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Rapid loss of neotropical migrant songbirds (44% overall decline in the past 50 years) 
necessitates an urgent call for conservation. Disturbance-dependent early-successional 
species have experienced an especially large decrease at 58%. The greatest cause for 
these declines is loss of both breeding and overwintering habitat. Throughout the 
northeastern United States, post-European arrival, cultural shifts in land use have led 
to even-aged, mid-successional forests becoming the dominant forested habitat types 
on the landscape. This has resulted in a loss of young forest habitats required by early-
successional birds for nesting and by many forest-interior birds for critical post-
fledging cover and foraging. We used point counts to assess songbird community 
response to group-selection harvesting (0.2-1.0 ha openings) in a mixed 
hardwood/softwood forest in Canaan, NH and in an eastern hemlock (Tsuga 
canadensis) dominated forest in Lyme, NH. Counts in the mixed-wood forest were 
part of a 9-year-post-harvest study, while those in the eastern hemlock forest were 
conducted a year before and a year after a timber harvest. Group-selection openings in 
the mixed-wood stand created a multi-aged forest mosaic, leading to a fluctuation of 
species richness as the shrub layer grew in. Overall a net significant increase of 
species by year 9 post-harvest was observed during a period with no significant 
changes in background levels of avian richness in the region. Further, in the mixed-
wood forest we mapped territories of 60 individuals from 5 species in 2019 and 2020 
and found territory sizes were generally smaller for young forest species than for 
forest-interior species. However, all mapped species utilized the early-successional 
habitat created from the timber harvest during the breeding season. We also 
documented pairing and fledging rates for several species and found high rates of 



 
 
pairing success and average rates of fledging success compared with other studies.  In 
the eastern hemlock property immediately post-harvest, we observed a significant 
increase in bird species richness and abundance. As we continue monitoring the 
eastern hemlock property, we expect an overall increase in species richness that will 
last longer due to a slower regeneration time characteristic of eastern hemlock forests 
compared to mixed-wood forests. These results have forest management ramifications 
demonstrating how different approaches can be used to promote early-successional 
habitat, crucial habitat for disturbance-dependent species, generalists, and woodland 
dependent species. The findings of our project may aid in strategic consultation with 
landowners in the region, where a majority of timberlands are family owned and 
managed, to demonstrate how forest management strategies can support avian habitat. 
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Introduction 
A major decline of migrant species has occurred in the past 50 years. Of these 
declining species, early successional species have the sharpest declines (Sauer et al., 
2020). In North America, loss of habitat for these species is the primary cause of their 
decline. This habitat is characterized as young early-forest habitat. Prior to 
colonization, this habitat was a result of natural disturbances. Without these occurring 
as frequently today, small group-selection tree harvest, or patch-cuts, can create 
similar disturbance resulting in young forest suitable for early succession species. In 
this study, patch-cuts were completed on two privately owned American Tree Farms: 
one in Canaan, NH in 2012 and a second one in Lyme, NH in 2019. These patch-cut 
timber harvests involve harvesting trees in areas about 0.25 ha to 2 ha in otherwise 
closed canopy mature forest. These timber harvests added “patchiness” and diversified 
the age structure of the landscape. Following timber harvests, we observed changes in 
avian richness and abundance and vegetation structure at both sites compared to pre-
harvest conditions. We also documented differences in arthropod diversity and habitat 
usage of 6 target songbird species at the Canaan, NH site 8- and 9-years after harvest. 
We expected the implementation of small patch-cuts within a mature forest landscape 
to increase bird richness due to the addition of early successional habitat. This habitat 
was predicted to attract young forest species without adversely impacting forest 
interior species that were present prior to the harvest due to the small size of the 
patches.  

 

Loss of young forest species due to even-aged forest maturation in New 
Hampshire 
New Hampshire is the second most forested state in the country at 81%, with a 
majority of the forest being large stands of deciduous mixed woods (Morin et al., 
2015). A majority of forest land in New Hampshire is privately owned and managed, 
particularly by families and individuals (Morin et al., 2015). These forest lands, 
predominantly mature, even-aged, and deciduous, provide adequate habitat to 
woodland breeding bird species (King & Schlossberg, 2014) but fall short of providing 
habitat to early-successional bird species, many of which are of high conservation 
priority. Our project examines how small patch-cut timber harvests, occurring on 
private property, impacted the richness of breeding bird species from both forest 
interior and young forest guilds as a result of successional growth of shrub and 
understory layers. The widespread adoption of patch-cut harvests to create a mosaic of 
age classes has the potential to benefit migrant, early-successional songbird species 
(King & Schlossberg, 2014) whose populations are currently in decline (Sauer et al., 
2020). Further implementation of this forest management technique within New 
Hampshire can provide revenue to family-owned and traditionally smaller forest plots 
while also providing high-value habitat. 
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Songbird decline 
Within the eastern deciduous forests of the United States, 80 - 90% of breeding bird 
species are migrants, many of which are neotropical or long-distance migrants (Peters 
et al., 2005). Of these, neotropical migrant songbirds are facing a rapid decline across 
North America with a 44% overall decline from 1966 to 2015. Woodland breeding 
species have a slight overall increase of 6% while early-successional species have 
experienced a 58% decline (Sauer et al., 2020). Major causes of population declines 
are habitat destruction and fragmentation that increase edge habitat (Germain et al., 
1997). Additionally, climate change is expected to exacerbate this loss of habitat due 
to extreme temperatures and a change in community make-up (Grand et al., 2019). 
Overall, disturbance-dependent species are adversely impacted by loss of habitat while 
forest interior species are not as heavily impacted (DeGraaf & Yamasaki, 2003; Foster 
et al., 2002). Species who rely on early-successional habitat make up a majority of the 
northeastern United States neotropical migrants, accounting for 74 of the 126 species 
(58%) of all northeastern neotropical migrants (Lorimer, 2001). Primary criteria for 
migratory songbird mating success depends largely on specific breeding habitat 
features, such as ground cover complexity, shrub, understory and tree densities, 
canopy height, and the correlates of these structural features, such as, food availability 
and conspecific attraction  (Askins et al., 2007; Flockhart et al., 2016; Jobes et al., 
2004; McCollin, 1998; Robbins et al., 1989). This is especially important for 
neotropical migrant young forest bird species due to the historic loss of important 
nesting habitat within the shrub and understory from land use changes post-European 
colonization (Foster et al., 2002). 

 

History of forest regimes and changes 
Northern forests prior to European colonization were multi-aged mosaics consisting of 
mature stands intermixed with young forest habitat. This was due to natural 
disturbance regimes including floods, Native American agriculture (DeGraaf & 
Yamasaki, 2003), beavers (Castor canadensis) (DeGraaf & Yamasaki, 2000) and 
other natural processes like wind bursts, old-age tree falls, insects, disease, and to a 
lesser extent in the Northeast US, fires (Askins et al., 2007; Cronon, 1983; DeGraaf & 
Miller, 1996; King & Schlossberg, 2014; Lorimer, 2001). Disturbance, defined as an 
external factor that limits plant biomass through partial or total destruction from 
discrete events, affects ecosystem, community, or population structures through 
changes in resource or substrate availability (Grime, 1977; Mitchell, 2013; Pickett & 
White, 1985). Typical forested landscapes pre-European settlement would have 
vertical stratification as well as diverse age ranges of trees and shrubs due to natural 
disturbances (Goodale et al., 2009).  
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European colonization changed these disturbance regimes, limiting flooding through 
the extirpation or population reduction of beavers, channeling rivers, decreasing forest 
age diversity through certain forestry practices (Lorimer, 2001; Yamasaki et al., 2014), 
and agricultural land-use resulting in large-scale deforestation  (Cronon, 1983; 
DeGraaf & Yamasaki, 2003; Lorimer, 2001). Following European arrival to New 
England, forests were initially cleared for sheep grazing and logging, leaving states 
like New Hampshire with only 20% of forested cover. The logging and sheep wool 
industry plummeted in the latter half of the 19th century and the abandoned pastures 
began to regenerate. Intermittent large-scale clear-cutting dominated the early 20th 
century driven by the timber and pulp industry (Cronon, 1983; Lorimer & White, 
2003; Morin et al., 2015).  Combined, these land-use changes homogenized the 
landscape and created a forest that lacked age stratification and was not as susceptible 
to disturbances as in in the past (Cronon, 1983; DeGraaf & Miller, 1996).  

