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General Introduction 
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The group Amphibia comprising of toads, frogs· and 

their · congeners, is one of the largest living orders among 

the vertebrates~ There are as ·many as 2,_600 species belonging 

to 250 genera (Heusser, 1974) and theseextend t~ough'ail 

temperate and iropical lands except perpetually snow-capped -

moUntalne," waterless desert~· and some islands of the. Pacific. 

'lru$ ·frogs 'of ·the genus ·.aa.na L1m'lteus a~e found al.l ov~r North 
• . ' 

America, Central.·iunerica, Northern part of South Auierica~ 
; 

Europe,<Asia, Africa except its frozen and desert areas and 
~ ' . 

Northern Australiat! 

Fo:r reaso·ns that hardly need enumeration here, frogs 

have constituted. as one of the most -favourabie animS.l 'types 

for a wide range of biological studies for oenturiesa and 
. . . 

indeed in the current age'of standardization-in every field, 

numerous biomedical researc'h projects are being conducted w1 th 
' ' ' . ' ·, 

amphibians that are not standardized for any of the basic 

characters, ·such as age,;-~· source,. nutrition, species, physiology. 
. . . . . . 

health or genetics (Naoe,t· 1968) .... evidently because of the 

facility with which these animals are subjected to experimen­

tation. 

IfJany astounding concepts of Developmental Biology to-day 

have come up as a res\Ut of studies on anurans and urodels. 

Frogs and toads have been used for demonstrating many fund~­

mental concepts in animal physio~qgy,! tissue transplantation,, 



regeneration mechanisms 1n limb development and in medical 

studies by gynaecologists for pregnancy tests. And now with 

an increasing awareness of the value of frogs as food, they 

are considered as animals of considerable economic importance. 

Frogs· legs are now served as gQurmet dishes 1n many 

parts of th:e ·world..,· To ensure the desired supply of. frogs fo.r 
' 

this ·pUrpose, however, dependence on nature has to be supple­

mented With,:ifnot replaced by, frog culture which has thus 

·resumed. great ·significance 1n recent times.! 

Priddy and Culley (1971) have reviewed the work on frog 

·culture among recant' endeavours. In 1968, -at Lousia.na State .. .; 

University in the United States of America, a research 

p~o~e· was init'iated with N~I.H. which supports to the cul.­

ture of Rana satesb1ana, ShaTtT; l(apa grylio Stejneger and:§~~..:~?;;:~-,· 

-~. pipt,,ns Schreber. Concurrently at the University of 

Michigan. an· amphibian facility was· started to ·culture 

,Rana'piplePs· and·22 other selected species·of amphibians 
. ' { 

(Nace·, 1968). Arizona' ·state University have developed a. 

manag~erit · system for A!nbystog mp.xicanum Shaw and some other . ' 

aquatic .amphibians. At the Institute for the study of mind •. 

drugs, and beJJ,aviour at the Layola Un1 versi ty, I'llinois, . '• 

s~ccessful, maintenance techniques tOJ,". adult ranids,. hylicie 
' . 

a.n~ bufonids have been developed., In Japan, at the University 
. ' 

of' Hiroshima, ranids,_ hylid's and d.'iscog1ossids have been 



successtul.J.y maintailled •. Attempts on frog culture have also 
I . . 

been made in It~ly, ,_~us.~ria and EngJ.and. 

I.ndian frog.;..legs have attained a good international 

market. In the past fet1 ~ears r.tPEDA (f.1arina Products Export 

Development Authority) have ·be~n exporting tons of frozen 

frog-legs.· In 1''978, they exported 3570 tons worth :·.s. 
. . . . 

Rs. 8,42,51,000.00. Most·of this export is dependent upon 
• '\. .. c 

frogs collected from the natural resources~ Besides severely 

distUrbing the ecosystem, this practice would lead to rapid 

depletion of our.frog resources·in the country. Therefore, 

the need of developing efficient frog culture practices cannot 

be over emphasised. Although successful rearing of re.nids, 

like jana ligrina, Daudin, @na crasse. Jerdon, Rana hexadaotx1a 

Lesson and Bana patesbiay Shaw~ in frog/fish comb~tion 

ponds has been reported by' Central Inland Fisheries Research 

Institute, .Ba.rrackpore, (Itlondal, 1975) a and work on the care 

and maintenance of certain Indian frog species has been 

ulu:lertaken at Utkal University (I4ohanty-Hejmad1, 1974); we 

are stUl far from having evolved reliable me thode of frog 

culture. It needs hardly be stated that for any such attempt 

in respect of any species, a knowledge of its biology and­

ecology must be known in detail. 

In a preliminary investigation on survey of frogs 1n 

1 975-76 ( Sahu, unpublished) Rana i!z1plnocharis W~, the 
. 1'. 'l:..r! 
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streaked frog, was found to be. the commonest species avail­

able at Shillong and 'the neighbouring hills. 'It is used as 

a food item among certain tribal oo'mm1m1 ties in the ~Torth­

Fastern Hill States of I~dia. I~ has also been reported to 

be used as food item in Korea (Heusser, 1974). It is·with · 

this view in background that investigations were -~dertaken 

to evolve suitable breeding and culture techniques of this 

frog •. Thus, the following aspects of the development and 

eco~ogy of aana lim.'"'locharia, relevant in this context. have 

been investigated in the present work: (1) Morphological 

characters and annual cycle.. l2) llormal Table of development •. 

(3) A 12-month analy~is of the food and feeding habits. (4) 

Pituitary- gonadal cycle comprising the study of cytological 

changes in the pituitary gland and gonads through an annual · 

cycle. (5) Induced Breeding and (6) Certain ecological aspects 

s~ch as spawn size, fertility ratio, survival ~nd mortality 

and influence of limiting temp·ara ture on embry'>nic a.nd poet­

embryonic development. It is hoped that studies on these 

aspects .on ~ .llrmocha.ris \1iegmann ~rill ultimtitely help 1n · 

formulating a. technology for the maintenance and maE?s cu.l t~e 

of this species. 
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Plate I • Bapa limpocharis Wiegmann (female) 





