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Dear Educator,

Embryology: Experiments in Poultry Science is designed to provide you with background
information and exciting experiential activities dealing with life science for use in your classroom.
Each activity is designed to be grade-level appropriate and has been correlated to U.S. National
Science Education Standards.

Children have a natural sense of curiosity about living things in the world around them. Building on
this curiosity, students can develop an understanding of biology through direct experience with
living things, their life cycles and their habitats. This curriculum was developed with your students
in mind. Many believe students learn best by interacting with the world — listening, observing,
experimenting and applying their knowledge to real-world situations. Each activity within this
curriculum follows these steps in the experiential learning model.

An additional goal of this curriculum is to help students develop life skills. Life skills help an
individual live a productive and satisfying life. Within this curriculum your students will have the
opportunity to develop life skills related to science processes, teamwork, keeping records, and
planning and organizing.

We hope that Embryology: Experiments in Poultry Science is an enjoyable experience for both
you and your students as well as a beneficial unit in your life science curriculum. Here are a few
quotes from students who worked with our pilot:

The best part of learning about
chickens and embryos was...

“I enjoyed everything we did, because we got
to learn by doing, not just reading.”

“Enjoyed the whole project because we actually did
something instead of just looking at pictures.”

“This was wonderful because it did not seem Agkho\l\l‘ec’ger\'\ehts
like school, even though we were learning
the whole time.” Design Team: Phillip J. Clauer, Design Team
Chairperson, Extension Poultry Specialist, Virginia Tech;

“It was fun the whole time.” Donna Bailey, 4-H Extension Agent, Maryland; Caitlin Boon,

) Poultry Science Student; Debbie Curry, Vice President
“The best part was seeing how the Programs and Education, Discovery Place, Inc., Nature Museum;
chick hatched. It was cool how it Gary Davis, Extension Poultry Specialist, NC State University;

Mickey Hall, Extension Poultry Specialist, Clemson; Ed Maxa,

ecked its way around the shell.”
P y Extension 4-H Specialist, NC Cooperative Extension Service.

“The best thing was when they

hatched. It was really exciting. Writing: Mark Jost

Editing: Kate McCarthy

| also liked learning about hatching Photography: Mark Sumner, Virginia Tech
eggs. | learned so much that | didn't Design and Production: Northern Design Group, MN
know before.”

Other assistance from:
Tom Zurcher

Jim Adams

Pam Segall-Roberts



pexinents

Poultry Science

Tatle of Contents

Insert: A Closer Look embryology poster
Eggonomics game

Introduction
Embryology and the National Science Standards 2
Experiential learning model 3
Life skill development 4
Science skills 4
Activity matrix 5
Getting organized
Planning and scheduling 6
Background for a successful project 7
The reproductive system and fertilization 10
Daily embryonic development 12
The activities
Doing the right thing 14
Give eggs a break 16
Warming up with eggs 19
Developing an experiment 21
Building an eggs-ray viewer 23
Life is not always what it seems 25
Building the brooder 28
Who rules the roost? 30
Eggonomics (Eggsploring careers) 32
References
Glossary 36
Student assessment rubric 38
Reproducible student activity sheets 40
Embryology record sheet 45
Resources 48



 Introduction Embryo’ogy ahd

hational science Standavds

A classroom unit in embryology will help you meet the following

national science standards:

In order to conduct a scientific
inquiry, you must be able to

* |dentify questions that can be answered
through scientific investigations.

* Design and conduct a scientific
investigation.

* Use appropriate tools and techniques
to gather, analyze and interpret data.

* Develop descriptions, explanations,
predictions and models using evidence.

e Think critically and logically to make the
relationships between evidence and
explanations.

* Recognize and analyze alternative
explanations and predictions.

e Communicate scientific procedures and
explanations.

* Use mathematics in all aspects
of scientific inquiry.

Structure and function in living
systems

Living systems at all levels of organization
demonstrate the complementary nature of
structure and function.

All organisms are composed of cells—the
fundamental unit of life.

Cells carry on many functions needed to
sustain life.

Specialized cells perform specialized
functions in multicellular organisms.

Reproduction and heredity

Reproduction is a characteristic of all
living systems.

In many species, females produce eggs
and males produce sperm. An egg and
sperm unite to reproduce.

Every organism requires a set of
instructions for specifying its traits.
Heredity is the passage of these
instructions from one generation
to another.

