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Abstract: Abundances of breeding forest birds have apparently declined in North America
during the last five decades, possibly influenced by anthropogenic effects. We re-surveyed
breeding birds in coniferous woodland plots initially surveyed in the late 1960s in western
Oregon, USA. We aligned methods with those originally used and incorporated modern
methods to estimate densities. To relate local results to regional trends, we compared
them with Breeding Bird Survey (BBS) data. We assessed potential drivers of change for
species exhibiting strong differences by relating bird density to changes in habitat and
landscape composition. Eighty percent of species had densities similar to 50 years ago. Five
of sixty-four species declined statistically significantly. Declines were poorly explained by
changes in vegetation structure or landscape cover composition. Thirty-one species were
apparently stable on plots but declined in the region. For a few species, comparisons of
estimates should be viewed with caution as density estimates based on the original method
were unusually high or low. Our modern estimates typically had measurement errors
encompassing the 1960s estimates of density. We conclude that this Pacific Northwest
bird community has remained similar through time despite 50 years of intensive forest
management, indicating resilience to this level of anthropogenic activity.

Keywords: forest bird communities; historical data; long-term change; Pacific Northwest;
density estimates; distance sampling

1. Introduction

Changes in forest management practices and climate over the past century demand the
continuous monitoring of biodiversity to understand ecological responses to anthropogenic
influence [1]. The study of avian communities offers insight into the effects of such changes
as birds have long been recognized as effective environmental indicators [2,3]. Indeed,
apparent declines in the abundance of most birds in the forests of Western North America
over the past half century suggest some level of environmental perturbation [4,5]. In the
Pacific Northwest, these declines have occurred in parallel with anthropogenic shifts in
forest distribution and structure where older, more structurally complex forests have been
replaced or surrounded by younger, even-aged stands [6,7]. Studies investigating linkages
between forest management practices and declining bird populations in this region revealed
the importance of heterogenous landscapes and broadleaf cover for common species [8-10],
and demonstrated how life history traits often dictate responses to various silvicultural
treatments [11-13]. Despite a diversity of research in this geographical region, there is
a general lack of studies focused on describing change in landscape-level abundance
estimates over multiple decades.
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Long-term research from other regions has demonstrated that multi-decadal changes
in avian abundance in relation to forest management vary dramatically by ecosystem type
and species considered [14,15]: where some species saw declines after silvicultural treat-
ments, others remained stable or even increased. Questions pertaining to avian population
dynamics over long time periods in agricultural forests are perhaps best answered with
structured, continuous monitoring [14,16,17]; however, the time and resources needed for
these studies often limit the realistic implementation of such designs [18]. One alternative
is to compare data from historical short-term studies with modern resurveys of original
sites, providing insights into the potential changes across two or more snapshots of bird
communities separated by multiple decades [18,19]. Contemporary avian studies have
taken advantage of information preserved in historical work to document changes in
abundance [20-22], shifts in geographic and altitudinal distribution [23,24], and trends
in species richness and composition [25,26]. While historical datasets present a highly
unique opportunity to understand change in avian communities, drawing valid, reliable
comparisons with historical data is often limited by the quality of historic data and the as-
sociated details on methodology preserved [18,19]. Many historic surveys were conducted
using now-outdated methods, failed to preserve raw data, or inadequately described site
locations or other methodologies, thus impeding resurvey efforts and demanding creative
study designs to produce reliable comparisons [23].

Despite the potential challenges presented by issues with methodological clarity
and data preservation in historical studies, contemporary studies have surmounted these
hurdles via survey and analytical adjustments. Curtis and Robinson (2015) converted
questionable historical abundance estimates to qualitative categories and assessed shifts
in the avian community using ordination methods [27] and comparisons of local richness
to regional United State Geological Survey Breeding Bird Survey (BBS) data. Similarly,
occupancy modelling has been a frequently utilized method that incorporates historical and
modern species- and survey-specific detectability to quantify changes in species richness
and local persistence and infer potential drivers of such change [21,25]. Studies focused
on comparing snapshots of abundance have mimicked the original methods as closely as
possible to provide directly comparable estimates [18,20,22,28]. Because the resolution of
preserved historical data and study methods vary so greatly from case to case, studies
utilizing historical data require creative methodological adjustments that accurately reflect
the biology of the system and maximize the reliability of results.

We resurveyed seven large plots in the coniferous forests of western Oregon, USA,
originally surveyed in the late 1960s by Stanley Anderson [29,30]. This historical dataset
is rare in that it preserves plot locations, summaries of vegetation characteristics, and
estimates of density for each bird species in each plot. In the 50 years since Anderson’s
original surveys, forest management activity has resulted in a diverse matrix of forest age
and structure, allowing for an investigation of bird communities in the presence of the
anthropogenically driven forest succession. We first estimated density using two methods:
one identical to that used by Anderson, and distance sampling, which adjusts for imperfect
detectability. We then interpreted these two avian community snapshots in the context
of landscape-level habitat change. We also discuss how our findings compare with those
of local BBS trends and a similar study in the region that utilized a 60-year-old historic
dataset to assess community change [26,27]. Our objectives were to (1) quantify the extent
of change in bird density between our modern resurveys and Anderson’s original work;
(2) compare our results with trends at regional and state-wide levels documented by BBS
data; and (3) assess correlations of land use activities and time on abundance changes in
the avian community. Finally, we mimicked Anderson’s methodology as closely as possible



Diversity 2025, 17, 123

30f19

to facilitate accurate comparisons, while also implementing modern counting techniques
and preserving extensive metadata to facilitate more precisely repeatable future resurveys.

