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Avian turnover at Harvard Forest, 
Massachusetts, USA, 1948-2016 
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Multi-decadal datasets from systematic surveys of birds are rarely published, 
despite their potential to yield important information about local changes in the 
environment over time. I compare bird surveys at Harvard Forest in central 
Massachusetts, USA, between 1993 and 2016 with two unpublished annotated 
bird checklists from the area (1948 and 1970), along with data from other long­
term bird survey sites in New England, and regional community science data. 
While a handful of breeding species at the Harvard Forest are common each year, 
species turnover has been constant, with roughly a third of bird species found 
one survey year and not the other. I list 18 species that have apparently colonized 
Harvard Forest as breeding species after 1948, and 16 that have declined since 
then, including two to the point of extirpation. I also note several examples of 
phylogenetic replacements in the recent vs. historical avifauna. More colonizing 
species than declining species are at their northern range limit rather than their 
southern limit in southern New England, and more migratory species appear to 
be declining than colonizing. More colonizing species favor forest interior than 
declining ones, and nearly all declining species are associated with edge/early­
successional habitats or are considered habitat generalists. The majority of 
species to have colonized Harvard Forest since 1948 show positive statewide 
population trends, and none showed a loss in the number of breeding bird atlas 
blocks occupied between the 1970s and the 2000s. I identify three declining or 
extirpated species, Ruffed Grouse, Eastern Whip-poor-will, and Olive-sided 
Flycatcher, as particularly deserving of conservation attention. Long-term, site-
scale monitoring is essential to detect the impact of local forest management 
techniques, which at Harvard Forest has included the creation of experimental 
clear-cuts, the loss of conifer plantations, and the continued maturation of the 
mixed hardwood forest. 
KEYWORDS 
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Introduction 

Long-term datasets are key to understanding ecological change over time, and can help 
clarify our role in effecting these changes (Magurran et al., 2010, Knapp et al., 2012). 
Conspicuous and diverse, birds make ideal subjects for long-term monitoring and detection 
of environmental change (Collins, 2001). Studies of species turnover and other measures of 
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community change done on various spatiotemporal scales have 
long provided insight into the patterns to be expected from ongoing 
fluctuations and shifts in climate and vegetation succession and 
management (e.g., Holmes, 2007; Hitch and Leberg, 2007; DeLuca 
and King, 2017; Neate-Clegg et al., 2021; Craig, 2023). They may 
also be used to develop restoration priorities and goals for projects 
attempting to restore lost habitats (e.g., Cooper, 2008). In North 
America, regional and continent-scale avian monitoring programs 
such as the USGS Breeding Bird Survey (“BBS”), and more recently, 
community-science programs such as eBird have been used to 
detect continent-scale population change (e.g., James et al., 1996; 
Goetz et al., 2014; Schipper et al., 2016; Rosenberg et al., 2019). Each 
of these methods has different drawbacks; those reliant on passive 
data collection rather than standardized methodology tend to have 
records clustered near populated areas and popular birding sites, 
though with enough participation spread across a large enough 
region, these issues can be statistically overcome. Data from 
standardized, longitudinal population surveys are rare for all but 
a handful of taxa and sites, but have the advantage of providing 
quantitative data based on repeated observations by trained 
observers, even where early data are fragmentary (Curtis and 
Robinson, 2015). 

Though many excellent short-term avian-habitat studies have 
been made in the forested habitats of the Northeastern U.S. (e.g., 
DeGraaf et al., 1998), longer-term datasets from this ecoregion are 
few. Among the exceptions are work by ornithologists at Hubbard-

Brook Experimental Forest in central New Hampshire who pioneered 
research on neotropical migrant birds in the 1960s (e.g., Holmes and 
Sherry, 1988, 2001), which continues today. Elsewhere, McNulty et al. 
(2008) compared bird survey results from the 1950s from Huntington 
Wildlife Forest in New York’s Adirondack Mountains with 
contemporary surveys, and bird monitoring at Yale-Myers Forest 
in northeastern Connecticut has been ongoing since the 1980s (see 
Hanle et al., 2020; Craig, 2023). Such site-based studies are essential to 
validate regional population trends (Walsh and Servison, 2017), and 
to detect contrasting patterns that can be explained by local land use, 
informing management. 

Continent-wide analyzes have suggested that in recent decades, 
woodland birds have been generally increasing and grassland birds 
decreasing, with declines in abundance driven by drops in numbers of 
the most abundant species (Schipper et al., 2016). The Northeastern 
U.S. has seen widespread and continued reforestation in rural areas 
such as around Harvard Forest (Foster et al., 1998), which would 
presumably favor forest-interior species. However, this has occurred 
alongside the proliferation of both insect pests (Tingley et al., 2002; 
Barker Plotkin et al., 2024) and non-native understory plants in the 
region (Jenkins et al., 2008) which continue to transform this 
landscape. These habitat changes have impacted avian trends, but 
inconsistently so. For example, from surveys in Connecticut and 
Rhode Island, 2001-2008, Craig (2017) reported forest interior species 
more associated with increases, and edge/successional species with 
declines. However, in a longer-term study of breeding birds in 
Connecticut, Craig et al. (2022) found that the “seven most 
strongly increasing species were variously distributed forest interior 
and edge/successional-associated species”. Furthermore, the differing 
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survey and analytical methods and timeframes used for local studies 
have confounded interpretation. 