The characteristics of an organism can
be described in terms of a combination
of traits.

Regulation and behavior

All organisms must be able to obtain
and use resources, grow, reproduce and
maintain stable internal conditions while
living in a constantly changing external
environment.

Behavior is one response by an organism
to an internal or environmental stimulus.

An organism’s behavior evolves through
adaptation to its environment.

To succeed in technological
design, you must

* |dentify appropriate problems
for technological design.

* Design a solution or product.
* Implement a proposed design.

* Evaluate completed technological
designs or products.

e Communicate the process of
technological design.




Experiehtia‘ ‘ec\rhihg TY\OC‘Q‘

Experiential learning means having students do hands-on
activities, reflect on the meaning and apply what they
learned. This process helps ensure that the students learn
actively and make knowledge a part of their world. It also
helps students answer questions such as “Why should |
learn this?” and “Now that | know this, what do | do next?”

1.

Experience
the activity;
perform,
do it

2.

Apply Share
what was learned H H the results,
to a similar or Experlentlal reactions,
different situation; u observations
practice Learn I ng publicly

Model

4,

Generalize
to connect the
experience to
real-world
examples

n
Process
the experience;
discuss, analyze,
reflect

Pleitter and Jones' Model

Pfeiffer, J.W., & Jones, J.E., “Reference Guide to Handbooks and
Annuals” © 1983 John Wiley & Sons, Inc. Reprinted with permission
of John Wiley & Sons, Inc.

Providing an experience alone does not create
“experiential learning.” The activity comes first. The
learning comes from the thoughts and ideas created
as a result of the experience. This is a “learn by
doing” or experiential process. Addressing each step
in the process assures a purposeful plan to obtain

a specific goal.

Experience

The model begins with experience,
action. This immediately focuses the
attention on the learner rather than
the teacher. This requires active co-
operation from the learner, coupled
with guidance from the teacher to
help maintain the learner’s curiosity.
Teaching becomes a cooperative
enterprise.

Share

Sharing is simply asking the group or
individuals, What did you do? What
happened? What did it feel like to do
(whatever)? This step should generate
lots of information to lead to the
process step.

Process

The questions and discussion now
become more focused on what was
most important about the experience.
Common themes that emerge from the
sharing session are explored further.
Often the key teaching points related
to the subject matter are discussed.

Generalize

In this step the experience is related to
a real-world example. This step helps
the student to answer the questions,
Why should | learn this? What did the
experience mean to me personally? To
my everyday life? Subject matter and
life skill development can be discussed
in this step. For example, if you hope
that the activity helps students develop
teamwork skills, then questions about
teamwork would be appropriate.

Apply

This step helps the student answer the
question, Now that | know this, what do
| do next? Can students express what
they learned? Can they use what they
learned? Can the student actually
apply the learning to a new situation?
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A skill is a learned ability to do something well. Life skills
are abilities individuals can learn that will help them to
be successful in living a productive and satisfying life.
The following is a list of skills that students will develop
through experiencing the activities within this curriculum.
Also included is a set of criteria that can act as
indicators to determine if the life skill is being developed.

Planning and organizing—A method for doing
something that has been thought out ahead of time;
how the parts can be put together.

Indicator:
Student can develop a part of a plan.

Keeping records—Recording selected useful
information, usually focused for a specific purpose.

Indicator:
Student is able to categorize information and select
useful information.

Teamwork—Work done by two or more people, each
doing parts of the whole task. Teamwork involves
communicating effectively, identifying and agreeing on a
common task, dividing a task by identifying contributions
by each person, accepting responsibility for one’s part
of the task, working together to complete the task and
sharing accomplishment.

Indicator:
Understands roles as essential and enjoys working
together with others of similar interests/abilities.

Science

skill

These skills represent the scientific thinking and
process skills that are essential to scientific inquiry.
An inquiry based science classroom uses and
encourages the use of these skills in science activities.

Observing—Generating reasonable questions
about the world based on observation.

Examples:
Seeing, hearing, tasting, smelling and feeling.

Comparing and measuring—Using simple
measurement tools to provide consistency
in an investigation.

Examples:
Sensory observations, weight, quantity, quality,
temperature and capacity.

Relating—Developing solutions to unfamiliar
problems through reasoning, observation and
experimentation.

Examples:

Asking questions, making a hypothesis,
understanding relationships, designing and
conducting simple investigations, and identifying
the control and variables in an investigation.

