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Typical Timeline and Protocol
An orthopedic case is a large commitment in time and resources.

The actual surgery, if indicated, is only the first step in a long process. This 
process is outlined in Table 10.1.
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The Unseen Struggle of a Global

Traveler Imagine a raptor no heavier

than a handful of feathers, embarking

on an epic journey twice a year across

continents from the temperate fields of

Europe and Asia to the sun drenched

savannas of sub Saharan Africa. The

Lesser Kestrel is more than just a small

falcon; it is a symbol of resilience.

However, as Anthropogenic Climate

Change continues to reshape the planet,

these aerial acrobats are facing an

unprecedented test.

New research published in Nature

Communications reveals that beneath

their identical plumage lies a complex

story of genetic divergence that may

determine

who survives and who fades away in

the coming century.

Lesser 

Kestrels 

The Tale of Two Parallel Worlds;

Genetic Differences and Population 
Structure of Eastern and Western 
Kestrels .

For decades, the Lesser Kestrel

was managed as a single, uniform

species.

This map illustrates the global reach of the study, spanning from the 

Iberian Peninsula to the Mongolian steppes, where researchers 

tracked the genetic footprints of the species.

We now recognize two

primary Lineages : the

Western lineage,

inhabiting Europe and the

Middle East, and the

Eastern lineage,

occupying Central and

Eastern Asia. Analysis of

over 73,000 SNPs

confirms that these two

groups have been

following different

evolutionary paths

for millennia.

How the Past Shapes 
the Future?

Reconstructing Kestrel 
Population Fluctuations 
During Glacial Periods

However, by employing Landscape

Genomics, scientists discovered a

profound "invisible wall." The

Caucasus Mountains have acted as

a formidable barrier to Gene Flow ,

resulting in two Evolutionarily

Significant Units or ESUs . 110



Lesser 

Kestrels 

The distinct orange and blue clusters 

represent the

clear genetic divide between Western and 

Eastern kestrels, a separation rooted

in deep time.

This genetic split is not a modern

phenomenon. To understand it, we must

travel 40,000 years back to the Last

Glacial Period, when massive ice sheets

gripped the northern hemisphere.

Demographic Reconstruction shows that

kestrels were forced into isolated

Refugia. This forced isolation allowed

their genetic codes to drift apart. As the

world warmed during the Holocene (the

current geological epoch), the Western

lineage showed remarkable flexibility,

shortening their migratory routes and

rapidly increasing their Effective

Population Size. Meanwhile, the Eastern

lineage remained tethered to longer, more

arduous routes, a loyalty that may now

prove costly.

Two Strategies for Survival ;
Investigating Habitat Differences 
and Local Adaptation in Lineages

One of the most striking

findings is the difference in

the Ecological Niche of these

two groups. Western kestrels

have become human-

tolerant, thriving in

Croplands and nesting in the

crevices of ancient city walls.

In contrast, their Eastern

cousins have maintained a

wilder spirit, preferring Open

Drylands and pristine steppes,

while actively avoiding urban

centers. This divergence has

led to Local Adaptation ,

where each lineage is

finely tuned to the

temperature and elevation

of its home turf. The

Eastern lineage lives in

environments with much

harsher temperature

fluctuations, limiting its

maneuvering room in a

rapidly heating world.

The Long Road North; 
Predicting Range 
Shifts and Increased 
Migration Distance

Projections for the year 2100 indicate a massive loss of habitat in

Asia, forcing the Eastern lineage to flee further north to escape 

extreme heat.

Heatmaps reveal the Western lineage's affinity for human-

modified landscapes, whereas the Eastern lineage remains tied to 

untamed drylands.
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Lesser 

Kestrels 
The forecast for the future is sobering. 

