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Preface
The recent expansion of the field of photomicrography 

has been a great help to today*s biologist. With the 
photomicrograph the student of biology can more easily 
grasp biological details. However, some fields of 
biology have been slighted in this regard. Embryology 
is one of these fields.

In this dissertation I wish to illustrate that 
efficient, modern ambryological study warrants the 
extensive use of photomicrographs.

Charles R* Canty
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THE PURPOSE OF THIS[IS RESEARCH

In the modern trend of education there is a definite1 -

favoritism shown toward visual aids. The purpose of this 
work and research is to show the feasability of using visual 
aids in the study of embryology*

Before going on it is necessary to show that the 
contemporary method has certain deficiencies. Let us
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analyze this method. By doing this we can see many
inconveniences and we can propose newer ways of covering the

. : ■ : . ' ' ' .material throughout the course.
. ■>*: "V3 - Y'V;rThe main aspect to be considered in this work is that 

of the laboratory section. Embryology demands a great deal 
of study in the laboratory. Practically speaking, hours of 
work go into the viewing of slides, the drawing of plates, 
and the observation of lab material. Although there is no 
quick, easy way of grasping this portion of the course, 
efforts can be made to ease the work for the student. If 
this could be accomplished the student would have time to 
cover more material, have more time to study his other courses, 
or possibly both.

Just what is the present setup for laboratory study? 
Throughout the course, the most-used article Is the 
microscope. To most students the time spent in the observation 
and the drawing of the various phases of embryological 
development seems endless. This question presents Itself to 
the minds of the students* "Is this absolutely necessaryY"
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Without doubt, the slides of the embryos must be observed.
Does the student have to continue observation by the conventional 
method of the microscope? Must he strain his eyes, waste valuable 
time placing the slide and focusing It, and remain in an uncomfortabl 
position for hours at a time? Ky answer to this self-posed 
question is: no. The microscope in this instance is outmoded.
To supplement this instrument I propose the extensive use of 
the photomicrograph.

First of all, a description of the photomicrograph is 
in order. Just what is a photomicrograph? How is it used?
The photomicrograph is a photograph taken through a microscope.
V/ith the advent of the .35mm. camera most photomicrographs 
are being taken with this size camera and mounted onto slides.
It is possible that these slides could then be projected onto 
a screen and viewed by large groups. The entire group could 
view and discuss the matter under consideration. Formerly, 
the image viewed was restricted to the person looking through 
the microscope or, with an attached viewer, a few persons.
It Is true that the microscope is necessary, but It should 
be used only initially to make instruction material when 
large groups are involved.

There are many advantages in the use of the photomicrograph.
I have already cited that the image can be extended to a larger 
audience by transferring it to a slide and projecting it on 
a screen. When using the photomicrograph, there is no difficulty 
involved in positioning slides. Also, there is little difficulty 
involved In focusing. When it becomes necessary for the student 
to draw a plate, he can take a comfortable position at the 
drawing table and save needless eyestrain*



At the same time, group discussion can be held. It would be 
possible to throughly review the topic portions of the slide. 
Many students could participate in the reviewing session, 
offering their suggestions, and noting the highpoints as they 
are pointed out by the professor*

In the early stages of the embryology course there is 
difficulty grasping the third dimensional aspect of the 
different slides. Although this is mostly a process of 
becoming familiar with slides, I believe it would be easier 
to visualize if photomicrographs were used.

To my knowledge no one has ever attempted to make a 
complete set of photomicrographs from embryology slides.
The slides to be used by embryology students are mostly 
stereotype. Therefore, if someone were to make a complete 
set of photomicrographs, starting with the most simple stages 
of development and following the more advanced stages, it 
would revolutionize the entire course. These slides, when 
placed on *35mm. films, could be recopied infinitely and 
distributed by means of a biological supply house to every 
educational institution where embryology is offered.

This task would be great not only in the labor Involved, 
but also in the expense. However, the compensation received 
from helping thousands of students plus the commercial value and 
possible copyright of this initial set should reinstate the 
person for his efforts.

This work is, by no means, a complete undertaking of 
the prementioned task. Since both my time and finances are 
limited in this regard, I will endeavor only to make a start 
on such a project to illustrate my contentions*
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In order to make good photomicrographs it is necessary 
to have the best of equipment. Fortunately, I was able to 
either purchase or borrow the best equipment available in 
this area. But, needless to say, there were many difficulties 
involved in obtaining the desired equipment. There were 
many times when it seemed impossible to obtain the proper 
apparatus. But, when practically everyone I knew was asked 
to help me, the desired equipment was obtained.

The conventional manner of preparing photomicrographs 
in the fields of pathology and microbiology is to set up the 
microscope and copying camera, take the exposures, and 
send the film to a photographic supply depot to be developed 
and mounted on slides. However, the past few years have 
seen great advances in the field of photography. One of 
these advances is a type of colored film which, if handled 
carefully, can be processed in the amateur’s darkroom.
This film was used to take my photomicrographs. The entire 
procedure was carried on-from start to finish-in my own 
darkroom at home.

It is not absolutely necessary to have colored film 
for the process. But the use of black and white film takes 
away the authenticity of viewing embryology slides plus 
nullifying the clarity of certain structures. Thus It is 
best to use colored film for the process.

CHAPTER II



When viewed by the ordinary layman, the photomicrograph 
might seem to be just a colored piece of cellulose acetate 
having a cardboard enclosure. But the experienced person- 
the one who had made some of these pictures-would see much 
more. He would see the finished product of a precise series 
of steps. He would see the result of many efforts and 
painstaking precautions. I shall try to describe this series 
from two points of observation. First, I shall outline the 
steps and apparatus from the general point of view which 
should be understood by the person who knows nothing 
whatsoever about photomicrography or advanced stages of 
photography. Then, having given this basic outline, I will 
enlarge upon the different aspects of the process which might 
be of help to someone interested in the technical side of 
photomicrography.

