-eyed junco and yellow-rumped warbler.
Juncos and yellow-rumped warblers are usually associ-
ated with forest and sometimes tall shrubs (Hunt and
Flaspohler 1998; Kessel 1998; Nolan et al. 2002), which
are both largely absent from Aniakchak NMP. Our models
predicted approximately 2.5 dark-eyed junco pairs/km?
(6,140 total pairs) and 0.75 yellow-rumped warbler pairs/
km? (1,741 total pairs) in Aniakchak NMP. Occurrence
predictions were largely influenced by the predominance
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Figure 12. Estimated species richness of breeding birds within 25-ha cells in three National Parks in southwestern Alaska (Aniakchak
National Monument and Preserve, Lake Clark National Park and Preserve [NPP], Katmai NPP) based on surveys conducted during
May-June, 2004-2008. We included only observations of birds within 300 m of each survey point. Naive richness does not account
for undetected species and should be considered an index to true richness. We did not include cells that were classified as >75%
open water or wetlands (n = 6,562 cells), >80% deciduous forest (n =381 cells), >55% mixed forest (n =409 cells), >60° mean slope
(n=11,349 cells), or <100 m mean elevation above sea level in Katmai NPP and Lake Clark NPP or >1,600 m above sea level for all
parks (n = 16,868 cells). Black stars denote local human communities. A list of species encountered during surveys can be found in

Table 1.

of shrub (0.2-5 m) cover type categorized by the NLCD in
this park. It is likely that the coarse land cover
classifications used to map relative density are too
general for areas of unique geophysical nature such as
Aniakchak NMP or too unrefined to distinguish features
(e.g., shrub height) that are critical for a given species.
Alternatively, we may not have included other environ-
mental characteristics important to these two species
that have precluded their colonization to date in this
area. Thus, our predictions of density and distribution are
likely appropriate for most species, but are generalized
by coarse-scale land cover types and should be ground-
truthed whenever possible.
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Detection probability

It was important to correct for detection for all species
analyzed. Counts underestimated abundance by 18-51%
within 100 m of the observer, and perceptibility often
varied spatially. In general, perceptibility was reduced in
areas with more dense vegetation cover around the
observer. This finding is similar to that of a study
evaluating perceptibility relative to boreal forest density
in Alberta, Canada (Yip et al. 2017). Perceptibility rates
from distance sampling were similar to those from other
published studies in Alaska (Kissling and Garton 2006;
Handel et al. 2009; Hoekman and Lindberg 2012) and
montane areas elsewhere (Kotliar et al. 2007), although
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direct comparisons could not be easily made because
truncation distances varied.

Species-specific availability estimates were lower, but
generally consistent with a recent inventory conducted
in Interior Alaska that observed many of the same
species (Handel et al. 2009). Our inventory focused on
montane-nesting species, especially shorebirds; there-
fore, timing of surveys likely started earlier than the peak
singing period for some songbird species, thereby
reducing their availability. Nevertheless, three species
(American robin, American pipit, golden-crowned spar-
row) evaluated showed a negative association with
season date, suggesting surveys were conducted at or
after peak detectability for these species.

Recently, Thompson et al. (2017) evaluated detection
probability (the combination of perceptibility, availability,
and the probability of presence; Nichols et al. 2009) of
landbirds in similar open land cover types in northwestern
Alaska using audio recording devices. Peak detection
probability for the 10 species in common with this study
was much greater than we observed. Thompson et al.’s
(2017) estimates were for detection of the species,
whereas ours were for an individual of a given species;
thus, their detection probabilities would be expected to
be greater than ours for any species for which multiple
individuals are typically singing in a survey area. In a
companion study in northwestern Alaska, direct compar-
isons of birds detected by a human observer and an audio
recorder revealed that perceptibility was greater for the
observer (0.58) than the acoustic recorder (0.48) within
100 m and that 91% of the birds missed by the audio
recorder were beyond that distance (Vold et al. 2017).
Thus, to make valid comparisons of abundance between
different studies, it is important to control for the effective
area sampled as well as relative detection probability as it
applies to either the species or individual. Our methods
can account for issues related to both timing and area
surveyed; thus, resulting density estimates would only be
biased if the proportion of birds not present during
surveys varied through space or by year because only one
park was surveyed per year. We based timing of surveys
each year on phenological stage and bird cues and we
completed surveys in a short season interval, so we
suspect the entire breeding population was present on
the breeding grounds during surveys.