Regional trends surely play a role in habitat-associated 
population changes, but directionality is inconsistent, and trends 
often contradictory at the local level, or between study sites (see 
Craig, 2023). For example, at Hubbard-Brook Experimental Forest 
in New Hampshire, Holmes and Sherry (2001) reported an overall 
numerical decline of breeding birds since the late 1960s, and 
reported far more forest-associated species decreasing than 
increasing. In their upstate New York study area, McNulty et al. 
(2008) also found more species to exhibit a drop in relative 
abundance than an increase since the 1950s. Yet, Craig et al. 
(2022) found that overall population density increased between 
their survey years (1985 to 2019), even as diversity levels 
remained constant. 

It is also unclear how much habitat – or our interpretation of 
habitat – can impact bird populations, and on what scale. 
Increasingly,  population  trends  are  framed  as  species ’ 
hypothesized response to climate change (e.g., Walsh and 
Servison, 2017), rather than as a response to habitat change 
(which has long dominated bird conservation narratives). While 
climatic warming appears to have an impact on many certain 
species’ distributional shifts, the effect has been inconsistent 
across taxa (Martins et al., 2024). Still, patterns may be detected 
at the local level; Craig et al. (2022) reported the “five most strongly 
declining species” between 1985 and 2018/2019 in Connecticut 
survey sites were “northerly distributed”, suggesting a retreat 
toward cooler climes. 

Despite a long and productive publication record on forest 
ecology, information on the avifauna (and vertebrates in general) 
from Harvard Forest is lacking. During the summer of 1993, while in 
the Research Experience for Undergraduates (REU) program, I 
conducted the first systematic baseline breeding bird survey at 
Harvard Forest in north-central Massachusetts. Since the initial 
effort, I returned to Harvard Forest as a Visiting Researcher three 
more times to repeat the survey, in 2011, 2013 and 2016. My dataset 
may be compared directly with two historical, unpublished annotated 
lists of birds observed at the Harvard Forest and vicinity dating to the 
1940s (described below). More recent data from the Massachusetts 
Breeding Bird Atlas project (Massachusetts Audubon Society (MAS), 
2008) and the Breeding Bird Survey (Sauer et al., 2020), plus 
community science data such as that uploaded to online platforms 
such as eBird (www.ebird.org), can all be used to augment findings 
from Harvard Forest over the past 80 years. 

Specifically, my study asks: 
- Has overall avian species diversity at Harvard Forest 
increased or decreased over time? 

- What bird species have been gained/lost over the past 
decades, and why? 

- Are these trends similar to those found at comparable forest 
sites in the region, and are they reflective of regional trends? 
Insight from this work may be compared with data from more 
established local bird-monitoring sites, as well as community-
frontiersin.org 
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science (observational) data to inform ongoing and future habitat 
manipulation to benefit birds and avian diversity at Harvard Forest 
and elsewhere in the region. 
1 Smith, E.E. 1948. Preliminary list of birds of the Harvard Forest. Earl E.
 

Smith, Harvard Forest, Nov. 30, 1948.
 

2 Hopkins, B. and J. Hopkins. 1970. Some notes on the birds of Harvard
 

Forest. January 1970. Unpublished report.
 
Methods 

Study area 

The Prospect Hill Tract of the Harvard Forest lies within the 
Quabbin Reservoir Watershed (Massachusetts Department of 
Conservation and Recreation, 2007), covering 364 hectares/900 
acres in Worcester County, north-central Massachusetts, US 
(Figure 1). Established in 1907, Harvard Forest supports a mix 
deciduous and coniferous woods, including oak-maple forest, 
conifer plantations, and natural spruce and hemlock bogs, with a 
variety of small, scattered wetlands (Jenkins et al., 2008). It is nearly 
encircled by disused dirt logging roads, and crisscrossed with 
footpaths and old stone walls, a reminder of its history as a 
complex of farms, pastures and woodlots. Since the early 1800s, 
when most of the land was cleared, these areas have grown back to 
contiguous woodland. While most of the land is forested, wetlands 
provide limited open habitat, as does an area of c. 8.5 ha/21 acres 
maintained as pasture lawn, or ornamental landscaping around the 
Forest headquarters, and several experimental clearings where trees 
have been selectively removed as part of forest manipulation 
experiments since the 1990s. It is now a combined LTER/NEON 
site (Parizek, 2018); the “Long-term Ecological Research” (LTER) 
program was launched in 1980 by the National Science Foundation to 
support long-term research projects in Ecology, and now boasts 28 
sites, mainly in North America, including four in the northeastern 
U.S (LTER Network, 2022). NSF introduced the related “National 
Ecological Observation Network” (NEON) program in 2011, which 
now has 81 sites across the U.S (SanClements et al., 2020). 