Applying—Using sources of information to help
solve problems.

Examples:

Applying science learning to resolve current
issues, inventing a new technology, using math
and forming additional questions.

Poultry incubation



The Activities

Embryology Skill

Life Skill

Science Skill

Doing the right thing
Page 14

Hatching, observing
and experimenting with
embryos; caring for the

developing egg and chicks

Decision-making

Communicating

Give eggs a break

Identifying parts of an egg

Contributing to

Comparing and

Page 16 and their functions a group effort measuring
Warming up with eggs Incubation of Planning and Observing
Page 19 fertile eggs organizing
Developing an Collecting data Learning to Observing and
experiment about embryos and learn measuring
Page 21 chicks
Building.an Preparing a Planning and Comparing and
eggs-ray viewer candler organizing measuring
Page 23
Life is not always Observing the embryo’s Record
what it seems development and keeping Observing
Page 25 learning its parts
Building the Preparing a Planning and Comparing and
brooder brooder organizing measuring
Page 29
Who rules the Unde_rstanding chicken _
A e behavior (pecking order) PIannm_g_and Observing
Pa for better care and organizing
ge 31
management
: Learning how the
Eggonomics
ggage 30 poultry industry Critical thinking Applying

works




 Getting Organized
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Checklist

Planning is crucial to the success of an embryology project.
Use this section as a checklist to help you plan the project activities.
As you complete each part check it off so you know what has been finished.
Other important details to assist you with this project follow this checklist.

One to six months before you
plan to start the project

O

Plan the exact dates during which you wish
to do this project.

Dates of the embryology project:

to

Before you order eggs, decide what you will do
with the chicks that hatch. Contact a farmer, zoo
or other animal caretakers who are equipped to
properly care for the chicks.

The chicks will be placed with

To insure egg availability, order the eggs at least
one to three months in advance of the day you
plan to set them.

Secure an incubator at least a month before the
start of the project and be sure it works
properly.

Read the lesson plan and secure any materials
you will need at least a month before the project
begins.

Starting the project

[
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Set up the incubator in a safe area and start
running it 48 hours before eggs are to arrive.

Prepare the students a few days before the
project begins. Help them understand the
principles of incubation and embryology.
Discuss what the class wishes to accomplish
and what role they will play in reaching the
goals of the project. This includes preparing
calendars and other project resources.

If your class plans to incubate eggs, prepare
the eggs for incubation.

Turn the eggs three times daily.

Keep water pans full at all times. Always add
water that is warm to the touch.

Keep daily records of all activities involving the
eggs (i.e., turning, temperature, water added,
candling, and other activities). These records
are extremely helpful for trouble-shooting
causes of poor hatches.

Candle the eggs every three days to check
progress.

Stop turning eggs three days (after 18 days
for chicken eggs) prior to expected hatch.

Prepare brooder box at least two days prior
to expected hatch.

Remove the chicks from the incubator and
place them in a warm brooder within two to six
hours after they hatch.

Remove and discard all remaining unhatched
eggs 60 hours after the first chick hatches, then
disconnect incubator power.

Clean and disinfect the incubator as soon as
the power is disconnected.

Let the incubator dry. Then store it in a safe,
cool and dry place.



Backgraund for a successiul project

Important procedures to consider

A.

Plan the exact dates for your project. Many teachers
use this material as a supplement to a specific
curriculum like biology, human sexuality, human
development or other related topics. It is extremely
important that you understand that this is a
continuous project for at least a 25-day period. Plan
the project around holidays and testing periods. It is
usually best to plan to set your eggs on a Tuesday.
This allows you to prepare on Monday and insures
that the chicks will not hatch on a weekend.

To prevent bacterial contamination, make sure that all
students and teachers wash their hands after
handling the eggs, raw egg products, incubated eggs,
chicks and litter.

Before you order eggs, plan what you will do with

the chicks that hatch. Contact a farmer, zoo or other
animal caretakers who are equipped to care for the
chicks properly. NEVER allow chicks to go home with
students from your class. It is your responsibility to
make sure that the chicks get a good home.

About the eggs

A.

Obtaining fertile hatching eggs. Locating fertile
eggs may present a problem, especially in an urban
area. Most eggs sold in grocery stores are not
fertile and cannot be used for incubation. Fertile
eggs can usually be obtained from hatcheries or
poultry breeding farms. Large hospitals may also be
able to provide them. Contact your local Extension
office for suggestions.