2. Materials and Methods
2.1. Study Site and Historical Surveys

From 1968 through 1970, Stanley Anderson surveyed the bird and plant communities
of the Coast Range Mountains within 20 km of Corvallis, Oregon, USA (Figure 1A). An-
derson’s goal was to classify seasonal changes in the diversity and ecological structure of
local avifauna in Douglas-fir (Pseudotsuga menziesii)-dominated forests [29,30]. His effort
was the first in this ecosystem to produce quantitative estimates of bird abundance. To do
this, Anderson non-randomly selected 10 forested study plots in Oregon State University’s
McDonald-Dunn Research Forest (MDRF) (Figure 1B) and the Woods Creek Watershed
(WCW) (Figure 1C) portion of the Siuslaw National Forest in Benton County, Oregon,
USA [29,30]. Anderson’s original plots (quarter sections, each one quarter mile by one
quarter mile, or 64.8 ha) were identified based on the U.S. Public Land Survey System
information (township, range, section, and quarter section) and were named in a numeric
sequence (plots 1-10); he did not describe specifically which areas within the quarter
sections were surveyed.

Anderson counted birds using a sample count method in which he conducted 10 min
stationary point counts spaced approximately 95 m apart along an irregular transect that
followed roads or trails. During each survey, Anderson recorded all birds seen within 18 m,
and if a bird was heard, he attempted to locate it; heard-only birds were apparently not
counted [29,30]. Surveys were conducted on good weather days starting one hour after
sunrise at least once per week between early June and mid-July, 1968-1970. Anderson
reported his count results as the density per 40.5 ha (100 acres) for each species in each plot;
no confidence intervals or other statistical measures of error were reported. Original data
were not archived. Anderson also measured several vegetation structure characteristics
within each plot by following a transect sampling method outlined in Cottam and Curtis
(1956) [31]; these included trees per acre, height class distribution, shrub density, and
qualitative descriptions of vegetation for each plot.

2.2. Modern Study Site and Surveys

We selected seven of Anderson’s original ten conifer-dominated plots; three plots
were excluded because they had been recently altered by forest harvest practices (clear
cut) or were not primarily coniferous forest. During our surveys, the four plots in MDRF
(plots 3, 4, 5, and 8) were dominated by Douglas-fir and big leaf maple (Acer macrophyllum)
and had experienced a relatively high rate of timber harvest in the last 50 years, resulting
in a mosaic of forest ages (based on qualitative assessment of aerial imagery; Figure 1B).
The three plots in WCW (plots 6, 7, and 9), composed of relatively even-aged Douglas-fir
and small patches of western hemlock (Tsuga heterophylla), were mostly undisturbed in
the last 50 years (Figure 1C). We conducted our surveys within the quarter sections and
assumed, because we were surveying the same habitats, that our density estimates would
be reliably comparable to Anderson’s. Reduced access to plots 6 and 7 due to COVID-19-
related restrictions resulted in multiple counts that were conducted near the boundaries
of the quarter sections (within 250 m) but in the same habitats as those within the plots.
We categorized the surveys as “In” or “Out” of quarter sections to assess any potential
differences in avian communities; we found no consistent differences and combined all of
the surveys for the analyses [22].
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Figure 1. Map of the study area showing northwestern Oregon and the Pacific Northwest, USA
(A) and plots (blue squares) in MacDonald-Dunn Research Forest (MDREF; (B)) and Woods Creek
Watershed (WCW; (C)). Plot numbers appear to the left of each row of imagery. Images from 1970 are
the products of aerial photography, and 2021 imagery is from Landsat satellite imagery. Images are
north—south oriented.

To ensure our results were comparable to Anderson’s, we mimicked his bird survey
methods as closely as possible by conducting 10 min stationary point counts spaced
approximately 100 m apart along roads and trails. Each plot was surveyed twice each
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year (2020 and 2021), usually once by each skilled observer (NMC and WDR), between
dawn and five hours after sunrise on days with little or no rain or wind. We implemented
modern counting methods using unlimited radius count areas and recording distance to
(checked with a laser rangefinder) and detection type (singing, calling, visual, flyover, and
drumming) for each bird [32]. Following Anderson’s survey protocol, if a bird was heard
within 18 m, we made an attempt to visually locate it. Thus, we repeated Anderson’s avian
survey methodology as closely as possible while also using modern survey techniques and
preserving extensive metadata to better facilitate future resurveys and analyses [32].

2.3. Landscape and Habitat Comparison

We measured vegetation with a method that produced results directly comparable
to the method used by Anderson. The James and Shugart (1970) [33] approach generates
calculations of shrubs and trees per hectare more efficiently. Employing their method, we
sampled vegetation structure in 70 randomly selected 12 m radius circular plots (10 in
each of Anderson’s seven plots). We then identified the species and diameter at breast
height category of each tree and counted the number of shrubs over 1 m tall in a 2 m wide
swath along north—south and east-west transects through the diameter of each circular
plot. We also visually compared orthographic aerial photographs from 1970 to Landsat
satellite imagery from 2021 to characterize broad, landscape-level habitat changes. Finally,
we overlaid grids across landscape imagery from both time periods to estimate the percent
of total area harvested and change in forest and clearcut cover between 1968 and 2021 for
each plot.

