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INTRODUCTION

This thesis is tne report of studies on the enby ic developnent
of the blue goursmi, Trichogaster trichopterus (Pallas). This fish was
szlected becavnse of the unususl sp with which it develops, and the

peeuliar wmarner in which the ewbryos are incubated. This study

essentiolly a description of the early orgenogencsis of Tals specles end

o, corparison of the developument of this znd other fishes as described

o

in the litersture.

The study of teleogt embryclogy has hecome increasingly irmortant
with the use of diiferent species of fish as experimental animals. Few
persons arve familiar with the development of the bony fishes beceause
this group 1s not generally included in college courses in ermbryology.

oxt books usually supply only a minimum of information concerning fish
ontogeny. Yet, &g a teaching tool, fish embryos are most ugeful in
clarifying certain points in the development of the vertebrates.

The embryos of seversl species of fishes develop at such a rapid
rate that during the course of & single laboratory period several
different siages of developnent may actually be observed in the living
specimens under the microscope. The size of most fish embryos is such
thet great mumbers mey be incubated in a minimum amount of space. The
fact that water is the culture medium and that most embryos are guite
transparent, mnakes it easy to observe them.

For example, the oripin of the heart structure is easily observed
in the developing embryo of the teleost. Colorless blood cells can
first be seen slowly moving across the yolk surface in 2 brozd ine

definite peth. As differentiation continues, the cells wove faster znd
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z. Lvenbually, bthe blood cells show

the blood paths which comnect to the

chserved in most fish embryos.
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Toe development of the brain i

The constrictions 2nd {lexures which separate the reglons of the brain

can ezsily be seen and studied os they form. The tsleost embryo does not
chiibit the embryonic membranes, such as allantols or amnion, wiilch

are found in the chick embryc. This lack of membranes allows the

specimen 10 be wnore easily ocbserved. However, & transperent chorionice

- pgr shell encases the embryo of rost species, and 2

"fertilization membrane” is formed a{ter the sperm penetrates the un-
The speed at wiich scme fish embryos differentiate is another factor
cwhich mekes them an excellent teaching and research toole. Where else
can one find a yortebrate that will develop from fertilization of the
ovurl to hotehing in as little time azs 22 or 24 hours? (Dadyburjor, 1951;
The proiblem of ontogeny has long been a little~understood phienomsnon

WUwv persong down throuph the centuries have been concerned

with the development of variocus embryos. Perhaps with a more comprehens

a

sive knowledrs of £Ish embryolory another link could be added {o our
cizin of informstion zhout ontogeny.

The ermbryolosical szud larval development of many species of fishes
128 been observed and recorded. These studies have included both fresh-
water and marine forms. Most of these have been of interest bacaunse of

thelr economic lmporisnce. In general, the development of all teleost

so far described is similer to that recorded by Wilson (1889) for the
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sea bass, or by Solbherg (1533) and imer (1937) for Fundul

heteroclitus (Limesus). lowever, eachh specics has its ows rzate of

development znd ezcn has certein pecullarities in the maoner in which

organorenesis cceurs. Beceuse of the similerity in peneral sppearsnce and
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crogss development of most teleost embryos, much of the detel

veriabion in the sequence of morphogenic processes have been over-~looked.

&

e grouns found in the bony fishes includes the so-called

hes or the bubble nest bullders. These are oi special

the epgs are kept at the surface of the water during

their developmenti, (either due to epg structure or to support of the

Ao

of thelr speed of development. How can this

-

]

rapid development be brourt sbout? Is there any modiflcation of the

differentiation in order Lo permit such a fast develop-

in order to zngwer some or the above questions, the blue gourami,

Trichopaster trichopterus (Pellas), was selected for this study. One of

the reasons for tuils selection was 1ts umusuelly roapid development.
Only some 2L hours of incubation are required for the embryo to euerge

from the chorion. This is one of the most rapld embryonic developments

known among the vertebratos.

The evidence as presented in this peper shows that the embryos of

4.

Py -

the tlue gourani, in generzal, follow the developmental paitern as de-

scribed for otier teleosts. The more rasid

[

rate of cell division appears

o he the best explanation for the exceptionally fast morphogenic

activity. Other differences peculisr to this speecies or at least not

gescribed in the litsrature available are presented.



LITERATURE

The erg s have Leen opserved since man first begen

However, most of the available detailed de-

scrintive studies nhave besen made since the latter part of the nineteenth
centurye. As & group, tie teleosts follow a typlcal pabiern in their

norphogenesls; toere are wide varistions in the details of the

nogenesis of the individual species.

«

One of the important descriptions of the embryology of a bony fisk

cribad in detail the developmental

is that of wilson (1689),

stages of ine sea bass, Serranus atrarius (Linnscus).

fose
i
fan

N 1
The sea bass 13 &

ine fish snd one of several thiat spawn
sreet numbers along the Atlantic Coast. The eggs are pelagic and
measure alout 1 mw. in diameter. They require spproximately 7% hours to
develop Lo the hatehineg stare at a tewmperature of 15.59 Ce  This in-
cubation period is reduced at higher temperatures. Tie embryo is
surrounded by an egs membrane or chorion which is very thin and horny.

T3

in the volk, but near the surface, is a singlec oil globule,

wileh is

The fornation of the periblast of the sea bass is deseribed in

detalil Ly Wilson. NMueclel are derived from the

blastodisc, and miprate into the periblast protoplasme Eventually the

nucled multiply, move into the central peribilast. The perivlost is
thoughit o haove the phyeiolopical funection of a2iding in tue sssimilation

of the yolk material.

the weriphery of the Llsstoderm bepin 2 centripstal

srowth or invepination. This growth is most rapid at the point corres-

ponding to the dorszl 1lip of the blastopore of the swphibians, The



rened mass around the yolk, formed by ithese in-growing cells, is
known as tne persm ring. The blastoderm contimues Lo grow and encloses

the yolk. Ae - of the blastodera of

£

of the blastopore

remoins 2 fized point, while the anterior wsrpin and lateral margins
travel around the yolk mass.
iringe the encirclement of the yolk Ly the blastoderm, an area

becomes merked off in the reglon of the posterior mergine This area is

neped and thicker than the surrounding blasto-

- movement of cells into the area,

in the region of the dorszl lip
of the blastopors. This is known as the embryonic siield and develops
intc the embrvo proper.

the early stsges, the sctoderm over the emcryonic shield becones

greatly thickened in comparigon to the exiras-enbryonic ectoderm. Along

cgning feras the naural keel, which as 1% prows deepns

e¢5; until finslly, there

into the thin eectodernal

paent continues, the keel hecomes constricted from the

surfece sctoderm. The cells tend to line up in two perallel rows which
separate to form the neural canal. Thus, the formation of the brain

5

cavities, optic saces ond the cenlral nsursl

is zccompiisied

delamination in the teleosis rather than by folding sas in the hisher

e nanral coord has bepun to form in the truvik resion,

toe Tormation of the novochord and the secondary leyers has slso
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commenced, thus aiding to the thickening of the axial line. The nolo-
chord avnd mesoderm, sic. iorm first in the posterior rogion and then
nroceed foreward. When the entodermal layer is completely established,

1

the notochord has essumed its vltimate shape, that of a cylindrical rod.
The cells wilen make up the chords become flattened antero-posteriorly,
and spread out in the transverse plene, These cells tnen become
vacuolized, urntil st hatching, the protoplesm of the rotochord cells

is reduced to & tuin peripheral layer around a central cavity.