1.

For a basic observation and hatching project,
12 eggs per incubator are adequate. If you are
planning to do an experiment or activities,
additional eggs may be required.

When you obtain fertile eggs from a source
that does not routinely hatch its own eggs, you
may want to test the eggs in an incubator to
ensure that good fertility and hatchability can
be obtained before you use the eggs as part
of the class project. The presence of a male
with a laying hen does not guarantee fertility
or hatchability. You are also strongly
encouraged to use chicken or coturnix qualil
eggs to hatch in the classroom. Duck, goose,
pheasant and other species of fowl can be
more difficult to hatch in classroom incubators.
Duck and goose eggs often rot and may
explode in the incubator.

When you have located a source of fertile eggs,
pick them up yourself, if possible, rather than
have them shipped or mailed. It is difficult for
hatcheries, the postal service and transportation
companies to properly handle small orders of

eggs.

Caring for eggs prior to incubation. Timing,
temperature and position are critical to safe storage.

1.

2.

The eggs should be collected within four hours
from when they were laid.

If it is necessary to store fertile eggs before
setting, store small end down at a temperature
between 50 and 65°F and at 70 percent
humidity.

Never store eggs more than 10 days after the
eggs are laid. Hatchability drops quickly if they
are stored for more than 10 days.

Transport fertile eggs in a protective carton,
small end down. Do not leave eggs in the sun
or a hot car. In winter, don’t let the eggs get
below 35°F.

It is always best to set the fertile eggs in
a heated incubator within 24 hours of
obtaining them.



Preparing the eggs for incubating. Fertile eggs

About the incubator and incubation

from a commercial hatchery are usually already = stgflgi:? aor;érécr:u\?oal}or:lgnir?; ?)Zi 2“;3\2 SFIES%%Od
presorted. However, it is usually wise to check your incuba?or ' Y
eggs before setting them. . ]
1. Candle eggs prior to setting to check for cracked L Ir;glrjmmngr%rnt?)“tlr:gthjabr?toofrt’h%rg?c;jztc{eggtr:; ; air
eggs, thin-shelled eggs and double-yolked eggs. in : . L
g : cubators (with a fan to circulate the air) are
dDg :gtt rl]r;(;gr? Al e engs smes iy rerEly best. Once the new incubator arrives, assemble
’ if necessary and follow instructions for
2. Do not wash the eggs unlegs necessary. The operation.
reegn%f):eag%;x:;l;]riilgpg:ﬁ;txaeszosggg ttr?:tt ;Sre 2. Used incubators should be checked one month
C . A . rior to the start of the project. Make sure your
visibly dirty. Then wipe the egg clean with a wet prior ; . )
equipment is clean and working correctly. This
cloth warmer (at least 10 degrees warmer) than ) :
the temperature on the eggs. Do not set eggs mglu:ﬂ;t?[\évr){?rt:etérgssg)rorder parts or a new
that are excessively dirty. BT o 5 Y- o of s bef N
. . . . urn the incubator on a couple of weeks before the
. E}”rr;%:;etir:ne%%:tﬁgfwrgahcgfrén t:;: r'?;:gﬁitgr project starts and run it for 48 hours to insure that
P _ P ) 9 everything is working properly. Once you know it
4. Mark the eggs with “X” and “O” on opposite is in proper working order, unplug and set in a safe
sides to aid in daily turning. Also, number the area until a few days before the start of the project.
%ge%iiﬁgatt?fnt‘;ﬁfréggr'grff eg?ndgtguilig gljnth - C. Inform the gdmir_wistrat_ion and maintenance staff that
project. When marking eggs always use a pencil you are domg this project and ask them to tell you
— .crayon Do not Use permanent or toxic if the electricity needs to be shut off for any reason.
ink pens or markers. D. Proper incubator placement in the classroom helps
5. Eggs that are warmed to room temperature e problems._ )
should be immediately placed in the incubator. 1.  Set Fup the incubator in a room that stays above
65°F.

2. Make sure the electrical outlet that you are using
will be “on” 24 hours a day. Some schools turn
off entire sections of the school at night and on
weekends.

