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Abstract

Lower abundance dbrestbirds near high traffic roads has been attributed to traffic
noise but the potential role ofraffic mortality has not been adequately testedo test
the hypothesis that traffic mortalitys animportant contributor, | predicted thatwhere
there is a higher risk of traffic collisipthere would be a stronger decreasethe

number offorestbirds close taoadsover the course of the breeding seasdn
comparedrelative abundanceof forest birds, at four distances from high traffic roadat
ten sites wherethe birds were more likely to cross the rofirest on the other side) vs.
at ten sites wherethey were less likely to cross the rogdpen field on the other side)
The prediction was supped, suggesting thatoads bisecting natural areas mereate
population sinksThis highlights the importance of mitigating traffic mortality

important bird habitas.
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Introduction

We are only beginning to understand the ecological consequences of the 100 million km

NREIR ySUg2N] aLIl yyAy3d GKS g2NI RQa (SNNBaidN

roadsare diverse and complgforman et al. 2003)esulting in a range of impacts on
wildlife populations, many of them negatiyEahrig & Rytwinski 200Building new

roads involves the destruction of former habitat. Road construction also introduces
changes to adjacent habitathich animals may avoidhcludirg visual disturbances,
chemical pollution and noise from traffithose remaining in the modified habitat may
choose to cross the road amigk beingkilled by oncoming vehicle¥hough the relative
importance of the underlying mechanisms behind reduceldlife abundance in

habitats near roads (e.g. behavioural avoidance vs. mortality) remains to be explored in
many cases, numerous studies have reported this phenoméRomman et al. 2003;

Fahrig & Rytwinski 2009)

Among the studies documenting irapts of roads on wildlife, it has been shown that
birds are less abundant near high traffic roads. A study examining the effect of roads in
the Netherlands found lower densities of breeding birds in agricultural grasslands close
to roads where traffic wakigher(Van Der Zande et al. 1980his result was further
supported by later studies examining other European agricultural grass{Reijsen et

al. 1996) forests(Reijnen et al. 1995; Brotons & Herrando 2001; Kuitunen et al. 2003;
Rheindt 2003; Polak et al. 201 8edgerowgFuller et al. 2001and wooded

pasturelandqPeris & Pescador 20049utside of Europe, a similar pattern was found in



Australian fores{Pocock & Lawrence 20083 well as in North American open habitats
(Forman et al. 20029nd woodlots(Summers et al. 2011Mereafterl refer to this
phenomenon of reduced bird abundance with proximity to high traffic roads as the

Gy S3aAFrGAGS NRBIFR STFSOil¢ 2y o06ANRA

In past studies, the negative road effect on birds has usually been attributed to
traffic noise Birds rely on sound to attraenates, defend territoriegNowicki & Searcy
2004)and avoid predatiorfKlump & Shalter 1984Because such important activities
depend on being able to effectively communicate by sound, and traffic noise increases
with proximity to roads, it has been identified as the most important component of the
negative road effec(Reijnen & Foppen 2006Jhis is supported by studies showing that
other source®f anthropogenic noise affect bird reproduction, behaviour and
abundanceOvenbirds $eiurus aurocapil)anear noiseemitting natural gas compressor
stations have shown reduced pairing sucdg$abib et al. 2006 A study on chaffinches
(Fringilla coelebsfound that they incrased their visual surveillance activity when
exposed to background noise generated at frequencies intended to reduce their ability
to use auditory cuefQuinn et al. 2006)Finally, the abundance of certain bird spei
appears to be reduced near noisy compressor stat{Bayne et al. 2008; Francis et al.
2009) Though studies have demonstrated that anthropogenic noises have an effect on
birds, the characteristics of noise studiexddate can be different from those of traffic

noise, both in terms of loudness and frequeri®ummers et al. 2011)



Despite the evidence that birds are affected by other sourdemthropogenic noise,

there is little direct evidence that traffic noise is the main raathted mechanism
influencing bird abundancén past studies examining the effects of roads, other
potential roadrelated impacts correlated with traffic noise haragely, if ever, been
controlled for. These include possible visual disturbances, chemical pollution, and risk of
collisions. Some of these variables appear to be of limited conG@monly study that
examined vehicle visibility did not support the \asdisturbance hypothesi®keijnen et

al. 1995) While no study examining the negative road effect on birds has attempted to
control for the effects of chemical pollution, it has been estimated that chemical
pollutants reach background leveisthin 50m of roadgReijnen et al. 1995yhile the
negative road effect on birds has been measured up to 2800m from the road in
woodland(Reijnen et al. 199%nd 3530m from the road in grasslan@®eijnen et al.

1996) Thus, it is unlikely that pollution is the main cause of the negative road effect on
birds. In contrast, while it is known that birds are killed by collisions with vehicles, no
study examining the negative roaffect has either measured or controlled for the

contribution that traffic mortality makes toward the observed negative road effect

Several studies have assumed that traffic mortality is not an important component of
the negative road effect on bird pomtions(Reijnen et al. 1995; Forman et al. 2002;
Rheindt 2003; Peris & Pescador 20M@8lying the many studies showing that birds are
frequently killed on roads during the breeding season, particularly whafédrolume

is high Studies reporting roadilled birds have been conducted in Eurdpgritzoe et al.

2003) Australia(Taylor& Goldingay 2004)South AmericéTeixeira et al. 2013and



North AmericgClevenger et al. 2003; Eberhardt 20@iyd carcasses have been found
with greater frequency during seasons when most birds breetifiige, and where
traffic volume is high, with several, but not all, studies reporting a positive relationship
between traffic volume and the presence of rekitled birds(Erritzoe et al. 2003;
hND26&1 A HAN P ToutSee SiBKrgel R al. 2008)recent analysis
estimated that 13.8 million birds are killed annually on paved roads during the breeding
season in Canad®ishop & Brogan 2013)his conservative estimate was largely based
on the few surveys performed in Canadian ecozones, without correcting for detection
The estimate suggests thatmost 0.26% of all land birds in southern Canada are killed
each year on road@islop & Brogan 2013)'hough this may seem a low proportion, it
represents one of the cumulative anthropogenic pressures on our declining bird
populations(Calvert et al. 2013stimates for the United States, a country with higher
road density, have been calculated at a much coarsel,|bw Erickson et al. estimated

that at least 80 million birds are killed on U.S. roads each (26&5)

Some studies have suggested that the traffic mortality on birds can affect bird
population responsed-or both pied flycatcherd={cdula hypoleugaand great titsRarus
Major), nestlings were found to be less likely to fledge from nestboxes close to roads
than nestlings in nestboxes farther away from roéidaitunen et al. 2003; Holm &
Laursen 2011 possiblybecause the nestlings starved when parents were hit by. dars
North America, roakilled gray jaysRerisoreus canadenyiwere found dong a major
two-lane highway running through Algonquin P&8trickland 2013)An analysis of gray

jay survivorship near and far from the same highway found jays inhabiting territories



adjacent to the highway had lower survival rates than those on territories away from
the road Further south, Florida scryjays Aphelocoma coerulescens/ing next to a
two-lane highway were found to have mortality rates nearly twice as high as thasg
away from the roadMumme et al. 2000)in territories next to roads, more scryhys

were killed than yearlings produced.

Recently, a study carried olty Summers et al2011)in eastern Ontario indicated that
traffic noise did not explain declings bird abundance with proximity to high traffic
four-lane highways; the authors suggested the possibility that mortality may play an
important role Theyrecorded traffic noise during bird point count surveys performed
along transects perpendicular to témngh traffic sections of road hough both traffic

noise and bird abundance were negatively correlated with distance from the road, they
found that bird abundance was not related to variation in traffic noise after correcting
for distance from the roads his suggests that some other mechanism was playing a
role in reducing the number of birds near roads risk of collision would have also

been negatively correlated with distance from the roadsypothesize that traffic

mortality could be an importantnechanism explaining the negative road effect

To test this hypothesig sought to test a prediction that derives specifically from the
mortality hypothesis, and that would not be predicted by the noise hypoth&sisavoid
confounding the two hypothesestherefore compared the negative road effect
between forest sites with similar noise levels but with differing probabilities that birds

would be killed crossing the roadnlike past studies, where noise and probability of



collision were correlated witkdistance from the road,identified two site types, where
birds had either a greater or a reduced chance of suffering traffic mortaiitferred

this difference based on the assumption that forest birds are more likely to cross small
forest gaps cread by the road than they are to cross large forest gaps created by the
road and an adjacent clearinghe lower probability of forest birds crossing larger gaps
has been documented using methods including territorial call playb@tkit et al.

