ABSTRACT

A code system for describing the postgastrular
embryology of teleosts‘is proposed. The system relies
upon the recognition of like conditions in the develop-
ment of homologous features in different species. ﬁach
condition is defined_and assigned a number. The con-
dition.of the embryo'at any point in development is

described by a series of twelve such numbers. The ease

‘_ with which the data can be manipulated is demonstrated

in an analysis of the development of three teleost

species, Osmerus mordax (Mitchill), Brachydanio rerio

(Hami lton-Buchanan) and Perca flavescens (Mitchill).

In this analysis heterochronies are illustrated and the
rates of somite formation compared. An index of visible
change is developed which reflects the degfee of de-
velopment of the embryo at any time. Units are defined
which can be used as a time basis in comparative studies
and which permit observations to be placed in a develop-
mental sequence., Distribution of like points of eye de-
velopment within the developmental/time axes is studied.
In an appendix the development of the three teleosts is
described in a conventional manner and illustrated by

photomicrographs;
ii
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CHAPTER 1
INTRODUCTION

The need for and the difficulties encountered in
the clarification of the basic concepts of teleost
embryolégy were pointed out by Legault (32). Previous
to this, other workers concerned with facilitating com-
parative studies were Hubbs (27) and Balon (3). Hubbs
. emphasized the need for a standard terminology, defining
and naming the ma jor periods of teleost development from
fertiiization to maturity. He defined the embryo as all
the developmental stages occurring within the egg; this
definition is adopted in the present paper. Balon re-
viewed the American and European terms used by different
authors to label periods of fish development,

Legault (32) proposed a decimal system of defining
and labelling phases and stages of teleost development,
from the ovum to the end of gastrulation, which he usgd
to make interspecific comparisons. He considered a
phase as a period of development dominated by a charac- .
teristic process; thus defining fertilization, segment-
ation, blastulation and gastrulation. Each phase was

assigned a digit of ordinal rank. Within éach phase he
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defined conditions of the embryo on the basis of struc-
ture and appearance. These smaller divisions of develop-
ment he termed 'stages'., A digit of decimal rank was
used to label zach stage. A number composed of an
ordinal and décimal was used to precisely indicate a
condition in development.

The last point of development considered by
Legault was the completion of keel formatfon, this being
the end of gastrulation. The period considered by the
preseht author is from the end of gastrulation to hatch-
ing. There is a slight overlap with Legault's study, as
the stage of keel completion is illustrated in two of fhe
species considered.

It is not possible to extend Legault's system to
cover the postgastrular devélopment., Many more features
make their appearance during this period than in the pre-
gastrular and gastrular development. The relative rates
of dévelopment of these features are not constant in
different species and thus comparable stages are rarely
seen In two fishes.,

A new, code system was developed by the author to
describe the postgastrular develdpment of teleosts. A
mathematical presentation was chosen because figures are
precise, they make for concise presentation of déta in
code form and they are easily manipulated for purposes

of comparison. -
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The plan of the thesis is as follows. In the
second chapter the system is introduced and its
mechanism explained, Methods of obtaining the data to
which the system is subsequently applied are described.
The third chapter contains four examples of how the data
in code form can be handled for the purpose of making
interspecif;c comparisons. Discussion and conclusions
recarding the utility of the descriptive method are
given in the fourth chapter. An illustrated, conven-
tional account of the development of three teleosts is

given in the appendix.



CHAPTER 11
PROPOSED CODE SYSTEM

Operation of the system

The proposed system for expressihg developmental
data depends upon the recogniiion of like or similar con-
ditions in the development of homologous features in
different species, In a consideration of a number of
papers dealing with the embryology of teleosts (1,4,7,9,
18,19,26,39,40,44,49,51,52,54), it was noticed that the
development of twelve features was often referred to.
These features were:

A, Mesoblastic somites.

B. Fish-1like body forme.

Ce. Olfactory organs.

D. Visual organse,

E. Auditory organs.

F. Braine.

G. Somatic pigmentation.

H. Heart,.

I. Proctodaeum,
J. Pectoral fins,
K. Median fins,

L. Kupffer's vesicle,
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Further consideration of papers revealed that
within the development of each of the twelve features
there were similar conditions observable in different
species. For example, the eye was observed to pass
through the same conditions, anlage, vesicle, cup and
pigmented cup, in all the species for which information
is available.

In Table 1, the features A to L are listed.
Within each feature the conditions frequently observed
are defined, each condition being represented by a
number. An embryo is concisely described and labelled,
at any moment, by a series of twelve such numbers, the
meaning of which can be obtained by reference to Table 1.
The first figure refers to the feature A (mesoblastic
somites), the second to feature B (fish-1like body form)
and so on. The mesoblastic somite number is given as
observed and not in coded form, for ease of inter-
pretation. When the figure of the first position in-
creases above nine it is set off from the rest by a
comma ,

When the series of twelve-figure aggregates
describing different observations are considered sequen-
tially, they relay to the reader information on the
development of the species.

For purposes of comparison it'was necessary to

devise a method of compensating for the effect of
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variations of incubation temperature upon.the speed of
development of the embryo. This was also necessary for
the true positioning of observations, made on embryos
developing under slightly different temperatures, in a
developmental sequence.,

Development varies not only with time but with
temperature and other environmental factors (11,29) and
a unit, the centigrade degree hour (CDH), was defined
which takes both time and temperature into consideratién.
The CDH unit is the product of the age of the embryoc in
hours and the incubation temperature in degrees. For
example,.the first observation of the smelt; listed in
Table 2, has a CDH value of 600, this was obtained by
multiplying the age of the embryo (60 hours) by the in-
cubation temperature (10°C). The units are similar to
those used by Wallich (53), and Battle (5), however‘
their units, the product of agevin days and temperature -
in degrees farenheit above freezing, were too difficult
to handle for—the present purpose.

The age of the embryo at hatching varied in
different batches of eggs. In the zebrafish thé hatch-
ing age was taken to be when half the eggs of a batch of
fifty had hatched under standard conditions., In the
other two species the time was taken when embryos
started to leave the egg mass in large numbers. A

collecting sieve filtered the hatched embryos from the
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outflow of the Robertson incubator in which the perch
were incubated and the contents were checked once a day.
The smelt eggs were surveyed daily until large numbers
of empty membranes were observed,

An index of visible change of the embryo (IVC)
was devised, which reflects the change of the whole
embryo in the postgastrular period. The IVC fdr any
ﬁarticular embryo is derived as follows. The meso;
blastic somite number is expressed as a percentace of
the number present at hatching. The other twelve
digits are summed and the sum expressed as a percentage
of the sum of hatching. The two percentages are added
'and the value of the IVC is obtained. In all species
the index runs from zero at the completion of castru-

lation to two hundred at the time of hatching.

Experimental work

Three teleosts were studied: the American smelt,

Osmerus mordax (Mitchill), the zebrafish, Brachydanio

rerio (Hamilton-Buchanan) and the yellow perch, Perca

flavescens (Mitchill). The first two species were

studied by Legault (32), and were chosen here for the
same reasons (viz. availability, phyllogenetic position

and the simple ‘incubation techniques involved.,) Perca

flavescens was substituted for Legault's Percina

caprodes semifasciata for reasons of local availability

and because a representative of the Order Ferciformes



was desired.