Today’s Northern Forest landscape critically lacks early-successional habitat due to 
suppression of the disturbance regimes that maintained low-lying brush that was 
historically browsed by moose and deer (DeGraaf & Yamasaki, 2003). This loss of 
habitat has created a population decline of early successional bird species  (Litvaitis, 
2010; Witham & Hunter Jr, 1992).  Within New England, the USDA Natural 
Resources Conservation Service Resources Inventory and Assessment Division 
reports that early-successional habitat is uncommon with over half of early-
successional specific bird species declining, and a ratio of 3:1 declining species to 
increasing species (Schlossberg & King, 2007). The importance of this habitat for 
wildlife has been recognized as all six New England states and New York now have 
Wildlife Action Plans that contain objectives to conserve early-successional species 
(King et al. 2011). Some landscape ecologists have considered the loss of this early 
successional habitat so important that future land-management agencies should 
attempt to meet past pre-European settlement proportions of this habitat (Lorimer & 
White, 2003). The young forest succession following logging can be an important tool 
to conserve early successional species. Early-successional species show a consistent 
increase in abundance post-logging before the canopy closes around year 20 (Lorimer 
& White, 2003; Schlossberg & King, 2009). Within the northeastern forested 
landscape of the US, much is privately owned. Conservation of early-successional bird 
species requires working with property owners to create this habitat. Fortunately, 
many are interested in finding a balance between sound ecological practices that 
benefit wildlife and timber harvesting. 

 

Application of patch-cut timber-harvests and their broader management 
implications 
With a lack of disturbance-created habitat due to historical forest management 
practices, group harvest logging or patch cuts create important habitat that is lacking 
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(King & Schlossberg, 2014; Roberts & King, 2017). Patch-cut logging practices, 
where a number of small openings (0.2 ha to 1 ha) are created within a mature forest, 
allow merchantable timber to be extracted from the forest, and let light into the forest 
floor, encouraging the growth of thick, dense shrubs promoting shrub and subsequent 
understory layers that add vertical and overall complexity  (DeGraaf & Yamasaki, 
2003; Germain et al., 1997; Yamasaki et al., 2014). Additionally, this creates edge 
habitat, the growth along two adjacent, contrasting habitats, long recognized for 
increased diversity of a wide array of wildlife from species utilizing both habitats 
(Leopold, 1933; Litvaitis, 2010; McCollin, 1998). 

Population studies of North American migratory warblers show that preferred habitat 
of forest birds contain certain habitat features (Hallworth et al., 2008; Hunt, 1996; 
Jones, 2001; Jones & Robertson, 2001). Overall bird diversity increases with a peak 5-
12 years post-harvest (Keller et al., 2003) due to the creation of shrub and understory 
strata (Askins et al., 2007; Roberts & King, 2017) which attracts early-successional 
species. Additionally, forest-interior and edge species utilize these patches during 
nesting (Germain et al., 1997; Holway, 1991; McCollin, 1998) and during the post-
fledging period, when and after fledglings are dependent on parental care (Jenkins et 
al., 2017; King et al., 2011). Dense shrub habitat adjacent to mature forest provides 
cover during periods of high fledgling vulnerability, and also provide additional food 
resources increasing fledgling survival (Cox et al., 2014). In addition to songbirds, this 
early successional regrowth provides important habitat for a wide range of taxa 
including invertebrates, small rodents, bats, predatory mammals, ungulates, and 
raptors (Bolen & Rodiek, 1991; DeGraaf & Yamasaki, 2003; Keller et al., 2003; 
Leopold, 1933).  

For the property owner, the implementation of a sound forest management plan 
utilizing patch cuts creates a long-term sustainable source of income by allowing for a 
mosaic of forest age classes through rotational harvest over many decades. The 
creation of multi-aged forest mosaics help at-risk species with declining numbers and 
can be applied to multi-use, working landscapes (Flockhart et al., 2016) . 

 

Implementation of patch-cut harvests and documenting the response  
Large patches of grassland and shrubland (>1 ha and for some >4 ha) are necessary for 
certain shrubland bird species (King & Schlossberg, 2014; Schlossberg & King, 2007; 
Roberts & King, 2017). The creation of grassland and shrubland areas of this larger 
size require extensive disturbances to a forested area and thus are not suited to large 
contiguous forested landscapes (DeGraaf & Yamasaki, 2003). Further, most 
landowners are typically interested in maintaining already established tracts of forest 
(King & Schlossberg, 2014; Schlossberg & King, 2007). Due to the large size of 
disturbance necessary for specific shrubland species and the conflicting interests of the 
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landowners in maintaining forest, this study focused instead on smaller patch 
disturbances within mature forested landscape. The prescription of patch-cut timber 
harvests mitigates impact to forest interior species already present and minimizes the 
introduction of nest predators previously not present (DeGraaf et al., 1999; DeGraaf & 
Yamasaki, 2000; Germain et al., 1997). Small patch-cuts should increase the 
abundance of some young forest birds (Jobes et al., 2004) even if the habitat provided 
by these smaller patches is not large enough to attract all young forest species (King & 
Schlossberg, 2014; Schlossberg & King, 2007).  

Early-successional bird species recruitment to novel habitat is also a function of life-
history characteristics (Schlossberg & King, 2009). There are two main response types 
to harvests, decreasing and modal species. Decreasing species arrive immediately or 
shortly after a harvest or natural disturbance. The relative abundance of decreasing 
species peaks immediately following a harvest with a subsequent varying rate of 
decrease as the patch grows in. Decreasing species include dark-eyed junco (Junco 
hyemalis), indigo bunting (Passerina cyanea), song sparrow (Melospiza melodia), and 
white-throated sparrow (Zonotrichia albicollis). Modal species prefer more developed 
successional young forest habitat, with an increase in relative abundance that follows a 
harvest peaking around 10 years post-harvest, followed by a decrease in relative 
abundance by year 20. This group includes ruby-throated hummingbird (Archilochus 
colubris), chestnut-sided warbler (Setophaga pensylvanica), Canada warbler 
(Cardellina canadensis), common yellowthroat (Geothlypis trichas), and Nashville 
warbler (Leiothlypis ruficapilla; Schlossberg & King, 2009). Because of the overlap of 
decreasing species and modal species, peak diversity and density can occur around 
year 10 of a regenerating clear-cut when foliage density also peaks (Helle & 
Mönkkönen, 1990; Keller et al., 2003).  

We predicted that bird species richness and abundance would increase following the 
creation of small patch-cuts in a mature forest landscape due to the establishment of 
early-successional habitat and subsequent colonization by forest birds associated with 
young forests. We also predicted that forest-interior and forest edge species would 
make use of these regenerating harvest zones during the post-fledging period. 
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Methods 
This study was conducted across two sites during the breeding seasons of 2019 and 
2020. At the Lyme, NH study site we conducted point-count censuses and vegetation 
assessments both years. In the winter of 2019/2020, between field work seasons, a 
patch-cut timber harvest occurred. In Canaan, NH, we conducted point-count 
censuses, banded and mapped the home-ranges of all individuals from 6 target species, 
and observed pairing and fledgling success of the banded individuals. In 2020 we 
conducted vegetation measurements and used malaise traps to sample for arthropod 
richness, abundance, and diversity. The Canaan, NH study site had a similar patch-cut 
timber harvest occur in March, 2012. We used previously collected point-count and 
vegetation data from prior years (Pangman 2019) to understand changes in avian 
richness on the property as well as vegetative changes within the patch-cuts. Data 
from 2011-2018 are used in certain analyses despite being collected by others prior to 
the 2019 field season on the Canaan site only. Data from the Breeding Bird Survey 
(BBS) (Sauer et al., 2020) and from the Hubbard Brook Experimental Forest 
(Rodenhouse & Sillett, 2019) where used to contextualize the trends from the Canaan 
and Lyme sites since there was only one year pre-harvest. 

 

Lyme Site  

Stone House Farm study site (Figure 1) is 41 ha, predominately hilly, and located in 
Lyme, NH, Grafton County (43.826292 N, -72.170261E) 1.5 km from the Connecticut 
River. A pre-harvest assessment found that the site was primarily wooded and 
consisted of mature mixed hardwood and softwood trees dominated by eastern 
hemlock (Tsuga canadensis), which comprised 44% of all tree species pre-harvest. 
The next most abundant tree found on the property, at a distant 10%, was sugar maple 
(Acer saccharum). Little light penetrated the canopy leaving a sparse understory with 
leaf litter dominating the ground cover and minimal herbaceous or shrub plant cover 
prior to harvest. Additionally, the dominant shrubs present were mature (≥2.5 cm) 
DBH (diameter at breast height). On the property, there is one large wetland complex 
(2.8 ha) as well as a year-round pond (0.04 ha). Adjacent to the study site there is a 
maintained 6 ha grassy opening with a permanent pond (0.07 ha). This property has an 
elevational range of 180 – 300 m. This property abuts forest on all sides. Within 2 km 
to the northwest and west, there are maintained fields, especially along the 
Connecticut River Valley. To the east, the forest is continuous with the White 
Mountain National Forest. Within the past 10 years, one abutting property to the north 
received a similar patch-cut timber harvest to that done on the Lyme property. 
Property ownership and forest management varies across the landscape. 

