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Abstract

Lyme disease is the most common tick-borne diseadiorth America.Borrelia burgdorferj is the pathogen,
and the black-legged tick carries the bacteriaspréads it when feeding on the blood of animalstandans.
At least 70 passerine species and one species adpeaker in North American are parasitized by inuret
black-legged ticks. This hypothesis predicts th&ré would be a positive relationship between Lyisease
rates and bird numbers that infected with the pgho and there would be no relationship betweend.ym
disease rate and bird numbers that not known fofbeted with the pathogen. The study dependedherNorth
American Breeding Bird Survey (BBS) to get bird cipe for 14 routes across Connecticut, and on the
Connecticut DHS to get Lyme disease rates forithe period of the study (1991-2002). The rangeeasiry was
from 1991 to 2002 because of a change in how Lyismade cases were reported starting in 2003. THedbta
were: one group that included all 17 bird spedied tarry the pathogen, two species separatelyatieakknown

to become infected by Lyme pathogen (American Ralpicd Gray Catbird), and a control species not kntown
carry the pathogen (American Redstart). The stodyd significant positive relationships betweemnl liumbers
and human Lyme disease rate in two routes for @ePSgroup, one route for American Robin, three esubr
Gray Catbird, and two routes for American Reds®@rtly Gray Catbird had a significant negative rielahip
with human Lyme disease rate in one route. Basetherpositive relationships that appeared for Aozeri
Redstart, the control species, and the few sigmiticelationships for birds known to carry the pgn, the
study rejected the hypothesis that there is a gtrelationship between numbers of birds that cdnadnfected
with B. burgdorferiand the rate of Lyme disease in people as meabyrdee methods used in this study

Keywords. Lyme disease, black-legged tick, American RobirgyGCatbird, American Redstart.

1. Introduction

Lyme disease or Lyme borreliosis is a multi-systeacterial infection caused by spirochete bactesited
Borrelia burgdorferi senso lato complexyme disease was first recognized in the UnitedeS in 1975 by Dr.
Allen Steere, in the community of Lyme, Connectiduit its cause was unknown until 1982. For casperted
in the United States to the Centers for DiseaserGloand Prevention (CDC), the average rate of Lylisease
in the ten states where it is most common was 84sés for every 100,000 persons in 2005. The gdlar¢hat
carries the pathogen and spreads it when feedinth@ranimal’s blood is the black-legged tick. Thenle
disease pathogeBorrelia burgdorferi sensu lato compleis a spirochete bacterium from the genus Borialia
the family Spirochetaceae. Not all the complexissrare pathogenic in humans, but the genospeu#scan
cause Lyme disease in North Americ8arelia burgdorferi sensu strico

The black-legged tick (or deer tickkodes scapulariscarries the bacteria and spreads it when feeadlinthe
blood of animals and humans in north-central Unigtdtes, and Western black-legged tidodes pacificus
does so in the western U.S. When the tick acquivegpathogen in a blood meal, the tick will remiaifected
even during its molting period, and it will be rgam transmit the pathogen to the mammalian hostei\the
ticks feed on the animals that caByburgdorferiin their blood stream (these animals are calledm@ir hosts,
such as the white-footed mouse), the ticks wilitfected, andB. burgdorferiwill be transmitted from the tick’s
saliva to humans by the tick’s bite and cause Lylsease.. Adult femalke scapularistransmits Lyme disease
pathogen to humans during its feeding, but adulerdaes not transmit the pathogen because theptamed for
its attached is not long enough to make the trassiom The vector black-legged tick lives in forestth rich
and moist under growth protecting against dryn€hsyefore, people working in forests are partidylaxposed
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to these ticks”. In the eastern United States, thednfection with the Lyme disease pathogen heesetlstages,
beginning with erythema migrans and ending with Eyanthritis or memory loss.

Brinkerhoff and his colleagues (2011) found pul@ishiecords indicating that at least 70 passerieeisp and
one species of woodpecker in North American aragtized by immature black-legged ticks. . Theselist
indicated that the bird species that most parasitizy immaturd. scapularisare thrushes, brown thrasher,
wrens, and several species of wood warbler. StubiEshave shown that bird species can becometadfegith

B. burgdorferj and thus dispersing and migrating birds haveattility to increase the ranges Bf burgdorferi
and |. scapularis Brinkerhoff indicated ifB. burgdorferi strains that infect birds can also cause disease i
humans.

