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Abstract: Effects of transient human disturbance on avian species is a
concern on Department of Defense installations that support populations
of federally listed endangered birds. Military training often is conducted
within habitats that support endangered bird species, thus exposing indi-
viduals of these species to harassment as defined under the Endangered
Species Act (ESA) of 1973. During the 2006 breeding season on Fort Hood,
Texas, evaluations of two major physiological response systems deter-
mined response in passerine species to disturbances characteristic of mili-
tary training activities: a hormonal (adrenocortical) response to stress in
white-eyed vireos and endangered black-capped vireos, and energy expen-
diture as measured by remotely monitored heart rate in white-eyed vireos.
Heart-rate radio telemetry was used to measure avian metabolic demands
in response to potential stressors related to military training. This study is
the first to demonstrate that 1) heart-rate transmitters can successfully be
mounted on small (10-g) migratory passerines, 2) heart rate can be con-
tinuously monitored and recorded in these birds for at least 60 hours, and
3) heart rate is a robust measure of energy expenditure in small passerines
and therefore is a powerful method to test the effects of military activity on
survival in species of concern.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Executive Summary

Organisms must respond to unpredictable, novel, and/or dangerous con-
ditions in their environment to maintain homeostasis and optimize fitness
(survival and reproduction). Effects of transient human disturbance on
avian species is of particular concern on Department of Defense installa-
tions that support populations of federally listed endangered birds. Mili-
tary training activities are often conducted within habitats that support
endangered bird species, thus exposing individuals of these species to
“harassment” as defined under the Endangered Species Act (ESA) of 1973,
as amended. If military training activities elicit a stress response in indi-
viduals of endangered species, this would constitute harassment and is
considered “take” as defined under the ESA. The regulatory consequences
of take are significant and can result in widespread restrictions on training
activity in habitats of endangered species.

The objectives of this project are to (1) determine chronic and acute stress
response in passerines in response to non-lethal human disturbance as
measured by endocrine response and energy expenditure in free-flying
individuals, (2) determine whether individuals modulate their stress
response to multiple exposure to human disturbance, and (3) determine
whether species differ in stress response as a function of life history traits.

During the 2006 breeding season on Fort Hood, Texas, we evaluated two
major physiological response systems to determine response in passerine
species to disturbances characteristic of military training activities. We
evaluated a hormonal response to stress, the adrenocortical response, in
white-eyed vireos and endangered black-capped vireos (Section 2 of this
report), and energy expenditure as measured by remotely monitored heart
rate in white-eyed vireos (Section 3 of this report). These response meas-
ures are qualitatively different; however, both have potential costs relative
to fitness of an individual. Concurrently measuring both these response
systems in wild populations is important because, unlike captive experi-
mental populations, free-flying individuals may have the option of re-
sponding to a perceived threat through activation of the adrenocortical
response or behaviorally by avoiding the disturbance, thus potentially in-
creasing energy demands. Data from captive populations may not reflect
this plasticity of response in wild populations.
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Vi

One of our study species, the black-capped vireo (Vireo atricapillus), is
endangered and has a limited breeding distribution. Our other study spe-
cies, the white-eyed vireo (V. griseus), is common and widely distributed
in eastern North America. We used changes in plasma concentrations of
corticosterone, the avian glucocorticoid, to measure the response to the
following stressors: (1) capture and restraint for at least 30 minutes, (2) 60
minutes of continuous human presence on the breeding grounds, and (3)
at least one week of rotating, nest-directed stressors (chronic stress). Both
species exhibited the typical vertebrate response to capture and handling;:
a marked increase in corticosterone in the plasma. Black-caps, but not
white-eyes, showed increased corticosterone after 60 minutes of human
presence, suggesting that black-caps are more sensitive than white-eyes to
some forms of anthropogenic disturbance. Contrary to prediction, follow-
ing our chronic stress treatment, neither species exhibited the suppressed
corticosterone levels typical of chronically stressed vertebrates. However,
we found unexpected differences in corticosterone between our study sites,
with both species from one site exhibiting an apparently suppressed re-
sponse to capture and handling, suggesting birds at that site are chroni-
cally stressed. These findings suggest that birds breeding on Fort Hood,
including two endangered species—the black-capped vireo and the golden-
cheeked warbler—might be susceptible to negative physiological effects

of ongoing military training disturbance, but several further tests are
required to validate this hypothesis.

We use heart-rate radio telemetry to directly and continuously measure
avian metabolic demands in response to potential stressors related to mili-
tary training. Heart rate has been correlated to daily energy expenditure
in birds and has proven to be a good physiological indicator of stress re-
sponses to external stimuli in an organism’s environment. In this report,
we present data obtained during the 2006 field season in which we use

the non-endangered white-eyed vireo as a surrogate for the black-capped
vireo.

Heart rate was highly correlated to O2 consumption in white-eyed vireos
(see Fig. 4) and was therefore a good indicator of energy expenditure in
these birds. Two of five telemetered birds showed significant differences in
heart rate between disturbance and non-disturbance experiments. In fact,
one bird showed significantly lower mean heart rate and lower energy ex-
penditure during the disturbance experiment. However, all birds showed
an initial increase in heart rate at the start of the disturbance experiment
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followed by a decrease in heart rate (within the following 10 minutes),
indicating an initial alarm phase followed by a rapid habituation. Our
data indicate there may be some level of individual variation and the
7h00—-11h00AM period may not have been a period of elevated heart rate
for these birds, regardless of our presence. Further data are necessary to
make sound conclusions on the physiological effects of human activity in
this species.

Our study conducted at Fort Hood in 2006 is the first to demonstrate that
1) we can successfully mount heart-rate transmitters on small (10-g) mi-
gratory passerines, 2) we can continuously monitor and record heart rate
in these birds for at least 60 hours, and 3) heart rate is a robust measure of
energy expenditure in small passerines and is therefore a powerful method
to test the effects of military activity on survival in species of concern.
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1.1

1.2

Introduction

Objective

The objectives of this project are to (1) determine chronic and acute stress
response in passerines in response to non-lethal human disturbance as
measured by endocrine response and energy expenditure in free-flying
individuals, (2) determine whether individuals modulate their stress
response to multiple exposure to human disturbance, and (3) determine
whether species differ in stress response as a function of life history traits.

Background

Organisms must respond to unpredictable, novel, and/or dangerous con-
ditions in their environment to maintain homeostasis and optimize fitness
(survival and reproduction). Individuals can respond proximately to envi-
ronmental challenges through a variety of mechanisms, including neopho-
bic (avoidance) and neophilic (exploratory) behaviors (Greenberg 1984,
1990; Greenberg and Mettke-Hofmann 2001), endocrine responses such
as the adrenocortical response in vertebrate taxa (Wingfield et al. 1997,
Romero et al. 2000), or production of catecholamines in vertebrate taxa
(epinephrine and norepinephrine) through the sympathetic-adrenal
medullary response (Selye 1946, Henry and Stephens 1977). Activation

of these behavioral and physiological response systems represents cost/
benefit tradeoffs to the individual. For example, the well-documented
adrenocortical response to an environmental challenge has the benefit

of mobilizing energy resources to meet the perceived threat (Wingfield et
al. 1997); however, this response may have the cost of redirected behavior
and deleterious physiological effects if this response persists over extended
time periods (Sapolsky 1987). Proximate behaviors such as flushing from
nests by parental birds in response to a perceived threat may enhance pa-
rental survival at the cost of reduced nestling survival (Steidl and Anthony
2000, Lord et. al 2001). From an ecological perspective, these tradeoffs
represent a “stress” when the result is reduced fitness of the individual
(Hofer and East 1998).

Effects of transient human disturbance on avian species is of particular
concern on Department of Defense installations that support populations
of federally listed endangered birds. Training activities on these installa-
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tions are typically distributed across the landscape and not confined to
roads or trails. These activities are often conducted within habitats that
support endangered bird species, thus exposing individuals of these spe-
cies to “harassment” as defined under the Endangered Species Act (ESA)
of 1973, as amended. If military training activities elicit a stress response
in individuals of endangered species, this would constitute harassment
and is considered “take” as defined under the ESA. The regulatory conse-
quences of take are significant and can result in widespread restrictions
on training activity in habitats of endangered species. Understanding
avian response to transient human activity and whether individuals are
capable of modulating their response to repeated disturbance is important
in mitigating potential effects of military training activities and reducing
potential restrictions on training activities.

Human activity can present novel and potentially threatening conditions
to wildlife populations. Extensive research has been conducted to deter-
mine effects of human activities on wildlife, particularly species of con-
servation concern (e.g., Boyle and Samson 1985, Gutzwiller et al. 1994,
Knight and Cole 1995, Miller et al. 1998). Much of this work has focused
on birds because of their relative abundance and observability (see review
by Gutzwiller and Hayden 1997). Examples of human activities that may
be perceived as threats but do not directly impact individual organisms
include recreational activities such as hiking and boating, noise events,
and transient human presence under a variety of circumstances, including
military training activities.

Several deleterious effects of human presence in proximity to wildlife
populations have been observed. Avoidance flights and abnormal vigilance
induced by human activities may alter daily activity budgets and lessen the
time and energy used for fitness-enhancing activities such as feeding, nest
attentiveness, mate attraction, and territory defense (Burger and Gochfeld
1991, Gutzwiller et al. 1998, Lord et al. 2001). Steidl and Anthony (2000)
examined the effects of camping on breeding bald eagles (Haliaeetus leu-
cocephalus) and found that activity budgets were altered considerably
when camping activities were closer to nesting eagles. These significant
behavior modifications suggested that frequent human activities near
nests could adversely affect nestling survival and, therefore, reproductive
success.
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Environmental factors such as severe storms, pollution, or human dis-
turbance can act as stressors (Hofer and East 1998), triggering a cascade
of hormone secretions typical of stress in all vertebrates studied so far
(Boersma 1987, Silverin et al. 1997, Wingfield et al. 1997, Wasser et al.
1997). The measurement of circulating levels of corticosterone, the major
stress-related hormone in birds, allows monitoring of stress at the organ-
ismal level. Increases in circulating corticosterone to acute stress can be
viewed as an adaptive response in that it prepares the individual for “flight
or fight” (Wingfield et al. 1997). However, chronic elevation and initiation
of this response has been shown to detrimentally affect an individual’s fit-
ness by such mechanisms as reducing immune response and increased
mortality (Sapolsky 1987).

Although negative effects of human activity have been recognized, some
data indicate that wild populations may habituate in some respects to
activity that initially may be perceived as threatening, but that ultimately
presents no direct threat. Birds that habituate to human disturbance may
devote more time to incubation, foraging, and other fitness-enhancing
activities than those birds that avoid disturbance (Burger and Gochfeld
1991). Burger and Gochfeld (1991) found that the flushing distance of some
resident and migrant bird species in India decreased as the number of
people increased. Cooke (1980) found that birds were significantly more
approachable in suburban areas than in rural areas. These studies indicate
that some species are capable of modulating their response to human ac-
tivity with repeated exposure, particularly if it is perceived as not being a
direct threat.