2.4. Density Estimation and Comparison

We estimated density in two ways: one method mirrored Anderson’s method by
simply calculating the density of birds observed within 18 m (hereafter referred to as the
unadjusted method as it was not adjusted from Anderson’s original method nor did it
employ adjustments for detectability); the second method incorporated distance sampling
to provide density estimates which account for imperfect detectability [34]. By estimating
density using these two methods, we present directly comparable estimates and also
preserve estimates which account for detectability differences across species, provide errors
of estimation, and may be more useful when surveys are replicated in the future. Distance
sampling was only applied to species with greater than 10 total detections. For 25 species,
we used detection key functions established by a regional benchmark survey which has
hundreds to thousands of detections for each species produced from unlimited radius
point counts, the majority of which were generated by WDR [35] (Table S1). If a detection
model encountered errors associated with monotonicity violations or the total number
of observations in our dataset was insufficient to allow for the application of previously
established key functions (true for 16 species), we performed backwards parameter selection
using Akaike information criterion to select the most appropriate key function (Table S1).
Additionally, 15 rare species had fewer than 10 observations, and none were detected
within 18 m. Because those species were not reported by Anderson at all, we omitted those
species from further efforts to estimate their densities.

To assess species-specific differences in density for Anderson’s era and ours, we treated
each plot as a replicate for each species and performed analysis of variance tests, with
Tukey’s honestly significant difference post hoc test to adjust for multiple comparisons.
To detect potential signals of habitat change at the plot level, we also summed density
estimates across all species for each plot and then subtracted combined modern estimates
from Anderson’s. We then converted the differences to percent change to allow for between-
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plot comparisons. Density estimation and statistical analyses were all conducted in R [36]
and the Distance package [37].

We compared these results with BBS abundance trends from statewide surveys and
routes within 80 km of Anderson’s plots, in similar habitats, and with greater than 30 years
of data in the last half century; only two BBS routes, Salado (69009) and Elkton (69050), meet
those criteria. BBS trends were produced by Sauer et al. (2020) [38], who used hierarchical
models to calculate changes in annual indices of abundance. We simplified BBS results
by categorizing trend coefficients into three categories: declining (<—0.50), stable (—0.50-
0.50), and increasing (>0.50). We then simplified our results into similar categories: if both
unadjusted and distance sampling estimates were statistically different from Anderson’s,
we considered those species declining or increasing depending on the directionality of the
change. If only one or neither of the modern estimates were statistically different from
Anderson’s, we considered those species” abundances to be stable.

Finally, we assessed relationships between changes in habitat and bird densities by
modeling differences in densities as a function of plot-specific changes vegetation and
landscape characteristics for each species. We ran two sets of linear models using plots as
replicates (n= 6 for each species): one with changes in bird density as the difference between
unadjusted and Anderson’s estimates, and another with distance sampling estimates in the
place of unadjusted. Vegetation and landscape covariates were derived from the efforts
described above.

3. Results
3.1. Avian Communities

We conducted 304 stationary (point) counts in June 2020 and 2021, recording 4203 birds
of 64 species of which 391 birds and 35 species were observed within 18 m. Five species were
observed within 18 m in all plots: Swainson’s Thrush (Catharus ustulatus) (n = 388), Wilson’s
Warbler (Cardellina pusilla) (n = 368), Hermit Warbler (Setophaga occidentalis) (n = 360), Pacific
Wren (Troglodytes pacificus) (n = 339), and Western Flycatcher (Empidonax difficilis) (n = 301)
(Tables 1 and S1). Those five species accounted for 41.8% of the total observations.

Distance sampling produced density estimates for 39 species, while our unadjusted
method produced estimates for 35 species (Table 2). At a landscape scale (when all plots
were combined), distance sampling and unadjusted density estimates were significantly
different for only three species: Red-breasted Sapsucker (Sphyrapicus ruber), Red Crossbill
(Loxia curvirostra), and Common Raven (Corvus corax) (p < 0.001 for all three species). Each
of those species was rarely encountered within 18 m (Table S2).

We observed a similar number of total species within 18 m radius counts as Anderson;
however, some variability existed among the plots (Table 2). Within 18 m, species unique
to each era numbered 13 in Anderson’s surveys and 14 in ours (Table S3). Of the 13 species
detected by Anderson that we missed on the 18 m surveys, we detected 10 of them in our
unlimited-radius counts. Thus, Anderson found only 3 species that we did not detect.

For seven species, both of our density estimates were significantly different from
Anderson’s: Hairy Woodpecker (Dryobates villosus), Chestnut-backed Chickadee (Poecile
rufescens), Brown Creeper (Certhia americana), Pacific Wren, Golden-crowned Kinglet (Regu-
lus satrapa), Swainson’s Thrush, Wilson’s Warbler, and Western Tanager (Piranga ludoviciana)
(Table S2, Figure 2). Of these, we found higher densities for three (Wilson’s Warbler, Swain-
son’s Thrush, and Pacific Wren); the remainder were all found to have lower densities
(Figure 2). We observed non-significant differences in the densities of 33 species (Table S2).
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Table 1. Estimated densities of species observed during historic (Anderson’s) and modern (DS and unadjusted) surveys. DS estimates are calculated using distance
sampling and unadjusted estimates based on birds observed within 18 m. Densities are reported as birds/40.5 ha to remain consistent with Anderson’s original scale.
Error estimates from the distance sampling analysis are presented in Table S5. Species are listed in taxonomic order according to the American Ornithological Society [39].

