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Chapter 10

GOMAMN STRATEGIC BIRD
MONITORING GUIDELINES:

AVIAN HEALTH

INTRODUCTION

HE GULF OF MEXICO (GOM) HAS A RICH DIVERSITY

of avian species, comprised of residents and migrants

from a wide geographic range (Burger 2018).
These birds have encountered substantial changes in the
quality and availability of coastal, terrestrial, and marine
habitats in the GoM, including anthropogenic and natural
stressors. A primary concern for this region is environmental
contamination associated with the high concentration of
chemical/petrochemical industries (Inglis et al. 2014), and
oil and gas operations with associated activities in Louisiana
and Texas. Elevated levels of mercury are also commonly
found in fish throughout much of the northern GoM, distinct
from other environmental chemicals. Habitat quantity and
quality is also being directly impacted by increasing rates of
urbanization, red tides, and natural weather events such as
hurricanes. For example, the full implications of Hurricanes
Harvey and Maria are still emerging, especially for avian
populations (Burger 2017, Ward 2017). Trends in infectious
diseases that impact avian health are also changing as a
result of warming and increased rainfall. Stressors such as
contaminants and poor habitat quality worsen the impacts
of disease on avian populations. Furthermore, runoff from
agricultural, residential, and industrial areas often carries
substantial concentrations of fertilizers and environmental
chemicals, which may result in water quality degradation,
toxic algal blooms, or otherwise increase the risk of exposure
to both humans and wildlife to potentially toxic chemicals.
As such, both migratory and resident birds are exposed
to a suite of environmental challenges including complex
chemical exposures and weather related events. Collectively,
these natural and anthropogenic stressors set the context and
provide the impetus for understanding implications to avian
health across the northern GoM.

Across the northern GoM, significant restoration efforts
are being implemented in the wake of the Deepwater Horizon
oil spill by a myriad of conservation partners (DHNRDAT
2016, GCERC 2016, NFWF 2018). To ascertain the
effectiveness of these restoration activities, it is imperative that
land managers understand both population- and individual-
level effects. To that end, avian health metrics can serve as

reliable indicators of long-term system restoration and
success, separate from, or in conjunction with abundance
and reproductive metrics. For example, restoration efforts
may increase local bird abundance via immigration and/or
increased reproductive success, while long-term, negative
physiological outcomes to populations and overall poor
ecosystem health may still persist. Short-term increases in
abundance (e.g., bird abundance) alone may not be reflective
of population health; it is important to have health and fitness
metrics in order to make informed conclusions and decisions
related to management effectiveness and overall restoration
success. Thus, long-term comparisons of health and vitality
of avian populations are warranted for land managers to
accurately assess restoration activities across the northern
GoM.

In this chapter, we review avian physiological adaptations
related to migration, survival, and reproduction to provide
a foundation upon which an avian health assessment can
be conducted. Drawing upon these adaptations and work
presented in the previous taxon-specific chapters (Chapters
3-9 herein), we present diagrams and a table to more precisely
link physiological attributes to restoration actions to provide a
guiding framework for the collection of avian health metrics.
For the purpose of this document, we define health to include,
but not be limited to selected measures that have been utilized
in the field and/or otherwise shown to be indicative of stress-
related responses. Further, we define health assessment in the
context of birds and as such, encompass the concepts of fitness
or condition within the consideration of health assessments.
Other aspects of avian health, particularly those that are
invasive or not stable measurements for field applications
are also often part of health assessments, but are not treated
here since they represent more complex approaches that
may be beyond basic monitoring. The information and
recommendations herein are intended to facilitate the ability
of resource managers to establish avian health and fitness
baselines. Moreover, these baselines will contribute to the
conduct of future avian health assessments that document:
1) positive effects to avian populations afforded by restoration
programs; and/or 2) physiological metrics providing an
underpinning to assessing success of restoration efforts.
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AVIAN LIFE HISTORY AND

PHYSIOLOGICAL LINKAGES

Stressors for bird populations in the GoM can take many
forms, such as hurricanes, droughts, pollution from industrial
sources, pesticides and other pollutants in runoff from
agriculture and urban areas, changes in food abundance,
predation pressure, and infectious disease (Ottinger et al.
2009; Hooper et al. 2013; Bursian et al. 2017a). Moreover,
habitat loss and fragmentation are among the most significant
factors affecting avian populations (e.g., Fahrig 1997, 1998,
2001, 2003). Stressors are always present in the environment
and as such can impact individuals separately; population-level
effects are often the result of a particular suite of stressors
experienced at a given time or in a cumulative fashion.
The context encountering stressor(s) provides a context
for response and potential adverse outcomes. Birds may be
differentially impacted by stressors depending on their life
history strategies. In short, life history traits reflect a series of
events that govern a bird’s life—birth, fledging, maturation,
reproduction, and death. More specifically, timing of juvenile
development, age of sexual maturity, number of offspring,
level of parental investment, aging, and lifespan are dependent
upon the physical and ecological system within which the
bird lives (Lack 1968, Stark and Ricklefs 1998, Martin 2004).
Additionally, understanding avian physiological adaptations
can provide insight into the potential mechanisms that
underlie avian responses to such environmental stressors.
While all vertebrate species have similarities in physiological
and developmental processes, as a group, birds have
developed a suite of unique characteristics. These include
specific adaptations to the reproductive, metabolic, immune,
visual, and auditory systems, as well as general physiological
adaptations including high body temperature, and lightweight
bones with specialized microstructure (Sullivan et al.2017).
Below, we provide a high-level review of avian life history
strategies and physiological processes important for
understanding and assessing avian health and response to
environmental stressors.

A centerpiece of life history theory is the trade-oft
between reproductive effort and survival of individuals
(Williams 1966), which is widely supported by patterns
of fecundity and survival in experimentally manipulated
populations of wild and laboratory animals (Stearns 1992).
Reproduction is inherently costly for both ecological and
physiological reasons. Because reproduction requires extra
nutrients, breeders risk predation (Magnhagen 1991),
parasitism (Apanius and Schad 1994, Knowles et al. 2009),
and other ecological consequences (e.g., competition)
associated with increased foraging. In birds, increased foraging
effort results in increased reproductive output, but decreased

parental body condition and survival (Daan et al. 1996, Golet
and Irons 1999), in part due to clevated energy demands
(Potti et al. 1999). It is presumed that parents reduce self-
maintenance processes (e.g., immune function) and draw
from body reserves, in order to fuel the additional physical
activity. Hence, short-lived species are expected to invest
more in current reproductive attempts and less in overall
immune defense, because the reproductive value of their
current brood is high relative to potential future broods. In
contrast, the reproductive value of the current brood is low
relative to potential future broods for long-lived birds because
they have fewer natural extrinsic causes of adult mortality
(Stearns 1992). Thus, long-lived species should have relatively
higher allocations of resources to self-maintenance functions
compared to that of short-lived species, particularly related
to immune functions.

Looking more closely at avian ontogeny from the lens
of physiological process and functional responses reveals two
different strategies: 1) altricial chick development; and 2)
precocial chick development, suggested by Starck and Ricklefs
(1998) as endpoints along a spectrum. Altricial species (e.g.,
passerines) hatch in a relatively immature state and require
parental care until at least fledging. At the other end of the
spectrum, precocial species (e.g., waterfowl) are fairly well
developed and mobile at hatching and require little parental
care. Altricial and precocial birds appear to have differential
risk from environmental chemical exposure because sexual
differentiation of endocrine and behavioral components of
the reproductive system develop later for altricial species
compared to precocial species (Adkins-Regan et al. 1990).
While exposure to environmental chemicals i ovo, especially
to endocrine disrupting chemicals can be extremely damaging
to individuals in both groups (Ottinger and Dean 2011),
precocial birds are primarily impacted during embryonic
development, while altricial birds remain vulnerable for
an extended post-hatching period. Understanding these
physiological processes and functional outcomes, especially
related to the response of reproductive, immune, endocrine,
and organ systems to environmental chemical exposures can
provide invaluable insights into individual and population
health status.

The thyroid system modulates and maintains
metabolic homeostasis; it is critical for pre-migratory
fattening and for migratory energy utilization (McNabb,
2007). Stressors activate adrenal hormones, which can act
beneficially as a hormetic to stimulate homeostatic and
immune responses. However, chronic stress ultimately
impairs fitness through reduced physiological resilience
and reproductive success (Calabrese et al. 2001).
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Nesting Double-crested Cormorants (Phalacrocorax auritus). Photo credit: Donna A. Dewhurst

Birds have a relatively high metabolic rate and body
temperature (40.6°C). A high metabolic rate and elevated
body temperature may contribute to altered toxicokinetics
with exposure to environmental chemicals. For example,
raptors (c.g., Osprey [Pandion haliactus] and Bald Eagles
(Haliaeetus leucocephalus]) experience high rates of
bioaccumulation of pollutants leading to weakening of
cggshells (Grier 1982). Further, these bioaccumulated
lipophilic compounds including environmental pollutants
may be released from storage in fat cells during times of
high energy utilization such as with migration. Hence, it is
important to link environmental stressors to the health of
individual birds and ultimately to avian populations.

Many birds also have unique physiological and endocrine
characteristics that support long-distance migration and
survival under highly variable and sometimes extreme
conditions (Gill 2007, Ricklefs 2010). In addition to
having lighter bones and shorter gastrointestinal tracts than
mammals, birds have a highly efficient respiratory system in
which the passage of air is aided by numerous air sacs (Gill
2007). Feather integrity is critical for flight, and can be
compromised by oil exposure, which subsequently impairs
flight and thermoregulation (Maggini et al. 2017). As
mentioned above, the thyroid system promotes fat storage and
modulates energy utilization during flight. Any compromise
to these metabolic systems and/or feather integrity can inhibit
flight performance or reduce individual body condition during
migration, subsequently leading to compromised reproductive
success or survival.