Major landuse changes at Harvard Forest include the Hurricane 
of 1938, which resulted in widespread tree blow-down throughout 
New England (Spurr, 1956), including at Harvard Forest. In the 
decades since the hurricane, plantations of non-native conifers, 
mainly red pine (Pinus resinosa), were established, such that by the 
early 2000s, 125 acres/50 ha of plantations remained. By the time of 
my 1993 survey, red pine was a dominant tree on the Prospect Hill 
Tract, recorded on 13 of 67 (19.4%) survey points sampled, and the 
4th-ranked tree by biomass (as measured by trunk diameter), after red 
maple (Acer rubrum), “snag” (various dead trees), and red oak 
(Quercus rubra). In 2008, Harvard Forest released a plan to begin 
harvesting (selectively logging) 80 acres/32 ha of the remaining 125 
acres of pine plantation, which was accomplished between 2008-2010 
(O’Keefe et al., 2008). This resulted in the appearance of three discrete 
brushy clearings (of 1, 3 and 6 ha) just prior to my 2011 resurvey, 
which were being used as study plots by researchers. These logged 
areas regenerated quickly, with most supporting young forest at 
various stages of regrowth by the 2016 survey; six survey points 
were within 100 meters of these clearings, so their impact may have 
been detected on the post-2008 bird surveys. Vegetation surveys were 
not repeated in subsequent bird surveys due to time limitations. 
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Historical bird data from Harvard Forest 

Contemporary surveys may be compared with a unique data 
source, a 1948 annotated checklist (unavailable online or published) 
by Earl E. Smith of birds observed by the author and his wife (Rhea 
Smith) from 12 June to 30 Nov. 19481. Smith used a larger study 
area than mine, taking in several large ponds and swamps outside 
the Prospect Hill Tract. A second historical dataset was produced by 
Hopkins and Hopkins2, another couple who recorded birds on the 
forest from Oct. 1, 1968 to Aug. 2, 1969. However, as they explain in 
their manuscript, they arrived unfamiliar with North American 
birds, having spent the prior 13 years in Africa. Still, their 
observations of certain (easily-identified) species serve some use 
for comparison. 

Smith’s observations from Harvard Forest in 1948 were from a 
landscape that had been decimated by a major hurricane just ten 
years prior. His account of Chestnut-sided Warbler (Setophaga 
pensylvanica) is illustrative of this. Terming it “the most common 
warbler of the Forest”, Smith noted “the large areas of brush which 
cover the blow-down of the hurricane make an ideal habitat for this 
species.” Chestnut-sided Warblers were still present and likely 
breeding during my surveys, but were detected at fewer than 15% 
of survey points each survey year (1993-2016), and outnumbered in 
detection frequency by eight other wood-warbler species during the 
same period. Similarly, Wood Thrush (Hylocichla mustelina) was 
noted by Smith as being a “summer resident of the forest” with “the 
three thrushes, hermit, wood and veery, during June and the first 
part of July would join in an evening chorus of pure melody.” By 
1993, Wood Thrush was recorded only around the Forest 
headquarters, in 2011 it was found just incidentally, and it was 
missed altogether in 2016. These qualitative observations are crucial 
in understanding the nuance of community change beyond 
numerical counts. 
Contemporary bird and plant surveys 

In 1993, I established and surveyed 82 fixed-radius points 
spread across the entire Prospect Hill tract, selected to cover as 
much accessible area of the forest as possible, using rock wall and 
trail intersections as markers. Points were situated 100–350 meters 
apart, and visited three times at least a week apart between 5:00 and 
9:30 am from 8 June to 9 July. Counts lasted 10 minutes each, and 
birds heard or seen were only counted once (to the extent possible), 
and classified as being in “Zone A” (<50 meters of the observer) or 
“Zone B” (50–100 meters away from the observer). Birds detected 
>100 meters away, those flying over, and those encountered 
between points that were not recorded on survey points were 
recorded in incidental notes for each survey (due to the dense 
structure of the forest, far more birds were heard than seen while 
frontiersin.org 
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conducting point counts). All data was single-observer (Cooper), 
and because most avian detections were aural, and I felt confident in 
my identification abilities, I did not calculate visual vs. non-visual 
detections separately, but pooled all observations from all points 
(within Zone A) for this analysis. 

This survey was repeated three more times, in 2011, 2013 and 
2016, following the same protocol as faithfully as was feasible, but 
with only June visits in these years. Due to time constraints, surveys 
only employed 2 visits in 2011 (76 points) and 2013 (76 points), and 
single visits to each of 70 points in 2016. Unless noted, I dropped 
counts made in July (only done in 1993) because only June counts 
were conducted in subsequent years, and many bird species 
truncate their singing by mid-summer, focusing instead on 
raising young. I include notes on single-visit point count surveys 
of the adjacent former Petersham Country Club (Motzkin, 2014) 
from 2016 to inform my analysis of species turnover. 

In 1993, I conducted vegetation surveys at 67 points. A 0.1-acre 
circle was established at each point using two 22-meter ropes 
crossed at the center/survey point. Within this circle, I recorded 
the diameter at standard height (DSH) of every tree with DSH of 
more than 4 cm (other measurements were taken, such as canopy 
cover, but those data have been lost and are not included in this 
analysis). A total of 5,174 trees and large shrubs were measured on 
the vegetation surveys, comprising 37 species (an additional three 
“species” cannot be identified and may have been mis-spellings; the 
full names are unknown). 
Frontiers in Ecology and Evolution 04
Species richness and community 
composition 

Though no single standard exists for calculating change in bird 
species diversity of a site over time, several comparative efforts 
involving repeated summer bird surveys  of  managed forests

spanning more than one decade (e.g., Holmes and Sherry, 2001; 
Curtis and Robinson, 2015; Craig et al., 2022). For comparing 
species diversity over time, I used the R package “vegan” (v. 2.6-8) 
to compare overall species diversity across years (n=4 years) using 
the Shannon-Weaver index, which tends to be more sensitive to the 
gain and loss of rare species, and thus may pick up differences 
influenced by newly-colonizing and nearly-extirpated taxa. I 
calculated detection frequency for each survey year, based on the 
percentage of points surveyed that year where each species was 
recorded, expressed as a value from 0-1. This approach did not 
factor in a species’ abundance at each point, due to the variation in 
number of visits per point each year (n = 1–3 visits/point), and the 
brevity of each visit. 
Species trends over time 