The role of birds in Lyme disease could be vergdatBrinkerhoff et al., 2011) stated that ticksided from
birds can influencd. burgdorferitransmission dynamics, either “by establishing renzootic Lyme disease
foci through the deposition of infected larval sick. or by dispersing infected larvae or nymphs tnatld then
molt and parasitize humans.

1.1 Hypothesis

If birds play as an important role as reservoins dspersing Lyme disease, then there should bes#iye
relationship between the number of birds that hiafection and the rate of Lyme disease in peoplsoAthe
study would predict there is no relationship betwegme disease rate and bird numbers for specieknuavn
to carry the pathogen.

The study chose Connecticut, a state in the NewaBdgegion of the northeastern United States. Lyimease
was identified as a new disease in the town of Lym&975 and today Connecticut still has a venhhigte of
the disease.

2. Methods
2.1 Bird’'s Data:

The study involved four groups. One group of birdsuded all 17 bird species that were found tcagable of
being infected wittB. burgdorferipositivel. scapularislarvae (Species carrying Lyme pathogen, SCLP)Igrab
1). The study also studied separately two spetiasdre known to become infected by the Lyme pathog
American Robin and Gray Catbird. Finally, the studgd the American Redstart as a control speciesmuke at
least two larvae were tested were not infectedtlnsl this species may not be able to support ttreopan.

The American RobinTurdus migratoriu¥ is the largest thrush in North America (CornedlbLof Ornithology
n.d.). Male robins have rust-colored feathers @ndhest, a yellow bill, a black head and whiteinatd around
the eyes. Robins build a nest of grasses and midgér of mud, lined with fine grasses, placed onzontal
limbs or shrub, tree, or on building). While Amenic Robins are short distance migrants, some ratonsot
migrate. In fall, American Robins migrate in lafigcks.

Gray Catbird Dumetella carolinensjsis a species of mimid. It has a medium size Witk cap and tail and a
reddish brown patch under the base of the tailbi@it build their nest on horizontal branches hiddé the
center of dense shrub, vines, and small trees @lldrab of Ornithology. n.d). Gray Catbirds are Ntepical
migrants.

The American RedstarSétophaga ruticillais a unique warbler. The male is black with ompatches on the
both wings, both sides of the breast, and at tlse lodi its tail on either side. Redstarts nest ialktnees or
shrubs and use feathers and hair for lining, oy tige other birds’ nests. The nest is an open cagenof
grasses, bark, and twigs with spider’s silk. Theefican Redstart is an example of a bird with a wrdgration
route in North America because its route has ahteagest width off about 2,500 miles.

To obtain an estimate of species populations, tindysdepended on the North American Breeding B8dsrey
(BBS). The BBS IS international avian program atiid in 1966 to study North American bird populagioThe
study chose the 14 BBS routes (the Routes by BB® ID number and name) through Connecticut tovas t
were active from 1991-2002. Each survey route i Pdiles long with stops at 0.5-mile intervals. gich stop,
a 3-minute point count is conducted.
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Table 1. The 18 Passeriformes bird species uséusrstudy. Seventeen species have the abilityeta kector
for Lyme disease as shown by testing positiveBorrelia burgdorferj and one species is not known to carry
Borrelia burgdorferi Based on Brinkerhoff et al. (2011). Nest and garg location information are from the
Cornell Laboratory of Ornithology (www.allaboutb#rarg).

*,

« Passeriformes species known to c&8oyrelia burgdorferi

Family Name Scientific Name Common Name Nest Foiggi
Troglodytidae Thryothorus ludovicianus Carolina Wren Cavity Ground
Troglodytidae Troglodytes aedon House Wren Cavity Foliage Gleaner
Turdidae Catharus fuscescens Veery Ground Ground
Turdidae Catharus guttatus Hermit Thrush Ground Ground
Turdidae Turdus migratorius American Robin Tree Ground
Mimidae Dumetella carolinensis Gray Catbird Shrub Ground
Mimidae Toxostoma rufum Brown Thrasher Shrub Ground
Parulidae Mniotilta varia Black—and-White Warbler Ground Bark Forager
Parulidae Helmitheros vermivorus Worm-eating Warbler Ground Foliage Gleaner
Parulidae Setophaga citrina Hooded Warbler Shrub Foliage Gleaner
Parulidae Parkesia noveboracensis Northern Waterthrush Ground Ground
Parulidae Seiurus aurocapillus Ovenbird Ground Ground
Parulidae Geothlypis trichas Common Yellowthroat Shrub Foliage Gleaner
Parulidae Setophaga petechia Yellow Warbler Shrub Foliage Gleaner
Emberizidae Melospiza melodia Song Sparrow Shrub Foliage Gleaner
Cardinalidae Cardinalis cardinalis Northern Cardinal Shrub Ground
Cardinalidae Pheucticus ludovicianus Rose-breasted Grosheak Tree Foliage Gleaner
%  Control Passeriformes species not known to carryeia burgdorferi
Family Name Scientific Name Common Name Nest Foiggi
Parulidae Setophaga ruticilla American Redstart Tree Foliage Gleaner

