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ABSTRACT Weexamined the prevalence of antibodies to threemosquito-borne arboviruses in blue
jays,Cyanocitta cristata, andFlorida scrub-jays,Aphelocoma coerulescens, to identify the effects onhost
survival, the inßuence of sex and age on infection, and the temporal patterns of antibody prevalence.
Blood samples from 306 blue jays and 219 Florida scrub-jays were collected at Archbold Biological
Station (Lake Placid, FL) from April 1994 through December 1995. Sera were analyzed for hemag-
glutination-inhibition antibody to eastern equine encephalitis (EEE) andSt. Louis encephalitis (SLE)
viruses, and neutralizing antibodies to EEE, Highlands J (HJ), and SLE viruses. Overall, 31.4% of blue
jay samples and 22.1% of scrub-jay samples had antibodies to EEE. Antibodies to HJ were detected
in slightly �15% of samples in each jay species, and SLE was detected in �3% of the samples in each
jay species. A single EEE virus isolation was made from the blood of an 11-d-old scrub-jay nestling.
Survival of adult blue jays seropositive to EEE was signiÞcantly lower than that of seronegative birds
based on resight rates, but infection did not seem to affect survival of adult or juvenile Florida
scrub-jays.
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EASTERN EQUINE ENCEPHALITIS (EEE) virus is a mosqui-
to-borne pathogen that infects wild and domestic an-
imals and occasionally humans. Birds serve as ampli-
Þcation hosts in nature (Scott andWeaver 1989,Gibbs
and Tsai 1994). Serological evidence indicates that
some individuals of wild avian species commonly in-
fected with EEE survive infection (Crans et al. 1994).
However, in eastern North America, the virus has
causedmortalityofexoticbirds, including ring-necked
pheasants, Phasianus colchicus (Horsfall 1976), and
emus, Dromaius novaehollandiae (Day and Stark
1996a), as well as captive native species, including
whooping cranes, Grus americana (Dein et al. 1986).
However, EEE-induced mortality has not been re-
ported in free-rangingwild birds. Blue jays,Cyanocitta
cristata, occur in North America primarily east of the
Rocky Mountains. Evidence of EEE infection in blue
jays has been reported throughout eastern North
America, includingFlorida (Favorite 1960, Bigler et al.

1975) and New Jersey, where an antibody prevalence
of 62% was reported by Crans et al. (1994).
Patterns of annual survival observed in a Florida

scrub-jay, Aphelocoma coerulescens, population led
Woolfenden and Fitzpatrick (1984, 1991) to hypoth-
esize that unidentiÞed epizootics have a major, but
intermittent, effect on scrub-jay demography. From
1969 through 1979, annual survival of breeding adult
scrub-jays in their study population ranged from 69 to
94% (mean � 82%). Annual survival of juveniles from
the same population during the same period ranged
from 21 to 44% (mean � 34%). However, fromMarch
1979 to March 1980, only 55% of adults and 1% (1 of
93) of juveniles survived (Woolfenden and Fitz-
patrick 1991). The years 1990Ð1991 and 1998Ð1999
alsoweremarkedby lowscrub-jay survival in the same
population (G. E. Woolfenden and J. W. Fitzpatrick,
unpublished data). Although data on mosquito abun-
dancewere not collected and arboviral serosurveys in
the scrub-jay population were not attempted during
years of greatest juvenile mortality, these periods did
correspond with outbreaks of EEE elsewhere in Flor-
ida(DayandStark1996b, J.F.Day,unpublisheddata).
As part of a study of the demography of these spe-

cies, we tested for the effects of arboviral infection on
the survival of sympatric blue jays and Florida scrub-
jays by monitoring seroprevalence to eastern equine
encephalitis (EEE), Highlands J (HJ), and St. Louis
encephalitis (SLE) viruses. Also examined were the
inßuence of sex and age on infection as well as tem-
poral patterns of antibody presence.
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Materials and Methods

Study Site. All birds were sampled at Archbold Bi-
ological Station (Archbold) (27� 11� N; 81� 21� W),
Highlands County, Florida, from April 1994 through
December 1995. Archbold is a 2,081-ha preserve of
near-pristine upland oak scrub, pine ßatwoods, and
related communities at the southern end of the Lake
Wales Ridge in south central Florida (Abrahamson et
al. 1984). Archbold is bordered to the east by expan-
sive citrus groves, to the west and south by scattered
oak scrub and improved pasture, and to the north by
a series of lakes interspersed with oak scrub, pine
ßatwoods, and bayheads. A small red maple, Acer
rubrumL. swamp; and several bayheads (Abrahamson
et al. 1984) lie 200 m north of the study site. A 36.6-ha
sinkhole lake is located to the north of the study site,
andmany seasonal ponds are scattered throughout the
area. Much of the study site consists of low, open oak
scrub interspersed with patches of pine ßatwoods and
grassy swales; the eastern portion consists primarily of
mature slash pine, Pinus elliottii Englem, and sand
pine, P. clausa (Chapm.) Vasey, forest and human-
modiÞed vegetation (Tarvin and Garvin 2002).
Both blue jays and Florida scrub-jays are year-

round residents at Archbold (Tarvin andWoolfenden
1999, Woolfenden and Fitzpatrick 1996). Blue jays
have been the focus of intensive study at Archbold
since 1991 (Tarvin and Woolfenden 1999, Tarvin and
Garvin 2002, Garvin and Greiner 2003). A long-term
study of the Florida scrub-jay duringwhich individual
birds are censused throughout the year has occurred
at Archbold since 1969 (Woolfenden and Fitzpatrick
1984, 1990, 1996).

