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The Canada warbler (Cardellina canadensis) is a Neotropical-Nearctic species 

of special conservation need currently experiencing declines across its breeding range, 

especially within New Hampshire according to the Breeding Bird Survey (BBS).  

They are most abundant in forested wetlands and in regenerating early-successional 

forests from 5 – 20 years post harvest.  Aging forests and development in New 

Hampshire likely contribute to declines observed in the statewide census.  BBS 

surveys occur along roadsides where development and forest fragmentation may bias 



 

sampling and overlook populations in more long-term suitable habitat such as 

extensive forested wetlands.   Monitoring Canada warbler populations at various 

spatial scales may help determine whether statewide BBS trends disproportionately 

measure fragmentation/development effects.  We examined approximately 10 years of 

population and vegetation data within a contiguous forested landscape across central 

New Hampshire at three spatial scales: neighborhoods (100 ha), metapopulations (376 

ha), and regional National Forest (3160 ha). Data analyses indicate that at these scales 

populations are not declining significantly.  We compared slopes and intercepts of the 

population analyses among neighborhoods, regional and statewide BBS and found no 

significant difference among trends. While the metapopulation scale needed to be 

analyzed differently, results corroborate findings at the other spatial scales.  Habitat 

characteristics at the neighborhoods scale indicate pockets of sustained suitable 

Canada warbler habitat with stable populations, which may be underrepresented along 

BBS routes.  Thus, population trends exhibit different profiles at varying spatial 

scales.  Larger spatial scales may help identify species of priority, while smaller spatial 

scales may help determine areas of conservation priority. 
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I.  INTRODUCTION 

Neotropical migrant bird conservation strategies must consider multiple spatial 

scales if they are to be comprehensive and effective.  As a group, Neotropical migrants 

have drawn international conservation attention in part because many species within 

this group are experiencing drastic population declines across their wintering, 

migratory stop-over, and breeding grounds (Rodewald and Yahner 2001, Sillett and 

Holmes 2002, LeBrun et al. 2016).  One suspected major contributing factor to 

population declines on breeding grounds is increasing fragmentation of landscapes 

(Faccio et al. 1997, LeBrun et al. 2016, Rushing et al. 2016).  Large spatial scale 

censuses such as the Breeding Bird Survey (BBS), which encompass surveys across 

the United States and Canada, aim to provide comprehensive data on breeding bird 

population trends.  These surveys are conducted along roadsides, and many may thus 

be potentially biased toward areas of higher development that may not include certain 

species’ preferred habitat (Machtans et al. 2014).  Consequently, such data could 

misrepresent population declines for species less inclined to inhabit developed areas 

(Bart et al. 1995).  Studies that examine populations in comparison to BBS trends have 

been conducted with varied results (Bart et al. 1995).  Some studies appear to 

corroborate the trends observed in the BBS data (Sherry and Holmes 1993, Faccio et 

al. 1997,  Bled et al. 2013) while other studies, (e.g. Herkert 1995, Bled et al. 2013, 

Machtans et al. 2014) find conflicting trends for some species.  Some of these 

discrepancies in results may be attributed to spatial scale (Bled et al. 2013).    



2 

 

One major group of Neotropical-Nearctic migrant species experiencing 

significant declines are those that prefer early successional habitats.  Among these are, 

Chestnut-sided warbler (Setophaga pensylvanica), Black-and-white warbler (Mniotilta 

varia), Magnolia warbler (Setophaga magnolia), Nashville warbler (Leiothlypis 

ruficapilla), Veery (Catharus fuscescens), and Canada warbler (Cardellina 

canadensis) (DeGraaf and Yamasaki 2003).  These species typically start to inhabit 

areas with various disturbances (e.g., blowdown, fire, or timber harvest) within 3 years 

post disturbance.  Canada warblers in particular have been known to occupy territories 

within 5 years post disturbance and up to 20 years (DeGraaf and Yamasaki 2003).  

Generally, more mature forests no longer retain features that make them prime suitable 

habitat for Canada warblers (Hallworth et al. 2008a), as the complex understory used 

for nesting and high shrub densities for foraging generally diminish and canopy 

closures eliminate desired song perches.   