In the general view of photomicrography several important 
items are needed. One must have ample room if he is to 
undertake the complete process. The ideal setup in this 
facet would be an 18* x 10* room in which the apparatus could 
be arranged in an assembly-line setup. Since a sink with 
hot and cold water is also necessary for developing, this set 
of conditions is rather hard to attain. Nevertheless, ample 
room is a must if confusion is to be avoided.

A few tables, preferably with cabinets, should be 
placed adjacent to the walls. Much inconvenience can be 
avoided if each table is used for a specific purpose, for 
example, a microscope table, a slide table, a table for records, 
another for developing, etc.



Another item worthy of consideration is shelving.
Several shelves above the tables make a convenient storage 
space for bottles of solutions, small instruments, lenses, 
and other items which would be cumbersome if left on the 
tables.

Sufficient light is another boon to good photomicrography,
A good overhead white light plus the proper type of darkroom 
light must be obtained. If these can be operated by means of 
foot switches the job is much easier.

Next to be considered is the microscope. For the most 
part, any type of monocular microscope can be used provided 
it is in good condition. The objective lens sizes of 10X,
*+5X, 97X on a revolving nosepiece are sufficient. It 
Is best to have an ocular size of both 10X and

The most important part of the equipment is the 
photomicrograph copying camera. As mentioned previously, 
the .35mm. camera and slides made the adaptability of 
photomicrographs widespread. Any good .35nim» camera can 
be used but this will necessarily involve many complications.
The difficulties involved in setting up a tripod for steadiness, 
using close-up lenses, getting the proper exposure, and other 
such things can be very annoying. A specially-made photomicrograph 
copying camera is a much better piece of equipment even 
though they are hard to obtain due to scarcity and the 
prohibitive cost of their purchase.

The rather technical side of the developing process 
Is illustrated In the following table*



Processing equipment for developing:
1. An accurate thermometer.
2. A satisfactory tank.
. An Ektaehrome Processing Kit*
. Six glass bottles.
5. A tray.
6. A reversal exposure lamp.
7. Exposed film.
Summary of steps for processing:
Solution or Remarks
Procedure
l.First Developer Temperature tolerance

+ t
2*Rinse Running water.
3.Hardener Room lights can be

turned on after 3 min* 
and reversal exposure 
started.

^•Reversal Exposure Expose each side of film 
for 5 seconds or each end of reel for 
15 seconds at 1 foot from a No. 2 
photoflood. Return films to hardener 
solution until all have been re-exposed* 
Reset timer to zero.

5.Wash Running water. 73-77 3 3
6.Color Developer 73-77 15 18

7*Wash Running water. 73-77 5 23
8.Clear Save bath for use in

Step 12* 73-77 5 28

9*Rinse Running water for not 
less than 30 sec. or 
more than 90 sec.

73-77 1 29

10.Bleach See warning on label. 73-77 8 37
ll.Rinse Running water. 73-77 1 38
12.Fix Clearing and Fixing Bath* 73-77 3 hi

13*Wash Running water* 73-77 8
I1** Stabilizing Stabilizing Bath 73-77 1 50
15*Dry Same method as black-and-white films. 

(H0°p. temperature limit)1

1 Kodak Ektaehrome FllmT Eastman Kodak Company, 1956, ps. 30,31

Temp* 
in ©F.
75

Time Tota: 
in Min* Mins,
10 10

73-77
73-77

1

3-10
11

1^-2]
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THE SCOPE OF THE RESEARCH

The subject matter filmed is the same laboratory observation 
made by the beginning student in embryology. Naturally, the set 
Is one of example only for there are diverse opinions as to the 
material which should actually be studied in embryology.

Since the whole-mount slides are very dense and hard 
to photograph, they are treated lightly in this dissertation.
The main emphasis is given to the many other slides which lend 
themselves better to photomicrography.

At the completion of the research, only one actual set of 
photomicrographs will exist. This set will be placed In the 
Department of Biology, Carroll College, Helena, Montana. It 
is intended that these photomicrographs will have some definite 
importance in embryological study; namely, that of the group 
discussion they will make possible.

The slides will be numbered on the film mount. In addition 
to this number there will also be a brief description of the 
subject. The complete index of slides will be found at the 
end of the slide descriptions. The slides will be placed In 
a labeled box in the Biology Department.

The remaining chapters will be donated to brief descriptions 
of the slides themselves and the structures thereon. This is 
meant to serve as a guide and impetus only. It is presumed that 
the students and instructors, more familiar with the subjective 
materials, will enlarge upon this skeleton.



Toward the perifery of the section of the cat ovary, it is 
possible to note the OOGONIA cells. Then, within the central 
perifery there is a larger cell, the PRIMARY FOLLICLE. In the 
same general area but more interior is the larger DOUBLE-LAYERED 
FOLLICLE. Inside this, there is a follicle beginning the 
ANTRUM formation. A good view of a mature Graffian follicle 
was sought but was not found in the sections studied. Evidently 
the FSH(Follicle Stimulating Hormone)balance was degenerate 
in the sectioned animal.

Slide (1)B.
This slide was selected because of the many PRIMARY? r 

OOCYTES just within the perifery. In a central position there 
is a DOUBLE-LAYERED FOLLICLE beginning very visible ANTRUM 
formation.

CHAPTER V 
SPERMATOGENISIS

Slide (2)A.
This is a low-power view of the SEMENIFEROUS TUBULES 

of a rabbit. This shows only the gross structure. It is 
not yet "possible to make out any of the details.