Researchers evaluating the effects of human disturbance in wild popula-
tions are challenged by the great variability of potential response variables,
the multiple levels of biological organization where a response may be
expressed, and the difficulty in controlling levels of predictor variables

in studies of free-living populations.

During the 2006 breeding season at Fort Hood, Texas, we evaluated two
major physiological response systems to determine response in passerine
species to disturbances characteristic of military training activities. We
evaluated a hormonal response to stress, the adrenocortical response in
white-eyed vireos and endangered black-capped vireos (Section 2 of this
report), and energy expenditure as measured by remotely monitored heart
rate in white-eyed vireos (Section 3 of this report). These response meas-
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ures are qualitatively different; however, both have potential costs relative
to fitness of an individual. Concurrently measuring both these response
systems in wild populations is important because, unlike captive experi-
mental populations, free-flying individuals may have the option of re-
sponding to a perceived threat through activation of the adrenocortical
response or behaviorally by avoiding the disturbance, thus potentially in-
creasing energy demands. Data from captive populations may not reflect
this plasticity of response in wild populations.

Our use of multiple measures of stress and adaptation of newly available
technologies provides a unique opportunity to address key knowledge gaps
in how wild animals respond and adapt to potential disturbance from hu-
man activities. By framing the research design in the context of military
training activities, our study will provide the Department of Defense with
data that will assist in meeting the challenges of balancing the training
mission with requirements to promote conservation of endangered species
populations on military lands. Detailed descriptions of methods and re-
sults for our 2006 field experiments are presented in Sections 2 and 3 of
this report.



ERDC/CERL SR-08-8

2.1

Corticosterone Response to Experi-
mentally Induced Acute and Chronic
Disturbance in Black-Capped and White-
Eyed Vireos at Fort Hood, Texas

Introduction

Free-living animals occasionally must cope with unpredictable distur-
bances to normal activities, such as a predator attack or a severe weather
event. Vertebrates exhibit an adaptive hormonal response to such acute
stressors, starting when the hypothalamus stimulates the anterior pitui-
tary to release adrenocorticotropic releasing hormone (ACTH), and ending
with the release of glucocorticoid from adrenal tissue into the blood-
stream, causing much higher than normal (baseline) concentrations of
glucocorticoid in the plasma (Sapolsky et al. 2000). Activation of that
“hypothalamic-pituitary-adrenal (HPA) axis” has several beneficial
physiological effects that help an animal survive an acute stress, such

as increasing available energy in the bloodstream, and decreasing short-
term investment in processes unrelated to immediate survival, such as
reproduction (Sapolsky et al. 2000, Wingfield and Romero 2001).

However, when the HPA axis is activated chronically—repeatedly and for a
long time—fitness is compromised in two important ways. First, processes,
tissues, and behaviors that promote survival and reproduction may be al-
tered in ways that harm long-term fitness, such as reduced response to
immune challenges, neuronal cell death, and abandonment of the repro-
ductive life-history stage (Wingfield et al. 1997, Sapolsky et al. 2000). Sec-
ond, baseline and acute response levels of glucocorticoid are lower in the
plasma of chronically stressed animals (Rich and Romero 2005), suggest-
ing that chronic stress may alter the HPA axis in a costly way: by causing
an animal to mount an inadequate response to a true acute threat to sur-
vival. Therefore, the costs of chronic stress are important when consider-
ing threats to populations of threatened and endangered species, espe-
cially when those species could be exposed to ongoing disturbance from
human activity.
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Suppression of glucocorticoid levels is a potentially costly consequence

of prior chronic stress, but it also provides a way to detect chronic stress

in free-living populations. For many species, the acute glucocorticoid re-
sponse can be readily measured by capturing an animal and quickly taking
a baseline blood sample, then inducing an acute stress response by re-
straining the animal for a short period of time (30 minutes is used in many
vertebrate studies) and taking another blood sample for comparison with
the baseline level. In this experimental “challenge” to the HPA axis,
chronically stressed individuals are predicted to mount a smaller increase
in glucocorticoid after restraint compared to individuals that have not
been subjected to prior chronic stress (Rich and Romero 2005). That effect
was shown clearly in a controlled laboratory experiment in European star-
lings (Class Aves, Sturnus vulgaris): a group exposed to acute stressors
four times per day, for several days, had lower baseline and acute-response
levels of the major avian glucocorticoid, corticosterone, compared to a
control group (Rich and Romero 2005). The same suppression of baseline
corticosterone levels was recently demonstrated in free-living adult star-
lings exposed to experimentally induced, nest-directed chronic stress (Cyr
and Romero 2007).

Several observational studies of free-living vertebrates have demonstrated
a parallel difference in corticosterone levels between populations exposed
to different degrees and types of human disturbance: Magellanic penguins
exposed to tourists walking through a breeding colony (Walker et al.
2006), Galapagos marine iguanas exposed to tourists on foot, but re-
stricted to trails (Romero and Wikelski 2002), and spotted salamanders
in disturbed habitat (Homan et al. 2003). Together, these observations
suggest that exposure to various forms of human activity can be chroni-
cally stressful to free-living vertebrates. As contact between humans and
wild animals increases, understanding effects of human activity on threat-
ened and endangered species becomes increasingly important to conserva-
tion efforts.

We studied the effect of experimentally induced acute and chronic stress
in the endangered black-capped vireo (Vireo atricapillus) and the related
but common white-eyed vireo (V. griseus), migratory songbirds that breed
in south-central and southeastern North America. Our specific aim was to
increase our understanding of the effect of human disturbance on black-
caps inhabiting Fort Hood, Texas, which supports about 2000 males dur-
ing the breeding season (Cimprich and Kostecke 2006), and which is also
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2.2

the site of extensive and ongoing military training activity. Within each
species, we tested the hypothesis that human presence on the breeding
grounds is acutely stressful to adults. We predicted that one hour of hu-
man presence on the breeding grounds would cause an increase in corti-
costerone concentration. We also tested the hypothesis that chronic stress
would alter the HPA axis, so that baseline and acute-response concentra-
tions of corticosterone would decrease after several days of nest-directed
disturbance (i.e., chronic stress). Finally, we looked for evidence that
black-caps were more sensitive to our short- and long-term disturbances
than white-eyes, because black-caps are uncommon and have a limited
distribution, but white-eyes are common and widely distributed in eastern
North America, perhaps suggesting a greater susceptibility of black-caps to
human development and disturbance.

Methods
2.2.1 Study Sites

Field work was conducted on Fort Hood, an approximately 87,000-ha
military base in central Texas (USA). The base is shaped approximately

as a north-pointing triangle, with the central third comprising a live-fire
area surrounding a munitions impact zone. The west and east sides of the
base are used to practice land- and air-based maneuvers involving vehicles
and troops on foot. Black-capped and white-eyed vireos are common
breeders on Fort Hood, and often have overlapping territories. This was
true in both of our study sites, and territory density appeared to be similar
in both areas, although we were unable to quantify population density for
either area.

Because we wanted to control and minimize exposure to human activity
other than our experimental manipulations as much as possible, we
worked in low-use maneuver areas east and west of the live-fire area. The
human presence experiment (described below) was conducted in western
Fort Hood (training areas 13, 21, 22, and 64; hereafter referred to as the
“western site”), where the relatively open habitat and flat terrain permitted
an observer to locate and follow adults on their territories. The western
site was about 1 km from the nearest paved road. The chronic stress ex-
periment (described below) was conducted atop the secluded Owl Creek
plateau in far eastern Fort Hood (training area 20; hereafter referred to as
the “eastern site”), about 8 km from the closest paved road and 25 km east
of the western site.
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It was impossible to control for all potential site effects in our two experi-
ments, because we could not perform both experiments at the same site.
We wanted birds in the human disturbance experiment to be as naive as
possible to humans on foot, thereby maximizing the likelihood of detecting
a true acute effect of human presence on the territory, and we wanted
birds in the chronic stress experiment to be from the most secluded suit-
able habitat possible on the base, thereby maximizing the likelihood of
detecting a true effect of our chronic stress treatment. Our chronic stress
protocol required up to six people per day walking through breeding habi-
tat, which could have caused habituation to that potential disturbance,
and therefore confounded our test to determine whether human presence
caused an acute increase in corticosterone. Also, compared to the western
site, the more wooded habitat and hilly terrain in the eastern site made
detecting and following adults much more difficult, so the human presence
experiment would have been impossible in the east. Thus, we found the
potential confound of working at sites in different parts of Fort Hood less
important than the problem of testing for an effect of human presence in
birds exposed to almost daily human disturbance, and the considerable
logistical difficulty of performing the human presence experiment in the
eastern, more secluded site. Furthermore, to reduce the number of ani-
mals used in the study, we used one control group for each species, taken
from the eastern site, for comparison with birds exposed to an hour of
human presence and birds exposed to chronic stress.

2.2.2 Human Presence Experiment

From 23 April to 30 May 2006, adult black-capped and white-eyed vireos
were followed on their breeding grounds by one of the authors (TJH) for
60 minutes. The 60-minute period began when an adult was detected and
approached on foot. For about the next 50—55 minutes, the focal bird was
continuously approached on foot along the most direct line possible, at a
moderate walking pace. When the bird hopped or flew away, it was fol-
lowed on foot to the next perch. No other disturbance was attempted (e.g.,
no hand-clapping, waving, or vocalizing). Territory boundaries were not
mapped for any bird in order to prevent habituation to human presence,
so it is possible that focal birds left their breeding territory during the fol-
lowing disturbance, but no followed adult that was eventually sampled for
corticosterone escaped human detection and approach for more than 1—2
minutes during the hour. Visual contact was attempted at all times. Also,
although samples were taken over the same time of year as the chronically
stressed and control samples (see below), we could not confirm that all



ERDC/CERL SR-08-8

adults in this group had nestlings on the day they were sampled, as we did
for the other groups.

After about 50—55 minutes of following, a 6- x 2-m mist net was stretched
open between two poles in a part of the territory frequented by the focal
bird during the preceding disturbance. Mist net setup was occasionally
stopped to approach and make close visual contact with the bird. Once the
mist net was raised, adults were captured and corticosterone was sampled
as described below. Any difference in corticosterone levels between fol-
lowed and control adults suggested an effect of 60 minutes of human pres-
ence on the territory.

2.2.3 Chronic Stress Experiment

From 26 April to 5 June 2006, we attempted to create chronically stressed
adult black-capped and white-eyed vireos inhabiting a secluded area of
Fort Hood. The aim of this experiment was to create a known group of
chronically stressed birds for future comparison with birds exposed to
military training activities.

