H

ow miniaturised radio transmitters
are changing what we know about
bird migration

The use of nanotags in bird migration studies is opening
up new worlds of information for biologists, allowing
them to learn more than ever before. Photographer
Karine Aigner documented two studies in the
Bahamas and the USA, both of which are making
use of this emergent technology to lift the
lid on the complexities of bird
migration
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On Block Island, off the
coast of the U.S. state of
Rhode Island, biologist
Clara Cooper-Mullin
(pictured above with her
colleague Olivia DaRugna)
is studying the migration
behaviour of birds that use
the island as a rest stop on
the way to their wintering
grounds. Migratory stop-

over sites are crucial for
birds, allowing them to
rebuild their energy reserves before the next leg
of their journey. Migrants
arrive at stopover sites in
a depleted condition, with
low levels of body fat and
high levels of oxidative
stress (a term used to refer
to cell damage caused by

metabolic by-products
called ‘reactive species’).
Rather than referring to
living organisms, reactive
species are chemically
reactive molecules that
build up during migration
(when a bird’s metabolic
activity is increased). The
resulting cell damage can
limit the bird’s ability to fly

long distances. Fortunately, oxidative stress has
a natural remedy: antioxidants. Thus, in order to
meet the demands of longdistance flights, migrating
birds use stopover sites
to replenish both fats (for
fuel) and antioxidants (to
counteract the build up of
harmful reactive species).
>>>>>>>>>

Cooper-Mullin and her team
are interested in how fuel
stores and antioxidant
capacity affect the length of
time a bird chooses to spend
on a stopover - a decision that
can make or break its overall
migration success.
The team want to know
whether birds with higher fat
stores and antioxidant levels
have shorter stopovers than
lean birds with low antioxidants. To find out,
Cooper-Mullin needs some
test subjects. She sets out
every morning, weather-depending, to set up mist nets.
When properly deployed,
the fine mesh, suspended

BY-CATCH
All birds that fly into
Cooper-Mullin’s mist
nets are weighed and
fitted with leg bands,
but there are only four
species she needs for her
study: myrtle warblers,
hermit thrushes, redeyed vireos and blackpoll
warblers. This quartet of
species has been chosen
because they represent a
wide range of migratory
patterns, allowing the
team to assess the importance of fat stores and
antioxidants on different
migratory strategies (for
example the blackpoll
warbler’s long endurance
flight over the open ocean
versus the land-based
journey of the red-eyed
vireo, which stops over
more frequently).

between two poles, is virtually invisible to the birds,
entangling them mid-flight,
without causing injury. The
team checks the nets every
hour, carefully disentangling
the birds and placing them
in breathable fabric bags to
be taken back to their cabin.
There’s no way of knowing
which birds will be captured,
or how many, but there are
only four species that CooperMullin needs for her study:
myrtle warblers (Setophaga
coronata), hermit thrushes
(Catharus guttatus), red-eyed
vireos (Vireo olivaceus) and
blackpoll warblers (Setophaga
striata).

Myrtle warbler (Setophaga coronata)

Hermit thrush (Catharus guttatus)

Red-eyed vireo (Vireo olivaceus)

>>>>>>>>>

The Motus Wildlife Tracking System
can track the movements of
migratory birds over vast distances.

After a morning of mistnetting, Cooper-Mullin is
assessing the day’s catch:
thirty-odd bags pegged
side-by-side on a washing
line, like a succession of
odd socks. She reaches
inside the first bag and
pulls out a hermit thrush,
one of her target species.
But in order to conduct
her study, Cooper-Mullin
needs three more hermit
thrushes, all in the same
condition and the same
relative body size. With
four birds she can create a
‘cohort’, where each bird

will be kept in a separate
cage and fed according to
a specific regime. One will
receive a diet especially
rich in fat (waxworms), and
another will be given no
extra fat but daily doses
of antioxidant (elderberry juice). One bird will
receive both the extra
fat and antioxidants, and
one will have neither - fed
only enough to keep it in
the same condition it was
caught in, without gaining
or losing weight.
Afterwards, each hermit
thrush will be fitted with

a nanotag, to assess whether their diets affect how
long they stay on Block
Island, and whether their
departure is in a seasonally
appropriate (southerly)
direction.
The nanotags, tiny and
weighing only a fraction of
a gram, are radio transmitters that send out a uniquely coded pulse. The
signals are received by
radio towers, which
can pick up the
pulses of any tagged
birds flying within

range. The tower on Block
Island is just one of many
in the Motus Wildlife Tracking System, a network
of 350 receiving stations
strategically placed across
the eastern and western
hemispheres to track the
movements of migratory
birds (as well as bats and
some insects) over vast
distances. Using these
data, scientists can identify
conservation priorities,
and deploy efforts and
funds where they’re most
needed.
>>>>>>>>>

[Above] Birds exposed to a fat—
rich diet were supplied with
waxworms on demand (up to 30g
per day).
[Left] Separating the feathers by
blowing on them allows CooperMullin to assess how much fat the
bird has gained.