The Canada warbler is a species of special interest as they continue to be listed 

on the North American Bird Conservation Initiative watch list (Rosenberg et al. 2014) 

with increasing threats to habitat on both wintering and breeding grounds contributing 

to population declines (Partners in Flight 2012 and 2013).  Currently BBS reports this 

species declining at 6.4% per year across New England and 5% per year within New 

Hampshire (Sauer et al. 2014).  They winter in the Andean foothills in South America 

from Venezuela down into Peru in primary and secondary forests (Faccio et al. 1997, 

Reitsma et al. 2010).  Their breeding range includes southern to central Canada from 
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east to west, northeastern US and down along the Appalachians.  They exhibit high 

site fidelity and preferentially breed in large tracts of forested wetlands, such as red 

maple (Acer rubrum) swamps , with dense subcanopy, dense understory and complex 

ground cover (Hallworth et al. 2008a) where they nest (Goodnow et al. 2011).  They 

are also often found in large areas of early-successional mixed deciduous/coniferous 

forests where disturbance regimes maintain a more open canopy and promote a dense 

shrub layer (Hallworth et al. 2008a).  Canada warblers are also often found in smaller 

patches of disturbed forest (Faccio 2003).  While this species is found within smaller 

forested fragments with a disturbed canopy, it’s preference for larger contiguous forest 

tracts may result in fewer populations being included along BBS routes in more 

fragmented landscapes. 

For this study we examined Canada warbler population trends and changes in 

habitat structure across three spatial scales, from local to statewide. The main 

questions were as follows: 1) are Canada warbler populations at small spatial scales in 

persistent suitable habitat exhibiting the same degree of decline as reported in BBS 

data, and 2) do changes in the vegetation structure at smaller spatial scales influence 

population trends observed at these scales?  We hypothesized that statewide BBS data 

under-represent Canada warblers in their preferred habitats, thereby missing critical 

populations in need of conservation priority.  We predicted that population trends in 

prime habitat at smaller scales would not demonstrate the same degree of decline as 

the statewide BBS data.   
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II.  METHODS 

Study Site 

This study analyzed and compared three primary spatial scales – 

neighborhoods, metapopulations, and valley (Figure 2.1). The neighborhoods spatial 

scale includes individual territories and aggregations of neighborhoods throughout 

approximately 100 ha of the Bear Pond Natural Area (BPNA) and Canaan Town 

Forest (CTF) in Canaan, NH (43.667, -72.068) (Hallworth et al. 2008a).  The 

metapopulation spatial scale encompasses the 376 ha within BPNA (Van de Poll 

2006).  For the valley spatial scale, data were obtained from Hubbard Brook 

Experimental Forest (HBEF) (43.933, -71.75; http://www.nrs.fs.fed.us/ef/locations/nh/hubbard-

brook), located within central New Hampshire in a bowl-shaped valley in the White 

Mountains encompassing approximately 3160 ha (Holmes 2011). We compared trends 

at these scales to New Hampshire statewide Breeding Bird Survey (BBS) data 

available online (Sauer et al. 2014).  The BBS data used in this survey cover survey 

points along 23 routes with 50 stops along each route distributed throughout New 

Hampshire (2.422 mil ha), while the data for BPNA, CTF, and HBEF encompass the 

central New Hampshire region.   

Various researchers contributed data to this study at all spatial scales across 

New Hampshire over the course of approximately 10 years.  Analyses for population 

and vegetation data were limited to include only those areas in which consistent effort 

at each scale could be determined.  This was particularly necessary at the 

neighborhood scale.  In order to account for different surveying efforts between 2003 
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and 2015, we limited analysis across the neighborhood scale to encompass only those 

areas in which a consistent monitoring and survey effort could be determined.  This 

restricted the timeframe for the neighborhood scale to encompass population surveys 

conducted between 2009 and 2014.  Vegetation data were also restricted to re-survey 

only those vegetation plots from 2006 that were included in the consistent effort 

timeframe of 2009 – 2014.   The neighborhood scale is similar to the territory scale 

described in Steele (1992) as it encompasses all observations for individual males 

occupying single territories.  For the purposes of this study the neighborhood spatial 

scale includes a subsection of Bear Pond Natural Area (BPNA) and the adjacent 

Canaan Town Forest (CTF) (Figure 2.1.) comprising approximately 100 ha (Hallworth 

et al. 2008b).  This area has been continuously monitored with the same level of effort 

from 2009 to 2014.  The neighborhood scale is divided into 2 sub-plots – Upper Plot 

and Lower Plot, which are separated primarily by a 15 ha bog (Goodnow and Reitsma 

2011).   