3. Place the incubator on a sturdy level surface.

4. Place the incubator at least six inches away
from the edge of the surface to avoid accidental
bumps.

5. Avoid high traffic areas, hot sunny windows,
heating and cooling vents, drafty windows and
doors.

E. Turn incubator on 36 to 48 hours prior to setting the
€ggs.

1. Adjust the incubator so it holds the desired
temperature. Follow manufacturer guidelines
for adjusting the temperature. In still-air units

Setti that (without fans) adjust the temperature to
etting :ggs 'tr? 101°F. In forced-air units (with fans), adjust
;fe ma:‘; wi the temperature to 100°F. Always adjust the

san S thermostat so the heat source goes off when
the temperature reaches the desired
temperature and comes on when the
temperature drops below the desired
temperature.
Do not set 2. Use at least two thermometers to insure you

cracked eggs. are getting an accurate temperature reading.

3. Check the temperature often. Improper
temperature can result in a poor hatch and
weak chicks.



During incubation

A.

Turn the eggs three times daily. Stop turning eggs
three days (after 18 days for chicken eggs) prior to
expected hatch.

Keep water pans full at all times. Always add water
that is warm to the touch. It is best to add the water
when you open the incubator to turn the eggs.

Keep daily records of all activities involving the eggs
(i.e., turning, temperature, water added, candling,
and other activities). These records are extremely
helpful for trouble-shooting causes of poor hatches.

Candle the eggs every three days to check progress.

Stop turning eggs three days (after 18 days for
chicken eggs) prior to expected hatch.

Never help the chicks from the shell.

Remove the chicks from the incubator and place
them in a warm brooder within two to six hours after
they hatch. If your incubator has good levels of
humidity the chicks may not dry in the incubator.
They will dry once moved to the brooder.

Remove and discard all remaining unhatched eggs
60 hours after the first chick hatches, then
disconnect incubator power.

Clean and disinfect the incubator as soon as the
power is disconnected. Once the dirt has dried
to the surface, it becomes difficult to remove.

Let the incubator dry. Then store it in a safe, cool
and dry place.

Turn egg
three times
daily until
the 18th
day.

The end result:
A newly hatched chick.

Brooding the chicks

A.

Make sure the brooder box is working 2 to 4 days
prior to hatch.

Brooders should maintain a temperature of 92 to
95°F (taken at one inch above the floor level, the
height of the chick’s back) during the first week. If
you keep the chick beyond the first week, decrease
the temperature 5°F per week until room
temperature is reached.

The brooder should have textured, absorbent litter
on the floor. If the floor is slippery, the chicks can
damage their legs. Pine or cedar shaving or textured
paper towel work best in the classroom.

Feed 18 to 22 percent protein chicken starter food.
This completely balanced ration can be obtained
from any feed and garden store. The feed can be
placed in jar lids, egg cartons, small tuna-sized cans
or a commercial chick feeder.

Water should be available at all times. Use watering
equipment that will not allow the chick to get into the
water and drown. Commercially made water
fountains for use with a quart jar work best. If you
need to use a watering device that is not proven, it is
recommended that you place clean marbles or gravel
in the water so the chicks can drink between them
but not get into the water and drown.

Clean the waterer and brooder daily. This will prevent
odors and keep the brooder dry. Dampness provides
favorable conditions for the development of molds
and bacteria.



The reproc’l.\o‘ci\le System

and fevtilization

The rooster

The male fowl has two testes along its back. These never
descend into an external scrotum, as do those of other
farm animals. A testis consists of a large number of very
slender, convoluted ducts. The linings of these ducts

give off sperm. The ducts eventually lead to the ductus
deferens, a tube that conducts the sperm to a small
papilla. Together, the two papilla serve as an intermittent
organ. They are on the rear wall of the cloaca.

The rooster responds to light in the same way as the
hen. Increasing day length causes the pituitary to release
hormones. These, in turn, cause enlargement of the
testes, androgen secretion and semen production, which
stimulates mating behavior.

Vagina Vent
and cloaca
Egg formed
in uterus

Mature yolk in yolk sac
(ovary)

Infundibulum —» §

Figure 8 - Oviduct

The hen

The reproductive system of the female chicken is in two
parts: the ovary and oviduct. Unlike most female animals,
which have two functioning ovaries, the chicken usually
has only one. The right ovary stops developing when the
female chick hatches, but the left one continues to mature.

The ovary is a cluster of sacs attached to the hen’s back
about midway between the neck and the tail. It is fully
formed when the chick hatches and contains several
thousand tiny ova—each ovum within its own follicle.