O. mordax, was previously studied by Marcotte
and Tremblay (40) who reviewed the literature on the
species. They devoted a section of their paper to a
preliminary account of its development. Due to the
presence of the egg membrane their photographs are not
clear., In this present study the problem was solved by
removing the embryos from their membranes prior to
photographing them. Agassiz (1) described the hatching
condition of the smelt and Lecault (32) described its
development ub to the end of gastrulation.

Smelt eggs were obtained by stripping ripe
females and fertilization was effected in.the field.,
Eggs were extruded from the females onto plastic netting
with a mesh-size of O.,5mm., to which they adhered by
means of their pedicels. On returning to the laboratory
the netting was cut into convenient pijeces to facilitate
study of the eggs under a microscope. The source of the
fish was a small stream running next to McCloskey Road
in the Gatineau National Park, Quebec., The stream was
visited on the three occasions; 00.30 hrs. on the 4th of
May and 00.30 hrs. and 19.00 hrs, on the 5th of May.
Maximum spawning activity was reported to occur a few
days later.

On the first visit to the siream the water

temperature was 7°C,on the second visit 8.5°C and on the



final visit 9.5°C.

Fertilized eggs were kept in the laboratory under
two or three inches of running tap-water, the temperature
of which increased from 10°C on the 5th of May to 13°C on
the 23rd of May. Variations of oxygen concentration, pH
and salinity were not measured, There was severe fungal
infection of the eggs, however those for study were
chosen from localised areas which escaped attack.

The zebrafish, B, rerio, has been studied by

embryologists for the last twenty-five years. Experi-
mental (6,12,13,14,15,16,23,24,28), and normal aspects
of development (17,18,19,20,22,25,34,38,45,46,47), have
received attention.

Fertilized eggs were obtained in the same manner
as that described by Legault (31,32), with one minor
modification. In place of the white sand, used by
Legault to produce different levels within the aquarium;
a plexiglass platform was introduced which was easily
cleaned, |

Eggs were incubatéd in tap-water contained in
finger bowls open to the air. The incubation temperature
varied between 24° and 28°C. Variations of oxygenh con-
centration, pH and salanity were not measured. No
serious infection by fungi was encountered. Eggé Tor

examination were removed by means of a medicine dropper.
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The yellow perch, P. flavescens, has received

little attention from the descriptive embryologist and
no thorough account of its development is available.
Propagation methods have been described (30,40,41) and

a short, incomplete description of perch development was
given by Mansueti (38), in which he states:

Knowledge of the early embryology of the yellow
perch, nevertheless is quite incomplet€ecccececes

Fertilized eggs were obtained by stripping
females and males in the laboratory. Ripe perch were
obtained from the Ottawa River in the region of Rockland,
Cntario, on the 23rd and 26th of April and the 5th of
iay. One of the females spawned naturally in the lab-
oratory and the appearance and density of the eggs agreed
with the descriptions of Leach (30) and Muncy (43).

Eggs were incubated in a Robertéon_tray, modified
according to the description of Legaﬁlt (33). Running
tap-water was used which gradually increased in tem-
perature from 7°C on the 23rd of April to 13°C on the
23rd of May. Variations of oxygen concentration, pH
and salanity were not measured. There was only localised
fungal infection.

Development of all the above species was observed
undef a sterobinocular microscope (Wild M5) with a
maximum magnification of 50X. Photomicrographs were
taken within a similar 1limit of magnification by means

6f a Zeliss 35mm. still camera, attached to one occular
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of a Spencer dissecting microscope by an adapter
similar to that described by Caldwell and Carlin (10),
VMobile embryos were anaesthetised with methyl penatol
before being pnotographed.

—-Observations are expressed in code in Tables 2,
3 and 4, and in conventional manner in the appendix.
‘fany of the observations were made on only one individ-
ual, however sometimes it was possible to observe
similar conditions of development in more than one
embryo, in which case the results were pooled. The
number of embryos considered is given at the start of
each paragraph of the conventional account in the

appendix.



CHAPTER 111

MANIPULATION OF THE DATA

In this chapter, the ease with which digital
data can be manipulated and the utility of CDH units
and the IVC are demonstrated by an analysis of the post-
castrular embryology of the species., The first use to
which the coded data are put is in the comparison of
relative rates of development of features in the d{ff-.
erent teleosts. The second application involves com-
parisons of the rate of development of the same feature
(mesoblastic somites) in relation to time. The third
part of the chapter is given to a comparison of the rate
of change of the whole embryo (1IVC), in the three
teleosts. Finally both the IVC and CDH units are used
to study the dispersion of like points of development

of the eye within the development time axes.

Heterochronies

1., Ceneral.

Rugh (47) defined heterochrony as: 'An alteration
and reversal of the sequence of the stages of ontogeny.’'
In this context 'stage' is taken to refer to a2 condition

in the development of a feature rather than of the whole
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organisms. The alterations and reversals, of which Rugh
speaks, are due to differences in the relative speeds of
development of the different features, An example of
heterochrony is seen in the differential existing between
the rate of development of the eye and ear of the cling-
fish, described by Runyan (49), and the zebrafish,
described by Hisaoka and Battle (18), The otoliths of
the ear develop before the retina is pigmented in the
zebrafish (Hisaoka and Battle's stage 21 and 22 respec-
tively). On the other hand the eye is pigmented in the
clingfish before the otoliths are formed (Runyan's stage
13 and 14 respectively). In other words there is én
alteration of the sequence of the stages of ontogeny.

By using the data, presented in a code form,
heterochronies of this type are easily found., The data
are manipulated as follows:

a) Conditions are crosen arbitrarily in the
development of the features A to L. For
example the condition chosen in the B
feature is when the embryo has just lifted
from the yolk posteriorly.

b) The first observations of each of the con-
ditions chosen are underlined in the approp-
riate columns of Tables 2,3, and 4,

c) These first observations are then considered,

for the present, to be points in development.



d)

e)

)
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The temporal relationship between any two of
these points is established for each species.‘
The temporal relationships between pairs of
points are compared in the three species.
Where there is a difference in this last

relationship, between two or more species,

then this is considered to be an example of

heterochronye.

The following points, underlined in Tables 2, 3

and 4, were chosen in the twelve features:

A.
B.
Ca
D

Je
K.
L.

First somite pair(s) fully forme&.
Tail bud elevated from the yolk.
Olfactory placodes first observed.
Optic vesicle first observed.

Otic placodes first visible.
Cerebellar fold first seen.
Scattered melanophores visible.
Heart first observed as a straight tube,
Gut opens posteriorlye.

Pectoral fins present,.

Median finfold observable.

Kupffer's vesicle presento,

In Table 5 (i, ii and iii), the temporal relation-

ships existing between each of these points is presented

for each species. Where the point in development of any

feature (A to L) in the left hand column (X), precedes

in development the point chosen in the horizontal (Y)
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series (A to L), this is represented as ‘a?', i.e.,
antedates, When the converse is true, 'p'! is used, i.e.,
postdates. 1If the two points appear to occur simultan-
eously, 's!' is used. Each table is divided into two
halves by the line, both halves having the same meaning.

In Table 6, the Tables 5i, 5ii and 5iii are
superimposed., All letters retain the same meaning as in
Table 5. For each position in the Table there are three
ietters given. The first refers to ithe smeli, the sec@nd
to the zebrafish and the third to the perch.

Where the letters of any trio are the same, this
means that the temporal relationships between the two
points are the same in all three species. 1f the trio
is heterogenous, containing different letters, this
indicates heterochrony. For example, the trio lzap!
indicates that in the smelt and perch a point in develop-
ment of one feature is achieved before a point in a
second feature, while in the perch the order of attain-
ment is inverted.