The Upper Plot is located entirely within BPNA and consists largely of a 

second growth upland forest intensively harvested in 1985 (Hallworth et al. 2008a).  

During this harvest, trees of lower commercial value or within steeper slopes were left 

behind, leaving a patchwork of remnant trees surrounded by areas of clearcut.  The 

Upper plot has more topographic relief and drier soils than the Lower Plot.  The 

Lower plot is dominated by a red maple (Acer rubrum) swamp encompassing CTF and 

the southern portion of BPNA.   The Lower Plot has more hydric soils and hydrophilic 

plants than the Upper Plot (Hallworth et al. 2008a) with several drainages winding 
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through the dense understory of shrubs and saplings dominated by Common 

Winterberry (Ilex verticillata), Mountain Holly (I. montana), and Balsam Fir (Abies 

balsamea) (Goodnow and Reitsma 2011, Hallworth et al. 2008a).   

In order to obtain the metapopulation spatial scale data, 10-minute point counts 

at 46 survey points were conducted throughout the 376 ha of BPNA (Figure 2.1).  

These survey points were used as part of an extensive bioinventory of BPNA (Van de 

Poll et al. 2006) from 2003-2005. All 46 of these points were surveyed again in 2014 

as part of an update to that inventory.   

The area surrounding both BPNA and CTF is approximately 85% forested with 

large private parcels allowing for connectivity to the north and east with the White 

Mountain National Forest, inclusive of Hubbard Brook Experimental Forest (HBEF) 

(Hallworth et al. 2008b).  This connectivity further supports use of the data from 

HBEF to expand analysis to valley Canada warbler population trends.  The data 

provided for this study were collected within the bowl-shaped basin, which 

characterizes HBEF (Schwarz et al. 2003) commonly referred to as the valley (Figure 

2.2) (Siccama et al. 2007).  This area is characterized as a typical northern hardwood 

forest dominated by sugar maple (Acer saccharum), American beech (Fagus 

frandifolia), and yellow birch (Betula alleghaniensis) (Siccama et al. 2007).  During 

the early 20th century this spruce-northern hardwood forest was intensively logged.    

A hurricane in 1938 heavily impacted the Bird Area, otherwise no historical major 

disturbances are evident (Holmes and Sherry 2001, Siccama et al. 2007).  
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Field and Data Analysis Methods 

Population Data: Neighborhood Scale 

We conducted neighborhood scale surveys for male Canada warblers 

throughout each breeding season.  During the 2013 and 2014 breeding season, the 

primary objective was to locate and identify individuals in order to obtain overall 

population numbers, returns and evidence of reproductive success for all males within 

the Upper and Lower plots as had been done continuously on these plots since 2003.  

We identified returning males by unique color bands, and new males to the area were 

captured and banded with a unique aluminum and color band combination.  These 

males were lured into mist nets using playback vocalizations.  Once captured and 

banded, we measured weight (g), wing length, tail length, fat, and tarsus length.   We 

also aged and sexed each individual by plumage molt (Pyle et al. 1997).  

We followed all males located during the surveys and territory boundaries were 

marked using Garmin GPSmap 76Cx units.  These points were then uploaded into 

ArcGIS 10.0 and each point was designated with a male’s unique color band.  We 

drew minimum convex polygons connecting all points associated with each individual 

male, providing rough territory outlines for each male. Since the primary objective of 

this study was to obtain presence/absence data for Canada warblers this rough sketch 

of territory mapping was adequate for the analyses conducted. 

        Demographic composition and reproductive success have been consistently 

monitored in this area since 2003 with varying levels of effort and area covered.  

Based on field notes, we narrowed the population data to only include those areas that 
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had been consistently monitored with similar levels of effort and intensity.  As such 

only population data from 2009 to 2014 were used during population analysis at the 

neighborhood scale.  

 

Vegetation: Neighborhood Scale 

We gathered vegetation data in 2015 at territory locations also measured in 

2006 when 39 active territory vegetation plots were sampled (Hallworth et al. 2008b). 

