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Aerodynamics of the northern flying squirrel (Glaucomys sabrinus)
Most studies on mammalian gliders deduce glide aerodynamics from the
location of the launch and landing, using an assumption of steady-state
aerodynamics. During steady-state gliding, all forces are balanced, velocity is
constant, and motion is passive, powered only by gravity. However,
considering the dynamic nature of the wings structure (articulated limbs and
compliant membranes with muscles imbedded in the skin) and the complex
forest environments where the animals glide, the assumption of steady-state
aerodynamics may not be warranted. To test the hypothesis that mammalian
gliders use steady-state aerodynamics we used high speed video to record
the 3-D trajectories of wild flying squirrels over a variety of glide distances in
their natural habitat. From these trajectories, we calculated velocities,
accelerations, forces, force coefficients, glide ratios, and lift-to-drag ratios.
Our results show that flying squirrels do not use steady-state aerodynamics
at any point in glides of any of the distances examined. Instead, the squirrels
generate more net aerodynamic force than their bodyweight, allowing
significant upward and forward accelerations. Additionally, the squirrels show
changes in their force coefficients and lift-to-drag ratios during glides,
indicating active and coordinated control of non-steady glide paths. This way,
squirrels achieve the same glide ratio as they would using steady-state
aerodynamics, but with considerably greater total and horizontal velocity.
Because the squirrels are able to change force coefficients, and redirect
force upward or forward by adjusting the lift-to-drag ratio, they are able to
modulate their lift and thrust generation.
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Forelimb skeletal kinematics of chukar partridges (Alectoris chukar)
during wing-assisted incline running and ascending flight
The origin of avian flight remains controversial. Recent studies have shown
that birds use their wings not only for flight, but also when scrambling up
steep inclines (ca. 60 to 90+) to an elevated refuge. Vulnerable fledglings
can employ Wing-Assisted Incline Running (WAIR) to access otherwise
inaccessible escape routes. Thus, WAIR presents a sound ecological basis
for how forelimbs evolved into proto-wings and then into flight capable wings.
Wing-stroke excursion differs superficially between WAIR and flight, but the
underlying skeletal motions are masked by feathers and skin. We used the
dual X-ray of the newly developed XROMM system (X-ray Reconstruction of
Moving Morphology) to quantify 3-D skeletal kinematics in Chukar Partridges
during WAIR up a 70 ramp to a perch and during ascending flight along the
same trajectory. CT models of shoulder girdle and wing elements were
positioned and oriented to match the two video views to measure shoulder,
elbow and wrist joint motion. Overall, the patterns of motion are similar for all
joints during both WAIR and ascending flight, but vary in a few key aspects.
Glenohumeral elevation/depression ranges from ca. 80 to -5 during flight but
depression is truncated to about 30 during WAIR. Glenohumeral pronation
during flight is ca. 20 greater at the downstroke/upstroke transition. Wrist
flexion and extension are also greater during ascending flight. Elbow motion
is similar between both WAIR and flight.
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Impact of stressor exposure on intestinal microbiota
The field of PsychoNeuroImmunology (PNI) has clearly demonstrated that
exposure to psychological stressors can disrupt immune functioning. For the
most part, studies have focused on innate and adaptive immune responses,
with few studies focusing on more basic defenses, such as the commensal
microbiota. The healthy human is colonized by a vast array of microbes that
exceeds cells of the body by a factor of 10:1 (i.e., 1014 microbes:1013 human
cells). These microbes have many beneficial effects on the host and
comprise a strong natural barrier to invading pathogens; disrupting the
microbiota is known to enhance susceptibility to enteric diseases. The factors
regulating the types of bacteria that comprise the intestinal microbiota, as
well as the levels to which they can grow, are not well defined. But, it is
known that certain components of gastrointestinal functioning strongly
influence microbial populations. Moreover, these functions are altered during
a stress response. Thus, it was hypothesized that stressor exposure would
affect the intestinal microbiota. Initial studies in rhesus monkeys (Macaca
mulatta) supported this hypothesis by demonstrating that exposure to
stressors early in the lifespan significantly reduced levels of commensal
lactobacilli that are thought to protect the intestines from infection. In more
recent murine studies, exposure to a prolonged stressor (i.e., repeated
restraint stress) led to a significant overgrowth of Gram-negative bacteria.
Moreover, DNA sequencing, using pyrosequencing methodology, indicated
that microbial diversity in the intestines was reduced from 1200 to 900
operational taxonomic units after stressor exposure. While the physiological
importance of these alterations is currently being studied, the data indicate
that prolonged stressors significantly alter intestinal microbial populations,
and implicate an additional mechanism through which stress can affect
health.
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Seasonal and developmental expression of growth hormone regulatory
neuropeptides in Atlantic salmon (Salmo salar).
In Atlantic salmon, Salmo salar, circulating levels of growth hormone (GH)
are known to vary with developmental stage and season. GH levels increase
dramatically in spring in fish transforming from freshwater-adapted parr to
seawater-adapted smolts. The vernal increase in GH is entrained by
photoperiod: early exposure to a long-day photoperiod advances the
increase in GH. We investigated the role of the neurohormones pituitary
adenylate cyclase-activating polypeptide (PACAP, a GH secretagogue) and
somatostatin I and II (inhibitors of GH secretion) in mediating these changes
in GH levels by measuring the respective mRNA transcript levels throughout
the spring. In one study, brains were collected from parr and presumptive
smolts throughout the spring months. In a second study, brains were
collected from fish exposed to an advanced photoperiod in early spring. For
both studies, RNA was extracted separately from the hypothalamus and
telencephalon, and mRNA transcripts were measured by quantitative PCR.
Hypothalamic somatostatin mRNA levels declined from March to May in both
parr and smolts. Hypothalamic somatostatin mRNA levels also declined in
fish exposed to an advanced long-day photoperiod, compared to natural
photoperiod controls. No significant differences in levels of PACAP mRNA
were detected in the hypothalamus. Analysis of the mRNA levels of these
neuropeptides in the telencephalon is in progress and will also be presented.
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