The link between environmental stressors and lifespan
is a critical factor to assess with regard to fitness as it brings
together health, productivity, and longevity of individuals

(Haussmann and Heidinger 2015). While it would be
predicted that high body temperature and metabolic rate
would result in short lifespans, surprisingly many birds,
including hummingbirds, parrots, and seabirds exhibit
remarkably long lifespans compared to mammals of equivalent
body size (Ottinger et al. 1995, Nisbet et al. 1999, Holmes and
Ottinger 2006, Ottinger and Lavoie 2007, Finch 2009). Long-
lived birds have physiological and behavioral adaptations
supporting long life, including resistance to oxidative damage
(i.e., the ability to detoxify reactive compounds and repair
the damage they cause; Ogburn et al. 2001, Ottinger, 2018)
and the ability to prioritize adult survival over annual
productivity (Drent and Daan 1980). That is, long-lived
birds can forgo breeding in order to survive brief stressors
and breed again when conditions improve. As such, long-
lived bird species are better able to deal with exposures to
pollutants (physiologically) than are short-lived species.
However, they are not tolerant, and when long-lived species
are affected in a way that increases adult mortality, it has a
larger effect on their population stability because of their slow
reproductive rate (e.g., Croxall and Rothery 1991). Thus,
exposure to chemicals and other health consequences that
increase adult mortality can have disproportionate impacts
on long-lived species (Congdon et al. 1994).

Dramatic increases over the past century have occurred
in the production and use of chemicals in industrial,
agricultural, and residential settings that have resulted in
a wide diversity of chemical pollutants in the coastal and
marine systems of the northern GoM. Increasing exposure
to pollutants heightens the risk of adverse effects (Cheek
et al. 1995; Orttinger et al. 2009). The potential for adverse
effects of these pollutants is a complex issue due to the range
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of pollutants in our environment, the diversity of actions
and potencies, bioavailability, life-cycle of compounds, and
myriad of exposure scenarios. Nevertheless, a suite of recent
publications has documented adverse consequences from oil
exposure stemming from the Deepwater Horizon Oil Spill
(DWH) (see Bursian et al. 2017 for review). Specifically,
studies of Laughing Gulls (Leucophaeus atricilla) and Double-
crested Cormorants (Phalacrocoarx auritus) showed increased
oxidative damage and deleterious effects on cardiac tissue,
and mortality of some birds (Horak et al. 2017, Pritsos et
al. 2017, Harr et al. 2017). Fallon et al. (2017) documented
physiological damage to a range of species from even light
levels of oiling. Homing Pigeons (Columba livia domestica)
showed altered flight paths after light oiling, suggesting both
impaired navigational capabilities and flight ability (Perez et
al. 2017). Western Sandpipers (Calidris mauri) exposed to
ingested oil showed reduced blood and liver related responses
to contaminant exposure, and histological indicators of a stress
related adrenal response (Bursian et al. 2017). Birds also had
difficulties with takeoff and flight maintenance following
feather oiling with small amounts of crude oil (Maggini et
al. 2017). Seaside Sparrows (Ammodramus maritimus) living
in areas exposed to Deepwater Horizon oil had radiocarbon
signatures indicating that the oil entered the terrestrial food-
web and demonstrated reduced reproductive success in oiled
areas (Bonisoli-Alquati et al.2016). Exposure to sub-lethal
levels of contaminants has also been linked to increased
susceptibility of avian species to infectious diseases as a
result of immunosuppression (Grasman 2002, Fairbrother
et al.2004, Acevedo-Whitehouse et al. 2009). As such, it is
imperative that both short-term toxicological studies and long-
term cumulative assessments on overall fitness (recognizing
difference in life history strategies) of individuals and the
potential impact on avian populations be implemented to
ascertain efficacy of restoration programs.

ECOSYSTEM RESTORATION AND
MEASURES OF FITNESS AND HEALTH

The large-scale restoration underway in the northern
Gulf of Mexico under the RESTORE Act, National Fish
and Wildlife Foundation, and Natural Resource Damage
Assessment Trustee Council presents an opportunity to
increase wildlife populations and improve their habitats.
Collectively, state and federal agencies in partnership with
numerous conservation organizations and citizen groups are
making substantial conservation investments along the coasts
of Florida, Alabama, Mississippi, Louisiana, and Texas. This
unprecedented investment in ecosystem restoration along
the Gulf Coast requires accountability for the effectiveness of
large-scale restoration efforts across a broad geographic area.

To that end, the millions of birds using the northern Gulf of
Mexico (for all or part of their annual life-cycle) provide an
unparalleled indicator of ecosystem health (Burger 2017,
2018). The Gulf ecosystem supports hundreds of avian species
that occupy virtually all trophic levels within the northern
GoM food web and are direct beneficiaries of most restoration
projects, regardless of the resource for which the restoration
project was designed. As such, the overall health and fitness of
birds may offer an opportunity to assess the collective benefits
of diverse and broad-scale restoration efforts. Unfortunately,
more information is needed regarding which health metrics
are most appropriate, most informative, or most cost-effective/
convenient for practitioners to collect in the field.
Frequently used indicators of avian population health are
estimates of adult/juvenile survival (c.g., Maness and Anderson
2013) and reproductive success, as articulated in the previous
taxa-specific chapters (see Chapters 3-9). However, measuring
survival and reproductive success is often logistically difficult
and costly. Physiological health metrics provide potential
(cheaper/easier) alternative measures of population health.
Physiological health metrics can also illuminate mechanisms
underlying changes in population health, in that the health
of individuals determines their productivity and survival,
which ultimately drives both short- and long-term population
status. Although data are available about potential impacts
of chemicals and other stressors to avian populations, gaps
still exist in our ability to directly link life history traits (e.g.,
reproductive success) to specific physiological metrics (see
Lamb et al. 2016), and subsequently, to potential adverse
outcomes and risk for wild birds. Monitoring specific health
metrics of avian populations in tandem with other monitoring
programs (e.g., abundance) will provide essential information
about the current status of individuals within a population
(Mallory etal. 2010), and possible species-specific differential
health effects related to a variety of environmental stressors.
As previously stated, limited data currently exist related to
avian health assessments in the northern GoM. This situation
is further complicated by the fact that the environmental
stressors impacting the system are not mutually exclusive.
In that, while we collectively work to restore the northern
Gulf ecosystem in the wake of DWH oil spill, there are a
variety of concurrent stressors influencing birds and their
habitats to include: frequently occurring, relatively small
oil spills (BOEM 2018); contaminant laden runoff from
agricultural practices and urbanization (EPA 2018); extreme
weather events (e.g., hurricanes, drought); and a wealth of
complex ecological processes (e.g., predation, parasitism,
infectious diseases, competition) being disrupted via loss and
fragmentation of habitat. Hence, without very specific and
targeted questions, it is and will continue to be, extremely
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difficult to disentangle all the background noise associated
with avian health assessments. Nevertheless, an understanding
of the physiological outcomes and ramifications to overall
fitness is critical for understanding ecosystem restoration.
Towards that end, we present a suite of potentially useful
health metrics, brief overview of available tests and procedures,
and conclude with next steps for advancing our collective
understanding of avian health in the northern GoM.

Given the complexity of the GoM ecosystem, the myriad
of interactions associated with avian health assessments,
and the vast number of stakeholders involved (e.g., varying
objectives and needs), it is beyond the scope of this Chapter
to provide specific, testable hypotheses, per se. Instead, it is
our goal to provide a framework and means to identify the
most pertinent and comprehensive health metrics associated
with a suite of environmental stressors thought to be driving
the system and bring the available data/information to Gulf
Coast veterinary schools, rehabilitation facilities, agencies,

managers, and others. Below, we provide a brief overview of
exposure routes and how each stressor is presumed to disrupt
physiological processes, thereby manifesting itself through a
demographic response at either the individual or population-
level.

Stressors, Exposure Pathways and
Physiological Impacts

EXPOSURE PATHWAYS: The detailed and encompassing
influence diagram (Figure 10.1) articulates the various
exposure routes and associated risks for birds following
the DWH oil spill. For some environmental stressors
(contaminants), exposure occurs both through external
contact with feathers and skin and internally through
ingestion (precning and feeding) and inhalation. Hence,
the various exposure routes lead to both direct and long-term
impacts, which may affect taxa or individuals differently due to
variability in life history strategies (sce above). For example, we

Avian Exposure & Injury Toxicity Pathways - Deepwater Horizon Incident
Exposure Direct Intermediate Resulting
Route Effect Effects Injury
Skin/dermal/ Feather fouling Insulation_ Thermoregulation Acute Death
feathers compromised Decreased Increased:
Metabolic rate
Aerobic water repellenc! Buoyancy
> scope Decreased Death
decreased Physical D d
»-| Lungs/ activity curtailed — :
inhalational > Neurological I—> Viability Predator
dysfunction Behavioral decreased avoidance
v anomalies »| Foraging
| Reproduction
- i . Long-term
Oil, dispersant & IZ_)|ve/fI|ght Fpraglng |—> Food . survival
their degradates times reduced time decreased consumption
Gl Tract/oral & utilization
preening Gl tract Assimilation decreased Death
lesions decreased Decreased:
A Genotoxicity Growth
PAH —»I Adduct formation & Carcinogenesis Homeostasis
Activation Reproduction
»| by CcYP [ Hemolytic anemia '_>I Oxygen deficiency ]
enzymes
Renal, salt gland | Water and geath d:
dysfunction ion imbalance Pe((:jretase d
Organ / System reaator
»| pathologies Immune system Suppression, avoidance
(Dermal and suppression over hyper-responsive Reproduction
inhalational stimulation Survival
routes, as well) Homeostasis Growth .
Endoctine dysfunction Homeostasis
imbalance
—>
Egg/ Ir‘1 ovo Surface oiling Gas/water anomalies
(Material & exchange » Death
through the shell) decreased 4,—'
Teratogenesis/ Growth &
5| Organ/
|—> g;-:;v;lé);r:ental 7| system failure, > development
dysfunction decreased