2011) mobbing call playbacKBélisle & Desrochers 2002; St.Clair 206@)ple
observation(Grubb & Doherty 20119nd radiotracking(Norris & Stutchbury 2001;

Fraser & Stutchbury 2004; Evans et al. 2008addition, roadkill studies haweiggested
that collisions are more frequent where roads traverse forégisitzoe et al. 2003)

Birds have been shown to cross fdane highways with forest on either si@gt.Clair
2003) Along the same foulane highway, Clevenger et €003)found more dead birds
where the road was separated by a median than where thevséghhad no median at

all, a result they attributed to forested medians reducing the size of forest gap perceived

by birds

Though it would be useful to conduct roadkill surveys testimgassumption that birds

are more likely to be hit by vehicles whetere are small gaps in the forest than where
there are large gaps in the forest, it was not possible to incorporate this component into
the study | could not perform such surveys becauseould not obtain legal permission

to stop a vehicle or to enteghe hightraffic roadways on foot or other nemotorized

means (e.g. bicycle; s&berhardt 2009)due to the danger associated with high traffic

volumes and speedsconsidered the gaprossing studies and roadkill studies cited



above to be sufficient support fany assumption that birds are more likely to attempt

to cross roads at sites where the road represents a sgagtlin the forest (hereafter

GavYgapdi Sacov GKIFIy Fd aArAidSa gAGK y2 F2NBad AY
Gt -WHEIS alxhérSdcdssedny tests on an associated populatidevel prediction

arising from the mortality hypothesis.

| predicted that the negative road effect would beune stronger over the breeding
season at smaljap sites than at larggap sitesThe effects of traffic mortality should

I OO0dzydzf 1S GKNRdzZAK2dzi GKS O0NBSRAYy3 aSlazys
empty for at least part of that seasolf birds ae more likely to cross the road at small
gap sites than at larggap sites, higher bird mortality at the smghp sites should lead
to a greater decrease in abundance at those sites than at4gagesites. This reduction
in abundance at smagjap sites lsould become increasingly apparent at locations
closest to the road as the breeding season progresses, due to the accumulation of
empty territories In addition,a measurement ofhe negative road effect itseff the
slope of the relationship between bimbundance and distance from the roadhould
become stronger (increasingly positj\as birdsbecome less abundamtose to the

road) throughout the breeding seasofhe mortality hypothesis predicts that this
intensification of the negative road effeshould be stronger at smatjap sites than at
large-gap sites, due to higher mortality at the former than at the lattémortality is an

important contributor to the negative road effect on birds, both a greater decrease in

abundance closest to the roas well as a stronger negative road effect should be



found at smaklgap sites relative to larggap sites later in the breeding season, even if

traffic volume (and traffic noise) is the same at the two site types

Methods

Throughout the 2012 breedingeason from the end of May to early Julgurveyed for

birds along transects perpendicular to the road in forest sites next to high traffic roads
These forest sites were selected such that the adjacent highway either (i) represented a
smaltgap in theforest (smaHgap sites), or (ii) had no forest immediately on the other
side of it (largegap sites) Simultaneous to the bird surveyis;ollected audio recordings

to test for potential issues with bird detectability and potential differences in traffic

noise levels between site typeBo document habitat structurd,also conducted

vegetation surveys at the point count sites

Site Selection

| selected 20 forest sites adjacent to high traffic féame highways in Southern and
Eastern OntarioKigurel). All sites were greater than two km apaForest patches
contained a mix of coniferous and deciduous tre&éroads exceeded 10000 annual
average daily traffic (AADOMinistry of Transportation 2010) selected (1) smatjap

sites, where there was forest immediately across the road from the sample site, i.e. the
road created a smatjap in the forest (7810m),and (2) largegap sites, where there

was no forest immediately across the road, but instead a large agricultural clearing such

that the distance from the roagide perimeter of the sample site to the nearest forest



patch (> 1ha in size) on the other siolethe road ranged from 175 to 1000rRigure2
andFigure3). Sites were also selected to minimize differences in AADT although it was
not possible to find sites with ideieal traffic volume that metny selection criteria; on
average, traffic volume was 2710 (AADT) loatesmaligap sites than at larggap sites

thoughthis difference was not statisticalgignificant (t=0.69,df=18,p=0.56jgure4).

Point Count Surveys

| performed bird surveys on weekday mornings from May 30 to July 5 2012. Because of
the time it took to access each sitesould not survey multiple sites in a single day
Consequentlyl could only survey eacsite once in the breeding season. To avoid
confounding date of survey with site typlelternated surveys of smatjap and large

gap sites through the seasoifo avoid confounding date of survey with geographic
location, | surveyed half of all sites fro the north, southwest and soutkeast early in

the breeding season and then surveyed the remainder of the sites from those three
areas later in the seasorAs part ofmy bird survey protocoll followed the
recommendations for point counts outlined inbBly et al (2000) One person

performed all point counts for this study, thus avoiding observer.biasrformed the

point counts along a transect perpendicular to the road at points 50, 150, 250 and 350m
from the roadside edge of the forestHgure2). To avoid confounding time of point

count with distance from the road, the order of point counts ran from either 50m to
350m or from 350m to 50nHalf of the smaibap sites were randomly selected to start

at 350m Accordingly, the rest of the smajhp surveys started at 5Qnicach largegap



site survey was always performed in the same direction as the gaplsurvey

preceding it | started the first point count 30 minutes before sunrise. Each point count
was fa ten minutes This resulted in the final point count at all sites ending before
6:45am To maximize detectability,did not conduct point counts during rainy or windy
conditions (greater than four on the Beaufort scalB) avoid an effect of traffic nee

on bird detectability) only included birds heard within 50m of the observer during the
point count In a study measuring how well birds were detected by observers under
different conditions, lowfrequency background noise had essentially no effedbiodh

detectability within a radius of 50m in a mixed wood for@3acifici et al. 2008)

Audio Recordings

| took audio recordings to verify bird identificationgade during the point count

surveys| also used the recordings to test (and correct if necessary) for effects of traffic
noise on bird detectability, to verify that traffic noise did not differ between sigaf

and largegap sitesandto verify that itdid not increase ovethe field seasonTo
estimatetraffic noise from the recordingsmeasured noise within a frequency range
chosen to avoid incorporating sounds unrelated to traffic within traffic noise
measurementTo be able to compare noise measdrusing different microphones, a

correction was made to adjust for differences in sensitivity of the microphones

The day before@ach pointcountsurvey | set up 6ur automated digital recorders (SM2
and SM2+ Song Meters, Wildlife Acoustiesichprogrammed to record sound aine of

the four locations where theoint countwould be performedhe next dayAll four

1C



Song Meterghen recordedaudio simultaneouslgn the morning of the survejrom

4:30am to 9:00am to capture peak rublour traffic noise dung the period of day when

diurnal forest birds sing most frequentlyhe Song Meters made recordings using a 2Hz

high pass filter, a combined gain stage of 48dB and a sampling rate of 4ABddHzZSong

Meter was equipped with two omrdirectional SMXI microphones (with a sensitivity

of -36dB +4dB), aimed parallel to the road in opposing directions at each point count

location Figure2). The Song Meters were attached to small trees, 1.5m above the

ground Ononeoccasion the recordings were affected by high wind, on a second

occasion by rain and on a third occasioraltyaffic accidentfollowingii KS Y2 Ny Ay 3 Qa4
point count For these threeases, replacement recordings were made for the full

recording period of 80am to 9:00am on weekdays in July and August

| later verified all bird identifications from the point counts by listening to the segments

of the recordings taken during the point count surveys.