A patch-cut harvest was implemented on the study site in December of 2019, between 
the two field seasons. The patch-cut harvest created 20 openings with a total area of 
5.2 ha removed, and patch sizes ranging from 0.04 to 0.69 ha (mean = 0.26 ha).  
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Canaan Site 

The Canaan field site (Figure 2) is 46.5 ha located in Canaan, NH (43.688055 N, -
72.026692 E). It consists of a mixed hardwood and softwood (mixed-woods) forest 
with a patch cut harvest in March, 2012 that resulted in 19 openings in the canopy. 
Canopy height ranges from 0 m to 31 m across the landscape, with dominant trees 
being (in descending order of abundance) red maple (Acer rubrus), balsam fir (Abies 
balsamea), red oak (Quercus rubra), white pine (Pinus strobus), paper birch (Betula 
papyrifera), yellow birch (Betula alleghaniensis), American beech (Fagus 
grandifolia), American mountain ash (Sorbus americana), quaking aspen (Populous 
tremuloides) and eastern hemlock (Tsuga canadensis), among others. There is a much 
denser understory throughout the forest compared to the Lyme property. The 
understory was dense in both 2019 and 2020 being 8- and 9-years post-harvest, 
respectively. Within patches, young tree species and shrub species included white 
pine, red maple, American beech, red spruce (Picea rubens), striped maple (Acer 
pensylvanicum) and berry bushes (Rubrus spp.). Across the landscape, ground cover 
was much more varied than the Lyme property pre-harvest, with more herbaceous 
growth, woody debris, and moss. There is one maintained 0.4 ha opening near the 
center of the property that has been the log landing for multiple harvests with no plant 
growth besides shrubby berry bushes and herbs. All other patch-cuts are undergoing 
natural succession. The elevation on the Canaan site ranges from 365 m to 455 m at 
the peak of a hill near the southeastern corner. However, the elevation range where 
most of our work was focused was 365 m to 400 m. There is a 0.8 ha black ash 
(Fraxinus nigra) swamp near the northeastern corner of the property as well as two 
permanent ponds (0.02 ha and 0.01 ha) and vernal pools scattered throughout the 
property. This property is within a larger landscape of private ownership with 
contiguous forest cover extending to the White Mountain National Forest to the north 
and northeast. Property sizes and harvest regimes vary across the greater landscape 
from owner to owner 

 

Point-Count censuses 
To document changes in bird communities and densities we conducted 3 point-counts 
at each field site during peak avian vocalizations in 2019 and 2020, between mid-May 
and mid-June, with at least a two-day gap between each count. These bird censuses 
were conducted across 22 point-count locations in Lyme and 30 locations in Canaan. 
We set up the point-count locations in an array that covered each tree farm with 150 m 
between all points.   We documented all species seen or heard during two consecutive 
5-minute periods consistent with Dawson et al. (1995) recording estimated distance 
and direction from the point-count location. These point-count methods are consistent 
with standardized methods (Askins et al., 2007; Johnson, 1995; Keller et al., 2003; 
Yamasaki et al., 2014).  We restricted analyses to only those birds detected within a 
50m radius to avoid double-counting individuals and to minimize issues related to 
detectability (Johnson, 1995). Observer and order of points varied in order to 
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minimize bias. All statistical analyses were performed with R statistical software (R 
Core Team, 2020). We incorporated point-count data collected in Canaan by Kelsey 
Pangman, Len Reitsma and other skilled field technicians from the years 2011 through 
2018 in our analyses. We conducted an Analysis of Variance (ANOVA) and a follow 
up Tukey post-hoc test for species richness for the years 2011 to 2020 in Canaan, NH, 
limited to 2 rounds of point-counts because only 2 rounds were conducted in 2011 and 
2014. In Lyme, NH we conducted two t-tests comparing species richness and overall 
abundance for 2019 and 2020 using 3 rounds of point-count data. Between Canaan 
and Lyme we conducted an ANOVA and Tukey post-hoc test for Canaan years 2011 
and 2012 vs. Lyme years 2019 and 2020 (2 rounds) and an ANOVA and Tukey post-
hoc test for years 2019 and 2020 for both Canaan and Lyme (3 rounds). Additionally, 
one t-test was conducted comparing species richness post-harvest for Canaan 2012 and 
Lyme 2020 (3 rounds).  

Since we had only one year of point-count data pre-harvest for each site, we used 
background data for New Hampshire from the BBS (Sauer et al., 2020) in order to 
detect broader scale trends during and prior to the years of our study, We used an 
ANOVA to determine if the years pre- and post-harvest were statistically different 
from the past 20 years. These data compared all species detected from all routes 
conducted in New Hampshire from the years 2000 to 2019. We also used an ANOVA 
to detect broader scale trends in background data from the valley-wide bird survey at 
the Hubbard Brook Experimental Forest (Rodenhouse & Sillett, 2019), located 35 km 
northeast of the Canaan field site and 35 km east-northeast of the Lyme field site, for 
the years 1999 to 2016 

 

Vegetation Assessment 
In Lyme, NH we used a modified James-Schugart vegetation sampling method to 
quantify changes in vegetation structure in the first week of June 2019 and June 2020 
(James & Shugart, 1970). We established two concentric circles from the flagged 
point-count location, one with a 5 m radius and the other with an 11.3 m radius. 
Within the 5 m radius, we counted all shrub stems and separated them into two groups 
based on DBH, small (<2.5 cm) and large (≥2.5 cm) but less than 8 cm. Within the 
11.3 m radius, we identified all tree species and snags with DBH ≥8 cm. Additionally, 
we estimated ground cover in 5 categories within the 5 m radius: herbaceous, woody 
debris, rock, moss, and water. We used a densiometer to measure canopy cover at each 
point-count location, averaging four readings from each cardinal direction. We then 
used 9 t-tests in R statistics to compare means for significance pre-harvest to post-
harvest for all vegetation, canopy cover, and ground cover variables. 

At the Canaan site we used the same modified James-Shugart method, including a 
densiometer for canopy cover to quantify vegetation changes post-harvest. 
Additionally, we classified tree species and snags based on 3 DBH classifications: 
small (8 - <23 cm DBH), medium: (23 cm - <36 cm), and large (≥36 cm).We ran 13 t-
tests with R statistical software to compare these vegetation variables from year 1 
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post-harvest to year 9 post-harvest (years 2012 and 2020, respectively). We measured 
vegetation during the first half of July when vegetative growth was at its maximum. 
We did not conduct these vegetation measurements prior to harvest in Canaan. 

In Canaan, NH prior data collected within patches using a 10-factor wedge cut forestry 
prism was used to quantify the number of standing trees pre- and post-harvest (years 
2011 and 2012). Per patch, we combined all sizes of trees detected with all species and 
snags, then used a t-test to compare means of trees standing per patch pre- and post-
harvest. 

 

 

Home Range Mapping of Select Species 
Due to the period of succession and proximity for the field team we targeted and GPS-
mapped the home ranges of 6 species in the 2019 and 2020 field season at the 
American Tree Farm in Canaan, NH, between mid-May and late-June. These species 
were: magnolia warbler (Setophaga magnolia), chestnut-sided warbler (Setophaga 
pensylvanica), common yellowthroat (Geothlypis trichas), black-throated blue warbler 
(Setophaga caerulescens), Nashville warbler (Leiothlypis ruficapilla), and black-and-
white warbler (Mniotilta varia). These 6 species were selected because they were 
common to the site and are ecological representatives of both the forest-interior and 
young forest species that utilize the patch-cuts (Schlossberg & King, 2007). Our goal 
was to map and quantify home ranges, the area used by males during the breeding 
season, in order to understand vegetative use of different avian guilds (Anich et al., 
2009). 

Utilizing mist nets and playback, we captured most male individuals on the study site 
from the 6 target species shortly after arrival from migration. We recorded standard 
morphological data and color banded them with unique combinations. We collected 
≥20 location points for individuals of each species during the breeding season using 
GPS and mapped their home ranges using convex polygons (minimum bonding 
geometry function) in ESRI ArcGIS for all individuals that persisted throughout the 
breeding season. Some male individuals were unable to be captured and color banded, 
but were surrounded by marked individuals, and thus able to be mapped.  

Additionally, using ESRI ArcGIS zonal statistics to table tool we calculated the 
percentage of forest v. patch habitat for each individual’s home range. We attributed 
“patch habitat” a value of 0 if the canopy height <4.6 m. We gave the designation 
“forest” if the canopy height ≥4.6 m, and this was attributed a value of 1. We then 
overlaid each individual’s home range with the binary base layer of “forest” or “patch” 
and calculated a percentage value that represents the two habitats utilized by its home 
range. The lower the value, the more time spent within patch habitat, while the higher 
the value, the more time spent within forest. Using these values, we determined the 
percent of home range (or %HR) within forest and patch. Within species we calculated 
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the mean, minimum, and maximum percent forest home range to compare life history 
characteristics interspecifically.  

