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INTRODUCTIOW 

This th<~sis is the report of studies on the embryonic development 

of the blue gourmn:i, T:richogaster trichopterus (Pallas). 'l'his fish was 

selected because of the unusual speed with t.ihich it develops., t:.m.d the 

peculiar macner in uhich the emb1~y-os are incubated. This study is 

essentially a description of the early organogenesis of this species and 

u comparison of the development of this m1d other fishes as described 

in the literature. 

The stud,y of' teleost embryology has become increasingly ~ortant 

with the use of different species of fish as experimental a.n..imals. Few 

persons are fruniliar with the development of the bony fishes bec2.use 

this group is not generally included in colle0e cournes in embryology. 

Toxt books usually supply only a minimum of information concerning f'ish 

ontogeny. Yet, as a teaching tool., fish embryos are most useful in 

clarifyine: certain points in the development of the vertebrates. 

The embryos of several species of fishes develop at such a rapid 

rate t..11at during the course of a single la.boratory period several 

different stages of developr:1e::1t ma;r actually be observed in the li.v-lng 

specimens under the microscope. The size of most fish embryos is such 

that gre::it numbers may bo incubated in a ninimum amount of space. 'the 

fact that water is the culture medium and that most embryos are quite 

transparent, :makes it easy to observe tl1em. 

For example, the oricin of the heart structure is easily observed 

in the developing embcyo of the teleost. Colorless blood cells can 

first be seen slowly moving across the yolk surface in a bro2.d in­

dGfinite path. As differentiation continues, the cells move faster and 
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fol.low :1 r,,,ore cl"ar1y defined course. Eventuel1y, the blood cells show 

color, and Halls arc foe1ed a:round the blood paths which connect to th0 

pulsatin[ hee,rt. 

Tlie development of the brain is e2 . .cil;y observed in ,:10st fish embryos. 

The constrictions 2..nd flexures wtiich separate the regions of the brain 

can eo.sily be seen 011d studied ::;s Uiey form. The teleost embryo does not 

exhibit the embryonic membr2.nes, such as ti1e allmrtois or amnion, wl·lich 

are found in the c'.,ick embryo. Thi~1 lack of membranes allows the 

specinen to be e1ore e0,sily observed. However., 2. trm1spvrent chorionic 

:1.:>l>rg_n.e or eiw shell encases tiie embr;yo of i'lost species, cmd a 

n fertilization neT1br0ne" is formed e.fter the sperm penetrates the un-

fertilized egg. 

'I'h.e . spGGd at w>ich some fish embryos differentiate is another factor 

·, :3idch makes them an excel.lent tea.ch.ing and research tool. Wher0 else 

can one 2. verteb:r,2te that will develop from fertilization of tile 

ovum to hatching in as little time as :22 or 2LJ. hours'? (Dadyhurjor, 1951; 

T,1e pro:;lem of ontm;en;y· lrns lonr: been a little-understood phenomenon 

alt'rwu;;:':1 many persons d01rm throu,?h ti:1e centuries ha:ve been concerned 

1-:i th the development of vc1,rious embryos. Perhaps with a r•,ore comprehen-

si ve knowledge of fish erabryolof:y another link could be added to our 

cbain of information r,bout ontogeny. 

'l'!o.e er1bryo10, ici:c:l ,md larv:itl dcvelopmrmt of :many species of fishes 

bse11 observed a11d recorded. These studies have included both fresh-

water and uarine forms. tlost of these h2ve been of interest bc,c;iuse of 

their econornic importance. In general, tii.e development of 2,ll teleosts 

so far descrit:ed is similar to that recorded by L-Jilson (1889) for the 
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sea l)a.ss, or Solb:.::rg (1;3c3) and Oppenheimer (193() for F"undulus 

heterocli tus (Linneaus). llowever, e;:wh species has its own rate of 

development ;;,nd ea,ch has certt.in peculinri ties in the ma.rmer in wllich 

orgax10:e,enesis occurs. Because of the similarity in ("enere,1 appearanc0 a.>1d 

:;ross development of :11ost teleost embryos, much of the dets:Ll and 

ve,riation in t:ie sequence of morphof:enic processes have been over-looked. 

Une of the groups found in the bony fishes includes the so-called 

lai;yri.nthine fishes or the bubble nest builders. These are of special 

inten:st because the ee:es 2re kept .at the surface of the water dur:i:ng 

their de-volopment, ( ei t:1i:c1r due to egg structure or to support of the 

nest), and becc:use of tl1eir of development. How can this 

rapid developr::ent 00 bro:Jp 1t About? Is there any modification or the 

nor,1al secuence of differentiation in order to perni t suc1 a fast develop-

;:nent to occur? 

In order to anm1er so;;1,:l 01 tiw aLove questions, the blue gour2,mi, 

J'richoe;aste! trichopterus (Pallas), w:;:s Sf3lected for this study. One of 

the reasons for ti:1is selection vw.s its unusually rapid development. 

Only some 2'.h hours of j_ncubation are required for the embryo to emerge 

from the chorion. This is one o.f the most rapid embryonic developments 

knoi:,m amons the vertebrates. 

e.s · presented :i.n this p2,per shows that the. eriitff)·Os of 

the t\lue zourani, in cenera1, follou the developmental pa tt,ern as do-

scribed for ot:er teleosts. The more rapid rate of cell di vision appears 

to be the best e::qJlanatj_on for the exceptionally fast morphogenic 

activi • Other differences peculiar to this species or 2.t least not 

described in the lit,erature availa'ole are presented. 
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L ITEHA 'I urrn; 

The ergs oi' fishes liave observE:d since tnan first to make 

0, study of embr.1olo;cy. 

scriptiv·0 studies have been made since the latter part of nineteenth 

centur;v. As a f;roup, t:.c?e teleosts follow a typic2.l pattern in their 

morphogenesis; al tilOUf>n, there are wide variat1ons in t:ie details of the 

orranocenesis of the indi vidu11l species. 

One of the :tn,portRnt descriptions of the embryology of a 

is tl:i.at of vJilson (1G89), d}G descdbed in detail the developmentfl.l 

stages of ·t,-i1e sea bass, Serranus ntrbr:Lus (LL:.nacus). 

rreat num;Je:cs alonr: the Atlantic Coast. 

Vieasure alout l mr.1. in diameter. The~/ require approx:.imc2,.tely 75 hours to 

develop 'Lo tiie hatchint, starre at a tc::imperature of 15. S° C. This in-

cubation period is reduced at higher tenrperatures. 'I'he embryo is 

an err cns,1,1brane or chorion uhich is very thin and horny. 

Inl~Jed.rled iJ1 t[1e .~roll{, \Jut 11ear t'..1.e su.rface, is c.:1. single oil globv..le, 

is always uppermost in the floatin? egg. 

The formation of the periblast of the nea bass is descrH,ed in 

dotail by lrJilson. 

blastod.lric, and migrate into tl1e peribla.st protoplasm. }tventuall;,r th{~ 

nuclei multi.ply, and move into tlle cerrtr&,l periblast. The peri!Jlnst is 

thouttht to have the pbysioloc;icoJ. function of aiding -t:i.1e ass:i:1:i.lation 

The cells of t:1e periphery oi' th0 1Jlastoder:n begin a centripetal 

growth or inv2{1ination. 'l'his gr01d,h is rriost rtipid at the point corres-

ponding to the dors2,l lip of tl1e blEstopore of tilt', axnphibians. 'Ihe 



t.hich::ened. mass ;;:,round. the yolk, formed 

Tlie blastoderm contintws to grm1 end encloses 

thG yolk. Accord.inf to \Jilson, in t'Je spreading of the tilastoder1,1 of 

or dorsc1l lip of' the bl:::wtopore 

remains a fixed poir1t, while the tmterior lilo.re:in and lateral margins 

travel around tbe yolk mass. 