~ilsonts work is one of the most compiete studies on early teleost

embryology, and bas become the classical pattern for subsequent investi~

Thers is a great deal of varistion in the degree of differentiaticn

PARRY

of the different species of teleosts at certzin stages of development,
ie.ee cleosure of the blastopore, hatching, etc. Wien the germ ring is
at the equatorial position in the sea bass, the embryonic shield is just

Leginning to be visible as a trisngular tidckened arsa and has moved

only slishtly in an anterior direction. AV 2 similar stese

c
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pogition of the germ ring, " tie pointed-nesed sole,

Parophrys vetula Cirard, has lengthened until it extends half way around

the «OTk (fudd, 1950). Unce past tais eguatorial position, the rerm ring

ichi remains stationary, wnile the

o

anterior edee of

ring draws away from the

by
C;,
G

1.3
[Vt

@

end of the eribryo.
After completely encircling the yolk, the germ ring pinches together
ond closes bhe blestopore. The cells of the rerm ring make up part
of the cavdal nass,

The pointed-nosed sole has a transparent pelagic ecp with a

diameter of 0.9 mm. Hatching oceurs aiter 90 hours of incuhation at
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13,09 ¢,
Tudd (1940) has contributed the descriptions of the embryolosy
of five other California {ishes:

1. Pleuronichthys verticalis Jordan and Gilbert, the sharp-rideged

turbot, has a2

~,

e
Fat

pelapic erg of 1L.07 mn. in diameter. The chorion exhibltbs
a hexagonel pallorn that exbtends throush the entire thickness of the
membrane, Hatehing oceurs in 85 hours at 13.58° ¢,

2+ Pleuronichthys decurrens Jordsn and CGilbert, the Cslifornia

turkot, has a pelagic esg of Llobl mae in diometer. The perm rins forms
a tight band around the yvolk causing a marked constriction. The in=-
cubation period lasts one week at a temperature of 13.3° .

3. In the mottled turbot, Pleuronichihys coenosus Girard, the ecgs

)

heve a dismeter of 1.08 mm. They cont

A

shleld never atteins any great sisze,

centripetal grovt“ ont the part of the ferm riung.
not tazke place to any extent until after the closure of the blastopore.

Twelve days of incubsz twou are recuired for hetehing at o temperature

e Artedius loteralis (Cirard), & tide-pool cottid, has a demersal

a, >

erg that sdhersg firmmly to the substrate. Demerssl egps are heanvier than
water and fall Toward the bottom. The averasze size of -A. Leteralis eges

is 1.07 wm. with muach variation in the individual diameters. There is

single larze oil slobule which is colored a light cherry red.

I

“ter 73 hours of incubation, whick is pro-

&)
bedy,

upffer's vesicle appears

portionately later in appearing than the » already wmentioned,

wiiieh Kupifer's vesicle is formed by the time the hlastcgore closes.

at & temperasture of
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rom the chorion. Difficulties

N

characteristic of embryos Ifrom pelay pes, such as errvatic swimming

snd the inebility to maintain an upright position oceasioned by the

- 3 il

yolk mass, are not exhibited.

s

large amount of unussed

L

=

.

S. (linocotius enalis (Girard), anciber vide-pool cottid, has s

brownish yvellow ers of 1.30 mie in diameler. Several large oll globules

and scalttered groups of small ones are always present.  flatching occurs

o N . P s - U e
after 2L=30 dsys of ineunbation at o temperature of 15.57 C.

'L

The literature on the embiryology of other Pacific {oast fishes

"

includes the description {Bolin, 1930) of the lebrid fish, Oxyjulis

1
californicus Cunther. %he ergs of this specles are spuericzl, pelagic,

@

eng heve o dlameter of 0.7k to 0.79 sm. Thesc eggs coniain o single

RS P

large oil slobule which is colored orange-pink. This color is uwnusual
in fish epps and is therelore a valusile diagrositic character.

The gern ring is well differentiated in ten to twelve hours and
Kupifer's vesicle appears when the germ viano forms an eruatorial belt
&n unusualloccurance was the presence of two Kupifer's vesicles in about
509 of the specimens observed by Soline

The embryo emerres from the chorion after about LI hours. This is

.

the least time reciired for incubation of eggs, from the tiwme they are
lzyed to hauching, of any species described from the west coast.

The embryology of the Pacific mackerel, Pneumstophorus diego {Avres),

was deseribed by Fry (1935). The unfertilized ovum of this fish avorages

pt
L)

Q
X2

. in diameter. It containg & single larpe oil globwle which is

3

across. The periviitelline space is very narroy and may be

(933
=
pash
”

o

.25 mm

s

asily overlooked. Jlack vigmenteation appears soon after the embryo is

()

3
o

ggmented, Yellow pigment ig present after the lens of the eve is

7. )




vhed witt melanon

3

A eult to tell from

is a cellular regbrane around the oil

globunl:y in wirich the p

form a2 network on tie suriacse of the tiis species

ocours afier some BO hours of incubztion a2t o tenperature of 10.5° 0.

Although we say ithat the teleosis follow a typical pattern of

gmoryoiogical development, the ssme order of procedure is not foilowed

Ly all of the individusl species in the differentiation of certain
structures. #For example, the ma:mer in wiich the gern ring envelops the

yolk mase has been descrived in two different ways in the literature.

lson deseribed c pole or dorsal

Yip of the blasiopore as remaining in & reletively fixed position and

 pivot for the remaindsr of the rerm ring. Tudd (A9L0) de-

o
o
Cy
|
o]

73
o
mn
ax]

scrived the sane procezdure for the germ riug wmigration of Parvophrvs vetvle.

(1947)

(1938}, sed Tavolsa and Rugh

that in some species 41 lips of the Llastopore meve down-

ward over tie yollk, slthouch tne dorsad lip wmaoy be someuwhat retarded in

ryo, Coregonus clupeaformis (Uitchill), the

vains no fixed

P

developaent of widch was described by Price (193L), con
0il globules Ly which the relative positions of the germ ring can be

Judged. It was concluded, however, that the closure of the blastopore

in the s ish occcurs in tiie same nanner as in the sea bassy but a

.

siight backward growia of the dorsal 1lip was recognized. Price pointed

cut that slthouph Wilson's stotement is to the contrary, his figure 38
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stigws the posterior morgsin ehtly closer to the oll globule thau the

&

e?r‘ler stage of figure 36. Thus the closure involves epiboly of the an-
terior or ventrel lip, 2ided by concrescence and a slicght backward
growth of the dorssl lip.

