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INTRODUCTION

The purpose of this study was to describe the normal

smbryological development of tha Paradise Fish, :scropodus

gpgreularis, Linnacus. It was undertaken to learn the ages at
which various structures and aystems appsarsd and to detersine
whether or not the typlical pattera of teleostean developmsnt
was followasd, Allen (1951) used M. gporcularis for his
inveatigation of anomalies caused by x-irradiation. In order
to understand more fully the anomalies produced by xerays in
this speclies, At was felt that a more detailed kaowledge of
the normal development should be known,

The natural babitats for the Paradise Fish are the rice
paddies, small rivers, and streams of China (Innes, 1955).
Its qconomic importance is probably as a mosquito centrol in
those arsas, since its size is too small for 1t to be of wvaluas
as a food scurces The ease of laboratory breeding and the
great number of offspring produced {(up to 1200 eggs per
breeding) make the Paradise Fish a coanvenient organism for
studiees 1n doth axperimental and descriptive embryoclogy.

According to Berg (1947) the Paradise Fish is a member
of the order Perciformes, family Anabantidae (ex parte
Labyriathici}. Anabantidas are characterised by having a
complex mass of labyrianths in the auditory srea. Those

1
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labyrinths function to trap and store air which the fish gulps
into 1ts mouths The air then moves out over the gills and out
through the oparculum. This sxira respiratery process helps
the Parudise Fish to live in thé varm, muddy waters of its
nativs rice paddies in spite of the low oxygea content found
there. |

The literature pertaining to iig

goperguliris deals

primarily with taxonomy. There are & few studies of particular

structures such as$ chromatophores (Dalton and Goodrich,
1937), air-breathing organs (Das, 1927}, color putterns
{Coodrich and Smith, 1937}, respiratory labyrinths (Ite, 1950),
chloride secreting calle (Liu, 1542), and hydrosgtatic spparatus
(Peters, 1946). No detailed study on the normal embryology
has been found in literature at this time, Only superficial
studies relating to the natural history features, gross
anatomical cbservations and notes on development can be found
(Boulart, 1872 and Pouchet, 1872)s Dre Hana M. Peters (1956)
of the University of Tucbingan: Tuebingen, Germany, rsferred

to work to be published about Hacropodua opergularis, dbut thus
far it has not bheen found in the literature by this author.



#ETHODS ARD MATERIALS

The fish ussd for the present study were kept in thrae
gallen and twenty gallon aquaria. The temperatuwre was maine
tained between 24° and 28°C, 3oas of the newly hatched embryos
wera retained to observe their pross development. These were
firat fed infusoria and powdered lsttuce, The powdered
lettuce served prizarily as a food for bacteria, which in turn
served &s food for infusorial orgenisms, and it was the
infusoria that served as the first food {or the fry as they
developad. When the fry were cold eaough, they were fed brine
shrimp and yround liver.

Arterdnbo sgzs and enbryos ware collected, thay were
placed 4in Bouin's solution. The specimens were then progreassed
stepwiaes, through a series of alcohols to dehydrate them
(Brauer, 1955). Cedal-oil was used instead of the usual
clearing agent, Iylol, in order te preveat hardening of the
yolk material, Following clearing, the ambryos ware embedded
in paraffin wax, mounted on wooden blocks, and sectionaed at
four to six microns. They were then stained with hasmatoxylin
and counterstained with e¢osin (Brausr, 1955).

Approximately one hundred and fifty embryos in varying
stages of development were aexamined with an Olympus binocular
compound microscope at magnifications of 40, 100, 200, and 400
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diameters. Illumination was provided by a Bausch and Lomd
model PR27 illuminator Lhat was modifiad by variocus blus and
nsutral filters,

In order to illustrate appropriate developmental atagea,
certain ssctions wuere photographed with a Zeisa-Ikon casera
using Kodak, Panatomix X, F1135 film, Various sxposure times
were uged depending upon the magaification used and the

intensity desired.



ORGANCLOOY

This section includes a description of the normal stages
of devslopmant of the major organs, preseated in unit form for
each organ discussed, The sequence of development of each
organ is dascribed from initial appearance or organisation to
the stage of development as found at four or five days of age.
For the moat part this includes the major changes in each of
tho organs discusaed. Hot every organ of M. oparcularis is
discussed nor is any one discussed completely, Ths organs are
taken up in the following orderi braln, eye, sar, notochord,
heart, and gut.

The Brain

The brain is one of the first definite atructures to be
recognised in the developing emdryc. It progresses from &
primitive neural keel, through the formation of a large
allipsoidal rod, and on to a sequence of first opening to form
the neurccoels, then & subsequent cloalng of the neurvccels.
ds viawed in crosas section the ghape of the brain changes
from a flat, wedge-shaped kesl to an ellipsoldal rod, to a
triangular adult brain,

The neural kesl is formed of ectoderm on ths surface of
the blastodisec, laying along the long body axia. 4t 11 hours
(Fige 1) 1t is shallow but wide in cross section (5«8 cells

$
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deep). At the same time that the neural keel appears,
Kupffer's Vesicle appears in the posterior region (Figs. 8,
31)e At 12 hours the neural keel is narrower and deeper (12
15 cells deep). By 16 hours the brain has changed from a
keel to a solid ellipsoidal structure anteriorly, the anlage
of the forebrain (Fig. 3). The posterior region remains in
the form of a keel-shaped structure.