Our chronic stress treatment comprised four stressors per day at active
nests for 7—10 d, while adults were incubating eggs and brooding or
feeding nestlings, following the laboratory chronic stress protocol of Rich
and Romero (2005) and the field adaptation of that protocol by Cyr and
Romero (2007). Stressors were presented in random order but never
repeated at a nest within one day. Our six stressors were

1. Naturalistic decoys of predators on adults and nestlings: 2-m
rubber snake, plastic crow with call playback, and plastic screech
owl with call playback, and

2. Anthropogenic disturbances known to cause chronic stress in cap-
tive European starlings (and indirectly known for free-living, nest-
ing European starlings based on Cyr and Romero [2007]): human
presence, radio playback, and novel objects, such as a helium bal-
loon tied to nearby vegetation (Rich and Romero 2005).

Stressors were positioned 1—2 m from each nest, for 30—60 min, with
varying amounts of time between presentations (0.5—3.0 h). Predator call
and radio playback were made using battery-powered, handheld digital
audio players (Muvo mp3 players, Creative Labs) connected to small (9- x
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8- x 5-cm) amplified speakers (Mini Audio Amplifier, RadioShack). Preda-
tor calls were played randomly among two 20-second bouts of silence, and
radio playback was 35 minutes of a talk show with multiple human voices
and other anthropogenic noises. Audio players and speakers were placed
on the ground below, or in vegetation < 1 m from the decoys, which were
always placed in an upright, perched position in vegetation near the nest,
and oriented toward the nest. During the human presence stressor, one
person sat or stood and occasionally moved (waved, clapped, etc.) and
vocalized.

Rich and Romero (2005) showed that corticosterone concentration
dropped significantly in captive starlings exposed to chronic stress for
approximately 8—10 d. We sampled most adults after 7—9 d of stress treat-
ment in order to reduce the risk of losing samples because of nest loss to
predation or weather, and to keep the timing of corticosterone samples as
similar as possible within the nestling stage. After 7—12 days of rotating
stressors, and always when adults were feeding nestlings, we captured
adults and measured plasma corticosterone levels as described below.

2.2.4 Control Group

From 29 April to 8 June 2006 we captured and sampled blood from adult
black-capped and white-eyed vireos (as described below) for comparison
with our samples of adults exposed to 60 min of human presence or our
chronic stress treatment. All control samples came from the eastern site,
as discussed above (see 2.2.1 Study Sites, page 7), and were taken from
adults known to have nestlings on the day they were sampled.

2.2.5 Capture, Blood Sampling, and Corticosterone Analysis

When adults were feeding nestlings, we captured them with mist nets, oc-
casionally and only where necessary, using playback of conspecific song or
screech owl calls to attract birds to the net. In most cases adults were net-
ted passively. For nearly all control and chronic stress samples we cut mist
net lanes and suspended the net (closed) the day before we intended to
sample, then approached the territory and opened the net when adults
were away gathering food for the nestlings.

Blood samples (20—50 pL) were taken within 3 min of capture (T = 0) as
a measure of baseline circulating corticosterone concentration. Another
blood sample was taken after 30 min of handling and restraint in an
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opaque cloth bag (T = 30). Blood was held on ice until it could be centri-
fuged (within 24 h), then the plasma was frozen and returned to Tufts
University for analysis using a standard radioimmunoassay (Wingfield
et al. 1992).

In order to minimize any effects of our capture and bleeding protocol, 60-
minute samples were not taken from the smaller and endangered black-
capped vireos in the control and chronically stressed groups. Little was
lost by forgoing the 60-minute sample for these groups because the differ-
ence in corticosterone between control and chronically stressed groups
was relatively small after 60 minutes of capture compared to 30 minutes
after capture in captive European starlings (Rich and Romero 2005).

2.2.6 Comparisons and Statistical Analyses

Our major purpose in this study was to describe any effect of our acute and
chronic stressors on plasma corticosterone within each study species. Di-
rect species comparisons were less important, so we analyzed and report
each species separately.

Contrary to prediction, mean baseline corticosterone was slightly higher in
the chronic stress sample than the control sample within each species (Ta-
ble 1). Therefore, in order to increase statistical power, we pooled baseline
corticosterone data for the chronic and control samples for each species,
and compared that pooled sample to the 60-min human presence group
in a two-way analysis of variance. All samples for that analysis met the as-
sumptions of normal distribution (in Shapiro-Wilks test all P > 0.05) and
all contrasts met the assumption of homogeneity of variance (in F-ratio
variance test, all P > 0.10). We used Wilcoxon signed ranks test to com-
pare corticosterone levels at capture and 30 and 60 min after capture
within control, chronically stressed, and human presence samples, be-
cause within each species at least some samples or contrasts violated the
assumptions of normality and homogenous variance. Repeated-measures
analysis of variance was used to test for differences among samples in the
change in corticosterone over time, because baseline and 30-min corticos-
terone levels were correlated strongly among control white-eyed vireos (r
= 0.83, P = 0.02, n = 7) and weakly among black-capped vireos (r = 0.75,
P = 0.09, n = 6). Not all samples met the assumption of normality, but
analysis of variance is somewhat robust to that problem (Zar 1996), and
that minor violation was preferable to using non-parametric methods that
cannot control for correlated corticosterone levels within individuals.
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Table 1. Plasma corticosterone concentration (ng x mL-1) in adult black-capped and white-
eyed vireos breeding at Fort Hood, Texas, after exposure to 60 minutes of human presence,
chronic stress treatment, or no prior experimental treatment (mean £ SE). Sample sizes in
parentheses. The human presence experiment was conducted in western Fort Hood, and the
other samples were taken from a secluded area of eastern Fort Hood.

Minutes after capture
0 30 | 60
Black-capped vireos

Human presence 16.8 + 4.5 (11) 35.7 +5.8(9) 50.0 £ 9.4 (8)

Chronic stress 8.1+4.7(7) 56.0 £ 10.8 (10) —

Control 7.3+3.0(8) 54.3 + 10.7 (8) —

White-eyed vireos
Human presence 4.7+ 1.2 (12) 26.5 +3.1(12) 32.6+8.4(9)
Chronic stress 5.7+ 1.6 (7) 41.9+7.3(8) 41.7 £ 8.1 (6)
Control 53+1.7(7) 415 +5.3(8) 49.4 + 10.6 (5)
2.3 Results

2.3.1 Black-Capped Vireos

Human presence appeared to increase plasma corticosterone in black-
capped vireos. Corticosterone at the time of capture averaged 6.4 + 2.4 ng
mL- (n = 14) among control and chronic samples, and 16.8 + 4.5 ng mL-1
(n = 11) in birds followed on their territories for one hour (F; 5 = 4.73, P =
0.040; Fig. 2.1a). Followed birds also differed in their response to capture
stress compared to the other samples. Thirty minutes of capture and han-
dling caused corticosterone to increase to only 35.7 + 5.8 ng mL-* in fol-
lowed birds (comparison to corticosterone at time of capture, Z = -1.84,

P = 0.066, n = 9), but it increased to 56.0 + 10.8 ng mL-! in the chronic
stress sample (Z = —2.37, P = 0.018, n = 7) and to 54.3 £ 10.7 ng mL-in
the control sample (Z = —2.20, P = 0.028, n = 6). Furthermore, followed
birds had a significantly smaller increase in corticosterone from capture
to 30 minutes after capture compared to control birds (repeated measures,
Fi13 = 5.26, P = 0.039). It is unlikely that the relatively small increase in
corticosterone after 30 minutes in the followed group was caused by in-
ability of the adrenal tissue to produce more corticosterone, because corti-
costerone increased to 50.0 + 9.44 ng mL-1 by 60 minutes after capture
(Z=2.38,P=0.017,n = 8).

Our chronic stress treatment had no effect on baseline (Fisher’s protected
least squares P =0.51) or response levels of corticosterone compared to
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controls (P = 0.92), suggesting that we did not cause chronic stimulation
of the hypothalamic-pituitary axis in black-caps.

2.3.2 White-Eyed Vireos

In contrast to black-caps, white-eyed vireos exhibited no increase in corti-
costerone after one hour of human presence. At the time of capture, corti-
costerone averaged 4.7 + 1.2 ng mL-! among birds exposed to human pres-
ence and 5.5 + 1.6 ng mL-! among control and chronic samples (Fs,.5 =
0.14, P = 0.87). Thirty minutes after capture, followed white-eyes showed
a significant increase in corticosterone (Z = —2.98, P = 0.003, n = 12), as
did chronic (Z = —2.20, P =.028, n = 6) and control (Z = —2.37, P = .018,
n = 7) samples. However, as with black-caps, the change in corticosterone
in white-eyes was significantly smaller in the followed sample (to 26.5 +
3.1 ng mL-! after 30 minutes) than the control sample (to 42.8 + 6.0 ng
mL-1; repeated measures, Fi,1; = 7.14, P = 0.016). Corticosterone did not
continue to increase 60 minutes after capture in the followed sample

(Z =-0.30,P =0.77,n = 9) or in the chronic (Z = —0.11, P = 0.92, n = 6)
or control (Z = —0.41, P = 0.69, n = 5) samples.

There was no effect of our chronic stress treatment on either baseline
(Fisher’s protected least squares P = 0.84) or response levels of corticos-
terone compared to our control sample of white-eyes (P = 0.97). As in
black-caps, our chronic stress treatment appeared to have no effect on
the HPA axis.

Discussion
2.4.1 Patterns of Corticosterone Change in Control Groups

Black-capped and white-eyed vireos exhibited a typical vertebrate re-
sponse to capture and handling. Thirty minutes after capture and re-
straint, plasma corticosterone concentration increases from (mean + SE)
4.7 £ 1.7 ng/mL to 54.3 £ 10.7 ng/mL in black-caps, and from 4.1 + 1.4
ng/mL to 40.4 + 6.5 ng/mL in white-eyes. These data, which were taken
from vireos inhabiting one of the most secluded areas on Fort Hood,
probably reflect typical, undisturbed baseline and acute response concen-
trations of corticosterone during the nesting stage. They provided the basis
for comparisons with vireos exposed to the experimental disturbances we
created in this study, and they provide the basis for future comparisons
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with vireos nesting in areas of Fort Hood that experience high levels of
military training activity.

2.4.2 Human Presence Experiment

The disturbance of being followed by a human for 60 minutes caused
plasma corticosterone to increase in black-capped but not in white-eyed
vireos. Therefore the black-capped vireo, an endangered songbird that
nests in many areas of Fort Hood, may be susceptible to acute physiologi-
cal stress due to military training activities. Further tests are needed to
determine whether other military training activities on Fort Hood, such as
bivouacking and operating a generator, cause the same stress response as
being unable to escape the presence of a human on foot for 60 minutes.

It remains to be tested whether black-capped vireos habituate to human
disturbance, thereby reducing the long-term physiological impact of mili-
tary training activities. For example, after several days of training activity
in an area, black-caps may not perceive humans on foot as a threat and
thus they may not respond with an acute corticosterone increase. The abil-
ity to habituate to disturbance during the nesting stage could explain why
our attempt at causing chronic stress failed. Alternatively, black-caps may
not habituate to military training activities, suggesting the need for a fur-
ther evaluation of the physiological impact of particular areas, times, dura-
tions, or types of training activity.