Chapter 1 

Morphological Characters and Annual Cycle 



IN~l 

· pa.na limnClchaPia Wiegmann,. the streaked· frog (Plate· I) 

is Closely related to the colmllon India~ bullfrog;, .~ tigrin§ 

Daudin, but is much smaller in size and possesses imperfectly 

webbed toes~ The systematic position of bna lipmgcharis is 

Phylum • Chordata 

Subphylum Gnathostomata 

Claes - Amphibia 

Order - Anura 

Suborder ... Diplasiocoela 

Famil.y ... Banidae 

Subfamily - Raninae 

Genus - ~ Lindeus 

Species • limnocharis Wiegmann 

It is one of the widely distributed frog species in India and 

has been report.ed from China~ Burma,, CQylon, Malay Peninsula., 

Eorneo and Lombok (Satyamurti, 1967)~ In Himalayas., it has beeri 

reported by Acharji and Kirpal~ ( 1951) from Sikld.m (2134 
. ' 

metre above eea levelJ and Kangra and Kulu Valley. It is also 

found in Nepal., Kumaon and Siml.a Hills~ Boul.enge17 ( 1920) 

recordeq 1 t from Khasi and . Garo Hills in ~legnalaya (formerly i fiWtt Cb 

Assam) and .other parts of North·Ea.~.t~rn- In41a-. As etat.ed earlier 

it has been found ·to. be the most common. speoi~s of. frog avaUable 

( 
0 I ) at SbiUong · 90g7' E" 24QO ~r. at an altitude of 1515 metres in 

the Kbasi Hills~ : l,)uring the aoti ve period of ita annual cycle 
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,,, ' 

from April to Octob~• it is found mostly at the edges of 

eutrophic poAdS; perennial stret¥Jls and marshy plaqes! It. als.o 
• • ' < • 

occurs in paddy fields in large numbers durins paddy· season 
. I ' • ' . • '. 

(Ma.y..Octoberh Although not very agile; on. al.arm it goes deep 
- ' i -

into the, tm~.et:> and reappears soon on the. surface and swims 

ashore to seek shelter $.~ the shore vegetation~ t-1any a tin,\e 
I 

it is seen to keep its snout. above the. surface of the wa~~ 

and whole body hanging b~~ow in the water. !rhere is; ho.wever; 
.:-- . -;-- -· 

. ~:.:. - :. . 

no detalled acCOUilt of it~.morphOJD.etry and ecology Of \ts high 

altitude populatione. .. 
,, 

This chapter has been devoted to the analysis of 

morphological and ta.xono~cal cbaraoteris.tics and 1:he study, 

of annual oyole .of flaM limnocJmx:is found. at ShiUong• WhUe 
l . ;'• 

analysing the taxonomica~ characteristics• absolute measurements 

a£;~ tTell as mo;rphometrio .ratios of Va.rious body parts. the 

Qriteria adopted by Tinsley (.1973 .. and 1975) ~has been followed. 

Investigations· on the annual cycle ·,include 1 ts breeding 

activity and population fluctuation in relation to ·seasonal 

changes such as .temperatUre and rainfall. 

REVIEW OF LITERATURE 

A review of literature reveals that wQrkers have mostly 

concentrated on the s.tudy of natural history, taxonoi1J3, 
' I. . l ' • • . 

d~etnbution •. home l'allge m()vement and· population fluctua~ions 



ot anurane in relation to enviromneJ:ltal cbangee~ FolloWinS 

account deale with a revi~w of contributj.ons on.theee aspects. 

Ever since the publication of the "Biology of .AmphibJ.a" 
' . 

by Ki%28sley Nobl.e ( 1931 ) who incorporates eaJi'ly investigations 

on the systems tics and ecology of amphibians, a number of 

interesting contributions on anura.n biology have come up. ~-- .f; 

.tiore important amorlg these ar$ those. of Brags ( 1941 ) on the 

ecology and natural history of anurans of Caxladian river floocl 

pla.1n; Bragg al'Ul Sm.i. th ( 1942) on bx"oecling behaviour of 
.. 

Oklahoma anuransJ Anon (1953) on tho ecology of :&iAM gateabiapq 

and.~ snliQJ zweUel (1955) on the systematics,, ecology and 

distribution of .Ram bot1e11 Savase ( t 961 ) on the life history .:l 

and ecology of R§M ,t;etnnoa£&! ~e,mpgrar!,a; Garanin (.1961 ) on 

the ecology of .Bapa U£tr:t§t;!§ in different .b1otopesr Burkett 

( 1969) on the ocol.ogy of cricket frog AetAs grep&tam'!f t~lorris 

and 1'amler ( 1969} on the ecology of Western spotted frog 

jam .PUtiOS@ prgU,O.§iH Van Gelder and Oomen ( 1970} on the 
m 

ecology of &a ,flti'XAll.§ in ~he Betberlands and Bl001Dfrs-
IAncJ Rose. 

Schlosser ( 197.5) on certain eco~og1cal. aspects of devG>lopment 

of some Malagasy fttoSS•. 

nere are a ltU"ge number of reports on the systematics 

Qnd taxonomy of anumna but there are veey few detailed accounts 

on their biometry.. Berger ( 1966) fumi'shed a detailed study of 

the biometry of various parts of RaJ!& MsB4entif! •. Ram AAMbBQda 

and .!i!a 6aesoy.@ ., . He used 14 various morphometric neasurements 



lJ. 

:and 5 index values in his descriptions and discussed their 

uti11ty~ He also referred to Kauri's (t959) indices showing 

relationship with environmental parameters like temperatlu-e 

and altitude, but felt that their application was difficult. 

While stl.idyill8' the biology and systematics of .Xenopus_ and 

Xtanopus vestit~ Tinsley (1973 and 1975) has-used 9 indices 

showing ra~ioa between various body par~s besides giving 18 

abaol.ute measurements. He has compiled data on weight, sex, 

breeding, gut contents,· colour patterns and parasitic 
' infections. Van Dijk (1966) showed the· utility of the ratios 

in the systematic study of anuran larvae. 

The distribution of many anUran species of the world 

has been given in 11Amph1bians and Reptiles Qf the World" by 

Bogert (·1954), "Livillg Amphibians of the World" by Cochran 
) -

(1967) and Grzimeke Animal Life Encyclopedia by Heusser {1974). 

The first good description on Reptilia and Batraohia of the 

Indian subcontinent was given in the ~'a una .of British Ind.ia by 

Boul.enger ('1890) ~-- Other important contributioP.a on the d1str1• 

bution and systematics of Indian. anuran have ·been made by 

Annandale ( 191 8); Narayan Rao ( 1923) 1 Smith ( 1935) J Acha.rji 

and Ki~paliJtU. { 1951 )J Satyamurti ( 1967) 1 Moorthy { 1968) 1 

Roonwal (1963); Mansukhani (1970) and Pillai and Chanda (1976). 