Figure 10.1. Influence Diagram showing potential routes of exposure, direct and intermediate effects, responses,
and fate for exposure to toxicants associated with the Deepwater Horizon Oil Spill (Adapted from Milton et al.
2003 with modifications by Michael Hooper, U.S. Geological Survey).
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know that females deposit both lipophilic and water-soluble
compounds into the yolk and albumin, respectively, thereby
exposing their embryos throughout development (Lin et al.
2004; Ottinger et al. 2000). Similarly, oils and dispersants
on the exterior of the egg are readily absorbed through the
eggshell matrix and pores, also exposing developing embryos.
The direct and indirect effects of the specific exposure routes
also range widely, including physical (e.g., feather fouling),
physiological (e.g., neural dysfunction, liver enzyme activation
resulting in higher detectable blood enzyme levels teratogenic
effects), and functional/behavioral outcomes (e.g., impaired
flight and navigation, organ system pathology) thereby
impacting individuals through a myriad of mechanisms: all
with negative consequences to growth and survival via lethal
or sub-lethal adverse outcomes. Hence, the various exposure
routes via which some stressors (e.g., contaminants) impact
birds, as well as seasonality (e.g., breeding vs. wintering, vs
migration), also warrant consideration. The exposure pathways
emphasized here are relevant to potential health impacts
associated with DWH; however we recognize that there
are a variety of other environmental stressors and exposure
pathways to also consider, for example sources of contaminants
from agrichemicals, wastewater and pollutants allowed under

the National Pollution Discharge Elimination Permits, etc.
To facilitate our ability to articulate the physiological
relationships, influences, and uncertainties associated with
a variety of environmental stressors beyond the DWH Oil
Spill, we developed an influence diagram (Figure 10.2)
that elucidates the physiological impacts and associated
responses for a variety of environmental stressors. In brief,
each environmental stressor is associated with one or more
physiological and functional responses at the individual-
level, while noting the complex interactions and relationships
among physiological and functional responses (e.g., disruption
of metabolic function can have “trickle-down” consequences
for immune function and vice-versa). Further, we link these
functional responses with presumed demographic responses
and provide a short list of potential monitoring metrics. Details
of these metrics, including basic collection protocol, logistical
constraints, financial costs and uncertainties associated
with each metric are detailed in Table 10.1. Hereafter, we
provide an overview of each of the environmental stressors
including their impact on physiological processes, as well as
an overview of each physiological process with implications
to demographic responses. Although decision nodes are not
delineated, it is important to consider these in the context of

Endocrine stress
response

Predaton —————p

Environmental Physiological Primary Demographic Specific
Stressor Response Response Response Metric
Corticosterone

Increased during stress

Feather fault bars
H:L ratio cell counts

Decreased productivity

Body condition

Disturbance

Limited Food

Disease

Environmental
pollutants

I

Metabolic function

I

Immune function

|

Reproductive function

I

Toxic response

Increased during acute
stress, may decrease
during chronic stress

Decreased during stress,
Increased during immune
challenge (e.g., disease),
Increased during
inflammatory response

Decreased during stress

Increased liver/enzyme
during stress

Increased mortality risk,
Decreased productivity

Increased mortality risk,
Decreased productivity

Decreased productivity

Increased mortality risk,
Decreased productivity

Fat/muscle score
Blood chemistry
Stable isotopes
Thyroid hormones

Parasites
Immunoglobulins
Infectious diseases
Cell counts

Sex steroid hormones

EROD

ALAD

Blood chemistry
Oxidative/DNA damage
Heinz bodies

Figure 10.2. Diagram depicting the physiological responses of individual birds to environmental stressors, the
primary and demographic responses associated with that physiological response, and the specific metrics that
can be used to measure that physiological response. Double headed arrows indicate that physiological responses

interact with each other.
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restoration assessments involving health metrics. Further, the
decision nodes will vary with species along with the metrics
used to assess health.

Environmental Stressors

PREDATION: Pressure from predation is a biological stressor
that can exert short- and long-term impacts (Clinchy et al.
2004), especially during the breeding season (e.g., Ghalambor
and Martin 2002), on many avian taxa. Loss of protective
foliage and other cover with loss of habitat, urbanization, and
other anthropogenic development often contribute to greater
vulnerability to predation. Further, climate or weather-related
events can also disturb or modify habitat and protective cover,
making nests and individuals more visible and vulnerable.
Decreased food quality and/or increased energy demands may
increase the amount of time spent foraging, when individuals
are more vulnerable to predation. The response to heightened
risk and frequency of predation includes an endocrine stress
response and associated immune system effects. The endocrine
stress response will increase during predation events, and can
become chronically elevated if predation pressure continues.
Management actions including predator control/removal (see
all taxa chapters), habitat restoration (see all taxa chapters),
provision of safe nesting sites (e.g., nesting islands; see
Seabird Chapter 6), or regulation of shoreline development
(see Chapters 4 and 7) could mitigate stress associated with
predation risk.

DISTURBANCE: Here we define disturbance as any
impact stemming from anthropogenic or natural events (e.g.,
human activities, hurricanes), which may subsequently result
in negative effects. More specifically, disturbance leads to
an endocrine stress response at the individual level, which
subsequently results in negative effects to immune function
(Nelson 2005, Burger et al. 2017). This increases indirect
mortality risk (e.g., Grace et al.2017), leading to population-
level effects. Changes to the energetic demands and the
physiological stress response both impact immune functions
(Acevedo-Whitehouse & Duffus, 2009). Habitat restoration
(see all taxa chapters), regulation of human activities (refer
to Chapters 6 and 10) and shoreline development (see
Chapters 4 and 7) are management actions that can decrease
disturbance-related stress.

LIMITED FOOD RESOURCES: Birds respond to limited food
in the short-term by increasing the endocrine stress response
and metabolic function (i.e., energy mobilization). However,
long-term food deprivation will decrease metabolic function
and suppress immune function, with long-term negative effects
on productivity and survival. Both food quantity (biomass)
and quality (energy density and proximate composition)
can strongly affect the reproductive success of avian taxa.

282

The nutritional stress hypothesis posits that food quantity
provisioned to chicks affects growth, condition, and survival
(Trites and Donnelly 2003), while the junk-food hypothesis
posits that food quality is the primary driver (Jodice et al.
2006, Osterblom et al. 2008, Lamb et al 2017). These two
hypotheses are not necessarily mutually exclusive within a
species or systems and may operate differently depending
upon the range of available food items in any given year.
Changing climate conditions such as drought or excess rainfall
events, as well as commercial fishing pressure can impact
the quality and quantity of available food (Hooper et al.
2013). Adults and young are also affected by the quantity
and quality of prey available during both the breeding and
nonbreeding seasons. When food quantity or quality is
insufficient, consequences can exist for birds at all stages
of their life cycle, including impaired metabolic function,
reduced immune system function, and greater vulnerability
to disease and parasites. A similar concern of food quantity
and quality during the breeding season is also pertinent for
birds on staging and wintering grounds in cross-seasonal
carryover effects, particularly for waterfowl. Reduction in
food quality or quantity can also increase disease prevalence
(Lochmiller et al. 1993, Birkhead et al. 1999, Hoi-Leitner et
al. 2001, Strandin et al. 2018) through suppression of certain
immune functions (e.g., immunoredistribution) when energy
is limited (Martin et al. 2006, Bourgeon et al. 2010). The
quality of food is also a critical factor in the availability of
nutritional resources and this can be particularly important
for proper development of young. Regulation of fisheries (see
Seabird Chapter 6), removal of invasive species (see Marsh
Bird Chapter 4), habitat restoration (refer to Chapters 3-9),
prescribed fire (see Marsh Bird Chapter 4), and freshwater
management (see Chapters 4, 7-9) are potential management
actions that can improve food availability for birds.
DISEASE: Discase-induced mortality diseases and
coincident decreases in productivity often occur due to
exposure to chronic stressors (e.g., disturbance, predation,
limited food, pollutants) that suppress immune functions.
Furthermore, changes in global temperature are predicted
to expand exposure to certain disease vectors (Harvell et
al. 2002, Martin et al. 2010, Pigeon et al. 2013). Chemical
contaminants entering the ecosystem via urbanization and
agricultural practices can directly or indirectly modify the
pathogens present in the environment and diminish the
resilience of individuals to disease (Galloway and Handy
2003, Snoeijs et al. 2004, Kelly et al. 2007, Martin et al.
2010, Pigeon et al. 2013, Giraudeau et al. 2014, Lee et
al. 2017). Management activities that reduce stress from
predation, disturbance, limited food supply and exposure to
contaminants should reduce the risk of disease in birds.
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ENVIRONMENTAL POLLUTANTS: This environmental
stressor may affect avian populations across a range of
scenarios, including seasonal exposure for migratory species
(breeding versus wintering grounds), spotty exposure for
species near agricultural or residential areas (including
golf courses) areas, chronic exposure for residential birds
living near contaminated areas and waterways, and food
chain associated exposure for predatory birds (Lazarus et al.
2016). Pollutants often have direct toxic effects. At higher
concentrations, many pollutants may be lethal, while at lower
concentration pollutants might compromise reproduction,
immune function, predator avoidance, or otherwise reduce
survival or overall fitness (Ottinger et al. 2009). Endocrine-
disrupting chemicals often have more subtle, non-lethal effects
on immune function, thermal resilience, energy balance, and
homeostatic maintenance ability (Calabrese and Baldwin
2001; Ottinger and Dean 2011; Carro et al. 2018). Further,
there is evidence for multi-generational carry-over effects
through epigenetic alterations (Anway et al. 2005). Several
management actions could reduce risk of damage to birds
from pollutant exposure including promotion of sustainable
agriculture (see Chapters 2 and 3), freshwater management
(see Chapters 4 and 7), restoration of hydrology (see Chapters
5and 8), and coastal habitat restoration (refer to Chapters 3-9).