White-eyed vireos did not increase corticosterone in response to 60 min-
utes of human presence. White-eyes have wider habitat preferences than
black-caps (Grzybowski 1995, Hopp et al. 1995), so white-eyes may have
had, or perceived that they had, many escape routes and vegetation
patches available to them while being followed, which might have reduced
the perceived threat of, and therefore the corticosterone response to, a
human on foot. Also, radio-transmitter tracking (I. Bisson, unpublished
data) and our anecdotal observations during mist-netting suggest that
white-eyes commonly move long distances (> 1 km) and into neighboring
territories during the breeding season, so it may not be stressful for white-
eyes to be pursued into habitat surrounding their breeding territories.
White-eyes might exhibit a corticosterone response after a longer period
of human presence, and to other types of anthropogenic disturbance, but
this remains to be tested.
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Notably, the much smaller geographical distribution and smaller total
population of black-caps than white-eyes is correlated with our finding
that black-caps were more sensitive than white-eyes to our mild human
disturbance. Therefore, black-capped vireos might be predisposed to lim-
ited range as a result of expansion of the human population.

2.4.3 Chronic Stress Experiment

To our surprise we found no effect of our chronic stress treatment on
plasma corticosterone concentrations in either black-capped or white-eyed
vireos. This finding contradicted expectation, because various forms of
chronic disturbance are correlated with decreased corticosterone levels

in birds and reptiles in the lab (Rich and Romero 2005) and field (e.g.,
Homan et al. 2003, Romero and Wikelski 2002, Walker et al. 2006, Cyr
and Romero 2007). Interestingly, in both vireos we found lower corticos-
terone after 30 minutes of restraint in our west site than in our east site.
We made no prediction about site differences in this study, but this result
is consistent with the hypothesis that vireos in the west site are chronically
stressed, and vireos in the east are not. Unfortunately, we cannot exclude
the possibility that eastern vireos would show low 30-minute corticoster-
one levels if they were exposed to 60 minutes of human presence before
capture, as were the western vireos.

We conclude, tentatively, that our “chronically stressed” group was not
truly chronically stressed, either because focal adults escaped our stressors
by flying away, or because they habituated to our stressors and thus
stopped responding to them with an acute corticosterone response. We
find it unlikely that our stressors were not perceived as threats by either
species, based on our human presence experiment for black-caps, and
based on anecdotal behavioral observations of black-caps and white-eyes
responding to crow and owl presentation and playback. Whatever the rea-
son, we probably did not cause the repeated acute corticosterone increase
necessary to cause the suppressed response characteristic of chronically
stressed animals (Rich and Romero 2005, Cyr and Romero 2007).

Failure to cause chronic stress with our protocol does not imply that black-
capped vireos, white-eyed vireos, or the endangered golden-cheeked war-
bler (Dendroica chrysoparia), another common breeder on Fort Hood,
are not susceptible to long-term human disturbance in general, or military
training activities in particular. The east-west site differences we found in
vireos in this study suggest that chronically stressed bird populations may
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exist on Fort Hood. The west site in this study was only about 1 km from a
paved road and the vireos there appeared to have suppressed corticoster-
one response to capture, but the east site, chosen for its seclusion, was
about 8 km from the nearest paved road, and vireos there appeared to
have a typical corticosterone response to capture.

Results and Conclusions

Our initial tests, presented here, suggest that black-capped vireos are sus-
ceptible to novel stressors they cannot escape, as when they were followed
by a human, but that they might not be susceptible to novel stressors they
can escape, such as our nest stressors. A third possibility is that they sim-
ply habituate to escapable and non-escapable stressors during nesting.
White-eyed vireos did not respond to being followed by a human or to
our nest-directed stressors. This research provides a substantial basis for
future comparisons of corticosterone levels in black-capped and white-
eyed vireos exposed to different kinds of military training activity, and

in areas of Fort Hood that experience more training activity (e.g., live-fire
areas) than the secluded area we sampled (far eastern Fort Hood).

Several tests are necessary to test the hypotheses developed here. First is
the need to take control samples at the west site, which would allow us to
exclude the possibility that the low corticosterone response in the west site
to 30 minutes of capture was somehow caused by the 60 minutes of dis-
turbance prior to capture. Second is the need to test for a corticosterone
response to our nest-directed stressors in eastern birds, which would con-
firm that they are perceived as threats by vireos there. Finally is the need
for a reference sample of vireos away from Fort Hood, with very little ex-
posure to any form of human disturbance. Even our relatively secluded
east site was exposed to low-flying helicopters, blast noise from a nearby
demolition site, occasional recreational vehicle traffic, and our nest-
searching activities. Samples from an even more secluded site would
make us sure that the east site at Fort Hood serves as a legitimate control
site for comparison with vireos from other parts of the base.



ERDC/CERL SR-08-8

70
| a. Black-capped vireo
60 - iR '
50 / [
401 x _
| n
30 /
201 n
10 ¥ control (east site)
CORT | P ] chronic stress (east site)
0 : M 1 hr human presence (west site)
(ng/ml) _-
b. White-eyed vireo
60 -
50 K
| L ¥
40 T ‘
' |
30 1
. |
20
1 control (east site)
0 = </ chronic stress (east site)
| N hr_ human presence (west site)
T=0 T=30 T=60
Minutes after capture

Figure 1. Plasma corticosterone concentration at time of capture (T = 0) and after 30 and 60
minutes of handling and restraint, in (a) black-capped and (b) white-eyed vireos exposed to 1
hr of human presence, 7-10 days of rotating, nest-directed stressors (chronic stress), or with
no prior exposure to direct human disturbance (control).
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3.1

Physiological Stress Responses to Human
Activity Using Heart-Rate Telemetry

Introduction

Determining the effects of human activity on wildlife is a crucial step
toward developing sound management programs for species of concern.
Previous studies seeking to quantify these effects have primarily focused
on habitat assessments (e.g., Johns 1991), consequences on nesting suc-
cess (e.g., Safina and Burger 1983), or have attempted to evaluate these
effects through observations of behavioral responses (e.g., Gill and Sealy
1996), all of which can be time-consuming and costly. Measurements of
physiological responses such as energy expenditure and the adrenocortical
response to human-caused disturbance may, however, offer a more direct,
continuous, and robust approach.

Organisms physiologically respond to negative or positive conditions in
their environment in order to maintain homeostasis and optimize fitness.
In turn, allostasis maintains stability of the homeostatic system through
change (e.g., maintaining blood oxygen, body temperature). Faced with a
perceived threat, organisms respond by turning on an allostatic response
initiating a variety of physiological and behavioral coping mechanisms.
The body then shuts off these responses once the threat has gone. How-
ever, if physiological and behavioral responses do not result in maintain-
ing allostasis, as is the case when activation of the response systems per-
sists over an extended period of time (no habituation), the costs outweigh
the benefits of such responses, resulting in decreased fitness of the indi-
vidual. We can also refer to this condition as allostatic overload. In this
study we use measures of energy expenditure to assess avian responses to
human activity associated with military operations and determine whether
allostasis is achieved in the presence of such activity. Because military
activities are unpredictable, periodic, and differ in intensity, they offer a
powerful tool to assess a full range of disturbance types on avian physio-
logical responses. Such responses may include an increase in energy ex-
penditure that may result in decreased fitness, including overall decreased
survival (Daan et al. 1996).
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We use heart-rate radio telemetry to directly and continuously measure
avian metabolic demands in response to potential stressors related to mili-
tary training. Heart rate has been correlated to daily energy expenditure

in birds (Bevan et al. 1995, Cochran and Wikelski 2005) and has proven to
be a good physiological indicator of stress responses to external stimuli in
an organism’s environment (Nephew et al. 2003). Our overall goal was to
formulate management practices that will benefit endangered species,

the black-capped vireo (Vireo atricapillus) and golden-cheeked warbler
(Dendroica chrysoparia), inhabiting military training areas and that will
ensure long-term sustainable and successful military installations. Our
specific objectives were 1) to develop dose/response models for physiologi-
cal response of selected priority endangered species to military stressors;
2) to determine capacity of species of concern to habituate to non-threat
disturbances; and 3) to test predictive models for physiological stress re-
sponse based on life history characteristics and taxonomic affiliation of
endangered species. This report presents data obtained for the 2006 field
season in which we use a surrogate non-endangered relative of the black-
capped vireo, the white-eyed vireo (Vireo griseus).

Methods
3.2.1 Study System

The white-eyed vireo is a small (11-g) migratory passerine that breeds in
the eastern region of North America from southern Canada to Florida. Its
winter range expands from Virginia to Honduras and parts of the Carib-
bean (Hopp et al. 1995). The study was conducted on one of the vireos’
breeding sites on the Fort Hood military post in Killeen, Texas (31°7'48" N,
97°46'49" W) during the white-eyed vireo’s breeding season from March
to June 2006 (Fig. 2). Fort Hood, a 340-mile2 installation, is one of the
most intensely used ground-training sites for US military troops (Hayden
et al. 2001) and therefore provides excellent grounds to test the effects of
human and military activity at varying degrees of intensity. Fort Hood
comprises three main training areas with varying military training inten-
sity (Fig. 2). To measure stress response in birds that were typically not
habituated to human or military activity, we conducted the study in the
eastern region of the Fort Hood post (Fig. 2), where activity was limited.
During the three-month study period, we observed very little human and/
or military presence, other than our own. The study site was typical of
white-eyed vireo habitat: open patchy secondary scrubland dominated
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by ashe juniper (Juniperus ashei), shin oak (Quercus incana), and Texas
oak (Quercus texana).
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Study site for heart-rate telemetry
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Figure 2. Study area on Fort Hood post (Killeen, Texas).

3.2.2 Heart-Rate Telemetry

Before the start of the heart-rate monitoring experiments, we mapped ter-
ritories and monitored territorial male vireos. We captured paired males
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one hour before roosting (approximately 5:00PM) by luring them into
mist-nets using song playbacks. Each vireo was marked with a unique
combination of US Fish and Wildlife Service band and color bands. We
used heart-rate transmitters (Sparrow Systems, Dewey, Illinois) to capture
and transmit heart rate for seven white-eyed vireo males. Each transmitter
was first fitted with a small piece of cloth to enable its attachment to the
bird’s dorsum. The transmitters and cloth together weighed less than 5%
(250 mg) of the species’ average body weight. Transmitters emitted a con-
tinuous signal amplitude modulated (AM) by a 1,800-Hz subcarrier oscil-
lator that was frequency modulated (FM) by heart muscle potentials. In
turn, the heart muscle potential was captured via two wire electrodes
placed subcutaneously on the dorsum. We mounted heart-rate transmit-
ters following protocols by Cochran and Wikelski (2005), but without the
use of isoflurane to anesthetize the birds. Our first attempts at placing
heart-rate transmitters with the use of isoflurane resulted in two deaths.
Isoflurane alone was not the cause of death, but rather a combination of
isoflurane and isopropyl alcohol used to wet the feathers for cutting. We
therefore do not discourage the use of isoflurane for these experiments,
but found that we successfully mounted transmitters without having to
anesthetize the birds. The procedure lasted an average of 15 minutes from
the time of capture to the time of release.