I analyzed individual species trends over time in two main ways. 
Qualitatively, I compared historical accounts from the area (notes 
from E. E. Smith, 1948 and those of Hopkins and Hopkins, 1970) 
FIGURE 1 

Location of survey points within the Prospect Hill Tract of Harvard Forest used 1993-2016. Not all points were used every year (depending on local 
conditions), and some were dropped or added (see text). 
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with detection frequency and incidental observations from the 
1993–2016 surveys (including my own observational data from 
the Petersham Country Club). I also compared these results to 
community science data from the Massachusetts BBA (which 
includes regional trends from BBS data over the past c. 60 years) 
and eBird records. 

To quantify change in relative abundance over time, I identified a 
group of the most frequently-recorded species as those detected on a 
minimum of 10% of the survey points (n = 7 points per year) in at 
least one year to analyze. I used linear regression to compare slopes of 
detection frequency across the four years of the survey, and compared 
these findings to those from comparable study sites in the region. Bird 
species nomenclature follows Chesser et al. (2024). 
Results 

The four seasons of contemporary point counts (1993, 2011, 2013 
and 2016) yielded 5,712 records of 84 bird species, and an c. 10 
additional species were observed incidentally (see Supplemental Data). 
Restricting the point count data to only those species detected within 
50 m of the survey point (“Zone A”) and dropping July counts yielded 
c. 2,924 records of 72 species, which comprise the dataset used for 
analysis here. A total of 94 species have been recorded on eBird 
checklists from the “Harvard Forest” Hotspot based on 54 submitted 
checklists as of 2 Sept. 20243. The  five most frequently-encountered 
birds on the Harvard Forest point counts (1993-2016) were: Ovenbird 
(Seiurus aurocapilla) (detected at a mean of 87.8% of survey points per 
year), Red-eyed Vireo (Vireo olivaceus) (59.9%), Pine Warbler 
(Setophaga pinus) (34.9%), Black-capped Chickadee (Poecile 
atricapillus) (30.0%)  and Scarlet  Tanager (Piranga olivacea) (29.3%).  
Two additional species made the top 10 most common species in each 
of the four survey years: Black-throated Blue Warbler (Setophaga 
caerulescens) (29.2%) and Black-throated Green Warbler (Setophaga 
virens) (26.6%). An additional 30 species were recorded on surveys in 
all four years, which comprise the “core breeding songbird 
community” at Harvard Forest (see Supplementary Table S1 in 
Supplementary Material for complete list). 
 

Species turnover since 1948 

As summarized in Table 1, Harvard Forest has seen 18 species 
colonize as breeders since 1948; during the same period, nearly as 
many have declined or become extirpated here (n=16) (see also 
Supplementary Table S1). Overall species turnover at Harvard 
Forest between survey years (as measured by Craig et al., 2022) 
was fairly high (mean = 0.315; 17–23 species gained or lost of a 
total of 55–69 present in the species pool each of the four survey 
3 See https://ebird.org/hotspot/L1239372; note that the Hotspot location 

shown in eBird (as of Sept. 2024) is pinned several km to the south of the 

Harvard Forest headquarters and Fisher Museum, which has probably 

reduced the number of checklists submitted from the Forest due to 

confusion over its location. 
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years), and this value has varied little since 1993 (range: 0.302­
0.333). Based on species representation on the survey points 
(presence/absence), overall species diversity has been stable 
across the study area since 1993, with Shannon-Weaver indices 
similar from year to year (range: 3.243 – 3.509). This stability is 
reflected in phylogenetic groups, in  that a similar number of

representatives have colonized vs. declined for several groups, 
including Galliformes (i.e., Wild Turkey Meleagris gallopavo 
colonized,  Ruffed  Grouse  Bonasa  umbel lus  declined),  
Accipitrids, Corvids and Parulids (Table 1).  Other groups were

off by just one or two species in this phylogenetic replacement 
(e.g., two Picids colonized, one declined). 

The relationship of habitat preference, geographic position within 
range, and migratory status of species increasing or declining resists 
generalization, as counter-examples abound. However, some patterns 
since 1948 include the preponderance of species at their northern 
range limit in southern New England among the colonizing species 
(n=6), vs. those facing declines or extirpation here (n=1, Eastern 
Towhee Pipilo eurythrophthalmus). Species at their southern range 
limit were represented in both the colonizing/increasing and the 
declining/extirpated species (Table 1). 

More migratory species at Harvard Forest appear to have 
declined than colonized since 1948 (12 vs. 7, long-distance and 
short-distance migrants combined; Table 1). Looking at habitat 
association, more colonizing species at Harvard Forest favor forest 
interior (n=9) than declining/extirpated ones (n=2), and nearly all 
declining/extirpated species are associated with edge/early­
successional habitats, or are considered habitat generalists 
(Table 1). However, looking at point count data since 1993, 
forest-interior species show both positive and negative trends, and 
those associated with early-successional habitat appear to have 
generally increased in this latter timeframe, with just two 
(Common Yellowthroat Geothlypis trichas and Song Sparrow 
Melospiza melodia) having declined (Table 2). 