The whitelish embryo, Coreronus clupeaformis (iiitchill), the

h was described by Price {193L), contains no fixed oil

o3

the relative positions of the germ ring cen be judpged.

It was concluded, however, that the closure of the Llastopore in the

whiteiish occurs in the same nanner as in the sea bass; but a slight
backirard growth of the dorsal lip was recognized. Price pointed out
that a2lthough Wilsonts statement is to the contrary, his figure 33 shows

the posterior margin slightly closer to the oil globule than the earlier
sbage of fimure 36. Thus the closure iavolves epiboly of the enterior
or ventral lip, ailded by congrescence and 2 slight backward growta of
the dorsal lipe.

The unfertilized whitefish ovum has a dimmeter of 3.0 mm. There is

a collection of oil droplets at the animal pole. Since the egess are

the vater is very cold, the embryo develops slowly
and requires 2L hours Lo reach the eirhte~cell stage. The closure of the
blastopore occurs in 22 daye and four hours at a2 resn tenpersiture of

3.0° 0, 4t this time the ewbryo ig clearly outlined and lies in

[

streight line over the curvature of the egge A1l three primary cerebral

and the paural keel lies deeply embhedded in the

o g v o

soites as well as the notochord have differe

Y

i1te maximum development. As

]
,_J'

tlated. Kupifer's vesicle nhes reached

compared with other teleosts, the embryo of the whitefish iz well

47}

tine the blastopore closes
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ation, most of the organs of toe whitefisnh

hove formed. The full mumber of somltes zre present and the =yes, nose,

4

and ears are advanced beyond the vesicular stages.

incubsation period is token up with pgrowith and development of the organ

primordia whlch wern

stntes, Yin the pr

at winter lake tergeratures
Ancter fish, the embryology of which shows ¢ downwverd novement

of the dorgel lin of the blastopore, is Funduvius heleroclitus. Paases

of the embryology of this fish were described independently by
Oppenheimer (1937), Jones {1939), and Soluers (1930}

Solberr (1933), described the germ ring of Fundulus heteroclitus és

growing over the volk to the ooposite side from which it storted. Jones

{1937), stated, “Wwilson's conclusion that the posterior pole or tail

end of the embryo vemolns a comparatively fized point, does not seen

.

uet

s

fied in the csse of I's heteroclitus.” Vhile the oil droplet is

L

congistently lateral to the embryonic axdis, it is eventuslly covered by

the downwerd growth of the posterior embryonic shields The ol

'.‘J
joh
i~
©
[&]
‘.._J
o
ot

nay retard the downwerd progress of the germ ring, but it is completely
enclosed before the formation of a distinct blastopore. Thus, there is
racosnized a posterior as well as an anterior epiboly.

neteroclibtus have an average dlauneter of 2.0 out.,

and are coverad by a thick chworion irom wiich nrojscts adhesive strands,
When incubated at & temperature oi 25° C., the embryos hateh in cleven

npenheiner {1937), and Solberp (1933) both describe develop-

o

mental stages of F. heteroclitus so that they may be used for com=

parative purgoses in experimental studies.
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The embryology of the gizzzrd shad, Dorosome cepediamum Le Sueur,

has zlso been described (Warner, 19:0). figh has an epp thab is
0475 e in diemeter. The chorion is o

rzached in one Lour, ond hateildns tekes place in 36 hours at 2 tem-

Sy

hours. A slight backsard growth of the dorsal lip of the blastopore

tokes place durine gostrulation. One feature, peculiar to this fish,

Y

is the lack of plgmentation at hatching time. Even the eyes are devold

&

nt until three deyvs after hatching.

Incinded in the group of fresh-waler Ifishes, the embryology of whlch

has been studled, 1 the common gold fish, (

Cyprinid bas o spherical, peley, cream colored erg witn a dliameter of

1e25 mm.  Tioe surfeace of the chorion is of a mucilaginous nature allowing
the eng to adhere to plants and other objects. Development is typical

of the teleosts. The brain is clearly visible and optic vesicles arve
partially differentiated by the time the blastopore closes. The heart

5

appears on The anierior surface of the yolk sac af

[N

incuk nou

tion. Hatehing oceurs in 7 rs at o temperature of 259 C., but

may not occur for as long as 1l davs at lower lLomperabures.

hnother f£isn of the fresh-water group is the bridled shiner,

"

o
Lor]
o
o
o
D
Ul
O
W
-
®
&

totropis bifrenatus {(Cope), the embryology of which has

by Harringbon (19L7)e. The eggs of this minnow are sphericsl and demersal,
and vary from 1.0 mm. to 1.5 v in size. The blastoderm completely

envelopes the yolk before even the rudiment of the embryo is visiblee

This represents an extreme contrazst to the whitefisn, wiulch is well

differentiated at the time the blastopore closes. llatciring in M.



13

vifrenatus oceurs after £6.5 hours of incubation at o tesperature of
23,09 ¢.

" < : FAY
The embryology of the 11Wﬂ€ wuth bass, Huro salroides (Lacépede),

~

was describved by Carr (19:2). The eggs of this fish are dewersal with

3
i
m

verage size of 1.60 mm. The eggs are hatched after L7 hours of
development at 239 C. to 26° (.

L) 1.

The eerly emoryology of the gebra fish, Brachydanio rerio (Hamilton),

3

was described by Roosen-lunge (1938). Iluch of his description was made

Fa)

from & study of specimens he had recorded on {ilm. A sepecration of the
srotoplasm from the yolk begine when the cell first takes up water.

m

ihis action ceases just before the first cleavare takes place. After the

sgis another separabion process coomences. This consisis of a
= of the ?TOFODl?SZ through the yoik toward the blastodisc. At

a counter st:an i protoplasa is moving toward the vegetal

Some descriptions of early embryonic stages have been made by Foore

(19L:L) on the minnow Notropis girardi Hubbs snd Orienburger. Although

the c¢leavage stages were not cbserved, many
were obtained. These developed to hatching within 2L hours after being
token from the river. The eggs sre transparent and are 1 mm. in diameter.

At hatehing time the erbryo hes a large yolk sac wiich ie usuelly absorbed

in tihree days. After the yolk soc is absorbed, the larva can swim

e
[
P2

horiszontal position,
While wwst work on teleostean embryology has buen done on egg-laying

species, tie

gy of the live bearsr, Platypoecilus meculatus

\ . . R .
Guenther, hes been desceribed by Tevolps ond Rug a {(1947). Tavolsa =nd

~

Hugn gtate, "the platyfish is a truly viviparous fish." It is used ex-
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ard cancer researche. The ovun averases

arrenvement snd number varies with

&
f=ts
=3
»-.(

ot readily ouserved, b Toe compect
shideld is formed

Lakes place principally in the posterior

k!

repion or dorsal lip of the blastopore. Thus the head of the embryo
develops at the oririnsl position of the ewbryonic shield. This de-

~iption 1s in direct opposition to the anterior growth of tiae embryo

garm ring that oreviously wmentioned suthors heve described for

The pletyfich develops M;h:a*cfb“WOdlc rembranes not found in mos

loped extensively in P.

it folds over and covers

cne-fourtin of the e it presuns

In the regression of this slructurs a towmporary neck strep is formed.
The mechenism of over growth of the plotyfish menmbrene is essentislly
tie same as tiat in the axnion of reptiles and birds.