2.2 Lyme Disease Rate

To get the time period of the study for Lyme digeeates, the study depended on Lyme disease iswfistim
the Connecticut Department of Public Health. Raresreported as cases per 100,000 people. The rstngg of
years was from 1991 to 2002 because of a changevinLyme disease cases were reported starting 08.20
(They were using physicians reporting, after 20@8/tbegan use both physicians and laboratory t6dts)data
were by towns.

2.3 Data Analysis

Because the study was analyzing each route separtte study needed to correct for multiple testsvoid
accepting as biologically significant a relationstiiat was actually simply due to chance (a Typgadr). To do
so, the study used the sequential Bonferroni teglen{Rice, 1989), with a table-wide alpha level dtatistical
significance of 0.004 for analyses involving allrbdites.

2.4 Weather Data

To get a sense about whether the weather affecteldisease rate, the study used data from wedtHtens
close to each route from National Oceanic and Aphesc Administration. Weather data were from 1991
2002. These files reported departure from normanthig precipitation (DPNP) and departure from norma
monthly temperature (DPNT) data as hundredths ofnah and tenths of a degree Fahrenheit. The study
compared Lyme rate with annual DPNP and DPNT toifsthere was a relationship, and the study usediahn
data because the Lyme disease rates are reportédlfgears. The study also checked to see ifehgas a
relationship between DPNP and DPNT and bird numthexrswere observed across years. The study foaused
June because June is during the period wherapularisnymphs feed and when the bird surveys were made.
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Table 2. Observer identities for Connecticut BragdBird Survey routes used in this study. Routed ttad
statistically significant positive relationshipstiween bird number and Lyme disease rate acrossrdlspecies
are highlighted in bold. Data are from http://wwwrp.usgs.gov/bbs/.

Routes 1 1 1 1 1 1
991 992 993 994 995 996
001 1 1 1 1 1 1
Mystic 220021 220021 220021 220021 220021 220021
003 1 1 1 1 1 1
Buckingham 040203 040203 040203 040203 040203 040203
004 1 1 1 - - -
Uncasville 120202 120202 120202
005 g 9 9 9 g g
Woodstock 90195 90195 90195 90195 90195 90195
006 1 1 1 1 - -
Westbrook 040289 040289 040289 160112
007 g 9 9 9 g 1
Willimantic 90138 90138 90138 90138 90138 040533
008 1 1 1 1 1 1
Woodbury 090042 090042 090042 090042 090042 090042
009 1 1 1 1 1 1
Sherman 090154 090154 090154 090154 090154 090154
010 1 1 1 1 1 1
Greenwich 120147 110084 120147 110084 000323 000323
012 1 1 1 1 1 1
Warren 090042 090042 090042 090042 090042 090042
014 Mid 1 1 1 1 1 1
Haddam 090166 090166 090166 090166 090166 090166
015 1 1 1 1 1 1
Southington 090398 090398 090398 090595 090595 090595
102 New - - - 1 1 1
Hartford 070245 070245 070245
116 1 1 1 1 1 1
Granby 070073 070073 070073 070073 070073 070073
Routes 1 1 1 2 2 2
997 998 999 000 001 002
001 1 1 1 1 1 1
Mystic 220021 220021 220021 220021 220021 220021
003 1 1 1 1 1 1
Buckingham 090398 090398 090398 (090398 090398 090398
004 9 9 9 9 - 9
Uncasville 90195 90195 90195 90195 90195
005 - - - - - -
Woodstock
006 - 1 1 - - -
Westbrook 160112 160112
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007 1 1 1 1 1 1
Willimantic 040533 040533 040533 040533 040533 040533
008 1 1 1 1 1 1
Woodbury 090042  090042* 140406 140406 140406 140406
009 1 1 1 1 1 1
Sherman 090154 090154 090154 090154 090154 090154
010 1 1 1 1 - -
Greenwich 000323 000323 000323 000323
012 1 1 1 1 1 1
Warren 090042 140406 140406 140406 140406 140406
014 Mid - - - - - -
Haddam
015 1 1 1 1 1 -
Southington 090595 090595 090595 090595 090595
102 New 1 1 1 1 1 1
Hartford 070245 070245 070245 070245 070245 070245
116 - - - - - -
Granby