To determine whether there was an effect of traffic nomsebird detectability)
documented birds singing during trafiiee periods recorded at five smabap and five
large-gap sites (as a stdample of the twenty study sites) and then calculated traffic
noise recorded during the iperson point count at thee same locations$ reasoned

A 2 4 ooaA
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between the birds documented from the trafficee recordings and the birds

documented during the kperson point counts would increaséth greater traffic noise

11



during the inperson point countTo test this question,collected two pieces of

information from the sound recordings made on the day of eagherson point count:

To generatanytraffic free estimate of bird abundanceysed sections of each
recording that had no traffic from the first two hours of the mornifigpis was
done for recordings at all four point count locations of the ten sites, yielding 40
points for the analysig=rom the portion of the recordings taken betem 30
minutes before dawn to 90 minutes after dawn, i.e. the period with the lowest
traffic and the most frequent birdsongidentified segments of the sound
recordings without traffic noiséd-rom these traffifree segments| stitched
together randomlyselected segments longer than six seconds into a four minute
audio file for each point count locatiohthen identified all birds recorded

singing during these traffifree audio files

To measure the traffic noise that occurred during thgérson poirt count, |

used only the ten minute period of time during which eacip@rson point count
occurred From these ten minutes of recorded sounthen calculated an index

of traffic noise (as described below)

| used this information in conjunction witlnét collected during the iperson point

counts to test whether traffic noise had an effect on bird detectability, as later described

under Statistical Analyses.

To verify that traffic noise at the sites was not confounded \either site type (small

gapvs. largegap siteyor date of survey calculated an index of traffic noise using the

12



sound recordings taken from 4:300am at each sitd-irst,| excluded from all

recordings periods of noise generated by the observers as they approached and left
ead point count locationThe shortest observeree recording was 3.7 hours long.

then calculatedny traffic noise index for every site using the last 3.7 hours of observer
free audio recordings taken before 9:00amhis ensured that the loudest period of
traffic noise in the morning was includetio calculate the index of traffic noide,
measured the average power, in unweighted dB, of each second of sound across 0.3kHz
2kHz using Raven pro 1.4 (Cornell lab of Ornithology). Traffic noise tends to bstloud
below 2kHz (Warren et al 2006Because most noise from birdsong occurs above 2kHz
(Slabbekoorn & Ripmeester 20G8)d | wanted to control for wind and recorder
vibrations below 0.3kHz that could not be reliably eliminated from the recordirtid,

not include noise above or below these frequencies (respectively)

Following the field seasohgalculated differences in microphone sensitivity to adjust
for them when comparingny index of traffic noise between point count sitds
measured differences in sensitivity using an Extech 407766 sound calibrator, which
genaates a 1 kHz sine wave at 94dB to an accuracy of zOl8@Bnducting these
comparisons| discovered that three microphones were unreliable, i.e. they failed to
produce a consistent measure in average power (dB) of the noise produced by the
sound calibator. Therefore, for measuring traffic noidelid not use the recordings
made by these three microphongBhis reduced sample sizes in analyses that included

traffic noise

13



Vegetation Surveys

| conducted a vegetation survey at each point count locaietween midJuly and mie
August Within the 50m radius of each point coumtandomly located and surveyed a
100n? circular plot, divided into quadrants defined by the cardinal directidiwssurvey
trees,| used the point centre quarter method (Cottamdsrant 1956): Within each
guadrant,l determined the distance to the nearest tree, the species of that tree and its
diameter at breast heighWithin all four quadrantsl recorded the total number of
shrubs as well as an estimate of average shrub heigtitaverage ground vegetation
height | also took measurements of percent canopy and percent ground cover at the
centre and edge of the circular plot in each cardinal directibtook these
measurements by looking up (for canopy vegetation) and downgffound vegetation)
through an ocular tube (tissue roll with cross haitsyegetation crossed the field of
view where the crosshairs intersectddecorded a positive observation (Grushecky and
Fajvan 1999) then summed these observations and dividey five to generate coarse

measures of percent cover of canopy and ground vegetation
Statistical Analyses

To determine whether bird detectability declined with increasing traffic ndise,
conducted a mixed effects linear mod&he response variable wahe difference in
bird abundance between the measurements from the traffee recordings and the
measurements from the #person point countsTraffic noise during the #person point

count (measured using average power, dB) was a fixed effect, anda#t a random

14



effect. For this analysishad 39 points; traffic noise for one of the 40 locations could not
be used, because one of the three unreliable microphones had been used to measure it,

as explained above.

To test the similarity of habitat betweethe two site types, langeneralized linear
mixedmodekwith each of my vegetation measuremerds a response variahlas
follows. canopy coverl{finomialdistribution), ground coverliinomialdistribution),
ground cover heighfnormaldistribution), number of shrubgnegative binomial
distribution), shrub heigh{normaldistribution), average distance to the nearest teee
(normaldistribution), and average diameter of treesdrmaldistribution). For all of the
models,sitetype was a fixed effect andistance from the roadvas a random effect

performedthese analyses usirfgAS 9.2.

To test whether traffic noise was confounded with site type (sipapl sites vs. large

gap sites)| performed amixed effects linearmoded A 1 K G KS & A &asShea GNI FF
response variable, site typs the fixed effegtand distance fronthe road asthe

random effect For this analysis, | had 75 points; ftvaffic recordings could not be used

in this analysislue to the problems with unreliable microphones exptd above

To test whether traffic noise was confounded withte, | performed a mixed effects
fAYSEFEN Y2RSt gAGK (GKS aAdSQa (dwiveyaskth® y2A &S
fixed effect and distance from the road as a random effecthisanalysis) had had 66

points; | excluded recordings taken by the unreliable microphones explained above, and

15



| only included traffic noise estimateseasuredduringthe morning ofthe actualbird

survey,which means | excludeitie three recordingspreviously mentioned

To test whether thestrength ofthe road effectwas related to traffic noisd measured

the road effectat each sitel did this by calculating the slope of bird abundance relative
to the distance from the roawherethe point count took jpace(eg. 50, 150, 250 or

350m) When this slope is more positive it indicates a stronger negative road effect, i.e.
fewer birds near the road than far from the roddhen ran a regression with these

slope values as the response and traffic noise meakat¢he point closest to the road

(50m from the roadlas the predictorThis analysis had 20 points (the 20 sites).

To testmy prediction that the negative road effect would become stronger over time at

smallgap sites than at larggap sites| conductedtwo analyses:

i. | examined bird abundance measuratithe point closest to the road
(50m fromthe road at the two site types, expecting that the difference
in abundance between smailap and largeyap sites would be strongest
close to the road | calculded a generalized lineamodelusing a Poisson
distribution. The response variable was bird abundance 50m from the
roadat each siteand the predictors were site type (smgHp sites vs.
large-gap sitey date of surveyand theirinteraction | ranthis analysis
using SAS 9.2

il. | examined theroad effect(the slope of bird abundance vs. distance from

the road at each siteexpectingthe negative road effecto intensify
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(reflected inincreasingly positivelope value measurementthroughout
the breedirg season more stronght the smalgap siteghan at the
large-gap sitesl then ran a regression with road effect (the slope) as the
response, and site type, date of survey and their interaction as
predictors |also calculated separate regressionsada effect on date

of survey for smaljap and largegap sites

| did not perform analysis of individual species due to low sample G\pgEendixD).

Unless otherwis@oted, | performed all analyses using RQ(3)

Results

Altogetherl detected 45 bird species and found, on average, eleven species per site.
There was rarely more than one individual of each species within the 50m point count
radius As a result, bird abundance was highly correlated with speibeeass (r=0.87,
p<0.001) I observed five birds on average during each point cowitt) the number

rangngfrom one to twelve

The bird abundance estimates from the traffic free recordings were correlated with the
bird abundance estimates from the-person point counts (Pearson r=0.41, p<0.6de
Figure5). LT OGN} FFAO y2AaS KIR RSONBI a®&d G KS
have expected to find that the difference between bird abundances estimated the

traffic free recordings and the iperson point counts would be positively related to
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traffic noise This was not the case;(}s=0.30, p=0.5%eeFigure6). Therefore, there is

no evidence for an effeddf traffic noise on bird detectability ithe data.