Uhdle working on other probvlems involving the use of fish embryos
the ewmbryology or order of orgenorenesis of thie species concerned have

baen described by scversl autlbors.
Such a deseripilon was made of the embryology of the cottid fish

Clinocovtus recalvus (Greeley) by Morris (1951). This fish hes an

[
&2
e

£ 1a32 mm. o

svarase ecg si

©

o
i

&5

ranging betwsen 13.0°9 €. to 185.0° ¢.

wee 1o sizs and is ool surrounded by 2 cherion. Several oll drople

1 hotcues in 19 to 20 days at s temperst

pern ring.  As gastrus-

muatrition Lo toe embryo.

kS
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Y

he Dandlo wes made by

Coff (19h0).

By stodying the daserdptions of the esbryonic developrmant of the

ot

verions specles, it is observed thet telsost enbryolopy, in senersl
i3 2 . 2V 3

sl mebtbern tub individusl variations wnoy he very
sctual or only proportionzte
ok

dirfersnces due to a difference in the tire redquired for the differen-

tiation of the exbryo, needs further study.
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BATRIALS AW

The blue souremi is an exoltic fish belon

cwo varietlies

+

el usins the nome Trichosaster trichopterus. They are the blue

gouresi and the thrge-spot pourami. The blue souraml was the varieby

used in these studies. Fighes in tne ovder Labyvrinthici are character-
ized by the presence of an auxiliary bresthing sppearatus called the

e L
aptaetion enavles

e

A

c}‘,
[
o
s
43
s
(]

lebyrinth. This ad 0 obwain oxygen directly

i

from the atmogphere.
The fish which were o furnish embrycs in tids study were purchased

as adults from a locgl troplceal fish retall storve. While being cotie

U’

ditioned for spawning, the sexes were kept in separate tanks. A

A

temperature between 22° €. and 26° C. was mointained For the conditioning

of the adults. Usuolly a femsle wou avle to spawn every two or

three wesks. The ropidity with which the spswnings could taPe place
seemnad o depend on food conditions and temperature. A& generous amount
of live food wos supplied daily. This consisted of chopped earth worms

k3

or eultivaeted white worms. In addition repared dried foods such as
> p fs

shredded ghrimp, driesd and mixed foods were offered. Approx-

imately 500 ergs were discharged st ecach spowning. Two or three femele

-

Tish were used alternately, while one ¢r two males provided an shundance

Enbryos were sscured for study by two metuods~-natural spawn

o '1)
o]
[o5)

17, For natural spowning a paly of adult fish were plzced in &
five gallon tenk. This tark was prepared in acdvance and contained

sbout seven incihies of water v ich had been aged long snougn for the



ere neseded. The

h

nale, hevins constructed 2 hubble unest, would drive the female beneath
it and spawning would cceur in the mamner characterigtic of the
seed in the {loatving bubble nest

esily witn 2 pipetie. After

finger vowls and incubated at

& temperature of 23° C.

Light seemed to be a very imporiant factor in stismlating the
spawning process. On two occasions ovulation was induced ab night when

artificial ligntls were turned on.

Tiro to three nours 2re usually wired for o pair of fish to

complete a sparming; consequently, there was considerable voriation in

el

the stage of developnent botween the esps discherrsed abt the beginnin

7
o

P

Qo
ot
ot
ey
b
o
!2’)
ﬂ)

pawning period and those discharced last. To overconme this

disadvantape, & siripping technicue was employed. The same general

Fy

procgdure was used a5 described above for natursl spawyning The {ish

[t}

twyo clasps at whilch time a pipette was
g 5 emall guantity of water was removed

This was done in order Lo secure

an

iescharged into the water. The female

[#]

ed from the tark and held ventral side up in wet hands,
With 2 gentle pressing movement of the thumb and forefinger, starting
anteridrly and proceding posteribrly across the zbdomen, esgs were

extruded. The wvantral surfzce of the female was then dipped into the

sperm cherged water where the egrs floaied away. This method resulted
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in as high a vercentare of fertilized egps as were obtained from a
natural mating.
The male was sirigped for sperm on sowe occasions. This was done

by turning the male ventral side up and applying pressure with the thumb

renital pore. The suceess of this cperation was very doubitful since

1

thers wa

[6]

;

T never any visille evidence of obitaining sperm ss would e

ndicated oy tne oppearance of a silky colored seminal fluid. The

(=1
Q

jjo

resence of the genital fluid in the male gourami

N

white line between the mus and genital oore as in the Fandulus

heteroclitus (Jones, 1937). Decause of the atandence of sperm in the

water under the nest after & few claspinegs, strippianpg of the mele is

not gbsclutely essential,

Stripping of the femeale hod some advantages over notural spaming.
It allowed unfertilized epgs to be cobtained for study end photographic
purpceses., The stripped eggs could 211 bhe fertilized at approximately
the same time, and this resulted in more uriformity in the development of
the eggs of a single spawning.

1}

Photographs were taken with s Leica camera using a Hicro-Ibso
attachment on the mieroscope. Illumination was providsd by a BHausch and
Lomb yibbon filament lawmp. Bestmon's Panstowic X film for the 35 zme
camera was used. This ie o fine grain Iilnm egpeclally ussful in pholo-
plerographye. Wratten color filters were very useful in photographing
certain structures such as the hesrt and eirculatory system.

Photographs were made of live empryos at five minmte imbtervals for
the first two hours efter fertilization. After this psriod they were

riade at nealf<hour intervels until hetehinr.  Since development is,

centinous through bolth d

and night, a gtudy of this kind regquires a



bt

\G

congidersble amount of patient watching. Two spawns were observed coq=
tirmously from ovulation to hatching, and specimens were collected and

%

fixed at regular intervals (30 wminutes) for later study.

)

observed, compared gad photosrspheds To date, several

-

hundred photogrs nave beern made of the ewbryology of this fish.

» P [ s
A series of tiue-lupse photogrophs wes made using a Bolex 10 rm.

cemera with a time-lapse atitachment. This series of piciures was very

o~

useful in determin’ the time of cleavege. It rpove an acocurate record

of tine necded before various structures were formed.

