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INTRODUCTION

Bufa melatlostir tus Schr,eider j s r he commo nesr toad of t he Indo_pakistan
Sub-conlinent and occurs jn almost all parts of Pakisran (Muray, 1894).

Being so widely distributed nnd casily obtainable, Bufo nletanostichts
could well serve as a type for classroom study, and could also provide materjal
for experimental work on amphibjan Ernbryology. In bolh cases however, it
would be necessary 10 have a detailed accounl of its normal development.

Deta;led description of rhe varjous srages of developmenr of over a
dozen amphibians, often arranged in the form of illusrraled tables, have been
published but almost no literature on ihe development of our common toad,
Bufo melatlostiet8,is available. In rhis Laborarory Hashmi made a prejiminary
study ofthe early developmenral stages of this toad, but his studies were
aimed at gelling a general piclure of early ontogeny rather rhad at compiling
a Normal Table of development. Moreover, his findings have remained
unpubl ished so 1ar.

The present study has been urdcrraken to prepare a Normal Table of
Bufo melanostictus as a prelimina.y 10 frrther embryological work on lhjs

This work was don€ in the laboratories of the covernment College,
Lahore, in parlial fulfilment of the requirements for the M.Sc. degree of the
University of the Panjab. I wlsh to acknowledge my indebredness to Dr.
Ahsanul Islam who suggested the problem and under whose supervjsion rhe
wofk was compleied.

MATERIAL AND METHOD

(r) Collectioo of Mat€rial

The nalerial for tbe present study was collected from lhe Govcrnmcnt
Coll€ge lawns,lhe Col Bagl, aDd orher Iocatirjes jn ihe vicjnjty oftbe laboralory.
ln order to make sure that the eggs and the othcr developmental stages, on
\rhich this study is based, really betonged to ,rdo melarrrlirlur, it was nccessary

Dep3rtment ol Zooloey, Talim.rl.hlem Cotlege, Rabwah, DistlictJbang, Wesl pakistad.
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to catch the animals in the act of Iaying eggs. This end was achieved by
tollowing Hashmi's (unpubijshed) technique, wlereby coputaring pairs of
toads are collect€d and kept ir a large basin jn the laboratory. In most cases
tbe male and female remajn in amplexus even in the collecring b.g; the eggs
are laid when tlre animals a.e rcleased jnto thc basin conlaining fresh,water.
In olher cases where the malc and fenale go oLn of amplexus wh€n dislurbed,
they frequently resume the process of copulation when put back in water. Ir
eilher case slrings of eggs can be collected as soon as laid.

Itr Lahore copulating toads arc comc across during the rainy season
(JLrly to early September) soon after a downpour, eslecialiy in the morning.
The possibi l i ty ofkeeping a col lec{ ion of l ive toads in the laboratory, ard rhus
avoiditrg the lrouble of searching for toads early in the moning, was also
explored. Unfortunately the animals k€pt in the frogeary did not go inro
amplexus and, l ius, did nol proviCe any mater ial  fcr lh€ pres€nt str :dy.

In the pairs which were brought to the laboratory.llc enlire process of
egg laying was observed. To begin wi lh the male jumps on 10 the back ofrhe
female and calches hold ofher with thc help of his fore-arms. The 1wo remain
in this position for a long tine-lhe exacl duralionbeing diferenr in ditrerenr
cases. The female may jump about fron place to place, carrying the male on
her back. Wh€n the female is about to lay eggs, rhythmic movements which
are from infront backwards can be seen exrernally on her belly. Then she settles
down at the bottom of the tank, and this is an indica(ion for her mare io bring
his hindlimbs togeller to make a "pouch". tn that "pouch" the eggs are
Saihered and the spermatic fluid is ejac lated over them by the male. When
no more eggs are coming out of the cloacal opening, the f€male ccmes xp
again 10 lhe surface of water. The mate wilhdraws his hind legs ard rh€ egg
strings are let loose. The eggs are laid in this way jn many instalmenls.

As mentioned abovc the female conlinues to change her position so that
tbe egg slrings g€t wound round the waier planls and ihe stones l]jng in the
pond. The egg strirgs are very slicky when laid, and readily slick 10 every
object they come in conract !v;th. Sand parljcles adhere to the egg slrinss
which, I herefore. become comouflaged and are probably saved from ihe preda-
lors, like crows elc.

As soon as laid, the egg slrings were collected in a petri dish and were
transfer.ed to a large carlhen trough containing tap-water. Some planls of
Hy.ltilla werc also added ro lhc tfough 1o cnsure a suppiy of Oxygen. In the
earlhetr vessel the lempcralurc of water is usually about 2'C below the room
temperalure. This is a distinct advantag€ during the hot sumrner af(ernoon.

CeDerally the eggs of Anrphibia are sludied in a saline solulion, called
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Hollfreter's solulion, whicfi is also known as lhe .standard culrxrc mediurn.,.
Previous work in l]ris laboratory by Hashmi and cilani (unpubiisjr€d) has,
howevcr, eslabljshed rlral development of road (Bufo tnelanoslio s) ^^d ftog
(Rand tigtina 1lpi.z') clrn 1afte place normally in tap-water. The lap-warer
supplicd to the Zoological Laboratory is pumped ou1 by a rubc-welt near the
college, and is slored in a reservoir. Its pH was found ro bc 7.0.

Unforlunately, no device fb. maintaining a conslanl remperature was
available. Thc delelopmert was, therefore! allowcd lo pr.oceed at the room
renrpemtxrc, which was recorded at shorl intervals. It was noted that flucrua-
tions wcre relatiyely stight. and the entire developmenr could be regarded as
having t6ken place at a lcrnperaturc berween 29-32.C.

(r) fikation

At first Bouids fluid. recrified spirn cnd 5% fo. ali vere used as
fixatives, brt it was seen that early embryos, particutarly from gasrruta Srage
to tail bud Stage, wcrc nol preserved adequa!€ty in ihesc fixatives and ihe
mater ial  was damaged in shape and form. Boui s f lu id di luled with an equat
volume of lvaLer was seen io bc a good fixllive. 11 was also seen that ji the
eggs are dipped in boiling water and ltren preserved in 3% formalin, they keep
thcir shape and fornl. So both these methods werc employcd for frxation.

Il was also noliced that coats of jelly could be rcmoled easily from
those eggs which had been fixed by immersion into hot water. Afrer a treaF
ment with boiling waler rhose eggs were kept in 3 % tbrnalin overnight, and
then tnc jelly was removcd wjth the help of needles or fine lorccps.

For storage, ai  f i rst  a mixturc ot cqual quanLir ies of 70% Alcohol ard
Glycerine was used, bul jl was seen that ernbryos from gastrula to iail bud
Stage tended to be deformcd. So, Llese srages were srored in 3% formatin.
The rest of the stages were, howeler, slored in 70% Alcohol and clyccrin€.

(c) StudJ ofrnate al

In the coxrse of the present study only the cxtcrnal nrorphology of the
vaf ious sLagcs of dcvelo!menl has becn taken inio consjderal ion.

Thc obscrlalions havc been r€cordcd in drawing. All the drawings
have been made with the help ol canrera lucida (Abbe model).

For neasuring the eggs and early slages, a disc eyc-pjcce micrometcr
was employed, while the later embryos were measurcd wilh tle lteip of a
mechanical stage.

The dianeter of the eggs and early cteavage stages was rccordcd along
the equalorial plane. These slages are completely spherical. Each stage was
measured al lcast twice 1() ens!rc agains( any possibilily ofefl.or.
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For advanced stages the following lengths were measured:-
(l) The whole length ofthe animal from anterior tip of the body io the

t ip of the tai l .
(tt) The length fiom anterior tip of body to anus.

(iit The length ffom anus to the tip of the tajl.
As mentiotred above no thermostatic con1rol of the water in which the

emb(yos were developing could be ensured. Consequenlly, the age of various
stages in hours could not be regarded as a valid criterioD for recognizing the
stages of a Normal Table. Some observations regarding the age of early
developmental slages were, however, made and are recorded in Table I.