Comparing Harvard Forest data with regional patterns, most 
breeding bird species to have colonized Harvard Forest since 1948 
were also found to be increasing statewide, as measured both by 
range expansion (i.e., change in Atlas blocks since the 1970s) as well 
as in numerical abundance, as shown by BBS data (both 
summarized in species accounts in BBA24) (Table 1). They 
include taxa expanding into central Massachusetts from various 
directions, and associated a variety of habitat types, defying easy 
generalization (e.g., Wild Turkey, Red-bellied Woodpecker 
Melanerpes carolinus, Brown  Creeper  Certhia americana, and

Northern Cardinal Cardinalis cardinalis). Some of these trends 
have been watched for decades (Veit and Petersen, 1993), while 
others, such as the (re-)invasion of Red-bellied Woodpeckers in the 
region, are much more recent (mid-1990s on). 

Colonizing species show a mean 46.2% increase in occupied 
atlas blocks since the 1970s, and none showed a loss in the number 
of blocks occupied between the 1970s and the 2000s. Conversely, 
4 Species accounts published online: https://www.massaudubon.org/our­

work/birds-wildlife/bird-conservation-research/breeding-bird-atlases/find­

a-bird. 
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TABLE 1 Species turnover at Harvard Forest since 1948 (see Supplementary Table S1, and Supplemental Material for complete notes). 

BBA BBS Range/Migratory Status Habitat 

COLONIZED SINCE 1948 

Wild Turkey (Meleagris gallopavo) 97.9 + Core/Resident Edge/successional 

Red-shouldered Hawk (Buteo lineatus) 29.2 + Northern limit/Resident Forest interior (Generalist) 

Ruby-thr Hummingbird 
(Archilochus colubris) 

41.7 + Core/LDM Generalist 

Common Raven (Corvus corax) 70.8 + Southern limit/Resident Generalist 

Tufted Titmouse (Baeolophus bicolor) 60.4 + Northern limit/Resident Generalist 

Red-breasted Nuthatch (Sitta canadensis) 33.3 + Southern limit/Resident Forest interior 

White-br. Nuthatch (Sitta carolinensis) 16.7 + Core/Resident Forest interior 

Brown Creeper (Certhia americana) 33.3 + Southern limit/Resident Forest interior 

Golden-cr. Kinglet (Regulus satrapa) 10.4 + (Southern limit)/Resident (Forest interior) 

House Finch (Carpodacus mexicanus) 52.1 + (Northern limit)/Resident (Generalist) 

No. Waterthrush (Parkesia noveboracensis) 29.2 + Southern limit/LDM Forest interior 

Pine Warbler (Setophaga pinus) 81.3 + Core/SDM Forest interior 

Northern Cardinal (Cardinalis cardinalis) 56.3 + Northern limit/Resident Edge/successional 

Indigo Bunting (Passerina cyanea) 12.5 n/a (Core)/LDM (Edge/successional) 

COLONIZED SINCE 1993 

Yellow-b. Sapsucker (Sphyrapicus varius) 66.7 + Southern limit/SDM Generalist (Forest interior) 

Red-b. Woodpecker (Melanerpes carolinus) 66.7 + Northern limit/Resident Forest interior (Generalist) 

Great Crested Flycatcher (Myiarchus crinitus) 37.5 n/a Core/LDM Generalist 

Prairie Warbler (Setophaga discolor) 35.4 – (Northern limit)/LDM (Edge/successional) 

DECLINED SINCE 1948 

Ruffed Grouse (Bonasa umbellus) 39.6 – Southern limit/Resident Edge/successional 

Red-tailed Hawk (Buteo jamaicensis) 31.3 + Core/Resident Edge/successional 

E. Whip-poor-will (Caprimulgus vociferus) 4.2 – Core/LDM Edge/successional 

Northern Flicker (Colaptes auratus) 6.3 – Core/SDM Edge/successional 

Olive-s. Flycatcher (Contopus cooperi) -2.1 – (Southern limit)/LDM (Edge/successional) 

Least Flycatcher (Empidonax minimus) 6.3 – Southern limit/LDM Edge/successional 

American Crow (Corvus brachyrhynchos) 12.5 + (Core)/Resident (Generalist) 

Gray Catbird (Dumetella carolinensis) 0 + Core/SDM Edge/successional 

Wood Thrush (Hylocichla mustelina) -4.2 – Core/LDM 
Forest interior 
(Edge/successional) 

American Robin (Turdus migratorius) 2.1 – Core/SDM Edge/successional 

Purple Finch (Carpodacus purpureus) 8.3 – Southern limit/Resident Edge/successional 

Eastern Towhee (Pipilo eurythrophthalmus) 0 – Northern limit/SDM Edge/Successional 

American Redstart (Setophaga ruticilla) -10.5 n/a Core/LDM Edge/successional 

Magnolia Warbler (Setophaga magnolia) 4.2 + Southern limit/LDM Generalist (Forest interior) 

Chestnut-s, Warbler (Setophaga pensylvanica) 2.1 – Southern limit/LDM Edge/Successional 