4 < N

785 ussiul when photographing and studying

wré
‘—;

The phase mlcrorsoove

1 )

early cleavage stages; however, the phase sdcroscope was noet effective

s

e leter stages of development; nor was it

s

on vhetidcker speeimens in -

J..

eifective with objectives lower than 10 mm.
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“CTTAL STAGES OF ToE HLUE GOURANT

STER TRICHOPTH

Althoug an embryo 1s o continuous process, it is

convenient in tudy of this kind to analyze the development inte stages.

i
60}
¢

The description of the embryoclogy of the blue gourami, T. trichopterus,

7 stares. These descriptions have

ae

6]

has been arbitrarily divided inte
been made at times when easily wvigivle changes m@nv oceurel; le.€.,
cleavage stages, germ rins, heart formation, circulation, etec. Eepre-
sentative photographs have been included to illustrate sach stage.

incubation was av 23.07 C. snd the spproximate incubation time i1s

Stage L. (Pipe 1) Unfertilized e:g.

he wifertilized enps of the vlue gourami, T. trichopterus, are spherical

in shape with s#n average dismeter of 0.71 mm. fThey are z pele
color snd may easily be overlooked in the water. They are pelasic with
a specific eravity less than that of the water.

Three distinct rerions are readily observed in the unfertiliszed
esgs,  Uppermost is tne lerge, nighly refractive oll droplet anprox-

imately <22 t0 .20 mme in dismeter, W‘ch is embedded in the heavier

volk materisl, The yolk makes up the second ares end is glirhtly

£y

Tlattened on the side opposite the oil droplet. The protoplasm is
coilected on this flet Jcnel ide forming a cap. This is very different
Irom the unfertilizced ova described for other telecste, In the sea bass

tite protoplasm covers the yolk in 2 thin uniform layer and

it one pole after fertilization. The "streaming'” of the proto-

ve observed as this movement occurs. 1In Fundulus heteroclitus

o
‘..J
,‘}
2

{8olberg, 19333 Oppenheimer, 1937) the same phienomenon cccurs. The



2

rotoplasn occupies a uniforn imperceptavle layer surrounding the yolk.

o

e,

. i

Only afver fertilization does it collect at one pole to form the
blastodisc,

‘rom e female

L]

In 7¢ trichopterus, the unfertilized epps stripped

siiow this protoplasnic cop already collected on the side of the yolk

te the oil droplet. The first step in its rapid ontogerny is thus

Stare 2. (Fig. iy

) Fertilized ovum, Incubation time O mivrutes. After

(pe]

ge can be seen in the egg. Since the

& # .

fertilization no immediate

2

cted into a cap, the "gireaming" eifect observed

protoplasa is already colle
in the sea bass (Wilson, 1389) does not occur.

Prior to the first cleavage, the blastodisc changes its shape with
the cdges becoming more abrupt. A thin protoplacmic layer, extending
from the blastodisc, encloses the yolk.

The twowcell stzre. Incubobion time 30 minutes.

first clesvage is comolete approximately 30 minutes after fertili-

Yo This is & meridional cleavace which divides the hlasto~

disc into two ecual blastomeres. The blagtomeres are la
roundec. They are completely formed within four minntes after the Plrst

furrow appears.

h-11) The four-cell stase. Incubabtion time Ll

o

minutes. The second cleavage Leging about 1l minute fter the first is

5]
Ak

completed. This second meridional cleavage is perpendicular to the first
(Fige L=a) and forme a four-cell blastoderm (Fig, L=B).
Stage 5. (Fig. 5) Bight-cell starzs. Incubation time 50 minutes.

The third cleavage takes place scme 1L minutes after the second. A1l sub-

o

sequent cleavases occur at approximately this zame interval of time. The

W



~
3
no

Figure 1, Unfertilized ovumn.
Note the protoplasmic cap and
single large oil droplet.

Fipure 2. Fertilized ovum.
The protoplasmic cap is more
rounded and separate from the
yolk -

Figure 3. Two-cell stage.
Note the three distinct regions;
oil droplet, yolk mass, and
protoplasm.

PLATE I
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plmes of the third cleavose ave doubls and parallsl te the first. This

£

the axis of the second cleavige plave. It has

23

causes an elongation of
been surgested that the long axis of the eight-cell blastoderm may

N

become the axis of the future embryo (Cppenheimer, 1937). ¥o sttomt was

nade in tnis study to delermine 1l this were trve for the blue gouranmi.
Stage 6. {Fize 6) Sixiteen-cell blastoderm. Incubation time 1 hour

13 winutes. At this stage the hlazstoderm loses the gymmetry which charac-~
terized Drevious cleavages. With each successive cleavegs the individual

Y

blzatomeres becone swaller and arrvansed in an irregulor, flattensd layer

that is one cell th

t_' 1

During this period of development, the cells in the center pull awsy

from the central periblest forming & space called the sepmentation cawity.

The central periblaest is the thin layer of protoplasm which liss next to
the yolk and comnzets the peripherial cells at their bases.s It is formed

farrows fail to cut entirely through the blagtoderm

when the

during cleavage. This phenomenon can nolt be cohserved and photographed

- T s

very satisfactorily in the living embryos, but it has been described in

tape 7. (Fig. 7) Thirty-two~cell stage. Incubation time L lour

L)

peripierial cells are Lreakine down to form the poriblast.
| o’ T o S - TR, [ T am e FIE S, >
Stare Be (Fipse H=A, 3=2) fangecell Dlastoderm. Incubation time 2

hours 20 minutes. The developing blastodern hags regoined its symmeblry
i b bas 4 forme 2 well-rouni ey
in this stage. IU forms = well-rounded dome on the

The size and shépe of the blastodersm at this time is strikin:ly similar



Figure L4-A. Four-cell stage.
Note the starting of a second
cleavage plane perpendicular to
the first.

] i=B. Four-cell stage,
second cleavape completed.

Figure 5. Eight-cell stage,
ventral view.

PLATE II
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to thet of the blastodise (Fipe 2) and that of ithe unfertilized eig

1); however, the cellular structure of the bLlastoderm can easily

J=i}e This is the early bla

@
D
]
i
—
=
2]
[

The celiular nature of the veripheral perivlast is not visible in

and Price {193La) based

on cbservallons of stoined sectlons. The peripherzl cells have 1ndistinet
e place winers they Join btie thin protoplasmic layer
surrounding the yolk. This gerip

protoplasn concenirates into a

e snd receives nuclel from wlastoderm.

This forms a syneybial peribiast. The muclel will sventually migrate o

the cenvtral The vltinate fobte of the periblast maclel is

-
?

to n

ve a piysiologica

developing eabryo (Wilson, 1889).

tlastula. Inculation time 3 hours 14
minutes. As mitosis continues, the reswiting cells of the blzstodersm be-

come snaller. The done=like sha

the bLlostoderm chanres with the

thie surisce of the yolk. This stare

of rastruletion.

castrula. Ircubation time

ot
o
0
.
3N
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p
@
o
;.J
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o]
5
¥
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Rours 20 sdmu

the celle in the center thin cut and the outer or peripheral edge becomes

thickened

wurn under centripetally (involution).

the entive periphery of the blastoderm.

sorrounding the vlastodern.
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Figure 6. Sixteen-cell stage,
ventral view.

Figure 7. Early blastula.
Note the open peripherial cells
and the decrease in size of the
individual blastomeres.

Figure 8=A. Blastula. Blasto-
derm conposed of many cells. Note
the relative positions of oil
droplet, yolk mass, and blastoderm.