The vegetation characteristics thiatneasured were not significantly different between
site types with the exception of the average distance to trees, which was 0.93m greater
at the large gap site@~ 75=4.7 p=0.03seeTablel). Traffic noise also did not

significantly differ between site typesdeTablel), though it did have a significant
relationship with date osurvey, decreasinigy -0.13dB per day (F1,61=6.67, p =0.01,
seeFigure7). Thismadeour tests of thetraffic mortality hypothesis conservative, as we

predicted an increasing road effect with date of survey atshmallgap sites.

Thenegativeroad effectdid not strengthenthe slope of abundance vs. distance from
the roaddid not becomemore positive) with increasingaffic noise. In fact, theslope
valuesdecreasedy-0.0012 for each additional dB of traffioise, though this decrease

was not statistically significaiiy 15=3.3, p=0.084F =0.16,seeFigure8).

Thefirst test of the traffic mortality hypothesis, using the abundance data collected 50m
from the roadstentativelysupportedmy prediction.Bird abundanceclose tothe road

was lower athe smallgap sites surveyed later in the seasand thiswas not the case

for the large-gap sitesgeeFigure9), though the diffeence was not statistically

significant (interaction between site type and date of surv&ys=6.3, p=0.087)

Thesecond test of the traffic mortality hypothesis, based on the slope of abundance vs.
distance from the road, i.e. the negative road efféself, supportedmy prediction. The

interaction between site type and date of survey was statistically significan=@-=3,
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p=0.023); the negative road effect on bird abundance became stronger (as shown by
more positive slope values) over the breedsgason at smaftjap sites (F=35.2,

p=0.00035) but not at larggaps sites (=0.52, p=0.52, seleigurel0).

Discussion

This study provides evidence that traffic mortality is an important component of the
negaive effect of roads on bird abundandepredicted that, if mortality was important,

the negative road effect would become stronger at sngalp sites than at larggap

sites through the breeding season, on the assumption that birds are more likelyhiv be
by vehicles at smafiap sites than at larggap sitesThis prediction was supported,
particularly clearly in the second analysis in which the slope of the relationship between
abundance and distance from the road (the negative road effect) becamegsr as

the season progressed at the sragdlp sites but not at the larggap sites

| suggest thatheseresults are consistent with traffic mortality and would not be
predicted by other potential mechanisms, especially traffic noise, that might cause
negative effects of road$selected sites such that traffic volume was similar between
the smallgap and largeyap sites. This allowade to vary traffic mortality (i.e. higher
mortality in smalgap sites than larggap sites) while controlling for otheoad effects

that co-vary with traffic volume, including traffic noise, visual disturbances and chemical
pollution. Consequently, the differencé®bserved between smatiap and largegap

sites cannot be explained by any of these variables. To be contidiat traffic noise did

not somehow biasny data, | verified thatmy ability to detect birds was not influenced
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by traffic noisel alsoverified that traffic noise was similar between site typtst it did
not increag over the course of the breedingeason(it actually decreasedand that
differences in traffic noise between sitdgl not explain difference irthe strength ofthe

road effectbetweensites.

My results did not arise from habitat differences between site typearefullychose
sitescomparable in habitat structurewithin the constraints of site availabilit¢iven my
study design, however, the larggp sites were situated in landscapes with a higher
ratio of agricultural lando forestthan the landscapes surrounditige smallgap #es. If
nest predators are more abundaatong edgesn landscapes with more foreghen
nest predationrather than road mortalitymight explain the observed pattern of
diminishing bird abundance near the edgetla two site types Howeverthe opposie
is true. Areview ofstudies on nest predatoraiggestghat nest predators aractually
more abundant in agricultural landscapésn in forest landscapefChalfoun et al.
2002) Therefore itis highly unlikely that my results are confounded by effects of nest
predation.The sameanbe said of any negative effeat$ agricultural practiceseQ.

pesticide use) offorestbirds.

An interestingand unexpected pattern in thdatais that the roadeffect was positive
(negative slope values) at the smgdp sitesurveyed early in the seasd@Rigurel0).
Thismaybe explained byirdsbeingattracted toroadsideterritories, due to higher
primary productiviy (dense vegetatior) and associated insect abundance, similar to

that observed in forest gaps. For example, two studies of regenerating cle8titdtke
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& Dickson 1980; Hansson 1988)ind forest bird densities to be higher at the
forest/clearcut edge than in the forest interior. Howeveacknowledge that this
explanation is highly speculative, sirgtedies @mparing interior and edge habitats
created bypowerline corridorgKroodsma 1982; Small & Hunter 1988 small roads
(Rich et al. 1994Jid not findhigher birddensities at the feest edgesl hypothesize
that this pattern is not found at the larggap sites because the benefits ofgedhabitat
may be outweighed by igherperceived risk of predatigrdue to agreater abundance
of predators such aghe American CrowQorvus brachyrhyncho@ayne et al 1997

nearopen agricultural areas

My results are particularly significant considering that, given the availabiltgsaiurces
andsites,| wasonly able to sample 20 siteandwith only one survey date at each site.
Even iimyfirst analysis using only the data from the point counts nearest the roads (50
m from the roads), the relationship was in the predicted directibnesecondanalysis
using all the data, showed clearly that the negative road effect strengthenedtiower
breeding season at smajhp sites but not at larggap sitesFuture studies should
survey multiple sites, each several times throughout the breeding se&ta®rI chose,
rather, to study different sites at different times, to ensure a reasonablepsasize of
sites (20). Nonetheleskwasable tomake surehat other variables were not
confounded with date of survey, by alternating site type, geographic region and
direction of survey. Thusyy results do support the notion that traffic mortality @&
important component of thenegative road effect, and that mortality should be

considered in future studies on the effects of roads on birds
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Past studies of the negative road effect attributed the effect to traffic noise, dismissing
the role of traffc mortality. For example, Reijnen and Fopp@006)suggested that

traffic mortality may not affect recruitment rates for bird populations base many of

the roadkilled birds found were juvenilggritzoe et al. 2003)an age class with a
naturally high mortality rateHowever, this argument depends on the assumption that
mortality is compensatory, or in other words that other forms of mortality are reduced
when traffic mortality is increased, an assption that has yet to be testedhoughmy
study did not directly measure traffic mortality in either juvenile or adult birds, it does
indirectly add to the growing body of evidence that adult birds are being killed on roads
because it suggests a decreggnumber of singing adult birds close to the road
throughout the breeding season at sites where risk of collision was Tigé finding is
corroborated by studies that reported the age of rekitled birds, showing that there
were substantial numbers @afdults killed and, in some cases, more adults killed than
juveniles(Erritzoe et al. 20035tudies examining decreased rates of fledging for birds in
nests near roadéuitunen et al. 2003; Holm & Laursen 20fLi)her enmphasize the
implications of adults being killetoss of an adult bird not only has a direct effect on
the population, it also means a reduction in nestlgwugvival for that year, as well as the
loss of any future opportunity for that adult to bree@ihus the contribution of traffic
mortality merits further consideration when drawing inferences from past and future

studies that examine the negative effects of roads on bird populations

Although there are some examples of bird populations adapting@#ol mortality, for

most bird species, habitats next to roads are likely actingogsilation sinksOver a 30
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year study period, Brown & Bomberger Brown (2013) showed that cliff swallows
(Petrochelidon pyrrhonota)esting colonially on culverts and bridgeere hit on the

road less frequently while the population increased over ti{g@eown & Bomberger

Brown 2013) Over the same period the average wing length of the swallows had
shortened, likely increasing their manoeuvrability in the face of oncoming cars. A study
in wegern France found that birds sitting on roads and roadsides initiate flight sooner
on roads with higher speed limits, which the authors interpreted as a learned behaviour
(Legagneux & Ducatez 2013nhough these findings might suggest that some species
adapt rapidly to rads, not all bird species do. Many birds are clearly not avoiding road
mortality, as documented by recent roadkill stud{&berhardt 2009; Guinard et al.