3.2.3 Heart-Rate Tracking and Disturbance Experiments

Each bird mounted with a transmitter (n = 7) was continuously monitored
for two days and three nights (60 hours). Average duration of battery life
for heart-rate transmitters was five days. All male vireos were mated and
most (n = 4) were actively feeding fledged young during the entire moni-
toring period, with the exception of one male that was nest building and
one male that was incubating. Heart rate was radio transmitted and re-
motely recorded using Yagi antennae and AR800 receivers (AOR Ltd.,
Tokyo, Japan) that were connected to a PC laptop computer. We used the
CoolEdit 2000 sound recording analysis software (Syntrillium Software
Corp., Phoenix) to record and analyze heart rate. CoolEdit provides a
band-pass filtering option that enables the removal of noise for heart-rate
analysis. Heart rate (beats/min) was subsequently calculated manually
every 10 minutes during the disturbance and non-disturbance period and
every 30 minutes for the remaining tracking period.

Each bird mounted with a heart-rate transmitter was disturbed continu-
ously for four hours (7-11AM) on Day 2 of the study. Disturbance experi-
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ments involved one observer following and threatening the bird at 5-12
feet with loud noises and aggressive chases. Observers (n = 3) were
changed after 60—90 minutes of disturbance. We used the same four-hour
time period (7—11AM) on Day 1 as the control non-disturbed experiment.
Behavioral observations were monitored during both disturbed and non-
disturbed periods to correlate behavior with heart-rate recording.

3.2.4 Measuring Metabolic Activity

Energy expenditure was determined for five additional white-eyed vireos
by measuring oxygen consumption and carbon dioxide production using

an open flow, push-through respirometry system in the laboratory (With-
ers 1977). Heart rate was simultaneously recorded to calculate energy ex-
penditure from that obtained in the field for seven vireos. We used Fick’s
equation that, for the cardiovascular system,

Oxygen consumption = heart rate x cardiac stroke volume x
(oxygen content of arterial blood — oxygen content of venous blood).

Heart rate was decreased from high to resting levels by placing the bird in
a dark chamber for 5—10 minutes.

Results and Conclusions

We obtained heart rate for non-disturbed vs. disturbed experiments for
seven vireos, but in this report we present heart-rate data for five vireos
only (Fig. 3). Heart rate was highly correlated to O2 consumption in white-
eyed vireos (Fig. 4) and was therefore a good indicator of energy expendi-
ture in these birds.

Only two birds showed significant differences in heart rate between dis-
turbance and non-disturbance experiments (Fig. 3). In fact, one bird
showed significantly lower mean heart rate and lower energy expenditure
during the disturbance experiment (individual 2, Table 2 and Fig. 3).
However, all birds showed an initial increase in heart rate at the start of
the disturbance experiment (Fig. 3), followed by a decrease in heart rate
(within the following 10 minutes), indicating an initial alarm phase fol-
lowed by a rapid habituation. Changing the observer (twice every 60—90
minutes) did not alter heart rate during the experiments. Our results
therefore indicate that birds quickly habituate to human disturbance
regardless of the person conducting the disturbance. However, the rapid
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habituation may be a result of prior exposure to our presence. Although we
limited our activities during territory searches early in the field season, we
may have nonetheless habituated the birds to our presence prior to the
start of the experiments. Furthermore, there appears to be some level of
individual variation and the 7ho0—11h00AM period may not have been a
period of elevated heart rate for these birds regardless of our presence
(Fig. 3). Further data are necessary to make sound conclusions on the
physiological effects of human activity in this species.

Our study conducted at Fort Hood in 2006 is the first to demonstrate that
1) we can successfully mount heart-rate transmitters on small (10-g) mi-
gratory passerines, 2) continuously monitor and record heart rate in these
birds for at least 60 hours, and 3) heart rate is a robust measure of energy
expenditure in small passerines and is therefore a powerful method to test
the effects of military activity on survival in species of concern. We are
therefore confident that our methodology can be used on the endangered
black-capped vireo and potentially on the golden-cheeked warbler in 2007.
Our 2007 goals therefore include studying physiological effects of military
operations on species of concern at Fort Hood using heart-rate telemetry.

Table 2. Mean heart rate and corresponding energy expenditure of five white-eyed vireos
monitored during four-hour (7h00-11h0O0AM) disturbance and non-disturbance experiments
at Fort Hood, Texas, 2006. Individual numbers correspond to those in Figure 3.

Mean heart rate (beats/min) Mean energy expenditure (kJ/day)
Individual Disturbance No disturbance Disturbance No disturbance
1 1005 680 88 49
2 532 748 34 59
3 760 812 63 63
4 1006 9263 88 83
5 771 772 61 61
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Figure 3. Heart rate (beats/min) for five white-eyed vireos at Fort Hood, 2006. a) ANOVA comparisons
between disturbed vs. non-disturbed experiments during the 7h00-11hO0OAM period and b)
corresponding heart rate during the entire (ca. 60 hrs) monitoring period. Shaded areas indicate
night/roosting and arrows indicate start and end of disturbance experiment on Day 2 of monitoring
period.
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Figure 4. a) O2 consumption and b) energy expenditure (kJ/day) of five white-eyed vireos in
relation to their heart rate.
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4 Concluding Summary

During the 2006 breeding season at Fort Hood, Texas, we evaluated two
major physiological response systems to determine response in passerine
species to disturbances characteristic of military training activities. We
evaluated a hormonal response to stress, the adrenocortical response in
white-eyed vireos and endangered black-capped vireos (Section 2 of this
report), and energy expenditure as measured by remotely monitored heart
rate in white-eyed vireos (Section 3 of this report).

Our initial tests of corticosterone response suggest that black-capped vir-
eos are susceptible to novel stressors they cannot escape, as when they
were followed by a human, but that they might not be susceptible to novel
stressors they can escape, such as our nest stressors. White-eyed vireos did
not respond to being followed by a human or to our nest-directed stress-
ors. This research provides a substantial basis for future comparisons of
corticosterone levels in black-capped and white-eyed vireos exposed to
different kinds of military training activity, and in areas of Fort Hood that
experience more training activity (e.g., live-fire areas) than the secluded
area we sampled (far eastern Fort Hood).

Future endocrine response work will test the hypotheses developed from
our 2006 studies. First is the need to take control samples at the west site,
which would allow us to exclude the possibility that the low corticosterone
response in the west site to 30 minutes of capture was somehow caused by
the 60 minutes of disturbance prior to capture. Second is the need to test
for a corticosterone response to our nest-directed stressors in eastern
birds, which would confirm that they are perceived as threats by vireos
there. Finally is the need for a reference sample of vireos away from Fort
Hood, with very little exposure to any form of human disturbance. Even
our relatively secluded east site was exposed to low-flying helicopters,
blast noise from a nearby demolition site, occasional recreational vehicle
traffic, and our nest-searching activities. Samples from an even more se-
cluded site would make us sure that the east site at Fort Hood serves as a
legitimate control site for comparison with vireos from other parts of the
base.
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Our heart-rate telemetry study conducted on Fort Hood in 2006 is the first
to demonstrate that 1) we can successfully mount heart-rate transmitters
on small (10-g) migratory passerines, 2) continuously monitor and record
heart rate in these birds for at least 60 hours, and 3) heart rate is a robust
measure of energy expenditure in small passerines and is therefore a pow-
erful method to test the effects of military activity on survival in species of
concern. We are therefore confident that our methodology can be used on
the endangered black-capped vireo and potentially on the golden-cheeked
warbler in 2007. Our 2007 goals therefore include studying physiological
effects of military operations on species of concern at Fort Hood using
heart-rate telemetry.

Pending review by the SERDP staff, this report will be published as a US
Army Corp of Engineers Engineer Research and Development Center spe-
cial report. Sections 2 and 3 of this report will be revised and formatted for
independent submission for publication in peer-reviewed journals.



ERDC/CERL SR-08-8

29

References

Bevan, R.M., A.J. Woakes, P.J. Butler, J.P. Croxall. 1995. Heart rate and oxygen con-
sumption of exercising Gentoo penguins. Physiological Zoology 68:855—-877.

Boersma, P.D. 1987. Penguins oiled in Argentina. Science 236:135.

Boyle, S.A., and F.B. Samson. 1985. Effects of nonconsumptive recreation on wildlife: A
review. Wildlife Society Bulletin 13:110-116.

Burger, J., and M. Gochfeld. 1991. Human distance and birds: Tolerance and response
distances of resident and migrant species in India. Environmental Conservation
18:158-165.

Cimprich, D.A., and R.M. Kostecke. 2006. Distribution of the black-capped vireo at Fort
Hood, Texas. Southwestern Naturalist 51:99—102.

Cochran, W.W., and M. Wikelski. 2005. Individual migratory tactics of New World
Catharus thrushes. Current knowledge and future tracking options from space.
In Birds of Two Worlds: The Ecology and Evolution of Migration (R. Greenberg
and P.P. Marra, Ed.). Baltimore, Maryland: The Johns Hopkins University Press.

Cooke, A.S. 1980. Observations on how close certain passerine species will tolerate an
approaching human in rural and suburban areas. Biological Conservation 18:85—
88.

Cyr, N., and L.M. Romero. 2007. Chronic stress in free-living European starlings reduces
corticosterone concentrations and reproductive success. General and Compara-
tive Endocrinology 151:82—89.

Daan, S., C. Deerenberg, and C. Dijkstra. 1996. Increased daily work precipitates natural
death in the kestrel. Journal of Animal Ecology 65:539—544.

Gill, S.A., and S.G. Sealy. 1996. Nest defence by yellow warblers: Recognition of predator
and brood parasite. Behaviour 133:263—282.

Greenberg, R. 1984. Differences in feeding neophobia between two species of tropical
migrant warblers (Dendroica castanea and D. pennsylvanica). Journal of
Comparative Psychology 98:131—136.

Greenberg, R. 1990. Feeding neophobia and ecological plasticity: A test of the hypothesis
with captive sparrows. Animal Behavior 39:375—379.

Greenberg, R., and C. Mettke-Hofmann. 2001. Ecological aspects of neophobia and
neophilia in birds. Current Ornithology 16, 119—178.

Grzybowski, J.A. 1995. Black-capped vireo (Vireo atricapillus). In The Birds of North
America, No. 181 (A. Poole and F. Gill, Ed.). The Academy of Natural Sciences,
Philadelphia, and The American Ornithologists’ Union, Washington, DC.