Durinc the encirclement of the yolk the blnstodorm, an 2,rea 

bzcomes Yl!Erked off i,n the rer:ion of the posterior n2rgin. This area is 

';iorf: or less trimv~ular-shrrped D.nd tliicker th2x1 the S1}.rrounding blasto-

derm. It is forrned the migr·ation or movement of cells into tlrn ~rea, 

aJ,d the :r·:3cp:id prolii'cration of ce11s in the rer,ion of the dorsal lip 

of the blantopon,. This is kno,,..-n as the embr:ronic shield and develops 

In t 01.e early stages, the ectoderrn. over the em\:ryonic shield becomes 

great1y t'.1ickened in comrni.r:i.son to the extra ... erlbr;.{cmic ectoderm. Along 

the inid•li:m~ n thickening i'onris the na:nral keel, 

causes :;. co11secp.1er1 t of the la·cer·:;:l edges; until finally, there 

is a narrow keel trliich pru::ses f1,i., the sides :i.nto t~1.e th.in ecto<le:rmal 

As developme:<1 t continues, the keel bocor:K;S constricted from the 

surf 2.ce: ectorlern-;.. The cell::; tend to line up in two pe.rc..llel rows -which 

separate to fcnn trle nmJral cm1al. Thus, tl10, f'oJ'.'l:.1etion of the brain 

ca-vi ti.es, optic s2.cs anc: t,;,,e central naure.1 c~~nal iS E,ccomplished by 

delax:1inat:ion 1n t,1e telc,osts rn:Uier t}'an .folding as in the hi::;her 

tLe t',e n::mral c>ord has Lep:1.m t.o :form in th.e trunk refion, 

t'..1e f o:cmation of the not.ochord and the secondary l2cyers has also 
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con·Jfl.enced, thus adding to the thickeninr; of the axial line. 'J.'he noto­

chord and mesoderm, etc. form first in the postGrior r"' v.on and t11en 

proceed forewa.rd. When the entoder.mal. layer is completely established, 

the notochord has assm11ed its ultimate shape, that of a cylindrical rod. 

The ce1ls wdcn make up the chords become flattened antero-posteriorly, 

a...11d spread out in the tre1,nsverse plrme, 'I'hese cells then beco.me 

vacuolized., until &t hatching, the protoplnsr:1 of the notocr1ord cells 

is reduced to t:.. tiiin peripheral layer around a central cavity. 

•· ·ilson I s work is one of t.ne most complete studies on e2..rly teleost 

emb!"'lJology, and has become the classical pattern for subsequent investi­

r:ations. 

Ther2 is a 1r,reat deal of variation in the degree o.f differentiation 

of the different species of teleosts a.t certain stages of development., 

i.e. closure of the blastopore, hatching, etc. h111en the f:enn ring is 

at the equatorial posi ti.on in the sea bass, the embr-yonic shield is just 

beginning to be visible as a t,riangular thickened area and has moved 

only· slightly in an arrterior direction. .At a similar sta[e, in the 

position of the germ ring, the embryo proper of tt.e pointed-nosed sole, 

P aropi: .. i.~ts ve tula Girard, has lengthened until it extends half we:;r around 

t.lie yolk (Budd, 1'.Jl-iO). Once past tr1is equatorial position, the r:erm ring 

pivots 2.t the posterior pole, which remains stationa!"J, wi1ile the 

anterior ecle;e or the rinr; draws away from the head end of the embryo. 

After completely encirclinri; the yolk, the germ ring pinches together 

ir1d closes the blc.stoporc. T11e cells of tne e;erm rinE make up part 

of the caudal mass. 

Tt,e pointed-nosed sole has a trenspa.rent pelaeic egg r,tl th a 

diameter of 0.9 1un.. Hatching occurs ai'ter 90 hours o.f incubation at 
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13.0° c. 

Budd (19h0) has contributed the descriptions of the embryoloey 

of i'ive other California fishes: 

1. Pleuronichthys verticalis Jordan and Gilbert, the sharp-ridQ:ed 

turbot, has a pelar;ic e;rg of 1.07 mm. in diarn.eter. The chorion exhibits 
'· 

a hexagonal pat :;:1rn t~rnt extends throur;h the entire thickness of the 

:membrrme. Batch.in&: occurs in 86 hours at lJ.8° c. 

2. PleuronichthzE! decurrens ,Jordfln and (albert, the California 

turbot, has a pelacic ep:p; oi' l.!..JL. nm. in diameter. The germ. rin~: :forms 

a tight bimd around the yolk cau.sing a marked constriction. The in-

cubation period lasts one week at a te.mperature of 13.8° c. 

3. In the mottled turbot, Pleuronichtb.ys coenosus Girard, foe er1::s 

have a diameter of 1.33 mm. 'l'hey contain no oil p;lobules. The embryonic 

s:'iield never attains any great size, because there is only a slight 

centripetal growth on the part of the r;erm ring. Differentiation does 

not take place to a'l.y extent until after the closure of the blastopore. 

Twel Ye days of incubation are required for h2.tchinr: at a temperature 

of 13.8° c. 

J.!• Artedius latere,.J.is (Girard), a tide-pool cottid, has a demersal 

e~g that adheres firmly to the substrate. Demers81. ev0s are heavier than 

,sater a11d fall toward. the bottom. The average size of -fl• Le.teralis e7gs 

is 1.07 mr.1. with much variation in the individual diameters. There is 

a single le.ry;e oil clobu.le which is colored a light cherr:.r red. 

Kupffer' s vesicle appears after 73 hours of incubation., which is pro-

portionutcly later in appearing than the pela[ric er;gs, already mentioned., 

in which Kupffer's vesicle is i'orrned by the time the blastopore closes. 

Hatc::1ing occurs after sixteen days of in.cub,Ition at a temperature of 
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,ibout imniediately ::dter emerdng from the chorion. Difficulties 

characteri.stic of embryos from pelap:ic cccs, su.ch as errati.c swimming 

and the in;;1bili ty to maintain 2x1 upright position oec,1sioned by the 

large nm.ount of unused yolk mass, are not exhibi tsd. 

5. Glinocottus 2,nalis (Girard), another tide-pool cott.id, has a 

1Jro1i,'11ish yellow e9·c; of 1.30 rmn. in dia,noter. Several large oil c;lobu.les 

and scattered groupB of small ones are always present. 

'l'he literat,ure on t',e embryology of other ?21cif'ic CoHst fishes 

includes the description ( Dolin, 1930) of the lab:r-id fis]1, O:xyjulis 
.. 

cruiforn.icus Gunther. e gs oZ this species are spi:10rical, pelagic, 

[md have a ili.azwater of O. 7l~. to O. 79 :mm .• 

lo,rr;e oil rlobule widch is colored. orange-pink. 'I'his color is 1.musual 

in fish e;:ps 2nd is therefore a valuable diagrwstic character. 

'l'he e;ern ring is \-,ell differentiated in ten i:.o twelve 1:10urs and 

Kupffer 1 s vesicle appears urhen tho germ rim forms an e 1.fu.G.torial beJ.t. 

An unu.sual oc:curance 1ws the presence of two Kupffer' s vesicles in about 

~,O;:; of the specimens observed .'3o1in. 

embryo cm.er;es from th0 chorion after al,out hours. Tl-1in is 

la,/ed to hatching, oi' aD;'/ species described from the west coast. 

The emb17yology of the Pacific mackere1, P:neuma.tophorus diego (Ayres), 

i:ras described b31 Fry (1936). The unfertilized ovum of this 

1.0::;' rnn. in dia;1eter. It contains a single large oil elobn1e which is 

0.26 mm. across. '£he peri vitelline space is very na.rrou arnJ r,ia,y be 

easil;y- o·verlooked.. Ula.ck pigiilf.mtci.tion appears soon after the enbryo is 

segmc!1ted. Yellow· pigment is present aft.er tl1e lens of the eye is 
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fomod. The oil rlobule becm.~es pig1;1,,.:nted. 1.Jit.:1 melanophores, 1,f1.ich a.re 

al,,,ays irregular in shape 811d arrmvument. It is difficu.1 t to tell from 

Fry's description w'.1ethe:r there is a cellular t'embrm1e around tLe oil 

elobul~, in which the pifL,Cl•.t forms, or whether the 1:1elz:ro.ophores simply 

form a network on tl1e surface of tl1e droplet. :'.atchin.r: in tins species 

occurs after somG 50 hours of incubation at a tei,tporature of 1J.S0 c • 

. P.l tltou?.h we say tl1.J.t the teleos ts follow a t,/pical pattern of 

embryoJ.oe;iceJ. developr:1.ont, the srune order of procedure is not .foJ.lowed 

'.:y all of the indi victual speci,~s in the differentj.atio:n of certain 

structures. For example, the manner in w.:dch the germ rinc envelops the 

yolk mass has been described in two different ·i,te.ys in the literature. 

For the sea bass, liilson described the posterior pole or dorsal 

lip of the blastopore as remaining in a relatively fixed post ti.on ond 

acting as c'l pivot for the remainder of the germ ring. Bvdd (1940) de­

scribed the sa."l1e proc2dure for the geni} ring mi?ration of Paropl1::ys vetu.la. 

Others, i.o. Jones (1937), Solberg (1938), ar:.d 'l'a.volra and R1.:.c;h (19h7) 

have obsorv0d that in sane species ell lips of t.21e bl2.stopore n1ove down­

h2.rct over the yoL.l.r, nl thou[h the dorsal lip majl be sornewhgt retarded in 

its movement. 