PLATE ITIX
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At one

- azy be ecalled the dorsel lip of the ulasto-

since it corvesponds to & similar siructure in the developing

N embryOe

snjield marks tne auterior angd of the

tip of the g

widle the dorssl lip of the blsstopore warks the nosterior

At the sare time ihe embryonic shield Cfeventiatd the germ

and around

A . t

rest of the germ ring, ithe extra-enbry

- Tl . G 4 - "
e yolk as it moves zlong.

come more clonate

ITnenbetion time 6 hours 10

T
jix

e
[oo]
.

slrost encircles the volk excsot

Tor a small area at the upper end of the oil droplet. The constriction
imposed by the sern ring forces the oll droplet into an elipsoidsl shape,

with the smalil end forming the
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+437 =
A8TU.L3. \dark

=
A

0

field Note the individual
cells are still distinguishable,

4 Figure 9. Flat blastula.
Blastoderm just prior to gastru-

[-t=

lation.

Figure 10=A., Early germ ring,
Note the thickened ring area on
the left of the photo.

-
ey
oy
v
e
1
*
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Figure 10=B, Germ ring. View
of dorsal surface.

Fipure 10=C. GCerm ring View
of the ventral surface of the same
egg as in figure 10-B. HNote the
thickness of the germ ring.

Figure 11, Equatorial germ
ring. Note the embryonic shield
extending perpendicular from the
germ ring,

PLATE V



the central axis. This added thickness causes it to press down into the
yolk maverial.

Stage 13. (Figs. 13=-A, 13-3) Closure of the blastopore. Incubation
time 7 hours 50 minutes. After seven hours and fifty minutes of develop-
nenty, the closure of the blostopore takes pluce. This is a period of
ruch setivity. By proper light manipulsation the embryonic shield mey be
seen (Fig. 13-4) as 2 narrow derkened stresk extending {rom the dorsal
1lip of the blastopore around tne curvature of the yolk perpendicular to

indentation on tie top where the

jo

the germ ring. (lote the V-shape
embryonic shield presses into the yolk) In Fig. 13-B, the microscope wag
focused throurh the egg onto the shield on the lower side., These photo-

graphs show that the embryonic shield has encircled approximately half

of the yolk nass.

[lj

tage 1h. (Figs. 1h-A, 1L=3) Embryonic shield. Incubation time 9
hours. The embryonic shisld grows anteriorly and becomes thicker
dorsoventrally zlong ithe median line. Another structure, the neural
keel, makes its ocppearance and ls destined Lo form the notochord and
central nervous system. The keel continues to grow and press downsrard
into the yolk mass forming a V-shaped indentation (¥Fige. 1h-f). The
lateral portions of the embryonic shield become thinner where they Join
the extra-ecmbryonic marnbranc.

The embryonic shield stiows e marked oulge in the anterior region
{fig. 11=B8). This is the cephielic areca of the developing embiryo, and the
lateral expansion is caused by the solid mass of cells of the optic

primordia.

-

Stege 15. (¥Fig. 15) Somite formation. Incubation time 10 hours

30 minutes. Zarly in the differentiation of the embryo, a solid rod of



PLATE

Figure 12, Yolk plug, lateral
view. ote the embryonic shield
('Ll'_}pii‘r' left}.

Figure 13-A. Closure of the
blastopore. Note the dorsal lip
of the blastopore indicated by
arrov.

Figure 13=B. Closure of the
blastopore. This is the same
embryo as figure 13-A with the
microscope focused on the ventral
surface.

V1
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= of the embryenic axis. %ids structurs
is known as the notochord and lies next to the yolk mass. On both sides

of the notochord, mesoderwicl sowmites begin to differentiate in the

anterior region, and continue to form positerioriy. An undiiferentiated

mess of cells is visible in the caudal region (Fige. 1Y)

The neural kesl continues to develop and the cephalic reglon attains
congiderable dorsoventral thickness and pushes out into the perivitelline

space. The optic vesicles become rore distinguishable and may be seen

as {lattened lateral expansions of the cephalic region.

Stare 16. (Figs. 16=f, 16=3) Veurula. Incubation time 12 hours,

g 3

Iy contimied growbh end differentiation, the cmbryo moves around the yolk

1

until both head and tall regions may be seen at the same time (Fig. 16-4).
The forebrain and optic veslcles are still somewhat flattened and adhere
very closely to tue uﬁderlying peritlast (Fig. 16-i). The notochord may
bLe ssen in the tall region as 2 s0lid rod of cells, and the neural keel
lies dorsal to the notochord as a s0lid structurc. Undifferentisted
mesodern extends laterslly on both gides of the notochord and will be

uged in the formation of the somites.

Stage 17. (¥Figs. 17=A, 17~B) Differentiation of the tail region.

-

Incubation time 12 hours 50 minutes. AT this stage wost 2ctivity centers
in the differentiation of ithe nervous system and the continued growth

the il region. Somite formation has progressed posteriorly (Fig.
17-A). The notochord and neursl chord are still solid structures with
well deiined somites formed on either side. 'The cephelic region of the
neural chord has tolckened dorsoventrally, and it is pushing down into
the yolk causine the yolk mass and oil globule to assume a flattened

sppearance. The optic vasicles, which form as evaginations of the
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Figure 1li=A. Embryonie shield.
Note the neural keel pressin
down into the yolk.

Figure 1lii=B. Embryonic shield,
ventral view. Note the optic
vesicle primordia.

Figure 15. Somite formation,
ventral view through oil droplet
and yolk. Note the somites,
notochord, and enlargement of the
optic vesicles.

PLATE VII
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mid-brain, have been partially separated from the brain by constrictions
(Fige 17=3).

Stage 18. (Figs. 18=A, 18-B) Optic cavity formation. Incubation
time 13 hours 20 minutes. Al this stage the cavities begin to form in
the optic vesicles. The optic vesicles are still broadly comnected to
the brain, but the amount of separation is increasing. In the teleosts,
the nervous system and associated sense organs form from solid cell
masses. The cavities then form by a process of vacuolization (Oppenheimer,
1937)e In other vertebrates the central nervous system forms as a hollow
tube by folding.

Stage 19. (Fige 19) Optic cup formation, Incubation time 1k hours
30 minutes. After fourteen and one-half hours of development the eyes
begin to form their characteristic cup-shape. This is brought about by
the outer layer of cells pushing down into the optic cavity, much in the
same manner as one would push one side of a rubler ball in against the
other. The lens soon forms as a thickened area in the epidermis,

Stage 20, (Fig. 20) Early pigmentation. Incubation time 15 hours.
The first pigmentation may be seen after 15 hours of development. Large
stellate melanophores appear along the lateral margins of the embryo.

The cephalic region continues to expand and develop with the regions of
the brain becoming more distinct.