ERDC/CERL SR-08-8 30

Gutzwiller, K.J., and T.J. Hayden. 1997. A literature review of actual and potential effects
of military maneuvers on avian behavior, reproduction, and community struc-
ture. USACERL Technical Report 97/98. 54pp.

Gutzwiller, K.J., R.T. Wiedenmann, K.L. Clements, and S.H. Anderson. 1994. Effects of
human intrusion on song occurrence and singing consistency in subalpine birds.
Auk 111:28-37.

Gutzwiller, K.J., H.A. Marcum, H.B. Harvey, J.D. Roth, and S.H. Anderson. 1998. Bird
tolerance to human intrusion in Wyoming montane forests. Condor 100:519—

527.

Hayden, T.J., J.D. Cornelius, H.J. Weinberg, L.A. Jette, and R.H. Melton. 2001.
Endangered species management plan for Fort Hood, Texas: FY01-05.
ERDC/CERL Technical Report TR-01-26.

Henry, J.P., and P.M. Stephens. 1977. Stress, Health, and the Social Environment. New
York: Springer.

Hofer, H., and M.L. East. 1998. Biological conservation and stress. Advances in the Study
of Animal Behavior 27:405-525.

Homan, R.N., J.V. Regosin, D.M. Rodrigues, J.M. Reed, B.S. Windmiller, and L.M.
Romero. 2003. Impacts of varying habitat quality on the physiological stress of
spotted salamanders (Ambystoma maculatum). Animal Conservation 6:11—18.

Hopp, S.L., A. Kirby, and C.A. Boone. 1995. White-eyed vireo (Vireo griseus). In The
Birds of North America, No. 168 (A. Poole and F. Gill, Ed.). The Academy of
Natural Sciences, Philadelphia, and The American Ornithologists’ Union,
Washington, DC.

Johns, A.D. 1991. Responses of Amazonian rain forest birds to habitat modification.
Journal of Tropical Ecology 7:417—437.

Knight, R.L., and D.N. Cole. 1995. Factors that influence wildlife responses to recrea-
tionists. In Wildlife and Recreationists: Coexistence Through Management and
Research (R.L. Knight and K.J. Gutzwiller, Ed.), pp. 71—79. Washington, DC:
Island Press.

Lord, A., J.R. Waas, J. Innes, and M.J. Whittingham. 2001. Effects of human approaches
to nests of northern New Zealand dotterels. Biological Conservation 98:233—
240.

Miller, S.G., R.L. Knight, and C.K. Miller. 1998. Influence of recreational trails on
breeding bird communities. Ecological Applications 8:162—169.

Nephew, B.C., S.A. Kahn, and L.M. Romero. 2003. Heart rate and behavior are regulated
independently of corticosterone following diverse acute stressors. General and
Comparative Endocrinology 133:173—180.

Rich, E.L., and L.M. Romero. 2005. Exposure to chronic stress downregulates corti-
costerone responses to acute stressors. American Journal of Physiology
288:R1628—-R1636.



ERDC/CERL SR-08-8 31

Romero, L.M., and M. Wikelski 2002. Exposure to tourism reduces stress-induced
corticosterone levels in Galapagos marine iguanas. Biological Conservation

108:371—-374.

Romero, L.M., J.M. Reed, and J.C. Wingfield. 2000. Effects of weather on corticosterone
responses in wild free-living passerine birds. General and Comparative Endo-
crinology 118:113—122.

Safina, C., and J. Burger. 1983. Effects of human disturbance on reproductive success in
the Black Skimmer. Condor 85:164—171.

Sapolsky, R. 1987. Stress, social status, and reproductive physiology in free-living
baboons. In Psychobiology of Reproductive Behavior: An Evolutionary
Perspective (D. Crews, Ed.), pp. 291—322. Englewood Cliffs, New Jersey: Prentice
Hall.

Sapolsky, R.M., L.M. Romero, and A.U. Munck. 2000. How do glucocorticoids influence
stress responses? Integrating permissive, suppressive, stimulatory, and adaptive
actions. Endocrine Reviews 21:55-89.

Selye, H. 1946. The evolution of the stress concept. American Science 61:692—699.

Silverin, B., B. Arvidsson, and J. Wingfield. 1997. The adrenocortical responses to stress
in breeding willow warblers Phylloscopus trochilus in Sweden: Effects of latitude
and gender. Functional Ecology 11:376—384.

Steidl, R.J., and R.G. Anthony. 2000. Experimental effects of human activity on breeding
bald eagles. Ecological Applications 10(1):258-268.

Walker, B.G., P.D. Boersma, and J.C. Wingfield. 2006. Habituation of adult Magellanic
penguins to human visitation as expressed through behavior and corticosterone
secretion. Conservation Biology 20:146—154.

Wasser, S.K., K. Bevis, G. King, and E. Hanson. 1997. Noninvasive physiological measures
of disturbance in the northern spotted owl. Conservation Biology 11:1019—1022.

Wingfield, J.C., and L.M. Romero. 2001. Adrenocortical responses to stress and their
modulation in free-living vertebrates. Section 7: The Endocrine System. In
Handbook of Physiology (B.S. McEwen and H.M. Goodman, Ed.). Oxford and
New York: Oxford University Press.

Wingfield, J.C., C.M. Vleck, and M.C. Moore. 1992. Seasonal changes of the adreno-
cortical response to stress in birds of the Sonoran Desert. Journal of Experi-
mental Zoology 264:419—428.

Wingfield, J.C., K. Hunt, C. Breuner, K. Dunlap, G.S. Fowler, L. Freed, and J. Lepson.
1997. Environmental stress, field endocrinology, and conservation biology. In
Behavioral Approaches to Conservation in the Wild (J.R. Clemmons and R.
Buchholz, Ed.), pp. 95—131. Cambridge: Cambridge University Press.

Withers, P.C. 1977. Measurement of VO2, VCO2, and evaporative water loss with a flow-
through mask. Journal of Applied Physiology 42:120-123.



ERDC/CERL SR-08-8

32

Zar, J.H. 1996. Biostatistical Analysis, 3rd Edition. Upper Saddle River, New Jersey:
Prentice-Hall, Inc.