The forebrain ias a sclid structure at 16 hours, as
described above. The process of cavitation of the forebrain
is initiated at 19 hours, when a vertical slit appears along
the midline (Figs. 9, 10, 24). At 20 hours the infundibulum
appears at thes base of the diencephalon (Fig. &) and the
brain is flexed (Figes 3), expressing the pontine, apical, and
nuchal flexures. The optic stalk (diencephalon) is hollow
at 23 hours (Fig. 11). By 25 hours the epiphysis (Fig. &) is
formed at a point dorsal to the pontine flexure (diencsphalon).
at 35 houra white matter is found in the lateral areas of the
teslencephalon and diencephalon,

The midbrain follows somewhat the same time pattern as
the forebrain. It is a solid ellipscid at 16 hours (Pig. 25)
and is opened by cavitation by 19 hours when a vertical slit
appsars along the midline. The messncephalon develops a wide
cavity by 20 hours, forming the third ventricle (Fig. 3)s The
optic lobes (Fig. 2) form by cavitation of the mesencephalon
by 21 hours. By 25 hours the cavity of the optic lobes
widen considerably but are narrow again by 28 hours. Alsc at

28 hours the floor of the mesencephilon is very thick, and
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white matter is visible along the ventral part of the central
nervous aystem from the level of the ears to the posterior
region of the spinal corde. By 60 hours the cavity of ths
optic lobes have been dorsoe-ventrally reduced to mers
horisontal slits. By 90 hours (Fig. 19) only a small band of
grey matter rcnaina—surroundiag the neurccoel of ths midbrain.

While the forebrain and midbrain are developing together,
thes hindbrain lags its anterior counterparta. At 16 hours the
hindbrain is still in a stage between the naural keel and
solid ellipsoid mentioned above. The spinal cord is still in
the neural keel stage at this time. At 19 hours when the more
anterior part of the brain is cavitating, the hinddbrsin remains
solid, However, by 21 hours the braia is open throughout, all
parts having opeaed by the process of cavitation. The roof of
the mylencephalon is very thin, only one cell layer thick, by
25 houras 4t 31 hours it may be noticed that the [ourth
ventricle, which has been as wide as the prosccosl and
magocoel, beginas to diminish in diameter in the posterior
region of the myalencephalon. At 35 hours white matter may be
found ventral to the fourth ventriocle (Fig. 42} and the lumen
of the fourth ventricle is very small. The fourth veatricle
is noarly squeesed out of axistence by 48 hours (Fig. 25).

Ths white matter is visible Irom the level of the ears
(mesencephalon) to the posterior region of the spinal cord at
28 hours (Fig. 34). At 35 hours the white watter is lateral
to the telencephalon and diencephalon and is ventral to the

mesencephalon and rhombencephalons By 48 hours the white
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zatter has inorsased $o such a degree that it repressnts one-
fourth the area of the brain and one-third the area of the
spinal cord {in cross ssction). The white matter fills ongw
half of the brain area as viewed in cross section by 84 hours
(Fige 37)» Finally by 90 hours the white matter is more
abundant dorsally as well as ventrally sc that only a small
amount of grey matter may be found in the medial, mid-dorsal
area and surrounding the ventricles of the optic lobes (Fig. 7).

The brain is underlayed by a cartilage band {with central
vertebrae and lateral wings), the anlage of the brain case and
spinal column (Figz. 54)e & cavity exists between this carte
1lage and the now triangular brain (Fig. S4)s The brain has
aow undergons a change in general shape [{rom ellipsoidal to
triangular {in crosa section), By 84 hours all exfsting
naurocoels of the brain are mere slits and only & mideventral
cavity remains in the diesncephalon (Fig. 19).

The spinal cord follows the same pattarn as that set
forth for the hindbrain, The times of its cavitation (neural
canal) and closure are the same as for the hindbrain., Two
canals develop early as a result of the single neural canal
closing medially (Fig. 32). Later (Figs. 43, 45, 45, 47) the
more doraal of the cavities closes at the same time as does
the fourth veatricle (31-35 hours).

Boma interesting development in conjunction with
Kupfferts vesicle may be noteds Kupffer's vesicle (Fig. 8)
appears as a cavity at 11 hours uader the presusptive spinal
cord (a neural keel at this time). At 17 hours the vesicle 1s
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lined dorsally by columnar cells and veantrally by periblast,.
At 19 hours the spinal cord touches the dorsal surface of
Kupfferts vesicle (Fig. 31)e Kupffer's vesicle for socue
reason unknown to the author, siuply disappears at 18 hours.

The Eye

The aye first makea its appearance as paired optic buds
(Pig. 8), which protrude laterally from the brain (diens
ecephalon) at 16 hours. 4t 17 hours an optocoel appears in
each bud to form the optic vesicle (Fig. 9), which anlarges
during the next two houra., By 19 hours the vesicles iadant to
form the optic cups and the lens placode develops as an inward
thickening of the sctodersal layer at a point opposite the
center of the optic vesicles (Fig. 10). The optocosls persist
for a short time even though the optic cupas are now formed
(19 hours)s The lena remains attached as & placode {(Fig. 12)
uatil 23 hours when it is freed. Also 8t 23 hours the optic
stalk, which ia an exteasion of the brain, is complete from
the brain to the optic cup and is hollow (Fig. 1l1).

The retina grows until, at 33 hours, it ia bent arouad
the lens so that it ancirclea the lena sxcept at the region
of the cornea, Also at this time the texture of the lens takes
on & loose appearance, denoting the morphogenesis froz a
homogenocus mass of undifferentiated cells to individual fiber~
like cells (FPig. 6)s» The lens has the appsarance of three
lavinaeted concentric spheres at 35 hours (Fige 22). Pigment
first appears in the sclera at 37 hours (FPige. 13)« The retina

)
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at this time remaing unpigmented. At 39 hours the piliform
layer of the retina forme (Pig. 1l4) and four distinet layers
are visible in the retina (Fig. 15}t (1) inaner nuclear layer,
{2) piliform layer, {3) outer nuclear layer, (4) red and cone
layer, The optic chiasma is first seen and is couplete at 42
hours {Pigs. 19, 20, 21, 23}, The retracter lentis (Figs. li,
21) is evidenced at 45 hours as it appears a&s & continuation
of thb apiic nerve. (It later is differentiated as 8 muscle
although it appears to be nerve-like at this early stage due
to its position and origin), It is rundily visible from 45«54
hours and is visible in the early adult ssveral days old, but
becomes indistinct between S4 and 132 hours (the limit of this
study).