Rose-br. Grosbeak (Pheucticus ludovicianus) 18.8 – Core/LDM Edge/successional 
F
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Abbreviations include “BBA” [Massachusetts Breeding Bird Atlas, indicating % change between 1974 and 2011 (MAS 2008)], “BBS” (Breeding Bird Survey Results, also available in Massachusetts 
Audubon Society (MAS), 2008), “LDM” (long-distance migrant) and “SDM” (short-distance migrant). 
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species that have been extirpated from Harvard Forest, or with 
apparent declines since 1948, show a much lower mean of increase 
in occupied blocks (7.4%), with many seeing a negative change in 
occupied blocks since the 1970s (and several with negative statewide 
population trends). 
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Comparisons with other sites 

In comparison with other New England sites with long-term 
bird data, the core breeding bird community at Harvard 
Forest closely matches that reported from Yale-Myers Forest 
TABLE 2 Detection frequency and regression slope of the most widespread species (>10% of points per year) detected on Harvard Forest point counts 
(Zone A, June only, 1993-2016; % of points where detected, per survey year, visits pooled). 

Species 1993 2011 2013 2016 Slope (SE) HWF HB YMF Ecological notes 

Pine Warbler 12.2 44.7 50 32.9 0.802 (0.393) n/a n/a Increasing I, SDM 

Red-eyed Vireo 45.1 61.8 71.1 61.4 0.552 (0.210) 0.000 -0.010* Increasing I, LDM 

Ovenbird 78 85.5 94.7 92.9 0.401 (0.133) -0.021*** 0.013* Increasing I, LDM 

Yellow-bellied Sapsucker 0 13.2 7.9 14.3 0.345 (0.111) -0.028** -0.028 Increasing G, SDM 

Scarlet Tanager 22 32.9 38.2 24.3 0.234 (0.262) -0.023*** -0.023** Increasing I, LDM 

Blackburnian Warbler 19.5 23.7 21.1 28.6 0.166 (0.113) -0.002 -0.056** Decreasing I, LDM 

Hairy Woodpecker 1.2 10.5 7.9 4.3 0.152 (0.129) 0.033** -0.014 Decreasing G, R 

Chestnut-sided Warbler 8.5 9.2 14.5 12.9 0.119 (0.082) -0.192*** n/a Increasing ES, LDM 

Cedar Waxwing 3.7 10.5 9.2 4.3 0.094 (0.126) n/a n/a Decreasing ES, SDM 

Gray Catbird 4.9 3.9 11.8 5.7 0.069 (0.139) n/a n/a Increasing ES, SDM 

Black-thr. Blue Warbler 25.6 35.5 34.2 21.4 0.067 (0.275) -0.005 0.002 Increasing I, LDM 

Eastern Towhee 4.9 2.6 7.9 7.1 0.048 (0.092) n/a n/a Increasing ES, R 

Veery 17.1 2.6 17.1 24.3 0.031 (0.373) n/a 0.009 Increasing I, LDM 

Blue Jay 12.2 22.4 7.9 12.9 0.024 (0.250) -0.011 n/a No trend G, R 

Brown Creeper 19.5 18.4 18.4 20 -0.008 (0.032) 0.102*** 0.013 Decreasing I, R 

Hermit Thrush 13.4 9.2 25 5.7 -0.030 (0.344) -0.006 -0.017 Decreasing I, SDM 

Common Yellowthroat 15.9 18.4 14.5 11.4 -0.063 (0.111) n/a n/a Increasing ES, SDM 

Downy Woodpecker 7.3 2.6 11.8 1.4 -0.069 (0.190) n/a -0.055*** No trend G, R 

Tufted Titmouse 7.3 3.9 7.9 2.9 -0.077 (0.086) n/a n/a Increasing G, R 

White-br. Nuthatch 7.3 11.8 9.2 0 -0.066 (0.204) -0.008 -0.023* No trend I, R 

Black-thr. Green Warbler 29.3 28.9 21.1 27.1 -0.105 (0.138) -0.001 -0.023*** Decreasing I, LDM 

Northern Waterthrush 7.3 1.3 1.3 5.7 -0.107 (0.101) n/a n/a No trend I, LDM 

Song Sparrow 7.3 3.9 3.9 2.9 -0.112 (0.009) n/a n/a Increasing ES, R 

Canada Warbler 13.4 6.6 6.6 8.6 -0.166 (0.062) -0.077*** n/a Increasing I, LDM 

Winter Wren 13.4 5.3 11.8 5.7 -0.167 (0.124) 0.008 -0.012 No trend I, R 

Eastern Wood-pewee 25.6 18.4 21.1 18.6 -0.179 (0.054) -0.082*** n/a Increasing I, LDM 

Yellow-rumped Warbler 29.3 14.5 26.3 15.7 -0.299 (0.222) 0.033** 0.039** Decreasing I, SDM 

Red-br. Nuthatch 24.4 13.2 17.1 14.3 -0.269 (0.084) 0.029* n/a Decreasing I, R 

Black-capped Chickadee 41.5 35.5 32.9 10 -0.562 (0.404) -0.002 n/a Decreasing G, R 

Black-and-white Warbler 37.8 7.9 19.7 17.1 -0.613 (0.277) -0.042* n/a No trend G, LDM 

Blue-headed Vireo 39 11.8 28.9 7.1 -0.691 (0.367) 0.048*** -0.002 Decreasing I, SDM 
Abbreviations include “HWF” [Huntington Wildlife Forest Natural Area, Newcomb, NY (regression slopes from point count surveys 1954-63 and 1990-2000; see McNulty et al. 2008)], “HB”
 
[Hubbard-Brook Experimental Forest, NH (regression slopes from area search survey 1969-1998; Holmes and Sherry, 2001)] and “YMF” [Yale-Myers Forest, Tolland and Windham counties, CT
 
(trends from transect surveys in 1985, 2018 and 2019; Craig et al. 2022)].
 