After several days in
captivity, the cohort of
hermit thrushes is ready
to be released. They’ve
all been nanotagged and
a final blood sample is
taken, which shows that
the birds who received
antioxidants in captivity
were able to reduce their
oxidative stress more
than the birds who had
no antioxidants. Cooper-Mullin releases all
four birds at the same
time, watching as they

fly off into the night. The
tracking data will later
confirm her suspicions:
the birds who received
extra fat left Block Island
sooner than those that
didn’t. The same is true
for the red-eyed vireos
and blackpoll warblers but not, curiously, for the
myrtle warblers. Perhaps
because this species is
the only one in the study
that can eat and digest
the waxy fruit of the
Bayberry shrub, which

is chock full of fats and
antioxidants. Of all the
species in Cooper-Mullin’s
study, the myrtle warbler
has a unique and abundant food source that the
others don’t - one that
doesn’t disappear at the
same rate as other seasonal fruit on Block Island.
It seems that
there’s more to uncover
about the link between
diet and migratory strategies of birds - more work
to be done.

>>>>>>>>>

1,900 kilometres south
of Block Island, across a
stretch of open ocean that
Cooper-Mullin’s blackpoll
warblers will traverse on
the way to their wintering
grounds, lies The Bahamas.
This coral-based archipelago is the site of another
study, which is also using
nanotags to better understand bird migration. This
time, the biologist is
Nathan Cooper (no relation
to Cooper-Mullin except

for a shared passion for
their avian subjects) and
the bird is the Kirtland’s
warbler.
Cooper’s study is groundbreaking. Thanks to the
nanotags he’s fitting to
birds on Cat Island - one of
the Bahamian
wintering spots for this
species - Cooper’s team
will be able to track the
very same individuals
thousands of miles north
to their breeding range in
Michigan. It’s the first time

anyone has been able to
directly study the same
individual songbirds on
both their wintering and
breeding grounds—and
Cooper is hoping it will
provide a gold mine of
information on what biologists call ‘carry-over effects’ - the way conditions
on the wintering grounds,
like habitat quality and
weather, impacts a bird’s
migratory and nesting
success months later and
thousands of miles away.

The Kirtland’s warbler [left]
breeds almost exclusively in
the jack pine forests of Michigan, feeding on insects and
berries. It winters primarily
in The Bahamas [above].
[Right] Nathan Cooper uses
radio telemetry to track the
same birds in both their
wintering grounds and
breeding range.

>>>>>>>>>
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Nearly extinct just a few
decades ago, the ecological factors that drove a
decline in the Kirtland’s
warbler population are
the same ones that make
it an ideal touchstone for
studying carry-over effects
today. The species has very
particular habitat requirements, only nesting in
stands of young jack pines
in central Michigan, which
take root in recently-burnt

land. At around the same
time that fire suppression by humans began to
reduce the availability of
such habitat, warbler numbers were further impacted
by the presence of brownheaded cowbirds. These
avian parasites lay their
eggs in the nests of the
warblers, abandoning their
young to foster parents,
usually at the expense of
the warbler’s own chicks.

wild sage provides
fuel for Kirtland’s
warblers on their
wintering grounds.

Through most of the 1970s
and 1980s, the annual
warbler counts hovered
at around 200 males,
twice dropping as low as
167. Artificial planting to
create more habitat, and
management of cowbird
numbers, have helped
the warbler population to
rise again to around 5,000
today, but so far almost all
the research has focused
on Michigan, with little

attention directed at the
birds’ Bahamian wintering grounds. The work
being done by Cooper’s
team will shine a light on
the missing piece of the
puzzle, and help provide a
more holistic view of the
Kirtland’s warbler’s conservation requirements. Not
only that, but their findings
could have implications for
the entire field of migratory bird conservation.
>>>>>>>>>

[Left] Every morning
during the Bahamian
winter, Cooper and his
team head into Cat Island’s
scrub forests for a day of
trapping and tagging. They
play the recorded calls of
Kirtland’s warblers to elicit
a response from birds in
the vicinity, telling them
where to set up their mist
net.
[Right] Cooper carefully
untangles a Kirtland’s
warbler that he has lured
into his mist net. It’s a male
- as evidenced by the vivid
yellow throat and belly,
and the dark stripe in front
of the eye.

[Left] Blood, feather and
faecal samples are taken
from each of the captured
Kirtland’s warblers - as well
as routine measurements
such as wing and beak size.
[Right] A ‘muscle meter’
device (3D-printed to suit
the specific size and shape
of these half-ounce birds)
is used to measure the
pectoral muscle - that is,
the muscle which powers
flight. Finally, each bird
gets a unique set of coloured leg bands and a transmitter that sits low on its
back.

>>>>>>>>>
>>>>>>>>>

Cooper’s team aim to put
the highly miniaturized
nanotags on 100 Kirtland’s
warblers. In the end, they
will only tag 63 - but it’s
enough to continue their
study in Michigan, where
they’ll attempt to re-trap
the same birds.