2012) Birds in Banff National Park were found to be more likely to cross highway gaps
than they were to cross rivers creating gapsionilar width(St.Clair 2003)suggesting

that those species have not identified the risks associated with crossing.rGady jays

in Algonquin Park were found to establish territories in roadsidd norroadside

habitat with equal preference, despite the lower survivorship on territories adjacent to
roads(Strickland 2013)Similarly overall mortalityof Floridascrub jaysvas found to
exceed the number of yearlings produced in roadside territafidsmme et al. 200Q)
despite thesuperior foraging opportunitiesn those territories and the apparent ability

of older brds to avoid vehicle collisiofMumme et al. 2000; Morgan et al. 2010) the
case otthis speciesexperience with roads and an ability to avoid collisions did not
appear to be passed on from parents teetr young(Mumme et al. 2000)These

examples suggest that not all birds that tolerate or are even attracted to habitats near
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roads may be able to adequately identify or avoid the risks of vebatlision For these
birds, roadsidénabitats may be acting apopulation sinksr, in some casegcological

traps.

Theresultsof this studydo not necessarily indicate that noise plays no role in the
negative effect of roads on bird abundance. Forregbe, there could be an interaction
effect between noise and mortality, such that birds that tolerate traffic noise may be
more vulnerable to traffic mortalityOne of the studies examining the effects of chronic
industrial noise on birds suggested thans® species do not identify noisy habitat as
undesirablg(Francis et al. 2009Certain bird species may be more prone to set up
territories next to busy roads because their songs are not masked by thi tnafte
(Rheindt 2003)This may result in traffic mortality becoming an additional cost of living
in a noisy neighbourhoofFrancis & Barber 2013Jhe great tit, for exampléras been
shown to sing at a higher pitch where there is loud,foaguency traffic noise, thereby
avoiding masking of their sondSlabbekoorn et al. 2003preat tit nests have been
found to be more abundant in forest clesto roads, despite lower nestling survival at
those locationgHolm & Laursen 2011; Polak et al. 20T3)e reduction in nestling
survival is likely caused by parents being hit by vehi@lasugh the great tit is not a
declining species, other traffic noiselerant birds may be killed on roadsor some of
these bird species, traffic mortality could negate any benefits derived from an ability to

tolerate traffic noise in habitat next to roads
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Most importantly,i K A & r@dultzRdictd that mitigation of road effects on birds
should include mitigation for traffic mortalityrhedata indicate that mortality rates are
higher on high traffic roads that bisect natural habitat. These aretixidne sites where
new roads tend to be built, because it is cheaper to construct a new road on
undeveloped landHowever,suchpractices may have particularly detrimental effects on
birds attempting to cross the small gaps created by these rdddscad bisects the
natural habitat of an important bird community, mitigation measures that limit traffic
mortality would be particularly appropriatén contrast, measures aimed only at
mitigating the traffic noise effect, such as quieter vehicles or roatheas, might

improve perceived habitat quality for birds without discouraging them from flying at
traffic level. If such measures encouraged additional species to nest near roads, the
measures themselves could unintentionally increase traffic mortalitps€guently, a
failure to address traffic mortality as an important component of negative road effects
could mean that vulnerable bird communities might not be protected by the mitigation
measures put in placélowever, mitigation for traffic noise and tfaf mortality are not
necessarily mutually exclusiveéor example, sound barriers designed to encourage birds

to cross roads above the height of traffic could potentially serve both purposes.

It would be erroneous to infer from this study that removingestron one side of the
roadwould benefit forest birdslue to a reduction imoad mortalityof birds residing on
the forested side of the roadHabitat loss is genetglacknowledgedo be the most
important caise of current species declinfserr & Deguise 2004yherefore,it is highly

unlikely that reductions in road mortality would outweigh population reductions due to
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lost habitat on the other side of the road. Put simply, low quality habitat is better than

no habitat. The only condition under which removing forest oe site of the road

might produce a positive effecn a populationwould be if foresbisected by a road

were an "attractive sink{Battin 2004)However, this has not been demonstratdtien

if habitat bisected by a road were demonstrated to be an ecological trap for a species of
conservation concerrthe net effect on the population of removing habitatight still

be negative
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Tablel. Average measurements of vegetation structure and traffic noise recorded at
the two site types (smatjap and large gap), alongsithe resultsfrom testing
whether either vegetation structureor traffic noisediffered between site types

AverageValue Test Results
by Site Type
Measurements SmallGap LargeGap| df F p
Canopy Cover % 87 81| 1,75 1.34 0.25
Ground Cover % 58 63| 1,75 0.78 0.38
Ground Cover Height (cm) 30.2 33.4| 1,75 1.82 0.18
Number of Shrubs 67 96| 1,75 3.49 0.07
Shrub Height (m) 1.07 1.47] 1,75 059 0.45
Average Distance to Trees (m) 2.21 3.14| 1,75 4.7 0.03
Average Diameter of Trees (cm) 20.8 15.7| 1,75 0.42 052
Traffic Noise (dB) 88.5 89.1| 1,70 0.47 0.50

*Each test was performed by running a generalized linear mixed model with «
measurement as a response, site type as a fixed effect and distance as a rar
effect
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counts were carried out where Song Meters were located.

a) b)

Figure3. Aerial image of a) a smajhp site and b) a larggap site Circles represent the
detection areas within which point counts were conducted.
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(Ministry of Transportation 2010Medians, first andhird quartiles are presented for
each site typeWhiskers indicate minimum and maximum values

L 14
% 12 ¢
@ L 4
=10 * o o o .
E= L 2 L 2 L 2 L 2
= 8 2 ¢
g S L 2 L 2 L 2 L 2 L 2
=8 6 L L 2 L 2 L 2 L ]
o L ¢ o
& 4 L 4 L 4 L 2
e 2
F 2
<
2
@ 0
0 2 4 6 8 10

Bird Abundance from In-Person Point Count

Figure5. Bird abundances measured from traffic free recordings vpenson point
counts (Pearson r=0.41, p<0.01)
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Figure6. Differences in bird abundance measured from traffic free recordings (unlimited
radius) and ifperson point counts (50m radius) relative to traffic noise duringanson
point counts at 39 point count sites.
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Figure8. Strength of the negative road effect (shown by more posisiepevalues)
relative to raffic noise(measured in average power (JBD metres from the road at
each site.
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statistically significantifteraction betweendate of surveyand site typer 16=6.3,
p=0.087).
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Figurel0. Strength of the negative road effect (shown by increasingly positive values)
increased over time at smadjap sites, but not at larggap sites.
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AppendixA. Location of iRperson point counts and audio recordings in decimal degrees
(GCS North American Datum 1983).