Slide (2)B.
This is a view of the semenife.rous tubules also. It was 

taken using the ’'high-dry" objective lens and gives a good



general view of a few semeniferous tubules. On the perifery 
of the circles(tubules)one can see the spermatogonia. The clear 
spokes converging at the centers are the SUSTINTACULAR AREAS.
Then, it is possible to notice the spermatogonia maturing to the 
primary spermatocytes, secondary spermatocytes, and finally, 
the mature spermatozoa and spermatids in the central position*
The "tids** and spermatozoa have a dark stain.

CHAPTER VI 
STARFISH WHOLE CELL

Slide (3).
This slide is very good for illustration of several 

principles of early development. In the center is the 
unfertilized egg. One can discern the cell membrane, the 
nucleus, the nucleolus, and the extensive cytoplasm. In the 
lower left-hand corner there appears two blastomeres, the 
immediate consequence of the development of the fertilized egg 
or zygote. Then, to the left of the unfertilized egg, there appears 
part of an eight blastomere section. In the lower right-hand 
corner there appears a portion of the sixteen-blastomere 
section or morula formation. Above that is a section from 
a young blastula of possibly thirty-two blastomeres,

CHAPTER VII 
STARFISH CLEAVAGE

Slide (*0.
Although Slide (3) shows the end products of cleavage, 

it doesn*t show that cell division takes place without an 
increase in size of the overall mass of cells present. This 
is, of course, the main aspect of cleavage. This slide shows



several stages in early cleavage where it is possible to note that 
the cleaving cells are almost identical in regard to their 
cell masses.

CHAPTER Till 
STARFISH GASTRULATICN

Slide (5).
Several stages of early gastrulation can be observed here. 

The involuting entodermal portion of the former biastula appears 
as a dark invagination toward the center. The blastopore, 
the obliterating blastocoel, and the formation of the 
archenteron can be seen clearly. The end result of gastrulation 
will, of course, be the double-layered g&strula*

The next topic to be discussed Is a whole mount of the 
chick. As stated previously, the whole mounts, due to their 
semi-opague qualities, are extremely hard to obtain for 
purposes of portraying detailed structures* Therefore, very 
few whole mount sections will be discussed. The student can 
obtain the best concept of the gross structure of the embryo 
from drawings and clay figures even though they are 
somewhat diagrammatical,

CHAPTER IX 
CHICK, 13 HOUR WHOLE MOUNT

Slide(6).
The smeared blood islands from the AREA OPACA at the top of 

the slide ruined the gross appearance of the slide; the main 
structures are only faintly visible. Starting at the bottom of 
the slide we can see a central, blurred line perpendicular



to the bottom of the slide. Down the middle of this line there 
is a clear center portion. The lowermost dark portion is 
Hensen*s node* The clear area going back from this is the 
primitive pit. This extends to the top of the slide or the 
posterior part of the embryo as the primitive streak-primitive 
groove area. This is then flanked on each side by the primitive 
folds which will eventually rise for surther development in 
advance neurilation. The extensive clear area spreading outward 
from these is the area pellucida. Then, extending outward 
from this is the vascular area opaca and blood islands. Yolk 
is then on the outermost portion. The area pellucida and 
therein is the embryonic area; the yolk and area opaca is the 
extra-embryonic area*

CHAPTER X 
CHICK, 2b HOUR WHOLE MOUNT

Slide (?)
In addition to the areas mentioned on the last slide 

there are many other structures dearly visible in this whole 
mount* Starting at the anterior end of the embryo and proceding 
posteriorly we can observe: the PROAMNION ARM, ANTERIOR NEUROPORE, 
HEAD, NEURAL FOLDS backed by loose mesenchyme, caudal extent 
of the FREE HEAD, FOREGUT, 'ANTERIOR INTESTINAL PORTAL, parts 
of the NOTOCORD, AMNIO-CARDIAC VESICLE, SOMITES, and the 
POSTERIOR NEURAL FOLDS which will diverge into the SINUS 
RHOMBOIDALIS AREA*



Slide (8).
Four distinct advances can be observed on this section- 

advance in brain formation, further extension of the foregut,
heart formation, and multiplication and enlargement of the
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somites. Starting anteriorly one can note the prosencephalon, 
followed by the mesencephalon, and the neurometric rhombencephalon. 
The foregut is more extensive; the anterior intestinal portal is 
back in the area of the omphalomesentaric veins. The heart 
is bulged and developed into sectors-SIKUS VENOSUS, ATRIUM, 
VENTRICLE, BULBOUS ARTERIOSUS, and VENTRAL AORTA. This extended 
area is beneath the developing brain portions. The somites 
are seen as large mesodermal chunks flanking the neural tube*

Slide (9)
The opague condition of the embryo permits observation 

of little more than the external aspects of the embryo. It 
is possible to observe the pronounced flexion and torsion of the 
embryo as well as the prosencephalon, diencephalon, pineal 
body, beginning eye formation, branchial arch formation, 
slight heart formation,, lower Jaw formation, and mouth formation*

From this point the subject matter will be the cross-sections

much easier to photograph due to their transparency. As in the 
preceding sections only the most significant portions will be 
dealt with. Significant parts are capitalized.

CHAPTER XII 
PIG, 10mm. WHOLE MOUNT, HEAD

through the developing stages of the embryo. In general these are



One cannot refer to certain structures being one the 
left or right side of a slide, for the projectionist cannot 
place the slides one way in repeated showings. Therefore,
we must use the main structures for purposes of location.

18 HOUR CHICK, X-S THROUGH NOTOCORD 
Slide (10).

This rather simple slide shows the ENTODERM, MESODERM, 
N0T0C0RD, YOLK, ECTODERM, MEDULLARY PLATE, and HEAD FOLDS.

18 HOUR CHICK, X-S THROUGH PRIMITIVE PIT 
Slide (11).

The prominent vertical indention, the PRIMITIVE PIT 
is clearly visible in the mid-line of this section.