*This is most likely to be an error and should leserver 1140406 based on large increases in thderof
birds counted in 1998 compared to 1997.

3. Reaults

The highest Lyme disease rate was recorded forSd@9man in 2002 (1,197.8 per 100,000 people), widle
cases of Lyme disease were recorded for 116 Gramh994. Across the range of years that the stodyded

on, the study found an increase in Lyme diseass (@iable 3). Generally, in 1991 mean Lyme diseafsewas
lower than other years (mean rate was 89.8 peOQ0Qyeople), while 2002 recorded the highest masa of

Lyme disease (mean rate was 362.4 per 100,000¢)eopl

Across the 14 routes, the two highest mean Lymeadis rates per 100,000 people were for 005 Woddstoc
(mean rate was 490.9) and 009 Sherman (mean raet9@9). The two routes with the lowest mean Lyme
disease rate per 100,000 people were 015 Southir{gtean rate was 24.9) and 116 Granby (mean rase wa
28.4).

The study checked if the weather conditions depgrtiom normal measurements affected Lyme disestes r
and the number of birds that were observed acreassy Neither annual departure from normal prextipit
(DPNP) nor annual departure from normal temperafDieNT) (Table 4) had a strong effect on Lyme digea
rate for all routes because the study found ndsstatlly significant regression results after gppg the
Bonferroni correction technique. Similarly, the dudid not find any significant relationship betwedune
DPNP (Table 5), or June DPNT (Table 6) and the remdf birds counted because there was again no
statistically significant regression after applythg Bonferroni correction technique.
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Table 3. Lyme disease rates by Breeding Bird Sureeye. Data are from Connecticut Department oflieub
Health. Highest and lowest individual rates are highest and lowest mean rates are underlined.

Route:!
991 992 993 994 995 996 997
001
Mystic 9.3 4.3 9.0 21.8 14.8 77.8 68.0
003
Buckingham 38.3 90.8 03.3 12.8 27.8 23.5 04.5
004
Uncasville 81.4 90.8 79.2 61.3 76.0 08.3 46.8
005
Woodstock 37.7 477 39.0 04.0 60.3 77.( 82.B
006
Westbrook 86.0 80.7 54.7 84.7 34.0 56.3 11.7
007
Willimantic 0.5 8.8 06.5 32.5 22.3 04.5 07.0
008
Woodbury .0 .0 2.8 .0 2.8 06.5 8.8
009
Sherman 15 7.3 30.3 57.0 36.8 32.3 27.8
010
Greenwich 5.8 35 2.8 73.8 03.3 96.8 7.3
012
Warren .0 .0 4.3 2.3 8.7 65.3 18.0
014 Mid
Haddam 57.3 61.7 54.0 33.3 96.7, 22.3 10.F
015
Southington 4 .6 3.4 4.6 6.6 1.2 .8
102 New
Hartford 6.5 .0 5 3.8 .0 3.3 7.8
116
Granby .8 .5 .8 .0 .8 0.8 3.8
Mear
9.81 20.96 | 26.10( 63.62 36.11 51.84 19.39
SD
01.64 | 38.93| 3199 4595 06.26 85.33 08.bh7
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Route:
998 999 000 001 002 ean D
001
Mystic 03.5 68.8 57.8 51.8 74.8 40.10 9.04
003
Buckingham 80.0 57.0 33.0 02.8 11.3 73.13 4.8p
004
Uncasville 215 85.0 41.3 54.5 07.0 46.08 9.66
005
Woodstock 76.3 32.7 10.7 96.0 27.0 90.895.35
006
Westbrook 82.0 29.3 92.7 70.0 74.3 04.69 8.2B
007
Willimantic 93.5 30.0 75.5 06.5 37.5 32.08 06.51
008
Woodbury 82.0 38.8 61.3 43.3 23.8 50.31 65.18
009
Sherman 255 59.8 45.5 49.5 197/890.85 | 38.67
010
Greenwich 69.3 53.8 46.8 72.8 27.0 51.88 3.2p
012
Warren 56.0 56.0 84.0 06.3 57.7 10.39 96.22
014 Mid
Haddam 18.7 00.3 01.0 36.0 55.7 87.31 16.47
015
Southington 8.2 7.8 3.0 0.2 0.2 | 492 7.64
102 New
Hartford 6.3 9.0 16.0 04.5 41.8 5.69 8.32
116
Granby 3.8 6.0 5.0 6.8 8.0 [ _ 8.40| 3.50
Mear
92.60 | 60.30 | 83.10| 45.77 62.40
SD
1750 | 07.13 | 04.08| 65.94 07.19
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Table 4. Summary of linear regression results ofmeydisease rate on two measures of annual weather
conditions