As the female reaches maturity, these ova develop a few
at a time into yolks. (Figure 7)

The oviduct is a tube-like organ lying along the backbone
between the ovary and the tail. In a mature hen, it is about
25 to 27 inches long. The yolk is completely formed in the
ovary. When a yolk is fully developed, its follicle ruptures
at the stigma line, releasing it from the ovary. It then enters
the infundibulum, the entrance of the oviduct

(Figure 8).

The other parts of the egg are added to the yolk as it
passes through the oviduct. The chalazae, albumen, shell
membranes and shell then form around the yolk to make
the complete egg, which is then laid. This complete cycle
usually takes from 23 to 32 hours. About 20 minutes after
the egg is laid, another yolk is released and the process
repeats itself. Development takes place as follows:

Parts Length Time Function
of oviduct | of part there of part
Infundibulum 2in. 15 min. | Picks up yolk, egg fertilized
. 40-50% of white laid down,
Magnum 13in. 3 hr. thick albumen
10% albumen shell
Isthmus 4in. 1'% hr. membrane laid down,
shape of egg determined
40% of albumen, shell
Uterus 4.2in. | 20% hr. formed, pigment of
cuticle laid down
Vagina and 4in . Egg passes through
cloaca : as it is laid




How eggs are fertilized

Each gender, the rooster and the hen, contributes
something to the egg. The rooster provides sperm;
the hen provides an ovum. When a rooster mates
with a hen, it deposits sperm in the end of the oviduct.
These sperm, containing male germ cells, travel the
length of the oviduct and are stored in the infundibulum.
On the surface of every egg yolk there can be seen

a tiny, whitish spot called the blastodisc. This contains
a single female cell. If sperm is present when a yolk
enters the infundibulum, a single sperm penetrates
the blastodisc, fertilizing it and causing it to become

a blastoderm. Technically, the blastoderm is the true
egg. Shortly after fertilization, the blastoderm begins
to divide into two, four, eight and more cells. The first
stages of embryonic development have begun and
continue until the egg is laid. Development then
subsides until the egg is incubated. The joining

of sperm and ovum is called fertilization. After
fertilization, the egg can develop and become a chick.

The rooster must be present for an egg to be fertilized.

Supermarket eggs are from hens that are raised
without a rooster. Roosters are not necessary at farms
where eggs are produced for people to consume.
Eggs for incubation are grown at special farms called
breeder farms where roosters are with the hens.

Development during incubation

As soon as the egg is heated and begins incubation,
the cluster of cells in the blastoderm begins to multiply
by successive divisions. The first cells formed are
alike. Then, as the division of cells progresses, some
differences begin to appear.

These differences become more and more
pronounced. Gradually the various cells acquire specific
characteristics of structure and cell grouping or layer.
These cell groupings are called the ectoderm,
mesoderm and endoderm. These three layers of cells
constitute the materials out of which the various
organs and systems of the body develop.

From the ectoderm, the skin, feathers, beak, claws,
nervous system, lens and retina of the eye, linings of
the mouth and vent develop. The mesoderm develops
into the bone, muscle, blood, reproductive and
excretory organs. The endoderm produces the linings
of the digestive tract and the secretory and respiratory
organs.

Development from a single cell to a pipping chick is a
continuous, orderly process. It involves many changes
from apparently simple to new, complex structures.
From the structures arise all the organs and tissues
of the living chick.

Physiological processes
within the egg

Many physiological processes take place during

the transformation of the embryo from egg to chick.
These processes are respiration, excretion, nutrition
and protection.

For the embryo to develop without being connected
to the hen’s body, nature has provided membranes
outside the embryo’s body to enable the embryo to
use all parts of the egg for growth and development.
These “extra-embryonic” membranes are the yolk sac,
amnion, chorion and allantois.

The yolk sac is a layer of tissue growing over the
surface of the yolk. Its walls are lined with a special
tissue that digests and absorbs the yolk material to
provide food for the embryo. As embryonic development
continues, the yolk sac is engulfed within the embryo
and completely reabsorbed at hatching. At this time,
enough nutritive material remains to feed the chick for
up to three days.

The amnion is a transparent sac filled with colorless
fluid that serves as a protective cushion during
embryonic development. This amniotic fluid also
permits the developing embryo to exercise. Specialized
muscles developed in the amnion gently agitate the
amniotic fluid. The movement keeps the growing parts
free from one another, preventing adhesions and
malformations.