Where the configurations 'xxs', 'xsx', 'sxx',v
tssx'!, 'sxs!, or 'xss'! are seen, where 'x' can be either
fa! or 'p!, this is discounted as an indication of
heterochrony, unless both 'a' and 'p' are present. The
arrarent temporal coincidence indicated by 's', may be
an artefact of the code method of recording development.

If observations had been made closer together then a
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difference might have been found in the order of attain-
ment of the conditions.
The heterogeneous trios remaining after the

cdubious ones have been removed are decoded below:

A:LL. aape The first somites make their appear-
ance in the smelt and zebrafish before the formation of
Kupffer's vesicle. The oprosite sequence of events

occurs in the perche.

B:C. aép. Lifting of the caudal mass from the
yolk precedes the first observaticn of olfactory placodes
in the smelt and zebrafish, but this order is inverted
in the perch.

B:F., paa. The relationship between the start of

caudal lifting and the time of formation of the cere-
bellar fold is the same in the zebrafish and perch, the
caudal mass 1ifting from the yolk before the cerebellar
fold is visible., The opposite order occurs in'the smelt.

B:J. aap. Comparing the time of 1ifting of the

caudal mass to the time of formation of the pectoral
fins, one finds that lifting is the first to occur in
smelt and zebrafish but the last in the perch.

C:F. ppa. Thickening of the olfactory placodes

occurs before formation of the cerebellar fold in the
smelt and zebrafish, but the converse is seen in the
pet‘ch.

D:L. aape. The time of formation of the optic
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vesicles precedes the time of formation of HKupfier's
vesicle in the smelt and zebrafish but follows it in

the perch.

F:J. aap. The cerebellar fold is formed before
the appearance of the pectoral fins in the smelt and
zebrafish., The fins appear first in the perch.

G:1. vpaa. Somatic pigmentation follows opening

of the gut in the smelt but precedes it in the other two
species.

G:J. pap. In both the smelt and perch the time

£

of picmentation follows the time of formation of the
pectoral fins. This relationship is reversed in the
zebrafish.

H:J. pap. The heart is seen as a straight ‘tube

in the smelt and perch after the pectoral fins are
observable. In the zebrafish the opposite situation
prevails.

H:X. asp. There is a definite heterochrony

observable in the development of the straight tube heart
and median fins of the smelt and perch, the heart being
formed before the fin in the smelt and after it in the
perch. In the zebrafish these two points appear to be

reached simultaneously.

J:K. apa. In the smelt and perch the pectoral
fins are formed before the median fins but in the zebra-

fish the median fins make their appearance first.
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Illustrations of heterochrony between the deriv-

atives of the same and different germ-layers can be made

as follows:
2e DBetween the derivatives of different germ-layvers.,
Consider the temporal relationship between the
figures circled in the columns A and C of Tables 2, 3
and 4., The circled figure in the A variable represents
the first observation of a condition with more than 70%
of the hatching number of mesoblastic somites, these
being of mesodermal origin. The figure circled in the C
column represents the first observation of the olfactory
pits which develop from ectoderm. In the perch the ol-
factory pits develop before 707 of the hatching meso-
blastic somite number is achieved in contrast to the
other two species where the somites develop more rapidly

than the olfactory organse.

3. Between derivatives of the same germ—iayer.

Observe the sequential relationships existing be-
tween the points circled in the C and E columns of the
Tables 2, 3 and 4. The figure circled in the C variable
represents the first observation of the olfactory pits;
these being ectodermal derivatives. The figure indicated
in the E column represents the first observation of the
otoliths in the ear, which are also of ectodermal origin.
In the smelt and zebrafish the olfactory pits form after

the otoliths are produced, in the perch the converse

occurse.
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.Rate of somite formation, :

In this section the development of one feature,
the mesoblastic somites, is considered relative to ace
(CDH units). Mesoblastic somites were chosen for this
consideration because they arise serially and can be
counted, thus supplying quantitative data,

1. Absolute rate

The absolute number of somites is plotted against
the absolute age (CDH units) in Figure 1. The hand
fitted curves indicate that:

a) The absolute age of the embryo at the start

of somite formation varies,

b) The initial rate of somite formation is
similar in the three species,

c} Somites are formed at different rates as the
embryo gets older. An initial period of
rapid somite differentiation is seen in the
tnree species, followed by a period of slower
differentiation which continues until the
final complement has been achieved,

d) The final numbér of somites is different in
all three species,

2. Percentage rate

In Figure 2, the number of somites observed has

been expressed as a percentage of the number present 2t

hatching and plotted acgainst the age of the embryo,
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expressed as a percentage of the hatching CDH value.

Hand-fitted curves show similarities between the

species, with regard to somite formation:

a)

b)

c)

The age of the embryo at the onset of somite
formation varies between 10 and 217 of the
hatching CDH value,

In al; three species there is an initial
period of rapid differentiation dufing which
more than 80% of the hatching number of
somites are formed,

During the last half of the developmental

period the process of the somite formation

is slower in all three species.

Visible change of the whole embryo.

Before the rate of change of the embryo can be

studied, it is necessary to express the change in

Aumerical terms. An index of visible change was derived

as explained in the second chapter. This IVC was then

plotted against the percentace age of the embryo and

hand fitted curves drawn (Figure 3). The following

conclusions can be drawn from the graph:

a)

b)

in all three species there is an initial
period of rapid change of the embryo.

After about half the developmental period
has elapsed the rate of visible chance slows

down and is only gradual from then until

hatchinge.
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Changes in the eye relative to ace and

development of the whole.,

We have considered the development of features of
different species from the point of view of their rel-
ative rates of development. Ve have also considered the
rate of development of one feature (mesoblastic somites)
in relation to age. In the last section the rate of
change of the whole embryo received attention. Now,
similar changes in the same organ, the eye, will be com-
pared in relation to age and total development. The
comparison was made as follows:

| First of all, similar points were chosen in the
development of the eye, these points being:
a) The first observation of the optic anlagen.
b) The first observation of the optic cups.
c) The first observation of the pigmented optic
CuDS .

These points were then plotted within the IVC and
percentage hatching CDH axes. In Figure 4, the points
can be identified by the key to the right.

Like points were then joined, and a series of
" triangles produced. The area of each of these tiriangles
is an indication of the dispersion of the like points
within the axés.

It can be seen that as development and ace pro-
gress, the area of the triangles, and thus the disper-

sion of the points, increases. This means that the
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individual ontogenies diverge more and more from each
other as development proceeds, not only in structure, as
proposed by Von Baer (see 8), but in organizational
relationships. This dispersion will have.to be estab-
lished in other species, and with other features, Lbefore
any generalizations can be made.,

(The point 2° in Figure 3 was obtained by pro-
cessing data given by Hisaoka and Battie {18), as

original data were not available.)




CHAPTER IV

DISCUSSICN AND CONCLUSIONS

The operation of the system has been explained
and the facility with which the coded data can be
handled, demonstrated., When compared to extant descrip-
tive systems, both continuous (moving photomicrographs)
and discontinuous (written systems), the proposed
system is seen to have certain advantaces.

Preparation of accounts of development expressed
in code does not involve the expense met with in pro-
ducing moving photomicrographs. I1f sufficient observa-
tions are made the description can be as complete as a
photograrhic record.