TADLE I

Stage Time Temperature

Oviposit ion
2-C€ll
Blastula
Formation of Blastopore
Consariction of Blastopore
Closure of Blastopore
Neural plate
Neural folds

8-8.30 am.
9-9.15 a.m.
10.00 a.m.
11.45-12.00 a.m.
2.00-4.00 p.m.
6.00-6.10 p.m.
6.00 p.m.
6.30 p.m.

29.5'C
29.8'C
30.8'C
31.2'C
31.85'C
32.0'C
3 l .5 'C
30.3'C

(d) r'staging"

A refereDce to th€ previous literature shows that there is no standardized
method of dividing the €arly oniogeny into stages. Difierent authors have
adopted their own schemes or systems with the rcsult that there is no guarantee
of the comparability of sin larly nurnber€d stages of different species.

In the course of the present study an attempt has been made to follow
the paitem ofthe NormaJ'fable of Xenoput laetir (Daudin) edited by Nieuw-
koop & Faber (1956), itr so far as the external characters catr be used for the
purpose.

Otrly the distinct, unmistakable and easily recognizable stages of
development have been trumbered, and full care has been taketr to avoid

multiplication of stages due to variatiotrs in the structures. In all 43 stages

have been r€cognized in the development ol Bufo nelattostictus. lt has not
been lound feasible to recognize a pre-metamoDhosis period and a period

ofmetamorphosis, because all chang€s, however sudden they may appear to be,
are gradual in their final analysis. Il may however be mentioned that stage
25 is relatively stable and if suitable conditjoDs for metamorphosis ar€ trot
available, the animal may conlinue in ilis stage.

I
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Sttg€ l. Unfertilized egg. (plate t).
Average diameter: I.3 mm.

Animal (A.P.) and vesetat poles (vEC. p.) are djsrinct. The anjmal
hemisphere is deepiy pigmented, white the vegetal pote is wjthout pigmenr and
app€aN to be almost whi1e. The pjgment exlends up to midway belwe€n lle
€quator of the egg and the vegeral pole_

Stag€ 2. Fertilized egg. (plale t).
Average diamer€r:  1.3 mm.

This stage difrers from stage I in havrng, belw€en the
vegetal hemrspheres, a crescenlic arca which js nejther btack nor
intennediate (grey) in colour (CRES.).

animal and
white, but is

The pigmenr is jusr touching the €quator oflh€ egg, but does not extend
beyond it towards the vegelal pole.

The vilelline membrane (VlT.) whjch adhered very ctosely ro rhe esg
at Stage l, becomes rather loose after ferriljzation and can be distjnguished
readily.

Stage 3. 2-Cell stage (Pla1e t).

Diameter:  1.25 mm. to L3 mm.
The fi.st cleavage is vertical and divjdes the fe.titized egg into two

almost equal blastomeres (BL.). The cleavage furrow is equally distinct and
deep throughout its length. The animal pole (A.p.) is deepty ptgnenled
whereas the vegctal pole (VEc. p.) is crean-coloured. The viteltine m€mbrane
is clearly indicated. The ends of rhe blastomeres are rounded. The grey
crescent is visible. Ir is broader on rhe furure dorsal side rhan on the opposite
side. It is like a pigmenred oblique area exrending on rhe future rtorsal side
between the anirnat pole and rhe middle ofthe egg. The yotk appears ro be

Stagc 4, 4 Cel l  . rage (Plare I) .

Diamererr 1.25 mm. to 1.3 mrb.
The second cleavage js also vertjcal and lies aimost at right angles lo

tfie firct one. The cleavage furrows srarr from the animat pole but fail t; rneet
at the vegetal pole. The furrows passing rhrough the two blastomeres do nor
make an angle of 180' with each orher at ihe animat pole. Th;s cleavase
therefore, results in the formation of 4 blastoneres rwo of which are smaltcr
lhan lh€ others. The smaller blaslomeres are cut iolvards the future dorsal
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side. Thjs orientation can be deduced with reference to the grey crescent area:

the smaller blastomeres have a smaller pigmented area (and, hence, a larger

share of grey crescent area) than do tbe larger blastomeres.

Stage 5. 8-Cell stas€ (Plate l)

Diameter:  1.25 mm io 1.3 mm.

The third cleavage is horizontal and is almost equjdistant frorn the

animal pole and the equator of the egg lt results in the formation of 4 cap-
like micromeres (MI.) placed on top of 4 nacromeres (ME.)

The two larger blastomeres seen on the (future) ventral side at Stage 4,

cut off micromeres which are larger and more pigmented than those of tbe

smdler blastomeres. The vitelline membrane is discernible, ihough with some
difrculty.

Stlge 6. 16-Cell stage (Plate l).

Diameter:  1.25 mm 10 1.3 mm.

The 4 micromeres and the 4 megameres have divided once to give ris€

to 8 micromeres and 8 megameres. Cleavage furrows make thei. appearance
simultaneously jn micro-and megameres. These furrows do not pass exaclly
through the animal pole but along bolh of its sides thus cutting the respective

megameres in such a way that the porlion which is cut outside is smaller than

that which is cut on ;nner side.

The animal pole is darker than th€ vegetal pole which is almost while.
The vitelline membrane is discernible to some extent The grcy cr€scent area

has become divided up into cells, and is not easily recognjzable

Stage 7. Early cleavage (Plate l).

Diameter:  I .168 mm. to 1.204 mrn.

The distinclion belween the micromeres and megamcres is quite sharp

as the former are much darker than the latter. All the micromeres are not
alike: lhe micromeres near the animal pole are smaller than those lying close
lo th€ middle ofthe egg. Similarly the megamercs near the vegetal pole are
larger than those lying near the marginal zone. The ends of the blastomeres
are tound. The cleavage furrows are no1 pigmented. The vitelline m€mbraDe
is discernible.

The micro' and hegameres arc not delimited very clearly so that ihere
is a gradual increase in lhe size oflhe blastomeres from lhe animal to the vegetal
pole,

t,
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Stage 8. Mid-cleavage (Plate 1).

Diametcr:  1.25 ' l rm. to 1.3 mm.

This slage can be djstjnguish€d from the previous one by its much

6maller micromeres whose area is clearly delimited, Th3 pigment is confined

only to the micromeres which occupy a region in lh€ animal hemisphere,
atove the equator. The yolk cells also arc much smaller and morc num€rous
tbdr al  Srage 7.

The megameres are more compaclly arranged tLan at the previous

stage where th€ furrows werc quite promitretrt. The vitelline membrane is

discernible.

Stdge 9. Beginning of gastrulation (Plate l).

Diamet€r:  1.25 mm. to 1.3 mm.

The micromeres (MI ) are very small and have spread over the equalor

ofthe egg towards the vegetal pole. Tfie area so coveled by the mrcromeres rs

darter. 1le descend;ng border of the micromeres is less dark like a band

around th€ €ggjusl below the equelroial line ofih€ egg

Megameres (ME.) white and large ar€ now lisjble only at the vegelal

pole and in 'ome ated arourd i r '  Thc whole area occupied bv megamere" i"

called vegelative field.

The vegetative field exte ds up to i1h of the distance between anjmal

pol€ and the middle of the egg.

Strge 10. Drrsal lip of blastopore (Plate l)

Diameter:  1.25 mm. io 1.4 mm.

The micromeres can be seen to have spread still further towards the

vegeial pole. In the vegetal hemisphere-a short distance below the equator'

there app€ars an agg.egaiion of pigmenr which ullimarely marks the dorsal

lip of ihe blastopore (D.L.B.). The blastopore is usually situaled midway

between animal pole and equator of th€ egg

Strge 11, Crescent shapcd blastopore (Plate 1)

Diameter:  1.288 mm. to 1.304 mln

At this stage lhe lateral lips of the blastopore (L L.B.) have also come

into being besides the dorsal lip (D.L,B.). Thus the blaslopore has become

horse-shoe shaped;and the micromefes reach up to it.

The dorsal and lateral sides of the blastopore are surrounded by the

micromeres and th€ venlral side by the megameres.