Slide (12).
In this section the NEURAL GROOVE and NEURAL FOLDS 

overlie the mesodermal portion through the mid-line, the 
PRIMITIVE STREAK.

2b HOUR CHICK, THROUGH HEAD FOLD IN FRONT OF FOREGUT

The prominent HEAD FOLDS and NEURAL FOLDS are surrounded 
by loose mesenchyme. The COELOM is beginning. The N0T0C0RD 
underlies the notch made by the neural folds.

CHAPTER XIII

18 HOUR CHICK, X-S THROUGH PRIMITIVE STREAK

CHAPTER XIV

4 Slide (13)



2b HOUR CHICK,
Slide U 1*).

The SOMATOPLEURE and SPLANCHN0PLEUR2 layers and the 
PHARYNGEAL FOREGUT are the additions noted on this slide. 
The SUB-CEPHALIC PICKET is also very noticeable.

2^ HOUR CHICK, THROUGH ANTERIOR INTESTINAL PORTAL 
Slide (15).

The NEURAL FOLDS are touching to form the NEURAL TUBE. 
Mesodermal portions flanking the ANTERIOR INTESTINAL PORTAL 
are beginning to take shapes similar to the AMNIO-CARDIAC 
VESICLE, the future heart mesoderm*

2b HOUR CHICK, THROUGH SOMITE AREA

The NEURAL FOLDS are not touching. Block-like SOMITES 
flank each side of these folds. In the middle of this block
is the MYOCOEL. INTERMEDIATE MESODERM or NEPHROTGME is more 
lateral.

33 HOUR CHICK, THROUGH OPTIC VESICLES 
Slide (17).

PROSENCOEL and OPTICOEL CAVITIES are prominent. A 
downward pouch-like projection in the direction of the 
SUB-CEPHALIC POCKET is the INFUNDIBULUM.

CHAPTER XV

33 HOUR CHICK, THROUGH THE FOREGUT 
Slide (18).



Slide (18). Continued*
ANTERIOR CARDINAL VEINS flank the NEURAL TUBE. Beneath 

these are the paired DORSAL AORTAE. The broad, flat structure 
of the PIIARYNGEAL FOREGUT underlies these. Paired VENTRAL 
AORTAE lie beneath the foregut.

33 HOUR CIIICK, THROUGH HEART 
Slide (19).

At 33 hours the HEART is an endothelial tube slung by 
the DORSAL MESOCARDIUM. The exterior layer of the tube is 
the EPIMYOCARDIUM5 the interior layer is the ENDOMYOCARDIUM.
More laterally, are the portions formed by the fusing of the 
AMNIO-CARDIAC VESICLES*

33 HOUR CHICK, THROUGH HEART 
Slide (20).

This section, taken more posteriorly, shows the VENTRICLE 
beginning to bulge to the right. The ATRIUM and SINUS VENOSUS 
are thrust out of position also.

33 HOUR CHICK, THROUGH ANTERIOR INTESTINAL PORTAL 
Slide (21).

The OMPHALOMESENTARIC VEINS are converging into the 
AMNIO-CARDIAC VESICLE-SINUS VENOSUS area. The prominent 
ANTERIOR INTESTINAL PORTAL is in the mid-line.

33 HOUR CHICK, THROUGH SOMITES 
Slide (22).

The MYOCOEL and NEPHROTOME areas appear as before*
They appear slightly advanced in comparison to the 2b hourckid^

16



CHAPTER XVI
W  HOUR CHICK, THROUGH BRAIN IH FRONT OF FOREGUT 

Slide (23).
This section cuts the DIENCEPHALON, MESENCEPHALON, 

and METENCEPHALON. The ANTERIOR CARDINAL VEINS are alongside 
this portion. The AMNIOTIC CAVITY and SERO-AMNIOTIC CAVITY 
are visible here. AMNION and CHORION LAYERS show. A 
VITELLINE NETWORK is taking form on top of the yolk.

kQ HOUR CHICK, THROUGH OPTIC VESICLE 
Slide {2b).

Both the DIENCEPKALON and the MYELENCEPHALON brain 
parts can be observed. The OPTIC CUP and its contents, the 
LENS VESICLE, is prominent. Jutting from the floor of the 
diencephalon is the INFUNDIBULUM which meets RATHKE'S POCKET 
to eventually form the pituitary gland. The PHARYNX is a 
circular opening in the middle of the section with the 
DORSAL and VENTRAL AORTAE. The ANTERIOR CARDINAL VEINS 
are alongside the myelencephalon. The LENS PLACODE is the 
ectoderm exterior to the lens vesicle.

1+8 HOUR CHICK, THROUGH HEART VENTRICLE 
Slide (25).

One of the main features of this slide is the bulging 
VENTRICLE of the heart. The ATRIUM and BULBOUS ARTERIOSUS 
are noted at the ends of this bulging portion. The EMBRYONIC 
COELOM is alongside the pharynx. The MYELENCEPHALON Is the 
brain segment in this section.



18
1*8 HOUR CHICK, THROUGH HEART VENTRICLE 

Slide (26).
This slide is almost identical to the last*

kQ HOUR CHICK, THROUGH HEART VENTRICLE 
Slide (27).

This section shows more of the ATRIUM*

HOUR CHICK, THROUGH HEART ATRIUM and VENTRICLE 
Slide (28),

The DUCTS of CUVIER are noted plus the SINUS VENOSUS, 
ATRIUM, and VENTRICLE, The ESOPHAGUS is surmounted by 
the large single DORSAL AORTA* The SCLEROTOME, MYOTOME, 
and DERMATOME parts of the somites are beginning to become 
distinct, The EXTRA-EMBRYONIC COELOM is prominent*

HOUR CHICK, THROUGH DUCTS OF CUVIER 
Slide (29)*

The DUCTS of CUVIER and the SINUS VENOSUS are shown 
very well in this section.