In 2006, vegetation was sampled in plots both within a male Canada warbler territory 

and those outside of male Canada warbler territories.  During the 2015 re-survey, we 

were only interested in those vegetation plots that were located within active male 

territories in 2006 and within the area consistently monitored as determined for 

population analyses.   However, in order to make inferences regarding population 

changes that may be influenced by changes in vegetation, we limited the vegetation 

plots for data analysis to the same spatial restrictions as utilized for population data at 

this scale.  Each 2006 vegetation plot consisted of 4 replicates within the territory - the 

centerpoint of each territory and 30m distances at compass bearings of 0°, 120°, and 

240° from the centerpoint.  Some of the 39 territories were too small to encompass all 

4 replicates in which case any replicate falling outside the territory boundary was 

minimally adjusted, resulting in a total of 180 plots (Hallworth et al. 2008b).  During 

the 2015 re-survey, we randomly selected 1 replicate from each plot using a random 

number generator, ensuring that at least 1 replicate from each of the 2006 territories 

was re-sampled.  From that result, we excluded any territory that had not been 
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continuously monitored for Canada warbler activity as previously described to 

determine population trends.  This resulted in a total of 29 active territories from the 

original 39 territory vegetation plots.  

Within each of the vegetation plots sampled in 2015, we used the same 

protocols as outlined in Hallworth et al. (2008a).  From the center point of each plot 

and within an 11.3m radius we collected data for canopy height, number of song posts, 

and number of trees and snags.  Song posts were identified as any tree ≥ 3 m above the 

subcanopy with ≥ 5 m distance from another such emergent tree.  Trees and snags 

within the 11.3 m radius were divided into 3 size classes, small (8-22.9 cm dbh), 

medium (23.0-37.9 cm dbh) and large (> 38 cm dbh).  Within a 5 m radius of the plot 

center point we counted all shrubs and saplings greater than 1 m in height and 

classified them into two size classes, small (<2.49 cm dbh) and large (≥ 2.5 cm < 8.0 

cm dbh).  Also within the 5 m radius we collected percent ground cover for moss, 

ferns, and grass.  At 1 m in each of the four cardinal directions we determined foliar 

density by counting the number of times any branch or leaf touched a 2.5 m pole at 

each of the five 0.5m intervals along the pole.  We then compared all measurements 

taken in 2015 directly to the corresponding 2006 measurements at each vegetation plot 

sampled.    

Population data: Metapopulation Scale 

 We used population data that were part of a 10-year update on avian species 

and forest structure within BPNA.  The population data were originally collected 

between 2003 and 2005 using point counts at 46 stations during the breeding season.  
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We replicated these point counts in 2014 at all 46 stations beginning May 11 and 

ending June 25.  Each station was visited a total of 3 times.  At each visit we recorded 

all species seen or heard over a ten-minute sampling period. Species were listed on 

datasheets according to estimated distance and direction from the sampling point.   

Out of the 46 point count stations, we detected Canada warblers at a total of 23 

stations during both survey times, 2004 and 2014.  In order to analyze these data for 

Canada warbler abundance between the two survey periods, we tallied the maximum 

observation from each of the three visits at each of the 23 Canada warbler sampling 

points (Nur et al. 1999).  We then directly compared these summary data to the 

summary data in the 2004 sampling year, yielding a measure of Canada warbler 

population trends at this broader landscape scale over a 10-year interval.  We 

eliminated points in which Canada warblers were not detected in either 2004 or 2014 

(23 total) since they resulted in zero Canada warbler detects during both sampling 

timeframes and were thereby considered unsuitable Canada warbler habitat.  We 

calculated changes in Canada warbler abundance and Wilcoxon signed rank tests were 

conducted to determine whether the Canada warbler population at this landscape scale 

had changed across BPNA.   

 

Vegetation: Metapopulation Scale 

We gathered vegetation data across BPNA at the 46 bird survey stations.  