Field Methods. Blue jays and scrub-jays were cap-
tured throughout the study in walk-in treadle traps
baited with bread and peanuts, and infrequently with
Japanese mist-nets (U.S. Fish and Wildlife banding
permit no. 07732-F, University of Florida IACUC
#2241). We attempted to capture as many blue jay
adults as possible across the study site from January
through March and again during June and July. At
other times of the year, blue jays were captured ir-
regularly.We also sampled any blue jay nestlings from
nests that we could reach. Adult scrub jays were sam-
pled irregularly throughout the study period. All nest-
ling scrub jays that survived to 11 d of age were
sampled.Capturedbirdswerebled, bandedwithnum-
bered U.S. Fish and Wildlife Service aluminum leg
bands and a unique combination of colored plastic
bands, and released at the capture site. Individuals
with a brood patchwere identiÞed as females. The sex
of many individuals, especially scrub-jays, was deter-
mined by behavior after release (Woolfenden and
Fitzpatrick 1984). Some blue jays were sexed by lap-
arotomy (Risser 1971). Many scrub-jays were banded
as nestlings so their exact age at subsequent captures
was known. Other individuals of both species were
aged based on plumage characteristics (Dater 1970,
Bancroft and Woolfenden 1982).
Blood samples (0.2Ð0.8 cc) were collected from

individuals via jugular venipuncture with a 1-cc sy-

ringe rinsedwithEDTA.Onedropof blood (0.006ml)
was transferred to a cryogenic storage vial (Fisher,
Orlando, FL) containing 0.7 ml of biological Þeld di-
luent (BFD) for later attempts at viral isolation. The
BFD contained 90% minimal essential medium with
HanksÕ salts (Sigma, St. Louis, MO), 10% fetal bovine
serum (Intergen, Purchase, NY), 200 U/ml penicillin
(Sigma), 200 �g/ml streptomycin (Sigma), 2.5 �g/ml
amphotericin B (Sigma), and 50 �g/ml kanamycin
(Sigma). Remaining blood was transferred to a vacu-
tainer (Fisher) containing 0.7 ml of BFD for later
antibody detection attempts. Samples collected in the
Þeld were transported to the laboratory on wet ice.
In the laboratory, samples intended for viral isola-

tionwere transferred to liquidnitrogen, and later to an
ultralow temperature freezer, and stored at �70 C
before shipment on dry ice to the Tampa Branch
Laboratory for virus isolation attempts. Blood in-
tended for antibody detection was allowed to clot for
24 h at room temperature and then was centrifuged at
3,400�g for 30min to separatebloodcells fromserum.
Resulting sera were placed in cryogenic storage vials
and shipped to the Tampa Branch Laboratory for
arboviral antibody assay.

Arboviral Serology and Virus Isolation. All sera
were Þrst screened for hemagglutination-inhibition
antibody (HI) to EEE and SLE viruses. A microad-
aptation of the HI antibody test of Beaty et al. (1989)
was used with a hemagglutinin (HA) prepared from a
Florida human EEE isolate (D64Ð837, Tampa Branch
Laboratory) and from a Florida human SLE isolate
(TBH-28,Centers forDiseaseControl andPrevention,
Ft. Collins, CO).
Brießy, HA antigens were titrated at optimal pH to

an endpoint allowing the addition of 4Ð8 HA units in
a 0.025-ml volume to each aliquot of diluted serum.
Twofold serial dilutions of acetone-treated sera start-
ing at 1:10 in 0.4% bovine albumin-borate-saline
(Beaty et al. 1989), pH 9.0, were prepared in 96-well
disposablemicrotiter “U” plates by aMicrolabATPlus
robotic diluter (Hamilton Co., Reno, NV). Control
wells were provided for serum hemagglutinins, anti-
gen, anddiluent. Four to 8units of antigenwere added
to the serum dilutions, and themixture was incubated
overnight at 4�C. After incubation, 0.05 ml of a stan-
dardized goose erythrocyte suspension (Beaty et al.
1989) was added to the serum dilutions and to control
wells of test serum, known positive and negative sera,
antigen, anddiluent. Plateswere incubated at 22Ð24�C
for approximately 1 h.When the presence of 4Ð8 U of
HA was conÞrmed by the antigen titration, the test
Þndings were recorded. A titer of �1:10 was regarded
as diagnostic of infection with an agent antigenically
similar to that used in the test.
SpeciÞc antibody conÞrmation was performed via

neutralizing (NT) antibody analysis to EEE, HJ, and
SLE viruses. Two NT antibody assay techniques were
used. For both tests, a titer of �1:10 was regarded as
diagnostic of infection with an agent antigenically
similar to that used in the test. TheÞrst assaywas serial
virusdilutionwithundiluted serum(Beatyet al. 1989).
The challenge viruses were Florida isolates of SLE
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(strain P15), EEE (strain D64-837), and HJ (strain
64A-1519). Before initiation of the serial virus dilution
test, serum was heated for 30 min at 56 C. Equal
amounts of serum were mixed with appropriate dilu-
tions of virus. Serum-virus mixtures were incubated
for 2 h at 37C and thenwere transferred to an ice bath
for immediate intracerebral inoculation (0.03 ml of
each serumÐvirus mixture) into each of four to six
3-to-4-wk-old laboratory mice. Observation of inocu-
lated animals continued for 14 d. Deaths were re-
corded and the lethal dose causingmortality in 50% of
the test animals (LD50) was determined by the
method of Reed and Muench (1938).
The LD50 virus dilutions for each series of serumÐ

virus mixtures, along with that of the control, were
determined to a single decimal point. A logarithmic
LD50 was expressed as the exponent of the reciprocal
of the endpoint dilution. The log neutralization index
of each serum was obtained by subtracting its LD50

from that of the control. Indices�1.0were considered
negative, whereas those of 1.0Ð1.6were equivocal and
reported as negative in the present article, and those
�1.7 were positive.
Our second method of NT antibody assay was the

plaque reduction neutralization test (PRNT) de-
scribedbyOlsonet al. (1991).Virus stocksused for the
PRNTwere as follows: EEE strainME-77132,HJ strain
CtAn-B8-74, andSLEstrainTNM4-212.Negative con-
trol serawere fromchickens thatwere inoculatedwith
diluent and did not have detectable antibody when
tested by HI or PRNT. Positive controls were from
chickens that were inoculated with the respective
virus and had detectable antibody titers to the appro-
priate virus by HI and PRNT analyses.
Newborn mice (1Ð3 d old) were used for virus

isolation by inoculation with thawed 1:7 mixtures of
blood inBFD fromÞeld collections.One litter of eight
suckling mice was inoculated with each thawed inoc-
ulum. Injections in each mouse were 0.015 ml by the
intracerebral and0.03mlby the intraperitoneal routes.
After inoculation,micewereobserveddaily for at least
14 d. A 1:10 suspension of brain material from sick or
dead mice was prepared by homogenization in BFD.
The homogenate was centrifuged twice, Þrst at 750 �
g for 20min to remove large debris and then at 3,700�
g for 1h.Theresulting supernatantwaspassed through
a 0.45-�m syringe Þlter of sterile mixed esters of cel-
lulose that was pretreated with fetal bovine serum to
prevent virus adsorption to the Þlter, and passaged to
a second litter of suckling mice. In the event of sick-
ness or death in the second passage mice, brain ma-
terial was harvested and the NT antibody tests de-
scribed abovewere used to conÞrm the identity of the
isolated viral agent.We attempted virus isolation from
261 blue jay and 196 scrub-jay blood samples.