1*8 HOUR CHICK, THROUGH ANTERIOR INTESTINAL PORTAL
and LIVER DIVERTICULUM

Slide (30)
The LIVER DIVERTICULUM juts downward from the INTESTINE* 

Alongside this the OMPHALOMESENTARIC VEINS are located. The 
SPINAL CORD and CANAL is flanked by the POSTERIOR CARDINAL VEINS.



bS HOUR CHICK, THROUGH OPEN MID-GUT, MESEHEPHRIC TUBULE,
and MESENEPHRIC DUCT

Slide (31) and (32).
The LOWER LIMB BUDS, the MESENEPHRIC TUBULE, the MESENEPHRIC 

DUCT, and the POSTERIOR CARDINAL VEINS are in the same general 
area on each side of the DORSAL AORTA. This section of the 
embryo is horizontal to the yolk sac in contrast to the 
position of the embryo In the preceding slides which has 
undergone torsion.

CHAPTER XVII 
72 HOUR CHICK, THROUGH OTIC CAPSULE 

Slide (33).
Brain parts visible in this section are the MESENCEPHALON, 

MftTENCEPHALON, and the MYELENCEPHALON with its NEUROMftTRIC 
SEGMENTS. The V ,  GASSERIAN GANGLIA, the VII, GENICULATE 
GANGLIA, and the VIII, ACCOUSTIC GANGLIA are clearly visible. 
Alongside the myelencephalon the OTOCYSTScr OTIC CAPSULES 
appear as large ovals.

72 HOUR CHICK, THROUGH MID-PHARYNX and MANY STRUCTURES THEREOF 
Slide (3*0.

The DIENCEPHALON is the dominent brain part of this slide. 
ANTERIOR CARDINAL VEINS appear lateral to this. Beneath the 
diencephalon is the INFUNDIBULUM flanked by the INTERNAL 
COROTID ARTERIES. The ORAL PLATE is especially clarified by 
this photomicrograph. Four PHARYNGEAL ARCHES are visible with 
the four AORTIC ARCHES which converge at the DORSAL AORTA.



72 HOOK CHICK, THROI 
Slide (35).

Both the TELENCEPHALON and DIENCEPHALON have been sectioned

LENS VESICLE is more advanced toward the formation of the eye.
In the middle of the PHARYNX the THYROID PRIKORDIA can be observed.

72 HOUR CHICK, THROUGH HEART, LUNG BUDS 
Slide (36).

For brain parts in this section we have the MESENCEPHALON 
and DIENCEPHALON. The ATRIUM, SINUS VENOSUS, BULBOUS ARTERIOSUS 
are the heart segments. LUNG BUDS diverge from the floor of 
the ESOPHAGUS. The EMBRYONIC COELOM and DESCENDING AORTA 
seem to be advancing.

72 HOUR CHICK, THROUGH OLFACTORY PLACODES 
Slide (37).

The TELENCEPHALON can be noted plus the DIENCEPHALON 
with its projection, the EPIPHYSIS. Heart parts include the 
SINUS VENOSUS, ATRIUM, and BULBOUS ARTERIOSUS. The LUNG 
MESENCHYME and ESOPHAGUS are suspended by the DORSAL MESENTARY.

72 HOUR CHICK, THROUGH OPTIC CUP 
Slide (38).

This additional slide shows the OPTIC CUP more clearly 
in relation to the RETINAL LAYER and PIGMENTED LAYER. Stemming 
from the DIENCEPHALON is the OPTIC STALK. The THYROID GROOVE 
is another additional observation.

in this slide. The OPTIC CAPSULE with its LENS PLACODE and



72 HOUR CHICK, THROUGH HEART, LUNG BUDS 
Slide (39)*

Brain part is the TELENCEPHALON* Heart parts sectioned 
are the SINUS VENOSUS, VENTRICLE, and BULBOUS ARTERIOSUS.
LUNG MESENCHYME is visible alongside the ESOPHAGUS.

72 HOUR CHICK, THROUGH LIVER DIVERTICULUM 
Slide (l+O).

Diverging from the floor of the gut is the LIVER DIVERTICULUM. 
The OMPHALOMESENTARIC VEINS can be seen on each side of this 
structure. A large portion of the VENTRICLE can be observed. 
Projecting upward from the mid-gut Is the ANTERIOR INTESTINAL 
PORTAL.

72 HOUR CHICK, THROUGH OMPHALOMESENTARIC VEINS,
MESENEPHRIC TUBULES and DUCTS

Slide (1+1).
The DORSAL AORTA is seen to bifurcate at this point.

First laterally is the MESENEPHRIC DUCT, then the.MESENEPHRIC 
TUBULE. Surmounting both of these is the POSTERIOR CARDINAL 
VEIN..

72 HOUR CHICK, THROUGH ALLANTOIC STALK and VESICLE 
Slide (1+2).

POSTERIOR .vTNG BUDS extend from both sides. In the 
mid-lire is the ALLANTOIC STALKj the ALLANTOIC VESICLE is at 
the lower end of the stalk. The EMBRYONIC COELOM appears as 
a large space to each side of the stalk. Inside of these 
are the ALLANTOIC VEINS and ARTERIES*



CHAPTER XVIII 
96 HOUR CHICK, THROUGH OTOCYST 

Slide (1*3).
The UTR1CULUS and SACCULUS of the OTOCYST are beside 

the MYELENCEPHALON. The ANTERIOR CARDINAL VEINS are prominent. 
Through the middle of the embryo is the PHARYNX.