Species order follows slope values (at Harvard Forest) from positive to negative. Please refer to Supplementary Table S1 for Latin names. Abbreviations include “I” (forest interior), “G”
 
(generalist), ES (edge/successional habitat), and “R” (resident).
 
*P < 0.05 **P < 0.01 ***P < 0.0 (from McNulty et al., 2008).
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(Goodale et al., 2009). Many of the population trends over time 
reported from Yale-Myers also match those of Harvard Forest, with 
similar species increasing (Yellow-bellied Sapsucker, Red-eyed 
Vireo, Ovenbird, Pine Warbler, and Scarlet Tanager) and 
decreasing (Blue-headed Vireo, Red-breasted Nuthatch, Black-
capped Chickadee, Yellow-rumped Warbler). 

By contrast, while both Hubbard-Brook Experimental Forest in 
New Hampshire and Huntington Wildlife Forest in New York 
shared some of the common breeding species with Harvard Forest, 
the trends of all three sites rarely matched (Table 2). It is possible 
that because both Hubbard-Brook and HWF reported their last 
surveys from 1998 and 2000, respectively, more contemporary 
trends may be different. Indeed, Holmes and Sherry (2001) noted 
that several of the most numerous species at Hubbard-Brook from 
1969–1998 experienced significant negative population change 
through the 1990s, including Least Flycatcher and American 
Redstart (see also Holmes, 2007), leaving Ovenbird and Red-eyed 
Vireo as the most abundant breeding birds over multiple recent 
decades here (both Least Flycatcher and American Redstart are 
fairly rare at Harvard Forest today). 
5 https://www.mass.gov/info-details/list-of-endangered-threatened-and­

special-concern-species#birds. 
Discussion 

The finding that overall species diversity (if not species 
makeup) has remained fairly constant at Harvard Forest since 
the mid-1900s, with a similar number of colonized vs. extirpated 
breeders (18 vs. 16), conforms to findings of Craig et al. (2022) in 
nearby northeastern Connecticut. The low annual rate of species 
turnover found at Harvard Forest – below that reported by Craig 
et al. (2022) for the Yale-Myers Forest – suggests even more 
stability over time here. Predicted northward expansion of 
southerly species due to climate change (see Walsh and 
Servison, 2017) appears to be underway, with more species near 
the northern edge of their  range colonizing, rather than declining 
(of those where either pattern was noted). The suggestion that 
migratory species would be particularly vulnerable to extirpation 
(Holmes, 2007; McNulty et al., 2008), is supported by the finding 
that of the migratory species that have either colonized or declined 
at Harvard Forest, many more have declined or have become 
extirpated altogether. 

The finding that more colonizing species at Harvard Forest since 
1948 favor forest interior (n=9) than declining/extirpated ones 
(n=2), and nearly all of the latter group are associated with edge/ 
early-successional habitats or are considered habitat generalists, is 
supported by research from other New England sites where forest 
interior species increased in the latter part of the 20th Century (e.g., 
Holmes and Sherry, 2001). However, habitat-associated trends at 
Harvard Forest since 1993 appear to be much more mixed, with 
forest-interior species showing both positive and negative trends. 
Several of the species with the most pronounced recent declines at 
Harvard Forest (Table 2) are conifer-dwelling species (e.g., Blue-
headed Vireo solitarius and Yellow-rumped Warbler Setophaga 
coronata) that may be responding to more recent local loss/ 
succession of conifer plantations to hardwoods, and possibly the 
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death of eastern hemlocks due to wooly adelgid invasion 
(see Tingley et al., 2002). Since 1993, several species with positive 
trends are associated with edge/successional habitat (Table 2); 
however, the two declining (since 1993) species associated with 
these early-successional habitats, Common Yellowthroat and Song 
Sparrow, are both strongly associated with water and emergent 
wetland vegetation. Thus, it is possible that neither benefitted from 
the experimentally logged plots as much as upland species like Gray 
Catbird and Eastern Towhee. 

Those species that appear to have declined at the Harvard 
Forest and that also show statewide negative (or non-positive) 
population trends could be candidates for continued monitoring, 
and as targets for future habitat management. These include Ruffed 
Grouse, Eastern Whip-poor-will (Caprimulgus vociferans), 
Northern Flicker (Colaptes auratus), Olive-sided Flycatcher 
(Contopus cooperi), Least Flycatcher (Empidonax minimus), 
Wood Thrush (Hylocichla mustelina), American Robin (Turdus 
migratorius), American Redstart (Setophaga ruticilla), Chestnut-
sided Warbler (Setophaga pensylvanica), Eastern Towhee, Rose-
breasted Grosbeak (Pheucticus ludovicianus), and Purple Finch 
(Haemorhous purpureus). While most of these species are still 
persisting in the vicinity of Harvard Forest, they tend to be 
restricted to early-successional habitat such as old field vegetation 
and the forest-clearing ecotone (including at the former Petersham 
County Club, Cooper, unpubl. data). However, both Eastern Whip-