Satyamurti { 1967). made a good compilation of the taxonolQy and 

biology of many Indian anurans. The distribution pattern of the 

anurans of North-Eastern India, has been recently furnis~ed by 

Pillai and Chanda (1976). 



ll: 
' 

During the last two and hal.f decades several, investi• 

gat;ons have been made on population ecolosi of anurans. In 

this. connection the work of Dole (1947, 1965, 1972); Tracy 

and Dole (1969); Dole and Durant ( 1974) J t.Jartof ( 1953); 

Calef (197') and Schroeder. (1976) are worth .Jl1entioning.·Dole 

and~ his. group· ,have investigated the home range moven;tente of 

Hyla gadayefina, spat~l relations an~ home .range of natural 
': ··. . . . . ' ' 

pop~atioris of Rap& nip!eps~ homing and orientation of 

Bufp gmericanB& to their home site and movement. and seasonal . . . . .. ~ 

activity of Atel.OJW.§ OfYFh-YMhu§• I~rtof studied the dispersal 
. I . 

movement for homing response of .~ sJ&mi'SJans. Van D13k 
. ~ . 

Am(j)ng .th_e work ·on fluc.tuations of anuran populations 
• ',: !• I, ... 

those of ~shby ( 1969) on bna tempora;:ia; Van Gelder and Oomen ' 
' ' . . . 

( 1970) on §ana QEYSli,S in ~e Netherlands; Scott and· Sta~ett 

~1974) on fi5alyc~in1_,2 spune111·i in Costa Rica; Heym (1975) on 

boo ,esou1eQlia • ,Rana pgi bund& and ·RaM bessonae J Zimka ( 1971 )" 
.~~ - . - . . ·- . . 
::, . e . iftJWa· iiif+ll@' in Poland; Gupther ( 1974) on MM ridib\plda;· 

~ leg3§9llf!~ and,~ eaoulenta u ~erman Democratic Republic 

and Knoflaoher ( 197;): on a frog po,9Ula.tion in East .Austria 

deserve mention. ~hey have mostly concentrated on various 

aspects of popu1ation d~ics such as ita relation to 

reproduction, growth and migration, pH, temperature and 

humidity, raintal.l; food and specific biotope. Recentl.y 



Plate II A • Area of collection of frogs at Pologroun4 
· · · Shllltlng ·a 'A canal• · · · · ·· · · · 

Plate II B • Area of collection of frogs at Pologround 
Shillong a Paddy fields. . . ·. 

Plate II 0 - Area of collection of frogs at Pologround 
Shillong a A s:tream~ 
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Koskela ( 1973) and Koskela and Pasanen ( 1974) have l'rorked 

out 1n great detail the annual oycle and behaviour of 

. i·a 

llaAA teumoraria in Northern Firiland in 'relation t·o envirOn• 
- . . . .q .,.. • • . '1."-- '•' 

mental factors ·such as· temperature• raitlfal.l and di~l 

.. -rhythm" 

.As far as ·Indian frogs are concerned, a review of 

literature reveals that although a number of contributions 

have been made on taxonomy and distribution, ver.y little 

infor.mat~on is available of their ecology and. developmental 

biology. Although, Rana lipmooharis is. available throughout 

eastern trop19s, littl~ is knottn abou:t its biology and 

ecology of this hig~craltitude populations. Its taxonomy and 

distribution has been described by Boulanger ( 1920). and 

Satyamurti (1967). 

MATERIALS AND H: THODS 

Live specimens of Sana limnogharis were coUected tro.m 
· .· (Plat·e II·: A,B & C) . 

the Polo Ground_area in Shillo~. Analysis of morphological 

_characteristics was made according to the criteria followed 

by !Cinsley ( 1973 and 1975) on a sample ot 25 ma..lee and 2.5 

females collec~ed during their breeding period. During paddy 

season they were available in large numbers in paddy fields. 

After co~lec:tion ~he epeciDlens vere br_ought to the laboratol"J 
10/ 

and pre~erved inl~ormalin. The colour pattern: was studied in· 



,· 

l. 

live specimens •. ~he .waigbt of the frogs was taken after 
~ ,Q • 

,::r. ~ -,. 

blotting their body·. s·urface with blott11lg pap~r. For mea-

auremente ,,di~iders were us'eci and an accuracy Qf .the order: . . ' . ' 
. . . 

of 0.1 mm ·was strived at•. For t~e study of the. changes ~ 

the pop~:ti.on atructure, the specimens were collected at 

regular int~rvals throughout the year, taking one hour as. 
' ' . ' . ' 

e. un1 t for each ooll~•ct1on •. The number ·of males, f~males 

and juveniles was recorded after each collect~on. The obser­

vatioruf.on the annual Qycle l'Tere based On the breeding beha­

.ViOur ·o~ the .fr_.og in rel.Bt1:on to temperature and rainfall• 

OBSERVATIONS 

1. ANALYSIS OF MORPHOLOGICAL. AND TAXON.OMICAL CHARACTERISTICS• 

§ex and reproductive condition 

The 50 specimens studied comprised half males and 

half females. All the .males were mature. Among .. the 25 

females, 5 were spent (20%), 4 did not have ripe ova .. ( 16%) 

and the rest .16 (64%) were mature, containing ripe ova .•. · Many 

pairs were . ~OUJld.· .. ~ ampleXUS and spawning We.£1 observed ' 

during th~· p~~iod ~f collection.· 
: - . :._·- \",;:.. . )' ~·. 

Size and W§ighl. 

Body length of males ran8ed from 3 ~1- - 4 d em. with 
( 

a mean length-of 3.68 om. In females, it ranged from 3.7 -· 

5•6 em; with a mean of 4•53 em. 

The body weight of males ranged from 3.5 • 4•5 gm, with 



Fig,_ 1 - Dorsal_ v_1ew ·of Rapa l&mpgc§W .. Wie~®.­
showing vertebral band and longi tU.d1nal 
ri4ge on the akin. · 

Fig, 2 - Lateral v1ew of the head region of 
..B§.m! Bmpg~ig t11egmann showing skln 
roD a ove · panum. . · . 

ns• ' - ::: .. ,;~J, figure showing ~1bio-tarsal articulation 
~ relation to the position of the eye and 
snout, 

Abbreviations a 

Vtbnd .• Vertebral balld Fd • Skin fold 
r,nrdg :. Longi tw11ml r1dgo Ey - Eye . 
~ - Yympanum Sllt • Snout 

Net • Nostril 
~btra • ~1bio•tarsal art1culat1oQ 
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Fig. 4 • Pattern of f1ngers. in t~e for~~ ~· 
BwJ.q limnpcbaQS. Wiegmann. 