96 HOUR CHICK, THROUGH INFUNDIBULUM and RATHKE* S POCKET 
Slide (^).

Brain parts are the TELENCEPHALON and DIENCEPHALON.
The RATHKE1 S POCKET-INFUNDIBULUM structure is grossly visible 
in the middle of the slide. The COROTIDS and ANTERIOR CARDINAL 
VEINS are lateral to these. An OPTIC CUP with a well-formed 
RETINAL and PIGMENTED LAYER is exterior. Its lens is exceptionally 
well formed. Sections of the ATRIUM and BULBOUS are visible.

96 HOUR CHICK, THROUGH TELENCEPKALIC VESICLES
Slide 0*5).

The TELENCEPHALON, its TELENCEPHALIC VESICLES, the 
FORAMEN of MONROE, and the DIENCEPHALON can be observed here.

96 HOUR CHICK, THROUGH OLFACTORY PLACODES
Slide 0+6).

Medial to the OPTIC CUPS are the OLFACTORY PLACODES.
They appear as indentions or invaginations.

96 HOUR CHICK, THROUGH ALLANTOIC AREA, TAIL BUD 
Slide 0*7).

A TAIL BUD and the POSTERIOR LIMB BUDS are unmistakable.
The very beginning of the ALLANTOIC STALK and VESICLE appears.
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Supplements:
Slide <**8). kQ HOUR CHICK, WHOLE MOUNT 
Slide (*f9). 10mm. PIG, WHOLE MOUNT

■ - ?.I 'I :>V' ' s •. • • f'i| :A. • ■ I
CHAPTER XIX 

CROSS-SECTIONS of the lOmau PIG 
Since the lOmm. pig sections showed many more details 

than the preceding chick sections, it was impossible to 
photograph them in their entirety. Nevertheless, these 
sections show numerous structures very clearly. Without 
doubt, these photomicrographs of the 10mm. pig are of 
professional quality. They were taken when the light Intensity 
and shutter speed combination was optimum.
Method of PHOTOGRAPHING:

These photomicrographs represent approximately 
every 12th section through the embryo starting anteriorly 
and proceding posteriorly.

10mm. PIG, THROUGH BRAIN PARTS
Slide (50)A.

It is possible to observe the MESENCEPHALON, METENCSFHALON, 
MYELENCEPHALON, and perhaps a minute part of the DIENCEPHALON 
in this section.

10mm. PIG, THROUGH OTOCYST and ENDOLYMPHATIC DUCT 
Slide (51)B.

MESENCEPHALON, METENCEPHALON, and MYELENCEPHALON 
parts are visible. The OTOCYST and SNDOLYMPHATIC DUCT lie 
alongside the NEUROMETRIC SEGMENTS of the myelencephalon.
In this same area can be seen the VII,VIII, GENICULATE-ACCOUSTIC

"  V  V  : \ 'I / ■
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GANGLIA. SPINAL GANGLIA are present and perhaps a fragment 
of the XI GANGLIA.

10mm. PIG, THROUGH OTOCYST
Slide (?2)C*

Nerve parts include the MESENCEPHALON* METENCEPHALON, 
the tip of the MYELENCEPHALON, NERVE CORD. OTOCYSTS are laterad. 
Portions of N0T0C0RD appear faintly. The BASILAR ARTERIES 
and the ANTERIOR CARDINAL VEINS are visible. The V, GASSERIAN 
and VII,VIII GENICULATE-ACCOUSTIC GANGLIA are very distinct. 
Although not definite, the fragments of the INTERNAL CORCTID 
ARTERIES, the III, OCCULGMOTOR NERVE, and the IX GANGLIA are 
here also.

10mm. PIG, THROUGH OPTIC STALK 
Slide (?3)D.

Brain parts are the TELENCEPHALON and DIENCEPHALCN.
Eye parts are the LENS, double-layered RETINA, the OPTIC STALK. 
The MANDIBLE and MAXILLA of PHARYNGEAL ARCH I, the STCMODEUM, 
and ARCHES II and III are present. Additions to the area are 
the THYROGLOSSAL DUCT and the EPIBRANCHIAL BODIES. The
III and IV AORTIC ARCHES are present in minute quantity.
ANTERIOR CARDINAL VEINS and DORSAL AORTAE appear. The NERVE 
CORD and a very good view of a SPINAL GANGLION show also.

' :&?i *1.: ..... . ‘ ' V, r ■■ •
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- 10mm. PIG, THROUGH ATRIA 
Slide (5̂ )E.

Brain parts are the TELENCEPHALON and DIENCEPHALON. 
Prominent structures are the OLFACTORY PITS. Medial and 
lateral are the LEFT and RIGHT ATRIUM. Other circulatory



parts are the CGMMGN CARDINALS, PULMONARY TRUNK, DORSAL AORTAE, 
and the ASCENDING AORTA. In the entodermal area are the 
LUNG BUDS.

10mm. PIG, THROUGH TELENCEPHALIC VESICLES 
Slide (5VA)F.

The TELENCEPHALIC VESICLES are distinct. The parts of 
the circulatory system visible are the LEFT and RIGHT VENTRICLE, 
LEFT and RIGHT AURICLE,DESCENDING AORTA,- ENDOCARDIAL CUSHION, 
INTER-ATRIAL SEPTUM, DORSAL AORTAE, PULMONARY ARTERIES,
SINUS VENOSUS, and POSTERIOR CARDINALS. The entodermal 
component is the ESOPHAGUS. WING BUDS are laterad. Very 
prominent SPINAL GANGLIA are adjacent to the SPINAL CORD.

10mm. PIG, THROUGH VENTRICLES
Slide (55)G.

Medially is the LEFT and RIGHT VENTRICULAR portion of 
the heart. Between these is the INTERVENTRICULAR SEPTEM.
The DORSAL AORTA appears singularly. The spong-like MESENEPHROS 
Is seen with the POSTERIOR CARDINAL V_,INS in conjunction.
WING BUDS are dense and laterad. A glancing cut of the tip 
of the LIVER is noticeable. The PLEURAL-PERITONEAL CAVITY 
is taking shape. The ESOPHAGUS and LUNG BUDS have developed 
considerably.