Determination of Antibody Prevalence. All sera
samples were considered as independent samples in
analyses of infection by age, sex, and season (see
below) and were reported as “antibody prevalence”
(i.e., the proportion of samples that were antibody
positive). We took this approach because several in-
dividual jays in our study that were antibody positive

upon Þrst capture were antibody negative upon a
subsequent recapture (Tables 1 and 2). In at least one
case, an individual bird was positive, negative, and
then positive again over the course of the sampling
period (Table 1). Therefore, an individual bird that
did not exhibit detectable antibodies may have been
infected before we sampled it, and we therefore can-
not conclude that antibody negative birds had never
been exposed to the virus.

Age, Sex, and Temporal Distribution. Antibody
prevalence was analyzed by age, sex, and season of
detection. Birds were divided into four age categories
(corresponding North American Banding Codes
[Gustafson et al. 1997] in parentheses): 1) nestling
(N), 2) hatching-year (L orHY; hereafter, all referred
to as HY), 3) second-year (SY), and 4) after second-
year (ASY). Nestlings of both species were in the nest
for 18Ð21 d after hatching. SY and ASY birds Þrst
captured during autumn could not be accurately dis-
tinguished based on plumage characteristics (Ban-
croft and Woolfenden 1982). These individuals were
classiÞed as adults of unknown age (AHY) and were
excluded from some analyses. For some analyses, we
pooled nestlings and HY birds as “young-of-the-year.”
Likewise, SY, ASY, and AHY birds were pooled as
“adults” for some analyses.
To partition data by season, we identiÞed Þve sea-

sons that corresponded to shifts in time and energy
expenditures of both jay species (Woolfenden and
Fitzpatrick1996,TarvinandWoolfenden1999).These
seasons were 1) prenesting (FebruaryÐMarch; char-
acterized by courtship and high levels of territorial
activity), 2) nesting (AprilÐMay; characterized by in-
cubation and brooding), 3) postnesting (JuneÐJuly;
characterized by adults caring for nutritionally de-
pendent young), 4) autumn (AugustÐOctober; char-
acterized by much time spent harvesting and caching
acorns), and 5) winter (NovemberÐJanuary; charac-
terized by maintenance activities such as eating
cached acorns and avoiding predators).

Survival Analysis.We analyzed survival of blue jays
in relation to EEE and HJ antibody status by compar-
ing the number of seropositive and seronegative birds
sampled fromApril throughJuly1994with thenumber
of these birds that were resighted in 1995. For this
analysis, an individual from which at least one anti-
body-positive sample was collected during the 1994
observation period was considered to have been in-
fected, even if subsequent samples from that same
individual were antibody negative. Brießy, birds in
1994 were captured at an array of 54 feeders scattered
across the study site and at some nests. In 1995, the
same set of 54 feeders was censused for several days
over a 2-moperiodbefore thenesting seasonandagain
for several days over a 2-mo period after the nesting
season. In addition to census observations at feeding
stations, we recorded casual observations of marked
blue jays at other times during 1995. We excluded
birds sampled after July 1994 from the analysis, be-
cause antibody prevalence dropped substantially dur-
ingautumnandwinter 1994.Werestricted the survival
analysis to adult blue jays, because juvenile dispersal
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Table 1. Repeated samples of blue jays that exhibited either seroconversion or seroreversion of NT antibodies to EEE, HJ, and SLE

Band no.
Age at
Þrst

sample

First sampling Second sampling Third sampling Fourth sampling

Date
Antibody
status

Date
Antibody
status

Date
Antibody
status

Date
Antibody
status

Seroconversions
EEE
1142-05981a SY 27 July 1994 � 23 Feb. 1995 � 22 June 1995 �
1142-05996 SY 17 June 1994 � 20 Feb. 1995 �
1142-05997a 18 June 1994 � 1 Mar. 1995 � 3 Mar. 1995 �
702-90578a ASY 2 May 1994 � 22 July 1994 �
872-94698a,b ASY 2 May 1994 � 22 July 1994 � 10 Feb. 1995 � 25 May 1995 �
872-94761 SY 29 July 1994 � 3 Mar. 1995 �
952-00012a AHY 3 July 1994 � 23 Feb. 1995 �
952-00016 SY 12 July 1994 � 20 Feb. 1995 �
952-00020a ASY 18 July 1994 � 14 Feb. 1995 �
962-62040a ASY 16 May 1994 � 19 June 1995 � 4 Aug. 1995 �
962-62084 SY 22 July 1994 � 10 Feb. 1995 �

HJ
702-90577 ASY 2 May 1994 � 13 July 1994 �
1142-05997a 18 June 1994 � 1 Mar. 1995 � 3 Mar. 1995 �

SLE
912-19205 ASY 19 May 1995 � 26 May 1995 �

Seroreversion
EEE
1142-05995 SY 17 June 1994 � 5 July 1994 �
872-94673a ASY 2 May 1994 � 25 May 1994 �
872-94694 ASY 10 Mar. 1995 � 6 July 1995 �
872-94777a ASY 10 Feb. 1995 � 3 Mar. 1995 � 25 May 1995 �
872-94780 ASY 10 Mar. 1995 � 25 May 1995 �
952-00044 ASY 15 Feb. 1995 � 1 May 1995 �
952-00048 ASY 15 Feb. 1995 � 1 May 1995 � 4 Dec. 1995 �
952-00056a ASY 20 Feb. 1995 � 7 Aug. 1995 � 4 Dec. 1995 �
952-00059 ASY 20 Feb. 1995 � 19 June 1995 �
952-00063 ASY 23 Feb. 1995 � 22 June 1995 �
962-62081a SY 22 July 1994 � 28 July 1995 �
952-00084 SY 22 Apr. 1995 � 4 Dec. 1995 � 18 Dec. 1995 �

HJ
1142-05901 10 May 1994 � 10 Mar. 1995 � 5 July 1995 �
1142-05981a SY 27 July 1994 � 23 Feb. 1995 � 22 June 1995 �
702-90578a ASY 2 May 1994 � 22 July 1994 �
872-94673a ASY 2 May 1994 � 25 May 1994 �
872-94726a ASY 4 May 1994 � 23 May 1995 �
872-94777a ASY 10 Feb. 1995 � 3 Mar. 1995 � 25 May 1995 �
952-00020a ASY 18 July 1994 � 14 Feb. 1995 �
952-00045 ASY 15 Feb. 1995 � 22 Apr. 1995 �
952-00050 17 Feb. 1995 � 7 June 1995 �
952-00056a ASY 20 Feb. 1995 � 7 Aug. 1995 �
952-00070a ASY 1 Mar. 1995 � 7 July 1995 � 26 July 1995 � 3 Aug. 1995 �
952-00068 ASY 28 Feb. 1995 � 25 July 1995 �
952-00073a ASY 2 Mar. 1995 � 12 July 1995 �
952-00075 ASY 3 Mar. 1995 � 19 July 1995 �
952-00083 ASY 22 Apr. 1995 � 19 Dec. 1995 �
962-62006 ASY 16 May 1994 � 11 July 1995 �
962-62007a ASY 7 May 1994 � 13 June 1994 �
962-62063 SY 10 Apr. 1994 � 29 May 1994 � 1 Feb. 1995 �
962-62081a SY 22 July 1994 � 28 July 1995 �
962-62123 ASY 2 May 1994 � 1 June 1995 �

SLE
872-94726a ASY 4 May 1994 � 23 May 1995 �
952-00067 ASY 27 Feb. 1995 � 23 May 1995 �

Seroconversion-reversion
HJ
962-62040a ASY 16 May 1994 � 19 June 1995 � 4 Aug. 1995 �
962-62088 SY 11 July 1994 � 13 July 1994 � 24 July 1995 �
872-94698a,b ASY 2 May 1994 � 22 July 1994 � 10 Feb. 1995 � 25 May 1995 �

EEE
872-94693 ASY 12 July 1994 � 14 Feb. 1995 � 6 July 1995 � 20 July 1995 �

Seroreversion-conversion
EEE
952-00070a ASY 1 Mar. 1995 � 7 July 1995 � 26 July 1995 � 3 Aug. 1995 �

a These individuals occur in the table more than once.
b This individual was sampled a Þfth time on 28 July 1995 when it was antibody negative for both EEE and HJ.
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was high and most nestlings and HY birds were not
resighted after dispersal (Tarvin 1998).
Our assessment of survival of seropositive and se-

ronegative scrub-jays differed from that for blue jays,
because the scrub-jaypopulationwasmonitoredusing
different methods (Woolfenden and Fitzpatrick
1984).Most scrub-jay territories in the study sitewere
censused once a month. Unlike blue jays, scrub-jays
are sedentary and dispersal distances are generally
short. Therefore, disappearance from the study site
usually indicates death (Woolfenden and Fitzpatrick
1984), and combiningmonthly census data with other
observations at the study site allowed calculation of
the time of death of individual scrub-jays to within
several days. We therefore measured scrub-jay sur-
vival as the number of days an individual lived after a
serum sample was collected. Scrub-jay survival was
monitored through 15 October 1999, the date of the
October census.
Analysis of scrub-jay survival was restricted to

breeders and HY birds. Breeding scrub-jays seldom
disperse and the survival of breeding males and fe-
males is identical (Woolfenden and Fitzpatrick 1984,
1990), so breeding adults were pooled by sex for anal-
ysis. Young scrub-jays begin dispersing after they are
	1 yr old, but remain within the boundaries of the
study site. Both dispersal patterns and survival before
breeding differ signiÞcantly for male and female
scrub-jays(WoolfendenandFitzpatrick1984).There-
fore, we analyzed the survival of male and female
young-of-the-year separately. We restricted analysis
of scrub-jay survival to quadrants of the study site
referred to as the “demography tract” (Woolfenden
and Fitzpatrick 1984), because those birds were cen-
sused most frequently. Some scrub-jay individuals
were sampled more than once, and survival was mea-
sured from the most recent sample date.

Nestling and newly ßedged juvenile scrub-jaysmay
die soon after becoming infected with EEE or HJ and
such a rapid response to infection may reduce our
ability to detect effects of the virus on survival. Con-
sidering this, we examined the survival of scrub-jay
broods in relation to the presence of arboviral anti-
bodies in siblings. The number of young alive at ßedg-
ing was determined for scrub-jay broods in 1994 and
1995. In broods for which at least one member sur-
viveduntil the July census of their hatching yearwhen
they become nutritionally independent, wemeasured
1) whether any of the surviving members were EEE
or HJ antibody positive, and 2) whether any other
brood members had died before nutritional indepen-
dence.

Statistical Analysis. Most statistical analyses were
performed using G-tests (likelihood ratio tests; Sokal
and Rohlf 1981) on contingency tables. The exclusion
of certain avian age groups or seasonal distribution
categories from particular analyses precluded the use
of log-linear analyses ofmultilayer contingency tables.
t-tests were used for scrub-jay survival analysis.

Results

A total of 306 individual blue jays and 219 Florida
scrub-jays were captured, uniquely tagged, bled, and
released from April 1994 through December 1995.
Many individuals were captured and bled more than
once (Tables 1 and 2). We tested 379 blue jay serum
samples for antibodies toEEEandHJ, and383 for SLE.
We tested 213 Florida scrub-jay serum samples for
EEE, 207 forHJ, and 213 for SLE antibodies (Table 3).
Antibodies to EEE were detected in 119 of 379

(31.4%) blue jay and 47 of 213 (22.1%) scrub-jay sam-
ples. Antibodies to HJ were detected in 60 of 379
(15.8%) blue jay and 32 of 207 (15.5%) scrub-jay sam-

Table 2. Repeated samples of Florida scrub-jays that exhibited either seroconversion or seroreversion of NT antibodies to EEE, HJ,
and SLE