Physiological Response
ENDOCRINE STRESS RESPONSE: Chronic stress can elevate
(or in some cases, chronically depress, [e.g., Rich & Romero,
2005]) corticosterone levels, reduce sex steroid hormone
production leading to impaired reproductive performance
and reduced body condition and overall fitness (Acevedo-
Whitehouse and Duffus 2009, Sapolsky et al. 2000), and
shorten telomere length (Epel et al. 2004, Hau et al. 2015),
which is associated with decreased life span (Heidinger et
al. 2012). Immune function also becomes impaired with
chronic stress (Sapolsky et al. 2000, Martin 2009) leading
to increased vulnerability to disease and parasites, which
contributes to diminished lifetime reproductive performance
and survival. Measurements of the endocrine stress response
include directly measuring corticosterone (feather, fecal,
blood), evaluating heterophil/lymphocyte (H:L) ratios as
part of a complete blood count (CBC), and counting feather
fault bars, translucent bands in the plumage which occur when
feathers are being grown under stressful conditions (King and
Murphy 1984; Davis et al. 2008, Clark 2015). As such, an
assessment of hematocrit and differential blood cell counts can
provide critical insight into the health status of individuals.
METABOLIC FUNCTION: Environmental stressors will
typically increase metabolic function in the short-term

to facilitate rapid response to stressors. However, chronic
exposure to environmental stressors will impair metabolic
function (Burger et al. 2017). Measures of metabolic function
include body condition and fat/muscle score, selected blood
chemistry analytes, and stable isotope analysis. Body condition
provides a rough measure of available energy reserves and
involves mass and body size measurements (Peig and Green
2009). Fat and muscle scoring also estimate body reserves
and physical condition. Blood chemistry analyses can provide
information about the nutritional status and general health
of individuals (Fudge 2000, Campbell 2012, Maness and
Anderson 2017). Stable isotope analysis provides information
on the dietary sources available to individuals (e.g., Zimmo
etal. 2012, Lazarus et al. 2016). Assay of thyroid hormones
provides valuable insight into the metabolic status of an
individual especially during periods of change, such as
maturation and migration. The thyroid system is impacted
adversely by exposure to PCBs and other environmental
toxicants, resulting in reduced metabolism and impaired
pre-migratory fattening; both are essential for survival during
migration with cold stress and other environmental conditions
(McNabb 2007, Ottinger et al. 2009).

IMMUNE FUNCTION: Several specific measures of immune
function are available (e.g., Norris and Evans 2000) and
some techniques that are amenable to field collection (Table
10.1) are described in detail. Differential measurements of
circulating blood cells can provide insight into the health of
individuals, as activation of the immune system and certain
pathological states can alter hematocrit and blood cell counts.
An increase in hematocrit (packed cell volume) could be
due to dehydration (‘Thrall 2012). On the other hand, a
decrease in hematocrit, or anemia, can be caused by blood
loss, decreased red blood cell (RBC) production, or increased
RBC destruction. Blood loss may be due to gastrointestinal
parasites, gastrointestinal ulcers from toxin exposure or foreign
bodies, or blood-sucking ectoparasites. Decreased production
can result from bone marrow suppression from chronic illness
or nutritional deficiencies (Fudge 2000). Increased destruction
of blood cells can be due to hemoparasites, oxidative damage
from exposure to certain toxins, or inappropriate immune
responses (Fallon et al. 2017). An intermediate hematocrit has
been associated with increased longevity and lifetime fitness
in a migratory passerine (Bowers et al. 2014). The buffy coat
is the fraction of whole blood containing white blood cells
and thrombocytes. A large buffy coat may indicate infection,
inflammation, or injury and is negatively associated with
reproductive success in birds (Gustafsson et al. 1994).

REPRODUCTIVE FUNCTION: Reproductive function
involves a number of components, including forming pairs and
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Table 10.1. Hierarchical structure of sampling methodologies and avian health metrics with associated logistical
considerations to guide decision making by resource managers.

Invasive Sample Health lelllzziion Information CEﬁzzt?;n TS )
. P Sample . Preservation of . Cost Sampling or
Sampling | Collection Metric Gained .
Sample Processing Interpretation
. Current
B Measure (wing, condition High inter-observer
ody culmen, and/or . A
. (muscle and $ High variability for some
condition tarsus and body .
weight) fat deposits measures
9 combined)
Count and/or collect Parasite load Difficult to see
L ) (negatively and collect small
visible ectoparasites. correlated ectoparasites; will
Ecto- If collecting, brush ith health $ Mod pa hb ’d'
arasites bird and preserve with health, oderate vary with breeding
P PR and positively status (e.g., increases
ies(golfz)aralsgs:f);wnol correlated with during incubation); time
) propy stress) intensive in the field
Direct
Assess- Count fault bars on Difficult to see small
ment - Stress during fault bars or distinguish
all or a consistent p
. eather large fault bars from
Feather subset of feathers; . . s
) development; $ High many small bars; time
fault bars measure distance . s ’
feather growth intensive in the field, but
between bars (from o
hotograph) rate can be quantified from
P grap photographs
Score fat deposits Rough fat Will change with
Capture & Fat Score (clavicle, hips, de gsit $ High migration, breeding
Handling abdomen) P status
Will change with
Muscle Score keel muscle ROUQ.h. muscle $ High migration, breeding
score condition
status
In clean ziploc Must know when feather
No Cortico- or envelope in Stress during 5 High was grown for accurate
sterone dry, cool location feather growth? 9 assignment of stress
(uncontaminated) causation
Heav lc:, zlr?\?;c??alci)r? Must know when feather
y pein Contamination | $$$ High was grown for accurate
metals dry, cool location h ) .
p information gain
(uncontaminated)
Feather —
Infectious In clean ziplock, tSOu:cggit;ibclllty Not all infectious
h refrigerated or to spe $$ High diseases can be
disease § infectious ;
rozen diseases detected in feather pulp
Stable l; er?\?:l;'ﬂ?r? Nutrition $%- Must know when feather
pein sources during Low was grown for accurate
Isotopes dry, cool location $$$ h X .
. feather growth information gain
(uncontaminated)
Susceptibility . )
Infectious Collect into tubes, to specific $5 High gli:ta:gsmcf::\ﬁtlk?:?jetecte d
disease refrigerate or freeze | infectious 9 in f
diseases in fecal samples
Environ- Best if collected fresh;
mental Feces® Cortico- Freeze (-20°C) S_tress_dunng 5 Moderate affected bylcllrcadlan
! sterone digestion rhythm, activity, and
Sampling )
recent behaviors
Suspention in Presence of
Internal flotation solution, . Difficult to identify
) gut parasites & | $ Moderate .
Parasites faecal smear on 2q0Ss species
microscope slide 99
Dehydration,
Capture & . Spun within 30 anemia, white . Best if collected within
Yes Handling Blood Hematocrit minutes of sampling | blood cell $ High 10 min of disturbance
volume

284 M A F E S

issippi Agricultural & Forestry Experiment Station




Table 10.1 (continued).

. Ease of .
Invasive Sample Sample Health Przg:elf\fat;?:n/of Information Cost Collection Rse:;r:;i':‘tgs g:
Sampling | Collection Metric Sample Gained Proc:ssing Interpretation
Gently rock in glass
Bleedin tube containing Normal clotting range
- 9 diatomaceous earth | Clotting ability | $ High unknown for many
time test - )
until clotted, room species
temperature
Infection,
inflammation,
Blood smear on stress Blood smear needs to
microscope slide & (heterophil: be fixed immediately;
Cell counts fixed in methanol for | lymphocyte $ Moderate morphology of cells not
5-10min ratio), hemo- known in all species
parasites,
monocytosis®
Preserve cellular
fraction or whole
blood in alcohol . $- Easily contaminated by
DNA (e.g., 70% EtOH), Blood parasites $$$ Moderate outside sources
buffer, or by freezing
(-20°C)
Sample must be
Freeze plasma/ collected within 3
Corti- serum (-20 or -80°C) Current minutes of disturbance;
or preserve plasma/ f $$ Moderate affected by circadian
costerone B X . baseline stress L
serum in a 1:2 ratio rhythm, activity, and
of 70% EtOH recent behaviors /
interactions
Freeze plasma/ o Interpretation depends
. serum (-20 or -80°C) . S
Thyroid or preserve plasma/ Metabolic $3% High on detailed individual
Hormones press p . status 9 and population life
v Capture & Blood serum in a 1:2 ratio history knowledge
es Handling oo of 70% EtOH
Freeze plasma/ ) .
o Breeding Interpretation depends
serum (-20 or -80°C) | . PR
Sex investment on detailed individual
) or preserve plasma/ N $$ Moderate Lo
Steroids ) . . and territorial and population life
serum in a 1:2 ratio behavior history knowledge
of 70% EtOH ry [e]
Preserve plasma/ Currently
Immuno- serum in 1:2 ratio elevated or Normal reference values
; of SDS buffer or depressed $$ Moderate are not known for many
globulins . )
freeze plasma/serum | immune species
(-80°C) response
Blood smear on Baseline values not
microscope slide & Presence of known for many
Micronuclei | . ) DNA strand $ High L
fixed in methanol for breaks species; can be
5-10min modulated by genotype
Blood smear on Presence of
Heinz microscope slide & denatured $ High Can be difficult to detect
bodies fixed in methanol for | hemoglobin in 9 with light microscopy
5-10min red blood cells
Troponin Freeze plasma/ Presence of $% Moderate/ Baseline levels not
P serum (-80°C) heart damage Low known in most species
Oxygen Concentration is
Measure carrying strongly affected by
with portable capacity age, season and the
. . of blood, Moderate/ process of moult;
Hemoglobin | hemoglobinometer " $ ) h
: positively Low requires equipment
or estimate from . X
acked cell volume correlated with (he_mo-globlnqmelter) or
P measures of estimation which is less
condition accurate
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Table 10.1 (continued).

. Ease of .
Invasive Sample Sample Health Prgg:zfat;?:n/o P Information Cost Collection F;eas;r:;ir:‘tgs g:
Sampling | Collection Metric Sample Gained b & . Interpretation
rocessing
Degree of Cannot distinguish
Mercury Freefe whole blood mercury $$ Moderate/ methyl mercury; uptake
(-20 °C) Low h f
exposure varies by trophic-level
Known age populations
Oxidative Freeze plasma/ Damgge _due Moderate/ are begt for th'? .
o to oxidative $$ analysis, as oxidative
damage serum (-80 °C) Low .
processes damage typically
increases with age
Blood Nutritiorjal
status, liver
function, Lipemic or hemolytic
kidney samples can interfere
| Freeze plasmas function, $- Moderate/ with assays; normal
Chemistry’ serum (-80 °C) metabolism, $5% Low reference values are not
pancreatic known for many species
function, (including age- or sex-
muscle injury, specific values)
immune
function
Known age populations
- Damage due are best for this
Oxidative Freeze (-80 °C) to oxidative $$ Moderate/ analysis, as oxidative
Capture & damage Low .
Handling L processes damage typically
iver i i
Yes increases with age
Heav Freeze biopsy
metali (-20 °C), or lyophilize | Contamination | $$$ Low Lethal sampling
sample
Nutrition
sources during Usually lethal sampling
Stable Freeze biopsy muscle tissue $$- oS ’
Muscle o . Low but can be biopsied on
Isotopes (-20 °C) growth (higher | $$$ A
live birds
cell turnover
than feathers)
Eqq shell Potential Requires species
99 Collect and preserve | exposure reference values or a
thickness, i DDT and $ Low | lation f
uality at room temperature | to DDT an control population for
a certain metals comparison
Stress during Primarily reflects
Eggs Corti- Sample albumin, egg formation, $5 Low maternal deposition;
costerone freeze and in ovo sampling can cause
exposure embryonic death
Heavy Contamination Reflects maternal
metals Heat dried and in ovo $$$ | High deposition
exposure
Post Full Refrigerate of freeze .
Mortality Necropsy examination | fresh caracasses Cause of death | $ High Need fresh carasses

aFew numbers of fault bars that are small in size reflect good health

®Collection of feces requires capture and handling within some avian species.