Fig. 5 • Pattern of toes in the hindlimb of 
Re;mi. A:ig(i.nootiar!@ \i:t.egme.nn. · 

Abbreviatiorwa 

Wb • Webb 
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a mean weight of 4~06 gm. The weight of females ·ranged from 

8.1 • 13.8 gm, with a mean of 11.72 sm. 
I ' 

.. ,.. ' 

Morphological. characteristics 

1. The skin bears narr0\>7 l<>.ngitlid'linal ridges on the 

dorsal· side. (Fig. 1 ) • 

2·~ A fold o:f skin is· found above the tympanum and another 

transverse fold is seen behind each·~ye. (Fig. 2). 

'··· Vomerine teeth are arranged in tl1o oblique series 
I I 

between the choane, extendi~ below the level of their 

posterior border. 

4. T.he head is as long as broad and moderately depressed. 

(Fig. 2). 

5. The snout is pointed or rounded,-projecting more or 

less beyond the mouth. (Fig. 2). 

The nostrils are situated nearly midway between the 

eye and t~p of the snout, slightly towards the snout.· 

(Fig. 3). 

7. The tympanum is distinct and is approxi.mately 1/2 or 

2/3 as wid~ as t~e eye •. (Fig. 2). 

e. The fingers and toes are bluntly pointed. (Fig. 4 and 5). 

9. The first finger extends beyoll4 the se·corid. ·The sub­

articular tubercles are well developed and prominent. 

(Fig. ~ }. 



JR. 

10. The hind limbs are. moderately long a.nd the tibio­

tarsal. .articulation (heel), reaches the eye or beyond, 

between the eye and the snout and sometimes even 

beyond.the snout. (Fig. 3). 

11. The toes ar.e obt~sely · P'ointed and slightly swollen 

at the end. (Fig~ 5J~-

12. Toea are imperfectly webbed. Fingers ~e not :~·rebbed ~ 

(Figs. 4 and 5) •. 

13.! There 1~ usually ~. small outer metatarsal tubercle 

and a prominent .inner metatarsal tubercle~ 

1.4. There is a variation in the relative length of the 
f 

hind· limb. 

dolour pattern 

The dorsal surface is dark 'broWn., or sometimes greyish 

olive, with large black spots on the back, These black spots 

are intermingled with ye~ow and rarely orange markings which 

are more distinct on the lateral sides of the· body. The 

ventral surface of the body is pale,, yellowish white, with 

dark yellow on the sides bordering the belly wall and the 

lining of the lower jaw~ The lower jaw has narrow black bands 

on its borders alternating with the .yellow colour.· 

There ia a vertebral band on the mid dorsal region 

v9:ry1ng in colour and thickness •. being narrot-7 in some and 
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broad m others. The colour is yellow, yellowish-orange or 

creamy white (Plate 1 ). This band is found to continue op 

the dorsal aspect of the thigh and inner aspect of the 

~hank upto the foot. Sometimes it is absent in the 

posterior region of the shank. (Fig. 1). 

The limbs have black markings~, On the inner surface 
. ' .. ·' 

of the to~s and fingers there are black lines with inter­

mediate creamy~ white spots at the region of the subarticular 

joints. The web between the toes is grey and the ventral 
. \ 

s~faoe of the toes specially the tips is dark grey. 

There are dis tinct ridges on the back, formed of fol&s 

of the skin, which may be black or dark brownish grey. The 
\ 

tympanic region has bl~ck round spots surrounded by black 

ridge on the upper boundary and the lower boundary creamy 

white. 

An analysis of the measurements of the following 15 

morphological characters ~ras carried·out so as to compare 

these with the morphometric measurements given by other 

workers~ 

:Body leDgth 

Body width 

Hea.d 'tTidth (minimum) 

: 

: 

. • 

Snout to vent •.. 

Measured at-- the widest 
point across·abdomen~ 

At the tip of the snout, 
' parallel to the nostrils •.. 



5. 

Head width (maximum). : Measured at the ·wideet 
point~ across the eye_~-·---

...--.... -

Snout length 

Eye diameter 

: Perpendicu1ar· ·distance from 
below t,he nostrils to the 
tip of the mouth. 

: Transverse distance across 
expo$ed orbits. 

7 • Inter-ocul.ar distance : Transverse, distance between . 

a. 

11. 

12 •. 

1 '·· 

14. 

15. 

Nostril diameter. 

inner bases of circum-orbital· 
plaques. 

,: Measured across long. axis of 
· nostril. 

. . 
Inter-narial distance : Distance between the inner 

margins o·f no et·ril. bordering 
flaps. 

Hind limb length 

· Tibia l.ength 

5th toe length 

Total fore limb 
length. 

Lower fore limb 
length 

1st finger length 

: 

. • 

: 

I 

Vent to tip of 5th toe. 

r~edial measurement along the 
dorsal surface of tibia. 

Measurement of outer ventral 
surface oft he digit. 

Origin of limb to the tip of 
the 1st finger. 

Outer angle of elbow to the 
tip of the 1st finger. 

. 
Base to the tip of 1st finger. 

t-leasurements of 50 living adult specimens were ta~en 

and a summary of data is given in ~ble I. The relationShip 



TABLE I 
JQ 

Anal.ysis of Characters of ~ l.imnocharis \'liegmann: 1 • Dimensions 

r4easurements (em.) 

ItlALES (251- ---- --- ------~ FEillALES- ( 25) 

Cllaract.ers Q Mean Range Star1dard Mean -Range Standard 
) deviation deviation 

- »<;dy l.ength 3.68 3.1 - 4.1 0.21 4.53 .,.7 - 5.6 0.48 
Body \-Tid th 1. 31 - 1 .1 - 1 .a 0.17 1.57 ' 1.1 - 2~1 0~27 

He~d w~~.th_ (~in_.) o.-47 0.3 -:C.6 -. · ·0.07 0.58. 0._3, - 0.85 0 •. 12 .. 
. Bead width (max.) 1.17 

. " 

o .. a - 1•35 . 0.12 . 1· ~28 '1. 0 - 1 •6 0.16 
Snout length ·o.44 ·o.3·• 0;.85 · · 0•15· o.49 ... o.J---d~e· · .. 0.11. 