Annual Annual
DPNP? DPNT®
Routes 1 2 1 2
001
Mystic -42 .18 .48 5.45 .38 A1
003
Buckingham IA /A
004
Uncasville 0.09 .58 .04 0.09 .05 .56
Woodst(
005ck .58 .09 .69 N/
006
Westbrook /A -.01 .02 .84
007
Willimantic /A /A
008
Woodbury .89 0.00 .88 71 .35 .59
Sherma
009 07.84 .73 .03 27.08 .48 19
010
Greenwich .37 A1 .53 72 0.00 .93
012
Warren /A 9.56 .99 .07
Haddan
014 Mid 1.39 51 .18 -.21 0.00 .99
015Sou
hington 0.15 .003 .95 .23 .03 73
Hartforc
102New -35 .36 .29 46 0.00 .97
Granby
116 -.08 .34 .06 .53 .03 .60

3DPNP, departure from normal precipitation in incHeBPNT, departure from normal temperature in degrees
Fahrenheit. N/A, no data available.
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Table 5. Summary of linear regression results fonber of birds observed versus departure from nodonae
precipitation data. Table-wide alpha level for istatal significance was P < 0.004 after sequerBiahferroni
correction

SCLP* American Robin Gray Catbird American Redstart

Routes b1l T P bl f P bl f P bl f P
Mystic *001 0.47 0002 009 127 005 049 116 501 024 0.20- 0.08 0.39
003 Buckingham 158 004 059 048 200 073 03¥02 068 034 0.08 042
004 Uncasville 048- 003 076 032 002 078 09843 016 025 004 0.70
*005 Woodstock 134 001 085 024 001 089 11908 059 059 010 054
006 Westbrook 865 003 083 042 0001 098 52826 049 0.12- 005 0.78
007 Willimantic 139- 001 079 152- 013 030 4.4 008 044 066- 033 0.09
008 Woodbury 19.21 009 035 0.16- 0.000 096 6.20.13 025 044 0.03 0.60
Sherman *009 112 002 070 167 016 025 0.060010. 094 0.6 011 034
010 Greenwich 095 001 082 022 0.004 088 057020 0.71 0.02- 0.002 0.90
012 Warren 566 033 024 076 009 057 049050. 066 134 022 035
*014 Mid Haddam 445 057 0.08 138 005 066 01002 077 029 0.05 0.7
015 Southington -0.17 0.001 094 -189 0.25 0.12.020 0.000 0.97 0.07- 0.04 058
*102 New Hartford -4.04 040 0.07 209 007 045010. 0.000 099 025 0.02 0.74
Granby *116 256 007 062 -070 017 042 -121110. 053 0.85 0.73 0.03

* Route had one observer for all yedSCLP: Species carrying Lyme pathogen

Table 6. Summary of linear regression results fonber of birds observed versus departure from nodonae
temperature DPNTTable-wide alpha level for statistical significansas P < 0.004 after sequential Bonferroni
correction

Routes SCLP American Robin Gray Catbird American Redstart
bl P P bl f P bl f P bl f P