Band no.
Age at Þrst
sample

First sampling Second sampling Third sampling

Date Antibody status Date Antibody status Date Antibody status

Seroconversion
EEE
1453-63697a SY 17 July 1994 � 7 Mar. 1995 �
1453-72883a SY 11 Mar. 1995 � 9 Apr. 1995 �

HJ
1453-63697a SY 17 July 1994 � 7 Mar. 1995 �
1453-63723a SY 2 July 1994 � 20 July 1994 �
1453-72751 HY 15 July 1994 � 20 July 1994 � 7 Dec. 1994 �
1453-72883a SY 11 Mar. 1995 � 9 Apr. 1995 �

Seroreversion
EEE
1453-63676 AHY 1 June 1995 � 27 Oct. 1995 �
1453-72836a HY 20 July 1994 � 23 Feb. 1995 �
1453-78065 AHY 11 Nov. 1994 � 27 Oct. 1995 �

HJ
1453-72723a HY 16 July 1994 � 16 Apr. 1995 �
1453-72836a HY 20 July 1994 � 23 Feb. 1995 �

SLE
1453-72836a HY 20 July 1994 � 23 Feb. 1995 �

a These individuals occur in the table more than once.
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ples. Antibodies to SLE were detected in 11 of 383
(2.9%) blue jay and 4 of 213 (1.9%) scrub-jay samples.
Antibodies to a single virus were detected in the ma-
jority of the positive samples for both avian species.
However, antibodies to more than one virus were
detected in 36 samples (28 blue jays and eight scrub-
jays; Table 4). Formost of our statistical analyses, each
virus was treated independently. For example, sam-
ples that were seropositive for both EEE and HJ were
included in analyses of each virus. Because SLE virus
infection apparently was rare during our study, we
restricted our statistical analyses to EEE and HJ vi-
ruses.

Sex and Age of Seropositive Birds. Serum samples
collected from males and females were equally likely
to be seropositive to EEE and toHJ antibodies in each
avian species. Forty-seven of 123 (38.2%) sera from
males and 36 of 102 (35.3%) sera from females in blue
jays were seropositive to EEE (G � 0.20, df � 1, P �
0.651), whereas 33 of 123 (26.8%) samples frommales
and 20 of 102 (19.6%) samples from females were
antibody positive to HJ (G � 1.63, df � 1, P � 0.202).
Eight of 28 (28.6%) sera from males and 11 of 33
(33.0%) sera from females in scrub-jays were seropos-
itive to EEE (G � 0.16, df � 1, P � 0.689), and 3 of 28
(10.7%) sera frommales and 4 of 32 (12.5%) sera from

females were seropositive toHJ (G � 0.05, df� 1, P �
0.829).
In blue jays, prevalence of EEE antibody varied

signiÞcantly among the four age classes when samples
fromall seasonswerecombined(G�29.30,df�3,P�
0.001) (Table 5). This pattern potentially could be
confoundedbecause the analysis included serum sam-
ples collected from adult blue jays from January
through March, when jays exhibited the highest EEE
antibodyprevalenceandHYbirdsdonotyet exist (see
analysis below). Nonetheless, when restricting the
comparison to April through December when all age
classeswere sampled, only 4of 56 (7.1%) samples from
young-of-the-year (nestlings and HY birds) were an-
tibody positive, whereas 61 of 242 (25.2%) samples
from adults were positive (G � 10.53, df � 1, P �
0.001). This difference did not exist between SY and
ASYbirds, because sera from25 of 73 (34.2%) SYbirds
and 89 of 231 (38.5%) ASY birds were positive (all
seasons combined; G � 0.44, df � 1, P � 0.508).
Similar age-related patterns were observed in blue

jay sera positive to HJ virus antibodies (Table 5). Age
signiÞcantly affected seroprevalencewhenall samples
were included in the analysis (G � 15.06, df � 3, P �

Table 3. Number of avian sera samples that were analyzed for antibodies to EEE, HJ, and SLE viruses according to year and month
of sample collection

Month

Blue jay sera Florida scrub-jay sera

1994 1995 1994 1995

EEE/HJ SLE EEE/HJ SLE EEE HJ SLE EEE HJ SLE

Jan. 0 0 1 1 0 0 0 0 0 0
Feb. 0 0 54 56 0 0 0 1 1 1
Mar. 0 0 26 26 0 0 0 5 5 5
April 16 16 9 9 0 0 0 25 25 25
May 43 43 34 34 1 1 1 4 4 4
June 29 29 32 34 0 0 0 5 5 5
July 35 35 52 52 77 77 77 52 52 52
Aug. 4 4 8 8 0 0 0 0 0 0
Sept. 1 1 8 8 0 0 0 1 1 1
Oct. 1 1 0 0 6 4 6 4 4 4
Nov. 0 0 0 0 17 14 17 0 0 0
Dec. 0 0 26 26 6 5 6 9 9 9
Total 129 129 250 254 107 101 107 106 106 106

Individual birds may have been sampled more than once.

Table 4. Distribution of single and multiple arboviral infec-
tions in blue jays and Florida scrub-jays

Infection
status

No. of seropositive samples
Antibody
totalsBlue jays

(n � 379)
Florida scrub-jays

(n � 213)

EEE only 92 39 131
HJ only 34 24 58
SLE only 7 3 10
EEE�HJ 24 7 31
EEE�SLE 2 0 2
SLE�HJ 1 0 1
EEE�HJ�SLE 1 1 2
Total samples 161 74

Data from 1994 and 1995 combined.

Table 5. Antibody prevalence of EEE and HJ from samples of
blue jays of different age classes

Age class

EEE HJ

No. antibody
positive/no. of
samples (%)

No. antibody
positive/no. of
samples (%)

Nestlings 0/23 (0.0) 2/23 (8.7)
HY 4/33 (12.1) 0/33 (0.0)
SY 25/73 (34.2) 11/73 (15.1)
ASY 89/231 (38.5) 46/231 (19.9)
All birdsa 119/379 (31.4) 60/379 (15.8)

Data combined for sexes, years, and seasons of capture. Proportions
presented in this table represent infection rates calculated across all
data, but they are not congruent with certain analyses reported in the
textwhichuse subsetsof thesedata. See text for statistical analyses and
deÞnition of age codes.

a Includes 19 adult birds of unknown age.
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0.002). As was the case for EEE, this pattern persisted
when the analysis was restricted to seasons when all
age classes were present. Two of 54 (3.6%) samples
from young-of-the-year were antibody positive,
whereas 36 of 242 (14.9%) sera collected from adults
were positive (G � 6.65, df� 1, P � 0.010). Again, the
difference did not exist between sera from SY (11 of
73 [15.1%]) and ASY birds (46 of 231 [19.9%]) (G �
0.89, df � 1, P � 0.346).