Species Distribution Models suggest 

that by the end of this century, vast 

swaths of Central Asia will become 

climatically unsuitable. To survive, the 

Eastern lineage must shift its breeding 

grounds northward. However, this shift 

creates a dangerous paradox: it 

drastically increases the Migration 

Distance . Even now, Eastern kestrels 

fly three times further than their 

Western counterparts. Extending this 

journey further means higher energy 

expenditure, increased predation risk, 

and a significant drop in Reproductive 

Success . For a bird already pushed to 

the limit, these extra miles could be the 

final straw.

The Genetic Debt;
Assessing Genetic Vulnerability 
to Global Warming

In the world of modern
biology, the concept of
Genetic Offset acts as a
"biological debt." The findings
for the Lesser Kestrel are
alarming: the genetic offset is
significantly higher for the
Eastern lineage. Essentially,
the pace of climate change in
Asia is far outstripping the
bird's capacity for Genetic
Adaptation . These birds are
facing Climate Maladaptation.
They are built for a world that
is disappearing, and their
genetic "reservoir" lacks the
necessary variants to cope
with the coming heatwaves.

Deep red zones highlight the areas of highest 

risk, where the "genetic gap" between what the 

kestrels have and what they need to survive is 

widest.

Is Behavioral Change 

Enough forSurvival?

Adaptive Capacity and 

Physiological Responses of 

Kestrels to Climate Change

Kestrels are intelligent, 

adaptable birds. They often 

exhibit Phenotypic Plasticity 

. For instance, they might 

adjust their Phenology by 

laying eggs a few days earlier 

to ensure their chicks fledge 

before the scorching mid-

summer heat. However, there 

is a physiological ceiling to 

this flexibility. When 

temperatures exceed a certain

threshold, behavioral changes 

are no longer enough. While 

the Western lineage benefits 

from higher genetic diversity 

and human-modified 

resources, the Eastern

lineage is under a level of 

pressure that could lead to 

widespread Local Extinction.

One Health and
Veterinary Medicine;

The Necessity of 
Differentiated 
Conservation 
Management for ESUs

These graphs show how kestrel 

populations have historically ebbed 

and flowed with the Earth's natural 

climate cycles but modern changes 

are different.
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Lesser 

Kestrels 
This is where the role of Conservation

Medicine and the One Health approach

becomes critical. The extinction of a

genetic lineage like the Eastern kestrel is

not just the loss of a bird; it is a

disruption of the biological balance

across half the planet. As natural pest

controllers, kestrels protect agriculture by

eating insects and rodents. Their loss

would lead to insect outbreaks, crop

damage, and threats to human food

security. For veterinarians, this study

highlights that conservation cannot be a

one-size-fits-all strategy. Managing

kestrels in Spain is fundamentally

different from managing them in

Kazakhstan because we are dealing with

two distinct ESUs.

The scientists behind this study utilized 
cutting-edge tools, ranging from
Whole-Genome Sequencing to complex 
mathematical modeling. They identified 
specific genes responsible for 
thermoregulation and lipid metabolism 
the very tools the birds use to manage 
body heat and fuel their long flights. This 
level of Ecological Realism allows us to 
pinpoint exactly which populations are 
on the brink of collapse. Neglecting 
Intraspecific Variation is the greatest 
mistake in modern conservation. We 
must recognize that every population 
holds a unique genetic toolkit for 
survival.

Coding the Future;
Application of Whole-
Genome Sequencing in 
Species Vulnerability 
Assessments

Wings for Tomorrow;

Summary of Findings 

and Conservation 

Outlook for the Lesser 

Kestrel

The future of the Lesser Kestrel

is a mirror reflecting our own

future. While the Eastern

lineage is currently in the "red

zone" of climate vulnerability,

there is still a window for

action. Protecting migratory

flyways, preserving pristine

steppes, and global efforts to

mitigate climate change are the

only ways to keep these

magnificent raptors in our skies.

Science has shown us that

kestrels are not just one name

on a list; they are a complex

tapestry of evolutionary history.

It is our responsibility to ensure

that this tapestry does not

unravel.
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