) Development is more concisely presented in digital
form than in wfiting. The development of each of the
three species studied in this paper is described in only
one table.

The description produced is unambiguous, the
numbers having a standard meaning independent of the
observer or the reader. In other words the record is
produced and interpreted objectively. |

The system facilitates interspecific comparisons

of development. Heterochronies are easily illustrated
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by manipulation of the figures, in contrast to the
difficulties encountered in comparing long written
accounts,

Development is reduced to numerical terms thus
making possible treatments which are impossible with
written accounts. Rates of development of the whole and
of parts can be considered relative to time.

The system can be expanded to include any number
of features and any number of observations.

There are a number of disadvantages of the system.
It must be closely studied and learned before it can be
applied with facility. Recognition of like conditions
in the development of comparable features is an integral
part of the system and it may be difficult to a_ply the
system, in its present form, to deformed indivicduals.
The system also has the disadvantage of all written
methods, the reader must interpolate between the points
in development described.

The disadvantages of the system are few and seem
to be outweighed by the advantages. The data in their
coded form can be used for purposes other than those
outlined in chapter three. Because of the concise
nature of coded presentation it should be easy to prb—
duce a key, similar to a botanical 'Flora', for the
identification of embryos. A second possibie use micht

be the testing of generalizations made by various authors.
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For example, Budd (©) maintains that somatic pigmenta-
tion develops 'later' in pelagic than demersal eggs.
This could be tested by seeing at what time somatic
pigmentation starts, either in terms of age or of IVC,

in a large number of species with demersal and pelagic

The CDH unit served its two purposes. It allowed

Cate 10 et dietNe 43 e B

the sorting of observations to be performed and it served

as a basis for comparing rates of development.

The IVC appears to reflect the change that occurs | ‘.‘
in the embryo as it was designed to do. The index may

be criticised on the grounds that it depends too much on

the somite number for its magnitude, however it is argued \
that the somites do comprise a larce part of the embryo |

and changes in their numbers are reflected in the appear-

ance of the whole embryoe.
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Table 1

Mumbers qgiven to develonnental conditions of features
A to L.

rea-

ture_ TMumber Developmental condition

A 1
B

o
0

n MNumber of somite nairs fully formed,

Embrvyo closely anplied to volk,
Tail bud of embrvo lifted from yolk,

Nl1factory pnlacodes not visible,
O1factorv nlacodes present,
Olfactory pnits fornmed,

Nptic anlaqen ahsent.

Ontic anlagen nresent,

Optic vesicles formed.,

Optic cuns visible,

Optic cups with isolated piament cells,
Ontic cuns with dense piamentation,

Ntic nlacondes not visible,

Ntic placodes visible.

Dtic vesicles centazinina minute otonlitns
Otic cansules swollen, larce otcliths,

Brain not visibhle,

BRrain snlid.

Cerebellar fold visibhle within brafrc
Brain with ventricles and thickenings,

Somatic piqgmentation lacking.

Scattered melanophores voresent,
Melanophores in dense patches.

Other pigment cells (e.q., Xanthopheres).

Heart orimordia not visible,
Strajicht-tube heart, beating.
Hezprt bhent but with no valves,
Heart with valves and thick walls.

Gut closed posteriorly.
Gut onen posteriorly,

Pectoral fin buds absent,
Fin buds merely thickeninnas ~7 T
Fin bnds laree, siandinag zway Ircm emirvo.

Median finfold absent,
Finfold nresent, lackine fin-ravs.
Rudiments of cq1d91 fin-rays visible,

Kupffer's vesicle not ceen.
Vesicle visitle.
Vesicle nbliterated,
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Table 2
Developmental data of the smelt.

(For interpret
_columns A to

200
850
o35

CQQCOoO
Vo] — - -
COHOODVPD

units at
time of
observation
800

8¢c0

675

8210

‘810

oXoRe
HF NO
N O O ~
4 4

CDH

1280
10e0
2760
1350
1275
1625
1530
1580
2760
3040
22860
3210
3280

COOQOOQ mlrmrmirmertmt et et Mt WA N NNNNNQRNNN
0000000000000 O0O MMM A~H~N
0000000000000 OO Rt~ —AMH~NN
OCCO0O0000000OOOQROVOO0COOO0 mltrmrie
00COO0CCOCOOOOOOQOOO mrldm— = ANMMNM
OOOOOOOOOOOOOOODOOOOOOOOOOO&
B s K R R e K N2t A T i T Mo TA T S A TR TAA TAA A A
0000000001T11111111AU7222333
B N N R K K A Ta ia Tad T T G R W e T RTR Vo R Vo RTo RYo RV BT
Ooooooooooooooo1T111114ﬂ%222
OCO00000OOC0O0OOOQOO rmirt mt et vt i 1t et el et ol

”’,’,,”,,”,”””,”

015450234901245127045 ~ <H Gt ©
et (NN NN NN H PN O OO

GHIJKL

R
r

iy
p

ABCD



34

Table 3

Developmental data of the zebrafish.

CDH

units at
time of
observation

, see Table 1),

(For interpretation of numbers in
columns A to L
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units at
time of
observation

the yellow perche.
CDH

35
Table 4

of
, see Table 1).

etation of numbers in
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Table 6

Relative times of attainment of previously defined

conditions in the development of features A to L.

A B C D E F G H I J K L
-«<\ifa aaa aaa aaa aaa aaa aaa aaa aaa aza 2ap

PPpP —=- aap ppp PSP paa aaa aaz aaa 2ap aaz DD
PPP PpP2 -=- PPP DDRS DDz aaa aaa aaa aaa aaa ppp

PPP &aa daa -—=r aza aaa aaa aaa saa aaa aaa 2z2p
~,
~

ppp asa aas ppp —-- aaa aaa aaa aaa aaa aaa ppp.

N

~N
pPDPDP @pp a3ap PPP PPP -~ aza aaa aaa aap aaa ppp

DPP PPP PPP PPP PPP PPF —-=-g PPS P22 pap PPP PPP

PP PPP PDP PPP PPD PPP aas <-- @aa pap as2 DPP
pop DPP PPP DPPP PDP PP APD PPP ~-7 BSD DPP PPP
PPD poa ppp PDD PPp pRa apa ana‘asa\:;e ara ppp
PPD PPP PPP PPP PPP DPP @aa psa aaa pap —--= DFP

pra aaa aaa ppa aaa aaa aaa aaa aaa aaa aa;S>>-

Explanations of symbols:

The capital and small letters have the same meaning
as in Table 5.

in each trio of letters, the first refers to the
smelt, the second to the zebrafish and the third
to the perch.
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APPENDIX
AN ILLUSTRATED ACCOUNT OF THE POSTGASTRULAR EMBRYGLOGY .

OF THE SMELT, ZEBRAFISH AND PERCH.

The fbllbwing descriptions are based on obser-
vations of living eggs, made at a magnification not
exceeding SOX with a stereobinocular microscopee.

The figures enclosed within the first bracket
before each paragraph constitute the codea description
of the embryo. The second brakcet contains the CDH
value of the émbryo.

i. Devélopment-of the American smelte.

(000101000000) (600 CDH.) Figs. 1 and 2, Plate I.