Mystic *001 435 0.05 054 253- 0.07 045 -1.40 0.06 047 034 0.07 047
003 Buckingham 1490 0.03 0.621.09 -0.05 054 0.25 0.007 0.821.05 -0.47 0.03
004 Uncasville 3.85 0.17 042 178 0.07 0.61 366060 0.07 1.41- 20.1 0.49
*005 Woodstock ~ 0.01 0.000 0.99 180 203 024 039 001 0.8%02 06.000 0.98
006 Westbrook - 11.02 022 054 422- 030 046 492 108 009 0.04 0.02 086
007 Willimantic 0.03 0000 099 190 201 0.32.93 -008 043 054 301 003
008 Woodbury 1.67 0.01 087 214 0.16 050.12 90.002 094 127 045 0.22
Shermart009 4.88 0.07 056 262 005 062 045 001 0.82.861 0.16 0.38
010 Greenwich 679 012 045170 -00.1 051 034 303 018 016 001 050
012 Warren 2.32 0.03 0.80232 -003 034 068 003 076 301 205 0.17

*014 Mid Haddam 092 001 090 -1.60 100 0.82- 1102 035 200 046 014
015 Southington 524 025 021 247 002 017 -0.5204 063 -0.17 0.09 047
*102 New Hartford 0.85  0.01 0.760.74 - 0.05 00.6 0.19 001 079 019 0.006 0.85
Granby*116 051  0.002 093 469 01.0 008 043 001 08836 012 049

* Route had one observer for all yediSCLP: Species carrying Lyme pathogen.

Species Carrying Lyme Pathogen (SCLP): After u8ogferroni correction for multiple tests, the stuidynd
that only 008 Woodbury and 012 Warren had a siedit significant relationship between the numbébirds
observed from species carrying the Lyme pathogehLyme disease rate. All other routes had no sitity
significant relationship between the number of diothserved and Lyme disease rate because P valudein
were greater than 0.05.

American Robin: after using Bonferroni correctiam multiple tests, the study found that only 012ri&a had a
statistically significant relationship between thember of birds observed and Lyme disease rateotkr

routes had no statistically significant relatiomsbietween the number of birds observed and Lymeades rate
because P values for them were greater than 0.05.

Gray Catbird: after using Bonferroni correction foultiple tests, the study found that only 008 Wwmary, 009
Sherman and 012 Warren had statistically signifigaositive relationships between Gray Catbird numndoed

52



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) E-I—i.l
Vol.7, No.8, 2017 IIS E

Lyme disease rate. After Bonferroni correction fiaultiple tests, only 102 New Hartford still hadtatistically
significant negative relationship between the nuntb&sray Catbirds observed and Lyme disease rate. All
other routes had no statistically significant rielaship between number of birds and Lyme diseaseb@cause
P values for them were greater than 0.05.

American Redstart: after using Bonferroni correttior multiple tests, (008 Woodbury and 012 WarreXi)
other routes had no statistically significant rielaship between the number of birds and Lyme dsease
because P values for them were greater than 0.05.

The study tried to find a logical or evident ex@#an for the result from these two routes, or shely needed
to get an answer for the question: Is there aiogiship between the result for these two routesthadbserver
identities? The study found that there were twoeolesrs for these two routes, but it was not an exid
explanation because other routes also had moreatharobserver over years (1991-2002) and thesegalid
not show a positive relationship between the numbéirds observed and Lyme disease rate

The study noticed that Gray Catbird group was thly group that had three statistically significautsitive
relationships between the number of birds obsearetlLyme disease rate (008 Woodbury, 009 Shernmah, a
012 Warren). The study found that appearance dfip@selationship is related to the Gray Cathirb&havior.
The Gray Cathird lives in dense shrubs betweerkébécof young trees, and nests at the center afedsirubs,
small trees, or in vines (Cornell Laboratory of @walogy n.d.). Therefore, it will be in contacttiithe black-
legged tick [xodes scapularjsthat lives in forests with rich and moist undength. Also, the tick’s larva has a
high molting success on Gray Catbirds (Brunneif.e2811).

The American Redstart was my control species becthis species may not be able to support the gatho
because at least two tick larvae were tested amd n@& infected with the pathogen (Brinkerhoff et2011).
However, the study found that there was a positetationship between the number of American Retfstar
observed and Lyme disease rate for 008 Woodburyod@dWarren. Therefore, the result does not suppat
prediction and thus it does not support my hypathes

The Connecticut land use map (Figure 6) does nowsan evident difference between the routes thdt ha
statistically significant positive relationshipstiveen the number of birds observed and Lyme diseatse
(routes 008 Woodbury, 009 Sherman, and 012 Waeedother routes. In other words, based on thergpby
that the Connecticut land use map shows, the didiyot find obvious geographical differences betwé¢he
routes that had statistically significant positiedationships between the number of birds obseart Lyme
disease rate (routes 008 Woodbury, 009 ShermarQBadlVarren) and other routes

There was no difference between the routes thatstetibtically significant positive relationshipstiveen the
number of birds observed and Lyme disease ratdegdd08 Woodbury, 009 Sherman, and 012 Warren) and
other routes (Figure 7). The study found that tve population sizes for these three routes’ tova®3(- 10,807)
was the same as that for routes 003 Buckingham 0@¥id Woodstock, two routes that had no significant
relationship between the number of birds observetlyme disease rate.