Plot 3 4 5 6 7 8 9
g 3 £ 3 g 3 g 3 g 3 g 3 g 3
) 2 3 2 3 2 3 2 35 2 35 e 35 & 35
< 5 < 5 < 5 < 5 < 5 < 5 < 5
Turkey Vulture (Cathartes aura) 1 0 o0 |11 ©0 038 o0 o0|]0 ©0 0|0 o0 0|0 o0 o0l0 o0 o0
Red-tailed Hawk o 0o 0|0 o0 0|2 o0 0|0 0o 0|0 0 0|1 0 0|0 0 o0
(Buteo jamaicensis)
Ruffed Grouse (Bonasa umbellus) o o o011 0o o]0 0 O0]O0 O 0|0 0O 0|2 0 0|0 0 0
Mountain Quail (Oreortyx pictus) 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 | 22 0 0 0 0 0
Mourning Dove (Zenaida macroura) 0 0 0 0 0 0 0 17 1 0 0 0 0 0 0 0 0 0 0 0 0
Band-tailed Pigeon 0 24 2/0 0 1]0 0 2]0 32 2|0 9 1]/0 8 1]0 0 2
(Patagioenas fasciata)
Lhetforos Hbioning bl 22 011 9 42| 2 17 116| 0 0l 0 26 119 0 0 37| 0 0 0

(Selasphorus rufus)
Vaux’s Swift (Chaetura vauxi) 0 0 0 0 0 0 | 110 © 0 0 0 0 0 0 0 0 0 0 0 0 0
Red-breasted Sapsucker

(Sphyrapicus ruber)
Downy Woodpecker o o o|o o o]0 8 0|2 o0 0|0 0 0|2 0 0|2 0 o0
(Dryobates pubescens)
Hairy Woodpecker 2 o0 1/0 o0 1|2 o0 1[0 0 0[]0 0 0|2 o0 1[2 0 1
(Dryobates villosus)
Northern Flicker (Colaptes auratus) 0 0 0 11 0 1 0 0 0 0 16 1 0 0 0 0 0 0 0
Pileated Wooc?lpecker 0 0 0 ) 0 0 0 0 0 0 0 0 0 0 0 | 11 0 0 0 0 0
(Dryocopus pileatus)
Olive-sided Flycatgher 0 0 0 0 0 0 0 0 0 77 0 0 0 0 0 0 0 0 0 0 0
(Contopus cooperi)
Western Wood-Pewee (Contopus sordidulus) | 44 0 0| 22 0 0 | 22 0 0| 22 0 0 0 0 0 | 22 0 0 | 22 0 0
Willow Flycatcher (Empidonax traillii) 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0
Hammond'’s Flycatcher 0 0 0 0 0 1 0 0 1 0 0 17 | 0 0 5 0 0 0 22 0 7

(Empidonax hammondii)
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Table 1. Cont.
Plot 3 4 5 6 7 8 9
= f % g% g% ¢£3% |z i |5 B
. £ 3 £ 3 £ 3 £ 3 £ 3 £ 3 £ ]
< 5 < 5 < 5 < 5 < 5 < 5 < 5
Dusky Flycatcher (Empidonax oberholseri) 0 0 0 0 0 0 0 0 0| 22 0 0 0 0 0 0 0 0 | 22 0 0
Western Flycatcher (Empidonax difficilis) 0 41 43 | 22 9 212 76 3| 66 16 46| 22 26 48| 22 41 33 | 22 80 58
Canada Jay (Perisoreus canadensis) 0 8 2 0 19 2 0 0 1 0 0 1 0 0 5 0 0 3 22 18 6
Steller’s Jay (Cyanocitta stelleri) 4 24 7 0 9 8 22 8 6 0 0 5 22 0 3 22 0 4 0 0 2
Common Raven (Corvus corax) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Purple Martin (Progne subis) 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0
Chestnut-backed Chickadee 66 41 16| 8 0 4 |8 25 13|22 0 8|6 17 10|10 8 12110 0 8
(Poecile rufescens)
Red-breasted Nuthatch (Sitta canadensis) 44 41 47 | 44 28 29 | 66 25 34 | 22 16 61 | 66 17 37 | 33 41 34 | 22 0 16
Brown Creeper (Certhia americana) 55 0 9 44 19 8 22 8 3 44 0 4 44 26 12 | 55 0 15 | 22 0 9
House Wren (Troglodytes aedon) 44 0 2 0 9 4 | 22 17 20| O 0 0 0 0 0 0 0 2 0 0 0
Pacific Wren (Troglodytes pacificus) 0 57 39| 0 19 39| 22 42 34| 44 48 76 | 22 104 72| O 24 62 | 4 80 90
Golden-crowned Kinglet (Regulus satrapa) 22 0 0 | 44 0 2 | 22 0 1 | 22 0 4 0 0 3 0 0 0 | 22 0 5
American Robin (Turdus migratorius) 0 24 7 0 9 8 0 8 8 0 0 1 0 0 6 0 0 8 0 0 1
Varied Thrush (Ixoreus naevius) 0 0 0 0 0 0 0 0 0 0 16 5 0 43 7 0 0 0 0 9 13
Hermit Thrush (Catharus guttatus) 0 8 6 0 9 1 | 11 0 1 77 0 0 22 0 2 0 0 0 0 0 2
Swainson’s Thrush (Catharus ustulatus) 0 81 55 0 19 28 0 135 66 0 80 55 0 147 92 0 24 39 0 88 101
Hutton’s Vireo (Vireo huttoni) 22 0 2 0 0 4 0 0 2 0 0 3 0 0 0 0 0 1 22 0 0
Warbling Vireo (Vireo gilvus) 0 0 0 0 28 25| 0 25 12| 0 0 4 0 17 7 0 0 1 0 0 13
Purple Finch (Haemorhous purpureus) 0 0 20| O 0 4 0 8 42| 0 0 20| O 0 0 0 0 7 0 0 0
Pine Siskin (Spinus pinus) 0 0 11 0 9 5 0 0 4 0 16 5 0 0 1 0 0 2 0 9 4
Red Crossbill (Loxia curvirostra) 0 8 97 0 0 18 0 0 85 0 0 32 0 9 86 0 8 49 0 9 159
Evening Grosbeak o 8 1|11 o o|o0o o 0| o0 4 14|44 9 7|0 0 1|0 9 3
(Coccothraustes vespertinus)
American Goldfinch (Spinus tristis) 0 0 0 0 9 13 0 0 6 0 0 11 0 9 6 0 0 0 0 0 0
Spotted Towhee (Pipilo maculatus) 0 32 40 0 0 10 | 22 17 29 0 0 0 0 0 0 0 16 20 0 0 0
Dark-eyed Junco (Junco hyemalis) 44 57 51| 22 28 34| 44 68 53| 4 16 7 | 44 9 18 | 55 32 52 | 44 0 5
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Table 1. Cont.