By 57 hours thae rods and cones begin to langthen, there-
by decrsasing the cavity betwesn themselves and the pigmented
layer of the asclsra (Fig. 15}« The piliforsm layer alsc widens
at 57 hours. The rods and cones complste their langthening by
60 hours and the now mors prevalent pigment zranules invade
the area between sach rod and cone s8¢ that the pigment seens
to overlay the rods and cones (Figs 17)s 4lso at this time
the iris starts te form and be pigmeated, and the cornea begins
to bulge outward (Fig. 17}, probably due to the formation of
the agueocus humor,

The iris is delfinitely well shaped and pigmented by 90
hours (Fig. 22) and by 108 hours the bulging of the cornea has
markedly increased. The only further change by 132 hours is

a sise increase.



The Zar

The ear develops as a so0lid triangle at 18 hours (Fig,
24,), as a result of the organisation of mesenchyme material
(neural crest material) which liss alongside the brain. A%
19 hours a lumen forma in the organised group of cells re-
sulting in the formation of an otic vesicle with walls of
uniform thickness. The triangle appears as an ellipsoid in
sagittal or frontal ssctions, with the long axis being parallel
to the long axia of the embryo, The e&r thins along the dorsal-
sxternal wall, sc that by 27 hours the walls are nc longer of
unifors thickness {Fig. &2). This results in a triangular
structure with a base thicker than the sides and tha top.
Enlargement of the sar takes place sc that by 28 houra it is
a comparacivoly large aingle chamber. The otiec ganglia (Figs.
26, Lh, 48) may be sean in Juxtapesition to the sid-ventral
surface of the otic vcniaio at 30 hourse. The ear at this
time is composed of two to three layers of cuboidal cells at
ites base, The side walls thin dorsally so thit the vesicle
has only one flattened cell layer at its apex. The
endolymphatic duct is first indicated as a pointed anterios
dorsal conatriction of the otic vesicle at 33 hours (Pig. 48).
In the ear thare are three maculae that function with the
lateral line. These matulae are cone shapsd clusters of
cubeidal cells, with the apex inward toward the center of the
lumen of the ear. These maculas appear at 39 hours and are
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located mid-ventrally, latero~ventrally, and midedorsally on
the inner surface of the otic vesicle (Fige. 35, 4Lh)s The
firet indication of chambering in the ear is at 51 hours when
a shell (Pig. 26) begins to form in the antero-dorsal area,
separating off the endolynmphatic area. The shelf is nearly
complete at 54 hours and is complete by 57 hours (Fig. 27). &
second shalf, at a right angle to the first shelf, quickly
followss four, at 60 hours, the ear is & thres-chambered
structure (Fig. 28). Thase three chambers may be dise
tinguished as the endolymphatic duct (antercedorsal), utricle
(dorsal chamber of the large part of the vesicle}, and the
sacculus (ventral chamber ¢f the large part of the veaicls).
By 90 hours (Fig. 29} the sar has walls of uniform thicknssa
one cell thick, and is & large structure rivaling the brain
and syes for space in the head. By 108 hours the shelves have
bacome thickenad to two to thres cell layers. 8y 132 hours
only sise changes can be sean to differ from the 108 hour
stage,

Notochord

During the early life of H. coparcularis, the primary
source of axial support iz from the notochord. Later, of
course, the bony vertebral column develops to give major
support.

The notochord develops from the mescdermal plate region
ventral to the central nervous system. At 16 hours the noto.
chord (Pige 30} firet appears as a small solid rod layiag below
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the posterier cne-half of the central nervous system. The
notochord is small (two to three cells in diameter), round
{in cross section), and aclid by 17 houra (Figs. 24, 41). By
20 hours the notochord changes from & rod composed of small
cells to a dorso-ventrally flattened ellipesoid of taller cells.
The notochord nearly reaches its charscleristic vacuolated
(Battle, 1944) appearance by 25 hours (Fig. 32), By 30 hours
the notochord is definitely vacuclated in appearance and is
round in cross section, rather than sllipoidal as it was
previously {(Fig. 33)¢ At 35 houra the notochord, in orose
seation, ias composed of three to four cells (Fig. L4) at the
level of the ears, but postariorly it is larger, being come
posad of five to aix cells (Fis.‘kil- By 39 hours the entire
notochord is composed of only three large cells in cross secw~
tion (Pigae. 54, 57}« For comparative sise of the notochord,
it may ba stated that at 48 hours the spinal cord and noto-
chord are the same diameter in cross sedtion (Fige 43).

The Heart

No indication of the heart as & gtructure occurs before
23 hours. At this time a bulb or short tube appears under the
lsft ey along the anterior margin of the yolk sac. This
unusual positioning of the early hoart is also reported in
Irighozaster trichoptaerus, another member of the family
Anabantidae, by Ingersoll (1953)s Two hours later (25 hours)
the heart has moved its dorsal attachment posteriorly, uloser
to the level ¢f the ears. At 29 hours the heart is cnly &
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tube (Fig. 34) bent anteriorly, near the juacture of the pre-
sumptive truncus arteriosus and presumptivs ventricle, so that
the ventricle hangs vontrad and the presumptive atrium extends
latsro«posteriorly toward ths extra~embryonic area. A4 very
slight thickening of the anterior walls of the tube ia
acticed by 30 hours indicating the truncus arteriosus and
ventrigle, The firet indication of differentiastion is at 35
hours, distinguished by the walls of the heart proper being of
uniform thickness and the walls of the truncus arteriosus
baing slightly thicker than the heart. Alsc at 35 houras, the
sxtra-ambryonic blood sinuses are still open to the atrium and
no actual valve exists between the atrium and ventricle. The
ventricle is & structurs of thicker walls than the atrium by
40 hours (Fige. 35)s Also at 40 hours the atrio~-ventriocular
valve is formed (Fig. 35) and the atrium 1s larger (distended)
than the ventricle {(compact)s At 48 hours the heart is still
linear (Fige. 36), definitely two.chambersd, but not folded
1ato an "3* ghape. By 54 hours the folding has started (Fig,
37), resulting in tha ventricle shifting from its anterior
location to a position ventral and postarior to the atrium.
Also at 54 hours the valve between the ventricle and truancus
arteriosus is present as well a3 the atrioc-ventriculsar valve.
At 60 hours the atrium overlays the caudal one~fourth of the
veatricle, By 70 hours the atrium covera ons-half of the
ventricle and at 84 hours thres-fourths of the veatricle is
overlayed {Fig. 38). By 108 hours five-sixths of the ventricle
is covered. No change is observed by 132 hours (four days
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post hatching). By 252 houra (nine days post hatohing) the
avrium cocpletely covers the ventricle from the eantrance of
the truacus arteriocsus to the posterior curvature of the
ventricle (Fig. 39). Ths final change in the heart develop-
ment may be seen completed by 324 hours (twelve days poat
hatehing) wherein the atrium not only covers all of the dorsal
surface ¢of the ventricle but alsoc overhanga the posterior