The keel is visible after about sixty hours of develop-
ment under the conditions described in the second
chapter. At first, the keel appears as a shallow wedge
of tissue extending down into the yolk mass. With time
the keel becomes deeper and narrower in cross-section.,
Legault (32), describes the formation of the keel as the
anieriad migration of material from the germ ring, in
the region of the embryonic shield., The c¢astropore
(blastopore), closes prior to the formation of the first
pair of somites. The anterior end of the embryo shows

the presence of lateral extensions of the solid central
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nervous system., These lateral extensions are the ontic
anlagen. The embryo is closely applied to the yolk
along its length, merging gently with the yolk at its
anterior and posterior ends. The yolk contains numerous
small, highly refractile oil globules,

(100101000000) (690 CDH.) Fig. 3, Plate I, Fig. 15,
Plate IIl. :

The embryo shows the presence of the first pair of
somites after about sixty-nine hours. The somite pair
is situated about half way between the anterior and
posterior limits of the embryo. The anterior and
posterior ends of the embryo are seen tg slope gently
into the yolk. Anteriorly (in dorsal view, Fig. 15, Pl.
111) are seen the optic anlagen (arrowed) coming from
the brain region. A cavity is still.absent from the
optic anlage and the brain at this time. The embdbryo
fajls to exhibit the structure known as Kupffer's
vesicle, but perhaps this is obscured by oil dropleis.
Kupffer's vesicle represents the remnants of the
archenteron according to Wilson (54), who described it
in the sea bass. The archenteron was defined by Wilson
as being that real or virtual space that exists between
the eﬁdoderm lamella and the periblast and yolk. The
yolk is seen to contain numerous small colourless oil
globules, and two or three large yellowish oil globules

at this time.
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(2001010000C0) (675 CCH.) {(not figured)

Two pairs of mesoblastic sonites present. There is no
appreciable difference between this stage and the last
one described, except for the extra pair of somitese.

(400201000000) (810 CDH.) Fio. 4, Plate 1, Fig. 16,
Plate Il1l.

Four pairs of somites present. The optic anlage are
seen to contain a cavity at this time and they are now
known as the optic evaginations or vesicles. The somites
are seen to be developing about half way along the
length of the embryo. In Figure 4, mesoderm is seen
continuing posteriorly from the rearmost pair of somites
in an undifferentiated condition. The keel can be seen
in the photograph of the lateral view as the darx
crescent between the embryo and the yolke

(500201000000) (610 CDH.) (not figured)

Five pairs of somiies present. - Apart from tne increase
in the number of somites tnis condition is similar to
thnat last described except for a slight increase in
length of the embryonic axis.

(10,00201000000) (850 CDH.) (not figured)

Ten pairs of somites present, Apart from the increase
in number of somites, this condition is similar 1o that
last described.

(12 ,00201000001) (00 CDH.) Fig. 5, Plate 1. Fic. 17,
Plate 111.

Twelve pairs of somites present. The optic evaginations
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are seen to be elongate and laterally compressed in
dorsal view (Fige. 17). The embryo is now seen to be
distinct from the yolk, but the tail bud shows no
lifting posteriorly. Kupffer's vesicle can be seen at
the posterior end of the axis (arrowed.)

(13,00201000001) (210 CDH.) (not figured)

Thirteer pairs of somites present. This condition is
essentially similar to that just described except for

the increase in number of somite pairs.

(14,00301000001) (870 CDH.) Fige 6, Plate 1.
Fourteen pairs of somites present. The extent to which

the embryo has encircled the yolk can be seen in Fig.

(&)}

*®

In dorsal view {(not shown) the optic vesicles are segen

to be invaginating tb produce the optic cupse. In lateral
view these structures are seen to have increased in
vertical neight. The anterior end of the embryo is
showing a more marked Jjunction with the yolk'than

ne

.-

or

(0

n
previously described conditions, i.e., ihe slope of the
front of the head is becoming steeper. Xupffer's vesicle
is visible posterioriye

(19,00311000001) (810 CDH.) ({(not fiocured)

Nineteen pairs of somites present.‘ The embryo is essen-
tially similar to the last described stage, except for
the increase in number of somite pairs, the greater
amount of optic invaginatiocn, and the presence, nid-way

between the eyes‘and the first pair of somites, of the

&£
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otic placodes, i.e. the precursors of the ear. The otic
placodes are thickenings of the endoderm that eventually
invacinate.

(20,00311000001) (850 CDH.) (not figured)

Twenty pairs of somites present. Apart from the in-
crease in number of somite pairs, this condition is
essentially the same as that last described,

(21,00311000001) (935,1040 CDH, Av-C&7 CDH.)

Apart from the increase in number of the somite pairs,
this condition is essentially similar to that last
described. Kupffer's vesicle is seen posteriorly.

(22 .00312000001) (1040 CPH.) Fig. 7, Plate I, Fig. 20,
Plate I1l.

The anterior end of the embryo is seen to be much in-
creased in thickness. The optic cups are seen to be
fully formed with the choroid fissure visible in the
anteroventral region. The otic placodes are visible,

The brain Is seen to exhibit-the presence of 2 neurocele,
and in addition to this a tranverse fold in the region
just between the optié and otic areas. This transverse
fold noted is equated with that named by Wilson (5¢), as

" the cerebellar fold of Serranus atrarius. Kupifer's

vesicle can be cleerly seen in the postero-veniral view
photographed (Figure 20, Plate I11.)
(24 ,00312000001) (1030 CDH.) (not figured)

Apart from the increase in nunber of somites, this con-

dition is essentially the same as that last descriked,
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(25,10313000001) (1100 CDH.) (not figured)

Twenty-five pairs of somites present, The optic cups
are fully formed but lack picment. The otic placode is-
surrounded'by.an elliptical region which is translucert.
This translucent region is thought to appear due to the
invagination of the otic placodes to form the otic
vesicles. The tail bud is lifting away from the yolk
mass at this time. KXupffer's vesicle is clearly seen at
the junction of the 1ifting tail bud and the yolk mass.
The cerebellar fold is clearly seen within the brain and
the medulla is seen to lie postierior to ite The latter
portion of the brain is seen ito contain the fourtih
ventricle, which is diamond shaped in dorsal view.

(31,11313000001) (12¢€0 CDH.) Fig. 8, Plate 1I.

Thirty-one pairs of somites are present. The olfactory
placodes are visible. The photograph of this stace
shows the cerebellar fold clearly (arrowed), along with
the lifting thét has occured posteriorly (arrowed).
Kupffer's vesicle is still visible in vivo, but is
obscured in the figure by the globules of oils

(32,11313000002) (1090 CDH.) Fic. ©, Plate I1l.

Thirty-two pairs of somites are present. Similar tc ine
last described condition except for the increase in
number of pairs of somites and the disappearance of

. Kupffer's vesicle.



48

(37,11313000102) (2760 CDH. anomalous.) Fia. 10,
_E_Late 11,

Thirty-seven pairs of somites are present, Similar to
the last described condition except for the presence of
pectoral fin buds (arrowed)., These are seen as bulges
on the sides of the embryo, just dorsal to the yolk.

(40,11313010102) (1350 CDH.) Fig. 11, Plate II, Fig. 18,
Plate I1l.

Forty pairs of somites present. The optic cups still
‘lack pigmentation and otoliths are not yet present in

the otic capsules. A dorsal view of the brain is shown
in Fig. 18, Plate 11l1. Under the embryo, at the anterior
end posterior to the eyes, is ¢ strzaight tube heart which
exhibits peristaltic contraction, in a postermedial
direction.

(44,11413010102) (1330, 1620, CDH. Av-1475 CDH.) Fics.
17+ 13 Piate II, Fig. 18, flate I111. '

Forty-four pairs of somites present. Essentially the
"same as the last described condition, except for the
additional somite pairs and slight optic pigmentation.