 

Breeding Success 
In order to document the pairing success of target species, we noted the presence of 
females in close proximity while mapping home ranges (Bayne & Hobson, 2001). A 
male was considered unpaired if he was consistently observed without a female and 
was found singing from high perches late into the breeding season. During the latter 
part of the breeding season, we returned to these known pairs to observe and record 
which pairs were delivering food to fledglings. This established technique adapted by 
Hallworth et al. (2008) from Howlett & Stutchbury (2003) is a proxy for time-
intensive nest-monitoring. In order to prevent sampling bias, all known males were 
visited at least three times for longer than 30 minutes cumulatively during both the 
pairing and post-fledging period. Pairing and fledging success was calculated for all 6 
target species across 2019 and 2020. Because we were unable to determine pairing and 
fledging success for all individuals, those with undetermined success were not 
included in calculating percent of pairs that successfully fledged young.  

 

Arthropod censusing 
We used malaise traps to survey arthropod abundance and diversity between June 25, 
2020 and July 7, 2020 as a metric of food availability for this insectivorous bird 
assemblage. This coincided with the critical post-fledging period of the six target 
species. We used 4 malaise traps to sample across 32 locations at the Canaan field site, 
each for a 24-hour period with average to above average temperatures and <2 hrs of 
rain. We located sixteen of the sample locations in the geographic center of each patch 
and paired those with another location 50m due north into the forest. We identified all 
individuals caught to taxonomic order. Additionally, we further identified 
Hymenoptera and Diptera to family level. We used a t-test in R software to compare 
mean abundance of arthropods between the forest interior and patch cuts (R Core 
Team, 2020). Additionally, we calculated Shannon-Weiner diversity index values for 
all samples, then used a t-test to compare mean diversity index values between patch-
cuts and forest interior. 
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Figure 1. The Lyme Field site with point-count locations labelled and patch cuts 
delineated. Property line is shown in black and water features (3 ponds and one 
wetland) are also labelled. 
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Figure 2. The Canaan Field site with point-count locations labelled and patch-cuts 
delineated. The property line is shown in black as well as a dirt road to a small cottage. 
Water features are delineated with two small ponds on the west side of the property 
and one black-ash swamp near point C-0.3 on the east side. 
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 Results 

Point Counts 
From 2011 to 2020, 2515 detections of 61 species were recorded in Canaan across 2 
rounds of point-counts (Tables 1 & 2, Figure 3). There was a significant increase in 
average number of species detected from 2011 to 2020 with greater detections in the 
last four years compared to the year prior to harvest (df= 9, F= 35.09, p<0.001).  

Across 2 rounds of point-counts, an increased average number of detected species per 
point count followed the first three years post-harvest. Then there was a decrease in 
average species detected for years 4 and 5 post-harvest. Years 6, 7, and 8 post-harvest 
had a significant, but moderate, increase in average species detected while year 9, 
2020, had the largest increase with 13.5 species per point-count and 51 total species 
detected (Table 1, Figure 3).  

A pairwise comparison of average species detects in Canaan for all years found the 
year 2020 statistically greater than all years, across 2 rounds of point-counts (Table 2). 
Additionally, years 2018 and 2019 were significantly greater than any preceding year 
except 2017 and 2013. Years 2015 and 2016 were significantly lower than all years 
except 2011, the year pre-harvest. Five of the first six years (excluding 2013) were 
significantly lower than the last 3 years (2018-2020) of point-counts. 

There were 506 detections from 40 species and 924 detections from 48 species 
recorded in Lyme in 2019 and 2020, respectively, across 3 rounds of point counts 
(Table 3). The mean number of species detected in 2020, post-harvest, was 
significantly greater than in 2019 (means = 10.3 for 2019 and 16.7 for 2020, df= 21, t= 
-9.0182, P < 0.001, Figure 4). Additionally, the total number of detections recorded in 
2020, post-harvest was significantly greater than in 2019 (means = 23 for 2019, and 42 
for 2020, df= 21, t= -8.755, P< 0.001, Figure 5).  

In both Canaan and Lyme, significantly more species were detected immediately post-
harvest compared to pre-harvest detects when restricting analyses to 2 rounds of point 
counts (only two rounds completed in 2011 in Canaan). Pre-harvest Lyme detects 
were significantly higher than Canaan detects pre-harvest and Lyme detects post-
harvest were significantly higher than Canaan detects post-harvest (means:  Canaan 
pre-harvest 6.4, Canaan post-harvest 8.0, Lyme pre-harvest 8.5, Lyme post-harvest 
14.2, df= 3, F=58.84, P<0.001, Figure 6).  

In both Canaan and Lyme, significantly more species were detected in 2020 than in 
2019 (Canaan 2019 = 12.1, Canaan 2020 = 16.6, Lyme 2019 = 10.4, Lyme 2020 = 
16.7; p<0.05, df = 100, Figure 7). For the 3 rounds of point counts, there was no 
statistically significant difference in mean detections across all point-count locations 
between Canaan and Lyme during the same year (Figure 7). 

There were an average of 10.6 detections  per point-count location in Canaan in 2012 
(319 total individuals of 30 point-count locations) and 16.7 average detections per 
point-count in Lyme in 2020 (367 detections from 22 point-count locations), across all 
3 rounds of point-counts immediately following harvest. The mean number of species 
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per point-count location one year post-harvest was significantly greater in Lyme than 
Canaan (16.7 and 10.6, respectively, df= 46.6, t= -8.209, p< 0.001, Figure 8) 

The number of species detected in 2011 and 2019 was not significantly different 
across 23 Breeding Bird Survey routes in New Hampshire from the years 2000 to 
2019, per BBS data (df= 19, F= 0.717, p= 0.802, Figure 9). Additionally, we found no 
significant differences in the number of species detected on BBS routes across all 
years of the Canaan, NH study including the decade preceding the start of the study. 
Thus, the years before harvest at each site did not have lower detections on BBS 
routes when compared to preceding years. 

The average number of species detected across 377 point-count locations in the 
Hubbard Brook Experimental Forest, sourced from Rodenhouse & Sillett, 2019, was 
significantly different across years during the years 2000-2016 (Figure 10), though 
there are no data available for 2003 and 2004. Further, there was no significant 
difference for years 2009, 2010, and 2011 suggesting the recorded bird richness in the 
year 2011 on the Canaan site, was not anomalous. 

 

Territory mapping at the Canaan site 
In 2019, home ranges were mapped for 17 total males from 5 species to document the 
area used during the breeding season (Table 4). Across all individuals with mapped 
territories, the habitat within home ranges varied from 100% patch for a common 
yellowthroat to 93% forest for a black-and-white warbler.  

In 2020, home ranges were mapped for 49 total males from 5 species during the 
breeding season (Table 4). The largest average home range was 1.62 ha for black-and-
white warblers while the smallest average home range was 0.19 ha for common 
yellowthroats. Across all individuals with mapped territories, the home range varied 
from 100% patch habitat for a male common yellowthroat to 100% forest habitat for a 
black-throated blue warbler. 

Life history characteristics are evident in home range size and percent home range 
within forest (Table 4). Nashville warblers, black-and-white warblers and black-
throated blue warblers had the largest home range sizes. These species also had the 
largest percentage of home range within forest. The remaining 3 species, magnolia 
warbler, chestnut-sided warbler, and common yellowthroat all had the smallest home 
ranges. Within all 6 species, only the common yellowthroats’ mapped average home 
ranges were predominantly patch habitat, at 66% for both 2019 and 2020 combined. 

 

Pairing and fledging success 
In 2019, 63 individuals from 6 species were monitored to determine pairing and 
fledging success. There were 28 paired individuals, 6 unpaired, and 29 with unknown 
pairing success (Table 5). Of the 28 paired individuals, 10 individuals were observed 
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feeding young during the dependent fledgling period, 6 not feeding young, and 12 
undetermined. 

In 2020, 81 individuals from the same 6 species were monitored to determine pairing 
and fledging success. There were 49 paired individuals, 11 unpaired individuals, and 
21 undetermined (Table 5). Of the 49 paired individuals, we observed 20 feeding 
young during the fledgling period, 18 not feeding young, and 11 undetermined.  