surface of the now bulbous ventricla.

The Gut

The first iadication of gut differentiation is noted as
a longitudinal thicksaing or swelling of the endodersal layer
below the notochord, This swelling is noticed in the poste
erior region of the embryc at 21 hours {Fig. 40). By 22 hours
the hindgut and midgut are solid ellipsoidal rods. The hindgut
and midgut are mors rounded by 23 hours (Fige 41).

At 26 hours the pharynx consists of solid wings of
thicikensd endoderm lateral to the central axis of the foregut
{Fig. 42)« The esophagus is a solid rod betwsea thepharynx
and the anterior end of the midgut. The next change ocours at
32 hours when the hiandgut and midgut open by cavitation (Fig.
43)s The escphagus makes no change at this time, and at 33
houre is visible as a amall sclid rod betwesn the posterior
part of the pharyngeal wings (Fig. &44). At 36 hours a lateral
split appears in the wings resultiang in the opening of the
pharynx (Fig. L8), but the eaophagus remasins solide A4lso at
this tize the anus cpens extersally but an "anal plug® remains
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at a position just anterior to the anal flexurs of the hindgut
(Pigs. 45, 46, 47)s The Wolffian ducts (Fig. 49) are open and
ready to fungtion so that posaibly urination may take place at
this time, 36 hours. The liver diverticulum (Pig. 50), oceurs
at 41 hours and ssems to be preferential in outpocketing to
the left, but cocasionally it outpocketa to the right. The
*anal plug" 4s still present at 41 hours (Figs. &5, 46, 47).
At 45 hours the esophagus may be ssen as 8 20lid rod extending
from the open pharynx to the liver diverticulum. At 46 hours
the "anal plug® 1s removed., The esophagus cpens at 48 hours
which results in ths gut being open throughout. The gut is a
straight tube at 57 hours (Fig. 51) but by 60 hours becomes a
coiled tube (Figs. 52, 55)« At this time the esophagus takes
on its characteristic villous appearance (Figs. 53, 54}« The
stomach distends at 69 hours to form ite usual snlargement in
the digeative tract (Pigs. 55, 56, 57)s The walls of the
stomach also have a villous appearance (Fig. $56). By 90 hours
the zut has increased its ¢oil a0 that in cross section thres

aeparate lumena may be seen.



HOURLY SUMMARY OF DEVELOPMENT

This section 13 & brief summary of major growth patterns
discusso& as they concurrently develop in periods of five
hours. Included in this section is a bdrief summary of acme
events not discussed in the section on organclogys
H -

Stages of clasavage.

The blastodiac is now large and flattened. The proceas
of epiboly advances the germ ring to cover one-halfl 0 two-
thirds of the yolk surface and gastulation continues to form
the primitive gers layers. iesoderm beging to free itaelf
from the ectoderm to forx the primitive blood cells. At the
close of this period the neural keel takes shape and is
Ilanked by undifferentiated gomites.

Hours Ji-15

The notochord (Fige. 1) begins to take shape as & solid
rod, beginaing in the caudal region and differeantiating cep-
halad to underlis the presumptive cranial region. The neursl
keesl forms along the widline of the gastrula first as a
shallow, but wide wedge, then despens to form a neat wedge of
nsural material with the apex of the wedge downward, (Fig. 30).

17
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, 162

The brain (Fig. 24) forms first as a large, solid, ellip~
soidal rod, then hollows by ocavitation (Fig. 9) forming the
metencoel and myelencoel. The optic buds (Fig. 8) push out
from the brain as solid balls avt first connected to the brain,
later becoming separate and hollow, The optic vesicles (Pig.
9) form from the optie buds by the formation of the optocosls.
The sar (Fige. 24) appears as a sollid cone organised from head
mesenchyme, Kupffor'a vesicle (Figs. 8, 31) forms in the
posterior region as an ellipsoidal cavity, lined dorsally with
golumnar cells and vunﬁrally with periblast, Later in this
period, the notoshord underlies the entire esbryc and pro-
greasively changes shaps frow a small, solid, round rod (Pig.
24) to a larger rod with cells more columnar in shape. Also
later, the infundibulum (Fig. &) lorms§ the mesoenel (Fig. 3)
widens greatlyg the brain bocomes flexed (Pig. 3)} the otic
vesicles becoma hollowy the optic vesicles begin to indent
{Fig. 10) forming the optic cupsj the lens takes shape as &
lens placcde (Fig. 10) and resains attached to the epidermis.
The tail frees itsell from the yolk, but the head region
renains attached.
dours 2l=25

The brain opens throughout its entire length. The optic
lobes (Fig. 2) cavitats in the metencephalon and open wide by
the end of this period. 1ihe myelencaphalon develops a very
thin roof, aad the epiphysis (Fige. 3, 4) forms in the
diencephalon. The lens (Figse. &, 12) becomes large and free
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from the epidermis. The retinal region of the eye is very thick
and homogenous (Figs. 4, 12)s The notochord beccmes mors dorsc-
ventrally flattened and the cella of the notochord become more
vacuolated (Figs. 32, 33, 40U, 4l)s The heart forms as a bulb
extending downward under the laft eye and later in this period
moves its dorsal point of attachment posteriorly and medially
closer to the ear. The hindgut (Fig. 40) appwars as & thicke
ening under the notochord during the early part of this period,
Later the midgut and hindgut develop as a solid rod in their
respective areas (Fig. 4l). The notochord is flanked by now
differentiated somites, (Figs. 32, 33)s The head Irees itselfl
‘from the yolk but remains in a very clcse juxtapoaition. The
extra smbryonic blood cells are very numerocus and aevidenced in
both the peripheral and subcephalic regions. Tha dorsal
finbud is just visible late in this pericd, The paired
Wolffisn ducts form ventral to the notochord and hollow out,
forming a very small lumen within sach.