Conclusions

This inventory, the first that we are aware of conducted
in the parks, provides valuable baseline information for
assessing climate-change-mediated shifts in richness,
abundance, and distribution, and guiding future monitor-
ing efforts and management actions. Climate change in
Alaska is currently resulting in rapid glacier loss, shrub
expansion, and changes in plant phenology and growing
season duration throughout subarctic and Arctic areas
(Hinzman et al. 2005). Further, studies have shown
upward elevational shifts in shrubline and treeline that
vary relative to available moisture (Lloyd and Fastie 2002;
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Lloyd 2005; Dial et al. 2016), with some evidence of
concordant shifts in avian distributions (Tingley et al.
2012). Consequences of these vegetation shifts remain
largely unknown, but large-scale simulations suggest that
both diversity and abundance of montane-breeding
species will decrease as a result (Sekercioglu et al. 2008;
Stralberg et al. 2016).
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Data S1. Data and metadata for the analysis of 14
landbird and one shorebird species surveyed May-June,
2004-2008, at 1,021 points within three National Parks in
southwestern Alaska (Aniakchak National Monument and
Preserve [NMP], Katmai National Park and Preserve [NPP],
Lake Clark NPP). Data are provided for the following
species: willow ptarmigan Lagopus lagopus, rock ptarmi-
gan L. muta, Wilson's snipe Gallinago delicata, hermit
thrush Catharus guttatus, American robin Turdus migra-
torius, American pipit Anthus rubescens, orange-crowned
warbler Oreothlypis celata, yellow-rumped warbler Seto-
phaga coronata, Wilson’s warbler Cardellina pusilla,
American tree sparrow Spizelloides arborea, Savannah
sparrow Passerculus sandwichensis, fox sparrow Passerella
iliaca, white-crowned sparrow Zonotrichia leucophrys,
golden-crowned sparrow Z. atricapilla, and dark-eyed
junco Junco hyemalis.

Found at DOI: http://dx.doi.org/10.3996/062017-
JFWM-050.51 (92 KB ZIP).

Table S1. Model coefficients (SE) of factors affecting
detection probability for breeding landbirds during May-
June, 2004-2008 in Aniakchak National Monument and
Preserve (NMP), Katmai National Park and Preserve (NPP),
and Lake Clark NPP, Alaska. Perceptibility is the
probability of being observed within the maximum
truncation distance, given birds were available for
detection aurally or visually during 5-min (landbirds) or
10-min (Wilson’s snipe Gallinago delicata) point-count
surveys. Intercepts and coefficients are on the log scale.
Covariates include season date, the proportion of a 50-
m- or 150-m-radius circle around the survey point
covered by dense shrub or forest cover (Dense Cover),
and two levels of observer hearing ability (Sigma obs G1
and G2; half-normal distribution). Observers with similar
coefficients from a model including separate effects for
each observer were pooled to create the groups. Bold
text denotes coefficients with 95% credible limits that do
not overlap zero. We evaluated Wilson’s snipe with
simpler models without covariates and eight landbird
species without perceptibility covariates after initial
models suggested overfit. Additional species modeled
include willow ptarmigan Lagopus lagopus, rock ptarmi-
gan L. muta, hermit thrush Catharus guttatus, American
robin Turdus migratorius, American pipit Anthus rubes-
cens, orange-crowned warbler Oreothlypis celata, yellow-
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rumped warbler Setophaga coronata, Wilson's warbler
Cardellina pusilla, American tree sparrow Spizelloides
arborea, Savannah sparrow Passerculus sandwichensis,
fox sparrow Passerella iliaca, white-crowned sparrow
Zonotrichia leucophrys, golden-crowned sparrow Z
atricapilla, and dark-eyed junco Junco hyemalis.

Found at DOI: http://dx.doi.org/10.3996/062017-
JFWM-050.S2 (13 KB XLSX).

Table S2. Log-linear coefficients (SE) for environmen-
tal covariates associated with abundance of 14 landbird
and one shorebird species in Aniakchak National
Monument and Preserve (NMP), Katmai National Park
and Preserve (NPP), and Lake Clark NPP, southwestern
Alaska, surveyed at 1,021 points during 2004-2008. Bold
text denotes coefficients with 95% credible intervals that
do not overlap zero. We evaluated Wilson’s snipe
Gallinago delicata with a simpler elevation-only model.
Mean intercept across transects is provided for each
species (Mu). Additional species modeled include willow
ptarmigan Lagopus lagopus, rock ptarmigan L. muta,
hermit thrush Catharus guttatus, American robin Turdus
migratorius, American pipit Anthus rubescens, orange-
crowned warbler Oreothlypis celata, yellow-rumped
warbler Setophaga coronata, Wilson's warbler Cardellina
pusilla, American tree sparrow Spizelloides arborea,
Savannah sparrow Passerculus sandwichensis, fox spar-
row Passerella iliaca, white-crowned sparrow Zonotrichia
leucophrys, golden-crowned sparrow Z. atricapilla, and
dark-eyed junco Junco hyemalis.