°Cell counts include several different measures. For most of these, high or low values are indicative of poor population health and species
reference values must be consulted to determine if values are within an acceptable range for good health. Blood smears can also be used to
identify and count hemoparasites, for this measure a low number of parasites indicates good health.

4Avian and Exotics advanced chemistry panel: Amylase, Asparate Aminotransferase (AST), Blood Urea Nitrogen (BUN), Creatine Kinase, Calcium,
Cholesterol, Chloride, Bicarbonate (CO2), Creatine Phosphpkinase (CPK), Gamma Glutamyltransferase (GGT), Glucose, Lipase, Magnesium,
Phosphorus, Potassium, Sodium, Total Protein, Albumin, Triglycerides, Uric Acid
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associated pair-bond behavior, copulation and fertilization,
nesting behavior, follicle development and egg production,
nesting success, productivity, fledging success and parental
care. Environmental stressors typically decrease reproductive
function of individuals, potentially resulting in a risk for
population level impacts both on reproduction and aging
processes (Ottinger et al. 1995; Hau et al. 2015; Lamb et
al 2016). All components of reproductive function are
essential for the overall fitness of the population. Reproductive
function is often measured physiologically with sex steroids
(e.g., testosterone, estradiol). Testosterone increases in the
pre-breeding and early breeding season in the male; estradiol
and progesterone in the female are critical to producing
sufficient number of eggs to ensure viable offspring and
fledging chicks (Adkins-Regan 2005). Interpretation of sex
steroid concentrations requires population reference values
and a detailed understanding of individual and population
life history.

TOXIC RESPONSE: Exposure to contaminants can be
assessed by direct measurement of compounds in the tissues
and/or eggs of birds. The primary route of exposure in birds
is through the diet and secondarily through maternally
deposited contaminants into the egg (Lin et al. 2004,
Ottinger ct al. 2000, 2009). As such, analysis of the egg
shell, egg membrane, and egg contents following hatch
provide information about the presence of contaminants
and potential exposure of the chick. Samples from feathers
and feces also provide information on contaminant
exposure and cumulated load in the case of feather analyses;
fecal analyses provide exposure information over the 24
hour period. Similarly, blood chemistry and analysis for
contaminants provide a current dynamic view of exposures
to the individual. Physiological responses to contaminants/
toxins are measurable by aminolevulinic acid dehydratase
(ALAD) to assess exposure to lead (e.g., Scheuhammer
1989); ethoxyresorufin-O-deethylase (EROD) provides a
measure of the activation of liver enzymes in response to
exposure to toxicants (e.g., Bohannon et al. 2018). Exposure to
pollutants can damage DNA leading to negative health effects
(Maness and Emslie 2002). Some types of DNA damage can
be assessed by the presence of micronuclei in blood cells (e.g.,
Baesse et al. 2015). Micronuclei are small nuclei created by
double strand breaks and chromosomal instability. Proteins
exposed to oxidizing agents and pollutants can denature
and precipitate inside cells. Denatured hemoglobin forms
Heinz bodies in red blood cells which can be detected by
light microscopy from blood smears (e.g., Harr et al. 2017).

SAMPLING METHODOLOGIES AND GUIDE
FOR DECISION MAKING

In practice, choice of avian health monitoring metric will
depend upon the species and question(s) being asked.
That is, what information is needed and can the sample
be collected from this species safely/ethically? Remember,
there is no “silver bullet.” As previously discussed, assessing
avian health is a complex and inter-twined endeavor given
the various concurrent stressors and inter-relationships of
physiological functions. Hence, researchers and resource
managers will need to clearly articulate the questions,
objectives, and data needs. Once the question is identified,
a suite of additional issues (e.g., species and life history
traits, feasibility of sample collection, validity of assay tests,
costs, etc.) will need to be considered. To facilitate decision
making, Table 10.1 provides additional information related
to a variety of potential health metrics. To that end, we
have organized the table in a hierarchical fashion grouped
by sampling strategy (invasive vs. non-invasive), type of
sample (blood vs. feather vs. tissue), and potential health
metric(s) as a means to structure the information. It is our
hope that information within Table 10.1 will provide: 1) a
foundation to assist researchers and resource managers in
identifying the most appropriate avian health metric given a
specific question; 2) a means to evaluate trade-offs between
costs, field application, value of specific-metric; and 3)
a basis to initiate further discussions and coordination
as we work collaboratively to unravel the complexities
and interconnectedness of avian health issues across the
northern GoM.

NEXT STEPS

This section provides suggested next steps that would
facilitate the identification and use of health metrics by
managers for assessing the success of restoration projects
during the process of restoration and for proactively
adjusting the project components.

* Create an ad-hoc working group (aka Communi-
ty of Practice) of scientists and land managers to de-
velop adverse pathway models and further refine
the list of appropriate physiological metrics with re-
spect to specific, agreed upon objectives/data needs.

* Conduct literature reviews of avian health assessments
across the northern Gulf of Mexico to facilitate
communication, coordination, and future collaborations.
Laboratory and field studies have characterized
physiological response to a range of environmental
stressors. However, few regional reviews exist that draw
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together published literature from the perspective of  * Collect and maintain mortality data from wildlife

management and assessment of restoration effectiveness.

* Link physiological metrics with reproductive success, as a
means to further evaluate restoration success. Stressors and
many identified health metrics ultimately relate to repro-
duction and successful fledging of chicks. However, it is
often difficult to simultaneously monitor individual adult
pairs, egg and nest fates, health and growth of nestlings,
fledging success, and first year survival, at a spatial and tem-
poral scale that matters. As such, establishing clear linkage
of selected physiological metric(s) with reproductive success
may provide an opportunity to more easily assess repro-
ductive success and thereby population status. Also, iden-
tification of non-invasive and non-destructive biomarkers.

* Develop standardized avian health measurement endpoints
and protocols to promote the collection of consistent and
comparable avian health data across the northern GoM.

* Develop a data repository for the storage of samples and an
online data portal for the collection and sharing of publi-
cations, diagnostic reports, etc., as a means of facilitating
communication, coordination, and collaboration. Creation
of a data repository that is available to researchers and re-
source managers will provide a dynamic record to assess and
predict the efficacy of restoration and management projects.

disease diagnostic laboratories serving the GoM to
detect trends in health impacts and cause of death
in avian species. This information can be main-

tained within the online data portal referenced above.

* Partner with groups in different regions, including
stakeholders and Citizen Science, where appropriate.

CONCLUSION

In summary, avian health assessments represent a literal
“Pandora’s Box, given the myriad of non-mutually
exclusive stressors, potential for multiple physiological
processes to be disrupted, compounded by the
complexities of different life history traits expressed
across the avian community. Our goal here was to: 1)
provide a high-level overview of the subject; and 2) put
forth a suite of potential metrics and their associated
collection costs and logistical considerations as a means
to increase awareness and provide resource managers
with a basis from which to start thinking about avian
health assessments. As the conservation community
works to restore the northern Gulf of Mexico, our ability
to fully understand and evaluate holistic ecosystem
restoration will be improved if we supplement other
avian monitoring efforts targeted at abundance and
reproductive success, with information to better capture
consequences to avian fitness.%

ACKNOWLEDGMENTS

This manuscript benefited from reviews by Samantha Gibbs, Kris Godwin, Jim LaCour, Pete Tuttle and the GoMAMN edi-
torial team including Auriel Fournier, Jeff Gleason, Jim Lyons, and Mark Woodrey. The South Carolina Cooperative Fish and
Wildlife Research Unit is jointly supported by the U.S. Geological Survey, South Carolina DNR, and Clemson University. Re-
search by Ottinger and colleagues supported by EPA grants #R826134010 (Star Grant) and R-82877801; Battelle contract for
EPA-EDSTAC validation studies, NSF #9817024; U.S. Fish and Wildlife Service and Hudson River Trustees. The findings and
conclusions in this paper are those of the author(s) and do not necessarily represent the views of the U.S. Fish and Wildlife Service.

288

MAFES}

Mississippi Agricultural & Forestry Experiment Station



LITERATURE CITED

Acevedo-Whitehouse, K., A. L. J. Duffus. 2009. Effects of
environmental change on wildlife health. Philosophical
Transactions of the Royal Society, B 364:3429-3438.

Adkins-Regan, E. 2005. Hormones and Animal Social Behav-
ior. Princeton University Press, Princeton USA.

Adkins-Regan, E., M. Abdelnabi, M. Mobarak, M. A. Ot-
tinger. 1990. Sex steroid levels in developing and adult
male and female zebra finches (Poephila guttata). General
Comparative Endocrinology 78(1):93-109.

Anway M. D, A.S. Cupp, M. Uzumcu, M. K. Skinner. 2005.
Epigenetic transgenerational actions of endocrine disruptors

and male fertility. Science 308:1466-1469.

Apanius V. 1998a. Stress and immune defense. Advances in
the Study of Behavior 27:133-153.

Apanius, V. A. 1998b. Ontogeny of immune function. Pages
203-222inJ. M. Starck, R. E. Ricklefs (Eds.), Avian Growth
and Development. Oxford University Press, Oxford, UK.

Apanius, V. A., M. W. Westbrock, D. J. Anderson. 2008.
Reproduction and immune homeostasis in a long-lived
scabird, the Nazca booby (Sula granti). Ornithological
Monographs 65:1-46.

Apanius, V. A., G. A. Schad. 1994. Host behavior and the
flow of parasites through host populations. Pages 101-114
in M. E. Scott, G. Smith (Eds.), Parasitic and Infectious
Diseases: Epidemiology and Ecology. Academic Press, San
Diego, CA.