The lumena of the optic lobas (Fig. 5) become reduced
{they narrow dorso-ventrally). The sar enlarges and thinas
dorsally but remains & single chamber (Fig. 41). The floor
of the mesencephalon develops to its characteristic thick
appearance, White satter is visible at the level of the ears
and extends poateriorly along the brain and spinal cord. 0Otic
ganglia (Fig. 26) form ventroemedial to the sar. The noto-
chord (Pigz. 42) completas ite vacuolation and is round in
eross section. The heart (Fig. 34) becomes a bent tube and
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thickens anteriorly, differeatiating the truncus arteriosus,
The midgut and hindgut resmain solid and the pharangeal wings
snlarge ventrad, giving the first indication of the foregut,
(Fige 42)s The Wolffian ducts and glomerulae are distinot and
the ducts extsnd caudad in a atraight line from the glomerulae.
The ducts Join posteriorly to enter the cloacal cavity which
is open but not complete singe the sxcretory and digeative
systems remain separatel the hindgut is still a solid structure.
The lateral line forma spottily aloang the midlateral epidereis.
The somites are segmented into aclerotomes (Figs. 43, 52).
The dorsal and ventral finbuds are distinct. antariorly the
nasal pite indent,
Hourp J1-35

The fourth veantricle and the dorsal region of the spiaal
neurclcoel begin to diminish. Yhite matter increases, occupye
ing the lateral region of the telencephalon and diencephalon
and the ventral region cof the mesencephalon, metencephalon, and
myalencephalon. The optic cup {retina) bacomes bsat anterice
laterally locking the now hetercgencus lens within its boundary
(Fige 13)e The ear delimits the endolymphatic region (Fig. 48)
by becoming pointad dorso-anteriorly. Cranial ganglia appear
ia the reglon posterior to the eye. The notochord extends cop-
hlad to a point antsrior to the sars. The notochord is now
3=4 cella thick (Fig. 44) 1in the region of the ears and is 5.0
calls thick in the posterior region. Due to the development of
the valve between the ventricle and the truncus artericsus, the

heart 18 now two-chambered (3ee Figs. 32, 39 for late view of
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the valve), The walls of the atrium and ventricle are of a
uniform thickness, but the walls of the truncus arteriosus are
thicker. The midgut and hindgut open during this period {Fig,.
43)e The pharangeal wings enlarge ventrad and the esophagus
develops as & solid rod posterior to the pharangeal wings (Fig.
bh)e The wmidgut and hindgut open, but a series of partitions
(Pigz. 51) make them appear as 1f they were composed of linearly
arranged compartwents, The anus (Figs. 46, 47) is now open to
the outside, An anal pluz (Fige. 45, 4#6) about 1 mm in length
is present juat antarior to the flexure where the gut bends
ventrad to exit at the anal papilla., The gloverulae are wmore
well formed {Fig. 49) and the Welffian ducts curvse laterally
in a question mark shaps. Posterlorly the Wolffian ducts eater
the clcacal ocavity, The lateral flabuds are just beginuing to
appear during this periodi the dorsal and ventral [linbuds are
much more distiact. Pignment occurs in the body lining in
scattered locations. (Das, 1927, reports that nc pattara of
pigmentation occurs until the embryo is 9-12 days old.) Vite
elline veins are evident asurrounding the yolk sac. The lateral
line is more prevalent, but it s still very spotty.
Hours 35-37

Hatehing takes place at this time (36 hours at 80°0F),

White matter way bs seen to forn the floor of the ues-
sncephalon, metencephalon, and myelencephalon, The retina
becomes laminated, foruming the piliform layer, inner and outer
nuclear layers, and the layer of rods and cones {See Fig. 1i).
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The aclers of the eye (Figs. 13, 14, 15) is now pigmented with
very dark purplish=black melanophores. The optic nerve is com-
plete from the brain to the eye, forming the optic chissma (Pigs.
19, 20, 21). The notochord is composed of three cells, in ¢ross
secticn, and is very small in diameter. Ths atrium and vente '
ricle of the heart are distinet, having definite differences
in their wall thicknesa {3se Fig. 36). The atrio-ventricular
valve (Figs. 36, 38, 39) is very evident at this time. Later
in this pericd, the atrium disteads while the ventricle remains
compact, The pharynx opeas in the mid-ragion but the mouth,
pharangeal wings (postaerier), and esophsgus remain sclid., The
midgut and hindgut are open &t this time., The anus is open to
the cutside, by way of the anal papilla (Pig. 47) but an anal
plug remains {(Figs. 45, 46)» The nasal pits are very evident
and quite deep. The lateral,(Fig. 49) ventral, and dorsal fin-
buds are advancing in sise. The lateral lins is atill formed
only in clusters along the lateral epidermis. Yolk is present
in the yolk sac.
Hours 4lw=4d

The neurcccals continue to decreass in volume, The optic
chiasmA ia very evident and alightly larger than ia the previous
period. It is late in this period aand sarly in tha next that
ths retractor lentis attaches to the medial surface of the lens
(Figs. 14, 19, 21)« The notochord lengthens slightly so that
it now extends anteriorly to the point of the pontine flexure.