10mm, PIG, THROUGH LIVER
Slide (56)H.

WING BUDS are prominent. The MESENEPHROS Is larger 
with larger Interstices. The POSTERIOR CARDINAL VEINS are 
in this region, as well as, the MESENEPHRIC TUBULES and DUCTS.



The tip of the VENTRICLES shows* A large, flat section of the 
LIVER is present# Small medial tubes are the STOMACH and
SMALL INTESTINE. The INFERIOR VENA CAVA, CAVAL MESENTERY, 
GREATER OMENTUM, and DUCTUS VENOSUS are visible,

10mm. PIG, THROUGH LIVER 
Slide (57)1.(J,K).

The SUPERIOR MESENTERIC ARTERY and VEIN, UMBILLICAL 
VEIN and ARTERY, HEPATIC PORTAL VEIN, INFERIOR VENA CAVA, 
SUBCARDINAL VEINS, and the DORSAL AORTA comprise the 
circulatory components of this section. The GALL BLADDER 
and the BILE DUCT are clearly visible. The INTESTINE and the 
MESENTERY PROPER appear* This slide shows the UMBILLICAL 
CORD better than previous sections. The tip of the TAIL BUD 
has been sectioned.

10mm. PIG, THROUGH ALLANTOIS
Slide (58)L.

The tip of the ALLANTOIS and the UROGENITAL SINUS can 
be seen. The RECTUM appears dorsal to this. There is a 
very good view of the GLOMERULI in the MESENEPHROS. The 
GENITAL RIDGE can be observed. Circulatory parts include 
the DORSAL AORTA, SUPERIOR MESENTARIC VEIN, UMBILLICAL VEIN, 
and possibly the OMFEALOMESEIiTARIC V.tJNS. •'

10mm. PIG, THROUGH LEG BUDS
Slide (59)M.

LEG BUDS appear as lateral projections. The COLON is



visible. Parts of the URETERS and the MESENEPHRIC DUCTS 
show. The tip of the EMBRYONIC COELOM has been sectioned.

lOnmu PIG, THROUGH TIP of FLEXION
Slide (60)0.

This section has the loop of the POSTERIOR CARDINAL 
VEINS, bits of SOMITES, NOTOCORD, SPINAL CORD, and GANGLIA.

27
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PRINTS

These prints represent, enlargements of the 10mm. 

pig cross—sections* They are representatives of the 

results obtained with Improved technique*
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SUGGESTION TO IMPROVE TECHNIQUE

The hardest part of photomicrography is getting the 
proper light and exposure. Having tried many ways and 
means of obtaining the exact exposure, I believe that the 
process would be accelerated by use of the following 
procedure:

2. Take a representative slide of medium thickness 
from the material to be photomicrographed.

2* Using one strip of Ektachrome film, take twenty 
exposures marking the shutter speed and the 
intensity of the light after each exposure*

3* Develop the film strip and decide which of the 
twenty exposures is best*

*+• When the best exposure is found, use that light 
intensity and shutter speed for the remainder 
of the process^ have confidence in this exposure*

It must be remembered that Ektachrome film needs 
a considerable amount of light to be exposed. For all practical 
purposes the light must be unusually intense and the shutter 
speeds at approximately *5 second*

Although this procedure may be rather tedious to 
the beginner in photomicrography, it is absolutely imperative 
to speedy, un cumber some work*



RESEARCH APPLICATION
Before the proposal of this thesis could be properly 

evaluated, the material collected had to be put before the 
true judges of its worth-students studying embryology.
On January 16, 1959> with the permission of Dr* J.J. ManJLon, 
head of the Department of Biology, Carroll College, Helena,
Montana, I discussed the subject, purpose, and material of 
my research with the students studying embryology.

It was a most rewarding experience. The students took 
a hearty interest in the material. I explained the lack of 
photomicrographs in current embryological study, the methods 
of preparation, my mishaps, the expenses encountered, and 
my wish that someone with an interest in photomicrography 
would continue this work in the Carroll College Biology 
Department.

After viewing the entire collection of color photomicrographs, 
the students were asked to give their opinions and criticisms 
of the topic. The following are the unabridged criticisms*

"This form of instruction has a great deal of promise*
Due to the fact that you cannot focus up and down, follow slides 
anteriorly and posteriorly, etc., this could not replace the 
microscope for laboratory study to a great extent. It could 
be a very beneficial addition."

"On the whole, this procedure of embryological instruction 
has great potentialities, but I would suggest that before actual 
instruction with this technique is inaugurated, that some means 
be taken to make most of these slides clearer and more distinct.
At present, sharper focus can be achieved with microscopes and,
I believe, this is important."

"Chuck, I think this is a distinct improvement as far as 
whole mounts are concerned, but in the cross-sections you are 
at a disadvantage because you can't follow a structure as veins, 
arteries, etc."



"Charlie, I think this method of teaching embryology and 
other microscopic courses is an excellent idea. However, I 
think that in order to acquire a full knowledge of the course 
you would require the microscope also because many times you 
are unable to tell the origin of many of these structures 
merely by looking at one slide. This might be easily overcome 
by taking several pictures of the slides. I don*t know anything 
about photography, but what you have accomplished so far is 
outstanding.1’

"One should try to get all the important structures in 
the cross-sections and, as far as the whole mounts are concerned, 
you could mark them with numbers to indicate the structures.”

"The disadvantage in this method so far is that you cannot 
with the limited time available take every slide and every 
cross-section and photograph them.

"On the whole it was very interesting and served as a 
partial review for the semester test forthcoming.

"The last slides were very clear and exact showing the 
improvement in your technique."