Stage 21. (Figs. 21-A, 21-B) The heart formation. Incubation time
16 hours L5 minutes. At this time the heart may be seen as a round tube
extending laterally from under the left eye (Fig. 21-A). As yet, the
blood vessels and blood cells have not formed; thus, the circulation has
not started. The position of the heart under the left eye is slightly

different than that recorded for some other species. In most other
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Figure 16-A. Neurula, ventral
views Nole the notochord, neural
keel, and undifferentiated meso=-
derm in the tail region (6 o'clock).

Figure 16-8. Neurula, lateral
view. Note the optic vesicles
(7 otclock).

Figure 17-A. Tail formation.
Note notochord, neural chord, and
somites in the tail.

PLATE VIII



PLATE IX

Figure 17=-B. Tail formation,
same embryo as in fipgure 17-=A.
Note optiec vesicles and brain
developments

irure 18=-A. Optiec cavity
formation.

Figure 10-B. Optic vesicles.



Figure 19. Optic cups.

Fipure 20. Early pigmentation.
Note the melanophores along the
gsides of the embryo.

Figure 21-A, Heart. Note the
heart as an open tube under and
posterior to the left eye,
indicated by arrow. Note the

ity in the forebrain.

PLATE X
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instences descrived, the neart projects forward Ifrom wnder the

4 < s - ~f 1Y
1ies on the surface of the yolk (Carr, 1942:67; Solberg, 1933:18).

Lryo of approximately the same stage as Flsure

imare 21l- shows an en

failed o develop. This lack

21-A, but one in which the piswentation ]

of pismentation mokes the heart and brain easily visible.

the eve 1s well defined and the cavities

of the brain are easily observed. Helanophores have Leeome nore
ttered over the yolke.

Stage 22. (¥ige. 22) Circulation. Incubation time 17 hours 30
mimites., The heart best first start% after about 17 to 14 hours of
development. At first the béat is slow‘and irregular, but it soon
becomes z steady puleation. The first indication of cireula
;o~ﬂﬂtlon of blood islands on the surface of the yolk. (Mote that the
oil droplet, althoush it lg ensily visible, is enciosed in & thin layer

4

of yolk material; end tiis in turn is covered by & layver of protoplasm).

¥rom these groups ol cells the blood vessels and biood z2re formed
(Solberg, 1933:13). The blood eells move gcross the yolk in & postero-
anterior direction. AT Iirst theilr movermnt is slow and halting, and
they follow a btroad path wpieh leads to the open posterior end of the
heart. As development contirmes and blood cells inerease in number, the
speed of their movement increases and the path begomes definite and

narrow {fig. 22). Bventually wslls are formed and vitelline vessels

connect with the heavt.

23) Fin buds. Incubation time 23 hours. The

pectoral fin buds become visible after 22 to 24
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Fipure 21=8B.

unpigmented eml

position of

of the eye and
1

A dorsolatera




Stage 2he {Fic. 24) Hatching. Incubation time 25 hours. iHatching

& 53]

ocecurs in the blue rourami, T. trichopterus after 2L to 25 hours of

development. The embryo breasks the chorion with a lashing movement of
the tall and escapes into the waber.

L)
P

25) 20-hour larva.

The wmost avparent change in the embryo, after it hatches and is krnown as
a larvi; is the reduction in the amount and shape of the yolk mass. A
1€ yolk mass is well rounded 2nd the embryo's body
is still curved around U.is large amount of yolk material. ‘owever,

soon after natching the body becomes more elongate; and the yolk material

is not only reduced in amount, but also assumes thie elongate shape of the
c 2 L) s

o

erbryo proper. The larvae stays ot the surface of the wabter and floats in

- o

a vertical position. This position is due to the Loovaney of

¥
P
o,

e large

oil dropliet and yolk : the nead
up. When disturbed the larvs falls to the bottom of the container and
immediately tries to return to the surface of the water by a strugpling

spiral movement.

The larva of thils stage hos used up still more of the yolk material. Thae
nody shape 1s more elonsale and streishit. The somites in the nost
posterior part of the tall are still not completely diiferentiated. The

s

pectorsl fins differentiate into thin, transparent, lesaf-like organs.

(]

e larva of this stage has not taken in food due to the lack of complete

differentiation of the internal viscera. The yolk supply is still
sufficient Lo furnish proper nourishment.
Stare 27« (Tige 27) Té=hour larva.

The larva at thls age has used up most of the yolk material with only a



Figure 2L, Twenty-five hour embryo just
after emerging from the chorion.

Figure 25. Twenty=-eight hour larva.
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Forty-five hour larva.
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Fipure 27
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[ e weventy==two nour larva.
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Jo Abnormal Embryo.
of pigmentation,

enlarged pericardial sac,

ote lac

and
abnormal brain region.
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There exists soms doubt concerning the walid sclentific name 0f the
“lue pourami. In fach, thers is no adequate description of this fish
(tieyers, personal correspondence). A similar fish commonly known as thie

three-spot gouramli has been described and called Trichogaster trichop-
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Yerug (Pzllas o The blue gouram

42 3

and origine It is found naiurally only on the Igland of Sumaira, v

ne three-spot goureni is found in India, the [glsy Peninsula, znd Indo-
China. Irnmes (19h3; 33L) supgests that the bluw gourami which he calls

Trichogaster sunatranus is a color variatlon of the three-spot gouranmi,

and that there is only one species.

It has been suprested (Heyers, personal correspondence) that the

m

'Y

blue gourami may be a geographic race or subspecies of Trichogaster

richopterus. However, since the modern ictiwvolorical literature does

not reccgnize any svecies of pouramdl of the three~spot group other than

T. trichopterus, it sesnms justifiable to use ithis name for the blue

gourami at the present time.

Another study of the embryology of T. trichopterus has been made by

Ellinor He Behre and ig to be published soon. By correspondence it is
learned that there are some differences betuwsen the observations of that

5

investigation and the ones presented here. The main conflicts appear to

) el

concern the size of the erg and the structure of the oil droplet. lehre
records on egg dlamster of .ST_mm., while the cdata reporied here show a
size of 71 mm. She also reports numerous smell oil droplets in the esg
yolk, wuile the eggs.observed hers show only a single large oil droplet
that ecuels about one-third of the fotsl egp volune.

2

In as mach as by Proiessor Hehre has not been published
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and the present suthor has
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pﬁiKMSinT%mﬂih)MMM*&%ﬂlSCMlmﬁKMﬂM%Eﬁ;ﬂdstﬁm. The
agthor doeﬂ not know whether Dr. lehre studied the "ilue" or the "three-

spot! varistion o T. trichonterus. Yne is justifies, however, in

asking wiether there can e tids mucn naturel variation in a single species.
Lre their embryclogicel differences an indication that there are two

distinct speclies in this ¢

. )

This study has scown thab the blue pouranl embryo develops in mmuch

Iy

the soma nenner as other deseribed teleostean erbryos, yebt it does differ

from the other descriptions at cerdsin points.

