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Introduction

This lesson, led by Dr. Keith Bramwell, 
explores the foundational principles of 
incubation and embryo management in 
modern hatcheries. Drawing from decades of 
academic and field experience, Dr. Bramwell 
explains how understanding both biology and 
equipment can significantly enhance hatchery 
performance. 

The session integrates biological 
concepts with practical hatchery 
operations, focusing on managing 
environmental conditions, embryo 
development, and equipment behavior 
to produce high-quality chicks.
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Embryo 
Requirements 
and Incubator 
Fundamentals

Dr. Bramwell emphasizes that every embryo 
requires four critical environmental elements 
for proper development:

	 Temperature

	 Humidity

	 Ventilation

	 Turning

Regardless of the brand or design, all 
incubators must provide and control these four 
functions. Successful embryo development 
depends on uniform and precise delivery of 
these elements. 
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TEMPERATURE: THE PRIMARY DRIVER

Temperature is the key to initiating and 
sustaining embryonic development. Even 
before formal incubation begins, exposure 
to heat triggers pre-incubation growth. 
While development can begin at suboptimal 
temperatures, maintaining precise and 
uniform temperatures becomes essential as 
the embryo progresses.

	 Early incubation involves heat 
supplementation.

	 As the embryo grows, it begins to 
produce heat, requiring the incubator to 
cool the environment.

	 Improper temperature — whether 
too high or too low — can cause 
developmental abnormalities, poor chick 
quality, or mortality.

Dr. Bramwell highlights that, similar 
to breeder management, rushing 
or delaying development through 
temperature changes can impact 
quality. There’s a natural rhythm and 
biological optimum that hatcheries must 
respect.
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HUMIDITY: CONTROLLING  
MOISTURE LOSS

Humidity doesn’t impact the embryo directly 
in the early days, but it plays a key role in 
managing moisture loss over the entire 
incubation period.

	 Excessive moisture loss results in 
dehydrated chicks and enlarged air cells.

	 Insufficient loss can lead to chicks with 
unhealed navels, increasing the risk of 
bacterial contamination in hatchers.

	 Proper humidity is essential to ensure 
chicks have space to hatch, develop fully, 
and close their navels properly.
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VENTILATION: GAS EXCHANGE  
AND HEAT DISSIPATION

Ventilation has multiple roles:

	 Removing excess heat produced by 
developing embryos (especially after day 
12–14).

	 Facilitating gas exchange (O2 in, CO2 
out).

	 Creating uniform airflow to eliminate 
“hot spots” and prevent microclimates.

Without effective ventilation, incubators 
suffer from inconsistent temperature and 
humidity distribution, leading to uneven 
hatching, open navels, poor chick quality, 
and contamination risks.

Dr. Bramwell recounts cases where poorly ventilated 
incubators produced drastically different results from 
top to bottom trays.
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TURNING: MOVEMENT AND UNIFORMITY

Turning eggs serves two critical functions:

	 Embryo mobility: Preventing adhesion 
to membranes and supporting proper 
positioning.

	 Environmental uniformity: Each turn 
subtly alters airflow within the incubator, 
reducing the risk of stagnant zones and 
improving even heat distribution.

Regular turning (typically every 45–60 
minutes) contributes significantly to 
consistent development and uniform 
hatching.
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Understanding 
the Incubation 
Process Over Time

Dr. Bramwell presents the progression 
of embryonic development as a gradual, 
stage-dependent transition:

	 In the first few days, embryos require 
external heat.

	 Around day 12, embryos become 
significantly exothermic and start 
producing large amounts of heat.

	 By day 18–21, heat production peaks, 
requiring active cooling.

He stresses that most of the incubator’s role is 
not heating — it’s cooling. The misconception that 
incubators primarily add heat is common; in reality, 
from mid to late incubation, heat must be extracted 
to maintain optimal conditions.

Incubation & Embryo Management 

8



MOTHER HEN vs. INCUBATOR

Dr. Bramwell draws comparisons to the 
mother hen, who instinctively adjusts her 
behavior based on egg fertility, ambient 
temperature, and embryo development:

	 If all eggs are viable and the environment 
is hot, she leaves the nest more 
frequently to avoid overheating.