In scrub-jays, the prevalence of EEE and HJ anti-
bodies did not differ with age when all data were
considered together (EEE,G � 1.85, df� 3, P � 0.605;
HJ,G � 1.87, df� 1, P � 0.600; Table 6). However, we
sampled only two scrub-jay nestlings for antibodies to
EEE and HJ, so we repeated the analysis with the
nestling age class omitted. Even when data were re-
stricted to samples collected during April through
December (when all age classes were present), we
detected no signiÞcant variation among the three re-
maining age classes in EEE (G � 0.50, df � 2, P �
0.778) or HJ (G � 2.41, df � 2, P � 0.299) antibody
prevalence. Similarly, young-of-the-year didnot differ
signiÞcantly from adults in their prevalence to anti-
bodies from either virus (data from April through
December: EEE, G � 1.33, df � 1, P � 0.188; HJ, G �
0.58, df � 1, P � 0.447). Likewise, we detected no
signiÞcant difference in prevalence of antibodies to
either virus between samples from SY and ASY scrub-
jays (data from all seasons combined: EEE, G � 0.23,
df � 1, P � 0.634; HJ, G � 0.97, df � 1, P � 0.324).

Temporal Distribution of Antibody Presence. Sig-
niÞcantly more blue jay sera were positive for EEE
andHJ antibodies in 1994 than in 1995whendata from
all months were included in the analysis (EEE, G �
5.06, df�1,P�0.025;HJ,G�17.78, df�1,P�0.001).
However, because birds were not sampled before
April 1994, and because captures were infrequent and
unevenly distributed during autumn months, we re-
analyzed the data including only samples collected
from April through July, a period during which sam-
pling intensity was similar for both years. This analysis
yielded no difference in EEE antibody prevalence
between the 2 yr (Fig. 1a). However, signiÞcantly

more blue jay samples were seropositive to HJ in 1994
than in 1995 (Fig. 1b).
The proportion of EEE-positive samples from Flor-

ida scrub-jays did not differ between 1994 (22 of 107;
20.6%) and 1995 (25 of 106; 23.6%) when data from all
months were included (G � 0.28, df � 1, P � 0.595).
This pattern remained constant when the analysis was
restricted to data collected from May through De-
cember when sampling intensity was similar for the 2
yr (Fig. 1a). HJ-positive sera were signiÞcantly more
common in 1994 than in 1995, regardless of whether
samples from all months were included (1994: 29 of
101 [28.7%] were antibody positive; 1995: 3 of 106
[2.8%] were antibody positive; G � 29.85, df � 1, P �
0.001), or whether the analysis was restricted to sam-
ples collected fromMay throughDecember (Fig. 1b).
The seasonof capture seemed toaffect thepresence

of both EEE and HJ antibodies in samples collected
fromadult blue jays (Table 7).Unfortunately,wehave
data from January through March for only one of the
2 yr (1995), and therefore cannot properly control for
annual patterns in seasonal variation. This may not be
a problem for the analysis of EEE, because antibody
prevalence did not seem to differ between the 2 yr of
the study. Prevalence to EEE antibodies was highest
in adult blue jay sera during the prenesting season
(February and March), and lowest during the winter
season (November to January; nestlings and HY birds

Fig. 1. Effect of sample year on the prevalence of (a)
EEE and (b) HJ antibody in blue jay and Florida scrub-jay
blood samples (sexes and ages of each species combined).
For blue jays, the analyses are restricted to data from April
through July of each year because sampling intensity was
consistent during those months for both years (see Table 1).
For the samereason, theanalyses are restricted to themonths
ofMay throughDecember for scrub-jays. Sample sizes are in
boxes.

Table 6. Antibody prevalence of EEE and HJ in Florida scrub-
jays of different age classes

Age class

EEE HJ

No. antibody positive/
no. of samples (%)

No. antibody positive/
no. of samples (%)

Nestlings 0/2 (0.0) 0/2 (0.0)
HY 24/126 (19.0) 21/122 (17.2)
SY 8/37 (21.6) 7/37 (18.9)
ASY 10/38 (26.3) 4/37 (10.8)
All birds 47/213a (22.1) 32/207b (15.5)

Data combined for sexes, years, and seasons of capture. Proportions
presented in this table represent infection rates calculated across all
data, but they are not congruent with certain analyses reported in the
textwhichuse subsetsof thesedata. See text for statistical analyses and
deÞnition of age codes.

a Includes 10 adult birds of unknown age.
b Includes 9 adult birds of unknown age.
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omitted from the analysis because they do not occur
in all seasons; G � 62.66, df � 4, P � 0.001; Table 7).
The results were qualitatively the same when we per-
formed the analysis for each year separately, although
theprenesting seasonwas omitted in the 1994 analysis.
Prevalence toHJantibodieswas lowestduringautumn
andwinter seasons (G � 27.34, df� 4,P � 0.001; Table
7)when the2yrwere combined.BecauseHJ antibody
prevalence was much higher in 1994 than in 1995, the
latter analysis essentially reßects conditions occurring
from April 1994 through March 1995.
Small sample sizes precluded statistical analysis of

the effect of season on prevalence of EEE and HJ
antibodies in samples from SY and ASY scrub-jays.
Table 8 presents general patterns of antibody preva-
lence in sera from scrub-jays across seasons with the
2 yr combined.

Survival Analysis. Forty-three of 62 (69.47%) blue
jays negative to EEE in 1994 were resighted in 1995,
signiÞcantly�10 of 28 (35.7%) EEE-positive blue jays
resighted in 1995 (G � 9.00, df � 1, P � 0.003),
indicating a difference in survival rates for these two
groups. This pattern held when blue jays also sero-
positive to either HJ or SLE were culled from the
analysis (70.0% of seronegative birds were resighted
versus 31.3% of EEE-seropositive birds;G � 7.09, df�
1, P � 0.008).
Seroprevalence of HJ did not seem to affect adult

blue jay survival. Thirty-four of 57 (59.6%) blue jays
thatwere seronegative, and 19 of 33 (57.6%) thatwere
seropositive, in 1994were resighted in 1995 (G � 0.04,
df � 1, P � 0.847). The pattern remained the same
when the comparison was made between birds sero-
positiveonly toHJand thosewithout antibodies to any
arbovirus (70.0% of seronegative birds were resighted
versus 66.7%of seropositivebirds;G� 0.07, df� 1,P�
0.790).