ERDC/CERL SR-08-8

Appendix A: Banding and Sampling Records
for 2006 Field Season

Band Number | TA | Species | Age Sex Date Blood Transmitter
14546 20 BCVI AHY F 4/20/2002 Y N
1921-45901 | 20 BCVI ASY M 6/26/2002 Y N
1921-45907 | 20 BCVI ASY M 6/28/2002 Y N
1921-45918 | 20 BCVI ASY M 7/3/2002 Y N
1921-45919 20 BCVI SY M 7/4/2002 Y N
1921-45933 64 BCVI ASY M 7/7/2002 Y N
1921-45940 64 BCVI ASY M 7/8/2002 Y N
1921-45942 64 BCVI SY F 7/8/2002 Y N
1921-45957 64 BCVI ASY M 7/14/2002 Y N
1921-45958 64 BCVI ASY M 7/14/2002 Y N
1921-45962 43 BCVI AHY u 7/15/2002 Y N
1921-45963 43 BCVI ASY M 7/15/2002 Y N
1921-45966 20 BCVI SY F 7/16/2002 Y N
1921-45970 46 BCVI ASY M 7/17/2002 Y N
1921-45984 64 BCVI HY u 8/1/2002 Y N
1921-45992 64 BCVI AHY M 8/5/2002 Y N
1921-45994 20 BCVI AHY M 8/6/2002 Y N
2340-14465 20 BCVI AHY F 5/16/2002 Y N
2360-63010 |20 BCVI ASY M 6/4/2002 Y N
2400-45872 20 BCVI ASY M 6/6/2002 Y N
2410-77003 13 BCVI ASY M 4/23/2006 Y N
2430-90756 20 BCVI AHY M 4/20/2002 Y N
2430-90767 20 BCVI ASY M 5/2/2002 Y N
2430-90769 20 BCVI ASY F 5/3/2002 Y N
2430-90771 20 BCVI AHY F 5/4/2002 Y N
2430-90772 20 BCVI ARHY M 5/4/2002 Y N
2430-90775 20 BCVI ASY F 5/6/2002 Y N
2430-90778 20 BCVI AHY F 5/7/2002 Y N
2430-90779 20 BCVI ASY M 5/7/2002 Y N
2430-90780 20 BCVI ASY F 5/7/2002 Y N
2430-90782 20 BCVI ASY M 5/8/2002 Y N
2430-90784 20 BCVI ASY F 5/9/2002 Y N
243090785 |20 BCVI SY M 5/9/2002 Y N
2430-90787 20 BCVI SY M 5/10/2002 Y N
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Band Number | TA | Species | Age Sex Date Blood Transmitter
243090788 | 20 BCVI SY F 5/11/2002 Y N
2430-90789 | 20 BCVI ASY M 5/11/2002 Y N
2430-90791 | 20 BCVI SY M 5/12/2002 Y N
243090792 |20 BCVI SY M 5/15/2002 Y N
243090797 | 20 BCVI SY F 5/18/2002 Y N
2450-91301 |64 BCVI AHY M 5/9/2006 Y N
2450-91303 |64 BCVI ASY M 5/29/2006 Y N
2450-91305 |64 BCVI AHY M 5/29/2006 Y N
2450-91306 |64 BCVI ASY M 5/30/2006 Y N
2450-91451 |21 BCVI AHY M 5/12/2006 Y N
245091452 |21 BCVI AHY F 5/12/2006 Y N
2450-91453 |64 BCVI AHY M 5/13/2006 Y N
2450-91453 | 64 BCVI SY M 6/2/2002 Y N
245091454 |21 BCVI ASY M 5/23/2006 Y N
245091456 | 64 BCVI ASY M 5/24,/2006 Y N
245091463 | 20 BCVI ASY F 5/25/2002 Y N
245091464 | 20 BCVI ASY M 5/25/2002 Y N
245091467 | 20 BCVI ASY M 5/31/2002 Y N
2450-91468 | 20 BCVI SY F 5/31/2002 Y N
2450-91471 |64 BCVI AHY F 6/3/2002 Y N
2450-91477 | 20 BCVI SY F 6/5/2002 Y N
245091478 | 20 BCVI ASY M 6/5/2002 Y N
2450-91481 | 20 BCVI AHY F 6/6/2002 Y N
2450-91489 | 20 BCVI ASY F 6/9/2002 Y N
2450-91490 |20 BCVI SY M 6/19/2002 Y N
245091491 | 20 BCVI SY F 6/19/2002 Y N
2450-91496 | 20 BCVI SY M 6/24,/2002 Y N
2450-91497 | 20 BCVI SY M 6/24,/2002 Y N
2450-91498 | 20 BCVI SY M 6/24,/2002 Y N
2450-91499 |20 BCVI SY F 6/24,/2002 Y N
2450-91500 |20 BCVI ASY F 6/25/2002 Y N
2460-94704 |64 BCVI HY u 8/14/2002 Y N
2460-94707 |64 BCVI AHY M 8/14/2002 Y N
2460-94710 |20 BCVI AHY M 8/17/2002 Y N
2460-94711 | 20 BCVI HY u 8/17/2002 Y N
246094714 |64 BCVI AHY F 8/18/2002 Y N
246094715 |64 BCVI AHY M 8/21/2002 Y N
246094716 |64 BCVI AHY M 8/21/2002 Y N
2460-94717 64 BCVI AHY M 8/21/2002 Y N
246094722 | 20 BCVI HY u 8/23/2002 Y N
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Band Number | TA | Species | Age Sex Date Blood Transmitter
2460-94725 | 20 BCVI AHY M 8/25/2002 Y N
2460-94738 | 20 BCVI AHY M 8/28/2002 Y N
1921-45903 | 20 BCVI HY u 6/27/2002 N N
1921-45914 | 20 BCVI HY u 7/2/2002 N N
1921-45980 |64 BCVI ASY F 7/25/2002 N N
2430-90777 20 BCVI AHY M 5/6/2002 N N
2460-94712 64 BCVI AHY M 8/18/2002 N N
2460-94728 | 64 BCVI AHY M 8/27/2002 N N
2460-94729 |64 BCVI AHY M 8/27/2002 N N
2460-94730 |64 BCVI AHY M 8/27/2002 N N
2460-94734 | 20 BCVI AHY M 8/28/2002 N N
not banded 20 BCVI SY F 6/25/2002 N N
2450-91465 broken N
2410-77011 | 20| GCWA ASY M 3/21/2002 Y N
2410-77023 | 20| GCWA AHY u 6/27/2002 Y N
2410-77024 |20 | GCWA AHY u 7/24/2002 Y N
2410-77088 | 20| GCWA SY M 6/4/2002 Y N
2410-77089 | 20| GCWA AHY M 6/6/2002 Y N
2410-77090 |20 | GCWA HY u 6/20/2002 Y N
2410-77091 |20 | GCWA HY u 6/22/2002 Y N
2410-77092 | 20| GCWA HY u 6/26/2002 Y N
2410-77093 | 20| GCWA HY u 6/26/2002 Y N
2410-77087 20| GCWA AHY F 5/26/2002 N N
not banded 20 GCWA AHY M 3/22/2002 N N
2410-77001 13| GCWA ASY M 4/19/2006 N N
2410-77002 | 20| GCWA AHY M 4/21/2006 N N
2410-77006 13| GCWA ASY M 4/25/2006 N N
2410-77007 13| GCWA ASY M 4/25/2006 N N
2410-77008 13| GCWA ASY M 4/26/2006 N N
2410-77009 13| GCWA ASY M 4/26/2006 N N
2410-77010 13| GCWA ASY M 4/26/2006 N N
2410-77013 22| GCWA ASY M 4/27/2006 N N
2410-77014 21| GCWA SY M 5/1/2006 N N
2410-77015 21| GCWA ASY M 5/4/2006 N N
2410-77016 13| GCWA SY M 4/28/2006 N N
2410-77018 13| GCWA ASY M 5/15/2006 N N
2410-77019 22| GCWA ASY M 5/16/2006 N N
2410-77020 |20 | GCWA ASY M 5/16/2006 N N
2410-77021 13| GCWA ASY F 5/31/2006 N N
2410-77022 | 22| GCWA AHY F 6/2/2006 N N
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Band Number | TA | Species | Age Sex Date Blood Transmitter
1921-45961 lost N
1921-45990 lost N
1991-17214 lost N
1991-17215 lost N
1991-17216 lost N
2430-90763 lost N
2430-90765 lost N
2430-90768 lost N
1991-17201 | 20| NOCA AHY M 3/26/2002 Y N
1991-17202 | 20| NOCA AHY M 4/22/2002 Y N
1991-17203 | 20| NOCA AHY F 5/2/2002 Y N
1991-17204 | 20| NOCA AHY M 5/5/2002 Y N
1991-17205 | 20| NOCA HY M 6/6/2002 Y N
1991-17206 | 20| NOCA HY u 6/8/2002 Y N
1991-17207 | 20| NOCA AHY M 7/2/2002 Y N
1991-17208 | 20| NOCA HY u 7/2/2002 Y N
1991-17209 | 20| NOCA AHY F 7/3/2002 Y N
1991-17210 |64 | NOCA HY u 7/13/2002 Y N
1991-17211 |64 | NOCA AHY F 7/14/2002 Y N
1991-17212 |64 | NOCA HY u 7/14/2002 Y N
1991-17213 |64 | NOCA HY u 7/14/2002 Y N
1991-17217 | 46| NOCA AHY F 7/17/2002 Y N
1991-17218 | 46| NOCA AHY F 7/17/2002 Y N
1991-17219 | 20| NOCA AHY M 7/23/2002 Y N
1991-17220 | 20| NOCA AHY M 7/24/2002 Y N
1991-17222 | 64| NOCA HY M 8/1/2002 Y N
1991-17223 |64 | NOCA HY u 8/1/2002 Y N
1991-17224 |64 | NOCA HY M 8/5/2002 Y N
1991-17225 |64 | NOCA AHY M 8/5/2002 Y N
1991-17226 |64 | NOCA HY F 8/5/2002 Y N
1991-17227 |64 | NOCA HY F 8/5/2002 Y N
1991-17228 | 20| NOCA AHY F 8/6/2002 Y N
1991-17229 | 20| NOCA HY M 8/6/2002 Y N
1991-17230 | 20| NOCA HY M 8/7/2002 Y N
1991-17231 | 20| NOCA AHY F 8/7/2002 Y N
1991-17232 | 20| NOCA HY F 8/9/2002 Y N
1991-17233 | 20| NOCA HY M 8/9/2002 Y N
1991-17234 | 20| NOCA HY M 8/9/2002 Y N
1991-17235 |64 | NOCA HY F 8/10/2002 Y N
1991-17236 |64 | NOCA HY F 8/10/2002 Y N
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Band Number | TA | Species | Age Sex Date Blood Transmitter
1991-17237 | 64| NOCA HY M 8/11/2002 Y N
1991-17238 |64 | NOCA HY M 8/11/2002 N
1991-17239 |46 | NOCA HY M 8/13/2002 Y N
1991-17240 | 46| NOCA AHY F 8/13/2002 Y N
1991-17241 | 64| NOCA HY F 8/14/2002 Y N
1991-17242 | 64| NOCA HY M 8/11/2002 Y N
1991-17243 | 64| NOCA HY M 8/15/2002 Y N
1991-17244 | 20| NOCA HY M 8/17/2002 Y N
1991-17245 | 20| NOCA HY M 8/22/2002 Y N
not banded 64 NOCA HY F 8/11/2002 Y N
not banded 20 NOCA AHY F 3/22/2002 Y N
1991-17221 | 64| NOCA HY u 7/26/2002 N N
1921-45927 64 PABU AHY F 7/6/2002 Y N
1921-45928 |64 PABU ASY M 7/6/2002 Y N
1921-45934 |64 PABU ASY M 7/7/2002 Y N
1921-45935 64 PABU AHY F 7/7/2002 Y N
1921-45956 | 64 PABU AHY u 7/13/2002 Y N
192145960 |64 PABU ASY M 7/14/2002 Y N
not banded 20 PABU AHY F 5/11/2002 Y N
not banded 20 PABU AHY u 5/17/2002 Y N
not banded 20 PABU AHY F 5/31/2002 Y N
not banded 20 PABU ASY M 5/9/2002 Y N
not banded 20 PABU SY F 5/11/2002 Y N
not banded 20 PABU AHY F 4/27/2002 Y N
not banded 20 PABU AHY M 4/27/2002 Y N
not banded 20 REVI AHY u 6/27/2002 N
1921-45902 | 20 WEVI AHY M 6/26/2002 Y N
1921-45904 | 20 WEVI AHY M 6/27/2002 Y N
1921-45905 | 20 WEVI SY M 6/27/2002 Y N
1921-45908 | 20 WEVI ASY M 6/30/2002 Y N
1921-45909 | 20 WEVI SY M 6/30/2002 Y N
1921-45910 |20 WEVI HY u 6/30/2002 Y N
192145911 | 20 WEVI ASY M 6/30/2002 Y N
1921-45912 | 20 WEVI AHY F 7/1/2002 Y N
1921-45913 | 20 WEVI SY M 7/1/2002 Y N
1921-45915 | 20 WEVI SY M 7/3/2002 Y N