The ear 1s astill a single chamber, though now it is very large
and thinewalled. The liver diverticulum (Fig. 50) appears as
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an ocutpocketing of the gut, at the junetion of the forsgut and
midgut. Later the liver enlarges and lies under the gut. The
esophagus is still not hollow, and the anal plug still persists.
The Wolffian ducts are now complete, sntering the cloaca bshind

the anal flexure. The mouth ias closed and yolk persiasts in the

yolk sac.
Hours 46-50

White mattar, though only ventral, occupies ons-fourth
of the area of the brain and one-~third of the spinal cord as
viswed in cross section. The neurocoels are now nearly come
pressed out of axistencs, being only slits in most cases {(Figs.
6, 7, 35, 37)e The spinal cord and notochord are of the save
diameter and circumference, Ths heart remaine a linear twoe
chambared structure {Fig. 36}, The gut opens throughout during
this period with the remnoval of the anal plug and opening of
the esophagus., Pigment becozes evident at the top of the brain.
The lateral fina now have central support of cartilage. The
gill arches form during this time and the opsrculum forms to
cover the gill arches (Fig. €). The nasal pits become nares,
opaning externally. The liver, now large, fills most of the
cavity below the intestinal tract. The firat indication of
the tongus rudiment forma late in this period,.
Hours 50-72 (Dayg 2-3)

The brain alters its shape throughout its existence so
that during this time, it takes a triangular shape (Figs. 6,
7)e The cavities of the optic lobea are mere slits (Figas. 6, 7).
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Cartilage, the forerunner of the braincase and apinal column
(Fig. 22}, underlays the brain and spinal cord. The layer of
rods and cones sxtends peripherally (Figs. 15, 21, 22) and
gives an appearance of being looaaely arranged. Aalsc during
this time, pigment from the seclera invades the layer of rods
and coes {(Pigs. 17, 18, 22, 23)s The iris forms, hollows,

and becomes pigmented (Figs. 17, 18, 19, 22)s The cornea be~
gins to dulge outward (Pig. 17) as it appesrs in the adult,
The ear changes from two to three chambers {(Figs. 26, 27, 28,
29)e The heart makes a major change during this time by be-
ginning to move into itas characteristic "S* ghape (Pig. 37).
The atrium movas dorsally to a position dorsal to the vente
riels. By the end of this time the atriun covers or overlays
one~half of tha ventricle (Fig. 38), The atrice-vantricular
valve and the valve bestween the ventricle and trungus artere
ious are both formed and completad during this time (Fig. 38).
The truncus arteriosus, dorsal &orta, and cardinal veina are
visible alsc. Vitalline veins are still pressat in the sumbryo
at this ages The gut is open throughout ag mentioned before,
but aiters its shape; it starts the period as a straight tube
(Figs 51) but lengthens (Fig. 55) sc that it is folded into
ecoils (Figs. 52, 56, 57) due to the restricted space. The
stomach distends forming a pouch in the tubs larger than the
inteatine (Figs. 56, 57)» The lateral line ia visible in the
region of the eys. Posteriorly a pair of tubes appesars in the
same position as the Wolffian ducts and connects to theam.
These tubss, however, are smaller in diameter and may bs the
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beginning of the mesenuphros. Various cartilage pgroups form
in the mouth, The gill archas and gill clefts which started
to form in the last period cosplets their development,

Only minor changss are noticed during this time. All
cavitiss of the brain are now mere slits, The brain fills the
head area and rivals the eyes for spsce. ¥White matter ancompass-
es one-half of the arsa of the brain (in ocross section), and
extends the length of the spinal cord. During the latter part
of this pericd, white matter may be found both doraal and vente
ral in thﬁ brain. Only a little amount of grey matter surrounds
the neurccoels (Figs. &, 7)« The pigment in the iris increases
and darkens. The curvature of the cornea increases. The atrium
continuas tO wove over the ventricle so that it now covers threew
fourths of the ventricls., Thae coperculusm progressss over about
three~fourtha ¢f the ares of the gill arches, The liver ia now
a largs structure occupying most of the body cavity arvund the
gut. Periblast and yolk may be cbaserved in various places even
at this late age, as late as 84 hours. The tongue takes de-
finite shape and can bs recognised as such,

- _ T l

Pigment which earlier invaded the layer of rode and cones
now covers about one-hall of each rod or cone (Figs. 22, 23).
The cornea beconss greatly bulged in comparison to the head of
ths embryo, The lens touches the inner surface of the ¢ ornea.
The shelves of the ear become heavy or thick in appesrance., The
atrium covers five-sixths of the ventricle., The mouth is de-
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finitely open, and it may be surmised that the gill arch-res-
piratory systea is functioning. The iris is completed aad pig-
nmented. The ear is a three-chambersd organ {Fig., 29), The
€ills complste their development. The operculum completaes
its development and assumes its protective pes;tian over the
g24lls. The lateral fins (Figs. 56, 57) have now grown to a
sigze equal to one-halfl the leugth of the bedy. The tail fin ia
not yst completely develcped at this time. The wolffian ducts
are now seall in comparison te the rest of the body. Tha
liver continues to enlarge. The yolk is completely absorbed
during this time.

Later, by 9 days the atrium completely covers ths dorsal
surface of the ventricle (Fige. 39) and by 12 days the atrium

overlaps the poaterior curvaturs of the ventricls.



TABLE 1

A tabular sunmmary, showlng comparative development of
certain stages of Dundulus heterelitus, Trichogaster trichopterus,
and Macropodus opercularis, The figures below each specles
represent the age in hourg for the corresponding developmsntal
stagea, Data for Pundulus and Trichogaster as well as the
terminology of the atages are taken {rom Hodges and Bshre

{1953},

Be  To 3
194 e 6 Blastoderm sbout one-half

ovar surface of yolk,
#iddle giatrula.
21 D 7 Blastoderm about two-thirds

over surface of yolk.

22 ——— 8 Blastoderm about throe~
fourths over surface of yolk,
— 7 % Germ ring forms.
23 -er 10 GEmbryonic sbield condensea
| to form keel.
——— 83 11 #xbryonic shield well formed.
24 12} 16 Optic vesicle first visible

as expansion of forebrain.