Jitya diameter·. - 0.57 0.4- 0.75. o.oa· .0~60. o.5- o.as· o.oa 
Inter-ocul.e.r ,. 

distance 0~40' . 0.3 - 0.5 ·0.07 . ' . 0.43' - 0.3 - 0.6.. . 0.07. 
.Nostril width 0.16 0~ t - 0.3 . 0.07' 0;.26 0.1 . ..:. 0 .• 4 0.07 
. Inter-narial 

distance 0.39 0.25- 0~5 0.05 0.51 0.4 - 0.6 0.06 
Hind limb 1ength 4.94 4.0 - 54!8 0~57 5.61 5.0 - 6.6 0.38 
Tibia length 1.83 1.4- 2.1 0.17 2.29 1.65- 2.7 0.23 

5th toe length 0.68 0.5 - 0~9 0.10 0.76 ·o.6 - o.95 0.1.1 

Total fore limb 
length 2.04 1.4- 2.7 0.40 2.25 1.9- 3.1 o;24 

Lower fQ~~ limb 
le:Q8th 0.79 .· 0.55- 1.0 o~ 11 0.84 0.6- 1.0 0.11 

1st·finger·length 0.53 0.3 - 0.8 0.16 0.,66 0.5- 1.0 0•10·. 
, ' . ~ . 



~ 

--~ 2.0 
''i.' TABLE- II· 

.An.al.ysis of Characters of Rana limnocharis Wiegmaniu 2. Ratios -
.. -. 

l I4ALES (25) FEl,-1ALES (25) . OVERALL .( 25 +25 )= 50 

: ~ )lean Range Mean Range Mean. Standard 
deviation 

' -
' .. 

Sead width tmin.1 . 0.40 0.27 - 0.50 o.":; · - o.6 • " 

He~d l'lidth max. ' 0.45 0.425 0.44 

inout le~th 0.94 0~72- 1.54 · ead wid~ (min.)· ·0.84 o.:·6 - 1.0·· o.ag -~0.93 

'' . 
~e diamete~ - -
~ter~ocular distance 1.42 1.0- - 2 .. 17'' 1.39 0-.:92 ..; 1. 75 1.40 f.45 

!i2stril sU:ametet Oo-41 0.-22- 1.2 0 •. 51 Inter-narial distance 0.25_- 0.89 .0·4~ 0.51 
' 

"· 

~ibia lenG1b · 2.69 . 2.22 - 3.6 • ' 
v 

5th_toe length 3.-01 1.94- 4.17 2.85 2.92 

Jst 'inRer ;Lengtb · 0.67 o. :;~ - 0 •. 89,. 0.-78 .0.56 ... 1 .-17 Lower fore limb length 0.72 0.75 

~ota1 fore limb-lenith .0.55 0.3~ - 0.74. 0.50 Body length. y 
0.40 - 0.70 0.525 0.54 

~d;y: le~th 0.74 o.62 - o.go: o.a1 
Hind limb length 0.12 - 0.96 0.775 0~79 

--------



Plate III A - Ventral view of RaM, l.1pmogbsig- l'11egmarm 
· . . (Male) · · 

Plate ~II B - Ventral view of l!aM limnopMt1Jl Wiegmann 
. · · · {Female) . · · . - , 

Abbrev1at1ou• 

vs ~ Vocal. eao 
A'b - Abdomen 

'fp ... !rhumb pad 
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between 8 of the above featlU'es l'IaS ·evaluated to define the 
' ' 

distinguishing cbaract·ers of this species. These ratios are 

. p~esented in Table II. 

Distinguishing ~racters of male and femgle of 
~ l.imnOChafiSe· 

Besides d~ensions and ratios shown in Table I and II, 

the sexes can be distinguished by the following diagnostic 
. •' 

characters :-

HALE (Plateiii-A) 
; 

1~. ~~ture male frogs are smaller a.nd lighter in comparison 

to female frogs. 

2~ It ha.s a relatively slender and streamlined body. 

:;~, ·It has a promillent thumb-pad which become darker and 

thicker in the breedi~ season •. 

4.~~ . It bas black markings on the vocal sacs below the 

throat~:: 

5. In the breedillg season, the lateral vocal sacs are 

strollen. and produce a distinct, low to h1gh'-:8Uttaral 
., 

· cro~ing sound;.~, 

FEMALE (Platelll•B) 
' 1 ., , Mature female frogs are larger and much heavier in 

comparison to the males •... 



' 
~h.''. 
~.If!" 

2; Their abdomen -1S mu~h swall.en~ depending UpOn -the 
l 

maturity of the ovaries • 

. , 
3• ftle skin of the abdomen in the region of groins is 

thinner and translucent so-that the ripe ova in the 

abdo.men can be seen through it; 

4~- Females can be identified at any time by the absence 

of the thumb-pad, absen~e of lateral cheek pouches 
·' 

and inabil_i ty to croak~ ,, 

2 ~ ANNUAL CYCLE. ' 

The annual cycle of ·r~na _limnogharia can be divided 
I . ) 

into four phases (1) Emerging and Pre-breeding period 

( 2) Spawning and 'Breeding' pe~iod ( :3) Enteritig and cPost-
., ( ' , 

breeding period and (4) ~bernation period. (Fig. 6). The 

emergence of frogs from the hibernation period is observed 

in late March when average min.J,mum and mximum temperatures 

are recorded to be 11.5oc and 22.4°0. Th-is is usually 

associated with the first shower'S of rains. The period since 

the emergence of frogs to the start .of amplexus and spawning 

~O~i~tes the Pre-breeding Period~ From the first or second 

week of April when the minimum and m&ximum temperatures are 

recorded to be 13.8°C and 24~6°C and rainfall increases 

(average 2)4.05 mm), the frogs show intensive feedin&active 

movements., amplextng behaviour and start spawning. From this 



m 
}i'ig. 6 - ~t~c rapre.sentation of the armual 

cycle o"f i&na Alm!loche.£1@ ·WiegmaM. 



~ Total monthly rainfall ( mm) 

fa- Average mtntmum and maximum temperature 

ANNUAL CYCLE OF RANA LIMNOCHARIS WI~$M~NN: 

AT SHILLONG 

FIG. 6 



time to Augu~t the frogs lead ~ctive life ~-d· breed~ This 

period is called th~ Breeding Period. Dur1ng .. breed1ng period 

the spawns are seen in temporary ponds~ ditches and very 
. : . ~ . 

.. 
. slo_w moving streams often attached to submerged ve~etation. 