The wi1itef'ish embryo, Coregonus cluoeaformis (t,::itchill), the 

developmsnt of wl,ich was described by Price (19311.), contains no fixed 

oil globules by which the relative positions of the germ ring can be 

judged. It was concluded, 1101:jever, that the closure of the blastopore 

in the whitefish occurs in tli.e same manner as in the sea bass; but a. 

s2..ig.lit backward growth of' the dorsal lip was recognized. Price pointed 

out that alt/~oup:h Wilson's stdement is to the contrary, his figure 38 
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shows the posterior mnI'[irl slightly closer to the oil globule than the 

ee_rlier stage of figure )6. Thus the closure involves epiboly of the .m­

terior or veritrtl lip, aided by concrescence and a slirht backward 

grO't.rth of the c.ors2l lip. 

The whitefish €'.:m.bryo, Corer.onus clupeaformis (Hitchill), the 

development of which was described by Price (193li), contains no fixed oil 

globules by which the relative positions of the germ ring can be judged. 

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

whitefish occurs in the sa'TI.e manner as in the sea bass; but a slight 

backmtrd growth of the dorsal lip wns recognized. Price pointed out 

that although vJilsont s statement is to the contrary, his figure 33 shows 

the posterior rfl.argin slightly closer to the oil globule than tl1e ee,:dier 

stage of fi;;ure 36. 'rh.us the closure involves epiboly cf the anterior 

or ventral lip, aided by concrescence and a slight backward growt.'r.i. of 

the dorsal lip. 

The u:nf ertilized whitefish ovum has a di a.meter of J. 0 mm. There is 

a collection of oil droplets ut the animal pole. Since the eggs are 

lgid in 1?ovemher when the miter is very cold, the embryo develops slowly 

and requires 2!:. hours to reach the eit'ht-cell stage. The closure of the 

blastopore occurs in 22 clnys and four hours at a mean te::.1perature of 

3.0° c. At this time the emb!"JO is clearly out.lined and lies in a 

straight line over the curvature of the egg:. All tLree primary cerebral 

vesicles are distinct, end the naural keel lies deeply embedded in the 

yolk. Eleven pairs of som.ites as uell e.s the notochord have differen­

tia.ted. Kupi'fer' s vesicle he.s reached its maximum development. As 

compared w:t th other teleoRts, the enfor;170 of the whitefish is well 

different,inted by the tine the blastopore closes. 
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Jy t:1e 67th da,f of incubation., most of fae organs of foe whitefish 

have formed. The full number of somites r~re present and the eyes, nose, 

and ears are advanced beyond- lhe vesicular stage. The last half of the 

incubation period is taken up uith growth and development of the organ 

primordia 1:rhich ·were differentiated in foe first 67 de.ys. Price (1935) 

stntes., 11In the present series, the incubation period 1£:sted 13h da,ys, 

a,t winter lake te!-.:;peratures, slightly above freezing (1.5° c. ).n 

iu"lotl1er fish, the embr;-yology of 1,rliich shows f: dm-mward :movement 

of the dorsal lip of the blastopore, is Fundulus heterocli tus. Pi1ases 

of the embryology- of this fish were described independently try 

Oppenheimer (1937), Jones (1939)., and Solberg (1938). 

Solberr (1933), described the rrerm rint~ of F'undulus heterocli tus 2,5 

growing over the yolk to the opposite side from which it started. Jones 

(1937)., stated, 11 \1Jilson1 s conclusion that the posterior pole or fail 

end of the embryo remains a cornparati vely fixed point, does not seem 

justified in the case of F. heterocli tus. 11 Hhile tl1e oil droplet is 

consistently lateral to the embl:"Jonic nx:is, it is eventurJ.ly covered by 

the dovmward growth of the posterior embI"'JOnic shield. The oil droplet 

nmy retard the downward progress of the germ ring, but it is completely 

enclosed before the formation of a distinct ble,stopore. Thus, there is 

recoGnized a posterior BS well as an anterior epiboly. 

}tggs of }~und.ulus ~1eteroclitus have .. m av<:irage diameter of 2.0 mm., 

and are covered by a thick c::1orion i'ro:n w11ich project,s aci.11esi ve stre.11ds. 

Hhen incul)ated at a te:rnpera ture oi' 25° C., the emb!"JOS h;;ttch in eleven 

da;'lS• OpperLheimer (1931), and Solberg (1933) both describe develop­

mental stages of .E• heteroclitus so t.hat they may be used for com­

parative purposes in e:x:perim.ental studies. 



'.['he embrj1olog:'j of the gizzard shad, Dorosom.a. ce:eedianum Le Sueur, 

has also been described (1,Jarner, 19LO). This fish i:ias an ecg that is 

o. 75 am. in dimneter. The chorion is adhesive. The two-cell stage is 

r,:iached in one i.;our, and tw.tcluns: takes place in J6 hours at a t,em-
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perature of 26.6° c. At 16.a0 c. the hatciiin;: time is extended to 9'.5 

hours. A slig:ht back,rnrd growth of' the dorsal lip of the blastopore 

takes place durins gc,strulation. One feature, peculiar to this fish, 

is the la.de <">f pigme~tation at hatching time. Even the eyes are devoid 

of pigment until three do;Js a.tter h:;1tching. 

Included in the group of fresh-water fishes, tho eninryology of 1:rilich 

has been studied, is the common gold fish, Carnssius au:ratus (Linnaeus). 

1he er,1bryology o:f tbis fish was described by Battle (191:0). This 

Cyprinid he.s a spheric2l, p2le, cremn. colored ec:g with a d.ia'lleter of 

l. 25 :m,"'l. The surface of the chorion is of a mucilaginous nature allowing 

the e[;g to adhere to pla.ri.ts and other objects. Development is typicoJ. 

of the teleosts. The brain is clearly visible and optic vesicles are 

partially differentiated by the time the blastopore closes. 'T'he heart 

appears on the a11"Lerior surface of the yolk sac after 21: hours of 

incubation. !fatchinr occurs in 76 hours at & tenperature of 25° c., but 

may not occur for as long as 11.1 days at lo1,1er temperatures. 

Another fL,;-, of the fresh-water group is the bridled shiner, 

Notropis bifrenatus (Cope), the embryology of 1:-rhich has been described 

by Harrington (1947). The eggs of' this minnow are spherical and demersal, 

a11d vary from 1.0 r.un. to 1 • .5 rnm. in size. The blastodom completely 

envelopes the yolk before even the rudiment of the embryo is vj_sible. 

'fhis represents e.n extrene contra.st to tho whitefish., w:lich is well 

differentiated at the ti.'Ile the blastopore closes. Hatching in w. 



13 

bifrenatu,s occurs after S6.5 hours of incube,tio11 at B, temperatu:ce of 

23.0° c. 

}Jets described eggs of this fish 2cre demersal 1tYith 

Fn avGrar,;e size of 1.60 nm. em;;s are hatched after li7 hours of 

fish, Dr&chydanio rerio (Harn:il ton), 

was described by Eoose:n-R1..1.nrte (1936). iluch of his description was made 

from ;:.1. study o.f specimens he i,iad :recorded on film. A sepr:ration of the 

protoplasm from the. yolk begins when tht, cell first takes up water. 

'l'his action ceases just befo:cc the first clec,va.r::e takes place. After the 

:rir~~tl r1i tosts anot:ne.r separation. J)rocess co·rnnen_ces. 'fhis consists of a 

streanlinr); of' the protoplasn the yolk toward blast,oc1isc. At 

s:::cr11:c; time a counter stream of protoplasm is rnovin:? toward the vegetal 

pole. 

Some descr·ipt.ions of early embryonic stages have been :made by f:ioore 

(19LL) on the minnow Kotropis girardi Hubbs and Ortenburp:er. Although 

the cleavage stages w0,re not observed, ma:1.y in t,he blastodisc stage 

"c·rere obta1.ned. These developed to hatehin;z within 24 hours after being 

'l'he eggs 2.re tr1;;msparent m1.d are l rmn. in diameter. 

At, hatching timo the enhryo hr.s a large yolk sac w ;ich is usi.wJ.ly alrnorbcd 

in U.:ree days. After t~1e yolk sec is ribsorlJed., the lar,ra c2111 s1vi:m in a 

horizonta..l posi t:Lon. 

b/hj_le most work on teleoste2n embryology has been done on ers;g-laying 

speci<';S, embryology of t!:le live hem·er, f;i..atypoecilus maculatus 
,. 

Gl:tet1t!f1e1:-,-, h.~:ts t;eer1 d.c scri1).2d Rugh (19Lt 7). 

Rugh state, ntl1e platyfish is a truly viviparous fish. 11 It is used ex-
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t.enoively in , d'1etic studies at:d ctmcer research. The ovum avern(':.GS 

1. 5 Ff,1.. i:n sizs, and is not s-u1·rounded by a crwrion. Several oil droplets 

are containzd in the e ,-E, and tt1eir arrawement ~nd number vo.ries with 

the h1dividual female. 