Neither EEE or HJ infection seemed to affect the
survival rate ofHYorbreeding adult scrub-jays (Table
9). Likewise, scrub-jay broods that had at least one
seropositive individual at the time of nutritional in-
dependence were no more likely to have lost siblings
before sampling than were broods in which none of
the surviving individuals was seropositive (Table 10).
Virus isolation attempts were made on 457 blood

samples (261 from blue jays and 196 from scrub-jays).
A single EEE isolation was made from the blood of an
11 d-old scrub-jay nestling sampled on 26 May 1995.
This nestling did not survive to ßedging and both
nestmates had antibodies to EEE when captured in
July 1995. One of these disappeared in August 1995
and the other was alive through the end of the study
in December 1995. Fifteen scrub-jay nestlings for
which viral isolations were negative between 23 April
and 3 June 1995 had antibodies to EEEwhen sampled
on either 20 or 21 July 1995. An additional scrub-jay
nestling was negative for SLE via virus isolation on 7
May 1995 and had NT antibodies to SLE on 21 July
1995.

Discussion

Survival of blue jays, but not that of Florida scrub-
jays, was signiÞcantly reduced by EEE. Although we
indexed blue jay survival based on resight rates rather
thanbyconÞrmeddeath,wehaveno reason tobelieve
our survival estimates were confounded by infection-
induced dispersal or behavioral inconspicuousness.
Even if infection reduced the competitive ability of
individual jays instead of killing them, the ultimate
result likelywould be a substantial reduction in Þtness
if not eventual death. Moreover, the higher antibody
prevalence in adult versus HY blue jays may reßect
higher mortality in young birds if EEE is epizootic in

Table 7. Effect of season of capture on antibody prevalence of EEE and HJ in adult blue jays

Season of
capture

Major avian
activity

Inclusive
months

EEE HJ

No. antibody positive/
no. of samples (%)

No. antibody positive/
no. of samples (%)

Prenesting Courtship Feb.ÐMar. 54/80 (67.5) 22/80 (27.5)
Nesting Nesting AprilÐMay 19/81 (23.5) 22/81 (27.2)
Postnesting Dependent young JuneÐJuly 39/126 (31.0) 14/126 (11.1)
Autumn Acorn harvest Aug.ÐOct. 3/11 (27.3) 0/11 (0.0)
Winter Maintenance Nov.ÐJan. 0/25 (0.0) 0/25 (0.0)

Nestlings and HY jays were excluded, and sexes and years were combined for this table. See text for explanation of season categories and
statistical analysis.

Table 8. Effect of season of capture on antibody prevalence of EEE and HJ in adult Florida scrub-jays

Season of
capture

Major avian
activity

Inclusive
months

EEE HJ

No. antibody positive/
no. of samples (%)

No. antibody positive/
no. of samples (%)

Prenesting Courtship Feb.ÐMar. 2/6 (33.3) 1/6 (16.7)
Nesting Nesting AprilÐMay 5/28 (17.9) 3/28 (10.7)
Postnesting Dependent young JuneÐJuly 9/32 (28.1) 7/32 (21.9)
Autumn Acorn harvest Aug.ÐOct. 0/5 (0.0) 0/5 (0.0)
Winter Maintenance Nov.ÐJan. 7/14 (50.0) 0/12 (0.0)

Nestlings and HY jays were excluded, and sexes and years were combined for this table. See text for explanation of season categories and
statistical analysis.
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the blue jay population. Alternatively, because infec-
tions in HY birds must be recent it is possible that
antibodies were not yet detectable in the young birds
at the timeof sampling.Asa thirdalternative,wemight
expect similar age-related patterns of infection if EEE
is enzootic, yet infection-induced mortality is low in
our study population. Mortality induced by EEE has
not been observed in free-ranging native birds, al-
though it has been assumed when avian die-offs have
occurred during periods of high EEE activity (Emord
and Morris 1984, McLean et al. 1985). Mortality re-
sulting from EEE infections in native species main-
tained in captivitywas reported inwhooping cranes in
1984 (Dein et al. 1986), and mortality resulting from
naturally occurringEEE infections in exotic species of
birds, including the chukar, Alectoris graeca
(Moulthrop and Gordy 1960); house sparrow, Passer
domesticus(Byrneet al. 1961); and ring-neckedpheas-
ant (Sussman et al. 1958) has been documented. In
addition, mortality also has been documented in ex-
perimentally infected European starlings, Sturnus vul-
garis (Komar et al. 1999). Thus, ours is the Þrst doc-
umentation of reduced survivorship associated with
EEE in a native, free-ranging bird population. Al-
though mounting an immune response may confer
immunity to subsequent EEE infections, current and
future antibody productionmay give rise to trade-offs
that reduce Þtness (Bonneaud et al. 2003).
We detected no effect of EEE virus on survival of

either adult or HY Florida scrub-jays. One possible
confounding problem is the fact that some antibodies
may be maternally inherited (Kissling et al. 1954). If
this were the case in the scrub-jays, the presence of

antibodies in nestlings or HY birds might not reßect a
recent infection. However, our isolation of virus from
an 11-d-old nestling indicates that at least some scrub
jays were infected in the nest. Moreover, because
maternally inherited antibodies only persist for 3Ð4
wk (Kissling et al. 1954), we doubt that many or any
of the antibodies that we detected in the young-of-
the-year reßect anything but recent transmission.
Wedetectednoeffect ofHJon the survival of either

jay species. This result was expected, because this
virus has not been associatedwithmortality in captive
or free-ranging species. The infection rate of SLE was
too low to allow analysis of its effects on jay survival
in our study.
The similar frequency of antibodies to each virus in

the two jay species indicates that they either encoun-
ter infected vectors at similar frequency or have sim-
ilar susceptibility to each virus. Unfortunately, be-
cause of seasonal variation in sampling between the
two species, we were unable to statistically assess the
relative difference in antibody prevalence between
the two jay species. Although overall antibody prev-
alence seemed similar for samples collected fromboth
jay species, it is possible that our estimate of preva-
lence of EEE antibodies in blue jays was low because
EEE infections apparently reduced survival in blue
jays. If so, the apparent similarity of prevalence in the
two species probably is an artifact, and true infection
rates are likely to be higher in blue jays. Between-
species differences in infection rates could result from
variation in exposure to infected vectors caused by
environmental or behavioral differences that likely
put blue jays in proximity tomosquito vectors. Indeed,

Table 9. Postsampling survival of antibody negative and antibody positive Florida scrub-jays

Social and sex status Virus

Survival (no. days survived/no. days of observation period � 100)

PAntibody negative Antibody positive

n Mean % of days S.E. n Mean % of days S.E.