The chorion contains the amnion and yolk sac.
Initially, the chorion has no apparent function, but later
the allantois fuses with it to form the choric-allantoic
membrane. This enables the capillaries of the allantois
to touch the shell membrane, allowing calcium
reabsorption from the shell.

The allantois membrane has many functions. It:
* serves as an embryonic respiratory organ
¢ receives the excretions of the embryonic kidneys

e absorbs albumen, which serves as nutriment
(protein) for the embryo

e absorbs calcium from the shell for the structural
needs of the embryo.

The allantois differs from the amnion and chorion in
that it arises within the body of the embryo. In fact, its
closest portion remains within the embryo throughout
the development.
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Before egg laying
¢ Fertilization.

* Division and growth of living cells.

* Segregation of cells into groups with special functions.

Between laying and incubation
¢ Very little growth; inactive stage of embryonic life.

During incubation
Day 1

Day 2

Major developments visible under microscope:
18 hours — Appearance of alimentary tract.
19 hours — Beginning of brain crease.

20 hours — Appearance of vertebral column.

21 hours — Beginning of formation of brain and nervous
system.

22 hours — Beginning of formation of head.
23 hours — Appearance of blood island.
24 hours — Beginning of formation of eyes.

Ear

Closeup
Day 3 ™~
Eye
Heart \ /
Wing

___—  bud

Leg bud

24 hours — Embryo begins to turn on left side.

24 hours — Blood vessels appear in the yolk sac.
24 hours — Major developments visible under microscope.
25 hours — Beginning of formation of veins and heart.

30 hours — Second, third and fourth vesicles of brain
clearly defined, as is the heart, which starts
to beat.

35 hours — Beginning of formation of ear pits.
36 hours — First sign of amnion.
46 hours — Formation of throat.

Day 3 (see figure)

Beginning of formation of beak, wings, legs and allantois.
Amnion completely surrounds embryo.

Day 4 (see figure)

Beginning of formation of tongue.

Embryo completely separates from yolk sac and turns
on left side.

Allantois breaks through amnion.

Day 5

Proventriculus and gizzard formed.

Formulation of reproductive organs—sex division.

Day 6 (see figure)

Beak and egg tooth begin to form.
Main division of legs and wings.
Voluntary movement begins.

Day 7

Digits on legs and wings become visible.

Abdomen becomes more prominent due to development
of viscera.

Day 9



Day 8

Day 17

Feathers begin to form.

Day 9 (see figure)

Embryo begins to look bird-like.
Mouth opening appears.

Day 10

Beak starts to harden.
Skin pores visible to naked eye.
Digits completely separated.

Day 11

Days 10 to 12 tend to run together. No different changes
visible on these days.

Day 12 (see figure)

Toes fully formed.
Down feathers visible.

Day 13

Scales and claws become visible.
Body fairly well covered with feathers.

Day 14

Embryo turns its head toward blunt end of egg.

Day 15

Small intestines taken into body.

Day 16

Scales, claws and beak becoming firm and horny.
Embryo fully covered with feathers.

Albumen nearly gone and yolk increasingly important
as nutrient.

Beak turns toward air cell, amniotic fluid decreases
and embryo begins preparation for hatching.

Day 18 (see figure)

Growth of embryo nearly complete.
Day 19

Yolk sac draws into body cavity through umbilicus.
Embryo occupies most of space within egg except air cell.

Day 20 (see figure)

Yolk sac completely draws into body cavity

Embryo becomes chick, breaks amnion and starts
breathing air in air cell.

Allantois ceases to function and starts to dry up.

Day 21

Chick hatches.

Although used only to break through the shell, the egg
tooth serves its critical purpose well.

Coturnix (Japanese) quail .........cccccceeeriueeenne 16—18 days
ChiCKEN ..t 21 days
Pheasants.........cccooeieeieiiiiieee 24-26 days
DUCKSF:: & ......... SR NS 0 B 28 days
GBSO et 28 days
GUiNeaymmes. .5 yaes i, i A o e 28 days
STUrKEY P TR & S N .. WO ... 28 days
SWan=.,... o N o B e 35 days
MUSCOVY AUCK.....cccoiiriiieiiiiiee e 35 days
Ostrich:cub: = It 3% Nveenrcieneennnd] 42 days