(45,11423010112) (1625 CDH,) Fig. 14, Plate I.

Forty-five pairs of somites are present. Tr= ~~% 1~
are slightly pigmenicec wnG . oio- .ol . e e -
présenf within the otic vesicle and appear as minute,
equal dotss The heart is still a straight tube, beating
under the embryo. The embryo mekes slight movements
within the chorion. The pectoral fin buds are still

small. The median fin is present in a rudimentary
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fashion but does not extend far forward. Large yellow
0il globules are present in the yolk mass.

(46,11523010112) (1530 CDH.) (not figured)

About forty-six pairs of somites are present. The optic
cups show pigmentation. The heart is seen to be still
in the form of a straight tube. The embryo exhibits
much movement within the membrane. This condition is

similar toc that last described.

(51,11523010112) {1360, 1820 CDH. Av-1590 CDH.) Fig. 21,
Plate 1V. -

viore than 70% of the hatching number of somites are

present, the actual number of somites observed bzin

((a]

fifty-one., The olfactory placodes are present anier-
jorly, between the eyes, (not visible in figure). The
cptic cups show pigmentation and the otic capsule con-
‘tains otoliths that are minute and equal in size. The
gut ié seen to open posieriorly at a point about two

" thirds of the distance between the yolk and tne end of
the tail. The heart is still a straight tube. Both the
median and pectoral fins are small. The anterior end of
the embryo is seen to Dbe slichtly lifted off the yolk
mass at this time (arrowed).

(64,12523011112) (2760 CDH.) Fige. 22, Plate IV, Fig. 28,
Flate V.

\fore than sixty-four pairs of somites present, this
being more than 70% of the hatching number of somites.

The olfactory placodes have invaginated to form



50
olfactory pits. The otic vesicle has changed from an
elliptical to an oval shape. Two otoliths are still
minute and equal. Somatic pigmentation is seen to be
lacking over the body.' The gut'is.seen-to open toster-
iorly (érrowed, Fig. R22). The median and pectoral fins
remain sméll. The embryb ié seen to be lifted,slightly‘:
at the anterior end. The enbryo photographed had a ~
length of Z.7mm.

(64 .12523021112) (3040 CDH.) Fig. 27, Plate V.

More than 70% of the qatchlng number of son1tes are
present. The optzc cups are seen to be deeply ngnented;
Thé otic capsule is laroer and more elaborate than in
preV1ous conditlons, %he‘otoliths however remain smalls
The heart shows some bending The pectoral fin bud is
still small and the median fin exteﬂdc as far foreward
as the level of the pectoral fin bud dorsally. The

embryo photocraphed had a length of 3.45mnm.

(64,12533031112) (2260 CDH.) Fig. 23, Plate 1V.

More than 70% of the hatching number of somites are
present. Anteriorly the head is seen to be lifting from
the yolk mass. The otic capsule is seen to be swollen
and the otéliths are unequal in size. The heart shows
developmeﬁt to the point where individual chambers can
be seen. The pectoral fin buds are small, but the.
median‘fin is both more extensive and deeper. The

embryo photographed had a length of 3.8mn.
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(64,12533031212) (3210 CDH.) Fig. 24, Plate IV, Fig, 28,
Plate V. ' .

More than 70% of the hatching number of somites are
present. The otic capsulgs are seen to be much swollen
and the otoliths occupy the lower portion of the capsuie,
the dorsal half of which is seen to contain cavities and
chamber. The heart is disiinctly bent at the posierior
énd'of the ventricle (arrowed fig. 28). The chamber in |
which the heart is lying; the pericardium, is seen to be
distended.. Scattered me lanophores are seen over the
surface 6f the yolk mass and péricardium.. The pectoral.
fin buds are larger, and the median fin, as seen in the
photograph, déeper. The embryo phofographed had a

length of 4.0mm, | |

(66,12533231222) (3280 CDH.) Figs. 25, 29, 30, 31, 32.

There are between sixty-four and sixty-eight somites
present when the embryo hatches. The olfactory openings
are clearly seen at this time, ventro-medial to the |
optic cups (arrowed Fig. 30, Plate V). The eyes are
.large and densely pigmented and can be seen to project
from thezhead in Figse. 30 and 31. These dorsal views
reveal that the lens is present withinAthe eye. The
otoliths are seen as large irregular concretions. The
brain is not too clearly seen at this stage due to the
‘interference of the optic cups and otic capsulés with
lateral observation. Large melanophores are present

over the pericardium, the central part of the trunk and
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the yolk. The area of the vent (arrowed) and the
ventral part of the tail are seen to be the sites of
dense pigmentation, (Fig. 32). The mouth is open.as is
seen in the dorsal and ventral views of the head. There
'is no evidence that there is present in the pharynx any
supporting tissue. The muscles of the embryo show.2
‘yellowish colouration at this time. The pectoral fins
are large and the median fins are seen to contain the
rudiments of fin rays posteriorly in the caudal reC1on.
The notochord can be seen extending as far forward as
the otic capsules in Figs. 30 and 31. The embryo

photographed measured 5.3mm in length.
ii. Development of the zebrafish.
(000101000000) (245 CDH.) (not figured)

The keel is visible in the zebrafish embryo after aboui‘

eight or nine hours of development at twenty-seven
degrees cent;gréde. The embryo is seen as a thickening
of the blastoderm, closely applied to the,surface.of'ihev
yolk. The anterior end of the axis shows the presence
of optic anlagen as lateral extensions of the solid
brain anlage mass. The posterior end of the embryo is
close to the gastropore (blastopore), which is still

open at this time.
(100101000000) (322 CDH.) Fig. 33, Plate VI.

The first pair'of mesoblastic somites is seen to lie to
each side of the embryonic axis half way along the length

of the embryo. The anterior and posterior ends of the
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embryo slope gently down to the level of the yolk. The
optic anlagencan be seen anteriorly as tear-shaped
extensions of the solid nervous system. Both the brain
and the optic anlagenlack a cavity at this time. Both
lateral and frontal views of the embryo reveal that the
keel descends into substance of the yoik in a wedge
shape. The mass of material comprising the keel or
~axial cord, contains the precursor of the nerve cord
above and precursor of the notochord below. Hisaoka and
Firlit (19). In frontal view (not figured) the lateral
mesoderm can be seen, descending ventrolaterally from
the somite mesoderm.

(200101000000) (Ave. of thirteen observations - 325,.,5
CbH.) Fig. 34, Plate VI.

Two pairs of somites present. The gastropore is seen to
be closed at this time. Apart from the closure of the
gastropore and the addition of the second pair of somites
this condition is essentially similar to that just
deséribed.

(300101000000) (Av. of twelve observations - 336 CDH.)
Fige 35. -

Three pairs of somites present. Apart from the increase

in number of somites this condition is essentially
similar to that last described.

(400201000000) (Av, of eleven observations - 358, 4 CD4H.)
Fig., 36, Plate Vi.

Four pairs of mesoblastic somites present. The optic

aniagen have now developed a cavity and are known as
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optic vesicles or evaginations. The anterior part_df
the brain develops a cavity at this time according to
 Hisaoka and Battle (18)., The cavity of the optic
vesicle can be faintly discerned in Fig. 36, Flate IV.

(500201000001) (av. of eight observations - 320.6 CDH.)
Fide 37, Plate Vi1, Fig., 46, Plate VIlIl.