Site  Distance from Road (m] Longitude Latitude
1 350 -76.270379 45.385048
1 250 -76.26943 45.385645
1 150 -76.268481 45.386242
1 50 -76.267531 45.38684
2 350 -76.131951 45.330745
2 250 -76.132316 45.329877
2 150 -76.13268 45.329012
2 50 -76.133043 45.328146
3 350 -76.082976 45.321505
3 250 -76.083344 45.320644
3 150 -76.083714 45.319782
3 50 -76.084085 45.318918
4 350 -76.033144 45.298679
4 250 -76.032216 45.299303
4 150 -76.031289 45.299927
4 50 -76.030368 45.300547
5 350 -75.798656 45.301827
5 250 -75.795637 45.302262
5 150 -75.796418 45.302696
5 50 -75.7953 45.30313
6 350 -75.751597 45.22154
6 250 -75.750436 45.221913
6 150 -75.74928 45.222284
6 50 -75.74812 45.222657
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Site  Distance from Road (m] Longitude Latitude
7 350 -74.941011 45.029641
7 250 -74.941589 45.030444
7 150 -74.92168 45.031249
7 50 -74.942748 45.032055
8 350 -75.135271 44.939186
8 250 -75.135907 44.939959
8 150 -75.136595 44.940709
8 50 -75.137181 44.941507
9 350 -75.173141 44.923086
9 250 -75.173846 44.923838
9 150 -75.17455 44.924591
9 50 -75.175245 44.925333
10 350 -75.297068 44.870276
10 250 -75.297803 44.871011
10 150 -75.298538 44871744
10 50 -75.299268 44.872473
11 350 -75.349632 44.840796
11 250 -75.350379 44.841525
11 150 -75.351127 44.842256
11 50 -75.351871 44.842982
12 350 -75.413245 44.810688
12 250 -75.412563 44.809931
12 150 -75.411878 44.809172
12 50 -75.411193 44.808414
13 350 -75.87969 44.454602
13 250 -75.88076 44.455074
13 150 -75.881831 44.455548
13 50 -75.882902 44.456021
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Site  Distance from Road (m] Longitude Latitude
14 350 -75.888519 44.436071
14 250 -75.889756 44.436217
14 150 -75.890997 44.436363
14 50 -75.892242 44.436509
15 350 -76.345366 44.32576
15 250 -76.345345 44.324855
15 150 -76.345358 44.32395
15 50 -76.345304 44.323045
16 350 -76.751111 44.284297
16 250 -76.751046 44.283393
16 150 -76.750982 44.282494
16 50 -76.750917 44.281595
17 350 -76.821724 44.274276
17 250 -76.821798 44.275174
17 150 -76.821872 44.276071
17 50 -76.821946 44.27697
18 350 -76.907469 44.268818
18 250 -76.907514 44.269718
18 150 -76.907559 44.270618
18 50 -76.907604 44.271517
19 350 -77.151621 44.235921
19 250 -77.151252 44.23506
19 150 -77.150884 44.2342
19 50 -77.150517 44.233344
20 350 -77.487727 44.166169
20 250 -77.488035 44.167045
20 150 -77.488343 44.167922
20 50 -77.48865 44.168796
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AppendixB. The number of individuals of each species observed durhpgiison point
counts within 50m at all study sites at all four distances from the road from Matp 30
July 5 2012, as well as date, start time, first point count, cloud cover and wind on the
Y2NYAy3 2F SIOK addzRe ardisSQa adz2NpSe

Site: 1

Date: June 11

Start Time: 4:58am

First Point Count: 350m

Cloud Cover (%): 0

Wind (Beaufort Scale): 0

Species 350m 250m 150m 50m
AMRO 1 0 0 0
BCCH 1 0 0 0
BRCR 0 1 0 0
BAWW 0 0 1 1
EAWP 1 1 0 0
GCFL 1 0 0 0
OVEN 0 0 1 1
REVI 0 1 0 0
VEER 0 0 1 0
YBSA 1 1 1 0
Total Abundance 5 4 4 2
Total Species Richness 5 4 4 2
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Site:

Date:

Start Time:

First Point Count:
Cloud Cover (%):
Wind (Beaufort Scale):

2

July 5
5:03am
350m

0

0 with occasional gust of&3

Species

350m

250m

150m

50m

AMRO
BCCH
BAWW
CEDW
CONI
MODO
NOFL
RBNU
REVI
WTSP

Total Abundance

Total Species Richness

GOWwW oo O Nk, PFORFrO

OINP OO P OOONNDNPEF

AIRAROFRP P OOOCOORLPE

AIRAROFRP P OOOCOORLPE
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Site:

Date:

Start Time:

First Point Count:
Cloud Cover (%):
Wind (Beaufort Scale):

0

Species

AMRO
BCCH
BLA
BRCR
BTNW
BAWW
GCFL
NOWA
OVEN
PUFI
RBNU
REVI
VEER
WIWR

Total Abundance

Total Species Richness

AIRAROOOPFRPOOFRPRPFPLPOOOOOL®R

DO OPFRPOFRLPOONMNMNMNOPRFRPLROONDO

~NoOFRPFOPFRPOOFRPNOPFPOPRFRPEFEF OO

ODINNOPFPOPFPOPFPOPFPLPOOOOLPR
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Site:

Date:

Start Time:

First Point Count:
Cloud Cover (%):
Wind (Beaufort Scale):

4
June 26
4:57am
50m
100

0, with occasional gusts of3l

Species

350m

250m

150m

50m

AMRO
BHVI
BAWW
CEDW
EATO
GCFL
NOWA
OVEN
REVI
VEER

Total Abundance

Total Species Richness

OORrPFRPORFRPPFPOORF O

aiakrPFRPOPFrRPO0OO0ORFr OO

WWORrOFRPROOOOOoOR

NINIOORFRPOOPFr, OOOO
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Site:

Date:

Start Time:

First Point Count:
Cloud Cover (%):
Wind (Beaufort Scale):

5

July 4
4:59
350m
0

0

Species

w
a
o
3

N
al
o
3

H
a1
o
3

50m

ALFL
AMRE
AMRO
BAOR
BCCH
BTBW
CEDW
COYE
CSWA
EAWP
OVEN
REVI
SOSP
SWSP

Total Abundance

Total Species Richness

AR OOPFRPOPFPOOOOOORFR O

OO OFLPNOOOPRFRPRPFPOOOOO

AR OOPFRPOPFPOOOOORFRPEFR OO

OOPPOOPFRPOPFRPOOPF OOOLPR
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Site:

Date:

Start Time:

First Point Count:
Cloud Cover (%):
Wind (Beaufort Scale):

Species

AMRE
AMRO
BCCH
BAWW
COYE
CSWA
NOWA
OVEN
RBGR
REVI
VEER
WOTH

Total Abundance

Total Species Richness

D0 O WOPFrLrOFrRPROPFRPF OO

ODONFPORFRPPFPOWELOOODO

DO ONNNPFPOOMNOORKREKFRO

WWOPRrLrOOOORrEFr,rOOOoOOo

47



Site: 7

Date: June 19

Start Time: 4:57

First Point Count: 50m

Cloud Cover (%): 100

Wind (Beaufort Scale): 0

Species 350m 250m 150m 50m
BCCH 0 0 0 2
COYE 1 0 0 0
EAWP 1 1 1 0
NOWA 0 1 0 0
OVEN 0 0 1 1
RBGR 0 0 0 2
REVI 0 1 0 0
RWBL 1 0 0 0
SWSP 1 0 0 0
VEER 0 0 1 2
WOTH 0 1 0 0
YBSA 0 1 0 0
Total Abundance 4 5 3 7
Total Species Richness 4 5 3 4

48



Site:

Date:

Start Time:

FirstPoint Count:
Cloud Cover (%):
Wind (Beaufort Scale):

8

June 20
4:59
50m
100

1

Species

w
a
o
3

N
al
o
3

=
a1
o
3

50m

AMRO
CEDW
COYE
EAWP
GCFL
HAWO
OVEN
REVI
VEER
WTSP

Total Abundance

Total Species Richness
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AR OORFRPPFPOOOORLHPER
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Site:

Date:

Start Time:

First Point Count:
Cloud Cover (%):
Wind (Beaufort Scale):

9

May 30
4:50am
50m

0

0

Species

w
a
o
3

250m

=
a1
o
3

50m

AMRE
COYE
NOWA
OVEN
SWSP
VEER

Total Abundance

Total Species Richness

PR OOOPEFr OO

WWkFkLOFr OoOr o

WAk, OODMNEFRO
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Site: 10

Date: June 7

Start Time: 5:09am

First Point Count: 50m

Cloud Cover (%): 90

Wind (Beaufort Scale): 0

Species 350m 250m 150m 50m
AMCR 0 0 0 1
AMRO 1 1 0 0
BRCR 1 0 0 0
QOYE 2 0 0 0
CSWA 0 0 1 0
EAWP 0 0 1 0
GCFL 2 0 0 1
NOWA 1 0 1 0
OVEN 0 1 1 1
REVI 0 1 0 0
SWSP 1 0 0 0
VEER 0 0 0 2
Total Abundance 8 3 4 5
Total Species Richness 6 3 4 4
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Site: 11