A combination of 2019 and 2020 pairing and fledging data indicates the rate of pairing 
success was far greater than the rate of fledging success for all species, except for the 
Nashville warbler which had equal 100% pairing success and 100% fledging success, 
though out of a sample size of n= 6 and n= 1, respectively (Figure 11). Overall, 
pairing success was >70% for all 6 species with an average of 82% (n ≥ 5 individuals 
per species) and fledging success ranged from 50% to 57% with an average fledging 
success of 54% for species whose number of individuals observed was >5. These 
species were common yellowthroat, chestnut-sided warbler, and black-throated blue 
warbler. Black-and-white warbler, magnolia warbler, and Nashville warbler all had <5 
individuals whose fledging determination was made (1, 4, and 1 individuals observed 
per species, respectively). 

 

Malaise trap sampling at the Canaan site 
In 2020, 2908 invertebrates from 22 taxa across 32 sampling locations were captured 
with malaise traps on the Canaan site within a 14-day period. There was a significantly 
greater abundance across all taxa of invertebrates in patch cuts than forest interior 
(135.5, 42.1, respectively, df= 15 , T= -3.532, p < 0.003, Figure 12) as well as 
significantly greater diversity index values in patch cuts (means: forest = 1.58, patches 
= 1.90,  df= 15 , t = -3.139, p < 0.007, Figure 13) 

 

Vegetation  
Nine vegetation measurements were conducted at 22 point-count locations pre- and 
post-harvest in Lyme during the first week of June in 2019 and 2020. These sampling 
locations, arranged on an array, occurred within, on the edge, and outside of timber 
harvest patches. There was a significant increase in woody debris (means=6.55, 31.0, 
df= 21, t= -6.49, p<0.001, Table 6) and a significant decrease in canopy cover 
(means= 79.0, 65.1, df= 21, t= 2.73, p< 0.013 ) and leaf litter (means=78.1, 43.2, df= 
21, t= 6.28, p<0.001 ) post-harvest. There were no observed significant changes in the 
other vegetation measurements. 

In Canaan, NH, prism data indicate significantly fewer trees were standing post-
harvest within timber harvest patches (means: pre-harvest = 55.9, post-harvest = 3.2, 
t= 16.9, df= 16.2, p <0.001, Figure 14). 

Additionally, vegetative change was compared between post-harvest year 1 to year 9 
(2012 and 2020, respectively). These vegetation data for the year prior to harvest were 
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not collected in Canaan. After 9 years post-harvest, there was a significant increase in 
canopy cover, shrub stems of both sizes (<2.5 cm and ≥2.5 cm and <2.5 cm), and 
herbaceous ground cover (Table 7). There was a significant decrease in woody debris 
ground cover, leaf litter, and standing snags. 
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Figure 3. The mean species detected per point count within <50m radius for each year 
across 2 rounds of point counts conducted between late-May and early-June on the 
Canaan, NH field site. Unique letters indicate significance with an adjusted p <0.05 
within a many year comparison (means= 6.4, 8.0, 8.8, 8.1, 5.8, 5.1, 8.3, 10.3, 9.6, 13.5 
2011 to 2020, respectively). 

 

Table 1. P-values are listed from pairwise comparison of all years of point counts 
from Canaan, NH sampling. Significant p-values <0.05 are bold.  

 

 

 

  

2011 2012 2013 2014 2015 2016 2017 2018 2019 
2012 0.116 
2013 0.002 0.960 
2014 0.1 1 0.970 
2015 0.993 0.005 <0.00 0.004 
2016 0.466 <0.00 0 <0.00 0.970 
2017 0.026 1 1 1 0.001 <0.00

01 2018 0 0.005 0.226 0.007 0 0 0.031 
2019 <0.00

01 
0.153 0.892 0.175 0 0 0.427 0.985 

2020 0 0 0 0 0 0 0 <0.00 0 
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Table 2. A list of all species detected in the Canaan, New Hampshire field site from 
2020, sorted based on total detections within a 50m radius. Species detected during 
prior years are listed at the bottom. Species with a * are resident. Habitat type is 
determined from Schlossberg & King (2007) and breeding habitat type updated with 
personal observations from field work and decades of experience. 

Species (common name) Scientific name Total detects (2020) Habitat Type  

Black-throated Blue Warbler Setophaga caerulescens 130 Forest-int/general 

Ovenbird Seiurus aurocapilla 127 Forest interior 

Black-capped Chickadee Poecile atricapillus 76 General* 

Red-eyed Vireo Vireo olivaceous 57 Forest-interior 

Chestnut-sided Warbler Setophaga pensylvanica 47 Early-successional 

Common Yellowthroat Geothlypis trichas 39 Early-successional 

Black-throated Green Warbler Setophaga virens 38 Forest-interior 

Yellow-bellied Sapsucker Sphyrapicus varius 37 Forest-interior 

White-breasted Nuthatch Sitta carolinensis 34 Forest-interior* 

Blackburnian Warbler Setophaga fusca 30 Forest-Int/Mature 

Black-and-white Warbler Mniotlta varia 26 Forest-interior 

Tufted Titmouse Baeolophus bicolor 26 Forest-interior* 

Veery Catharus fuscenscens 26 Forest-interior 

Hermit Thrush Catharus guttatus 23 Forest-interior 

Blue Jay Cyanocitta cristata 22 General* 

Magnolia Warbler Setophaga magnolia 21 Early-successional 

Red-breasted Nuthatch Sitta canadensis 20 Forest-interior* 

Hairy Woodpecker Leuconotopicus villosus 19 Generalist* 

Brown Creeper Certhia american 18 Forest-interior* 

White-throated Sparrow Zonotrichia albicollis 14 Forest-interior 

Blue-headed Vireo Vireo solitarius 12 Forest-interior 

Eastern Wood-peewee Contopus virens 12 Generalist 

Scarlet Tanager Piranga olivacea 12 Forest-interior 

Winter Wren Troglodytes hiemalis 11 Forest-interior 

Nashville Warbler Leiothlypis ruficapilla 7 Early-successional 

Ruffed Grouse Bonasa umbellus 7 Early-successional* 

Mourning Dove Zenaida macroura 6 Generalist* 

American Robin Turdus migratorius 5 Early-successional 

American Goldfinch Spinus tristis 4 Early-successional* 

Canada Warbler Cardellina canadensis 4 Forest-interior 

Pine Warbler Setophaga pinus 4 Forest-int/mature 

Rose-breasted Grosbeak Pheucticus ludovicianus 4 Generalist 

Ruby-throated Hummingbird Archilochus colubris 4 Early-successional 

Song Sparrow Melospiza melodia 4 Early-successional 

Common Raven Corvu corax 3 Generalist* 

Eastern Phoebe Sayornis phoebe 3 Forest-interior 

Purple Finch Haemorhous purpureus 3 Generalist* 
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Broad-winged Hawk Buteo platypterus 2 General 

Pileated Woodpecker Dryocopus pileatus 2 Forest interior* 

Ruby-crowned Kinglet Regulus calendula 2 Forest-interior 

Yellow-rumped Warbler Setophaga coronata 2 Forest-interior 

American Crow Corbus brachyrhynchos 1 General* 

Cedar Waxwing Bombycilla cedrorum 1 Early-successional 

Downy Woodpecker Picoides pubescens 1 Forest-interior* 

Gray Catbird Dumetella carolinensis 1 Early -successional 

Least Flycatcher Empidonax minimus 1 Early-successional 

Northern Flicker Colaptes auratus 1 Generalist 

Red-bellied Woodpecker Melanerpes carolinus 1 Generalist 

Barred Owl Strix varia Present in past years Forest-interior 

Chipping Sparrow Spizella passerina Present in past years Generalist 

Dark-eyed Junco Junco hyemalis Present in past years General 

Great-crested Flycatcher Myiarchus crinitus Present in past years Forest-interior 

Indigo Bunting Passerina cyanea Present in past years Early-successional 

Mourning Warbler Geothlypis philadelphia Present in past years Early-successional 

Northern Parula Setophaga americana Present in past years Forest-interior 

Northern Goshawk Accipiter gentilis Present in past years Forest-interior* 

Northern Waterthrush Parkesia noveboracensis Present in past years Forest-interior 

Red-tailed Hawk Buteo jamaicensis Present in past years Generalist* 

Swainson's Thrush Catharus ustulatus Present in past years Forest-interior 

Tree Swallow Tachycineta bicolor Present in past years Generalist 

Wild Turkey Meleagris gallopavo Present in past years Generalist* 
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Table 3. All species detected in the Lyme, New Hampshire field site from 2020, 
sorted based on total detections within a 50m radius. Additional species detected in 
2019 are listed at the bottom.  Species with a * are residents. Habitat type is 
determined from Schlossberg & King (2007) and breeding habitat type updated with 
personal observations from field work and decades of experience. 