These data provide general forest and habitat characteristics and although not designed 

specifically for known Canada warbler habitat features we utilized the same methods 
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as outlined in the Natural Resource Inventory of the Bear Pond Natural Area 2003-

2005 (Van de Poll et al. 2006).  Once again at each survey point we collected and 

quantified, canopy cover, canopy height, stage of growth, understory density, 

dominant tree species, percent ground cover and percent composition of deciduous 

and coniferous trees.  We focused on canopy cover, canopy height, understory density, 

and percent composition of deciduous and coniferous stems.  These variables provide 

insight into changes in forest structure and serve as proxy variables for Canada 

warbler habitat preferences, specifically dense complex understory and more open 

canopy cover (Hallworth et al. 2008b). All protocols from the 2004 survey period 

were followed in 2014 as described in Van de Poll (2006).  

 

Population Data: Valley Scale 

 Population data for the valley spatial scale were provided by Rodenhouse 

(unpublished data) and collected at the Hubbard Brook Experimental Forest (HBEF).  

These population data consisted of point counts collected between 1999 and 2012.  Of 

the 371 survey points sampled during each breeding season, 139 had Canada warblers 

present.  Census bird data were obtained annually beginning in late May to early July 

along transects throughout the Hubbard Brook Experimental Forest valley (Figure 

2.2).  A 10-minute census began one minute after surveyor’s arrival to the point at 

each survey point across the valley.  Each point was surveyed 3 times throughout the 

season and the visit with the maximum detections for Canada warblers for each point 

in each year, was used for data analysis (Holmes and Sherry 2001, Nurr et al. 1999).  
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Vegetation: Valley Scale 

 Vegetation data for HBEF was provided by Rodenhouse and Battles 

(unpublished data) and were collected in 1995 and 2005.  These data included all 

vegetation variables collected for all 371 avian point count locations.  Of the 371, we 

utilized the 139 locations with Canada warbler detections for vegetation analysis. We 

determined the variables relevant to this study, including total basal area, number of 

stems per plot and total diameter at breast height (dbh) of stems.  We selected these 

variables since they would provide the most insight into changes within forest 

structure that would be indicators of Canada warbler preferred habitat of dense 

complex understory and more open canopy.  We first examined total changes in basal 

area and dbh for each plot in order to determine whether any significant changes have 

occurred within the forest.  Next, we looked at the changes in total stems per plot.  

Using these variables together we were able to determine whether the changes 

observed in basal area and dbh were a result of existing stems maturing or new stems 

occurring on the plots.  We then used this information to examine each plot in 

conjunction with Canada warbler population changes at those plots. 

 

Population Data: Statewide (New Hampshire) Scale 

 We then compared population data at the neighborhood and valley scales with 

data obtained from the Breeding Bird Survey (BBS) collected by volunteers along 

roadsides across New Hampshire (Pardieck et al. 2015) (Figure 2.1).  At each point 

along the routes a 3-minute point count was conducted in which observers recorded all 
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species identified either visually or aurally (Sauer et al. 1997).  These data have been 

continuously collected since 1966; however, we limited analysis to only data between 

1999 and 2012 since this timeframe corresponds and is inclusive of population data 

available at both the neighborhood and valley scales. Since level of effort and number 

of observation points differed at each spatial scale, we normalized the population 

numbers for each year as a percent of the total population at each site.  A simple linear 

regression provided change in abundance over time (Holmes and Sherry 1998).  At 

each spatial scale, the slope of the line illustrates the change in abundance per year.  

We excluded data from the metapopulation spatial scale since it contained census data 

collected at only two time points and would not provide an adequate comparison.  We 

then conducted ANCOVA analyses to determine whether any differences or 

similarities in population existed among spatial scales either at the slopes or the 

intercepts of their regressions. 

 

Data Analysis 

We analyzed data for this study using non-parametric statsitcal tests for both 

population comparisons and regression analysis.  Non-parametric tests were chosen in 

order to sufficiently analyze small sample sizes within these without having to log-

transform the data to make them fit a normal distribution analysis.  This was 

particularly important when analyzying the smallest spatial scale.  We used Mann-

Kendal regression in order to determine population trends at the neighborhoods, 

valley, and statewide spatial scales.  This analysis was chosen in order to accurately 
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analyze data without assuming any distribution as imposed by parametric regression 

analysis.  We then used Thiel-Sen slope estimation in order to determine the slopes of 

the regression.  In order to compare populations at the various spatial scales we first 

normalized the data to compensate for different sample sizes and level of effort.   In 

order to normalize data we rescaled each data point to a value between 0 and 1 based 

on minimum and maximum observation values at each spatial scale.  This method 

allows us to retain outliers within the data without having the outliers influence the 

results. 