'I'he e&.rly clea·w:ves .:?.re :not rse,dily observed, but tr:re compact 

blnstula stage is eesily identified. The embryonic sllie::!..d is forrri.ed 

t\y a -,videning and thickenin5'.'. of one sector of the r:erri ring. As gastru-

lation continues, elongation ·bakes place principally in the posterior 

ree:ion or dorsal Jip of the blastopore.. Thus the head of the embryo 

develops at the oric,inr:il position of t.hc embryonic shield. This de-

scription is in direct opposition to the anterior growth of tr1e embryo 

and germ ring that previously mentioned outhors have described for 

oL.er teleos ts. 

The plc:tyfish de11el9ps exLra-embryor1ic mem.br<'mes not found in most 

ottL.e:r :.fisJ:ies. Tl-1e pericardie~l ·sac is dev.eloped eA,tensi , . .rel1r in P. 

maculatus, :21.nd after ex..oancU.ne:: e.nt.eriOr'ly, it folds over and covers 

one-fourth of the enibryo. It prG-Sumably brinr;s nutrition to ti1e er:ibrfo. 

In tho regression of this structure a. tcr:iporar:y· neck strap is formed. 

'l'he mechanism of OVE;r growth of the pln-tyfish rc1embrsne is essentially 

the sane as that i.11 tbn ar:mion of' reptiles an.d birds. 

t;hile working on other problems involving the use o:f fish embryos., 

the embr.folog,y or ore.er of organoeenesis of the species concerned ha.ve 

been described by several authors. 

Such a description iqas made of the embryolOf",Y of the cottid fish, 

Clinocottus rccalvus (Greeley) by Norris (1951). This fish has an 

e,veraee er(g size of l._32 :mm. ~nd hatches in 19 to 20 d,ays at a temperature 

i . 0 0 rangine ~etueen 13.0 c. to 15.0 c. 



l r' ~· 
order of' in tho Da:nio w2s made by 

Coif (19hO). 

st.udyine: t,;J.e C::esc!'iptions the f;;tibr,vonic develo;m.2nt of the 

various spucies, it is observed tha.t teh~ost crnforyology, :in [;eneral, 

follm,,s g broad, typicr,l pe.ttern but 1ndividuo1 variations 1T:.ay very 

tJhetlier these varic:,t,ions are actual or on1y proportionate 

c:ii':ferences due to a di.fference j_n the tine required for the differen-

tiation of the e:1.bryo, nc~ecls further study. 
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hAT.,·.!UALS A!~D 1'.IETdODS 

The blue p:ournmi is an exotic fish bulon.ginc to the order 

Lab;rrinthici, &...l'ld family Anab:;intidae. There are at least two varieties 

of r:ourami usinr' the name 'frichor'aster trichopter.is. They are the blue 

~oura::ni c,.nd the three-spot e:ourami.. The blue f!;'()Urt.',:mi was the variety 

used in these studies. l"'is}1es in the order Labyrinthici are character­

i~ed by the presence of an auxiliaI"'IJ breathing apparatus called the 

labyrinth.. This adaptation emfbles the fish to obi:,ain o)cy"gen directly 

from the atmosphere. 

The fish i:-vhich 1rnre to furnish embryos in ti>.is study 1-:.rere purcha.oed 

as adults from a loc£1 tropical fish retail store. While being con­

ditioned :for spawning., the se:x.es t-JGre kc;pt in separate tanks. A 

t0mpera ture between 22° C. and 26° C. was m.uintained for the condi tioninr! 

of the adults. Usually a female would be able to sp8Jrm eve!'IJ two or 

three weeks. The rapidity with t-Jtich the spawninc;s could take place 

s0emed to depend on food conditions m1d temperature. A generous Gmount 

of live food wt1s supplied daily. 'I'his consisted of chopped earth worms 

or cultivated white worms. In addition., prepared dried foods such as 

shredded shrimp., dried dap}mia and mixed foods were offered. Approx­

imately Soo eegs were discharged at eaGl1 spv.wninr;. Two or three female 

fish ·!:,ere used alternately, wtlile one or two males provided an abundance 

of sperm as needed. 

Embryos were secured for study by two met'i:1ods--natural spawning: vnd 

stripping. For natural spmming a pair of adult fish Here placed. in a 

f'ive gallon tank. 'l'his tank ,:.,ras prepared in adva11ce and contained 

about seven inches of' water u ich had been aged long enough for the 
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chlor:~r:e to ~w:ve passed off trn ;ms. 

on 1ir:tich the E,mhryos were needed. The:? 

cornJtrncted a huhble nest., would drive the femnle beneath 

:Lt 1:md spais:ming ,-rould occr.r tn mar:mer chnractcristic of the 

labyrinthine teleosts. The eggs were ple.cec.l in the :f1oati:ng bu1::,ble nest 

could be removed eesily- wi ti1 a pipette. 

the ece:s uere removed they were pl.:wed in finger howls and incubaLed at 

a te:mpe:ratu:ce of 2.3° c. 

Ligilt seemed to be a ver,y it1porta.nt i'&.ctor in stimulating the 

spawning process. On two occi:sions ovul;::.:'cion was induct.:;d at night when 

artificial lights ·were turned on. 

':I°'tro to three ;;ours are u1':ut,lly required for a pair of fish to 

complete a spa1rr1ing; consequently, there 1rras considerable variation in 

of' thE-) spawning period 2nd ti1ose dischar:ed lcrnt. To overcor1e this 

disadvantage., a stripping technique was employed. 

procedure was used E,s described above for na,tura1 spt:i_wning. The fish 

uere allowed to perform one or tvro ch,sps at which t:Line a pipette wHs 

inserted in their vicinity, ax:cd a sm2ll quantity of' uater was removed_ 

'I'h.is t:Jas done in order to secure 

sper1,1atozoa which ;,w,le had disc'.1.arc;ed into the u::i:t;er. The female 

rc:rn1oved from t2.1e "ta:nk and held 1rentr<':tl side up in wet h&mds. 

lrJ:i.th a gentle pressinc; novmKmt of the thmnb 211.d forefinger, starting 

m1teriorly and proceding posteriorly acro~'S 2.bdonen, eggs 1;:rere 

extruded. The v-:::,ntral surf:.:we oJ the female was then dipped into the 

sperm che.rgod water where the egr:s floated t1W$,Y. 'I'tlis method resulted 



in as high a perccntar:::e of fertilized egp;s as were obtained from a 

natural mating. 
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The male was stripped for s9eri:t on so1:1e occasions. This was done 

by turning the male ventral side up nnd applying pressure w:i.th the thwnb 

and forefinger along the ventral line in the area between the an"J.s and 

e;enital pore.. The siwcess oi' this operation taus very doubtful since 

there uas ne·ver any visible evidence of obtaininr; sperm as would be 

indicated 'ay t.:1.e cppearance of a milk-y- colored s0minal fluid. The 

presence of the genital fluid in the m~le gourarai. is not indicated by a 

white line between the n:nus and genital pore as in the l''undulus 

heterociitus (Jones, 1937). Because of the abundance of spen11 in the 

water under the nest after it few claspings., stripping 0£ the male is 

not absolutely essential .. 

Stripping of the f er112.le lw.d some advantages over :natural spav-ming. 

It allowed unfertilii..:ed eggs to be obtained for study and photogre.phic 

purposes. 'fhe stripped eggs could ull be. fertilized at appro.xi:mately 

the sa..rne time, and th:is resulted in more unif orrni ty in the development of 

the eggs of a single spa1i1rr,.ing .• 

Photographs were taken i-Ji th a Leica camera using a Hicro-Ibso 

attachment on tbe microscope.. Illumination was pro-vided by a Bausch and 

Lomb rj_bbon filament lamp. Eastmru11 s Pana.tomic X film for the 35 mm. 

camera was um:"'ld. This is a fine grain film especially useful in photo­

i,rl.crogr;:iphy. Wratten color filters wore very useful in photographing 

certain structures suc:'1 aE the heart end circulatory system. 

Photographs were rr.acio of live embr;y-os at five minute intervals for 

the first two ~1ours after fertilization.. After this pe:ti.od they were 

made at half-hou:r intervi:iJ.s until hatchinr. Since development is 

continous through both d.C'.;y· and night, a study of this kind requires a 



considerable f',mount of pat.ient watchinp;. Two spawns were observed con-

and speci:me:n.s were collected and 

fixed at regulcu· int.ervals (30 minutes) for later studJr• dH'-

To date, several 

hundred photograp:1s have been mf'ile 

ca.mera with a time-lapse attachne:nt. This series of pictures Has very 

useful in det.errain4.,i.r: It gave uri accu:r'ate record 

t,he lm1.gth of tir1e ne0ded before Vtu>ious stx1.1ctures Ire re f orm.ed. 

early cleavagG stages; however, p;1ase microscope was not effective 

eifectivc ';Jith objcctin::s lower than 16 m.m. 
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Although the development of an embryo is a continuous process, it is 

convenient in a study of this kind to analyze the development into stages. 