E M. S. KHAN

Stag€ t2, Yotk plug slage (Plates 1 & 2).

Diameier:  1.288 mm- to 1 304 mm.

BIOLOGI/\

At this stage the micromeres have approached lhe blasiopore from ihe

ventral side also, so that a ventral lip of lhe blaslopore has also become

recognizable. Through the blastopore (B ) while megameres can be seen lik€

a white circuiar area called yolk plug (YK.PG )

On the dorsal side, i.?., anlerior to the dorsal lip of blastopore, ther€

exlends a darkish area, in rh€ niddle of which ihere is much darker streak

running to some distance. This js the rcgior of presumptive neural plate

(Plare 2, N.PL.). There is a slight flattening of the treural plate rcgion'

This stage could, perhaps, be split into two stages depending on the

size of the blastopore and the shape of the presrmplive n€ural plate This

slage, however, varies considcrably and it was not deemed feasible to base a

stage merely on the size of blastopore.

Stage 13. Neural plate & Closure of blastopore (Plaie 2).

Diameter:  1.34J mm. to 1.486 mm.

The lateral lips of the blastopore have met atrd ihe once rounded

blastopore has constrictcd to form a short dark slit (CL B ), which lies dorsally

ina dark groove (N.G.), yolk plug disappears

The medullary folds (N F ) (bordering the neural plate) are qurte pro-

minent in the rostral region but less so candallv There is furlh€r flattenjng

of the neural region on either side of lhe grooYe

Stage 14. Early n€ural fold or earlv neurula stage (Plate 2)'

Diameler:  L427 mm lo 1496 mm

The cerebral pan of the neural plate bends down The neural folds

(N.F.) ar€ now distinct all along their length enclosing a groove, called the

neural groove (N.C.). Th€ neural folds in the cerebral or cranial part have a

blackish area at thei inner margins.

The dorsal part oflhe neurula, te., rhe reg;on of ih€ neural plate' shows

elotrgation in the antero-posterior djreclion, while the ventral part remalns

of the same dimentions.

On the anlero-venlral sidc there is a c(escentric black thin llne formed

by the agg.egation of pigrnent lying transversely, it marks the posi(ion of the

cement elatrd (CE.CL.). The posilion of blastopor€ is stjll recognizable like

a dark streak.

t
t
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Stige 15. Mid neurula stage (Plate 2).

D ' r m e r e r :  l . q 6  I n m .  I o  2 . 1  m m

Inthe cerebral regionrh€ neuralfolds are promineni and show atendency
towards meetitrg in ihe mid-dorsal ljne. The anterior part of ihe neural plate
is roundish.

ln ceudal region the neural folds (N.F.) are quite prominent though
nor lo lhe 'ame exler l  a '  io l l ,e cereb'al  reg on.

The darkish line observed on the antero-ventral side, jn Stage 14, which
heralded the form?tion of the c€ment gland has become more prominenr and
ihick (CE.CL.).

There is stiLl fnrther elongation in the antero-posterior direclion on the
dorsal side of ihe embryo.

Stag€ 16, .Latc neurula or neural tube (Plaie 2).

D'ameter:  2.0 mm. to 2.3 mm.

At this stage the neural groove has clos€d to form the neural rtrbe
(CL N.T.). The cerebral part of neural tub€ is much more dilatcd than the

Ther€ is an overall increasc in tbe tength of tll€ embryo itr the antero-
posterior dir€ction. So the embryo is more or less rod like with borh ends
biunt ard rounded.

The cr€scentic band observed in srage 14 & 15 is now ,,V,, shaped.
The anterior ends of its limbs are becomjng ihick. This is the cemenr gland
(cE.cL.).

The enrbryo shows movements in the jelly and uses c€ment gland for
arlachment with the egg membrane.

On eirher side ofthe head in median laterat plane, two slight protuber-
ances marking the position of the externai gills are to be seen.

Lying in the mid-ventml Iine arterior ro the cement gland, the.e is a
siight depression calied the slomodaeal pir (ST.PT.) which narks the posjtion
of lhe luture moulh.

Thc pronephric resion (PRO.) appears
region on Ihe dorio- larer/ l  srde.

Strge 17. Tail bud stas€ (Plate 3).
Total lengrh

between the belly and head

2.2 mm. ro 3.00 mm.
2.9 mm.

0.1 Dtm.

Leng.h from inrefror end lo r le end of be ! .
Length ofTail brd (from the eDd of belly lo

l h e  l . p  o f  l a i l )
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On the poslerior ilorsal end of the embryo a snall bud likc outgrowth'

the tail bud (T.B.D), makes its appearance Dorsal fin (D F') is only slighlly

delimited.

The head region is mrrked off from the trunk region The head reglon

is more massive than the general body
' lhe v-shaped cerem gland {cE CL r "how\

$bich ; '  darkl)  pigmenLed. dirrding rhe armt inlo a \(omodaeal aoo acauorr

ridge. The stomoalaeal pit (ST PT ) is darklv pigmented and promrne

The myotomes are clearlv visible Tlre embryo shows muscular mov€-

ments;1hat when the embryo is shaken it hatches oui ofrhe egg membranes'

ii" o"J,i"" "r,r'. "v" (E.) can be narked just below the middle part of th€

0.",i"" " t."* ** ." eacL laleral side of the h€ad These areas are prgment-

Jiiit" tl" g"n".ur bodv surface The gill areas (G AN) and pronephric

reions are more prom'nenl than al  Srage l6

Th€re is an aggregation of pigment on the posterior border of the belly

marking the posiliotr of flrtu(e embryo'

Strge 18. Fin formation (Plate 3)

Total length : 3-1 mm to 3 8 mm'

Length from anierior rip to the end of bellv: 2'9 mm'

Length from the end of belLy to thc tip ol

r a i l  : 0 2 8 m m .

Dorsal and ventral fins are cl€arlv se€n The do^al fin (D F ) extends

anteriorly almost io the level of rhe pronephric reqion losteri:dv li,le:::
i.lJ-ii'" tip .r,r''" ,"il (T.) towards the ventral side and exrends up ro the

p""".t"t 0".U". "t,n" Oellv thus forming the venlral fin (V F ) The fins are

The stomodaeal pit (ST PT ) is more promjnent' a groove extends from

it to rfre miaate oftte V-shaped cement gland (CE GL ) A pair ofdepressions

iu,ut"r,* posirion ol oa\' l openingt appedr on r}le.anrer:or to' '  l1l i l l l
sides oirhe hcad (OLF. P f  )  The'e is a cooriderable i rc 'ease In the numDer

"i,"n"--t"i"rn*' ftllO.). The tail bud is dislinct from the bellv The

ugg."gutioo of pigm""t at the sile of the future anus is prominent'

Hatching takes place spontaneously at this stage The embryo wrig'

sles oui of the egg-membranes bv making powerful movemenls which 
.are

i".""i"a. tn" .G* Oetween the head and bellv This resion is bent alter-

r.i"it'i" in".ttni*o teft sid€s so the embrvo can swim to some €xtent and

""" "lt*g" iis position whilc lying otr the bottom of the conta'ner

or slicling to its sides with the help of the cement gland'



The area of preslrmptive gills (G AN ) shor'-s an anteior bigger and a

.*,* i" ,  ,n)^f ' . t  ourgrosth'  on rhe mcdian lareral  ' ides of lhe head r lu '

f f i ; ;  ; r . " , . ' " , i t i l l  b L d '  l h e e v e  p o ' i r i o n  t r " e e n  i n  " r a g e  r T i s m o l e

-"rt"a. tfr" t.ri" *gion shows prosencephatic' mesencephaiic and myelence-

phalic regions.