Plot 3 4 5 6 7 8 9
o o o o o e e
: : = 3 s 3 s 3 s 3 s
(7] 2] 7] ] 7] 7] 7] 7] w

. = =3 = =1 = =1 = =1 = =1 = =1 & =1
Species T T Bl T Bl T Bl T Al T A T B oA

< 5 < 5 < 5 < 5 < 5 < 5 < 5
Song Sparrow (Melospiza melodia) 0 0 2 0 0 4 0 8 4 0 0 0 0 0 0 0 0 2 0 0 1
White-crowned Sparrow o o 1]/0 o 2|0 8 4/0 0 0[O0 ©0 0|0 0 0|0 0 0

(Zonotrichia leucophrys)
Orange-crowned Warbler (Leiothlypis celata) 0 49 45| 0 46 35| 0 5 9| 0 0 5 0 0 0 0 24 19| 0 0 0
Yellow Warbler (Setophaga petechia) 0 0 0 0 0 0| 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Black-throated Gray Warbler o 16 8[0 0 0|0 17 14/0 0 0|0 0 3|0 0 4|0 0 0
(Setophaga nigrescens)

Hermit Warbler (Setophaga occidentalis) 4 41 18 | O 5% 15| 0 8 6 0 48 32| 4 35 28| 0 8 6 0 35 22
MacGillivray’s Warbler (Geothlypis tolmiei) 22 0 3 0 19 5 0 34 22| 0 0 0 | 22 0 3 0 0 0 | 22 0 0
Wilson’s Warbler (Cardellina pusilla) 22 89 66| 22 65 51| 22 8 68 0 48 71 | 22 104 79 0 16 50 0 18 45
Western Tanager (Piranga ludoviciana) 44 16 5 22 19 6 4 17 6 0 0 7 44 9 7 0 0 6 44 18 )
Black-headed Grosbeak 2 0 2|0 9 4|0 17 2|0 0 2|0 9 4|0 0 2|0 0 2

(Pheucticus melanocephalus)
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Figure 2. Comparison of density estimates for the three methods (Anderson vs. unadjusted and DS)
for eight species with statistically significant differences between time periods. Unadjusted refers
to estimates based on birds detected within 18 m where we replicated Anderson’s method. Means
(horizontal bars) and standard deviations (vertical error bars; calculated with plots as the replicates) are
shown. DS refers to estimates calculated using distance sampling for birds observed within unlimited
survey radii. A and B denote significantly different ranges of densities, as determined by Tukey
post-hoc tests. p-values can be found in Table S2. Note differences in scales of Y-axes across species.

Differences in the total bird density between historical and modern estimates were
highly variable across the plots and methods of estimation (Figure 3). Results from three
species (Swainson’s Thrush, Wilson’s Warbler, and Orange-crowned Warbler (Leiothlypis
celata)) in the modern surveys contributed strongly to this pattern and collectively ac-
counted for more than 40% of the overall change in densities. Each of those three species
were abundant and omnipresent during our surveys but were absent or present in only
small numbers in Anderson’s surveys. When we compared changes in total bird abun-
dance without those species, changes in density were consistent between the survey eras
(Figure 3).
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Table 2. Number of species observed in each plot by Anderson and our two methods. Estimates
for our 2020-2021 resurveys are labeled unadjusted (for estimates replicating Anderson’s method
focused on detections within 18 m) and DS (for estimates calculated using distance sampling from all

detections and no radius limitation). Error estimates for distance sampling models can be found in
Table S5.

Plot Anderson Unadjusted DS
3 17 19 36
4 15 22 41
5 20 25 41
6 12 12 30
7 13 18 32
8 13 12 36
9 16 11 28

Total 34 35 41
After Removal All Species

204

I | Comparison
. Anderson vs. DS
Anderson vs. Unadjusted

o

-204

Percent Change (%)

40

Plot

Figure 3. Comparison of percent change for summed density between each modern method (DS
and unadjusted) and Anderson’s original estimates in each plot. Swainson’s Thrush, Wilson’s
Warbler, and Orange-crowned Warbler contributed greater than 40% to total modern density. These
species were detected in low numbers on Anderson’s survey (see Discussion), so to reveal potential
patterns masked by disproportionately abundant birds they were removed (left panel; After Removal).
Negative values of percent change indicate higher density in the 1970s as compared to 2021, whereas
positive values indicate the opposite.