Species name Scientific Name Total detects Habitat type 

Red-eyed Vireo Vireo olivaceous 84 Forest-interior 

Ovenbird Seiurus aurocapilla 73 Forest interior 

Black-capped Chickadee Poecile atricapillus 60 General* 

Blackburnian Warbler Setophaga fusca 54 Forest-Interior/Mature 

Black-throated Green Warbler Setophaga virens 48 Forest-interior 

Black-throated Blue Warbler Setophaga caerulescens 28 Forest-int/general 

Eastern Wood-pewee Contopus virens 25 Generalist 

Blue-headed Vireo Vireo solitarius 22 Forest-interior 

Great-crested Flycatcher Myiarchus crinitus 22 Forest-interior 

Scarlet Tanager Piranga olivacea 22 Forest-interior 

Winter Wren Troglodytes hiemalis 19 Forest-interior 

Pine Warbler Setophaga pinus 18 Forest-int/mature 

Veery Catharus fuscenscens 18 Forest-interior 

White-breasted Nuthatch Sitta carolinensis 18 Forest-interior* 

Tufted Titmouse Baeolophus bicolor 17 Forest-interior* 

Blue Jay Cyanocitta cristata 15 General* 

Hairy Woodpecker Leuconotopicus villosus 10 Generalist* 

Hermit Thrush Catharus guttatus 9 Forest-interior 

Black-and-white Warbler Mniotlta varia 8 Forest-interior 

Northern Parula Setophaga americana 8 Forest-interior 

Red-breasted Nuthatch Sitta canadensis 8 Forest-interior* 

Yellow-bellied Sapsucker Sphyrapicus varius 8 Forest-interior 

American Goldfinch Spinus tristis 7 Early-successional* 

Chestnut-sided Warbler Setophaga pensylvanica 7 Early-successional 

Magnolia Warbler Setophaga magnolia 6 Early-successional 

Nashville Warbler Leiothlypis ruficapilla 6 Early-successional 

Brown Creeper Certhia american 5 Forest-interior* 

Chipping Sparrow Spizella passerina 5 Generalist 

Common Yellowthroat Geothlypis trichas 5 Early-successional 

American Robin Turdus migratorius 4 Early-succesional 

Wood Thrush Hylocichla mustelina 3 Forest-interior 

American Crow Corbus brachyrhynchos 2 General* 

Gray Catbird Dumetella carolinensis 2 Early -successional 

Least Flycatcher Empidonax minimus 2 Early-successional 

Pileated Woodpecker Dryocopus pileatus 2 Forest interior* 

Song Sparrow Melospiza melodia 2 Early-successional 
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Common Raven Corvu corax 1 Generalist* 

Eastern Phoebe Sayornis phoebe 1 Forest-interior 

Northern Waterthrush Parkesia noveboracensis 1 Forest-interior 

Red-tailed Hawk Buteo jamaicensis 1 Generalist* 

Wild Turkey Meleagris gallopavo 1 Generalist* 

Broad-winged Hawk Buteo platypterus Outside Radius General 

Canada Goose Branta canadensis Outside Radius General 

Downy Woodpecker Picoides pubescens Outside Radius Forest-interior* 

Mourning Dove Zenaida macroura Outside Radius Generalist* 

Northern Flicker Colaptes auratus Outside Radius Generalist 

Purple Finch Haemorhous purpureus Outside Radius Generalist* 

White-throated Sparrow Zonotrichia albicollis Outside Radius Forest-interior 

Bay-breasted Warbler Setophaga castanea From 2019 Forest-interior 

Rose-breasted Grosbeak Pheucticus ludovicianus From 2019 Generalist 

Wood Duck Aix sponsa From 2019 Riparian 

Yellow-rumped Warbler Setophaga coronata From 2019 Forest-interior 
 

 

 

 

Figure 4. Lyme, New Hampshire mean species richness per point-count location, pre- 
and post-harvest from years 2019 and 2020, respectively (means = 10.3 for 2019 and 
16.7 for 2020, df= 21, t= -9.0182, P < 0.001). 
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Figure 5. Lyme, New Hampshire total detections per point-count location, pre- and 
post-harvest from years 2019 and 2020, respectively (means = 23, 42 for 2019 and 
2020, respectively, df= 21, t= -8.755, P< 0.001). 

 

 

Figure 6. Canaan and Lyme mean detects of bird species per year in two point-count 
locations where Canaan 2011 and Lyme 2019 were pre-harvest and Canaan 2012 and 
Lyme 2020 were post-harvest. Unique letters indicate significantly different means.  
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Figure 7.  Canaan and Lyme mean detects of bird species in the years 2019 and 2020; 
3 rounds of point-counts were used to determine means and unique letters indicate 
significantly different means (Canaan 2019 = 12.1, Canaan 2020= 16.6, Lyme 2019 = 
10.4, Lyme 2020= 16.7)  

 

 

Figure 8.  Canaan and Lyme species richness immediately following the timber 
harvest (means Canaan 2012= 10.6, Lyme 2020= 16.7).  
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Figure 9. Breeding Bird Survey of New Hampshire comparison of the average species 
detected per year across 23 routes. There are no significant differences across all 
years. 

 

 

Figure 10. Hubbard Brook Experimental Forest average species detected per point-
count location per year from the year 2000 to 2016 (no data for 2003 and 2004). 
Unique letters indicate significantly different means.  
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Figure 11. Canaan study site pairing and observed fledging success including only 
those males for which pairing and fledging fate were known. These data are combined 
from 2019 and 2020. 

 

 

Figure 12. Canaan study site mean abundance of invertebrates captured in malaise 
traps. Significantly fewer invertebrates were caught in the forest (interior) compared to 
patch cuts across 32 (16 in each) sampling locations where malaise traps were set up 
for 24-hr periods (Means: 42.1, 135.5 respectively, df= 15, T= -3.532, p <0.003). 



26 
 

 

Figure 13. Canaan study site malaise trap diversity indices. Significantly greater 
diversity was observed within patch cuts compared to paired forest locations across 32 
sampling points (means = 1.58, 1.90, df= 15, t = -3.139, p < 0.007) as calculated with 
the Shannon-Weiner diversity index. 
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Table 4. Canaan study site individual home ranges by species.  A higher %HR refers 
to more home range in the forest and a lower %HR is more home range within 
patches. The minimum and maximum home range is also given for each species. 
BAWW = black-and-white warbler, COYE = common yellowthroat, CSWA = 
chestnut-sided warbler, MAWA = magnolia warbler, NAWA = Nashville warbler, 
BTBW = black-throated blue warbler. 

2019 Species 
 

COUNT 
 

Avg (ha) 
 

%HR in 
forest 

Min %HR 
in forest 

Max %HR 
in forest 

BAWW 6 1.42 84% 80% 93% 
COYE 1 0.06 0% 0% 0% 
CSWA 4 0.23 57% 33% 81% 
MAWA 2 0.65 71% 50% 92% 
NAWA 4 1.72 77% 58% 93% 

 

 
2020 Species 

 
 

COUNT 
 
 

Avg (ha) 
 
 

%HR in 
forest 

Min %HR 
in forest 

Max %HR 
in forest 

BAWW 5 1.63 68% 37% 9% 
BTBW 23 0.87 92% 80% 1% 
COYE 6 0.19 34% 0% 67% 
CSWA 10 0.38 61% 3% 92% 
MAWA 5 0.34 61% 34% 96% 
NAWA n/a no data no data no data no data 

 

 
All species  
’19 & ‘20 

COUNT 
 

Avg (ha) 
 

%HR in 
forest 

Min %HR 
in forest 

Max %HR 
in forest 

BAWW 11 1.52 76% 37% 93% 
BTBW 23 0.87 92% 80% 100% 
COYE 6 0.19 34% 0% 67% 
CSWA 14 0.34 60% 30% 92% 
MAWA 7 0.43 64% 34% 96% 
NAWA 4 1.72 77% 56% 93% 
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Table 5. Canaan study site observed pairing and feeding data from the 6 target species 
to determine pairing and fledging success. 

 

2020 
Species Total Paired 

Not 
Paired 

Unknown 
pairing Feeding 

Not 
feeding 

Unknown 
feeding 

BTBW 30 23 5 2 12 6 5 

BAWW 11 4 1 6 0 1 3 

CSWA 12 11 1 0 5 5 1 

COYE 10 6 3 1 1 5 0 

MAWA 11 3 1 7 2 1 0 

NAWA 7 2 0 5 0 0 2 

 

All 
Species Total Paired 

Not 
Paired 

Unknown 
pairing Feeding 

Not 
feeding 

Unknown 
feeding 

BTBW 45 31 6 7 12 10 10 

BAWW 23 5 2 16 0 1 4 

CSWA 22 18 3 2 8 6 3 

COYE 20 13 5 2 6 6 1 

MAWA 20 4 1 15 3 1 0 

NAWA 14 6 0 8 1 0 5 

        

  

2019 
Species Total Paired 

Not 
Paired 

Unknown 
pairing Feeding 

Not 
feeding 

Unknown 
feeding 

BTBW 15 9 1 5 0 4 5 

BAWW 12 1 1 10 0 0 1 

CSWA 10 6 2 2 3 1 2 

COYE 10 7 2 1 5 1 1 

MAWA 9 1 0 8 1 0 0 

NAWA 7 4 0 3 1 0 3 
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Table 6. Lyme study site vegetation results from t-tests comparing 9 variables pre- 
and post-harvest (2019 & 2020, respectively). Significant differences in the means (p 
<0.05) are in bold. Vegetation plot centers were at point count locations, not centered 
in patch cuts. 