Found at DOI: http://dx.doi.org/10.3996/062017-
JFWM-050.S3 (10 KB XLSX).

Table S3. Predicted density (per ha) of 15 species of
breeding birds across selected 25-ha grid cells surveyed in
Aniakchak National Monument and Preserve (NMP),
Katmai National Park and Preserve (NPP), and Lake Clark
NPP, Alaska, 2004-2008. We derived estimates and
associated error from 1,000 bootstrap realizations of the
model coefficients and standard errors (SEs). We present
mean and median predicted cell values with 95%
confidence intervals. Species modeled include willow
ptarmigan Lagopus lagopus, rock ptarmigan L. mutag,
Wilson's snipe Gallinago delicata, hermit thrush Catharus
guttatus, American robin Turdus migratorius, American
pipit Anthus rubescens, orange-crowned warbler Oreothly-
pis celata, yellow-rumped warbler Setophaga coronata,
Wilson's warbler Cardellina pusilla, American tree sparrow
Spizelloides arborea, Savannah sparrow Passerculus sand-
wichensis, fox sparrow Passerella iliaca, white-crowned
sparrow Zonotrichia leucophrys, golden-crowned sparrow
Z. atricapilla, and dark-eyed junco Junco hyemalis.

Found at DOI: http://dx.doi.org/10.3996/062017-
JFWM-050.54 (10 KB XLSX).

Figure S1. Predicted density (ha~') maps of 14 landbird
and 1 shorebird species surveyed May-June, 2004-2008,
at 1,021 points within three National Parks in southwest-
ern Alaska (Aniakchak National Monument and Preserve
[NMP], Katmai National Park and Preserve [NPP], Lake
Clark NPP). Species modeled include willow ptarmigan
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Lagopus lagopus, rock ptarmigan L. muta, Wilson's snipe
Gallinago delicata, hermit thrush Catharus guttatus,
American robin Turdus migratorius, American pipit Anthus
rubescens, orange-crowned warbler Oreothlypis celata,
yellow-rumped warbler Setophaga coronata, Wilson's
warbler Cardellina pusilla, American tree sparrow Spizel-
loides arborea, Savannah sparrow Passerculus sandwichen-
sis, fox sparrow Passerella iliaca, white-crowned sparrow
Zonotrichia leucophrys, golden-crowned sparrow Z. atrica-
pilla, and dark-eyed junco Junco hyemalis.

Found at DOI: http://dx.doi.org/10.3996/062017-
JFWM-050.5S5 (10,633 KB PDF).

Figure S2. Areas of three National Parks in southwest-
ern Alaska (Aniakchak National Monument and Preserve
[NMP], Lake Clark National Park and Preserve [NPP],
Katmai NPP) that were above (red) or below (blue) the
95th percentile (>4 species/25 ha based on 107,824 25-ha
cells) for avian species richness based on habitat modeling
of surveys conducted during May-June, 2004-2008. We
included only observations of birds within 300 m of each
survey point and cells that met inclusion criteria (see
Methods). Apparent richness does not account for
undetected species and should be considered an index
to true richness. In Lake Clark NPP, richness was greatest
in the northeast around the Stony and Telequana rivers
(A). In Katmai NPP, richness was greatest around Kulik
Lake in the north (B) and along the western river outlets of
Lake Grosvenor and Naknek Lake (C). In Aniakchak NMP,
areas of greatest richness were concentrated along the
Cinder River to the north (D) and along the Meshik River
and in low-elevation areas to the south (E). A list of species
encountered during surveys can be found in Table 1.

Found at DOI: http://dx.doi.org/10.3996/062017-
JFWM-050.56 (1323 KB TIF).

Text S1. Accuracy comparison of two land cover layers
(the National Land Cover Dataset and a layer provided by
the Alaska Natural Heritage Program) available for the
Alaska Peninsula, Alaska. We assessed accuracy of land
cover layers derived from satellite imagery relative to
land cover data collected by observers during avian
surveys at 1,021 sites within three National Parks
(Aniakchak National Monument and Preserve [NMP],
Katmai National Park and Preserve [NPP], and Lake Clark
NPP) in southwestern Alaska, May-June, 2004-2008.

Found at DOI: http://dx.doi.org/10.3996/062017-
JFWM-050.57 (1454 KB DOCX).

Text S2. Jags code (Plummer 2003) called from
Program R (R Core Team 2017) to recreate estimates of
abundance and detection probability for landbirds
surveyed within three National Parks (Aniakchak National
Monument and Preserve [NMP], Katmai National Park
and Preserve [NPP], and Lake Clark NPP) in southwestern
Alaska, May-June, 2004-2008.

Found at DOI: http://dx.doi.org/10.3996/062017-
JFWM-050.58 (24 KB DOCX).
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