poor-will and Olive-sided Flycatcher, appear to be essentially 
extirpated as breeders from the larger Petersham area (various 
sources), and the former is considered a sensitive species at the state 
level5. Of the Ruffed Grouse, Smith wrote: “Many of these fine birds 
are present on the Forest and rarely is a trip in the field concluded 
without seeing or hearing several. Three broods were flushed in the 
summer consisting of 5 to 10 young.” This decline of grouse may be 
fairly recent; in 1993, I noted that this species was seen 
“throughout”, with an active nest (with eggs) on 5 June. However, 
by 2011, only a single bird was encountered, and it went unrecorded 
in 2013 and 2016 (eBird and iNaturalist only show a handful of 
records from the Petersham area). While not explicitly surveyed-
for, the Eastern Whip-poor-will seems to have declined even earlier. 
It was recorded by Smith in 1948 as being “heard throughout the 
summer”, yet none was heard during my surveys, despite spending 
several weeks each year staying in the same area of the Forest 
headquarters and taking regular dusk walks and being out pre-dawn 
for the point count surveys. 

Of particular interest are those species with mixed trends across 
sites in New England, as local studies can elucidate subtle trends not 
detected on statewide or regional monitoring programs. From a 
management perspective, these may also be those species most 
responsive to changes in forest management, such as species that 
may move into experimentally logged tracts, or which may be 
persisting in unusual habitats such as red pine plantations 
surrounded by extensive hardwood forest. Examples of species 
showing increases at Harvard Forest over time, yet declines or 
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static trends statewide, include Great Crested Flycatcher (Myiarchus 
crinitus), Indigo Bunting (Passerina cyanea) and Prairie Warbler 
(Setophaga discolor), all of which have increased at the Forest in the 
past decades, likely aided by local experimental habitat 
manipulation. See Supplementary Table S2 for notes on 
regional trends. 

Of course, with such different methodologies employed 
(transects vs. point counts vs. territory mapping), it may not be 
possible to generalize and extract numeric trends from one study 
and expect it to match the other. Analysis of different datasets can 
also present significant analytical challenges within the same 
study; for Harvard Forest data, the different numbers of points 
visited in different years, the low number of years (n = 4), and the 
different number of visits per year (1, 2 or 3), limit the 
interpretation of actual abundance and trends. As with any 
such study, a trade-off exists between dropping points and 
visits to increase standardization and avoid bias (e.g., if a 
particular microhabitat type was better represented one year vs. 
others), or retaining them to increase the amount of available 
data to interpret, and to capture rare species that might be 
particularly data-rich (e.g., a bird associated with an age-class 
of clearing that might be nearing extirpation as the forest grows in 
and matures). 

It is also possible that more species have increased at Harvard 
Forest, but the brief descriptions (i.e., without numerical counts) 
from the pre-1993 period (e.g., “summer resident in forest”) make  
this determination is difficult. “Observer perception” can influence 
impressions of abundance, and may have influenced the Smith 
(1948) dataset; for example, any guest at Harvard Forest staying at 
the headquarters will hear American Robins singing continuously 
from well before dawn to sunset; yet away from developed areas, 
robins are rare in the forest interior and the natural wetlands, as 
seen in the point count data. So, while they may (still) seem like a 
“common resident of the forest”, determining exactly where they 
were common, and how numerically common they were, is not 
possible from the data. Of note, Smith’s references to “the Forest” 
included large expanses of wooded swamp habitat (e.g., Tom 
Swamp), as well as large clearings and other habitats and other 
open habitats lacking on the Prospect Hill Tract. And, a relatively 
large number of species were recorded (this study) in very small 
numbers in each year, in some cases with only a single pair or two 
likely present around the main headquarters, which (now) 
provides the largest open habitat approximating the early 
pasture habitat in the area (horse-grazed through summer) 
(Supplementary Table S1). 

Finally, some increases and colonizations may be unreliable as 
trends in cases where the number of territorial birds continues to 
be small, such as with Alder Flycatcher (Empidonax alnorum), 
found on territory in 2011 and 2013, but on only two points 
located at a unique swamp habitat; or Nashville Warbler 
(Leiothlypis ruficapilla) and Northern Parula (Setophaga 
americana), recorded as territorial singletons in 1993 and 2016, 
respectively, but seemingly not fully colonized as breeders. Still, 
while colonizations are usually fairly straightforward – either the 
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species was listed by earlier authors, or detected on point counts, 
or not – declines and even extirpations are less clear-cut, since a 
rare species may be persisting, and may even be common, in areas 
not visited on modern surveys (particularly given that the “study 
area” in 1948 extended well beyond the boundaries of the Prospect 
Hill tract used as the 1993–2016 study area). This is particularly 
true for species found in secondary growth and open areas, given 
how the forest has matured in and around the study area in the 
seven decades since the 1948 accounts of Smith. 

From a management perspective, replicating these open 
habitats could be a way to encourage historically-present species 
to return, or to augment their populations (assuming this is a goal). 
The experimental forest clearings established since the initial 1993 
survey may have led to the “bounce-back” of species like Least 
Flycatcher and Chestnut-sided Warbler, as well as the arrival of 
species like Prairie Warbler and Indigo Bunting which were not 
found as breeders historically. Assuming these interventions do not 
remove sensitive/rare habitats (particularly if they remove non­
native plantations), they could be expanded as a management tool 
to create a more complex mosaic of habitats of different age classes. 
Habitat data was not a major component of this study, and I hope 
this publication may raise awareness of these important data sets for 
future analysis. 
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