3.2. Comparisons with BBS Data

BBS data revealed that most species were declining at the state-wide level, but most
were stable on the two Coast Range survey routes. At the state level, 53.8% of species
considered here were declining, 9.4% were increasing, and 30.8% were stable. The two
local BBS routes, Elkton and Salado, had 36.8% declining, 5.3% increasing, and 57.9% stable
and 8.1% declining, 35.1% increasing, and 56.8% stable, respectively. Our surveys from
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Anderson’s plots indicated 12.8% declining, 7.7% increasing, and 79.5% stable. In only
four species did all the sources produce similar trends (Hammond’s Flycatcher (Empidonax
hammondii), Red-breasted Nuthatch (Sitta canadensis), Varied Thrush (Ixoreus naevius), and
Pine Siskin (Spinus pinus)), of which all were observed to have stable trends. Similarly,
7 species were either increasing or stable at local BBS routes and in our comparisons with
Anderson’s data, but declining at the state level (Figure 4).

Mourning Dove
Band-tailed Pigeon
Red-breasted Sapsucker
Hairy Woodpecker
Norther Flicker
Pileated Woodpecker
Willow Flycatcher
Hammond's Flycatcher
Western Flycatcher
Canada Jay [N B
Steller's Jay | D

Common Raven
Purple Martin [l [ ]

Chestnut-backed Chickadee | |

Red-breasted Nuthatch [N

Brown Creeper [l Il Status
House Wren

Pacific Wren
Golden-crowned Kinglet Decrease

*
American Robin
Varied Thrush . Increase
Hermit Thrush . Stable
Swainson's Thrush . Sinomn
Purple Finch
1T
||
[ |
[ [ ]
[ [ ]
|| |

Absent

Species

Pine Siskin

Red Crossbill

Evening Grosbeak

American Goldfinch

Spotted Towhee

Dark-eyed Junco

Song Sparrow
White-crowned Sparrow |l

Orange-crowned Warbler

MacGillivray's Warbler

Black-throated Gray Warbler

Hermit Warbler

Wilson's Warbler

Western Tanager

Black-headed Grosbeak [N

Salado

Elkton
Anderson Plots

Oregon

Location

Figure 4. Comparison of abundance trends derived from this study (Anderson Plots) and state
(Oregon) and local (Elkton and Salado) Breeding Bird Survey (BBS) data. BBS trends simplified into
categories using the following scheme: decrease (<—0.50), stable (—0.50-0.50), and increase (>0.50).
We simplified our results into similar categories: if both modern estimates were statistically different
from Anderson’s estimates, we consider these species declining or increasing; if only one or neither
of the modern estimates were statistically different, we consider these species stable.

3.3. Habitat Change at Plot and Landscape Levels

Over the 50 years between bird surveys, timber harvest activities, including thinning,
shelter cuts, or clear cuts, occurred in five of seven plots. The habitat changes occurred
disproportionately in MDREF (all plots) as compared with WCW (only plot 7). Plot 5 experi-
enced the greatest change, with >70% of the forest harvested, while forest management
in plots 3 and 7 impacted less than 30% of each plot (Table 3). Generally, forest cover was
higher in 2021 than in 1970, with aerial photographs showing evidence of forest maturation
into mid-successional stages (Table 3, Figure 1B,C). Forest cover generally increased across
the landscape, with most plots experiencing an increase of 5-10%; clearcut cover decreased
by similar magnitudes. However, in plot 4, there was a >75% increase in forest cover that
coincided with an 80% decrease in clearcut cover. This harvest occurred within a year after
Anderson conducted his surveys; we were able to find aerial photographs of this sector
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within 5 years of when Anderson’s research was conducted. Consistent with this landscape
pattern of general forest succession, we observed a lower shrub density in all the plots and
increased density of live trees in most plots. Vegetation species composition was mostly
consistent across all plots. The understory was dominated by vine maple (Acer circinatum)
in most plots, and Douglas-fir was the most abundant tree, followed by grand fir (Abies
grandis) and western hemlock (Tsuga heterophylla) in WCW plots [22].

Table 3. Change in vegetation and landscape forest characteristics. All changes reflect the difference
between 2021 and Anderson’s estimates. Percent harvested represents total area of each plot in which
harvest occurred between 1970 and 2021.

A Percent A Percent Percent
Plot A Shrubs/ha A Trees/ha Forest Cover Clearcut Cover  Harvested
AP3 —264 236 7.0 —0.5 28.9
AP4 —8030 —101 78.8 —80.4 6.5
AP5 —10860 71 6.9 1.5 71.5
AP6 —2099 —107 6.1 —6.1 0
AP7 —2337 213 8.3 —3.8 21.02
AP8 —16052 201 12.5 —-8.3 11.5
AP9 —9367 —49 0.8 0 0

3.4. Correlations Between Changes in Habitat and Bird Density

Changes in bird densities were not consistently explained by changes in vegetation
structure or landscape cover composition. Of the eight species for which we found sig-
nificant changes in density, only two (Pacific Wren and Chestnut-backed Chickadee) had
statistically significant (p < 0.05) coefficients. Similarly, only one (MacGillivray’s Warbler
(Geothylpis tolmiei)) of the five species with relevant habitat requirements (Hermit Warbler,
Orange-crowned Warbler, White-crowned Sparrow (Zonotrichia leucophrys), and Willow
Flycatcher (Empidonax traillii)) had statistically significant coefficients. Of the 27 additional
species considered in this section of the analysis, only 4 had at least 1 statistically significant
coefficient (American Robin (Turdus migratorius), Hammond’s Flycatcher, Mourning Dove
(Zenaida macroura), and Red Crossbill (Loxia curvirostra)) (Table S4). Among the seven
species with significant coefficients, there were no consistent patterns in parameters or
coefficient directionality. Regardless of significance, for nearly all the species, coefficients
for both change in clearcut and forest cover were large across most species, in comparison
to those of change in tree and shrub density.