Ardia, D.R., K. A. Schat, D. W. Winkler. 2003. Reproductive
effort reduces long-term immune function in breeding tree
swallows (Zachycineta bicolor). Proceedings of the Royal
Society B: Biological Sciences 270:1679-1683.

Baesse C. Q., V. C. Tolentino, A. M. da Silva, A. A. Silva, G.
A. Ferreira, L. P. Paniago, ]. C. Nepomuceno, C. de Melo.
2015. Micronucleus as biomarker of genotoxicity in birds

from Brazilian Cerrado. Ecotoxicology and Environmental
Safety 115:223-228.

GoMAMN}

Birkhead, T. R., F. Fletcher, E. J. Pellatt. 1999. Nestling
diet, secondary sexual traits and fitness in the zebra finch.
Proceedings of the Royal Society B: Biological Sciences
266:385-390.

Bohannon, M. E., T. E. Porter, E. T. Lavoie, M. A. Ottinger.
2018. Differential expression of hepatic genes with embry-
onic exposure to an environmentally relevant PCB mixture
in Japanese quail (Coturnix japonica). Journal of Toxicolog-
ical Environmental Health, Part A: Current Issues.

Bonisoli-Alquati, A., P. C. Stouffer, R. E. Turner, S. Woltmann,
S. S. Taylor. 2016. Incorporation of Deepwater Horizon
oil in a terrestrial bird. Environmental Research Letters

11(11):114023.

Bourgeon, S., M. Kauffmann, S. Geiger, T. Raclot, J-P. Robin.
2010. Relationships between metabolic status, corticos-
terone secretion and maintenance of innate and adaptive
humoral immunities in fasted re-fed mallards. The Journal
of Experimental Biology 213:3810-3818.

Bowers, K. E., C.]. Hodges, A. M. Forsman, L. A. Vogel, B. S.
Masters, B. G. P. Johnson, L. C. Johnson, C. E. Thompson,
S. K. Sakaluk. 2014. Neonatal body condition, immune
responsiveness, and hematocrit predict longevity in a wild

bird population. Ecology 95:3027-3034.

Brace, A.J., M. ]. Lajeunesse, D. R. Ardia, D. M. Hawley, J.
S. Adelman, K. L. Buchanan, J. M. Fair, J. L. Grindstaff, K.
D. Matson, L. B. Martin. 2017. Costs of immune responses
are related to host body size and lifespan. Journal of Ex-
perimental Zoology Part A: Ecological and Integrative
Physiology 327:254-261.

Burger, J. 2017. Avian resources of the northern Gulf of Mex-
ico. Pages 1352-1488 in C. Ward (Ed.), Habitats and Biota
of the Gulf of Mexico: Before the Deepwater Horizon Oil
Spill, Volume 2. Fish Resources, Fisheries, Sea Turtles, Avian
Resources, Marine Mammals, diseases and Mortalities.
Springer, New York.

Burger, J. 2018. Birdlife of the Gulf of Mexico. Texas A&M
University Press, College Station.

Gulf of Mexico Avian Monitoring Network | 289

>
=
o
S
o
@
=,
=




Chapter 10: GoOMAMN Strategic Bird Monitoring Guidelines: Avian Health

Bursian, S.J., C. R. Alexander, D. Cacela, F. L. Cunningham,
K. M. Dean, B. S. Dorr, C. K. Ellis, C. A. Godard-Cod-
ding, C. G. Guglielmo, K. C. Hanson-Dorr, K. E. Harr,
K. A. Healy, M. ]. Hooper, K. E. Horak, J. P. Isanhart, L.
V.Kennedy,J. E. Link, I. Maggini, . K. Moye, C. R. Perez,
C. A. Pritsos, S. A. Shriner, K. A. Trust, P. L. Tuttle. 2017a.
Overview of avian toxicity studies for the Deepwater Hori-
zon Natural Resource Damage Assessment. Ecotoxicology
& Environmental Safety.

Bursian, S.J., K. M. Dean, K. E. Harr, L. Kennedy, J. E. Link,
I. Maggini, C. Pritsos, K. L. Pritsos, R. E. Schmidt, C. G.
Guglielmo. 2017b. Effect of oral exposure to artificially
weathered Deepwater Horizon crude oil on blood chem-
istries, hepatic antioxidant enzyme activities, organ Weights
and histopathology in western sandpipers (Calidris mauri).
Ecotoxicology & Environmental Safety 146:91-97.

Calabrese, E. J., L. A. Baldwin. 2001. Hormesis: U-shaped
dose responses and their centrality in toxicology. Trends
in Pharmacological Sciences 22(6):285-291.

Campbell, T. W. 2012. Clinical chemistry of birds. In M. A.
Thrall, G. Weiser, R. W. Allison, T. W. Campbell (Eds.),
Veterinary Hematology and Clinical Chemistry. Wi-
ley-Blackwell, Oxford.

Carro, T., M. K. Walker, K. M. Dean, M. A. Otttinger. 2018.
Effects of in ovoexposure to 3,3°4,4” tetrachlorobiphenyl
(PCB 77) on heart development in tree swallow (Zachy-
cineta bicolor). Environmental Toxicology and Chemistry
37(1):116-125.

Cheek, A. O., P. M. Vonier, E. Oberdorster, B. C. Burow, J. A.
McLachlan. 1998. Environmental signaling: A biological
context for endocrine disruption. Environmental Health

Perspective 106 Suppl 1:5-10.

Clark, P.2015. Observed variation in the heterophil to lym-
phocyte ratio values of birds undergoing investigation of
health status. Comparative Clinical Pathology 24:1151-
1157.

Clinchy, M, L. Zanette, R. Boonstra, J. C. Wingfield, J. N.
M. Smith. 2004. Balancing food and predator pressure
induces chronic stress in songbirds. Proceedings of The
Royal Society B: Biological Sciences 271:2473-2479.

Cohen, E. B., W. C. Barrow, ]. ]. Buler, J. L. Deppe, A. Farn-
sworth, P. P. Marra, S. R. McWilliams, D. W. Mehlman,
R.R. Wilson, M. S. Woodrey, F. R. Moore. 2017. How do
en route events around the Gulf of Mexico influence mi-
gratory landbird populations? The Condor Ornithological
Applications 119: 327-343.

Congdon, J. D., A. E. Dunham, R. V. L. Sels. 1994. Demo-
graphics of common snapping turtles (Chelydra serpentina):
Implications for conservation and management of long-
lived organisms. American Zoologist 34:397-408.

Custer, T. W., C. M. Custer, B. R. Gray. 2010. Polychlorinated
biphenyls, dioxins, furans, and organochlorine pesticides
in spotted sandpiper eggs from the upper Hudson River
basin, New York. Ecotoxicology 19(2):391-404.

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

Davis, A. K., D. L. Maney, J. C. Maerz. 2008. The use of leu-
kocyte profiles to measure stress in vertebrates: A review
for ecologists. Functional Ecology 22:760-772.

Deepwater Horizon Natural Resource Damage Assessment
Trustees (DHNRDAT). 2016. Deepwater Horizon QOil
Spill: Final Programmatic Damage Assessment and Resto-
ration Plan and Final Programmatic Environmental Impact
Statement.

Drent, R. H., S. Daan. 1980. The prudent parent: Energetic
adjustments in avian breeding. Ardea 68:225-252.

Environmental Protection Agency. 2010. Gulf of Mexico
Watershed. Retrieved on December 6,2010 from hetps://
epa.gov.

Epel,E. S, E.H. Blackburn, J. Lin, E. S. Dhabhar, N. E. Adler,
J. D. Morrow, R. M. Cawthon. 2004. Accelerated telomere
shortening in response to life stress. Proceedings of the
National Academy of Sciences 101(49):17312-17315.

Fairbrother, A., J. Smits, K. Grasman. 2004. Avian immuno-
toxicology. Journal of Toxicology Environmental Health
B: Critical Reviews 7(2):105-137.

Finch, C. E. 2009. Update on slow aging and negligible se-
nescence—a mini-review. Gerontology 55(3):307-313.

290 MAFES}

Mississippi Agricultural & Forestry Experiment Station



Fournier, A. M. V,, M. S. Woodrey, R. R. Wilson, S. M. Sha-
ruga, D. B. Reeves. 2019. Challenges, opportunities, and
stakeholder values. Pages 15-24 in R. R. Wilson, A. M.
V. Fournier, J. S. Gleason, J. E. Lyons, and M. S. Woodrey
(Editors), Strategic Bird Monitoring Guidelines for the
Northern Gulf of Mexico. Mississippi Agricultural and
Forestry Experiment Station Research Bulletin 1228, Mis-
sissippi State University. 324 pp.

Fudge, A. M. 2000. Laboratory Medicine Avian and Exotic
Pets. Saunders, Saint Louis, MO, USA.

Gallardo, J., E. Velarde, R. Arreola. 2006. Birds of the Gulf of
Mexico and the Priority Areas for their Conservation. Pages
180-194 in K. Withers, M. Nipper (Eds.), Environmental
Analysis of the Gulf of Mexico, Harte Research Institute
for Gulf of Mexico Studies Special Publication Series No.
1. Instituto de Ecologia A.C., Instituto Nacional de Ecolo-
gia, Harte Research Institute-Texas A&M Corpus Christi.

Gallardo, J., E. Verlarde, V. Macias. 2009. Birds (Vertebrata:
Aves) of the Gulf of Mexico. In D. L. Felder, D. K. Camp
(Eds.), Gulf of Mexico Origin, Waters, and Biota—Biodi-
versity of the Gulf of Mexico. Texas A&M University Press.

Galloway, T., R. Handy. 2003. Immunotoxicity of organo-
phosphorous pesticides. Ecotoxicology 12:345-363.

Gill, F. B. 2007. Ornithology, Third Edition. W.H. Freeman
and Co, New York.

Ghalambor, C. K., T. E. Martin. 2002. Comparative ma-
nipulation of predation risk in incubating birds reveals
variability in the plasticity of responses. Behavioral Ecology
13:101-108.

Giraudeau, M., E. S. M. Mousel, K. McGraw. 2014. Parasites
in the city: Degree of urbanization predicts poxvirus and
coccidian infections in house finches (Haemorhous mexi-
canus). PLoS ONE 9:e86747.