The stomoilaeal cleft is now lying in a squarish area which rs more prc-

.ir*,irt". ;. ift" p."ious stage The anai opening is not recognizable clearly'

" i ' i " , t ,  ln.  *" '  ' '0" cr $hich-r l te rnr"s wi l l  appcar can be 'een The

r, . ,a resron r.  'harpr) nrarkcd oR lrom lh€ rrunk region Pronephric rcgron

i l .""" , t ,"" ; ; . ; ' ; . " i  rhc rai l  region become' furrher elonsared rhere is

; , ;  ; i ; " ;" ."  in rhr t -unk resion Dorsal l ln (D F t  exrends Lp to Ihe revel

;;t;l;; of head and b;rlv Dorsal fin is more prodnent than venlml

fin (v.F.).
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Slage 19. Gill bud slage (Plale 3)

Total lenglh

Lenglh from anlerior 1ip to the tip of

anal lube

Length from the 1ip of anal iube to the tip

of lai l

Stage 20. Early gill stage (plate 3)'

Total length

Length from anterior tip to anus

Lcngth from anus to the liP of tail

The first or the anterior most gili (G'

the postcrior one, and has its free margins

p o ' t e r i o r  o r  " e c o n d  g ' I  a l s o  \ h o u \  p a p r l l a e

dc\cloped r ' ran rhe trpi l lac of rhe 6FI gi l l

:  3.1 mm. to 3 5 mm.

:  2.98 mm.

: 0.51 mm.

i  4.0 mm io 4.2 mm

: 3 2 0 m m .

: 0.88 mm.

BD.) is better developed than

produced itrto Papilla€. Thc

on ils margin which are less

The areas where eyes would appear are quite prominent and bulg€ oul'

fn" "ronloau"ur region has assumed tdangular form' One angle of th's

triangle continues as a groove into the 1wo arms of ihe cement gland The

two ;rrns of the V-shaped cement gland (CE GL ) becorne separate fiom each

other because lhe middle portion' which ioins the two arms has become ve'y

inconspicuous. The belly bpcomes sharter than in 'he previous stage' blrt

tt'r" tu;l "tongot"r. The posterior part of belly is narrow€r lhan the anterior

part. The furure position oflhe anus is marked bypigmented granules AnaL

ol, f,qN.pf.) is also discerniblc. The dorsal fin (DF) is better develoFed

and extends up to the posterior border of lhe head'
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Stage 21. Gill fiLanlent stage (Plate 4).

Total length
Length from anterjor tip to anus
Length from anus to tiP oftril

At this slagc the first or anterior gill (Gl.) is attached to the side oflhe

head at a slighily lower level than the second gill (G2) Posterior to the second

gill there is a slight protuberance nark;ng the posiiion of the third giu The

first and second gills have their margins produced into finger like processes-

these are the gill filaments. The fiISt gill has long gill filaments (Plate 8), The

nasal pits (OLF.PT.) come to possess disijnct boundaries which are pigmenled

The eye region becomes vr'ell demarcat€d and definite. Tbe slomodaeal clctt

(ST.CL.) is bounded by four ridges, two alotrg the antero'late|al side and two

along the postero-lateral side These ridges lie obliquelv to thc transverse

axis of the body. Tire stomodaeal deprcssion is deep€r thatr thai of prevjous

stages.
The two arms ofthe cenent gland (CE GL.) have become separat€ and

their ends toward the mouth are swollen The anus (AN.PT.) is indicated

at the .iunctions of the tail and thc belly. The pronephric region (PRO ) is

prominent. The dorsal fin has exrended up to the level of the first gill Due

to the loss of pigment in the superficial regions. the outer wail of lhe head

becomes almost aransparent.

Stage 22, 3-gill stage or tail piec€ stage (Platc 4).
Totat length
Length from anterior tip to anus
Length from anus to tip oftail

BIOLOGIA

: 4.6 mm. io 5.0 mm
: 3-5 mm.
: l . l  mm.

:  5.3 mm. to 5.5 mm.
: 2.8 mm.
: 2.6 mm.

The third gill bud which was observed in Stage 21 has developed into

a gill, the free margins of which are produced into papillae lvhich are smaller

than those of thc first and second gills (Plate 8) The eye cups (Plate 4 E C )

are'C'-shaped as the ventrai sides are nol v€t been formed.

The cement gland (CE.GL.) had divided into lwo at Stage 2l Each

moi€ty of lhe cement gland now is beadshaped and is placed obliquely below

Lhe ven ro- laleral  margtn'  of  rbe mourh. The moulh {MTH } Ir '  assumed a

tmnsverse slitlike shape at this stage. The formalion of intestine begins at

this stage. At the anterior or rosttal etrd ofth€ mass of yolk cells therc appears

a (ran:!erse groo\e $hich is cal led lhe roslral  lurrott  I  ROS FI I  There rs al 'o

a caudal furrow (CA.FU ) on the righl side in the volk mass Posteriorlv the

belly tapers into an anal tube (AN-T.) which opens at atrus (AN ) The anus

is situat€d at thejunction ofthe ventral fin withthe be1lv. The rail has elongated

g r e a r l ) .  t h e  b e l l )  a n d  l h e  L a i l  x r e a l m o s t  o l e q u a l l e n g l h  l b e l a r l  6 n s d r e  J l s o

!
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:  5.5 mm. to 6.00 Inln.
: 2.8 mrn.
:  3.2 nm.

:  6.0 mm. to 6.8 mm.
: 3.0 mm.
: 3,8 mm.

greally dev€loped. The porrion of rhe skin exrending from the posterior parl
of lhe belly up 10 the anus i5 ca ed rait piece (T.pE.). ln rhjs stage lhe tail
piece is formed. The pronephric region (pRO.) is stiil prominent. The head
has become more transparent ttran jn the previous sla8e_ A Ialeral line
(LAT.L|.) can be recognized as a dark tine running on either sjde fron the
pronephric region io the posreior end of the raij.

Stage 23. Opercular fold stagc (plate 4).

Tolal length
Lengtn from antefior end io anus
Lengl l r  l iom anus to r ip oftai l

At this srage from the region of the head just in fronL of ltre first gjll
on erther side arise rwo foldlike exrensions of the body wall caled oFercuiar
1blds. (OP.F.). They progressivety eiongate torvards rhe posterior region
covering the gills. The eyo cup (E) ls conplctcly circutar, ltrough stjl the
ventral  port ion of i t  isrhin. The orbir  and nasat openings (NA.Op.) are clear ly
r€cogriz:blc. The mourh is surroundcd above and below by flesty areas or
lips \,hich unile togcther to forn1 rhe oral cup. The mouth is bounded pre_
orally by a cfescedic lrorny dark brown ridse. On rhe posr_oral side ;lso
the.e is a horny ridge. Both these ridgcs form rhe beak (BE.)_ The margins
of these ridges are not provided wirh rhe teerhlike projections as yer. Dental
formula at this stage is l/0. The pre-oral fleshy tip has one compiere row of
denticles and the post-oral lip has not develoled denriclesyet.

Thc cement gland (CE.CL.) has becomc grearly rcduced ard thc rcm_
nants ofits two bead-shapcd moieties are losing their dark colour. Fourlh
gill bud appcars just behind the third gilt. Pronephric region which was quile
proninent in previous shges has become indisringuishable here (ptare 8). The
dem:rcltion b3tween the head and belly has become furlher reduced than aL
Stage 22. The region of head in front of gills shows considerabte larcml ex-
pansion, so that the head appean to be darso-ventrally compressed. The
region of belly however is round ventrally. The hecd and belty have become
almosl transparent so that many jnlernal structlrres can be sccn. Metano-
phores arc presenl on ihe dorsal sid€ of the head, beUl and tail. The lateral
l;ne (LAT.Ll.) is clcarly indicated along tle lileral sides of the rrrnk and tajl of
the tadpole.

Stege 2,r. Lrle opercular stage (Pia1e 5).