The description of the embryology of the blue gourami, .!• trichopterus., 

has been arbitrarily divided into 27 sta.e:es. These descriptions have 

been made at times when easily visible chari.ges have occured; i.e • ., 

cleavage stages, germ rim, heart formation, circulation, etc. Repre-

sentative photographs have been included to illustrate each stage. 

Incubation -vra.s at. 23.0° c. and the appro:x.i.m..1.te incubation time is 

indicated for each stage. 

Stage 1. (Pie;. 1) Unfertilized e:: g. 

1'.he Ui"1.fertilizcd er;gs of the blue gourami, T. tricho-oterus, are spherical 

in shape 1,rlth an average w.ameter of o. 71 rnJn. 'i'hey are a pale ninber 

color and ma:-..r easily be overlooked in the water. They are pelae:ic with 

a specific p:ravi ty less than that of the water. 

Three distinct rerions are readily observed in the unfertilized 

eggs. Uppermost is the large, highly refractive oil droplet approx-

ima:t.ely .22 to .28 1nm. in diameter, wi'iich is embedded in the heavier. 

yolk material. The yolk makes up the second area and is slir-:htly 

flattcmed on the side opposite the oil droplet. The protoplasm is 

collected on this .f.'lc,tt,ened side forming a cap. This is very different 

from the unfertilized ova described f.'or other teleosts. In the sea bass 

(Uilson, 1-339) the protoplasm covers the yolk in a t:-dn uniform layer and 

collects at one pole a.i'ter fertilization. •r:rie n strearningn of the pro to-

plasm. ma:-3 be obseMetl as t:ds movement occurs. In Fundulus heterocli tus 

(Solbers, 1938; Oppenheimer, 1937) the sarae phenomenon occurs. The 

\ 
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protoplasn occupies a uniform inperceptabl\J layer muTom1d:Lng the yolk. 

Only- after f'erti1h:ation does it collect at. one pole to form the 

blastod.isc. 

In:£.• t.richopterus, unfertiliZt3d. ec;gs stripped from the female 

show t11is protoplasxlic c2.p already collected. on the side of the yolk 

opposite the oil droplet .. first step in its r·apid ontogeny is thus 

Stap:e 2. (Fig. 2) Fertilized o·V11m. Inculx,tion time O :mtm.1tes. After 

fertilization no iwmectia:t,e cll<e:nge can be seen in the egg. Since the 

protoplasm is already collected into a cap, the nstreaming11 effect observed 

in the sea ba.ss (Wilson., 1389) does not occur. 

Prior to t)w :first cleavage, the blastodisc chanr,es its shape '(Yith 

the 0d.ges becomin:: more 2.brupt. A thin protoplasmic layer, extending 

from the hlastodisc, en.closer; t}1e yolk. 

tuo-cell starz;e. Incu.bo:Lion time 30 minutes. 

first clec,vaE_'.'.e is com;:Jlete app:ro::-cLmately JO minutes after fertili-

'l'hi~; is 2, :.,1eridional cleavare which dj;vi.des the blnsto--

di:se into t1·w ec:ual blastomcres. 

rounded. Tl1ey <1re co::'Jpletely formed within four minutes after the first 

i11dic;1.tion oi' the clis,avapc furrow uppetcrs. 

Stace f ou:r-ce11 stHgc. Incubation time Lh 

minutes. second clen.v-gge begins about 1L minutes after the first is 

completed. This second meridional cleavage is perpendiculn.r to the first 

(Fig. 11-A) and forms a four-cell blastoderm l, ··'.'.>) 
L1"--'j •· 

Stage 5. (2ig. 5) l'.:ig}1t:-cell stap;c. Incubation time 5B minutes. 

The third cleavage takes pla.ce some lL, minutes af'tor the second. All sub-

sequent cleava['es occur 8,t ;;1ppToximately this sc1rne interval of time. The 
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rigure 1 . Unfertilized ovum. 
rote the protoplasmic cap and 
sinr,le larNe oil dropl e t . 

Fi gure 2. Fertilized ovum. 
The protopl smic cap is more 
rounded and separate f rom the 
yolk. 

Figure J. Two-cell stare. 
Note the three distinct rer ions; 
oil droplet, yolk mass, and 
protoplasm. 
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plm1cs of the third cleavare a:ce double and parallel to the first. Th.is 

causes an elongation of the a:,ds of the second cleavage plane. It has 

been surgested tha,t the long a..xis of the eight-cell blastoclErrm may 

become the a:tls of ti1e future enbryo (Oppenhei1rier, J.93'/). 

r:iade in U1is study to determine if this were true for the blue gourami. 

Stage 6. (Fig. 6) Sixt.een-c1:~ll blastoderm. Incubation tiuie 1 hour 

13 minutes. At this stage the rJl;,;,.stode:rm loses the symmetry i:rhich charac-

terized previous clee.var:es. '&:1th each succcss::L ve clea.vs.ge the individual 

ble.stomcres 

tl1at is one cell thick. 

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

from the central perihl,,1,st forming r:. space cr.J.led the secmentation cavity. 

central peribla.st is the thin layer of protopl.s,sm which lies ,1e-,ct to 

t.he yolk and co'm:::ctB the peripherial cells at their bases. It is formed 

y,·hen the clGiwa.g:e furrows fail to cut eEtin::l:y through the bla.stoderm 

durine; cleav::;1,ge. This phenomenon can not, be observed snd photogrn:phed 

very satisfactorily :i.n the livin?. embr:iros, but. it has been described in 

detail by iciilson (1Btl9). 

7) Thi:cty-two-cell Lion tifie l 1our 

:~ ('k1.' '.:·s· ;~,-~ V • ,,., i· • -~ J"'.\, ' an:.;r-cel1, t.·lastoder111. Incu.bation time 2 

l)las-Loclcrra 

I"L for;:,s ;;~ well-rounded dom.e on th," surface of the yolk. 

ts strikin 1y similar 
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ticure 4-A. Four- cell stare . 
Note the startinr of a second 
cleava~e plane perpendicular to 
t1.e first . 

PLATE II 

Figure 4-n. our-cell stage, 
second cleavaee completed • 

.._'igu::.-e 5. Eieht-ceJ.l s tage, 
ventral view. 



to ") C. that o:r unf ertiliz,ecl e 

be seen (Fig. :3-:;). 

11he cellulio,r nature of the peripheral periolcst :Ls not visible in 

except in the recion surroundine; the blastodern. 

· •.., (J. ,1,•.)r9:) b!l.LS0l1 _,.J ,; and Price (193L.a) based 

The peripher&l cells have indistinct 

bounda:rios at the place w:iier,s they ;join t:1e U1in protoplasmic layer 

surrourdir.r,· t/1e yolk. This periphe protoplasm conce:ni,rates into a 

rid.ge a_:ncl :reeei 1res n:uclei fro:n1 adjoinin;i cells of· the iJlastoderm. 

The nuclei '>rill eventually n.i.gr-ate to 

sorption of the yolk by ·~,i-1c developin,r; e:11L,ryo (14ilson, ldd9). 

9. (Fig. 9) Fl.at Clastt1la. Incu\;ntion tii:1e 3 hours lS 

zainutes. 1\s nu tosis continues, the re::ml tint: cells of tbe bl.estoderm be-

co:-.1e sr1a.1lcr. The done-lib:, sh2pe of the bl2stoderm with the 

surface of yolk. This stare 

Stare 10. (fir;s. 10-A, 10-:'l, 10-C) 

~\ou~~cs JO r.lin.1.,1.tt'~r. As ti1e blastoderH cord;..inucs to enlarge and e.xp8nd, 

the cs 1J.s in the cent2r thin out 211Cl the outer or peripheral ed~':e becmaEs 

thickened 10-C). This thickened .;:.,rea is called the verr1 ring. It 

is forirr(:;d a rapid rroi:"Jfo DJ1d proliferation of mardrwl ceD.s which 

tur:n. under centripetally (involution). 1~his til1ic};en.j_ne: occurs arouncl 

the entire periphr:~ry of lihe blastoderm. Wilson (1Gi39) gave a detailed 

der;cTiption of ·this pheno!,H,mon. 
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Figure 6. Sixteen-cell stage , 
ventral view. 

Figure 7. Early blastula. 
Note t he open peripherial cells 
and t he decrease in size of t he 
individual blastomer s . 

Figure 8-A. Blastula. Blasto­
derm conposed of many cel ls. Note 
t he relative positions of oil 
droplet, yolk mass, and blastoderrn. 
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At one point the ~erm :ring is thicker than olsswhere (Fig. 10-.A). 