[Above] The nanotags - tiny radio
transmitters, fashioned into a backpack, allow Cooper and his team
to trace the warblers to the
Bahamas and back.
[Right & below] GPS points are
noted so that field assistants can
keep track of the tagged birds and
determine when they leave Cat Island.
Nanotags are
revolutionising the
study of animal movements. Birds as small as
warblers can carry one
without impairing their
ability to fly, find food, or
evade predators - in fact,
some nanotags are so
small that they’ve been
placed on dragonflies and
butterflies to track their
movements and activity.
Each nanotag transmits its
own ‘signature’ - a unique
series of radio pulses, a
bit like an old Morse Code
signal.

>>>>>>>>>

[Left] In Michigan, Nathan
Cooper uses automated
receiver towers to relocate
the Kirtland’s warblers he
last saw in The Bahamas
[Right] Researchers use
detailed drawings to record the location of each
nest; Kirtland’s warblers
nest on the ground, where
they are well-concealed by
the undergrowth.

Nathan Cooper’s study
birds have now left The
Bahamas for the long
migration to their breeding
grounds. However, the
field work is far from complete. If Cooper is going
to learn anything about
how the birds’ condition
on Cat Island affects their
migratory and breeding
success, he’ll have to rendezvous with them again.
The day after returning
from The Bahamas, Cooper is already in Michigan.
It will take the Kirtland’s
warblers around three
weeks to complete the
same journey, and in that
time Cooper has to erect a
network of nearly a dozen

receiver towers, which
will enable him to detect
the nanotag signals of the
incoming birds. Of the 63
warblers he fitted with nanotags, just over half (33)
will eventually be found in
Michigan by Cooper and
his team. It’s unclear what
has become of the others.
Perhaps some perished on
migration, while others
may have decided to nest
outside of the core range.
Over the course of the
breeding season, Cooper
will monitor the nesting
warblers, to determine
which birds are successful
breeders, and which ones
returned, but did not find a
mate.
>>>>>>>>>

[Left] Nathan Cooper
holds a baby Kirtland’s
warbler. Chicks usually fledge in 7-8 days,
and spend that time
concealed in ground
nests beneath the lower
branches of young jack
pines.
Without forest fires,
jack pine cones cannot
fully open to release their
seeds. Fire suppression by
humans means that new
habitat has to be created
through artificial planting
(though a small degree of
natural regeneration still
occurs after accidental
fires, or lightning strikes).

Already, Cooper’s research
is providing vital clues
about carry-over effects in
Kirtland’s warblers. With
both winter and summer
data in hand, he can begin
to answer the question of
how a warbler’s fat stores
and muscle mass on Cat
Island affect its departure
from The Bahamas, as well
as the speed of its migration and the subsequent
timing of its arrival in
Michigan.
More and more, scientists
are finding that winter
conditions - not just the
quality of the breeding
habitat in the north - are

critical to the nesting
success of migratory birds.
Research predating
Cooper’s has already
revealed a strong connection between rainfall in the
Kirtland’s warblers’ wintering grounds and their likelihood of survival through
the spring migration. In
short, less rainfall in The
Bahamas means fewer
warblers in Michigan - and
the birds that do survive
the trip to the breeding
grounds arrive later, are
delayed in starting nests,
and fledge fewer chicks.
This revelation raises new
questions about how best

to conserve migratory
birds.
Climate models suggest
the Caribbean region, one
of the most important
songbird wintering areas
on Earth, will continue
to dry out as the planet
warms. The likelihood of
persistent droughts means
that millions of migratory
birds may have to pay the
price in fewer eggs, fewer
chicks and higher mortality.
Cooper’s research with
Kirtland’s warblers is therefore vital, and has broad
implications for hundreds
of species.

>>>>>>>>>

According to research
published in 2015, more
than half of all migratory
bird species travelling the
world’s main flyways have
suffered steep population
declines in the past 30
years. This alarming statistic can be attributed to
the twin threats of habitat
loss (just 9% of migratory
birds receive adequate
habitat protection across
their entire ranges) and
climate change. Given that
the tropical regions on
which hundreds of millions
of migratory birds depend
are already warming and
drying—a trend that is

expected to accelerate—
they’re going to need all
the help they can get.
Fortuitously, nanotag
studies are paving the way
to a greater understanding
of migratory bird ecology.
Using the miniaturised
radio transmitters, scientists such as Nathan Cooper and Clara Cooper-Mullin are beginning to tease
apart complex questions
about how a bird’s diet, fat
stores and muscle mass
affect when it departs from
its wintering grounds,
and how long it spends
at stopover sites. But the
complexities of these deci-

sions—which can make
or break a migration—
have barely been
scratched. In a world
that is becoming increasingly challenging for
migratory birds, nanotag
studies could have broad
implications for the longterm survival of hundreds
of species. It’s clearer than
ever before that conservationists need to protect
birds on both sides of their
migration, and at key stopover sites along the way.
The lessons coming from
nanotag studies will surely
help guide these efforts
towards greater success.
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