11a.rly larval stages are seen from the middle of, r1ay ~1hen 
• • ' • l • • ' 

the tempera1;ure fluctuates between 14.6°C {rnin.~) and 22,700 

(max.) t-ri.th an average· monthly- rainfall of 443~85 mm• The 

te~per~ture during June -is recorded to be 16 .• 7° C (~~~~) and 

22,9oc (max.); during July 17~4oc (min,.) and 24.)-oc. (max,); 

a.nd during August,17.7oc (min.). and 23.8°C (max.). The 

rainfall during these months is recorded t.o be 556.76 mm, 

387.45 mm and 355.35 mm respectively. The metamorphosed 

. froglets are observed from early Jline, Larvae batc.hed from 

spawns .laid. during May and June start metamorphosing by July 

or August, From June on~~rds and specially after August large 

number of young troglets are observed. During middle of 

October when temperature is _reduced to 15,oo C (min.) and 

20.7°0 (max.) and average monthly rainfall becomes 140.15 mm, 

the number decreases indicating that they start entering 

hibernation. The period from September to late October can be 

designated as Post-breeding Period. The frogs remain in 

hibernation from .November to middle or late l<la.rch. The 

average atmospheric temperature during November is noted to 

be 6~5°0 (min.) and 15.5°0 (max.); durill8 December 5.7oc (min.) 

and 18~3°0 

and during 

(max.); during January 4. 9oc (min.) and 14.ooc (max.); 
~-·-- ·.:~. . 

February 9.5°0 {min.) and 19.4~of(~x.-)."Th(3·· 
/1. ' / -., '\\ 

. . f ~~::-(/ ,,\': 
i( ":· ,-
' - ' <Jl 

~
·~ ;J:l~ / ... (. ) ~~ 
\~~\ ~ j/) 
~ .,_ / 



Fig., 7 • Number of frogs. collected per UDi t time 
duriDg dU:ferent months of the ye~ 1n 
1976 and 1977~\· 
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rainfall during these months is recorded to be 70,7· mm, 
' •, I 

'7!5 mm, 0,4 mm and 45.2 mm respectively. During hibernation 

the frogs are found in burrows,. sometilh~s below stones and 

rarely outside in the vicinity of ponds. 

The population structurewas analysed from the samples 

collected at tttO r.egular intervals each month for one hour. 

every time during 1976 and 1977. The .data for each month 

has been illustrated in Fig. 7, The frogs were easily 

collected from April to October. Minimum number was caught 

in March and November. It was very difficult to find them 

during December~ January and February~ During both the years 

the number of frogs collected went on increasing from April 

to July/ Augus.t and then showed a gradual. decline. From June 

onwards until the start of hibernation,. the number of 
-

juveniles collected were much more every month. The sex 
ce>lhfion 

ratio during 19761was found to be approximately 9 females 

for 7 males," In 1977 it was found to be approximately 

7 females for 5 males~, The females were always more than the 

malea,1 in ea.c.h orl/tcfton 

DISCUSSION 

MORPJiOMETRIC AND ECOLOGICAL CONSIDERATIONS. 

~ l&mnoc4aris is a widely distributed species 

throughout the, eastern tropics; it is found in warmer plains 

as wel~ ·as subtropical high altitudes (Sa tyamurti.,~ .. 1967) •. ~ 

Studies on the systematics of anurans are based mostly o.._. 



on speoific morphological characters. Ti~sley (1973 ana 

1 975 ), while· studying the eystema tics of Xenopus and :-:: 

Xenopus yestitus,reported that' there may be intraspecific 

variations depending upon the ecology o:t a species and 

desqribed many such variations. T.here are no such studies 

available on the frog species found in India and neigh­

b~uri~ countries •. It was w~th ~his aim that bes,ides the 

description of the epecific,mo:rphological characters, 

fifteen absolute measurements, viz., body length (snout 
) ., 

vent length or SVL), ~ody width, head ·width (min.)., head 

width (max.); snout length, eye diameter, interocul.ar 
. ' ' ' 

distance, nostril width, internarial distance, hi.nd limb 

distance, tibia length, 5th toe length, tot~l fo~e limb 

length, lower fore limb length, first finger length and 
. ' 

·eight ratios, viz~, Head width (min. )/Head wid~h (max.), 

Snout length/Head width (min~), Eye diameter/Interocular 

distance, Nostrll diameter/lnternarial distance, Tibia 

length/5th toe length, 1st finger length/Lower fore limb 

length, l'btal fore limb length/8ody length, Body length/ 

Hind limb length, have been analysed in the present invest­

igation (Tables I and II) as per the criteria foll.o;7ed by 

~insley~ The general morphological character of 

~ limnocharis available at Shillong do not shot-7 any 

important variation ini.comparieon to the descriptions 

available in the literature (Boulanger, 1920h: The vertebral 

band is said to be absent in some cases (personal 
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communication, ZOological Survey of India, Easte~·.Reg~onal 
' ! 

Station, Sllillong) but none of the sp$cimens .were obeerve.d 

in the present· investigation without such bands. 

Satyamurti ( 1967} has given bod'y length, lengths of fore · 

11mb and hind ~1mb of Bana J,;j.mngcharia collected from seven 

different localities in the South India. Most of them were 

young ones, The SVL of full grown specimen from Yercaud was 

53 mm. Bc>ul.enger ('1920) gave SVL of full. grown specimens 

from various places in South-East Asia. They were : Japan 1 

males 40 mm; Loo Choolds : mal.es 48/49 mm and females 50 mm; 

Sangha1 : females :39-46 mm; Formosa : females 46 .mm; Hongkong s 

females 40•45 mm; Sikkin : ·males ·43 mm, females 45-64 mm; 

Darjeeling : female 39 mm; Nilgiri : mal~s 43 .mm, females 

45-64 mm;· 1·1ala.bar : females 45-47 ZimlJ Trivandrum : females 

33 mm; ·Madras : females 35-37 mm; Ceylon : females 52 rnm; 

Bangkojt a males 44/45 mm and females 51 mm; Siam : females 

46 mm; r~lacca : females 57-67 ~; Singapore : males 38 mm 
I 

and females 57-60 mm; Java : males 46 mm and females 42•50. mm; 