Total length
Length from anter;or lip to anus
Length from anus !o 1ip of rail
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At this stage the operculum (OP F') ahnost touches the bellv on the

right side and fuse with ii Onlv the gill filaments (G F ) of the right gills are

to-be seen. (For gills see Plale 8) The eves are b€tter formed than inlhc

previous stage but still the ventral side of the eves is thin'

The pre-oral and post-orul ridges of beak (BE) are provided with

sharply serrated ma.gins. The pr€-oral ileshv lip bears a complete and ur-

jnterruptea row of dc icles. The post-oral fleslry lip has two complete rows

"i a*ii"r"'. Thes€ denticles take the form of sharp, spine like, dark brown

processes, used in scrapping the plant or fesh on which the tadpoles feed The

dental  formula is 1, l*1/2. The whole structure const i tut€s a sucker (S) '

ii" "".".t gr"a (dE.cI-.) is progressiveiv in the process of reduction lt is

now rcprcsented by merely small crescenlic dark spois'

There is further elongalion in the length of lhe body Tail exceeds the

lengrh of the trunk. The distinciion belween belly and head is growrng less

and less. Thc intestinat coil (INT.CO) can be seen through the transparetrl

wall of belly. The anal tube and the cloacal lail piece also become furth€r

elongated.

slag€ (Plaies s &8)

BIOLOCIA

Stsge 25. Spiracle stage or Hind l imb bud

Total length
Lenglh from anterior ljP to anus

Lenglh from anus to the liP of tail

:  6.8 mm. to 7.0 mm.

: 3.2 mm.
: 3.6 mm.

The opercular fold has fused completelv wilh the bodv wall on the

right siile, buionthe left side the fusion is inconplete so that a spi'acle (SP')

is'formed rhrough which the gill filaments (G'F ) prolrlrde out The sprracle

,s situated on ventrolalerai side ofthe body in thc region where ih€ iirst outer

intestinal coil tums inwards to the mid-venlral line'

The pre-oral fleshv lip has an outer compl€te row of denlicles and a

second intetrupted row. The post-oral tip has got 3 complete rows ofdenticles'

the dental formula being 1,1+ l/3. The denlicles ar€ long, spine like and dark-

brown. on the lateral sid€s of th€ lips there appear papillae on each side'

No$,the oral disc is call€d a sucker (S ). Mouth (MTH ) occupies sub-lermrnal

posirion. The beak (BE.) is well-formed (Plate 8) The two moicties of the

;ement gland (CE.GL ) havc become reduced lnerely 10 aggregations of dark

granules. These spots li€ near the two ends of mouth on the anterror ventro'

laieral sides of the bodY.
Smrli hind linb-b ds (H. L. BD.) make their appeatance at thej ncnon

of rhe belly and ihe lail on the dorso-lateral side of the anal tube The

inrc,r inal  spiral  t lNT.CO ) i '  fu l lv formed al  rhis sraPe Faecal matrer can

be \een ,o come our l rom lhe andl tube l l rough anuc (AN l  in man) \pecimeo\
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at this stage. Melanophofcs have developed in Iarge numbers on llre dorsal
and lateral aspeds ol thc body. ln the belly region, howevcr, melanophercs
are present on ihc vcnllo,lateral parr a1so. Ventruily the belly region is flat.

Stage 26. Lengl i r  ofhind l imb bud less lhan i ts breadlt .  (plales 5 & 6).

Tbe operculunl is complele. The spimcular open;ng (Sp.) has no gj l t
i i lamcnls coming out of n.  T[e hind l imb buds (H.L.BD.) arc st i l l  very rmal l ,
and are shorter in length than in breadlh. Tlre dorsal surface ofthe tadpolcs
is almost biack due to the large n!nber of melanophorcs. Thc melrnophores
ar€ seen to spread along the ouier in lest inal  coiJ.  Thc aggrcgat ion ofpisncnt,
marking the position of the moicties of cement glitnd arc fainlly represenlcd.
There is further increase in the lenglh of Lhe radpole. Other chamcters are
the same as at Stagc 25.

Strge 27. Length of hind limb bud greater than breadth (Platc 6).

Total lenglh

Length from antcrior lip to anus

Lenglh l iom anus 1o r ip of lai l

Total length

Length frorn anler ior l ip to anus

Lenglh l rom anus to t ip oftai l

Stag€ 28. Lenglh of hind l i lnb bud l j  l imes

Lenglh from anter ior i ip to anus

Lenglh from anus io t ip oftai l

:  7 .1  mn .

:  3 .1  mm.

: 4.0 mm.

:  6.95 mm.10 7.2 nln.

: 3.7 lnm.

: 3.68 mm.

The h'nd l imb bl lds at this srage are longcr than braad. Tlerc is st i i l
further aggregal ion of the melanothores on lh€ dorsi l  s ide as wel l  as along
the outcf borde. of lhe ouler coi l  of lhc intenine- Olher characl  ers ar€ t lc s irme
as ai  SlaSe 25.

i ts  breadth (Pla1e 6) .

:  3.6 rnn.

: 3.7 mm.

Tolal  length :  7.0 nnn. to 7.4. mm.
The lenglh of the hind limb bud lA times irs breadrh. The free end

oI lhc bud is rounding o$.

Srage 29, The length of hind limb bud l: rimes i1s breadth. (Plare 6).
Length from anrerior tip 10 anus : 3.8 mm.
Lcngth from anus to 1ip oftail : 4.0 mrn.

Total  lenglh :  7.1 mm. to 7.5. mn,
The lenglh of rhe hind l inb bud is lg t jmes irs breadth. 11s l jp js broad

and is flaltening up.
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Strse 30. Leng'h of hind limb 2' times its b:eadth (Plate 6).

Lenglh from anterior tip io anus
Lengih fiom anus to lip of tail
Total lenglh

The hind limb bud js 2+ iimes longer than it is broad lt js round near

i1s base (stump), but its greater part is flatlened from side to side (paddle)'

The free end is no longer round but somewhat narrow and conical and fore_

shadows the 4th toe. The constriclion betwcen paddle and sturnp marks rhe

posi l ion of the ankle.

Stage 31. 51h 1oe stage (Plate 6).

Lenglh from anterior 1jP to anus

Lenglh from anus 10 tiP oflail
Total  lenglh

The stump of thc hind iimb becomes somewhat elongated. Al tbe same

time its breadth becomes as gr€at as that ofthe paddle of the hind lirnb. The

nriddle r€gion (Ankle constrictjon) is howerer narrower. On the dorsal (or

posFaxial) aspecr of the fool (paddle) there appeaf an indenlation markjng

the 5th 1oe. Melanophores h,tYe appeared on the dorsal side of the limb

stump. They extcnd up to its middle.

Stag€ 32, 3rd toe stage (PI4te 6).

L€ngth from anterior tip to anus

Lenglh from anus to tip of tail
Total length

Tn the hind limb the paddie-like fooi (FT.) is clearly marked off from

the slump. The Iatter is slightly longer tban the paddle. Ofl ihe lorxer or

pr€-axial side of the 4th toe another indentalion appears in lhe tree margin of

rhe paddle and marks the posilion of lhe 3.d loe Some melanophores app€ar

on the 4th 1oe.

:  3.0 mm.
:  4 .1 mf i .

:  ? .3 mm.10 7.8 mm.

:  3.2 mm.
: 4.0 mm.
: ?.6 mm. to 7.8 mm.

:  3.2 mm.
: 4.8 mm.
: 8.3 mm. to 8.5 mm.

: 3.4 mm.
: 5.6 mm.
: 8.9 mm. to 9.3 mm.

Stage 33, 2nd toe staee (Plate 6).

Length from anterior 1ip to anus
Lenglh from anus io lip of tail
Total length

Below the indentntion of the 3rd tce (on pfe-axial side) on the paddle-

like foot ih€re appears anolber ;ndenlation marking lh€ position ofthe 2nd toe.

The distancc betwe€n the 51h, 4th and 3rd loes increases. The area in between
becomes much thinner. The basal portion ofthe stump is broader than tlre rest
of the limb. There are aggregalicns of melanophores, one on the dorsal sid€
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ol  rhe ba,al  parr of  the srump. fore,hadowitre rhe rntgh: anorher aggregarionbelween the thigh and tbe paddle marking rhe p."iti.n of the st a.k-:";?;;;

:1,::^""--:l*:,t.' 
on the paddte rnarkinftre o*i,i", .r,r,. r".i 

,rra"L,""-
pnores also appear between 4th and 3rd tocs.