We utilized the Wilcoxon signed rank test in order to determine changes in 

population at the metapopulation spatial scale as well as changes in vegetation at the 

neighborhoods, metapopulation, and valley scales.  We also used this test to determine 

differences between populations on the Upper and Lower sub-plots at the 

neighborhoods spatial scale as well as to determine differences between populations 

along the entire neighborhoods scale and the valley and statewide spatial scales.  

We performed all statistical analyses for this study using R 3.0.2 statistical software (R 

Core Team 2013).   
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II. METHODS FIGURES 

 
 
Figure 2.1: Left side of map showing state-level context of areas used in this study.  
Purple dots indicate indivudal males with unique color combinations used for the 
neighborhoods scale, and green diamonds represent point count stations used for the 
metapopulations spatial scales.  The area  in redr dots iss the valley (HBEF) spatial 
scale and the black lines are BBS census routes used for the statewide scale.  Right 
side of map details the metapopulation and highlights the neighborhoods spatial scale 
with Upper and Lower subplot delineations. 
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Figure 2.2 – Map of  valley spatial scale encompassing Hubbard Brook Experimental 
Forest (HBEF) located in Central New Hampshire.  Circles correspond to plots in 
which data used in this study were obtained. (Schwarz et al 2003)  
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III.  RESULTS 

Neighborhoods Scale 

 Canada warbler population analysis at the neighborhoods spatial scale 

indicates no significant increase or decrease in male Canada warbler territory-holders 

from 2009-2014 (τ = 0.0, p = 1.0) (Figure 3.1) for the entire set of neighborhoods 

analyzed.  While trends on the Upper and Lower sub-plots individually were not 

significant, when we compared the Upper and Lower sub-plots to each other, we 

found that they were significantly different from each other (W = 36, p = 0.005).  The 

Upper plot had a decrease  while the Lower plot suggests an increase in observatons.  

We found significant changes in vegetation within active territories between 

2006 and 2015 for 10 of the 18 measured variables (Table 3.1).  The total number of 

small trees (8.0-22.9 cm dbh) significantly increased (W = 197, p = 0.001) along with 

total number of shrubs and saplings (<7.99 cm dbh and 1 m ht) (W = 90, p = 4.73E-

07) (Figures 3.2. and 3.3).  Our analysis of ground cover at the neighborhoods spatial 

scale indicated significant increases in ferns (W = 812, p << 0.001) and moss (W = 

783, p << 0.001), while changes in grass were not significant. However, all “other” 

ground cover decreased significantly (W = 812, p << 0.001) (Figure 3.4).  Stem 

density also indicated significant increases at 4 of the 5 height increments measured 

most notably between 0.0 – 1.5 m  (Table 3.1 and Figure 3.5).  We then analyzed 

vegetation within the Upper and Lower sub-plots at the neighborhoods spatial scale.  

The results suggest that both the Lower and Upper plots have experienced a significant 
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increase in small trees (8.00 to 22.9 cm dbh) (Lower: W = 60.5, p = 0.00415, and 

Upper: W = 31.5, p = 0.036) (Figure 3.6).  Both plots had significant increases in total 

shrubs and saplings (Lower plot W = 24, p << 0.001, and Upper plot W = 19.5, p = 

0.0046).  Both plots exhibited significant increases in ground cover variables with the 

exception of grass (Table 3.2). Total stem density on the Lower plot had significant 

increases in 3 of the 5 height intervals while the Upper plot had significant increases in 

only the lowest height measured (Table 3.2).   

 

Metapopulation Scale 

 Population analysis at the metapopulation scale was conducted across 46 total 

point count stations. Of those 46 total point count stations only 23 had Canada warbler 

detections.  Results suggest that there was no significant change in population at those 

23 point count stations between 2004 and 2014 (W = 413, p = 0.15) (Figure 3.7a).   In 

2004, 20 point count stations reported detects of Canada warblers; however, in 2014 

only 11 of those 20 stations reported detects resulting in 9 stations where Canada 

warblers are no longer occurring and 3 stations where Canada warblers were observed 

for the first time.  We tested changes in the population for the 20 point count stations 

in which Canada warblers were originally detected in 2004, in order to determine if 

there was a significant change in observations.  We found that for those 20 point count 

stations that originally had Canada warbler detects in 2004, there was a significant 

decline (W = 283, p = 0.02).  This indicates that while between 2004 and 2014 
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demonstrated a loss in observations and areas, that loss was offset by the new areas 

and observations in 2014, since there is no significant difference in the population at 

all point count stations where Canada warblers were detected between 2004 and 2014. 