Lombok : .females 42-50 mm; and Borneo J females 56-62 mm. In 

the present investigation on Ra:OO J.imnocharia the SVL of 

males was found to be 36 mm and of the females 45 mm. The 

weight of males ranged from 3.5 to 4~5 gm and that of females 

from 8 • .1 to 13.8. gm during breeding season. This supports 

that there may be intraspecific variations. The utility of 

ratios of various body parts has been increasingly felt in 

the systema tio analysis by rec en,t l<rorkers (Berger, 1 966 J 
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Van Dijk, 1966 and 1977J Tinsley, 1973 and 1975) .. ~ Berger 
I 

(1966) quotes Terentiev {1950) who while arguing on the 

utility of the ratios ~aid,~ "as far a-s a definition of 

differences between various forms is concerned various 

well chosen ratios of different body parts provide m~ch 

grea.ter!;informatiV'e value 11
• The utility of these ratios 

' 
has further been elaborated by Van Dijk {1966) in the 

systematic studies of anuran larvae •. Absolute measurement_e 

may vary but ratios between various body parts remain 
I I ! 

almost c_on'stant. This has been t~sted in different anura~ 

tadpoles in our laboratory also (Mr·. A .. K, Sahu, personal 
. . 

communication)~ Tinsley (1975) has also taken into oonsider-

. ation the weight~ sex~ breeding behaviour, gut contents, 

colour pattern and parasitic infections in his syatemat~c 
I 

analysis of Xenopus. It is felt that these informations may 

be relevant to ecological interactions and may account for 

adaptation and distribution of different species. Investiga.-_ 

tiona on all aspects except parasitic infections of 
· ·b~t.n . . 

~ .l_imnocliar~§ have I included in the pr·esent thesis, .. but a 

detailed study of all these aspects and morphometric ratios . . ,·. 

' of various populations of this species from different 

localities would be required to understand the ecological 

interactions in its adaptation and distribution. 

ANNUAL CYCLE 

Systematic records of the annual cycles of·many frog 

species found in Indiaare still not available •. A detailed 



account of the life history and developmental table of 
.... 

Rana tig;ina from North India has been recently given by 
• • . " ' ~ II ~ ·~ • 

Agarwal and Niaz1 (1977)t Fragmentary information is 

available on the life cycles of ~ cr§§sa, 

~ hexadact;y:J& and ~ cya.nophJ.yctis. Life cycles of 

many anurans found in North America has been compiled by 

Rugh (1962)~ ·A detailed representation af the annual cycle 

ot Rana temporaria nas been recently given by Koskela (1975). 

There are few reports available on ~ limnocnari§. 

Boulanger (1920) repo~ed that they undergo prolonged 
, I 

hibernation in mountainous districts. Satyamurti (1967) 

described that populations of ~ limnocbar;s in South 

India spat~ at the onset of monsoon and aestivate during 

dry season under stonos or damp pl.aces. The present 

investigation is the first 'complete' record of the annual 

cycle of high a.l ti tude population of Ra.na. limnocharie. It 

has been divided in four distinc_t periods : ( 1 ) ::Emergill8_.._. 

and iPrebreeding' {2) Spawning and 
1
Breeding' ( 3 )Enteril)8 and 

lpoatbreedinB and (4) lu.bernation ·period~ •. -Prebreeding ;period 

ie a very short,,.per.iod, .. since emergence· from the hibernation 

in late I-1a.roh and tlle breeding period starts in April •. 

Emergence of the frogs from hibernation is usually associated 

with the first shower of rain. By the first week of April. 

the frogs e,nter the breeding period~ ~Jating cells are heard, 

they go into. amplexus and spat-rn .•. .Breeding period continues 

till. August. The postbreeding period lasts during September 



and October when the frogs do not spawn, juvenile stages 

are seen in large numbers. From November to late 1'1a.rch 

the frogs live in hibern~tion. The emergence of frogs 

from hibernat~on and st~:rt of breeding· per~od is clearly 

associated witb increased temperature and first shower 

of rain~. The onset of hibernation is associated clearly 

with lo·w temperatura and reduced rainfall-. Increase in · 

the number of the frog population during ac·tive per.i. od is· 

associated with the increase in temperature and high 

rainfall •. 
\ 

I 
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SllllRUY 

This chapter deals td. th an analysis. of morphological .. 

characters and morphometric ratios and study of· the annual 

breeding cycle of the streaked frog, Bana limJlocharis . . -- '.. . . ' 

Wiegmann found in Shillong and the neighbouring ar~as, The 
/ 

size (snout-vent -length). of the males ranged from ;.1 to 
. I 

4.1 em and that of females from 3.7 to 5.6 em. ~e body 

w~ight of the males ranged frOm 3.5 to 4.5 gm and that of 

the females from 8.1 to 13.8 gm. \'Jhile analysing ·'the mor-
, I 

phological characteristics, 15 absolute measurements along 

with 8 morphometric ratios of various body parts ~ere taken 

into consideration, since morphometric ratios are known to 
~ ' . ' 

be constant for a given species~ The males were identified 

by small slender body, presence of vocal s~cs and thumb pads 

during the breeding season; whereas females lacked these 

characteristics and had larg~r b9dies with swollen abdomen. 

The Bll!lual c;rcle has be~en divided in four periodsa 

Pre-breeding, Breeding, Post-breeding and Hibernation periods. 

\11th the atmospheric temperature rangirlg from 11.3 C to 22.2 

C with an average rainfall of about 80.8 mm during the second 

fortnight in March,. the frogs comEf out of hibernation and 

entered the pre-breeding per~od. By the midd~e of April with 

temperature. ranging from 13._8 C to 24.6 C and the average 

monthly rainfal~ being 214.05 mm, the frQgs entered in~o a 

period of peak breedi~ activity. The spat-ming commenqed with 



the first shower of rains -in April and-the young metamor­

phosed froglet stages were commonly seen by June. By the 

middle of october when the ·temperature tl.uctU.ated 'between 

1500 am 20.700 ~1th a r9.infall of 1'40 •. 1 mm,~ the frogs 

once agaili-entered 1nto hibernation• As-a-resuit of 11; 
- '· 

durizl.g December and Janua:ey which are ~the coldest mdnths 

in shiilons/not even a: single specimen could be se'en in 
. ' 

the open natural habitat._ 

·· !fhe~:~lar monthly sample collections from the . field 

showed that the 

period J and the 
-

population was maximum during breedtngi 
' } 

number of the females was more than~he 
\. 

males 1n most of .'the collections. Juveniles were more from 

June onwards• often much higher in number than the adults. 
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INTRODUCTION 

The ·study of development of anurans is considered 

basic to ~e training of embryologists world over, and a: 

table of developmenta~ stages of the~se ~h-..~i'·.:b((t)'"';,:·~. !~: :-·;-~ 

found to be the foremost necessity~ Various developmenta~ 

tables of anurans described by different devel:opmental 

biologists have been included in practical laborato~ 
t ~ • I ' • ' 

man~ls ~uch a~ uamberger (1960) and Rugh (1962). Recent 

laboratory manuals, such as New ~1966) and Bi~et {1975) have 
• I i I_ ~ f. it • , 

included the 'developmental table of ,Xenop'¥1 ;J.aey1s only, as 

it has become one of the common laboratory animals in most 
' ' ' 

of the lfH~~tern 'la:boratories, They lBve described these 
' 

develoPntenta~ stages after ~;l.euwkoop and. l1nber ( 1967). 