4. Discussion

Comparing two snapshot surveys conducted 50 years apart in a Pacific Northwest bird
community, we found 80% of breeding bird species to have statistically similar abundances.
Despite active forest management across the landscape, relative stability in bird populations
was the common pattern. We documented significant declines in only five species, contrary
to other studies reporting losses of many North American woodland passerines over similar
time periods. Furthermore, we observed no common patterns associated with foraging
guilds among the species which experienced significant changes in density. The local plot-
level patterns were generally mirrored by regional trends but less correlated with state-level
trends derived from the BBS. Furthermore, we detected few unambiguous relationships
between anthropogenic change in habitat and densities of breeding bird species. Our study
not only highlights the utility of historical datasets in detecting community change in areas
not surveyed by large-scale efforts such as the BBS, but also demonstrates the need for
the thorough documentation and preservation of avian benchmark data. We preserve
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extensive data, metadata, and details on methodology here and in [32] to facilitate more
precise replication during future resurveys.

We capitalized on the level of detail preserved in Anderson’s thesis, which is compara-
tively rich for its period, by resurveying the same plots and directly comparing estimates
of density from across the study area to maintain consistency in comparisons across time
periods. We believe that only minor differences in methodology existed between our
and Anderson’s work. Nevertheless, some odd results from Anderson’s surveys have
constrained our conclusions. For instance, Anderson reported no density estimates for
Swainson’s Thrush, the most abundant species during our surveys. This absence is not
easily explained. The probability of detection in close proximity is high as the species sings
often and can be seen regularly as it commonly nests in the understory. We saw no evidence
in Anderson’s data that an identification error may have occurred, such as confusion with
Hermit Thrush, a species more numerous at much higher elevations. Furthermore, BBS
results suggest Swainson’s Thrush was present and common in the region during Ander-
son’s era. A possible explanation for the absence of Swainson’s Thrush in Anderson’s data
is a clerical error which occurred in the process of manuscript transcription. We therefore
treat the statistically significant change observed for that species with caution. Despite the
odd lack of Swainson’s Thrushes in Anderson’s data, density estimates for all other species
appear realistic.

Modern bird counting methods focus on evaluating the important influences of de-
tectability on abundance estimates. The use of density estimation methods that do not
account for the imperfect detectability of birds can be prone to underestimation [34], and
thus estimates of density and abundance from historical datasets may not be entirely ac-
curate [18]. Yet, using identical methods to those from historic surveys, pre-dating the
development of protocols to adjust for detectability challenges, can still reveal important bi-
ological changes [40—42]. To assess the accuracy of unadjusted density estimation methods,
we estimated density using an identical method to Anderson, and we also incorporated
distance sampling to provide more accurate and replicable density estimates. We observed
no consistent differences between these methods, except for three wide-ranging species
rarely detected near observers. While Anderson’s methodology may not have produced
estimates that account for detectability as modern methods do, they did appear to capture
realistic patterns in the densities across this bird community.

Despite our efforts to replicate Anderson’s surveys as precisely as possible and provide
well-reasoned statistical comparisons, we observed large variability in density estimates
for some species. Unadjusted density estimates were highly variable across all the plots
for species which range widely or that exist on the landscape at inherently low densities,
and therefore are detected infrequently in close proximities to the observer. Furthermore,
distance sampling methods produced large estimates of variation for some species. When
we also consider the inherent uncertainty of Anderson’s density estimates without the
original data, the power with which we can draw reliable conclusions is low. However, for
easily detected species consistently encountered in close proximity to observers, we believe
that our analysis captures broad, but accurate patterns for these species.

4.1. Local and Regional Change in Avian Communities

Several publications have published analyses describing declines in some segments of
the North American avifauna in the last half century, particularly in forest bird communi-
ties [5,43,44]. In contrast, our results reveal that most species in our study have densities
similar to those of the late 1960s. At the state-wide level, Oregon BBS trends show declines
for a majority of the species considered in our study [38]. However, this statewide pattern
is not evident in BBS data from routes within 80 km that surveyed habitats most similar
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to those in our study plots. BBS results indicate less than 35% of species experienced
declines on a regional level, in comparison to approximately 80% on a state level. Notably,
Pacific Wren, Western Flycatcher, Western Wood-Pewee (Contopus sordidulus), Wilson’s
Warbler, and Black-throated Gray Warbler (Setophaga nigrescens) have increased in the Coast
Range region but decreased across Oregon. For only one species, Red-breasted Sapsucker
(Sphyrapicus ruber), was there an increase at the state level but a decline regionally. A
majority of the remaining species were declining at the state level and stable regionally.

Results from our study generally align with those from local BBS data. We observed
similar declines in Brown Creeper, Chestnut-backed Chickadee, and Golden-crowned
Kinglet, and increases in Pacific Wren and Wilson’s Warbler, which suggests our observed
changes for these species are not isolated to Anderson’s plots and may reflect patterns
of change in density for the central Oregon Coast Range. Of these species, only Wilson’s
Warbler is declining on a state and continental scale [5,38]. North American declines of
Wilson’s Warbler are attributed mainly to loss of breeding habitat [45], but the perpetuation
of early to mid-seral forests, the preferred breeding of Pacific Northwest populations [46],
by forest harvest practices may be the cause for regionally increasing populations.