From all the results that the study found in tl@search, the study rejected the hypothesis bet¢hase is no
strong relationship between the number of birds ¢bald be infected with Bourgdorferiand the rate of Lyme
disease in people. Therefore, birds do not appegiay an important role for transmitting Lyme dise to
people, at least using the methods | used here.

4. Suggestions

The study suggests to use another method by stydyirer individual bird species separately like shedy did
for American Robin, Gray Catbird and American Radstor to use other species as control specidsird-u
studies should also verify that American Redstdasot carry the Lyme disease pathogen. Researchatd
also choose another state that has a high Lymas#isate, such as New Jersey or Wisconsin, to trgpeat my
findings. Another suggestion is to make a new sfodyhe bird species the researcher used but @siifferent
range of years, such as using the last five oy&ams. Finally, because Lyme disease can affect dod horses
(Carmel & Edwards, 1989), the study suggests thabuld be interesting to study the relationshipasen the
rate of Lyme disease in these domestic animalgt@dumbers of birds from species known to careylthme
disease pathogen.
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Table 7. Summary of linear regression results fomber of birds observed on Connecticut Breedingl Bir
Survey routes versus Lyme disease rate for 1992-2B60Id italics indicate statistically significarglationship
after sequential Bonferroni correction

Routes SCLP American Robin Gray Catbird American Redstart
b1 r P bl t P b1 f P b1 i P
Mystic *001 129 026 0.09 3.57 0.48 0.01 142 0.02 0.64-0.22 028 0.08

003 Buckingham 0.38 0.01 0.73 1.14 0.02 0.67 3.42 .110 0.29 7.29 0.08 0.38
004 Uncasville 1.99 0.33 0.14 3.22 0.19 0.28- 7.020.39 0.04 3.79 0.07 0.53
*005 Woodstock 2.69 0.12 0.50 8.00 0.07 0.62 18.76 057 0.08- 76.8.09 0.55

006 Westbrook 092 0.46 0.14 2.39 0.39 0.18 2.640.19 0.39 20.67 0.04 0.70
007 Willimantic 197 041 0.03 5.34 0.29 0.07 5.91 045 0.02 8.71- 0.04 0.53
008 Woodbury 0.93 0.72 <0.001 5.07 0.49 0.01 3.59 0.77<0.001 2451 0.79 <0.001
Shermart009 0.89 0.004 085 - 17.940.38 0.03 3118 0570.004 27.13 015 0.21
010 Greenwich 0.61 0.04 057 1.33 0.02 0.69 3.28 .170 0.24 -53.02 0.33 0.08
012 Warren 1.14 0.78 <0.001 8.37 0.82 0.001 559 00.8 <0.001 17.74 0.71 0.001

*014 Mid Haddam  2.35  0.27 0.29 0.16 0.001 0.95 7111022 0.34 6.61 00.1 0.54
015 Southington 0.43 0.26 0.11 0.14 0.005 0.84 250. 0.01 0.83 4.87 0.11 0.32
*102 New Hartford 2.58 0.68  0.01 2.89 0.18 0.25- 1.3¥ 0.79 0.001 4.56 0.19 0.24
Granby*116 0.06 0.06 0.66 0.23 0.101 054 0.14- 0.05690. 0.36 0.02 0.78

* Route had one observer for all yedBCLP: Species carrying Lyme pathogen

Figure 1. Connecticut Breeding Bird Survey routed NOAA weather stations used in this study. Tlaekbl
words indicate the routes. The red words indidaéevteather stations. Blue letters indicate routgsised in
this study because they were not active routes
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Lyme disease for Connecticut Breeding Bird Sunaytes from 1991 -2002. A) Routes for which this
relationship was statistically significant positiaiter sequential Bonferroni correction. B) Routaswhich this
relationship was not statistically significant afsequential Bonferroni correction
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