Date: June 6

Start Time: 5:00am

First Point Count: 50m

Claud Cover (%): 10

Wind (Beaufort Scale): 0

Species 350m 250m 150m 50m
AMRE 0 0 1 0
AMRO 0 1 0 2
BCCH 0 1 0 1
BLJA 1 0 1 0
BRCR 0 1 0 0
COYE 0 0 0 2
CSWA 0 0 1 0
EAWP 0 1 1 0
NOWA 0 0 1 0
OVEN 1 0 0 0
RBGR 0 1 0 0
REVI 1 1 0 0
VEER 0 0 1 0
WOTH 1 0 0 0
YBSA 0 1 0 0
YEWA 0 0 0 1
Total Abundance 4 7 6 6
Total Species Richness 4 7 6 4
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Site:

Date:

Start Time:

First Point Count:
Cloud Cover (%):

Wind (Beaufort Scale):

12
June 5
5:56am
50m

o O

Species

w
a
o
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=
a1
o
3

50m

ALFL
AMRO
BAOR
BCCH
BAWW
COYE
CSWA
NAWA
NOCA
NOFL
NOPA
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OVEN
RBGR
REVI
WOTH
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Total Abundance
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Site:

Date:

Start Time:

First Point Count:
Cloud Cover (%):
Wind (Beaufort Scale):

0

Species

AMRO
BCCH
BRCR
BTNW
OVEN
REVI

Total Albundance

Total Species Richness

WAk, NFL OOO
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Site:

Date:

Start Time:

First Point Count:
Cloud Cover (%):
Wind (Beaufort Scale):

0

Species

150m

50m

AMRE
AMRO
BCCH
BLJA
BAWW
COYE
HETH
OVEN
PIWA
REVI
VEER
WOTH
YRWA

Total Abundance

Total Species Richness
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Site: 15

Date: June 13

Start Time: 4:58

First Point Count: 350m

CloudCover (%): 0

Wind (Beaufort Scale): 1

Species 350m 250m 150m 50m
AMRE 0 0 0 1
AMRO 1 1 1 1
BCCH 0 0 0 1
CEDW 0 0 1 0
COYE 0 0 0 1
CSWA 3 1 2 1
EATO 0 1 0 0
GRCA 0 1 0 0
RBGR 2 0 0 0
VEER 1 0 0 0
WOTH 4 2 1 0
YRWA 0 0 1 0
YEWA 0 1 0 0
Total Abundance 11 7 6 5
Total Species Richness 5 6 5 5
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Site:

Date:

Start Time:

First Point Count:
Cloud Cover (%):
Wind (Beaufort Scale):

16

June 15
4:58
350m

0

0

Species

w
a
o
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250m

150m

50m

AMCR
AMRO
BCCH
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BAWW
GCFL
HAWO
OVEN
RBGR
REVI
SOSP
WOTH

Total Abundance

Total Species Richness
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Site:

Date:

Start Time:

First Point Count:
Cloud Cover (%):
Wind (Beaufort Scale):

17

June 14
4:57
350m

0

0

Species

150m

50m

AMRO
BCCH
BLJA
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OVEN
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WOTH

Total Abundance

Total Species Richness
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Site:

Date:

Sart Time:

First Point Count:
Cloud Cover (%):
Wind (Beaufort Scale):

18

June 27
4:58
50m
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Site: 19

Date: June

Start Time: 4:54

First Point Count: 50m

Cloud Cover (%): 0

Wind (Beaufort Scale): 0

Species 350m 250m 150m 50m
BCCH 0 1 0 0
BLJA 2 2 2 1
EATO 1 1 0 0
NAWA 1 0 0 0
NOCA 0 0 1 1
OVEN 1 1 0 0
REVI 0 1 0 0
WTSP 0 1 0 0
Total Abundance 5 7 3 2
Total Species Richness 4 6 2 2
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Site: 20

Date: June 18

Start Time: 5:20am

First Point Count: 350m

Cloud Cover (%): 100

Wind (Beaufort Scale): 1-2

Species 350m 250m 150m 50m
BLJA 1 0 0 0
COYE 2 1 1 0
EAWP 1 0 0 0
NOFL 0 1 0 0
OVEN 1 0 1 1
REVI 1 1 0 0
WOTH 1 0 0 0
Total Abundance 7 3 2 1
Total Species Richness 6 3 2 1
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AppendixC Vegetation survey data collected in Jalyd August 2012Average
measurements are calculated frothe four quadrants.
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1 350 100 40 1.35 0.16 62 11.0 0.05 Fraxinus nigra

Abies balsamea
Abies balsamea
Abies balsamea

1 250 100 60 1.08 0.20 47 2.3 0.10 Fraxinus pennsylvanice
Quercus alba
Fraxinus pennsylvanice
Fraxinus nigra

1 150 100 50 0.72 0.20 39 11.0 0.10 Acer saccharinum
Acer rubrum
Acer rubrum
Abies balsamea

1 50 80 40 1.17 0.20 36 1.9 0.07 Acerrubrum
Acer rubrum
Acer rubrum
Abies balsameam

2 350 100 80 0.60 0.16 77 2.5 0.12 Juniperus Virginia
Juniperus Virginia
Abiesbalsamea
Juniperus virginia

2 250 80 20 0.59 0.10 32 1.6 0.11 Thuja occidentalis
Thuja occidentalis
Thuja occidentalis
Juniperus virginia

2 150 40 60 0.69 0.13 44 4.7 0.09 Rhamnus cathartica
Thuja occidentalis
Juniperus Virginia
Thuja occidentalis

2 50 100 60 0.92 0.20 73 1.0 0.07 Populus tremuloides
Abies balsamea
Cornus sp.
Abies balsamea
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Point Count Distance to

Road (m)

Canopy Cover %

Ground Cover %

Shrub Height (m)

Ground Cover Height (m

Number of Shrubs

Average Dist. to Tree (m

Average Diameter (m)

TreeSpecies from each
of the Four Quadrants

W site
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(&)

0

250
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100
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[o2]
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80

©
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1.05

1.27

1.583
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0.28

0.20
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N
w
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=
©

1.9

1.2

2.4

o
N
w

0.15

0.05

0.16

Thuja occidentalis
Thuja occidentalis
Thuja occidentalis
Acer rubrum
Fraxinus pennsylvanice
Faxinus pennsylvanica
Fraxinus pennsylvanice
Fraxinus pennsylvanice
Fraxinus pennsylvanice
Quercus alba
Fraxinus pennsylvanice
Fraxinus nigra
Fraxinus pennsylvanice
Fraxinus pennsylvara
Thuja occidentalis
Thuja occidentalis

350

250

150

50

80

100

100

100

60

40

80

60

1.65

1.45

1.05

1.23

0.20

0.21

0.19

0.20

70

119

67

72

1.1

3.4

2.5

2.5

0.08

0.12

0.17

0.16

Fraxinus nigra
Fraxinus nigra
Fraxinus nigra
Fraxinus nigra
Fraxinus nigra
Fraxinus nigra
Fraxinus nigra
Fraxinus nigra
Fraxinus nigra
Populus grandidentata
Acer saccharum
Rhamnus cathartica
Fraxinus pennsylvanice
Fraxinus pennsylvanicse
Fraxinus pennsylvanicse
Fraxinus pennsylvanicse
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Point Count Distance to

Road (m)

Ground Cover %

Shrub Height (m)

Ground Cover Height (m

Number of Shrubs

Average Dist. to Tree (m

Average Diameter (m)

TreeSpecies from each
of the Four Quadrants

91l Site

w
(&)

0

250

150

50

8| canopy Cover %

80

100

100

N
o

20

20

©
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N

0.40

NA

0.72
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0.23

0.15

0.20

331

300

384

w
\]

3.2

2.8

1.7

=
=
N

0.29

0.08

0.06

Rhamnus cathartica
Rhamnus cathartica
Pinus resinosa
Ulmus sp.

Acer saccharum
Acer saccharum
Acer saccharum
Acer saccharum
Fraxinus Americana
Ulmus sp.