3

e unfertilized egps of the blue pouraml sopesr o be ddiferent
from those of the other fishes described in the litersivre. In the biuve
gourani (esgs removed by stripping end unfertilized) there is present a
well-rounded protoplasmic cap witich can not be distinguished from the

E>

blestodise of the fertilised egg and is eosily confused with the many-

celled blastodern, In other descriptions the protoplesm of the virsin
cvum 18 located in a thin layer around the yolk and collects ot one pole

after fertilization tekes place, sometimes producing a visible Ygireamingt

novenent when the blastodisc is forming. The protoplasm's accu
the unfertiliszed ego does notl seen (o be a factor in the fourani's rapid
development, since the first cleavage does wot occur until 30 winutes
after fertilization. Some other species with longer development time have

thelr firet cleavage within the first 30 to L0 minutes {(Hoosen-ilunge, 1238).

The position of the heart is another observed difference. In most
other descripiions of fish embryoes, bthe hesrt forms as 2 tube extending

forvard from under the head, and lying on the surfacs of the yolk {(Carr,

jon

wart exten

a—

19h2: 673 Sclberg, 1935: 18). In the blue gourami the 5



laterally from under the left eye, where il connects to the vitelline
veine This unusvel position of the heart has slso been observed by the

anthor in the fetta splendens Hepan embryo, which is another nmesier of

the order Labryintijcl.

fish ~ave no clues to changes

The study of the embryclogq

that would account for its repid rate of development other than the rate

of mitotic cleavare, wiich is materiglly faster than that of :any other

foras described. Other of the lsbryinthine fishes |Betta splendeus;
)

ilecropodus opercularis (Jiﬁnqeu:a observed by the author (Ingerscl and

I8

3

Jones, 1949) tend to develop rapidly end have a relatively short mitotic

Ls previocusly referred to in the literature secticn of this thesis,
there 1s a cuestlon as 1o the movement of the germ ring and the subsequent
closurve of the bloestopore. wWhile it was beyond tie scope of tiis study
o nake a deteiled investigation of this phenocmenon, it shonld ico pointed
out that two general procedures of germ ring wigration have been de-
scribed by the various workers. Only two investigators (Price, 1927: 973
Jones, 1937:31-32) have supgested that this difference exists. Does the
germ ring move across the yolk from one end to the other, or does the
dorsal lip of the blastopore remain in a stationsry position and the
rest of the ring rmove around the volk pivoting from this point? The
evidence presented in itne litersiure indicates that both processes have
been observed in teleostean development with the blastopore closure
being effecied by concrescence.

In the development of the blue gouraml embryo epiboly oecurs through-
out the germ ring. oo support this conclusion it fs& noted thet the oil

zed ond is) elways uppermost in the floating egg.

24
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gloale io relatlwel;
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collected on the lower surfzce of the yolk and opposite
Ls the germ ring forme, it woves upward over the

23

At ths time of the closure of

the blastopore, the

protoplasn has encircled the yolk except for a small arsa on the upper

nost enrface of the oil globule (Fige 13=A). If the dorssl 1ip of the
blastopors remeived st the pesitlion it occupled when the germ ring

J

axe place on the side

d

of the oil globule instead of the uppermost surfscce of 1t.

Hhen culturing one group of embryos for observebion, a situsliion

ocecurred which nseds some explanation. This group of embryos feiled to

develop pigmentetion (Fig. 21=-33 Flg. 29). The culturing wedium used in

9

r o= N Lo - . o s
the culture dishes was aped water thalt had been

perticular bottle produced this stnormel e

Py
>

uniforn and ropeated in other spawnings. Some of the zifected embryos

were tranasierrsd to fresh water soon after hatcuing, and thsse then
became pigmnented and eontinued fo develop normally. Ermbryos left in the
contardinated culture water after hatehninrs, in ajidition to the lack of
vigmentation, developed a greatly enlarged pericardisl sac (Fig.
which in many cases stretched the heart into a straisht tube. Other

deformitizs ccourred such as malformation of the head snd broin and lack

of development «f the tail, Also noticable was one or more abnormal

Ihe contamingbting svbstance in the culture water has not been

sone preliminary experiments bave been made. This will

be the object of future study. The significance of tiis phenomenon, as

far as this study is concermed, lies in the foeb that 1t enobled photo~

grephs to Lo asde of structurss that would ordinmarily he diffienlt to

mented.

observe ii the embyyos wers normally b
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Ouservations of many deviations in the development of fish emirycs
seemingly erxposed o similer eavironmental conditions, sueh as the one
deseribed a2bove, indicate that the factors which influence the develop-
ment oi fish embryos are many end verled; i.e. how dogs temperaturc
affect the raote of development? It is generally thoupght that nigher
tewperatures increazse the development rate within certain limits.
lowever, one gproup oi fishes, the soil breeders of the Fundulopanchax
sroup, develop faster ot 1% ¢. than at a temperature of 26.5° C.  (Xlee,
1951). Tor the blue gourami our data indicate that lower temperatures
extend the incubation period. The minirum and mexirmm tempersiure limits
of embryordc activity for this species were not determined.

211 of the fertile eggs of o single blue gouraml spawn hatehed at

asproximately the same time (2% hours). However,. eggs cf Aphyoserion

™

sjcestedtl (Léennberg) that are fertilized a2t the same time and incubated
under identical conditions may hatceh from one month o several months apart
(Girard; 1951). What factors con cause so much variation in development
under the same enviroumentsl conditiong?

These and other guestions should certainly demand our attention and

an adecuate study might give more meaning to the descriptive stages of the

presently described teleostean species.
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Necause of the increased use of fish embryos as experimental animals,
and becovse of their valuc as a leaching tool, this descriptive study of

{ the blue gourami, Trichogaster trichopicrus (Pallas),

(@]

the enbryology

was made. The blue gourami was selected for the study because of the

P

unusual speed with which it develops.

L]

The egg of this fresh-water fish is syproximetely O.7L rm. in size

and is characterized by & large single droplet of oil, wnich is embedded
in the heavier yolk meterial, bub nsar the This 0il droplet is

s

always uppersost in the fioalting ¢ A cap-like protoplasmic disc is

collected at the side opposite the oil globule in the unfertilized egge

nlace in obout 30 minutes ziter fertili-

ot

3

gzation, and subseguent cleavares occur &t intervsls of from 17 to 15

£

.

In the Tlue pourmal the germ

ring noves arouwnd the yolk on all sides instead of pivoting from a
stationary dovsal lip of the Ulasbopore ns recorded Ly Wilson {18895,

The hesart sonears on the anterior surface of the yolk sae and uwander

the left eye. It first apoears shout 16 hours of developmente
Piementalbtion occurs on the head and melonophores are scattered over the
yolk saeg when the cmbryoe has 1nchhauea 15 hourse

Hatening is accomplished by a lashing movement of the tail wiich
ruptures the chorion after about 2l to 25 hours of incubation. The
aewiy-hatched larva continues to be nourdshed by the yolk nass for about
three days, aiter which it ig Y"free=-swisming® and able to {eed.

With the above exceptions, the embryonic development of the blue

B

ouremi follows the basic pattern of teleostean embryology descrited by

rﬂ
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