192145916 | 20 WEVI ASY u 7/3/2002 Y N
1921-45917 20 WEVI ASY M 7/3/2002 Y N
1921-45920 |20 WEVI SY F 7/4/2002 Y N
1921-45921 | 20 WEVI AHY F 7/4/2002 Y N
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Band Number | TA | Species | Age Sex Date Blood Transmitter
1921-45922 | 20 WEVI HY u 7/4/2002 Y N
1921-45923 | 20 WEVI ASY M 7/5/2002 Y N
1921-45924 | 20 WEVI HY u 7/5/2002 Y N
1921-45925 20 WEVI ASY M 7/5/2002 Y N
1921-45926 | 20 WEVI ASY M 7/5/2002 Y N
1921-45929 |64 WEVI ASY F 7/6/2002 Y N
1921-45930 |64 WEVI ASY M 7/6/2002 Y N
1921-45931 |64 WEVI ASY u 7/6/2002 Y N
1921-45932 |64 WEVI HY u 7/6/2002 Y N
1921-45936 | 64 WEVI SY F 7/7/2002 Y N
1921-45937 64 WEVI HY u 7/7/2002 Y N
1921-45938 |64 WEVI ASY M 7/7/2002 Y N
1921-45939 |64 WEVI SY F 7/7/2002 Y N
1921-45941 | 64 WEVI ASY F 7/8/2002 Y N
1921-45943 | 64 WEVI ASY M 7/8/2002 Y N
1921-45944 | 64 WEVI ASY M 7/8/2002 Y N
1921-45945 | 20 WEVI ASY F 7/9/2002 Y N
1921-45946 | 20 WEVI ASY M 7/9/2002 Y N
1921-45947 | 20 WEVI ASY M 7/9/2002 Y N
1921-45948 | 20 WEVI HY u 7/9/2002 Y N
1921-45949 | 20 WEVI AHY M 7/9/2002 Y N
1921-45950 | 20 WEVI SY M 7/9/2002 Y N
1921-45951 | 20 WEVI HY u 7/11/2002 Y N
1921-45952 | 20 WEVI SY M 7/11/2002 Y N
1921-45953 |64 WEVI SY M 7/12/2002 Y N
1921-45954 | 64 WEVI ASY F 7/13/2002 Y N
1921-45955 64 WEVI HY u 7/13/2002 Y N
1921-45959 |64 WEVI SY M 7/14/2002 Y N
1921-45964 | 43 WEVI HY u 7/15/2002 Y N
1921-45967 | 20 WEVI SY F 7/16/2002 Y N
1921-45968 | 20 WEVI ASY M 7/16/2002 Y N
1921-45969 | 46 WEVI SY M 7/17/2002 Y N
1921-45971 | 46 WEVI ASY M 7/17/2002 Y N
1921-45972 | 46 WEVI SY u 7/17/2002 Y N
1921-45973 | 46 WEVI SY M 7/17/2002 Y N
1921-45974 | 46 WEVI ASY M 7/22/2002 Y N
1921-45975 | 20 WEVI ASY M 7/23/2002 Y N
1921-45976 | 20 WEVI SY M 7/23/2002 Y N
1921-45977 | 20 WEVI ASY u 7/24/2002 Y N
1921-45978 | 20 WEVI SY M 7/24/2002 Y N
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1921-45979 | 20 WEVI ASY M 7/24/2002 Y N
1921-45981 | 64 WEVI ASY M 7/25/2002 Y N
1921-45982 | 20 WEVI SY F 7/31/2002 Y N
1921-45983 | 20 WEVI AHY u 7/31/2002 Y N
1921-45985 |64 WEVI HY u 8/1/2002 Y N
1921-45986 | 64 WEVI AHY M 8/2/2002 Y N
1921-45987 | 64 WEVI ASY M 8/2/2002 Y N
1921-45988 | 64 WEVI AHY M 8/3/2002 Y N
1921-45989 |64 WEVI AHY M 8/3/2002 Y N
1921-45991 |64 WEVI HY u 8/5/2002 Y N
1921-45993 | 20 WEVI SY M 8/6/2002 Y N
1921-45995 | 20 WEVI AHY M 8/6/2002 Y N
1921-45996 | 20 WEVI AHY M 8/7/2002 Y N
1921-45997 | 20 WEVI AHY F 8/8/2002 Y N
1921-45998 | 20 WEVI AHY M 8/8/2002 Y N
1921-45999 | 20 WEVI AHY F 8/9/2002 Y N
1921-46000 |64 WEVI HY u 8/10/2002 Y N
2410-77004 | 64 WEVI AHY M 4/24/2006 Y N
2410-77005 |64 WEVI AHY M 4/24/2006 Y N
243090742 | 20 WEVI ASY M 3/21/2002 Y N
243090743 | 20 WEVI ASY M 3/23/2002 Y N
243090744 | 20 WEVI ASY M 3/26/2002 Y N
243090745 | 20 WEVI AHY M 3/28/2002 Y N
243090746 | 20 WEVI AHY M 3/30/2002 Y N
2430-90747 20 WEVI SY F 5/21/2002 Y N
243090748 | 20 WEVI AHY M 3/31/2002 Y N
2430-90749 | 20 WEVI ASY M 5/21/2002 Y N
243090750 |20 WEVI ASY M 3/26/2002 Y N
243090751 | 20 WEVI AHY M 3/29/2002 Y N
243090752 |20 WEVI ASY M 3/29/2002 Y N
243090753 |20 WEVI AHY M 3/29/2002 Y N
243090754 | 20 WEVI ASY M 3/30/2002 Y N
243090755 |20 WEVI AHY M 3/31/2002 Y N
243090757 | 20 WEVI AHY M 4/20/2002 Y N
243090758 |20 WEVI AHY M 4/20/2002 Y N
243090759 |20 WEVI AHY M 4/21/2002 Y N
2430-90760 | 20 WEVI AHY M 4/22/2002 Y N
243090761 | 20 WEVI AHY F 4/27/2002 Y N
2430-90762 | 20 WEVI ASY F 4/28/2002 Y N
243090764 | 20 WEVI AHY M 4/28/2002 Y N
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2430-90766 | 20 WEVI SY M 4/30/2002 Y N
2430-90770 20 WEVI AHY M 5/3/2002 Y N
2430-90773 | 20 WEVI SY M 5/4/2002 Y N
2430-90774 20 WEVI ASY M 5/5/2002 Y N
2430-90776 20 WEVI AHY M 5/6/2002 Y N
243090781 | 20 WEVI SY M 5/7/2002 Y N
243090783 | 20 WEVI SY M 5/8/2002 Y N
243090786 | 20 WEVI AHY M 5/10/2002 Y N
2430-90790 |20 WEVI ASY M 5/11/2002 Y N
2430-90793 | 20 WEVI SY F 5/17/2002 Y N
243090794 | 20 WEVI SY M 5/17/2002 Y N
2430-90795 20 WEVI AHY M 5/17/2002 Y N
2430-90796 | 20 WEVI SY F 5/18/2002 Y N
2430-90798 | 20 WEVI SY M 5/18/2002 Y N
243090799 |20 WEVI SY F 5/18/2002 Y N
2430-90800 |20 WEVI ASY M 5/21/2002 Y N
2450-91302 |64 WEVI AHY M 5/10/2006 Y N
2450-91302 |64 WEVI SY M 6/3/2002 Y N
245091304 |64 WEVI SY M 5/29/2006 Y N
2450-91307 |64 WEVI AHY M 5/30/2006 Y N
2450-91455 |64 WEVI ASY M 5/23/2006 Y N
2450-91455 64 WEVI ASY M 7/6/2002 Y N
2450-91457 | 22 WEVI ASY F 5/24,/2006 Y N
2450-91458 |64 WEVI ASY M 5/25/2006 Y N
2450-91459 |64 WEVI ASY M 5/26/2006 Y N
2450-91460 |64 WEVI AHY M 5/27/2006 Y N
245091461 | 20 WEVI AHY F 5/23/2002 Y N
245091462 | 20 WEVI ASY M 5/23/2002 Y N
245091466 | 20 WEVI ASY M 5/25/2002 Y N
2450-91469 | 20 WEVI SY M 5/31/2002 Y N
2450-91470 |20 WEVI SY F 5/31/2002 Y N
245091472 |64 WEVI SY M 6/3/2002 Y N
245091473 |64 WEVI SY F 6/3/2002 Y N
2450-91474 20 WEVI ASY M 6/4/2002 Y N
2450-91475 20 WEVI AHY F 6/4/2002 Y N
245091476 | 20 WEVI HY u 6/4/2002 Y N
245091479 | 20 WEVI SY M 6/6/2002 Y N
2450-91480 |20 WEVI SY F 6/6/2002 Y N
2450-91482 | 20 WEVI SY F 6/6/2002 Y N
2450-91483 | 20 WEVI AHY F 6/8/2002 Y N
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2450-91484 | 20 WEVI SY F 6/8/2002 Y N
2450-91485 | 20 WEVI ASY M 6/8/2002 N
2450-91486 | 20 WEVI ASY F 6/8/2002 Y N
2450-91487 | 20 WEVI ASY M 6/8/2002 Y N
2450-91488 | 20 WEVI SY U 6/9/2002 Y N
2450-91492 | 20 WEVI AHY F 6/19/2002 Y N
2450-91493 | 20 WEVI AHY M 6/19/2002 Y N
2450-91494 | 20 WEVI AHY F 6/19/2002 Y N
2450-91495 | 20 WEVI AHY M 6/20/2002 Y N
2460-94701 |64 WEVI HY u 8/11/2002 Y N
2460-94702 |64 WEVI SY M 8/11/2002 Y N
2460-94703 | 46 WEVI ASY M 8/13/2002 Y N
2460-94705 |64 WEVI HY U 8/14/2002 Y N
2460-94706 | 64 WEVI HY U 8/14/2002 Y N
2460-94708 | 64 WEVI ASY M 8/15/2002 Y N
2460-94709 |64 WEVI SY M 8/15/2002 Y N
2460-94713 |64 WEVI HY u 8/18/2002 Y N
2460-94718 |64 WEVI HY u 8/21/2002 Y N
246094719 | 20 WEVI AHY M 8/22/2002 Y N
2460-94720 |20 WEVI AHY M 8/22/2002 Y N
246094721 | 20 WEVI AHY M 8/22/2002 Y N
246094723 | 20 WEVI HY u 8/23/2002 Y N
246094724 | 20 WEVI HY u 8/25/2002 Y N
2460-94726 | 46 WEVI AHY M 8/27/2002 Y N
246094727 |64 WEVI HY u 8/27/2002 Y N
246094731 |64 WEVI AHY M 8/27/2002 Y N
246094732 |64 WEVI AHY M 8/27/2002 Y N
246094736 | 20 WEVI AHY u 8/28/2002 Y N
246094737 | 20 WEVI AHY u 8/28/2002 Y N
No Band 20 WEVI ASY M 6/24/2002 Y N
No Band 20 WEVI SY M 6/22/2002 Y N
No Band 20 WEVI SY M 6/25/2002 Y N
not banded 20 WEVI HY u 6/22/2002 Y N
not banded 20 WEVI ASY M 6/22/2002 Y N
not banded 20 WEVI AHY M 6/24/2002 Y N
not banded 20 WEVI AHY M 6/25/2002 Y N
not banded 20 WEVI AHY M 5/17/2002 Y N
not banded 20 WEVI AHY F 3/31/2002 Y N
not banded 20 WEVI SY M 6/26/2002 Y N
not banded 20 WEVI ASY M 6/25/2002 Y N
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not banded 20 WEVI AHY M 3/26/2002 Y N
not banded 20 WEVI ASY M 6/22/2002 Y N
1921-45906 | 20 WEVI HY u 6/28/2002 N N
1921-45965 | 43 WEVI Sy M 7/15/2002 N N
2280-50684 31 WEVI u U recpatured N N
2321-09587 31 WEVI u V] recpatured N N
2430-90731 | 31 WEVI ASY M 3/16/2006 N N
2430-90732 |31 WEVI ASY M 3/20/2006 N N
2430-90733 |31 WEVI ASY U 4/7/2006 N Y
2430-90734 |31 WEVI ASY u 4/10/2006 N N
2430-90735 |31 WEVI ASY | U(F?) | 3/11/2006 N Y
2430-90736 | 31 WEVI SY M 4/18/2006 N Y
2430-90737 31 WEVI ASY M 4/28/2006 N Y
2430-90738 |31 WEVI ASY M 4/30/2006 N Y
2430-90739 |31 WEVI u M 5/9/2006 N Y
2430-90740 31 WEVI ASY M 5/15/2006 N Y
2430-90741 31 WEVI ASY M 5/18/2006 N Y
2450-91441 | 31 WEVI ASY M 5/23/2006 N Y
2450-91442 | 31 WEVI Sy M 5/26/2006 N Y
2450-91443 | 31 WEVI ASY M 5/30/2006 N Y
2450-91444 | 31 WEVI ASY M 6/3/2006 N Y
2450-91445 |31 WEVI ASY M 6/9/2006 N Y
2450-91446 | 31 WEVI Sy M 6/12/2006 N Y
2460-94733 | 20 WEVI HY u 8/28/2002 N N
2460-94735 | 20 WEVI AHY M 8/28/2002 N N
not banded 20 WEVI HY u 6/26/2002 N N
not banded 20 WEVI AHY M 3/22/2002 N N
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