"If possible the lenses would have been cleaned. Some 
(Just a couple)of the cross-sections you photographed were 
poor. The slides taken at the end of each strip of film 
were very poor and, I believe, should be replaced with better 
ones. The slides of the 10mm. pig were excellent."

"The slides are very helpful in seeing how structures 
actually look on other slides and in letting the student know 
what to expect in the line of a test on the material.

"I believe they would be very helpful if there were more 
of them at closer intervals.

"The whole mounts are good for showing where the organs 
are located, but there is the disadvantage that you can’t 
focus up and down thereby observing each organ better. It 
was a very good review for us."

"A few were not too clear especially the veins and arteries. 
Other than that I think it is a great help. Maybe better slides 
could have been picked to photograph. Also, if the whole 
mounts were shown upright instead of horizontal, it would be 
better."

"If the earlier sections, especially the 18, 2k, and 33 hour 
sections were photographed in anterior, middle, and posterior 
sections, it would have been more instructive*

"I did enjoy studying from these sections and I really 
feel that the sections on the pig will be a terrific help 
in studying for the semester lab test. Thanks for giving 
your time today Chuck*"



"The only disadvantage I can think of is in not 
being able to folim/ particular structures through. Of course 
this could be remedied by having a complete set of slides 
photomicrographed and by using an automatic projector whose 
magazine is capable' of being moved forward and backward*
This would be speedy and would allow structures to be traced*"

"Although you can see whole mounts all at once without 
moving the slide, you can’t focus up and down to give the 
perspective and depth to the organs. The pictures tend to 
appear blurred and out of focus in many instances making 
it somewhat difficult to discern different structures and layers."

"For the most*part, Chuck, I think you have done very well 
in your preparation. However, I think that if you were to 
find out beforehand what the principle things that are taught 
in each time periok, e.g*, 21*, kQ hours, and then take your 
pictures of these it would be better.

"It was very noticeable that there was considerable 
improvement as you progressed. Rice workt "

"The last slides shown were much better than most of the
first which is evidence that Inexperience was your major
handicap. Your slides covered the material well* I would 
rather study them than the microscope slides."

"I believe that in using your wide-angle lenses you 
lost considerable magnification and, as a result, your slides 
were partially blurred,

"However, I will say that the pig slides were excellent 
and they alone were worth your endeavors in photomicrography.

"As for the chick whole mounts, they too were very good, 
but should be shown in the upright position.

"I honestly believe that this technique would be successful 
if it were used, but not before much work was done.

"Sach slide would have to be labeled as it was photographed 
by an expert so that there would be no mistake as to the 
structures. This is definitely a good start and will, no doubt, 
add much to the views of many teachers and also students."

These comments definitely illustrate that the purpose 
which I set out to achieve and which I outlined in the 
first chapters of this discussion has been accomplished. The 
contentions of this thesis have been tried and tested in 
the scientific method of study; they have met the approval 
of the examining group. I am thankful that this approval 
was obtained and, in view of limited finances and time, I 
could expect nothing more. I sincerely hope that someone 
will be interested in advancing this phase of research.
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SLIDE INDEX
SLIDE
1A
IB
2A
2B
4
56
I

fo
II  
12 
13
Ik

15
16

SLIDE TOPIC PAGE
£

19
20 
21

22 
23
2k
25
26 
2'
2
2930
31 & 32

35
36 
33
2o9

2k

33tt

»i
ii

72

ti

it

it

it

9
9
9
910 
10 11 
11 12 
13

Oogenisis 
Oogenisis 
Spermatogenisis 
Spermatogenisis 
Starfish whole cell 
Starfish cleavage 
Starfish gastrulation 
Chick, 13 hour whole mount 
Chick, 24 hour whole mount 
Chick, 33 hour whole mount 
Pig, 10mm. whole mount, head 
18 hour chick, through notocord

through primitive pit 
through primitive streak 
through head fold in 
front of foregut 
through head fold 
and foregut
through anterior intestinal 
portal
through somite area 
through optic vesicles 
through the foregut 
through heart 
through heart
through anterior intestinal 
portal
through somites 
through brain in front 
of foregut
through optic vesicle 
through heart ventricle 
through heart ventricle 
through heart ventricle 
through heart atrium and 
ventricle
through ducts of Cuvier 
through anterior intestinal 
portal and liver diverticulum 18

Ik
Ik
Ik

15
15
15
15
15
16 
16 
16
16
17
17
18 
18 18
18

through open mid-gut, 
mesenephrie tubule, and 
mesenephric duct 
through otic capsule 
through mid-pharynx and 
many structures thereof 
through pharynx, optic 
capsules
through heart, lung buds 
through olfactory placodes 
through optic cup 
through heart, lung buds 
through liver diverticulum 
through omphalomesentaric veins, mesenephric tubules, 
and ducts

19

19
19
20

20
20
20
21
21
21
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SLIDE INDEX.....Continued.
SLIDE SLIDE TOPIC PAGE
k2 72 hour chick, through allantoic stalk 21

and vesicle
ft 96 M " , through otocyst 22M* ti " M , through infundibulum and 22

k5
Rathke*s pockett« M n , through telencephalic 22

k6
vesiclesit 11 ** , through olfactory placodes 22

k? ii 11 " , through allantoic area, 22
kQ

tail bud
k& “ " , whole mount 23
k? 10mm. pig, whole mount 2350A it •' , through brain parts 235lB tt ” , through otocyst and 23
52C

endolymphatic duct
2kit " , through otocyst

53° ii H , through optic stalk 2k
5̂ E ti " , through atria 2k5**A F it " , through telencephalic vesicles 2555G it " , through ventricles 2556H tt " , through liver 25571 JK ti 11 , through liver 26
58l ti " , through allantois 2659M it M , through leg buds 26
600 ti ” , through tip of flexion 27