The results of the population analyses at the metapopulation spatial scale 

showed that between 2004 and 2014 nine point count stations had detects of Canada 

warblers in 2004, but did not have detects in 2014.  In order to understand whether 

vegetation may have contributed to this loss, we analyzed changes in the vegetation 

characteristics at the 9 point count stations where Canada warblers were no longer 

detected.  This resutls of the vegetation analyses at these 9 point count stations 

indicate significant changes in the decrease in canopy cover (W = 64.5, p = 0.038) 

(Figure 3.8) and an increase in understory density (W = 8.5, p = 0.0046) (Figure 3.9).  

We repeated the analyses for the 3 point count stations that detected Canada warblers 

in 2014 but did not detect Canada warblers in 2004 and they yielded no significant 

results. This was expected since only 3 stations were available for that analysis and 

thus the sample size was too low.  

 

Valley Scale 

 There were 139 total plots within the valley scale where Canada warblers were 

detected.  Of those 139 plots 64% indicated decreases in the number of Canada 

warbler detections.  However, population analysis at the valley spatial scale (within 

Hubbard Brook Experimental Forest) indicates no significant change (τ = -0.14, p = 
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0.58). (Figure 3.10).  Initial vegetation analysis indicated a significant increase in 

biomass.  However, in order to determine contributing factors to biomass increase 

(either existing saplings increasing in dbh or new stem recruitment) we analyzed the 

total number of individual saplings and total stem dbh.  Results of the Wilcoxon 

signed rank tests for these variables indicate a significant increase in stem dbh (W = 

1715.5, p = <0.0001) but no significant change in total number of stems (W = 

10342.5, p = 0.22) (Figure 3.11).   

We compared the census data at each plot to vegetation results at this scale  and 

94% of the 139 plots exhibited an increase in total stem dbh but no change in total 

number of stems indicating some forest maturation has occurred on plots where 

Canada warblers have been observed.  Combining these results indicates that forest 

maturation may be influencing Canada warbler abundances for at least the 64% of 

plots where Canada warblers have been detected at HBEF. 

 

Statewide Population 

 We conducted a cursory analysis on the Canada warbler population trends 

across the BBS survey routes within New Hampshire beginning in 1966.  Since 1966, 

25 survey routes have been utilized throughout New Hampshire with 23 routes active 

to date.  Of all routes (active and inactive), 8 routes have not had Canada warbler 

detections in the last 20 years.  Prior to 1999, the beginning timeframe of this study, 

initial observations of Canada warblers were reported for 24 of the 25 total New 
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Hampshire routes.  Between the years 1999 and 2014, Canada warblers were observed 

on 17 of the 23 active routes, with 5 of those routes only observing Canada warblers 1 

year out of the 15 years inclusive in this study.  We found a significant decrease in 

Canada warbler populations along BBS routes between 1999 and 2014 (τ = 0.463, p = 

0.02) (Figure 3.12).  We compared normalized population data from the statewide 

Breeding Bird Survey (BBS) to the neighborhoods and valley populations in order to 

determine if populations observed at these different spatial scales were similar and 

found no significant difference between statewide populations and either the 

neighborhoods, or valley spatial scales (W = 47.5, p > 0.05 and W = 119, p > 0.05 

neighborhoods:statewide and valley:statewide respectively) (Figure 3.13).  We also 

compared the populations at the neighborhoods spatial scale to the valley spatial scale 

and found no significant difference between populations (W = 36, p > 0.05).   
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III.  RESULTS FIGURES 

 

  

 
Figure 3.2: Number of small trees (8.0 – 22.9 cm dbh) at neighborhoods spatial scale 
between 2006 and 2015.  Analyses indicate significant increase in small trees across 
neighborhoods spatial scale (W = 193, p = 0.001) 
 

 
Figure 3.1: Population trends for Canada Warblers at the neighborhoods spatial scale.  These 
numbers reflect total number of individuals observed on territories within the entire neighborhoods 
scale as well as upper and lower plots between BPNA and CTF. None of the trends are significant, 
however there is a significant difference between Upper and Lower plots (W = 36, p = 0.005). 
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Figure 3.3: Changes in small tree abundance across the neighborhoods spatial scale 
between 2006 and 2015. (W = 197, p = 0.00086).  
 