HY males EEE 15 75.4 7.17 6 62.3 11.28 0.305
HJ 14 67.9 7.51 6 75.7 11.50 0.496

HY females EEE 18 40.3 8.37 3 43.6 28.53 0.821
HJ 19 36.5 8.02 1 100.0

Breeding adults
(sexes combined)

EEE 19 72.0 7.79 6 68.9 14.50 0.825
HJ 23 70.0 7.21 1 69.9

t-tests were performed on arc-sine square-root transformed percentages of the observed time during which the birds survived. Analyses
presented in this table are for 1994 and1995 combined.Analyses basedoneachyear aloneyieldedqualitatively identical results and are available
from K.A.T. (unpublished data).

Table 10. Relationship between brood survival and infection status at nutritional independence in Florida scrub-jays

Virus

No. of broods (%)

G df P
At least one surviving member

was antibody positive
No surviving members were

antibody positive

At least one member
died before sampling

No members died
before sampling

At least one member
died before sampling

No members died
before sampling

EEE 7 (38.9%) 11 (61.1%) 18 (52.9%) 16 (47.1%) 0.937 1 0.333
HJ 4 (36.4%) 7 (63.6%) 20 (50.0%) 20 (50.0%) 0.652 1 0.419

Birds in this table belonged to broods that were observed from hatching through nutritional independence, but they were not sampled for
antibodies until nutritional independence.The table compares theproportionof broods that survived intact (i.e., nobroodmembers diedbefore
nutritional independence) with the proportion of broods in which at least one member died before nutritional independence in relation to
infection status of surviving brood members.
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blue jays are more likely to be exposed to Culiseta
melanura (Coquillett), the enzootic mosquito vector
(Bigler et al. 1976, Scott andWeaver 1989), and there-
fore are more likely to be infected. Florida scrub-jays
prefer open and xeric scrub habitat, whereas blue jay
habitat preferences include bayhead and red maple
swamp where moist and shaded conditions provide
better breeding and resting sites for Cs. melanura. In
addition to, or in combination with, these general
habitat differences, microhabitat differences in nest-
ing sites also could account for differences in infection
rates. The tendency for blue jays to nest and roost in
tree canopies versus that of scrub-jays, which nest and
roost in shrubs (Woolfenden and Fitzpatrick 1996,
Tarvin and Woolfenden 1999), may put blue jays in
proximity to feeding mosquito vectors (Scott and Ed-
man 1991, Crans et al. 1994). Given these differences
in nesting sites between the two jay species, wemight
expect to see differences in nestling infection rates.
Immunonaive nestlings likely are exposed to greater
mosquito biting pressure than adults because they
have large areas of unfeathered skin, and they typi-
cally display a lack of defensive behavior toward host-
seeking and biting mosquitoes (Blackmore and Dow
1958). Vertical stratiÞcation of nest height has been
shown to inßuence probability of infection by arthro-
pod-borne protozoans in birds (Bennett and Fallis
1960, Garvin and Remsen 1997) and similarly may
inßuence prevalence of arboviral infections.
The difference in the effect of EEE on survival in

the two jay species is notable given both the close
phylogenetic relationship of these species (Espinosa
de los Monteros and Cracraft 1997) and their spatial
proximity at our study site. Because both species
clearly become infected, variation in survivorshipmay
be a result of susceptibility to fatal infection, but we
can offer no compelling explanation why susceptibil-
ity should be higher in one species than the other.
The results of our study cannot account for the

periodic massive die-offs of Florida scrub-jays ob-
served by Woolfenden and Fitzpatrick (1984, 1991),
because we did not detect a negative effect of viral
infection on scrub-jay survival. However, those die-
offs occurred after periods of particularly heavy rain-
fall when mosquito populations, and therefore trans-
mission rates, may have been especially high. We
cannot rule out the possibility that during periods of
extremely high transmission, jays may receive multi-
ple inoculations from infected mosquitoes. Further-
more, other factors, such as coinfection with other
pathogens or stress may also inßuence survival. Flor-
ida scrub-jays may be more likely to succumb to the
effects of infection under such conditions. Perhaps
those blue jays that did not survive in our study had
received multiple infective bites because they occu-
pied habitat with larger mosquito populations than
that of Florida scrub-jays.
Clearly, not all blue jays that were infected with

EEE died in our study. Multiple captures of several
individuals revealed that antibody positive birds may
survive long periods and may be antibody negative
upon recapture.Moreover, the lack of EEE antibodies

in blue jay samples collected in winter suggests that
antibodies had decayed by this time (McLean et al.
1983, Reisen et al. 2003) and that transmission had not
occurred recently. Between 27 and 31% of blue jay
samples were antibody positive between June and
October. If a similar proportion of the birds sampled
inwinter had been infected during the previous fall or
summer, wewould expect to have seen approximately
six to eight birds with antibodies in the winter unless
antibodies had decayed by this time and transmission
was no longer occurring. Unfortunately, we caught no
birds during the winter that were antibody positive
during an earlier sampling, and therefore we have no
direct evidence of antibody decay from the fall to
winter.Althoughwehavemultiple samples frommany
birds, we were unable to estimate the duration of
antibodies with great resolution. Our poor under-
standing of factors affecting antibody persistence in
wild birds (Kuno 2001), as well as the possibility of
recrudescence (Crans et al. 1994) and reinfection,
limits the inferences we can draw about the impact of
arboviruses on avian population dynamics. Nonethe-
less, our study provides strong evidence that EEE
inßuences survival of free-ranging blue jays.
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