Golet, G. H., D. B. Irons. 1999. Raising young reduces body
condition and fat stores in black-legged kittiwakes. Oeco-
logia 120:530-538.

Grace, J. K., L. Froud, A. Meillere, F. Angelier. 2017. House
sparrows mitigate growth effects of post-natal glucocor-
ticoid exposure at the expense of longevity. General and
Comparative Endocrinology 253:1-12.

GoMAMN}

Grasman, K. A. 2002. Assessing immunological function in
toxicological studies of avian wildlife. Integrative & Com-
parative Biology 42(1):34-42.

Grier, J. W. 1982. Ban of DDT and subsequent recovery of
reproduction in Bald Eagles. Science 218:1232-1235.

Gulf Coast Ecosystem Restoration Council (GCERC). 2016.
Restoring the Gulf Coast’s Ecosystem and Economy. Re-
trieved from hetps://www.restorethegulf.gov/sites/default/
files/CO-PL_20160822_ COMP_PLAN_UPDATE_
DRAFT_English.pdf.

Gustafsson, L., D. Nordling, M. S. Andersson, B. C. Sheldon,
A. Qvarnstrom. 1994. Infectious diseases, reproductive
effort and the cost of reproduction in birds. Philosophi-
cal Transactions of the Royal Society of London Series B:
Biological Sciences 346:323-331.

Hasselquist, D., M. F. Wasson, D. W. Winkler. 2001. Humor-
al immunocompetence correlates with date of egg-laying
and reflects work load in female tree swallows. Behavioral

Ecology 12:93-97.

Harr, K. E., F. L. Cunningham, C. A. Pritsos, K. L. Pritsos, T.
Muthumalage, B. S. Dorr, K. E. Horak, K. C. Hanson-Dorr,
K. M. Dean, D. Cacela, A. K. McFadden, J. E. Link, K. A.
Healy, P. Tuttle, S. J. Bursian. 2017. Weathered MC252
crude oil-induced anemia and abnormal erythroid morphol-
ogy in double-crested cormorants (Phalacrocorax auritus)
with light microscopic and ultrastructural description of
Heinz bodies. Ecotoxicology and Environmental Safety
146:29-39.

Harr, K. E., M. Rishniw, T. L. Rupp, D. Cacela, K. M. Dean,
B. S. Dorr, K. C. Hanson-Dorr, K. Healy, K. Horak, . E.
Link, D. Reavill, S. J. Bursian, F. L. Cunningham. 2017.
Dermal exposure to weathered MC252 crude oil results in
echocardigraphically identifiable systolic myocardial dys-
function in double crested cormorants (Phalacrocorax au-
ritus). Ecotoxicology and Environmental Safety 146:76-82.

Hau, M., M. E. Haussman, T. J. Greives, C. Matlack, D.
Costantini, M. Quetting, J. S. Adelman, A. C. Miranda, J.
Partecke. 2015. Repeated stressors in adulthood increase the
rate of biological ageing. Frontiers in Zoology 12(4):1-10.

Haussmann, M. E, B.J. Heidinger. 2015. Telomere dynamics
may link stress exposure and ageing across generations.
Biology Letters 11(11):20150396.

Gulf of Mexico Avian Monitoring Network | 291

>
=
o
S
o
@
=,
=




Chapter 10: GoOMAMN Strategic Bird Monitoring Guidelines: Avian Health

Harvell, C. D., C. E. Mitchell, J. R. Ward, S. Altizer, A. P. Dob-
son, R. S. Ostfeld, M. D. Samuel. 2002. Climate warming
and disease risks for terrestrial and marine biota. Science

296:2158-2163.

Hasselquist, D., M. F. Wasson, D. W. Winkler. 2001. Humor-
al immunocompetence correlates with date of egg-laying
and reflects work load in female tree swallows. Behavioral

Ecology 12:93-97.

Heidinger, B. J., J. D. Blount, W. Boner, K. Griffiths, N. B.
Metcalfe, P. Monaghan. 2012. Telomere length in early life
predicts lifespan. Proceedings of the National Academy of
Science 109:1743-1748.

Hoi-Leitner, M., M. Romero-Pujante, H. Hoi, A. Pavlova.
2001. Food availability and immune capacity in serin (Seri-
nus serinus) nestlings. Behavioral Ecology and Sociobiology

49:333-339.

Holmes, D. J., M. A. Ottinger. 2006. Domestic and wild
bird models for the study of aging. Pages 351-366 in P.
M. Conn (Ed.), Handbook of Models for Human Aging,.

Amsterdam: Elsevier.

Hooper, M. ], G. T. Ankley, D. A. Cristol, L. A. Maryoung,
P. D. Noyes, K. E. Pinkerton. 2013. Interactions between
chemical and climate stressors: A role for mechanistic tox-
icology in assessing climat change risk. Environmental

Toxicology and Chemistry 32(1):32-48.

Horak, K. E., S.]. Bursian, C. K. Ellis, K. M. Dean, J. E. Link,
K. C. Hanson-Dorr, F. L. Cunningham, K. E. Harr, C. A.
Pritsos, K. L. Pritsos, K. A. Healy, D. Cacela, S. A. Shriner.
2017. Toxic effects of orally ingested oil from the Deepwater
Horizon spill on laughing gulls. Ecotoxicol Environmental
Safety 146:83-90.

Inglis,J., T. Dutzik, J. Rumpler. 2014. Wasting our waterways:
Toxic industrial pollution and restoring the promise of
the Clean Water Act. Environment Texas Research and
Policy Center.

Jodice, P. G. R., D. D. Roby, K. R. Turco, R. M. Suryan, D.
B. Irons, J. E Piatt, M. T. Shultz, D. G. Roseneau, A. B.
Kettle, J. A. Anthony. 2006. Assessing the nutritional stress
hypothesis: Relative influence of diet quantity and quality
on seabird productivity. Marine Ecology Progress Series
325:267-279.

Juul-Madsen, H. R., B. Viertlboeck, S. Hartle, A. L. Smit,
T. W. Gobel. 2014. Innate Immune Responses. In K. A.
Schat, B. Kaspers, P. Kaiser (Eds.), Second. Academic Press,
San Diego, CA.

Kelly, B. C., M. G. Ikonomou, J. D. Blair, A. E. Morin, F.
A. Bogas. 2007. Food web-specific biomagnification of
persistent organic pollutants. Science 317(5835): 236-239.

King,J. R., M. E. Murphy. 1984. Fault bars in the feathers of
White-crowned Sparrows: Dietary deficiency or stress of
captivity and handling? Auk 10: 168-169.

Knowles, S. C. L., S. Nakagawa, B. C. Sheldon. 2009. Elevat-
ed reproductive effort increases blood parasitaemia and
decreases immune function in birds: A meta-regression
approach. Functional Ecology 23:405-415.

Lamb, J. S., K. M. O’Reilly, P. G. R Jodice. 2016. Physical
condition and stress levels during early development reflect
feeding rates and predict pre- and post-fledging survival in
a nearshore seabird. Conservation Physiology 4(1).

Lamb,].S., Y. G. Satgé, P. G. R. Jodice. 2017. Diet composition
and provisioning rates of nestlings determine reproductive
success in a subtropical seabird. Marine Ecology Progress

Series 581:149-164.

Lack, D. 1968. Ecological Adaptations for Breeding in Birds.
Methuen, London.

Lazzaro, B. P., T.]. Little. 2009. Immunity in a variable world.
Philosophical transactions of the Royal Society of London
Series B: Biological Sciences 364:15-26.

Lazarus, R. S., B. A. Rattner, P. C. McGowan, R. C. Hale, N.
K. Karouna-Renier, R. A. Erickson, M. A. Ottinger. 2016.
Chesapeake Bay fish-osprey (Pandion haliaetus) food chain:
Evaluation of contaminant exposure and genetic damage.
Environmental Toxicology Chemistry.

Lee, S. I, H. Lee, P. G. Jablonski, J. C. Choe, M. Husby. 2017.
Microbial abundance on the eggs of a passerine bird and
related fitness consequences between urban and rural hab-
itats. PLoS ONE 12:1-17.

Lin, E,]. Wu, M. A. Abdelnabi, M. A. Ottinger, M. M. Giusti.
2004. Effects of dose and glycosylation on the transfer of
genistein into the eggs of Japanese quail (Cozurnix japonica).
Journal of Agriculture and Food Chemistry 52:2397-2403.

292 MAFES}

Mississippi Agricultural & Forestry Experiment Station



Lochmiller, R. L., M. R. Vestey, J. C. Boren. 1993. Relationship
between protein nutritional status and immunocompetence

in Northern Bobwhite chicks. Auk 110:503-510.

Maggini, I, L. V. Kennedy, K. H. Elliott, K. M. Dean, R.
MacCurdy, A. Macmillan, C. A. Pritsos, C. G. Guglielmo.
2017. Trouble on takeoff: Crude oil on feathers reduces
escape performance of shorebirds. Ecotoxicology Environ-
mental Safety 141:171-177.

Magnhagen, C. 1991. Predation risk as a cost reproduction.
Trends in Ecology and Evolution 6:183-186.

Maness, T.J., D.J. Anderson. 2013. Predictors of juvenile
survival in birds. Ornithological Monographs 78(1):1-55.

Maness, T. J., D.J. Anderson. 2017. Serum chemistry of
free-ranging Nazca boobies (Sula granti). Journal of Zoo

and Wildlife Medicine 48(4):1234-1238.

Maness, T.]., S. D. Emslie. 2001. An analysis of possible geno-
toxic exposure in adult and juvenile royal terns in North
Carolina, USA. Waterbirds 24:352-360.

Martin, L. B. 2009. Stress and immunity in wild vertebrates:
Timingis everything. General and Comparative Endocri-
nology 163:70-76.

Martin, L. B., W. A. Hopkins, L. D. Mydlarz, J. R. Rohr. 2010.
The effects of anthropogenic global changes on immune
functions and disease resistance. Annals of the New York
Academy of Sciences 1195:129-148.

Martin, L. B., Z. M. Weil, R. J. Nelson. 2006. Refining ap-
proaches and diversifying directions in ecoimmunology.
Integrative and Comparative Biology 46:1030-1039.