Here inv',CJ,dnation is most rapid causing n to11eue of.' cells to protrude 

into Ln.e scgnentation cnvity. This marks ~- .c;; beginninr; ol' e:2cstrulation. 

This .coint on tlle i:::ern. rine: :,my be callee~ the dorsal lip of tl1e blasto-

pore, since it corresponds to a sirliln.:r. strn.cture in the developing 

anrphiLian embryo. '.l'he invBginating toneue of cells is the bee;innine of 

the e:nbr;y-onic shield from which the embryo proper will develop. 'I~'le 

inve.r:inati,19; tip of the embryonic shield r11arks the anterior end of the 

fo.ture cnbryo, 1,,rhile the dorsal lip of the blastopore :marks the poste:rior 

end. 

At t~1e sa'.T!e time the e!i1bryonic shield is differentiating, the germ 

rinp is mo-vinr:: dovm--over and around the yolk. 

11 1F-i"' 11) 1.,•L,uato1··i· -, oe= r.1.· nr::-- • \ ..... -~·. • - l:.I '" r: · o-L t:- _ ... JL.1~..i. • J.c--. stt:.fe. Incubation time 

5 hou.rs 30 minutes. Th,? r.rerm. rirw continues to e:xpand over t::ie surface 

o:Z the yolk, and in thiR sfage it is :Ln c2n equatorial position. It 

r8tr,ins its t.l:1ickness in the ref_rion of the e11ilJryodc shield, w'.,ile the 

rest o? the germ ring, il1e e;::tra.-erribr-yonic part of the rint>:, £',TOWS thin; 

f'J:ci. t~,e cells become flattened. 'l'he rinf produces a slir:ht constriction 

in t"i1e surface of the yolk as it mo1,es &long. 

T'he eEibryotdc shielci h;::1s bGcome more 0lon:·ate imiica.ting the axis of 

Stage 12. (Fig. 12) Yolk plug stage. Incub8.tion time 6 hours 10 

,ni:rrlltes. At ti:1is staEe t:1e gor.m rinr claost encircles the yolk except 

for a sr:iall area at the upper end of the oil droplet. 'l'he constriction 

imposed by the rern ring forces the oil droplet into an elipsoidal shape, 

~\ii th the sma}l end forminp,: the yolk plup.;. 

The embryonic shield continues to elonfc.te and 1.lecomcs ti!icker in 
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Figure 8- B. lastula. (dark 
field photo) . Note the individual 
cells are still distinpuish ble . 

+ Figure 9. Flat blastula. 
Dlastoderm just prior to gastru­
lation. 

Figure 10-A. .1!:arly cerm ring. 
Note the thickened rin area on 
the left of the photo. 
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Figure 10-13. Germ ring. View 
of dorsal surface. 

Fipure 10-C. Germ ring. Vi ew 
of the ventral surface of the same 
egg as in figure 10- . Note the 
thickness of the gen rirw. 

Figure ll. Equatorial germ 
ring. Note the e.1bryonic shield 
extending perpendicular fron the 
germ ring • 
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the central axis. 'I'his added thickness causes it to press down into the 

Stage 13. (]irs. 13-A, 13-8) Clost1re of the blast.opore. Incubation 

tirne 7 ;;wurs 50 no.nu tes. Af'ter seven hours and fi.fty mirmtes develop-

ment, the closure of the hlnstopore takes place. '.!.'his is a. period of 

much activity. Hy proper light manipulation the embryonic shield may be 

seen 13-A) as a narrow darkened streak extending from the dorsal 

lip of the blastopore around the curvature of the yolk perpendicular to 

the germ ring. (Note the \i-shaped indentation on tb.e top where the 

errJJryonic shield presses into the yolk) In Ji'ig. 13-B, the microscope was 

focused throud1 the egg onto the shield on the lower side. These photo-

graphs show that the embriJon:i.c shield has encircled approximately ha.lf 

of the yolk mass. 

Stage lh. (Figs. lh-A., ll{-JJ) Embr;-yonic shield. Ineubat.ion time 9 

hours. The embryonic shield growr.,; anteriorly and becomes thicker 

dorsoventrally along tA1e median line. Jmother structure, the neural 

keel, makes its a.i:;,pearm1ce 2,nd is destined to form the notochord ::-md 

central nervous system. The keel continues to grow and press down.Ha:r'd 

into t;1e yolk mass forming a V-shapcd indentation (Fig. 14-A). The 

lateral portions of the embryonic shield become thir.m,er where they join 

extra-embryonic 
,, 

m6iT.1D- r tu1e. 

'rho embryonic shield shows a narked bulge in the anterior region 

{n· 11. [') \.1:'lf• _c:.-.:, • This is the cephalic area of the developing ern.bryo, and the 

lateral expa:nsion is caused by the solid mnss of cells of the optic 

Stage 15. (Fig. 15) Som.i.te formation. Incubation time 10 hours 
C 

30 minutes. Early in the differentiation of the embryo, a solid rod of 
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Figure 12. Yolk plur , lateral 
view. Note t he embryonic shield 
( upper left) • 

. Hgure 13-A. Closure of the 
blastopore . Note the dorsal lip 
of the blastopore indicated by 
arrow. 

PLATE VI 

Figure 13-B. Closure of the 
blastopore . This is the same 
embryo as figure 13-A with the 
microscope focused on the ventral 
surface . 
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cells 2-ppeB.rs cl.one the center line of the embryonic axis. 'l'l,is structure 

is 1mo1,,m as the notochord 0-11d lies next to the yolk mass. On both sides 

oi' the notochord, mesodeniwl so:mi tes begin to differentiate in the 

anterior region, and continue to form posteriorly. .An undifferentiated 

mass of cells is visible in the caudal reeion (F·ie. 15). 

The neural keel continues to develop and the cephalic region attains 

considerable dorsoventral thickness and pushes out into the perivitelline 

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

as flattened lateral expansions of the cephalic region. 

Staro:e 16. (iigs. 16-A, 16-D) Neurula. Incubation time 12 hours. 

};y continued growth end differentiation, the embryo moves around the yolk 

until both head and tail regions may be seen at the same time (I1'ig. 16-A). 

The forebrain and optic vesicles are still somewhat flattened and ad}1ere 

very closely to t.he underlying periolast (Fig. 16-.D). The notochord may 

be seen in the te.il region as a solid rod of' cells, and the neural keel 

lies dorsal to the notochord as a solid structure. Undifferentiated 

mesode:rm ext.ends laterally on both sides of the notochord and will be 

used in fae formation of the somi tes. 

Stage 17. ( Figs. 17-A, 17-B) Differentiation of the tail region. 

Incubation time 12 hours 50 minutes.. At this stage :most activi. ty centers 

in the differentiation of the nervous system and the continued growth 

of the tDil reg,ion. Somi. te fornation has progressed posteriorly (Fie;. 

17-A). The notochord and neural chord a:r.e still solid structures uith 

well defined sorr,ites formed on either side. 'l'he ceplmlic region of the 

neural chord has ti:1ickened dorsoventrally, and it is pushing down into 

the yolk causine: the yolk mass and oil globule to assume a flattened 

appearance. The optic vesicles, which form as evaginations of the 
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Figure lt-A. Embryonic shield. 
Note the neural keel pre~sinr 
down into the yolk. 

PLATE VII 

Figure 14- R. Embryonic shield , 
ventral view. Note the optic 
vesicle primordia. 

F'irure 15. Somi te formation, 
ventral vie through oil droplet 
and yolk. ~ote the somites, 
notochord, and enlargement of the 
optic vesicles. 
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mid- brain, have been partially separated from the brain by constrictions 

(Fig. 17- J) . 

Stage 18 . (Figs . 18-A, 18-B) Optic cavity formation. Incubation 

time 13 hours 20 minutes. At this stage the cavities begin to form in 

the optic vesicles . The optic vesicle are still broadly connected to 

the brain, but the amount of separation i s increasing. In t he teleosts, 

the nervous system and associated sense organs form from solid cell 

masses . The cavities t_en form by a process of vacuolization (Oppenheimer, 

1937) . In o er vertebrates the centrai nervous sys tem forms as a hollow 

tube by folding. 

Stage 19. (Fig. 19) Optic cup formation. Incubation time 1L hours 

30 minute . After fourteen and one-half hours of development the eyes 

begin to form their characteristic cup- shape. Thi is brourht about by 

the outer layer of cells pu h.ing down into the optic cavity , much in the 

same armer a one would push one side of a rutuer ball in against the 

other. The lens soon form as a thickened area in the epidermis . 

Stare 20. (Fig. 20) Early pie;mentation. Incubation time 15 hours. 

The first pigmentation may be seen after 15 hours of developnent. Lar~e 

stellate melanophores appear along the lateral margin of t.1e embryo. 

The cephalic region continues to e:xp d and develop with the regions of 

the brain becoming more distinct. 