Stag€ 34. lsr roe srage (plare 6).
Lenglh from anterjor rip to anus
Lengrh from anus fo tjp oftait
Total lenglh

Stage 36. Full anat rube srage (ptares 6 & 7),
Lenglh from anlerior tjp ro anus
Lenglh from anus ro iip oftait
Total tengih

On the pre-axial or ventral sjde of the paddlelike foot apDearsanother indentation markins rle posjrjon ofrhe fi*t to", Ua"* rr,. ina"rlir-i.rtfor the second roe. The various dieits (2,5) ar€ b"t,". d"_"..;;";--;;;separated from each other than at Slage 33_

.. 
Tl:_l_hlee parls of rhe Ieg, ririgh or stylopodiurn (TH.) strank or zeuso-podium_(sH.) and the foot or autopodium irr.i ari "/",r, 

'j".",-#1.

:i: il!.f' 
*lt 

..'-_lwards ar rhe knee;ornt. .rhere is an increase in  reptgmentation of the thigh, shank and dorsat side of foor. Tlr" ,r"" b;;;;the second and third toes las also been jnvaded by melanophores.

Sfage35. Fuil rail piece slage (ptates 6 & 7).
Length from antedor rip to anus : 6.5 mm.
Length from anus ro tip oftail : 8.5 mm.
Total tenglh :  1.2 Cm, to 1.5 Cm.

_ 
The.hindtimbs become furlher elongated. Ttr€ und€rsid€s of the feerare applied to rhe ventral fn on either side. ff,. n"., ar. l*, ""r*".i".Th€ tail piece (T.pE.) extends up ro rhe ankle. All rhe toes are separal fr-on

.one 
another, the fouflh toe being the longest. O, rh" d".r"t,id;;;;;;;;lh€re-are lhree aggregalions of oelanophores showire rh" p*ili;;;;;;";:

:  7.0 mn.
: 7.5 mm.
i 1.4 cm. to 1.6 cm.

lr*#l:ft1it;$r-fu ::.l:**]lf#'rJ:**i
;l'r"'.'##*:ilffii::,;:r*ffil{itr{^i:i",:""i'Jillt

:  4.8 mm.
: 5.9 mm.
: 9.4 mm. to 10.3 mm,
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s:de of lhe l i rnb. Mel.nothores can bc \een agarcgalcd in a circ le round

i; ;;'.; ;.' or rne in e+ na|oop ],::i',';Jli; :,i,T';l;:T'i,':;
r)reselt on the dorsal fin also The lengl

i;;;;;;,i';;;i;t",.'nk (tom anlerior end to the anuo are armost equar'

Stage 3?. Mid anai tlrbe stage (Plates 6 & 7)

i l : i l i : : i l :: i"Ji: ' i 'Ji itr i", i l#,",,".
Total lenglh

rhe anar tubc ""*d' :' i.' lT'"::i:i"[ 
-ft 

:dL::tH]
angle of 60" with thc longitldinal ax's oI

is in the Process ot reducrion'

The toes are lurned slishrrv ourwards' ancl onlv thet"'lt"ltll 1"'9:l
."."*,'uooi'"0 ro ihe sirre or rh€.veni:l,i: 

"J*":i*t :i.H:"il'il
:::I.fi :[:"#"il";::'1'J:lT"'5Ji'[],',l.,' #;" 1""0" "''"'"""0n*"'
are s€en on the fins The mclanopborcs on thc dorsal side of nasal openrngs

are spreading downwaros

Stnge 38. Disappearance of anal tube slage (Plales 6 & 7)

:::f l l i : : l : l i"Jl 'JiI i i ,TJ', i111,",,".
Total Iength

Tfre anat tute has disappeared The tail piece (T PE ) is very- narrortr-

ft:l'ji;lffi "H*'l.'i',ff j'i|r"1.}*",;i..ffi $qt+:J:+i**
rimb atium. rhe cve shows a whitish-i:;;;;;-;";" 

of ?5. with the
1he position ol the lens The hind l€gs

*J,''ffi Ht/ffi *'*J:;;:"::;"":n::'";';:'l:''li:i'11'fi l:
Ii"ii*''?o'*i'"".*,1"::"'::":"1"i;:il"l"i"ii.?lllil'iii:'"'':,lii:
i t  has been colered oter by thc abdomrn

\entral  parr of  lhe rrunl becomc\ : l ighl lv opaque

Stage3g Left fore-limb stage (Plales 6 & ?)

Lcnglh from anterior tip to anus : 6 0 mm'

i"n!rt, f,olrr oou' to tip or tuit : 7 0 mm.

Total  lenglh 
:  135 cm to 145 cm

Th€ left forelimb (LFT H ) has come out ihrough the spiracle (SP)'

It is small aod bent downward so thal whenlhe tadpole is on its ventral side

I
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ils palmar side is towards the ground. The fingers and arms arc covered ovcr
by melanophores. Thc tail picce (T.PE.) has becone gr€a1ly reduc€d. The
abdominal muscles cover the inleslire complereiy. The skin of ihe body is
translu€ent oropaque. Onsome individuais guanophores make thejr appearance.

Malatarsal port ion of the hind l i rnb is st i l l  zrppl ied 1o th€ venlral  fn.
The thighs (femuro do no1 corne out at right angle to the iongitudinal axis of
the body bt(  make an angle of75'with i t  as in Slage 38.

Stage40. Coniplele forelimb stage (Plales 6 & 7).

) 9

The right forclimb has brok€n tlrrough thc limb atrium. Thigls make
a rigbt angle with the longiiudinal axis of the body. There is complete loss of
denl jc les and the lorny beak. Thc mo lh (MTH.) is s l i t  l ike. l t  exlends
backwards up 10 a poinr lying midway belween the nasal opening and lhe eye
on eilher sidc. Thc eyes protrude to solne extent. The lail piecc has dis.
appeared. On the dorsal side an area possessing lhe characlcrisiic aduh skin
can be recogDizcd.

Stage 41, Bcginning of regrcssion of tail (Plates 6 & 7).

Length from antedor t ip 1o anus :  5.0 mm.
Length from anus to i ip of t i i l  :  2.5 mm.
Total  lengrh i  7.0 mm to 8.00 mm.

The lail has consjderably been reduced. Tbe dorsal and venlral fins
a.c rudimentary- The co ers of the moulh approach the anterior cnd of lhc
cycs. The head region of the body is more massjre lhan the belly part-
Nasai opcnings come to lie at the lip of the snout. The body is rendered
c.mpl€rery opaque.

Eyes protrude to a grealer cxlent tharl at Slage 40. Thc adult skin
area has spread consjderably on thc dorsal s ide of head and the trunk.

Staee 42. St mpy tail srage (Pla1e 6).

Length from anterjor tip to anus
Length from anus to t ip oftai l
Tolal  lengrh

Len$h lrom anler ior t ip to inus
Lengrh ffom anus to tip of rail
Tolal  lcngth

: 5 .  l  m m .
: 7.0 mn.
:  1.2 cm. 10 1.35 cm.

: 4.5 mm.
: 0.7 mm,
: 5.2 mm. to 6.0 mm.

The gape of moulh wjdeDs up, so thai thc corncrs oflhe morth lie a1 lhe
level of  middle of eye. The tai l  js l j leastump. The dorsal and vcntral  f ins
carnot be made out. The tip oflhe tail is crumpled and black. The adult
skin is recognizablc on the whole of lhe body.
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Stage 43. Tail less stage (Plate 6).

Length from ant€rior tip to anus : 6 5 rnm'

I-ength ofiail: tail is completely absorbed'

T o l a l  l e n g l h  : 6 5 m m '

The tail has completelv been absorbed The gape ofrhe mouth widens

up so that it ext€nils backwar'ls up lo the posterior end of the eye' or even

beyond it.