	 If only a few eggs are fertile or conditions 
are cold, she sits tighter to retain heat.

This “attentiveness” is the model hatchery 
managers should emulate — adapting 
incubation conditions to the real-time needs 
of embryos.
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Hatchery 
Management:  
The Human Factor

Dr. Bramwell makes a compelling case for the 
critical role of the hatchery manager. While 
automation helps, human observation and 
decision-making remain irreplaceable.

A great hatchery manager must:

	 Understand embryo biology (when they 
need heat, when they need cooling).

	 Know the equipment intimately (how 
dampers, heaters, sensors, and spray 
nozzles behave).

	 Recognize signs of imbalance (open 
navels, delayed hatching, chick behavior).

	 Collect and interpret data: hatch 
percentages, residue analysis, chick 
quality metrics.

He suggests training managers to observe how 
machines respond to real-world interventions 
— opening doors, adding water — to teach how 
equipment self-regulates and how to correct 
imbalances.
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Embryo 
Development, 
Metabolism, 
and Heat

Embryos transition from passive receivers 
of heat to active producers of heat and CO2. 
This metabolic shift is gradual but becomes 
measurable around day 12, where heat output 
increases sharply.

Key points:

	 Heat production doubles and triples between 
day 12 and 18.

	 The incubator must cool the environment to 
maintain a stable internal embryo temperature of 
~100.4°F (38°C).

	 Shell temperature is a critical proxy — early 
on, the shell is warmer (external heat needed); 
later, it’s cooler than the embryo (internal heat 
expelled).

	 Airflow becomes essential for dissipating heat 
and maintaining gas exchange as embryos 
approach hatching.
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Profiles and 
Temperature 
Management

Using temperature graphs, Dr. Bramwell 
explains:

	 Air temperature must be adjusted 
dynamically: slightly higher in early 
stages, reduced in later stages.

	 Shell temperature should remain 
relatively constant (~100.0–100.4°F) 
throughout.

	 Uniformity is critical — differences between 
zones within a machine result in uneven 
development and hatching.

	 Embryo heat production increases 
exponentially over time, while the machine’s 
role shifts from heating to cooling.

Hatchery managers must interpret 
these profiles and know when 
to intervene based on data and 
observation.
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Biological 
Variability 
and Adaptive 
Management

Biological systems are not exact. Factors like: 

	 Egg set quantity,

	 Fertility rate (e.g., 99% vs. 60%),

	 Egg age,

	 Seasonal changes,

…all require different incubation strategies. 
Machines cannot always detect these variables, 
so human intervention is needed.

Operators must understand when to adjust 
parameters and how to customize incubation 
profiles based on flock variability, egg load, and 
expected metabolic output.
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Data Collection 
and Continuous 
Improvement

Dr. Bramwell emphasizes that success 
depends on consistent data collection:

	 Hatch rate

	 Fertility levels

	 Embryo residue analysis

	 Chick quality

Often, more is learned from failures than 
successes. Understanding when mortality 
occurs (early, mid, late) helps identify which 
environmental factor failed and when.
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Mimicking the 
Broody Hen: A 
Closing Concept

The lesson ends with a philosophical but highly 
practical concept: the hatchery manager must 
act as the mother hen.

	 Adjusting attentively to heat, humidity, 
and gas levels.

	 Modifying care based on what the embryo 
is doing — not just following a fixed 
program.

	 Understanding that machines have 
limitations; instinct, experience, and data 
complete the equation.

Incubation & Embryo Management 

15



Conclusion: The 
Art and Science 
of Incubation

Incubation is both science and art. Scientific 
precision provides structure, but human 
attentiveness brings adaptability. To manage 
embryo development successfully, hatchery 
professionals must: 

	 Understand embryology and metabolism.

	 Know how their equipment behaves under 
varying conditions.

	 Respond to real-time data and subtle cues 
from the hatchery environment.

Dr. Bramwell’s session is not just a 
technical overview, but a call to  
re-humanize hatchery management, 
returning to principles of 
attentiveness, care, and respect for 
the biological system at the heart of 
chick production.
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