Martin, T. E. 2004. Avian life-history evolution has an eminent
past: Does it have a bright future? The Auk 121(2):289-301.

McNabb, A. 2007. The hypothalaimic-pituitary-thyroid
(HPT) axis in bird development and reproduction. Crit-
ical Reviews in Toxicology 37(1-2):163-193.

Milton, S., P. Lutz, G. Shigenaka. 2003. Oil toxicity and im-
pacts on sea turtles. Oil and Sea Turtles: Biology, Planning,
and Response. NOAA National Ocean Service. p. 35-47.

GoMAMN}

National Fish and Wildlife Foundation (NFWF). 2018. Gulf
Environmental Benefit Fund: Five-Year Report 2013-2018.
Retrieved from hetp://www.nfwf.org/whoweare/media-
center/Documents/gebf-five-year-report-2018.pdf.

Nelson, R. J. 2005. An Introduction to Behavioral Endocri-
nology, Third Edition. Sinauer Associates, Inc. Sunderland,
MA.

Nisbet, I. C. T., C. E. Finch, N. Thompson, E. Russek-Cohen,
J. A. Proudman, M. A. Ottinger. 1999. Endocrine patterns
during aging in the common tern (Sterna hirundo). General
Comparative Endocrinology 114:279-286.

Norris, K., M. R. Evans. 2000. Ecological immunology: Life
history trade-offs and immune defense in birds. Behavioral
Ecology 11:19-26.

Ogburn, C. E., G. M. Martin, M. A. Ottinger, D. ]. Holmes,
K. Carlberg, S. N. Austad. 2001. Exceptional cellular re-
sistance to oxidative damage in long-lived birds requires

active gene expression. Journal Gerontology: Biological
Sciences 11:B468-B474.

Osterblom, H., O. Olsson, T. Blenckner, R. W. Furness. 2008.
Junk-food in marine ecosystems. Oikos 117:967-977.

Ottinger, M. A., J. M. W, J. L. Hazelton, M. A. Abdelnabi,
N. Thompson, M. J. Quinn Jr., D. Donoghue, E. Schenk,
M. Ruscio, J. Beavers, M. Jaber. 2000. Assessing the conse-
quences of the pesticide methoxychlor: Neuroendocrine
and behavioral measures as indicators of biological impact
of an estrogenic environmental chemical. Brain Research

Bulletin 65(3):199-209.

Ottinger, M. A., E. T. Lavoie, M. Abdelnabi, M. J. Quinn
Jr., A. Marcell, K. Dean. 2009. An overview of dioxin-like
compounds, PCB, and pesticide exposures associated with
sexual differentiation of neuroendocrine systems, fluctuat-
ing asymmetry, and behavioral effects in birds. Journal of
Environmental Science and Health Part C 27: 286-300.

Ottinger, M. A, K. M. Dean. 2011. Neuroendocrine impacts
of endocrine disrupting chemicals in birds: Life stage and
species sensitivities. Journal of Toxicological Environmental
Health, Part B Critical Review 14(5-7):413-422.

Ottinger, M. A., E. Lavoie. 2017. Neuroendocrine and im-
mune characteristics of aging in avian species. Cytogenet

Genome Research 117(1-4):352-357.

Gulf of Mexico Avian Monitoring Network | 293

>
=
o
S
o
@
=,
=




Chapter 10: GoOMAMN Strategic Bird Monitoring Guidelines: Avian Health

Ottinger, M. A, I. C. T. Nisbet, C. E. Finch. 1995. Agingand
reproduction: Comparative endocrinology of the common
tern and Japanese quail. American Zoologist 35:299-306.

Ottinger, M. A. 2018. Functional and anatomic correlates of
neural aging in birds. Veterinary Clinics of North America:
Exotic Animal Practice 21(1):151-158.

Peig, J., A. Green. 2009. New perspectives for estimating body
condition from mass/length data: The scaled mass index as
an alternative method. Oikos 118(12):1883-1891.

Perez, C.R.,]. K. Moye, D. Cacela, K. M. Dean, C. A. Pritsos.
2017. Homing pigeons externally exposed to Deepwater
Horizon crude oil change flight performance and behavior.
Environmental Pollutution 230:530-539.

Pigeon, G., R. Baceta, M. Bélisle, D. Garant, F. Pelletier. 2013.
Effects of agricultural intensification and temperature on
immune response to phytohemagglutinin in Tree Swal-
lows (Tachycineta bicolor). Canadian Journal of Zoology

91:56-63.

Potti, J., J. Moreno, S. Merino. 1999. Repeatability of paren-
tal effort in male and female pied flycatchers as measured
with doubly labeled water. Canadian Journal of Zoology
77:174-179.

Pritsos, K. L., C. R. Perez, T. Muthumalage, K. M. Dean, D.
Cacela, K. C. Hanson-Dorr, F. L. Cunningham, S. J. Bur-
sian, J. E. Link, S. A. Shriner, K. E. Horak, C. A. Pritsos.
2017. Dietary intake of Deepwater Horizon oil-injected live
food fish by double-crested cormorants resulted in oxidative
stress. Ecotoxicology and Environmental Safety 146:62-67.

Ricklefs, R. E. 2010. Life-history connections to rates of ag-
ing in terrestrial vertebrates Proceedings of the National
Academy of Science 107(22):10314-10319.

Rich, E. L., L. M. Romero. 2005. Exposure to chronic stress
downregulates corticosterone responses to acute stressors.
American journal of Physiology. Regulatory, Integrative and
Comparative Physiology 288(6):1628-1636.

Rohr, J. R., C.]J. Salice, R. M. Nisbet, J. R. Rohr, C.J. Salice,
R. M. Nisbet. 2016. The pros and cons of ecological risk
assessment based on data from different levels of biological
organization. Critical Reviews in Toxicology 8444:756-784.

Sapolsky, R. M., L. M. Romero, A. U. Munck. 2000. How
do glucocorticoids influence stress responses? Integrating
permissive, suppressive, stimulatory, and preparative actions.
Endocrine Reviews 21(1):55-89.

Sauer, J. R., W. A. Link, J. E. Fallon, K. L. Pardieck, D. J.
Ziolkowski Jr. 2013. The North American Breeding Bird
Survey 1966-2011: Summary analysis and species accounts.
North American Fauna 79:1-32.

Sauer, J. R., D. K. Niven, J. E. Hines, D. J. Ziolkowski Jr., K.
L. Pardieck, J. E. Fallon, W. A. Link. 2017. The North
American Breeding Bird Survey, results and analysis 1966-
2015, Version 2.07. USGS Patuxent Wildlife Research
Center, Laurel, MD.

Schat, K. A., B. Kaspers, P. Kaiser. 2014. Avian Immunology,
Second Edition. Elsevier Ltd., San Diego, CA.

Scheuhammer, A. M. 1989. Monitoring wild bird populations
for lead exposure. The Journal of Wildlife Management
53:759-765.

Simons, T.R., S. M. Pearson, F. R. Moore. 2000. Application
of spatial models to the stopover ecology of trans-gulf mi-
grants. Studies in Avian Biology No. 20:4-14.

Smith, E. H., E Chavez-Ramirez, L. Lumb, J. Gibeaut. 2014.
Employing the conservation design approach on sea-level
rise impacts on coastal avian habitats along the central Texas
coast. Final report submitted to the Gulf Coast Prairies
Landscape Conservation Cooperative.

Starck, J. M., R. E. Ricklefs. 1998. Avian Growth and Devel-
opment. Evolution Within the Altricial-Precocial Spec-
trum. Oxford Ornithology Series. Oxford University Press,
London.

Stearns, S. 1992. The Evolution of Life Histories. Oxford
University Press, London.

Strandin, T., S. A. Babayan, K. M. Forbes. 2018. Reviewing
the effects of food provisioning on wildlife immunity. Phil-
osophical Transactions of the Royal Society B: Biological
Sciences 373:20170088.

294 MAFES}

Mississippi Agricultural & Forestry Experiment Station



Thrall, M. A. 2012. Classification of and diagnostic approach
to polycythemia. Pages 114-117 in M. A. Thrall, G. Weiser,
R. W. Allison, T. W. Campbell, (Eds.), Veterinary Hema-
tology and Clinical Chemistry. Second. Wiley-Blackwell,
Ames, IA, USA.

Tieleman, B. I. 2018. Understanding immune function as
pace-of-life trait requires environmental context. Behavioral

Ecology and Sociobiology 72:55.

Trites, A. W., C. P. Donnelly. 2003. The decline of Steller
sea lions Eumetopias jubatus in Alaska: A review of the
nutritional stress hypothesis. Mammal Review 33(1)3-28.

Wakelin, D., V. Apanius. 1996. Immune defense: Genetic
control. Pages 30-58 in D. H. Clayton, J. Moore (Eds.),
Host-Parasite Evolution, General Principles and Avian
Models. Oxford University Press, Oxford, UK.

Ward C. H. 2017. Habitats and Biota of the Gulf of Mexico:
Before the Deepwater Horizon Oil Spill, Volume 1. Pages
27-41 in C. H. Ward (Ed.), Avian Resources of the Gulf
of Mexico.

GoMAMN}

Williams, G. C. 1966. Natural selection, the costs of repro-
duction, and a refinement of Lack’s principle. American
Naturalist 100:687-690.

Wingfield, J. C. 2013. Ecological processes and the ecolo-
gy of stress: the impacts of abiotic environmental factors.
Functional Ecology 27(1):37-44.

Withers, K. 2002. Shorebird use of coastal wetlands and bar-
rier island habitat in the Gulf of Mexico. Scientific World
Journal 2:514-536.

Zimmo, S., J. Blanco, S. Nebel. 2012. The use of stable iso-
topes in the study of animal migration. Nature Education
Knowledge 3(12):3.

Gulf of Mexico Avian Monitoring Network | 295

>
=
o
S
o
@
=,
=




Chapter 10: GoOMAMN Strategic Bird Monitoring Guidelines: Avian Health

This page intentionally left blank

296 |M A F E S } Mississippi Agricultural & Forestry Experiment Station




	INTRODUCTION
	AVIAN LIFE HISTORY AND PHYSIOLOGICAL LINKAGES
	ECOSYSTEM RESTORATION AND MEASURES OF FITNESS AND HEALTH
	CONCLUSION
	LITERATURE CITED