Large yolk plugs

27



3 o 17 Optocoel develops.

» - 18 Auditory placocde forma.
Optocosl connects across
brain.

35 a——— 19 Optie cup ferms, and lens
developa. Neurocoel dovelcops.
About 10 somites.

o 144-15 31-35 Body melanophores first appear.

84 —e- 37 Retinal pigmentation begins.
Urinary vesicle formed. Caudal
fia begins to develop.

90 ——— 41 Liver develops. Cartilage
begins to differentiate.

YN www ({84} Alr bladder develops.

20 wee  {(90) Houth opans, ‘ 5

264 22-24 3537 Hatching. Pigmentation of
bladder,

288 e 106 Yolk 1s completaly absorbed.

Notes The figures included in the parenthesia are out
of sequence with the hatching time as compared
to the others,



DISCUBSION

For the most part [gcropodus opercularis follews the

pattern of development referrsd te by most authors (Wilson,
18893 Mahon and Hoar, 19563 Battle, 194k) as the typical tele~
ostean dovoléhaont. The brain, the eye, the rpusculature, the
fins, the notochord, the gill system, and the operculum all
follow the typical pattern in Y. operculdaris.

The lining of Kupffer's vesicle by columnar ce¢lls
dorsally and periblast ventrally seems to differ from the
patterns estadblished by other fishes. Xahon and Hoar (1956)
report that in Qngorhyncus kets (Walbaum), the Chum Salmon,
Kupffer's vesicle is lined both dorsally and ventrally by
golumnar cells, theredy setting Kupffer's vaesicle off entirely
from the yolk and periblast. Another feature of KXupfferts
veasicle, as found in M. gpergularis, but not reportad by
authors working with other telecsts, i3 the coatact dorsally
of Kupffar's veasicle by the notochord and apinal cord. This
was found in conly a few specimens but may bs mors prevalaent
than indicated, since not all specimens wers sectionad
identically.

The typicsal formation of the telescat gut as raported dy
wilson (1889) and Mahon and Hoar (1953) is dy a process of
folding of the sntodermal lamella along the median line te forwm

29
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the bubuler gut. In Y. gpergularis the gut forms by cavi-
tation of a solid red., The first region to differentiate as a
solid rod i1s the hindgut., This is followed in turn by the
midgut, pharynx, and esophagus. The process of cavitation
follows the saus sequence but with a varible time lag, ®.g«,
the midgut i3 just beginning to differentiate as & sclid red
at the same time that the hindgut is hollowing out tc form a
tube. The hindgut and midgut do not open throughout initially.
Instead partitions exist for ten to twelve hours resulting in
compartmsnts along the gut, An asal plug blecks the entrence
of the hindgut into the cloacal cavity thersby allowing wastes
te exit frow the Wolffian ducts through the cloaca and anal
papilla to the outside,

The liver diverticulum in 4. opercularig buds off the
dorsal or dorso-lateral asurface of the midgut. This is simi.
lar to that reportad by Wilson (1889) for the Sea Hass but
differs from that reported by sahon and Hoar (1953) for the
Chuxs Salwmon.

The most significant variancs in devalopment of H.
gparcularis s the poaition of the devaloping heart. Ingersoll
(1953) has reported the same pattern of heart development in
Irichozastar trichopterus, another Anabantidae, as is found in
M gpercularig. The heart develops Tirst &a a straight tube
sxtending down along the aaterior margin of the yolk sac. This
tube i3 not aleng the mideline as it is in other telecasts, but
is laterad, under the left sye. Later the heart differentiates

into an atriuz and a veantricle. The anterior seetion
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(ventricle} moves ventrad and posteriad} simultansously, the
poaterior section (atrium) moves anteriorly and dorsally. In
final position the atriuz is in dorsal juxtaposition to the
ventricle and overlaps the postarior curvature of the ventricle.

The sar ssens to develop in a method distinet from the
ueual teleost, Unlike most telecets in which the ear develops
from a placode of ectodermal origin, the otocyst of [+ gpargue
A8rig originates as an organisation of head mesenchyne, parale
lel to the myelencephalon.

The ear develops first as a s0lid cone later bacoming a
hollow, thinewalled, single chamber. 3Still later the ear may
be seven as a twoe- then three-chamdered structure, conaisting of
endolymphatic area, sacculus, &nd utricle. The maculae of the
ear connect directly to the lateral line system which in .
QR¥rsularis is spotty and not continuous as is found ia other
teleosts. The character of spotty lateral line systez is found
throughout the Anabdantidas. The lateral line system may also
be found snterior to the ears in the region of the oyes.

In overall development M. gpsrgularisg follows the patterns
similar to I. trichoptarug. Howsver H. gpercularis has a
slightly slower rate of development, eospscially up to hatching
timse TABLZ 1 shows a comparison of L. irichopterus, Fundulus
heteroclivus, and M. opergularis. It nay De noted that a

variance of sequence of events occurs (those hourly markings
listed in parenthesis), eapacially for the air bladder develop-
ment, mouth opening, yolk absorptioan, and hatching time.



SUMMARY

The purpose of this atudy has been to dascribe the
development of the Paradise Fish, >agropodusg opercularis
Linnaeus (Perciformess Anabantidae), from cleavage to five days
post hatehing. Approximately one hundred and fifty embryocs
were examined, In the sestion Organology, tha brain, sye, aar,
notochord, heart, and gut wers discussed in detail from the
time and nature of origin to the condition ss found five days
post hatching. A& summary, in intervals of five hours, was
presented to show the ovarall picture of development. Included
in that summary were eventa of structures in addition to those
presented in the section Urgsnology. A table was presented
showing & comparison of certain features of the development of
Fundulus heteroclituas, Irichogaster trighopterus, and
dagropodus opercularis.

The patterns of development were discuased and compared
t0 other talaocsts. As & result of this study it was found
thatt

1. For the most part M. opercularig followed the

typical teleostsan pattern of develcpment, except
as noted below.