Figure 3.4:  Results of ground cover Wilcox signed rank analyses.  All changes depicted are 
significant EXCEPT for grass.  See TABLE 3.1 for W and p values. 
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Figure 3.5:  Stem density across neighborhoods spatial scale.  All changes depicted are significant, 
except for those at heights 1.5 – 2.0 m. (p < 0.05).  See Table 3.1. 
 

Figure 3.6:  Significant changes in small tree abundance between Lower and Upper sub-plots at 
the neighborhoods spatial scale.  (Lower: W = 60.5, p = 0.00415 and Upper: W = 31.5, p = 
0.03584). 
 

E 0 
Lt} M 
ci 
<ii 0 
C. N 

"' E 
$ 0 
(/) 

0 
'It 0 

0 .... 
,=" 
.0 
"O 

E 0 u M 

"' N 
':' 
C! 
e 0 

N 
V) 
Q) 

~ 
f-
0 
'It 0 

Changes in Canada Warbler Neighborhoods 
Stem Density Between 2006 and 2015 

0 

-,-
0 

0 

0 0 
-,- 8 

_j_ ' + E:l + -'-
~ = 

"' Lt} "' Lt} "' Lt} "' Lt} "' Lt} 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N N N N N N N N N N 

I I I I I I I I I I 
Lt} Lt} q q ~ ~ 0 0 ~ ~ 
ci ci <'i <'i N N 
ci ci .,.; .,.; ci ci .,.; .,.; ci ci 

z! z! ci ci ~ ~ ~ ~ N N 
~ ~ I I I I I I 

"iii "iii J!, J!, J!, J!, J!, J!, 
C: C: "iii "iii "iii "iii "iii "iii "iii "iii a, a, 

C: C: C: C: C: C: C: C: Cl Cl a, a, a, a, a, a, a, a, 
Cl Cl Cl Cl Cl Cl Cl Cl 

Changes in Canada Warbler Neighborhoods Scale Lower and Upper Plots 
Small Tree Abundance Between 2006 and 2015 

0 

8 

B 
~ ~ 

LP.Sm.Tree.06 LP.Sm.Tree.15 UP.Sm.Tree.06 UP.Sm.Tree.15 
Neighborhoods Scale 

Small Trees 2006 & 2015 Lower and Upper Plots 



25 

 

  

Figure 3.8. Changes in understory density at the metapopulation scale between 2004 and 
2014.  Boxplot illustrates results of Wilcoxon signed rank test, an increase in mean 
understory density across BPNA for point count locations with observed Canada warbler in 
2004 but not observed again in 2014. (W = 8.5, p = 0.0046) 
 

Figure 3.7:  Metapopulation population results across BPNA between 2004 and 2014. Results 
indicate NO significant change in Canada warbler observations. ( W = 413, p = 0.15). 
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Figure 3.9: Boxplot illustrates results of Wilcoxon signed rank test for canopy cover at the 
metapopulation scale for locations with Canada Warbler observations in 2004 but not in 2014. 
(W = 64.5, p = 0.038).   
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Figure 3.10: Population trends for Canada Warblers at the valley spatial scale.  Trend is not 
significant p > 0.05. 

Figure 3.11: Results of Wilcoxon signed rank tests for changes in sapling stem count and sapling stem dbh 
across HBEF at the valley scale. There was no significant difference for changes in sapling count (a) however, 
there were significant changes for sapling stem dbh (p << 0.05) for sapling stem dbh (b). 
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Figure 3.12: Population trend for Canada Warblers at the, statewide BBS data 
spatial scale.  Slope indicates a significant decline in observations across New 
Hampshire (slope = -0.36, p = 0.02) 

Figure 3.13:  Comparison of populations across three spatial scales including 
neighborhoods, valley, and statewide using normalized populations and 
Wilcoxon signed rank tests.  Dark bars indicate median value of normalized 
percent of population. NO significant difference was found between 
populations. 
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