Stage 21. (Fis. 21-A, 21-B) The heart formation. Incubation time 

16 hours 45 minutes . At this time t e heart may be seen as a round tube 

extending laterally from under the left eye (Fi . 21- A) . As yet, the 

blood vessels and blood cells have not formed; t hus , the circulation has 

not started. The position of the heart under t he left eye is slightly 

different than that recorded for ome other species . In most other 
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Figure 16-A. ~eurula, ventr al 
view. Tote the notochord, neural 
keel , and undifferentiated meso­
derm in the tail reg-ion (6 o'clock) . 

Figure 16-B. Neurula, lateral 
view. Note the o~tic vesicle s 
( 7 0 1 clock) . 

PLAT.E; VIII 

Figure 17-A. Tail form tion. 
ote notochord, neural chord, and 
omi tes in the tail. 
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• igure 17-B. Tail formation, 
sa.i-:i.e embryo as in fi~re 17-A. 
Note optic v~sicles and brain 
development. 

1''i!:'llre 18-A. Optic cavity 
fornation. 

Figure 18-n. Optic vesicles . 
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Figure 19. Optic cups . 

rigu.re 20 . Early piry:ier.tation. 
Iote the melanophores along the 
side of the embryo. 

Fi gure 21-A. Heart. Note the 
leart a an open tuhe under and 
posterior to the left eye, 
indicated by nrrow. Note the 
cavity in the forebrain. 



insttmces descriiJed, the heart projects forward f'ror,1 tmder t.he head and 

lies on tl1e surface of the yolk ( Carr, 194-2:67; Solberg, 19)8:13) • 

Figure 21-B shows an embryo of approxi.mately "the same stage as Firmre 

21-A, but one in wh::'..ch the pi@,!.entation has failed to develop. This la.ck 

of pifmentation makes the heart and bro:1in easily visible. 

At tr.1is stag;e the lens of the eye is 1.-:rell defined a.11.d the cavities 
I 

of' the brain are easily obser,red. Helanophores hr,.ve become more 

• 
scattered over the yolk. 

Stage 22. (.Fie;. 22) Circulation. Incubation time 17 hours JO 

minutes. The heart beat first starts after about 17 to 13 hours of 

development. At first the beat is slow an.d irregular; but it soon 

becomes a stead;f pulm:rtion. ''.Che first indication of circulation is the 

formation of' blood islands on the surf ace of the yolk. (J\Iot,e tl'w.t the 

oil droplet, al-t .. hou,2h it is easily visible, is enclosed in a thin layer 

of yolk :,,ate rial; and tili.s in turn is covered by a layer of protoplasm). 

From. these groups of cells "0h.e l>lood vessels and blood a.re formed 

(Solberg, 1933:1<3). T.he blood cells move across the yolk in a postero-

anterior direction. 1\t first their mover.,y . .mt is slow and haltinff, i:i.nd 

they follow a broad p2t,h d1ich leads to the open posterior end of' the 

heart. As development continues and blood cells increase in munber, the 

speed of their movement increases and the path becomes definite ;;md 

narrow (li'ig. 22). Eventually walls a.re formed and vitelline vessels 

connect id th the heart. 

Staro 23. (f':i.g. 23) i'in buds. Incui:,ation time 23 hours. The 

pectoral .fj_n bu.ds become 1.risible after 22 to 2L hours of incubation. 

'l'hey are seen !?,s rouncied projections along the lateral marrins of the 

embr;ro. 
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Fir.rure 21- 3. .!cart, in an 
unpi ~mented emb o . Note the 
position of heart, al o t he lens 
of t 1Le eye and brain cavities. 
A dors olateral view. 

Figure 22 . Circulation . Note 
the broad blood path across the 
yolk surface. 

Figure 23 . Fin bud. 



Stage 2b ( v,, 21 ) l' ·, o• /l . ..L•:·,• ·-.. Hatchin2:. Incubation time 25 hours. Hatching 

occurs in the blue 1,:ourami, !• tricho;eterus after 24 to 26 hours of 

d.evelopm.e:nt. The embryo breaks the d1orion t-J'ith a lo.shing movement of 

th0 tail and escapes into the i:mter. 

Stafe 25. (?i:;-:. 2.5) 28-h.our larva. 

'l'(l.e most apparent change in the emb?'1JO, after it hatches and is known as 

a larv:., is the reductton. in the amount and shape of t:."'ie yolk mass. At 

hatching (Fig. 2h), the yolk mass is well rounded a11d t.he ei;ibryot s body 

is still curved around t,,is large ronount of yolk material. However, 

soon after i:1atchinr; the body becomes more elongate; and the yolk 'material 

is !:ot only reduced in amount, but also assumes the elongate shape of the 

embryo proper. The larva stays at the surfa.ce of the i·rater and floats in 

a vertical position. This position is due to the :.Jj.oyxncy oi' the large 

oil droplet and yolk 1nass 1--.ridch tends to float the larva with the hea.d 

up. t1Jhen disturbed the larva falls to the bottom of the container arid 

innnediately tries to return to the surface of the vr&.:.er by a strugeling 

spiral movement. 

Stage 26. ,-,() c:. ... ) 45-hour larva. 

The le.rva of this stage has used up still more of the yolk mate::;t·ial. The 

body s'.iape is :1-iore elonc--ate and stra.i.1 ht. The somi tes in the most 

posterior part of the tail are. still not completely differentiated. The 

pector::tl fins differentiate into thin., transparent., leaf-like organs. 

'l'hc larva of this stage has not taken in food due to the lack of complete 

differentia.tion of the internuJ. visc0ra. The yolk supply is still 

sufficient to furnish proper nourishment. 

Stare 27. 27) 72-hour larva. 

The l~rva at this age has used up 1:1ost of the yolk material with only a 



Figure 24. Twenty- five hour embryo just 
after emergine from t.~e chorion. 

Figure 25. Twenty- eight hour larva. 

PLATE XII 
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•_i;:,1c, di :estive. trect h~s 
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Figure 26 . Forty-five hour larva. 
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r ieure 27 . Seventy- two hour larva. 

Firuge 28 . Abnormal Embryo. 
Note lac of piPT.1entation, 
enlarged pericardial sac, and 
abnormal brain rerion. 

PLATE XIV 

L4 
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DISCUSSIOH 

e:;;:ists sons doubt concsminf the vDlid scientific rw.mc of the 

no adequate description of this fish 

(f;Ieyers, personal correspondence). 11c similar fish commonly Jr,11orn1 as tb.e 

three-spa-£, fwurami has been desc:dbed and called Trichoi::;as~ trichop-

The 1:lu.e c;ourrum differs from this fish chiefly in color 

and origin. It is found naturally only on the !sla.D.d of Sumatro., while 

the three-spot gourein is found in India, the L:alay Peninsula, :,md Inda-

China. Innes ( 19M; 33h) suggGsts that the bluo goura;;ri. which he calls 

'I'ricllogaster suriatrf;,,nus is a color variation of the three-spot gourami, 

and that there is onlJr one species. 

It he,s been sucgested (Ifoyers, personal. correspondence) that the 

blue ,c;;ourami mar be a geographic race or subspecies of Trichogaster 

trichopterus. Howevt;r, since mock;1rn ict21yoloeical li tm0 ature does 

not recognize uny species of gourami of the three-spot cr,roup other than 

'l'. trichopterus, it seems justifiable to use this name for the blue 

gourami at the present time. 

Another study of the embryology of ! . ~trichopterus has been nade by 

Ellinor H. Behre and is to be published soon. correspondence it is 

learned that there are some differences between the observations of that 

investigation a:nd the ones presented here. The fi.1ai!1 conflicts appear to 

co::1cern the size of the ec:g a:nd the structure of the oil droplet. Heh re 

recor<ls rn1 eeg diameter of' .en 1:1rn,., uhi1e the data reported here show a 

size of • 71. r:;rrn • She also reports numerous small oil droplets in the egg 

. ;rolk, 1-frdlc~ t?i.e e,'ifS observed here show only a single large oil droplet 

that equds about one-third of the total egg volune. 

Professor Be11re has not been published 



an.d the present author Lw.s b,t~er• unable to observe her .material, com-

parisom; in reg['.,rd t.o other detc.ils cen not r:mde at this time. 'Phe 

au:!:.hor does not know uhether Dr. :',ehre studied the :i; luen or 11 three-

spotll variation of rr. trichouterus. Urie is justifie,.i, hmJevBr, in 

c:1skinr, vJltetLter there can 'c,e this muc:n na:turf'l vari1:,tion in u sinF,'lEi species. 

Are their errib.,,.,rolor:~ice,l diiferences an ir,dication that there are bvo '"""i:J ~." 

distinct species in tt:is group of fishes? 

the sm:na riermer 2cs other described teJ.eostea:n em.bryos, ;yet it does differ 

fron. the other descriptions at certz.in points. 