Five pairs of somites present. Although not seen in
vivo, the olfactory plaéodes are perhaps indicated in
the photograph of this stage. From a study of sections
of this condition, Hisaoka and Firlit (19), state that
the placodes are present at this time., Because they
were not actually seen in the developing embryo, the
‘placodes are represented as absent in the digital
designation of the stage, in order to make comparisons
possible with other species for which information from
sections was lacking. Similarly, although Hisaoka and
Firlit (19) maintain that the otic placodes are present
at this time, they were not observed until later in
development, agéin the feature was considered to be
absent for the purposes of this study. The optic anlagen
are seen in the dorsal view of Fig. 46, Plate VII1. The
lateral photograph of this stage is taken obliquely and
reveals two important features of the embryo at this
time. First, the optic evaginations can be seen to con-
tain a cavity as mentioned in the last described con-
dition. Secondly, the photograph shows the presence of

Kupffer's vesicle that develops posteriorly. The vesicle
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{s seen as the small highly refractile region 2t the
posterior end of the embryonic axis. The origin of the
vesicle is explained in the description of the dgveIOp;
ment of the American smelt.

(600201000001) (Av. of thirteen observations - 362 CDi.)
Fig. 38, Plate VI, Fig. 47, Plate Vi1l

Six pairs of somites are present. The optic evaginations'
can be seen in dorsal view in the second of the figures
listed above. Apart from the increase in number of
somites and a slight increase in length, the embryo is
similar to the conditiﬁn last described.

(700201000001) (Av. of three observations - 374 CDH.)
Fig. 39, Plate VII, Fige. 46, Plate VIIi].

Seven pairs of somites are present. Apart from a small
increase in width of the postérior part of the optic
evaginations, as can be seen in the dorsal view of Fig.
47, and the addition of another pair or somites, this
condition is similar to the condition last described.

(800201000001) (324, 336, CDH. Av, 330 CDH.) Fig. 40,

ASA AL DX Pdnddodhadl I SN WL ALTE NRNE-IC ol S S s B

Pilate VI1, Fig. 49, Plate VII1.

Eight pairs of somites are present. The optiCjevagi-
nations are seen to be rounded in dorsal view. The
anterior and posterior limits of the embryo are more
clearly marked off from the yolk than in previous con-
ditions. This increase in definition of the embryonic
mass is particularly true of the anterior end of the
embryo which slopes more steeply down to meet the yolk

. (ef. Figs. 39 and 40). Kupffer's vesicle can be clearly
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seen in the posterior part of the embryo.

(800201000001) (Unknown) Fig. 41, Plate VII, Fig. 50,
piate VIII. ~

Nine pairs of somites are present. The embryo is seen’
to extend almost all the way around the yolk mass. The

optic evaginations are visible in the dorsal view at
this stage. Although the embryo is long, there is not,.
as yet, any lifting of the tail bud away from the yoik

(vide Fig. 41).

(10,00201000001) (Unknown) Fig., 42, Plate VII.

Ten pairs of somites are present. The shape of the
individual somites when viewed laterally ére seen to be
in a different condition from that previously seen, in
tnhat there is bending of the block of tissue to produce
an angle, point-forward. The process of bending of the
muscle block continues during development until the
adult somite shape is achieved. In the photograph the
notochord can be seen running between the somite blocks
(arrowed). This stage exhibits the start of the process
known as '1ifting', whereby the tail bud 1ifts away
from the yolk mass. The process starts by an increase
of the slope of the posterior facet of the embryo. This
'slope becomes steeper énd steeper until the pqsterior
.end of the embryo becomes undercut. In the photograph
of this condition, the undercutting is Jjust about to
start and the angle of the junction, embryo to YOlk, is

about ninety degrees. Along with the process of lifting,
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in the zebrafish, there occurs the process of subdivi- -
sion of the yolk. The yolk starts off being spheriéal,
however, it eventually becomes subdivided into an .
anterior globose portion and a posterior cylindrlcal
mass. In this stage, the embryo is departzng from its
cylindrical shape and assuming a pyriform condition,
this condition being intermediate between the divided
and undivided states. This last’change is not‘obvious
in the photograph.

(11.10211000001) (Unknown) Fig. 43, Plate Vi1, Fig. 31,
plate VIII. |

Zleven pairs of somites present. The processes'that
were indiéated to be occprring in the previous stage
are here continued.‘ The 1ifting is slight, the pos-
terior end of the embryo is seen to be undercut. The
yoik mass shows the presence of 2 furrow (arrowed) Jjust
below the posterior end of the embryoj this furrow is
the start of the subdivision mentioned in the last
stage. The otic placodes are visible half way between
the first pair of somites and the optic fegion.
Kupffer's vesicle can be seen in the side view of the
embryo in Fige. 43.

(12,10211000001) (Unknown) Fig. 44, Plate VII, Fig. 52,
Plate VI11l.

Twelve pairs of somites are présent. The optic evagi-
nations are seen to be larger in side view, as for that

matter is the whole anterior portion of the embryo.



58
The posterior margin of the head is seen to be delimited
from the rest of the embryo by the presence of an |
angular shape of the dorsal surface. The otic placodes
are present. The constriction of the yolk mass is
clearly seen in Fig. 44, as in Kupffer's vesicle.

(13,10211000001) (594 CDH.) (not figured)

Thirteen pairs of somites are present. The processes
of 1lifting and subdivision of the yolk continue. Apart
from these gradual changes, the embryo is essentially’
the same as thé condition last described, ex;ept fér
the addition of the extra pair of somites.

(14,10211000001) (5¢4 CDH.) (not figured)

Fourteen pairs of somites present. Apart from the
increase in number of somites, the embryo is similar
to that stage just described.

' (15,10211000001) (594 CDH.) (not figured)

~ Fifteen pairs of somites are present. Apart from the
increase in the ﬁumber of somite pairs, the embryo is
similar to that last described. The gradual 1iTting
of the tail and subdivision of the yolk continue.

(16,10211000001) (61& CDH.) Fig. 45, Plate Vi1,
Fig. 53, Plate VIII.

Sixteen pairs of somites are present., The appearance
of the embryo can be Jjudged from Fig. 45. This figure
shows the complete subdivision of the yolk into the two
componénts previously mentioned., In the dorsal view

(Fig. 52) the optic ‘evaginations are clearly seen, this
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view also shows the central nervous system, the cavity
of which cannot be sec¢n.

(17.10211000001) (618 CDH.) (not figured)

Apart from the addition of the extra pair of somites
this condition is essentially the same as that Jjust

described.

(18,10211000001) (CDH. Unknown) (not figured)

Apart from the additional pair of somites, this con-
dition is similar to that Just described.

(19,10212000001) (CDH. Unknown) (not figured)

Nineteen pairs of somites are present. The contoufs of

the central nervbus system are visible throﬁgh the wall

of the anterior end of the embryo, in lateral view. The
process of lifting continues.

(20,11312000002) (CDH. Unknown) (not figured)

Twenty pairs of somites are present. ThéAolfactory
placodes are visible at this time. Hisaoka and Firlit
(19), say that at this time the olfactory placodes
undergo thickening. The optic evaginations are seen to
have invaginatéd to form optic cupse. The central

nervous system 1is still solid posterior to thre otic

(3]
(7

placodes (Hisaoka and Firlit 19). Kupffer's vesicle
no longer visible.