The forelimbs and hind-limbs become fu her elongated The eyes

protrude in the characteristic fashion. The skin shows warts'

COMPARISON WITH NORMAL TABLES OF OIHER AMPHIBIA'

An atlempt has been madc in this part to compare the Normal Table of

Bufu melanosticius, as described above, with the Normal Tables of some other

Ampbibians. A similar attempt has been made bv Nieltwkoop & Faber (1956)

wlro lave compareO the Normal Table of Xenopus laelris wilh that of olher

l-pfr;U"n.; and by Rossi (1958), who has compared ihe Normal Tabl€ ol

nolo tu|o *it rn"t of nana pipins. brllre prcsent compadson help has b€en

tuteo ir""ly from the comparative chart prepated by Nieuwkoop & Faber'

In the above-described Normal Tabte of Bufo nelanostictus the rr''

ferlilized egg has been taken as Slage 1. Similarlv Del Conte & sirlh (1952)

i" nrlo *i,o*^; weisz (1945) it Xenopus tuevis; Shumwav (1940) in 'Rafla

pipic nt i  Pal l i r t  er & Moore I  laJ7, in Rana sf lwtha: ald Mi l l ler ( la lg) in Razl

pipiens rccolni ,7 the urferr i l rTed egg as lhe f i rst  SIUge Howeter Ro'r i  (1q59)
'ti 

nt" Un: Adler (1901) ttt Bufo rulsaist Eakin (1946) in Hlla rcci a;

Nieuwkoop & Faber (1956);n Xrnottus 1d?rir; Callien & Houillotr (1951) in

Discoglassus pictus; Kopsch (1952) n Rano futco; Cambar and Marrol(1954)

in Raia dalmatina and Moser (1950) in .Rand lPmpotaia; do r,ot recogntze tbe

unfertilized €gg as a Stage. Th€re is somcthing 10 be said for this view also'

becaus€, afte;all, the unferlilized egg c,nnot possiblv be regarded as a develop-

mental stage. Ifl the present sludy the first view has been adopled t€cause

the female extrudes unferlilized eggs which djtrer markedlv from fertiliz€d

eggs. In order to facil;tate d€scrjption and idenlificalion of stages' th€ un-

fe ilized egg must be taken inio accoun'

The fertiljzed egg (Slage 2) has not been recognized as a dislinct slage

by workers on sufo iitg.ris, HYta regila, Rana lus&' Rana dalnatina and

Rana tempotafia. As regards the Normal Tables of BuIo |ulgaris, Hlla rcgilla'

and' Rani tempotaria,work has been done only on advanced slages ofdevelop_
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In some cases, €.8. in the Norrnal Table of X"rrlrr Zdertr (NieuvkooD
& Faber.  l950r rome 'hal f-srages" have atso been recognised. Thus Sraee i
of  Ihe pre5enl, ludy i r  reprerenred i0 rheirTjrbte by Srages o! rnd ?. This has
been done by relying on very fine characte.s some of which are not readitv
visible.  Simi lar l )  for Srage | |  {Crescenr-shaped btasropore) of rhe presenr
study, Nieuwkoop & Faber recognjze two Stages and name rhem as
Cresc€ntshaped blastopore (Stage 10+) and horse-shoe shaped blasiopore
tSlrge I  l r .  for nid-neu'ula Slage ( I ) t  of  Buh mctanost i ,  us rhe,e aurhors
recognize 3 Stages, yir., No. l5-I8 jn Xmoput laefis depending upon minute
changes in the neural folds. Such disrinctions ar e not feaslbte in Bufo netano_
rliclrr. A Normal Table does lose some of iis uselulness if it invotves the
recognjlion of obscur€ cha.acte$.

It is not €asy to compare the Normal Tables ofdifferent species because
any pa icular organ may appear at one stage in one species and at quire a
different stage in anotier species. For exampie opercular folds appear at
Stage 23 in BuIo helon rrrclrr but ar Srage 42 in X€rolrr /deljr (Nieuwkoop
& Faber, 1956). Similarly hind'limb buds appear when opercutar fold is
covering the gills at Stage 46 in Xenopus laevis,but iL Bto metanostictus rhey
appear at Stage 25 when the gill filamenls are 10 be seen coming our of ihe
spiracl€ and the operculum is compicre. The hind limb bfis in BuIo bufo
appear at Stage 23 ( Rossi 1959). This s.age of_AuJo bufo ts comparabjeirralmoit
all chamcters to Slage 23 of Bufo nelanastictus except that the latter has
not yet acquired the hind ljmb buds. Taylor & Kollros (t946) record rhe
appearanc€ ofthe hind limb b]uds )n Ran t pipienr at a srage when the operculum
is complele and thef€ is no trace of gill filaments coming out of the spiracle.
This Stage corresponds ro StaAe 26 of Btfo nelanosti.tu|.

The developm€ni ofhind limb lakes place graduallyin Bula netatlostictus-
The appearance of toes is also systemalic. Firstly fhe foor stump becom€s
paddte like (Stage 30). The lip of ihis paddle forms the 4th toe. Then on
its post-axial side appears the 51h toe (Stage 31). Then on pre-axial side
appear the 3rd,2nd and lst toes rcspectjvely, characlerizing the Slages 32, 33
& 34. The same sequence has beeD noted by Taylor & Kollros (1946) in
Rana pipiens, and by Rossi (1959) in Btfo bufo, markins rhe Stages VI, VtI,
VllI, lX, X and Slages III, lV. V, VI, VIT r€slecriv€ly. However in X?raprr
Ia?].rr Nieuwkoop & Faber (1956) recognize Stage 53 marking th€ appearance
ofthe4th and 5th 1oe; and Stage 54 when al l  the 5loes are represented. 11
means that a crilerion which helped in recognizing the difierent stages of Bir.a
melanostictus was useless in Xenoptls laeris. Most probably jD the latter the
toes do not appear one after another olherwise Ni€uwkoop & Faber (1956)
would surely have made use of this criterion.

2 l
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ln Rana pipiens Taylor & Kollros (1946) based 7 slages (XI-XVII) on
such apparenlly insignificani characters as the apFearance of melanophores on
tle toes or the lenglh oflhe toes and th€ distance between them. Rossi (1959)
however, dces not recogniz€ such siages in 3rlo ,r/a, and has conpressed the
above-mentioned 7 stag€s of Rana pipiens;^to only 2 (vIl &VlIl);n BuIo btlfo.
ln Bufo nelanostictus where toes afe short, the 7 stages recognjzed in -Rdta
pi, i?rr  correspond Io one ' rdge (Slage l5).

The nexr 3 stages (36, 37 and 38\ in Bufo melarrrl/crr.r are based upon
th€ length ofthe anal tube. Similary slages (IX, X &Xl) have be€n recognized
by Rossj (1959) in nufo bufo. Taylor & Koll.os (1946) recognized two
stages XVII-XVIII, on the basjs of the tail piece (anal tube) in -Ra'a p?terr.
ln X"nop"r /a€r,s Nieuwkoop & Fab€r (1956) do not base any stage upon
anal iube, but base the corresJronding stages upon the fore limb. In 3r/o
melanostictus I^dpotes which are hcavily pjgmenled and in which the develop-
menl of tbe foreJinb lakes place in lh€ l imb atf inm, i t  is not possible to use
the forelimb for recognizing stages.

In Bufo melanostictus, ^nd in B!/a b,/o (Rossi 1959) the left arm comes
out of the spiracle marking Stage 39 in tbe formef and Stage XII in the latter.
Taylor & Koltros (1946) speak of the app€arance of on€ or both of the
forelegs wben they record this event in Stage XX in Rana pipiens. ln Bufo
melanostictus and Bufa bufu bolh the forelimbs ar€ out at Stage 40 and XIII

The next 3 slages ( Stages 4l , 42 & 43\ in Bufo nelarorlicl,r are recognjzed
on the basis of differenl slages of lhe regrcssion ol the t^il. ln Bu:t'o buJo,
Rossi. (1959) r€cords only 1$'o slages (XM XV) on this basjs. In B"/o
melanostidus lhe pracesses of increase in the gale oflhe mouth and regression
of lail go on side by side durins Stases 40-43. Nieuwkoop & Faber (19s6)
records thcgaping of mouth acconpanied by redrclion in lhe length of rail in
Stages 62-64. However, a1 Stage 65 th€ mouth has been formed bu1 tajt js
stjll lher€. So the next rwo stages (6{) & 66) are based on lhe lail. In natr
1?ikrdthe regression ofthe tail (Stages XXIII-XXV) takes place afrerlhe mouth
has been formed fully (Stages XXI & XXII). Hence ihe toadling comes inro
being in Bufo nelanonidus at Slage 43, in BuJo bufo at Srage XV, and in
Xenopus laeris at Stage 66. In Rana pipiens the frogling is formed ar Srage
XXV.