2. The heart develops under the left eye along the

antericr aargin of the yolk sac. This is

32
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be
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similar to that reported by Ingersell (1951)

for the Blue lourami, Irichoraster trichopterus

The ear develops from the head mesenchyme lateral

to the bdrain rather than from a ectodermel placods,
The gut develops first in ths posterior region
then differentiatsas cephalad.

It was also learnad thatt

l.

2.

No true bone exists in the skeletal system up to
five days of development post hatching at 8C°F.
The hatching time was 35-37 (36) hours after
fertilisation at B0°F,
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Pige 1 Age 13 houras
&n sarly crosssctional view of the neural keel showing
the undifferentiated somitea. 200X,

Fige 2 Age 21 hours
An early croasecticnal view of the lateral ventricles
and the telencephalon showing the thickness of the walls
of the tslencephalon. 400X,
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Pige 3 Age 23 houra
4 parasagittal view of the brain ghowing the epiphysis,
forebrain, and flexures of the brain., 200X,

Pige & Age 26 hours
A orossectional view of the brain showing the infundibu-
luzm, epiphyais, open neurocoel, optic cup deep, and lens
free. 200X.
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Pize 5 Age 28 hours
A view of the brain showing the optie lobes hollow and
an early view of the heart, 200X,

Pige 6 Age 60 hours
A lats viaw of ths brain showing the optic lobes as mere
slits, the operculum, and white matter dorsal and
ventral in the brain, 100X,
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Fige 7 Age 90 hours
A late croassectiocnal view of the brain showing the white
matter dorsal and ventral, neurocoel as a mere alit,

operculum, gill arches, and the eye. 100X,
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Fige 8 4ge 12 hours
A sagittal view of the very sarly sys as an optic bud,
brain solid, somites, and Kupfferts vesicle. 100X,

Plgs 9 Age 14 hours
An sarly crossecticnal view of the eye as an cptic vesi-

cle, and the early cavitation of the braia.
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Pigs 10 Age 19 hours
A crossectional view of the eys with the optic cups

indented and the lens as an attached placodej also it
shows the brain with the verticle slit (Cavitation)
initiating and the general ellipsoidal shape of the
brain. 200X,

Fige 11 Age 22 hours
An early erossactional view of the optic stalk, 200X,
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Fige 12 Age 22 hours
A crogsactional view of the eye showing the lens

attached, optic cup deep and curveds Also it shows the
open neurocoel and epiphysis. 2001,

Fige 13 Age 33 bours
An snlarged crossectional view of the oye showing th§
pigmant as it initially appears in the sclera, the lans
capsulated and laminated, the optic cup deep and bent,
and the retina a single homogenous layer, 400X,
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Fige 14 Age 33 hours
A crossectional view of the eyes showing the piliform

Y layer, retractor lentis, the four layers of ths aye,
white matter lateral in the forebrain and ventral in the
midbrain, and pigment in the sclera, 100X,

Fige 15 Age 57 hours
An snlarged crossectional view of the eye showing the
reods and cones lengthening, pigment in the aclera, and
the four layers of the retina. 400X,

§
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Pige 16 Age 58 hours
A crossectional view of the brain and eyes showing the
lens with a characteristic locse appearancs, the four
layers of the retina, pigsent in the sclera, white
satter lateral in the dieancephalon., 200X,

Fige 17 Age &0 hours
A arosaaction;l view of the eye showing the rods and
cones completing their leangthening, pigment starting to
invade the rod and cons layer, the four layers of the
retina, iris pigmented, and white matter ventral, lateral
and doraal. 200X,

#






Pig. 18 Age €0 hours
A crossectional view of the brain and eyes showing the
bulge of the cornea, white matter ventral, lateral, and
dorsal, the neurocoel as a mers slit, and the pharynx,
100X,

Pig. 19 Age &4 hours
A late crossectional view of the brain and ayes showing
the optic nerve complets, optic chiasma, retractor
lentis, white matter dorsal, optic lobes cloaed
conpletely, the four layers of the retina, pigment in the
sclera, mouth region, rods and cones lengtheaning, and

grey mattar only salong the neuroccel., 100X,
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Fige 20 Age 84 hours
An enlargement of Fig, 19 showing tha optic chiassa,
(the decussation may be seen upon close examination)
and grey matter surrounding the neurcccel., 400X,

Fige 21 Age 84 hours
An enlargement of Fig. 19 showing the retractor lentis,
optic chliasua, four layers of the retins, lengthening
of the rods and cones, pigment in the sclera, optic
nerve complete, and grey aattsr surrounding the

nsurocoels. 200X,






Piges 22 Age 90 hours
A sagitta. view of the eye showing the pigment covering

ona-half of the rod and cone layer, slight bulge of the
cornea, iris pigmented, four laysrs of the retina, rods
and cones long, mouth opan, and the lips. 200X,

Fize 23 Age 108 hours
A crossectional viow of the eyes and brais showing the
satrance of the optic nerve to the retina a braia, the
optic nerve in part between the sye and brain, the gill
arches, pitment in the sclera, the four layers of the
retina and white matter dorsal in the brain. 100X,
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Fige 24 Age 16 hours
A crossectional view of the head showing the sar
initially, the general ellipscidal shape of the brain,
head mesenchyme, the initiating slit of the brain, and
the notochord as a small solid red. 200X,

Fige 25 "Age 48 hours
A crossectional view through the myelencephalon at the
lavel of the sars showing the ears as a asingle chamber,
maculae, the pharynx open as a alit, white matter ventral
in the brain, notochord small and vacuolated, and the

neurocosl cloesing {early)e. 200X,






Fige 26 Age 54 hours
An enlarged crossectional view of the ear showing the
first shelf beginaing to form and an otic ganglion,
4CQX .

Fige 27 Age 57 hours
An enlarged crosasectional view of the sar showing the
first shelfl completed, thereby making the sar & two
chambered structure, also delimiting the endolymphatic
area., 400X,
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Pige 28 Age 60 hours
A crossectional view of the sar #s a thres-chambered
structure and also showing the cartilage base of the
brain, white matter encompassing one~<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>