Variable p-value Mean 2019 Mean 2020 t-value 
Canopy Cover <0.013 78.96 65.1 2.73 
Stems <2.5 cm >0.88 4.27 4.00 0.14 

Stems ≥2.5 & <8 cm >0.67 5.18 4.32 0.42 
Herbaceous cover >0.15 11.86 19.41 -1.46 

Woody debris <0.001 6.55 31.00 -6.49 
Leaf Litter <0.001 78.13 43.18 6.28 

Standing snags >0.75 3.59 3.86 -0.32 
Deciduous trees >0.06 14.38 9.23 -1.96 

Conifer trees >0.58 13.59 14.91 -0.56 
 

 

 

Figure 14. Canaan study site mean trees detected pre- and post-harvest, 2011 and 
2012, respectively, using a 10-factor wedge forestry prism (means: 55.9, and 3.2, 
respectively, df= 16.1, t= 16.93, p <0.001).   
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Table 7. Canaan, NH vegetation results from t-tests comparing 13 variables the year 
following harvest and 9 years post-harvest (2012 & 2020 respectively). Significant 
differences in means (p <0.05) are in bold. Tree size classification: small: 8 - <23 cm 
DBH, medium: 23 cm - <36 cm, large: ≥36. 

Variable p-value Mean 2012 Mean 2020 t-value df 
Canopy Cover <0.002 0.16 17.38 -3.91 15.01 
Stems <2.5 cm <0.001 5.79 48.1 -5.60 20.31 

Stems ≥2.5 & <8 cm <0.001 0.21 6.7 -5.33 15.56 
Herbaceous cover <0.001 10.6 84.1 -23.2 29.7 

Woody debris <0.001 40.5 5.9 10.09 21.3 
Leaf Litter <0.001 46.9 7.0 9.23 28.37 

Snags <0.002 2.32 0.06 3.89 18.42 
Deciduous (small) >0.05 0.68 0.06 2.05 19.59 
Deciduous (med) >0.2 0.21 0.06 1.29 30.01 
Deciduous (large) >0.3 0 0.06 -1 15 

Conifer (small) >0.6 0.32 0.19 0.45 32.9 
Conifer (med.) >0.4 0.11 0.25 -0.72 25.5 
Conifer (large) >0.3 0.05 0 1 18 
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Discussion 
Following the patch-cut harvests, we observed an establishment of early successional 
habitat, an increase in bird richness, and multiple guilds utilizing the newly created 
habitat as foraging and fledging grounds.  In Canaan, NH, we observed a slight 
increase in species richness immediately following harvest with a significant increase 
starting 6 years post-harvest and continuing with the highest recorded species richness 
9 years post-harvest. At Stone House Farm in Lyme, NH, we observed a significant 
increase in number of species the year immediately after harvest. Additionally, we 
observed a significant increase in avian detections post-harvest. We expect the 
increases observed in Lyme, NH to follow a similar trend to what we observed in 
Canaan, NH with a slight, but significant increase in avian richness the 3 years post-
harvest, and further increases in years 8 through 12 post-harvest. Post-peak in richness 
and absent further harvest of a similar regime, we forecast a gradual decline of species 
richness on both Canaan and Lyme properties as succession proceeds, the overall 
height of the canopy increases, and disturbance-dependent bird species have less 
habitat (Keller et al., 2003; Yamasaki et al., 2014). The avian richness of patch-cut 
areas resulted from settlement of different species, those whose abundance peaks 
immediately following harvest, and those whose abundance increases modally with 
the understory layer (Schlossberg & King, 2009). Thus, we expect an overall decline 
of species while the vegetation matures beyond year 10 post-harvest. 

Our point-count results indicate significant changes in avian richness following the 
patch-cut harvests, in contrast to wider trends during a period when neotropical 
migrant songbird populations are declining continent-wide (Sauer et al., 2020). 
Additionally, our results from the point-count census were conducted during years 
when no significant population fluctuations were found in the long-term data of the 
Breeding Bird Survey, strongly indicating changes in avian richness on both properties 
were the direct result of the patch-cut timber harvests. The mean number of species 
detected fluctuated in the Hubbard Brook Experimental Forest over 3 years prior to 
harvest and post-harvest. The significantly greater means that occurred in the Hubbard 
Brook Experimental Forest point-count census do not mirror our documented changes 
in richness in Canaan, NH. We thus conclude that the observed increase in species 
richness resulted from newly created suitable habitat and not from species richness 
trends within the region.  

In our mapping of home ranges, we observed 66 individuals from 6 species utilize the 
patch-cuts as part of their home range, with observations of males defending the area 
and males and females foraging within the area. While we did not search for nests, we 
occasionally found nests of the target species in patches and within mapped home 
ranges. We were able to map home ranges from multiple guilds, including a forest-
interior species (black-and-white warbler), a forest-generalist species (black-throated 
blue warbler), and scrub-shrub/early-successional species (Nashville warbler, 
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magnolia warbler, common yellowthroat, and chestnut-sided warbler) (Schlossberg & 
King, 2007; S. Parks personal observation) and found that all species utilize patch-
cuts, though to different extents. Black-throated blue warblers consistently had the 
highest utilization of the forest habitat more than patch-cuts, yet we observed them 
foraging and sometimes nesting within patch cuts. This finding is corroborated by 
Holway (1991) where black-throated blue warbler density increased after patch cut 
harvest. This further suggests that the creation of young forest habitat and subsequent 
structural vegetative complexities increase bird species richness. For species that are 
dependent on early successional vegetation like the common yellowthroat, which 
averaged 66% of home range within patches and had the smallest average home range 
observed (0.19 ha), regenerating patch cuts were the primary selected habitat. This 
species did not occur prior to the harvest except in the limited scrub-shrubland in 
forested wetlands on both sites. Not all parulid species forage equally across the 
vertical interface of the forests, with differences even reported intraspecifically across 
sexes (Macarthur, 1958; Sodhi & Paszkowski, 1995). Further, differences in preferred 
tree species during foraging suggest habitat heterogeneity will impact species 
heterogeneity across a landscape. As Lyme’s undergrowth matures, we expect that the 
prevalence of conifers may attract a different suite of parulid warblers than were 
observed in Canaan, as Sodhi & Paszkowski (1995) found in second growth forests in 
northern Wisconson. 

Projections on species recruitment 
Because of landowner’s interest and similarities between field sites, we make 
predictions on species recruitment for the Lyme study site. Looking forward, we 
expect similar recruitment in Lyme by the disturbance-dependent species that 
dramatically increased in Canaan in 2019 and 2020. We expect an increase in 
abundance each year post-harvest peaking 7 years post-harvest for common 
yellowthroats and 10 years for Nashville warblers, and chestnut-sided warblers. 
Following these species peaks, we expect a gradual decline if further harvest does not 
occur as previous studies have observed (Keller et al., 2003; Schlossberg & King 
2009). In past studies black-and-white warblers increased in abundance post-harvest, 
and possibly beyond 20 years post-harvest (Schlossberg & King, 2009), and we expect 
similar results to occur on our study sites. This trend of species abundance will be a 
direct response to the growth of understory vegetation within the patch-cuts. However, 
due to the much more homogenized, eastern hemlock-dominated forest of Lyme prior 
to the patch-cut timber harvests, vegetation regrowth may be slower due to the 
properties of softwood stands and consequent more acidic soil chemical composition 
(Bates, 2018; Yorks et al., 2000). The greater richness found at the Lyme site 
compared to the Canaan site initially following harvest may be partly due to its lower 
elevation and proximity to the Connecticut River. These factors may also influence 
patterns of recruitment, expediting earlier establishment of more disturbance-
dependent species.  
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Comparison of Pairing and Fledging rates in our study 
Across our observed pairing and subsequent observations of parents feeding fledglings 
from 2019 and 2020, we had the most observed individuals, in descending order, from 
black-throated blue warblers, chestnut-sided warblers, and common yellowthroats and 
under 10 individuals with confirmed feeding behavior for black-and-white warblers, 
Nashville warblers, and magnolia warblers. Among the species with >10 paired 
individuals, we documented similar rates of pairing success to established rates from 
Birds of the World. Our recorded rates are: 72% for common yellowthroats, 84% for 
black-throated blue warblers, and 85% for chestnut-sided warblers which is 
comparable to pairing success rates for early-successional and forest-interior warbler 
species to other studies (Bayne & Hobson, 2001; Hallworth et al., 2008; Hunt, 1996). 
We also compared our observations of fledging success to recorded rates from Birds 
of the World. Our observations of fledging success (50%) for common yellowthroats 
was average to above average compared to the ranges of other studies (33% to 55% 
average; Guzy & Ritchison, 2020), lower (55%) for black-throated blue warblers (63% 
average; Holmes et al., 2020), and a lower than average fledging rate (57%) for 
chestnut-sided warblers (82.6% average; King & Byers, 2002). We suspect that the 
habitat of our study site is of high quality in part due to significantly high point-count 
richness in 2019 and 2020 and comparable rates of fledging success with those of 
other studies as cited above. Additionally, our three target species all had higher 
fledging rates (51-57%) than Annand & Thompson (1997) and Morse & Robinson 
(1999) found in early-successional species in a regenerating clearcut (18-51%). 
Further, we observed a late leaf-out in 2020, exposing more nests to field crew 
members, and we suspect also to predators, than is typical. Compounding later than 
usual leaf-out, there was a large abundance of chipmunks (Tamias striatus) in the 
2020 field season due to a mast crop of acorns the prior fall (S. Parks, personal 
observation; Matt Tarr, UNH extension, personal communication, May, 2020). In past 
studies, years of peak abundance of chipmunks, like we observed in the summer of 
2020, can increase nest failure because they are major nest predators for songbird 
species (Reitsma et al., 1990; Rodenhouse, 1986). With our field season ending by 
mid-July, we were unable to further pursue individuals to determine if fledging 
success rates were higher in the 2nd or 3rd nesting attempts after suspected initial 
failures.  