From the above account it js clear that the development of Br/o
,?p/auarllclrr resembles very closely wilh that ofolher anuran Amphibia. The
differences in the number of stages and method of sraging jn different
specjes js due primarily to the facr that the various organs or parts oforgans

b,
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do not arise in precisely the same sequenc€. Such differerces, however, are
very minor, and it can safety be asse(€d that the epigenetics of Brr.o
melanostictus is ess€ntially the same as in other ranids and bufonids.

SUMMARY

l. Normal development of thc common toad Buh mela ostictlts
Schneider has b€en stud;ed, from the egg to the stage when definitive body form
has been acquired.

2. Th€ ontogeny has been divided up inlo stages. For this purpose

only the exterml morphological c.iterja bave been used.

3. The stages in the Normal Table ol Bufo melanostictus ha.r'e bee\
compared 1{ith those of a Iarge number of toads and frogs.

4. The Normal Table ol Bulo melanoslictus is seen to r€semble th€
NormaL Tables ofother Anura in all essential respecls.
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Name of r ie Stages

Unterrilized egg

Fertilized egg

2-celi stage

4-celJ stage

8-cell stage

I6-cell stage

Early cleavag€ sl age

Mid cleavag€ slage

Beginning of gastrularion slage

Dorsal lip ofblasropore stage

Crescent-shaped btastopore

Yolk plug stage

Neural plate stage

Early reural fold siage

Mid neurula stage

Late nerrula srage

Tail bud slage

Fin formalion slage

Cil l  bod stage

Eariy gill stage

Cill61a111611 51u*"

3-gill stage

I  , .

2 1

4 3

6 5

7 6

9 8

r 0  9

l l  1 0

1 2  l l

1 3  1 2

1 4  1 3

1 5  1 4

1 6  1 5

1 7  t 6

l 8  1 7 ,  1 8

1 9  1 9

20 20

I

2

3

4

5

7

8
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t 0

] I

l 2

1 3

I4

1 5

t 6

t 7

1 8

l 9

20

2 l
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3 )
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5

6

7

8 , 9

1 5

1 6

1 7

l 8

l 9

20
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2

3

5
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8

9

10,10+
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12,12,

l 3

14

l5:18

19,20

25-33

34

37-40

4 l

I

4 3

s 4

7 6

8 7

9  . .

1 0 8

 9

" t , ^  , " 1
l3 l  I
14  t3

. .  14 ,15

1 5  . .

1 6  1 6

l7 17-19

18  20

19  21

20 22-25

2t 26-2a

4

5 7-10

6 1l_14

'  1 5
'7 t6

8 1 7

9  1 8

10  t9

lt 20- 22

1 2  . .

t3 23

t4 24 J6

t5 27-29

I

2

3

4

5

6
,7

8

9

10

u
t 2

1 3

t4

15

t 6

1'�l

1 8

1 9

20

2 1

22
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2

3

4

5

6

7

8

9

l0

u
12

t4

l 5

r 6

t7

l8

l 9
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2

3

4

5

6

I

2

3

4

5

6

7

8

9

I O
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l 3

t4
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l 6

1 7
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1 9
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Name of the Stage

Opercular lold stage

Late opercular stage

Spiracle stage (hindlimb bud stage)

Length ofhindlimb bud less than
its breadth

Length of hindlimb bud greater
than breadth

Length of hindlimb 1+ tjmes i1s
breadth

Length of hindlimb 1: times its
breadth

Lenglh of hiod- l i rDb 2] t imes iLs
oreaoth

5th toe stage

3rd toe stag€

2nd toe siage

lst toe stage

Full tail piece stage

Full anal tube stag€

Mid anal tube stag€

Disappearance of anal tube stage .

Left forelimb stage

Complete fore-limb stage

BeginDing of regression of tail

Stumpy tail

Disappearance of tail

23

25

23 l 0

l 1

12

13

24

25

23

24

25

t

II

I I I
IV

VI

YII, VIII

XI

xtI

XIII

xtv

2'�1

28

29

30

3 1

33
34

35

3'�1

38

39

40

4 l

4 2  - .

43 XV
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43-45

46 48

1 1

1 2
l 9

20 42

25(5); I  18
( r & K )
I I

29

30

30'31 
i  u I

32,33J  I
3440 7-10

2 l

22

49

50

31 ,32

4l

I I I

IV51, 52

45, 55

56

51

VI

vIt
VIII

IX

2 I

22 43
44

45

x  . .  4 6

xl-xylt 24,25 41-50

58

62

64

XVIII

XIX

XXI

27

5 1

xxtl 28 52

xxrll- 29,30 53,54

XXV

65,66
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16

t'7

l 8

l t

1 2

l 3

t 9

20 42

II I

I V

25(5);  I
( T & K )

] I4t)

50

43

45

53

45,5s

56

51

VI

VII

VI]I

IX

2 I

22

23

x  . .  4 6

xt-xvrl 24, 2s 4"r-50

J8

62

63

XVI]I

X ]X

XX 27

xxr . .  5r
XXII 28 52

xxlr l- 29,30 53, 54

XXV
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AN.

ANK.

AN.PT.
AN.T.
A.P.

B-

BE.

BL.
CA.FU.
CE.GL.
c.G.

CL.B.

c.L.N.T.
CRBS.
c.T.P.

DEN.

D.F.
D.L.

D.L.B.

D.V./DOR.

E.

E.C.
FI.

F.L.

FT,
G1--G4.

G.AN.

Dorsal lip of blastopore

Dorsal view

Eve

Eye cup

FiDger

Fore-limb

Foot

First gill-Fourth gill

Gill

Gill analag€

LIST OF ABBREYIATIONS

Anus'

Ankle.

Anal pit.

Anal tube.

Animal Pole
Antedor view.

Blastopore.

Beak.

Blastomerc,

Caudal funow,

Cement gland.

Cleavage groove

Closed blastoPorc

Closed neulal tube

GreY crcscent

Cloacal tail Pi€ce

Dentical

Dorsal fin

Dorsal liP
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G.BD,

G.F.

H.L,BD.

INT.CO.

K .

LAT.LI.

LFT,H.

L.LP.

L.L.B.

L.V.

ME.

MEL.

MI.

MTH.

MYO.

NA,OP,

N.F.

N.G,

N.PL.

N.T.

OLF,PT.

OP,F.

oR.suc.
POST,DEN.

PRE. DEN.

PRO.

S.

SH.

SP,

ST.CL.

T.

T.BD.

TH.

OF Rafo ,nelanosti.tut

Cill bud

clll frlametrt

Hind limb bud

lnt€stional coil

Knee

Latral lin€

Left forclimb

Irwer IiP

Latral lip of blastopore

Latral view

Megarneres

Melanophores

Micromeres

Mouth

Myotomes

Nasal opening

Neural folds

N€ural grcove

Neural plate

Neunl tube

Olfactory pjt

opercular fold

Oral sucker

Posforal denticles

Pre-oral denticles

Pronephric region

Sucker

Shank

Spiracle

Stomodaeal cleft

Tail

Tail-bud

Thigh

b
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Taj l  piece

Tubcrclc

Upircr Iip

Vegetablc pole

Vcnlr , t l  Fir

Vitelline rncn]brane

Ventral tip

Yolk plug.

DIOLOG]A

T.PE.

TUB.

U.LP.

V E C . P .

VIT.

v.L.
v.v./vEN,
YK,PC,
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