One other study in western Oregon resurveyed a historic set of study plots to evalu-
ate changes in avian community composition [26,27], providing substantial evidence for
community turnover. Curtis et al. (2016) found that community shifts were not associated
with changes in habitat, rather that the natural dynamism of avian communities resulted
in significantly different species composition but similar overall abundances of birds in
each community through time. We did not conduct community ordination analyses but
observed more than 70% overlap in species composition between our snapshots, suggesting
the level of species turnover was lower in our study area.

4.2. Avian Response to Agricultural Forests

A few previous resurvey studies have used complex analytical methods to model
changes in bird communities and habitat [24,27]. Our ability to understand the effect sizes
of habitat variables was constrained given the small sample size available (six density
estimates/species). We employed a simple approach that involved applying basic linear
models to assess statistical relationships of change in bird density and habitat characteristics.
Most species had statistically ambiguous relationships with changes in vegetation structure
and landscape cover. Where these were significant, the effect sizes were largest for changes
in landscape cover, as opposed to vegetation structure or harvest acreage.

Habitat availability influences population dynamics and persistence and specific
components of a habitat can strongly influence bird occurrence and abundance [44,47,48].
Where tracts of suitable habitat exist, species experiencing declines at broader spatial scales
may persist locally if important single habitat features (e.g., a large, hollow snag) are present
or if species-specific patch sizes of habitat are available [49,50]. This may suggest that the
patterns observed in our study deviating from state-level BBS trends reflect the presence or
absence of habitat characteristics we were unable to measure. We found no clear evidence
that changes in habitat characteristics within the study area were a consistent driver of
changes in bird density. However, the constraints of the small sample size of plots and
limitations of the habitat and landscape cover data may impact the comparisons.

Subtle changes in habitat availability may have occurred within our study area that
are not easily quantified from historic aerial photographs or the preserved vegetation
information in Anderson’s original work. For instance, standing dead tree removal was
a common forest management practice in the Pacific Northwest until the 1980s, when
their ecological importance was prioritized [51]. Chambers et al. (1997) [52] artificially
created snags in the vicinity of two of Anderson’s original plots, but these efforts have not
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been replicated on a landscape level. Coincidently, of the five species we found to have
significantly reduced densities since the 1950s, three (Hairy Woodpecker, Brown Creeper,
and Chestnut-backed Chickadee) have some ecological association with standing dead
trees, and another species highly dependent on snags during breeding season (Vaux’s Swift
(Chaetura vauxi) was present in Anderson’s surveys but absent on ours. Without data on
the density of standing dead trees across our study area, we cannot definitively link the
observed declines to snag removal; however, it is possible that the systematic removal of
such features over the 20th century could contribute to the decline of certain species.

We summed density across all the species in each plot in an effort to detect plot-
specific patterns which may reflect significant habitat changes. We found that two species
(Wilson’s Warbler and Orange-crowned Warbler) accounted for more than 20% of the
overall change. This is partly because Anderson detected comparatively few individuals
of these species, whereas these were among the most frequently observed species in our
surveys. Comparisons of percent change in total density prior to the removal of the
species from the analysis show consistent increases across nearly all the plots, whereas,
after the removal of these species, patterns are opposite. Notably, the plots showing the
smallest change (whether that be positive in comparisons pre-removal, or negative post-
removal) were also the plots to have experienced the most anthropogenic habitat alteration.
In contrast, plots that seemingly experienced consistent, undisturbed maturation into
mid-seral stages exhibited stronger declines in density. This aligns with the intermediate
disturbance hypothesis and previously observed bimodal patterns of avian richness and
abundance in coniferous forest, in which these metrics peak in early and late seral stages
but regress in mid stages [53,54].

5. Conclusions

By comparing two snapshots of avian communities separated by 50 years, we doc-
ument general stability in the density of approximately 80% of the species of conifer
woodland birds in our study area. This pattern appears generally consistent for the Central
Oregon Coast Range, based on similar observations from regional BBS results. While
many species have maintained relatively stable abundances through time, ongoing shifts in
highly dynamic agricultural forests have the potential to drive more pronounced changes
for species with specific habitat requirements.

While Anderson’s bird surveys have enabled us to quantify temporal changes in
avian density and their association with dynamics in agricultural forests, the shortcomings
of historical survey methods and incomplete data preservation highlight the need for
highly detailed community benchmark surveys with the archival of detailed metadata to
facilitate future analyses of change. Effectively preserved snapshots of avian communities
allow for precisely repeatable resurveys and rigorous analyses, which ultimately result
in highly informative conclusions [35,55]. In the few cases in which historical snapshots
are preserved in enough detail to allow for highly repeatable resurvey efforts, the results
can better evaluate ecological theory and support conservation action (e.g., Ellis et al.
2019). Unfortunately, with the passage of time, boxes of old notebooks and data are lost,
and investigators driven enough to interpret results from outdated survey methods or to
carefully evaluate partial datasets are tasked with surmounting many hurdles that historical
datasets present. Carefully gauged analyses and interpretation can still provide insights
about long-term change in bird communities even when historic approaches have been
replaced by better methods (e.g., Robinson 1999, Tingley and Beissinger 2009). We join
others [19,26,56,57] arguing that historical datasets are not a lost cause, but instead can
provide useful insights into long-term changes as long as the interpretation of results is
evaluated judiciously.
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