Biological inventories 
Patches in Canaan had more abundant and diverse arthropods than adjacent forest, 
presumably driven by the post-harvest pulse in vegetative growth. Further, arthropod 
measures in malaise traps may be influenced by vegetation being at a similar layer as 
the traps. The creation of the patches within the mature forest landscape also created 
an edge effect, diversifying microhabitat, and creating an ecotone for arthropod 
diversity and abundance as observed by Germain et al. (1997) and McCollin (1998). 
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These malaise trap samples indicate an increase in primary production and primary 
arthropod consumers in patch-cut timber harvests.  

We observed significant vegetation changes in our Canaan field site across the 10 
years of vegetative monitoring we conducted. The patch-cut timber harvests removed 
most standing trees from the patches, intentionally leaving snags and isolated trees for 
perching during singing. In Lyme, all patch-cut locations retained residual slash, or 
non-timber worthy vegetative matter such as leaf litter and small stems. Previous 
research suggests that residual forest product, or slash, contributes to avian richness 
post-harvest (Merrill et al., 1998). Residual woody material not removed post-harvest 
mimic the results of natural disturbance events that would have occurred prior to 
European colonization (Lorimer & White, 2003) and thus may have had an impact on 
the Lyme property’s significantly higher mean recorded species richness and 
abundance immediately post-harvest. Further, the Canaan study site retained slash in 
some of the patch-cut locations, possibly contributing to overall forest diversity 
increases, though further study is necessary to understand patch-to-patch differences in 
Canaan created by retained slash.  

At the Stone House Farm in Lyme, pre- and post-harvest vegetation data documented 
a significant decrease in canopy cover and leaf litter and a significant increase in 
woody debris. The data collected from point-count locations were arranged on an 
array independent of where the patch-cut harvests were laid out. While we did expect 
an overall decrease in all tree categories post-harvest, we did not sample within patch-
cuts, and only 3 of the 22 point-counts are located within a patch cut. Additionally, 
with a largely eastern hemlock-dominated forest prior to harvest, the subcanopy was 
sparse with minimal undergrowth pre- and post-harvest. Vegetation sampling, 
occurring 6 months post-harvest does not document the thick shrub and understory 
layers that will grow as succession proceeds in subsequent years. The patch-cut 
harvests encourage a dense understory layer even outside the patches as sunlight 
reaches further into the forest due to openings in the canopy. Further, as the soil within 
an eastern hemlock dominated forest becomes more acidic due to the slow 
decomposition of leaf litter (Bates, 2018; Yorks et al., 2000), the expected regrowth of 
vegetation may take longer than observed in Canaan. A slow establishment of shrubby 
vegetation, a principal component of early-successional bird habitat (Germain et al., 
1997; Holway, 1991; McCollin, 1998; Roberts & King, 2017; Schlossberg & King, 
2007), would slow the recruitment of early succession songbirds to the property.  

The patch-cuts were a result of timber harvests that removed 10-15% of mature forest 
from the property which, by years 8 and 9 post-harvest, in Canaan, NH, resulted in 
dense shrub and understory layers, attracting young forest bird species requiring this 
habitat, which is consistent with other studies (DeGraaf & Yamasaki, 2003; Flockhart 
et al., 2016; Germain et al., 1997; King & Schlossberg, 2014). Forest interior species 
present prior to harvest also benefit from these thick layers (Holway, 1991) 
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incorporating them into their home range and utilizing them for nesting and foraging. 
These patches were large enough to attract new species, as seen in other studies 
(Askins et al., 2007; Schlossberg & King, 2009). Further these patches were small 
enough to not only retain species already present in the forest, but provide vertical 
structural complexities that benefit them, corroborated by past research (Bayne & 
Hobson, 2001; Cox et al., 2014; Germain et al., 1997; Holway, 1991; Sodhi & 
Paszkowski, 1995).  

Across 10 years of point-counts in Canaan, we have had no recorded presence of 
brown-headed cowbirds (Molothrus ater) which often increase with larger forest 
openings (Holway, 1991; McCollin, 1998). Past research has found that nest 
parasitism by brown headed cowbirds is relatively low in patches for shrubland 
species (DeGregorio et al., 2016; Germain et al., 1997; Schlossberg & King, 2008), 
given that cowbirds are more common in large openings and fields (Askins et al., 
2007). The Canaan study site’s location within a larger forested landscape, distant 
from agricultural fields, lowered the possibility of brown-headed cowbird recruitment. 

In addition to the creation of micro-habitat that is important to species during the 
breeding season, the assay of food resources documented significantly greater 
diversity and abundance within the patch-cuts than in the forest and point to another 
possible attraction of forest-interior adults and fledglings to patches. Overall, Stone 
House Farm may well follow similar trends to those documented in Canaan, though 
potentially at a slower rate. Stone House Farm’s proximity to the Connecticut River 
combined with patch-cut timber harvests on abutting properties 4-5 years prior to the 
2019 harvest may expedite species recruitment at this Lyme site.  

Because of the relatively high increase in avian species richness, the creation of 
heterogeneous vegetation, the lack of nest parasitism, and the overall increase in 
diversity and abundance of arthropods, patch-cut timber harvests can be used to 
diversify even-aged forests. We found that patch-cuts increase avian richness and 
provide habitat for neotropical migratory early-successional species, a group 
designated as having critical conservation priority. Additionally, patch-cut timber 
harvests create important young forest habitat, a principal requirement for this guild 
(Goodale et al., 2009; King & Schlossberg, 2014; Roberts & King, 2017) that is 
declining at higher-than-background rates for migratory songbirds (Robbins et al., 
1989; Sauer et al., 2020). Within New Hampshire, 79.5% of forest is timberland, 
meaning it is presently harvestable (Morin et al., 2015). Further, family ownership 
makes up a majority (52%) of forest landscape, accounting for 40,000 families owning 
>4.05 ha for diverse uses such as recreation, wildlife, and firewood, though only 32% 
of these families have commercially harvested trees (Morin et al., 2015). This thesis 
research demonstrates that patch-cut timber harvests increase avian richness, but they 
also can provide revenue to forest owners. Indeed, group selection can be more 
efficient compared to selection harvest since trees are felled in clumps rather than 
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singly (LeDoux et al., 1993). This study documents that a New England forest that 
maximizes avian richness is likely to consist of a mosaic of diverse age-classes 
including young forest vegetation characteristic of early succession growth in forest 
canopy openings created by natural disturbance.  

Conclusion 
The application of patch-cut timber harvests resulted in a net increase in the number of 
species observed 9-years and 1-year post harvest in Canaan and Lyme, respectively. 
We attribute this increase in avian richness to the creation of young, early-successional 
forest, which supports dozens of wildlife species native to the area. Further, we 
observed 6 target species from both early-successional and forest-interior guilds 
utilizing the newly created mosaic of mixed-age forest to pair and fledge young at 
levels comparable to those in other studies. Because of their positive impact on avian 
richness and abundance, patch-cut harvests represent an attractive option for American 
Tree Farms and other woodlot owners who prioritize wildlife conservation in their 
management objectives. 
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