Acer saccharum
Acer saccharum
Acer saccharum
Tilia Americana
Acer saccharum
Tilia americana

350

250

150

50

100

80

60

100

20

100

100

20

1.65

1.61

0.96

0.70

0.55

0.75

0.41

0.16

161

35

1.8

2.4

3.7

2.1

0.09

0.11

0.08

0.06

Rhamnus frangula
Rhamnus frangula
Populus tremuloides
Rhamnus frangula
Populus grandideata
Rhamnus frangula
Populus grandidentata
Rhamnus frangula
Ulmus sp.

Shiny buckthorn
Shiny buckthorn
Shiny buckthorn
Rhamnus frangula
Rhamnus frangula
Rhamnus frangula
Rhamnus frangal
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Point Count Distance to

Road (m)

Canopy Cover %

Ground Cover %

Ground Cover Height (m

Number of Shrubs

Average Dist. to Tree (m

Average Diameter (m)

TreeSpecies from each
of the Four Quadrants

N Site
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© K| Shrub Height (m)
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2.9

4.4

2.5
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0.17

0.09

0.16

Acer rubrum

Acer rubrum

Acer saccharinum
Acer rubrum

Acer rubrum

Acer rubrum

Acer rubrum

Acer rubrum

Acer rubrum

Acer rubum

Acer saccharinum
Ulmus sp.
Fraxinus nigra
Ulmus sp.

Ulmus sp.

Ulmus sp.

350

250

150

50

40

100

100

100

40

20

100

20

1.22

0.57

0.89

0.69

0.23

0.28

0.38

0.39

60

61

70

111

1.3

4.3

2.0

2.8

4.03

0.22

0.11

0.29

Ulmus sp.

Populus sp.

Populus sp.

Fraxinus nigra

Ulmus sp.

Acer saccharum

Acer saccharum

Ulmus sp.

Fraxinus americana
Tilia americana
Fraxinus pennsylvanice
Tilia americana
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AppendixD. Number of study sites where each species was observatileast one of
the four point counts, divided into site typeldote: Each site type (smajap and large
gap), had 10 sites

No. of each site type No. of each site type
with observations with observations

Species SmaltGap LargeGap | Species Smal-Gap LargeGap
ALFL 0 2 | MODO 1 1
AMCR 1 1| NAWA 1 1
AMRE 2 4 | NOCA 1 1
AMRO 8 8 | NOFL 1 1
BAOR 0 2 | NOWA 5 3
BCCH 7 8 | OVEN 9 9
BHVI 1 0 | PIWA 0 1
BLJA 4 3 | PUFI 1 0
BRCR 3 2 | RBGR 2 4
BRTH 1 0 | RBNU 2 0
BTBW 0 1| REVI 9 9
BTGW 2 0 | RWBL 0 1
BWWA 4 4| SOA 1 0
CEDW 3 3| SOSP 1 2
CONI 1 0| SWSP 1 3
COYE 3 9 | VEER 5 6
CSWA 1 4 | WIWR 1 0
EAWP 2 5| WOTH 3 7
EATO 2 1|WTSP 3 0
GCFL 4 2| YBSA 1 2
GRCA 0 1| YRWA 0 2
HAWO 2 0| YWAR 1 1
HETH 0 1
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AppendixE List of American Oithologist Union (AOU) codé€Byle & Desante 2012)
and associated scientific names of bird species detected during all point counts.

AOU Code Scientific Name é(?due Scientific Name
ALFL Empidonax alnorum MODO  Zenaida macroura
AMCR Corvus brachyrhynchos | NAWA  Oreothlypis rufiapilla
AMRE Setophaga ruticilla NOCA  Cardinalis cardinalis
AMRO Turdus migratorius NOFL Colaptes auratus
BAOR Icterus galbula NOWA  Parkesia noveboracensis
BCCH Poecile atricapillus OVEN Seiurus aurocapilla
BHVI Vireo solitarius PIWA Setophaga pus
BLJA Cyanocitta cristata PUFI Haemorhous purpureus
BRCR Certhia americana RBGR Pheucticus ludovicianus
BRTH Toxostoma rufum RBNU Sitta canadensis
BTBW Setophaga caerulescens | REVI Vireo olivaceus
BTGW Setophaga virens RWBL  Agelaius phoeniceus
BWWA Mniotilta varia SCTA Piranga olivacea
CEDW Bombycilla cedrorum SOSP Melospiza melodia
CONI Chordeiles minor SWSP Melospiza georgiana
COYE Geothlypis trichas VEER Catharus fuscescens
CSWA Setophaga pensylvanica | WIWR Troglodytes hiemalis
EAWP Contopus virens WOTH  Hylocichla mustelina
EATO Pipilo erythrophthalmus | WTSP Zonotrichia albicollis
GCFL Myiarchus crinitus YBSA Sphyrapicus varius
GRCA Dumetella carolinensis | YRWA  Setophaga coronata
HAWO Picoides villosus YWAR  Setophaga petechia
HETH Catharus guttatus
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AppendixF. Summary table of sitgpecific information for both site types (smakp vs.
large-gap) arranged by date of survdgformation includes traffic volume (AADT),
distance to the closegtatch of forest >1ha across the road, direction of survey relative
to road, bird abundance, species richness and morning traffic noise documented at all
four distances from the road.

74



Distance

Date of to Forest  Direction Traffic Noise

Survey Site  AADT >lha of Survey | Bird Abundance Species Richness Average Power (dB)

Distance from Road (m) 350 250 150 50| 350 250 150 50 350 250 150 50
June 5 12 18600 174 Away 7 10 4 6 6 7 4| 863 904 9256 96.38
June 7 10 17100 290 Away 3 4 5 6 3 4 4| 830 - 90.38 95.55
June 11 1 14600 560 Toward 4 4 2 5 4 4 2| 822 837 87.40 921
June 13 15 34400 530 Toward| 11 7 6 5 5 6 5 5| 80.76 82.6 89.95 91.06
June 18 20 39200 1000 Toward| 7 3 2 1 6 3 2 1| 789 90.7 93.23 99.27

o Juneld 7 19600 700 Away| 4 5 3 7 4 5 3 4| 817 866 - 97.95
» June22 6 23800 630 Away| 8 9 9 3 6 6 6 3| 820 836 8600 91.54
§ June 27 18 35100 550 Away| 6 4 12 8 3 4 8 6| 922 948 9471 97.66
__é July 3 14 30200 220 Toward| 9 6 4 3 7 S 3 3| 823 774 77.63 93.22
n July4 5 35100 895 Towad 4 5 4 6 4 4 4 6| 815 832 89.37 1020
May 30 9 17200 95 Away| 1 3 4 4 1 3 3 4| 89.42 90.91 92.04 95.48
June 6 11 17000 100 Away| 4 7 6 6 4 7 6 4| 855 - 90.96 96.61
June 8 3 15700 90 Toward| 4 9 8 7 4 6 7 6| 823 828 8361 91.17

June 14 17 35100 80 Toward| 6 5 3 5 4 5 2 4|1 914 936 96.12 99.07

June 15 16 35300 95 Toward| 6 3 6 7 6 3 6 41 873 90.7 93.23 99.27
@ June20 8 17200 90 Away| 4 5 5 4 3 3 5 41 834 86.73 89.48 94.66
» June26 4 20400 85 Away| 6 5 3 2| 6 5 3 2| 840 8.7 - 97.1
§ June28 19 35000 75 Away| O 7 3 2 4 6 2 2| 851 882 9201 91.66
S June29 13 30200 110 Toward| 3 4 3 1 3 3 3 1| 784 846 - 98.67
g July5 2 15700 80 Toward| 8 7 4 4 5 5 4 4| 753 78.0 82.14 90.00

F.SOlFdzaS 2F AaadzSa ¢AGK dza Ay 8 traffiidiseFsite ebtimafes dEyfffiy mQeiare N&ied IR A v 3 &
full-morning recordings made on July 31(site 7), August 2(site 13) and August 16 (site 4)
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