Tbc unfertilized er,;r.s of t,he blue gourami B(;pear t,o be dii.ferent 

from those of other fishes described in the literature. In the blue 

gourami (er"gs removed by stripping and unfertilized) there is present a 

i:-uell-rmmded protoplns~1ic cap ·r,itdch can not distingu.ished from tr1e 

blastodisc of the fertilized egg and is easily confused 1;,Ji th the many-

celled bla.::;toder::1. other def;criptions the protoplas11i. of t.hc vire;in 

ovum is located in a thin layer aro;_md the yolk a.nd collects 1?.t one polo 

Rfter fertilizat:Lon. takes place, sometimes producing a visible nstreamingn 

when the blastodisc is formine;. protoplas:n1 s accu nlation in 

t.l'uJ uniertili:,,ed er:c: does not seen to 1Je a f,1ctor in the fourf1x.1i I s ra;pid 

develop:11ent, since the first cleavage does not occnr until JO rn:Ln1,,Les 

after fertilization. Some other species with lon2er developt1e:nt time h$.ve 

their first cletc.vagc:? vri thin the first 30 to LO minutes (Roosen-isunge, 19.3H). 

In most 

other descriptions of fish em!.;r;vos, the heart forns e.s a t;ube extending 

fofiJard from lmder the head, and lying on the surf.:;:,c0 of the yolk ( Carr, 

19h2: 67; Solberg, 193d: 18). In the blue g;ourru:1i heart extends 



later:illy from umier the left e;ye, vit1erE) it coc,nects t.o the vitelline 

vein. 'l'his urn:i.sual position oi' the hea.rt has <"lso been observed. by the 

author in ttic Betta splende~ e!nbryo, w'.1ich is another nerriber of 

the order Lnb::cyint2l.ici. 

stud.y of the embryolo~7 of this fish :~;.:.Ive :no clues to changes 

that would account for its rapid re,te development other than the rate 

of rrd. totic clet".vac:E', which is materially faster tha;n that of ,nny other 

forms described. Other of the labr;{inthine fishes IJiE:tt~ splend.ens; 

Eacropo::hrn opercula:ris (LinnaeusJ observed the author (Ingarsol 2nd 

,Jom"s, 19h9) tend to develop rapidly 8.nd have a relatively short mitotic 

cycle. 

As previousl;y- referred to in the literature section of this thesis, 

there is a question a.s to tru'; movement of the germ :rj_ng a.nd "the subsequent 

closu:re of the blctstopore. ~,fhile it was beyond the scope of this study 

to make a detailed investigation of this phenomenon, it s\ould pointed 

out that tlw general procedures of germ ring :migration havr, been de-

scribed b;y the various uorkers. Onl;y two investigators (Price, 19_::7~ 97; 

Jones, 1937: 31-32) have suggested that this difference exists. Does the 

germ rin;; move across the yolk from one end to the other, or does the 

dors2l lip of the bJ.astopore remain in a stationary posi t:Lon and the 

rest of the ring move around the yolk pivoting from this point? The 

evid.ence presented in the literature indicc:ites that both processes have 

been observed in teleostean development w:Lth the Llastopore closure 

being effec·i:,ed by concrescenco. 

In the development. of the blue gourarc1i embryo epiboly occurs -through-

out ger".',1 ring. upport this conclusion it :· 1° not0d U1e.t the oil 

:tn ·t,he floating egg. 



9:rotoplc:•srn is collected on the lower surface of the yolk and opposite 

to the oil droplet. As the germ ring forms, :i. t m.oves upward over the 

:;rolk on all sides. At tha t,frm of the closure of the hl<',stopore, the 

protoplr1sn has encircled the yolk exceipt .for a small aroa on t,he upper 

t!,e oil globule (Fig. 13-A). If the dorsd lip of the 

pos:l tio:n it occupied tl1e gerrn ril1fE ·ffUS 

fi.rst forr:i~d, tho closure o.r: -the blo.f1topore 1.K.iuld take place on the side 

of the oil globule instee.cl of the uppermost surff1co of it. 

Ul,en cultu.ring one e;rou.9 of' eahryos for observr.tion., a situation 

'11hi.s group of er:r.bryos failed to 

). The cul turlng medium used in 

:1·ater from one particular bottlo prod,.1.ced this nlmormal effect w~1ich r,ms 

uniforn and :rcpsatcd in other spawnings. f!ome of the 2i'f ected e1,:bryos 

·were transferrnd to fresh water soon after hatchintr, and th.2-se then 

bec2mo pignented and c0ntinued to develop normally. Enbryos left in the 

contarri.na:b3d culture ,mter after ha·i:.chin:c, in a~i,di tion to the lack of 

pigmentation, developed a g:re,2.tl;;r enlarged perica:rdi2.l sac ( Fig.. 2H), 

1-.~hiei, in !'1any- c:1ses stretched the heart into u straicht tube. Other 

deformities occurred euch as I'l.alformation of' the head and br.:i.in and lack 

of development e,f the tall. iilso noticable rn'"G one or mo:ce abnorrn.al 

body f'lexm'eS. 

contrullnnt:t11g rr0J:,st~111ce ix1 tbe cultu.1ne ·v:ruter l-'1as n.ot bee:n. 

isolatecJ rl s011S prelimi:nar,f 0::t.perimcnts have been made. This will 

be the object of future study. The si.t::nifi.cance of tds phenomenon, as 

t 1:is str,dy coricer:ned, lies in, tlle f c2ct th:s.t ennbled photo-

onEnarj ly- be difficult to 

observe if the embryos wore nor::nally pigz:1ei:Tt.ed~ 
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Observti .. tions of ma:ay devio,tioris in the development of fish embr;)/Os 

seemincly exposed t,o similar enviromrtentD.l conditions, such as the one 

.:1i'fect the rnte of developr:1.e:nt'? It is generally thought tha..t higher 

te::iporatures increase the developmEmt rate within certain lim.its. 

:Iowever, one r:roup of :fishes, the soil breeders of the iu.ndulopanchax: 

group, develop i"astBr 2.t 21° C. than at a temperature of 26.5° C. (Klee, 

1951). For the blue gourami our data indicate that lower tern:9eratures 

extend the incubation period. The mininnun and rr,2:;;:J.mum te:mperuture limits 

of embr;ronic activity for this species were not determined .. 

All of the fert:ile eggs of a single blue gourarni spawn. hatched at 

approid.:rnately the same time ( 25 hours). However, er;gs cf Aphyoserrd.on 

s;joestedti (Loenn::Jerg) that are fertilized at the same time and incubated 

under identiccil conditions may hutch from one month to several months apart 

( ( 1-i ra.""11 · 1 9r:::1) ,t..... ' J., u., - / • What factors can cause so rilllch variation in development 

under the sct1ne emdronmentel conditions? 

'I?:iese and other questions should certainly demand our attention and 

an. ad.equato study might 2;ive :more meaning to the descriptive stages of the 

pres0ntly describ,c:;d teleostean species. 
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Decause of the increased use of fish embryos as e:xperimental animals, 

and becrru.se of their value as a teaching tool, this descriptive study of 

the embryology of the blue gourami, Trichogaster trichopterus (Pallas), 

was .made.. The blue gouram:i. was selected for the study becau.se of the 

unusual speed iri th which it develops. 

The egg of this fresh-water fish is approximately 0,. 71 rJm. in shie 

nnd is characterized by a large single droplet of oil., which is e;T.bedded 

in the heavier yolk :material, but near the su:cface. This oil droplet is 

alwa;.y·s upperJ?.ost in the floating ec;g. A cap-like protoplasmic disc is 

collected at the side opposite the oil globule in the unfertilized. egg. 

The first cleavage takes place j_n about 30 minutes after fertili­

zation, and su.bssquent cleavac;es occur at intervals of from 12 to 1$ 

minutes, at a te:.:'!pcrature of 23° to 24° c. In the blue rrourami the germ 

ring movas around the yolk on all sides instead of pivoting from a 

stationar-J dors.sl lip of the blastopore as recorded by t~ilson (ltJ89). 

The heart appears on the anterior surf ace of the yolk sac and under 

the left eye. It first appears aJ··~.::;r about 16 hours of d.evclopme.nt .• 

Pigmentation occurs on tbn head and melanophores are scattered over the 

yolk sac when the cmb:r;-yo has incubated 15 hours. 

Hatc:u.ng is accomplished by a lashing movornent of the tail wllich 

ruptures the chorion after about 24 to 26 hours of incubation. The 

nevily-hntched larva continues to be nourished by the yolk m.ass for about 

three days., after which it is "free-swimming" and able to feed. 

With the above except.ions, the embryonic development of the blue 

goura>ni follows the b:.tsic pattern of tE:<leostean embryology described by 
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