(22.11312000002) (CDH. Unknown) (not figured)

Apart from the increase in the number of somites there

ijs no marked difference between this and the previously

described conditione.
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(27,11323000002) (624 COH.) Fig. 55, Flate iX

Twenty-seven pairs of somites are present. This number
is greater than 70% of the hatching number of somites.
The embryo is seen to be much elongated pcsteriorly
with a long tail extending behind the yolk. The ol-
factory placoées are present anteriorly between the
ontic cups. The optic cups are seen to lack any pigment
and possess an open choroid fissure in their ventral
margine. The otic vesicle is seen to have been formed
and contains two'minute, equal otoliths. The brain is
e vi&ed into regions and the ventricles can be seen.
The cerebellar fold can be discerned with the medulla
posterior to it.. Somatic pigmentation is lacking over
the whole of the.embryo. The gut has not broken out
posteriorlye. The pectoral fin bud is not visible, and
+he median fin fold is completely lackinge. deffer's
vesicle is ﬁot visible. The notochord extends the |
whole length of the embryo from the level of the otic
vesicles to the posterior part of the tail where it
coritinues into thé undifferentiated mesoderm. The
embryo can move slightly by contracting the somites
just posterior to the constriction of the yolk mass.
The lencth of the embryo in the photograph was 2.7mm,

(26,124230100012) (648 CDH.) ~Fig. 57, Plate IX.

Twenty-eight pairs of somites are present, this number

being in excess of 70% of the hatching number of
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somites. The embryo is much elongated posteriorly.
imteriorly in the embryo, the olfactory placodes have
invaginated to form olfactory pits. There is seen to
pe very faint pigmentation of the retina. The choroid .
fissure is closed and the optic cup contains a lens at
its mouth. The otic region shows the presence of two
minu;e otoliths.. These otoliths, which are equal in
size, are contained within an oval vesicle which in
turn is surrounded by an elliptical region of trans-
lucent material. The brain is clearly seen to contain
ventricles, the cerebellar fold can be clearly seen in
the photograph of this stage. Pésteriqr to the cere-
pellar fold is the fourth ventricle, which 1n'dorsa1
view is diamond-shaped. The posterior part of ;he
ventricle is long and tapering. Under the anterior end.
of the embryo, slightly to the left of the mid-line,
the heart can be seen in the form of a straight tube
which pulsates slowly, (about 60 beats per minute at
27'C.). Allen and Mukay (2) report that the heart of
the paradise fish also develops to the left of the mid-
line. Close observation of the pulsating heart shows
that it beats by peristalﬁis and that the wave of con-
traction moves from the wide distal portion of the tube,
to the narrow proximal portion in a posteromedial.
direction. There is no circulation over the surface of

the ydlk or within the tail at this time. Somatic
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pigmentation is completely lacking from the embryo.
Although the pectoral fin buds are still absent, the
median fin is seen to be present in a rudimentary
fashion. The latter fin extends fofward ventrally
only to the level of the.posterior limit of the yofk.
The notochord is seen running between the somites and
containing.vacuolated cells. The embryo is sensitive
to changes in light intensity and can move around
within the membrane with ease. The embryo photographed
had a length of 2.7mm.

(29,12523110012) (783, 676, 628 CDH. Av-695 CDH.)
Figs. 54, 55, 58, Plate IX.

Twenty-nine pairs of somites are present, this numbér‘
being in excess 6f 70% of the hétching number..iThe
most anterior pair of somites is just behind the otic
region, on the same tangent to the yblk as the optic
cups. Openings to the olfactory pits can be seen at
the anterior end of the embryo, medial to the eyes.

The optic cups are pigmented and the choroid fissure is
closed. Small, equal sized otoliths are seen within»the
otic capsule which is again surrounded by an area of
translucent materigl. The degree of brain development
can be seen in the various photographs. Over the
anterior part of the yolk can be seen scattered melano--
phores. The heart is beating and is still .a straight
tube. The circulation can be followed in the caudal

region of the embryo; the blood flows posteriad in the
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dorsal vessel and anteriad in the ventral vessel., From
the dorsal and ventral vesse¢ls can be .seen the small
vessels conveying blood to the various tissues above and
selow the two vessels and returning blood from these
sreas. The pectoral fin buds are still not present in
~the embryo. The median fin, while extensive and extend-
ing a lbng way anteriorly, is still rudimentary in that
the edges are ragged and ill defined. The embryo is
active at this time and can be released with no diff-

iculty, whereupon it can swim with ease.

(32,12533220012§ (837, 850, 972 CDH. Av-888 CDH.)
Fige. 59, Plate X.

Thirty-two pairs of somites are present., The embryo is‘
now fish~like with a long caudal region and a small
Yolk masse. Tﬁe olfactory pits are seen.with their
openings near the inner marg}né of the eyes. 'In the
eye can be seen the lens and there is pigmentation
present. The choroid fissure is closed. In the otic
capsule can be seen the eéual sized, large otoliths.
The cerebellar fold is seen and is thick anteroven-
trally. There are large dendritic melanophores over
the surface of the yolk and parts of the embryo. The
heart shows the start of the bending process that will
convert the juvenile straight tube, to the adult !S§!
shape. The circulation is established in the tail and
over the surface of the yolk. The gut is still closed

posteriorly, the median fin is present, but the pectoral
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fin buds are still not visible. The notochord Iis

-)

visibie and is seen to contain vacuolated celiz, - Thre
embryo is sensitive to movement of the water, or changes
of light intensity and can move with ease within the

membrane .

(33,12533231122) (1250 CPDH.) Figc. 60, Plate X.

Thirty-three somites are present. The olfactory region
is similar to that described in the last described
stage. The optic cups are large and well pigmented, 2
lens is present and the choroid fissure is closed. .The
otic capsule shows an increase in complexity, in that
it has expanded dorsally and the otoliths are confined
to the lower nalf. The otoliths themselves are larce
irregularly shaped concretions that are unequal in size.
Noticeable within the brain is the fourth ventriclé
which is diamond shgped, extending posteriorly as far
as the otic region. The ﬁelanophores are distributed
over the anteriof part of the head, dorsal to the
olfactory organs and between the eyes. Two lines of

me lanophores extend posteriorly, following the walls of
_the nedulla. These two bands of melanophores join in
the region above the posterior end of the fourth
ventricle, the area directly over the ventricie being
left free.of melanobhores. Laterally, bands of melano-
‘phores follow the gut and extend into the caudal

region. There is a band of melanophores running
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vertically‘down the yolk at its anterior end. The
heart is seen to beat rapidly and shows much bending
and contortion. The returning vessel from the caudal
region is ﬁoorly differentiated posterior to the vent
region, however it is more definite anterior to this
opening. The pathway of the blood from the vessels on
the yolk can be seen. The gut is seen to have opened
posteriorly and the vent so produced causes an inter-
ruption in the ventral part of the median fold. The
pectoral fin bud is seen in that area of the embryo
that lies directly over the yolk mass. In the posterior
part of the median fin fold the beginnings of the caudal
fin rays can be discerned. The embryo is active and
sensitive to change in the environment, upon removal
from the membrane, the embryo can swim well, The length

of the embryo photographed was 3.6mm,

(34,12533331222) (1872, 2068, 2392 CDH. Av-2110 CDH.)
Fige 61, 62, 03, 64, Plate X.

Prior to hatching the embryo appears as in Fig. 61.
Thirty-four pairs of somites are present. The embryo is
essentially similar to the condition last described
except for increase in pigmentation and somite number and
a decre