Observational Study of Barn Swallow Microbehaviors in Relation to Geomagnetic Fields
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In evolutionary biology we study how species and speciation develop on Earth. One overlooked factor in the evolutionary process is the presence Earth’s magnetosphere, and i e

. : . . . . . information, contact
the recurring Solar disturbances that it has shielded us from. For as long as there has been life on this planet, that life has been protected largely from solar and deep space o at
radiation by Earth’s dynamic, and fascinating geomagnetic and Solar environment (EGMF) coverage. We've seen the effects across taxa, and are most familiar with how e e

migratory species use geomagnetic lines to navigate across the globe, but with the growing field of quantum biology and increased satellite and crowdsourcing data, we may ver.edu
soon get a deeper look at the quantum compasses in our planetary biology. In this study, we recorded the localized movement and microbehaviors of the Barn Swallow and
compared them to real-time geomagnetic data and solar events.
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The question remains,
what happens to
“guantum compasses”
on smaller scales? Do
geomagnetic storms or
solar events affect
migratory animals
while not in
migration? Do nesting
patterns, egg-laying
behaviors, breeding,
or foraging habits
change as a result of
these disturbances? | _ .
Other species show | the magnetosphere information released |F 5 "'-1:;:;;:_:}._-' : | ﬁl!; [
evidence of having by NOAA's Space Weather Prediction | " -
brain waves altered | Center. The geomagnetic effects on
during geomagnetic
storms (alpha and
theta waves in

Migratory animals use earth’'s geomagnetic fields
to guide them in their navigation. In diurnal * The Cry4 cryptochrome, found in
migratory birds, like the Barn Swallow, the quantum the retinas of many migratory
biological mechanism for this physiological species, creates a quantum
response has been identified as a protein in the compass across species. The
retina called Cry-4 Cryptochrome. While migration, radical pair mechanism present int
the "macrobehavior” movement of many species Cry-4 creates a tiny electrical
has been studied with Earth’'s magnetic fields, charge that responds to the
localized movements, or microbehaviors, have geomagnetic fields.!"!
been nearly impossible to measure in relationto |+ NOAA's project, CrowdMag, is a
geomagnetism. The delicate technology needed to crowdsourcing ap that uses the
safely and accurately track species is improving built-in components of cell phones
alongside developments in satellite utility, GPS, and| to take magnetometer readings.?!
Space Weather Monitoring. If Barn Swallows are This brings new access to
sensitive to magnetic fields as suggested by collective, real-time, data about
guantum biology, might we see indications of that Earth’s dynamic geomag system.
outside of migration season - such as in nesting, [ A population of Barn Swallows in
breeding, and foraging behaviors? Boulder-Longmont, Colorado have
Question: How sensitive are quantum compasses been studied by CU Boulder’s
in birds and other species? And why now should Safran lab since 2008.[3!
we still care about the ancient riddle ‘How do some [ Geomagnetic data is helping
creatures always instinctually know where they are biologists understand how species

and where they need to go?’ movement and Earth’s magnetic
fields are related.[?!

(Image: 1) GPS trackers were deployed
| on a selection of Barn Swallow females.
? The first clutch of eggs was collected

‘ from the Iindividuals being studied. DNA
testing was completed, and the females
| were then tracked for two hours a day

| until the successful recovery of the GPS
| units. This allowed us to watch for

| breeding, nesting, and mate-seeking
behaviors.

(Image: 2) Below Is the point data related |2 i
| to the Swallow movement, overlayed with el Alen ' -
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localized behaviors are still unclear,
further research Is needed.
humans). Looking at

Earth's Magnetosphere
the affects EGMF has

on human brains and Value

behaviors suggests a —
cross-species
sensitivity of varying
degrees, and one that
may be spectral for
each species. If we are
to believe quantum
mechanics are
responsible for
subatomic reactions,
we should consider
finding ways to test
guantum biology in
the real world.
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Barn Swallow nesting sites were monitored on alternate days for activity by Dr. Rebecca Safran’s
team of CU Boulder students. Eggs, feathers, and nestlings were documented, as were ID
observations and leg-banding to identify individual swallows in the future.

* At each site, magnetometer readings were collected using the CrowdMag ap. This was then
compared to the NOAA collection of magnetometer to reduce uncertainty.

* Declination (the angular difference from True North) and Total Field intensity were recorded, along
with lat/long/altitude, and the number of breeding pairs at each site (a measure of activity and
parenting).

* A GPS tracking device was attached to 17 random female Swallows, and their movements were
mapped between 7 am and 9 am until the GPS units were retrieved.

* |Images were compiled through ArcGIS, QGIS, NASA's Solar Observatory and National Weather
Service (NWS), GONG, and the European Space Agency (ESA) Swarm Mission

* Behavioral anomalies were recorded and then compared to the days during which significant

magnetosphere events occurred. This included abandoned nests, odd egg-laying patterns,

desynchronized hatch days, and decreased parental care during the 1-3 day time frame of each
event.
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Image displaying the recorded Solar activity in
activity on July 3, 2021. Class X-1.5, largest in 4 S | A e
years (NOAA SWPC) T gt ALl

. . . . . . Viewing.;rchive of :’Satu’rday,3.J:uIy‘2021 Space Weather Live.com
* The nest sites we monitored showed a consistent trend toward a declination of 8.05° with an Solar actty

uncertainty of .38°, and an average magnetic field Total Intensity of 51772.69 nT (with an uncertainty e R e
of 145 nT)

* The GPS-tracked females displayed a slight but noticeable level of directionality moving from higher - 15— S
lower magnometer readings (outlined above).
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The Major Solar Events that took place on June 15-17, July 3-6, and July 15-19 seemed to have had
an moderate impact on the study subjects. Eggs were laid on top of abandoned eggs, other eggs
were abandoned, parents did not feed their nestlings for an extended period of time, some new nests
were built and then abandoned, some eggs were laid out of standard order of one per day, many egg
were abandoned, and some Swallow pairs took on a third partner. These are not unheard of
occurrences, but based on our small sample size and experiment timeline, more research and
controlled observation is needed. Additional GPS tracking combined with Space Weather forecasting »» v« wo oo we so we e

should prove to be interesting experiment.
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https://mrdata.usgs.gov/magnetic/map-us.html#home
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