Nieuwkoop and Faber have also co~pared $])$·developmental 

tabl:es of various· ·anuran species~· In 1960 0 · ·Gosner gave a 
. . 

simplified table for staging anuran e~bryo~ and larvae with 

notes on identificationo Despite.eo many developmental table~ 
., . ~ . ' . . ' . . ' ' ' 

there appear$ to be some variation in the description of 

later stflge.sof .developm~nt.,: ·Based 0:¥1 external criteria the 

most exhaustive tables appear to ,be on Rana pipiens by 

Shumway (1940) on prefeeding period and by Taylor and Kallros 

(194p) o~ po~tfee~ing period~ Somewnat similar pattern of 
. . ' . 

desoription·bas been followed by Agarwal and Niazi (1977) in 

their normal table of developmental stages of an Indian frog 

species Rana tjgrina. Significant developmental events form 

a basis while describing the normal tables of development in 
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urodela. Each new developmental event characterizes a 
. I 

developmental ,stage, Seeing the utility of stages in the 

expertmental work the criteria for staging followed by 

Nieuwkoop and Faber (1967) has been found to be most 

convincing as it incorporates both external and internal 

morp.hological changes; None of the· Indian species studied 

so far from the devel.opmental point of view have been 

s~uclied. after induced breeding• The normal table of devel­

opment . of Rg:pa liJnnocharis \-Siegmann; in the preaent 

investigation, has' been prepared after ind'uced breeding. 

An earlier developme~tal table on ~ 4imnocnaris Boie 

found in Singapore described by Hook and Wen {1970) includes 
~· 

the description only upto late tadpole stage. In the present 

investigation~ complete devel.opment from unfertilized egg to 

froglet stage bas been studied and described into 32 stages, 

each.based on a significant external morphological change. 

The changes in the external morphology as described by 

Nieuwkoop and Faber ( 1967) have been ad.opted as the main 

criteria in thi.s d ascription:~:, 

aEVIE\v OF LITERA~URE 

~he need for normal table of develcpmentabf' anurans 

appears to have been realised perhaps as early as their 

importance for academic pursuits in late 19th century. Normal 

tables of development have been described for different 

species of anurans dividing the development into a number of 



stages each based on a notable morphological change .• Thus, 

Alder (1901) ·while describing the development of 

~ VUlgari§ divided the t-7hole development in· 15 stages. 

Po~ister and Moore {1937) described the development of· 

~ sylyatioa in 25 stages up to limb bud stago~ ShumliaY 

( 1.940) described the cdevelopment of . Rar.a pipa.ens into 25 

i.,5ta.ae:s up to complete operculum stage of the tad~ole. In 

1942t~ he. identified the stages ·with the help of sectioned 

material.~ Eakin ( 1946) while studying the determination and 

polarization ·of regularity in the retina of ~ regilla, 

described 1 ts developmental stages aiso~ In 1946 ,,. Taylor 

and Kollrcs d·escri·bed t·he post-embryoliic development of 

Bftna ptniens larvae from Shumway stage 25 and diVided the 

larval stages ·into another 25 stages~ In 1957, Gallien and 

Bouillon described the development.of Discogloasua pictus 

in· 32 stages up to tadpole stage, t-rhen limb bud starts 

appearing." Iri · 1954;: Michniewska'!"'Predygier and Pigon described 

the early developmental·· stages. of ~ :ternsora;r;,ia,. 

~ tez;restris;;, ~· escu.J.enta and ~ bufo .•. Taha.ra ( 1959) 

described the normal· developmental stage of Rana. ,.1aponicg. 

Kopsch ( 1952) desori,bed 30 developmental. stages of ~ fusca 

up to metamorphosis~ During· the same year•~ Del Conte and 

Sirlin described the development 9f ~ arenarum into 25 

s:tages when operculum is completed in the .tadpole ... Cambar 

. and f.'larrot { 1954) described the development of Ram dalmatina 

in 54 stages upto metamorphosis •. ·eambar and Gipouloux ( 1956) 
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gave a chronological table of embryonic and l~rval develop~ 

ment of Bufg bUSch In 1959, Cambar and Martin described the 

development of A1xtes obstetr1cans. In 1960, Gosner gave a 

·simplified table for staging anuran embryos and larvae, 

·with notes· on identification. Many deve~opmental tables 

have been described ':Jifor ~gnopus mavis {Peter, 1 931 ; 

Gasche, 1944; Bretsoher. 1949 and Nieuwkoop and Faber, 19"6 )·~ 

A resume of all these descriptions has been given inuNorme.l 

· ~ble · of· development of _{(yon us laevis" by Nieuwkoop and . 

Fabe:r ( 1967 h · They have given a most exhaustive developmental 

table ever described, They have d~yided the development up to 

metamorphosis into tadpole stage in 66 stages, based on 

external as we.ll as i,nternal ~na.tomical features. As 

~~nopys Jaeyi@ ha~ proved to be a very favourable experimental 

material. til many j,nternationa.l laboratories, these stages have 

proved to be of great help in performing transplantation 

expertments at different stages.41,, Khan ( 1965) has described 

the developmental table of ~ugo me+&nostiotus +nto 43 stages 

up to metamorphoai~·~: Hock and l'len ( 1970) described 25 devel­

opmental stages of ~ limnooharis Boie up to tadpole stage 

from Singapore, but following the criteria of Shumway (1940)~ 

Among Indi&Jl frogs,, a normal table of ~ cyanophlyo:tie has 

been described' by Bamaswmi and Laksbman (1959) covering 

description only up to tadpole stage.~: Among other tables 

available, Limbaugh and Volpe {1957) on the development of 

~ ·xal~iaepg, Hing {1959) described the developmental 

stages of ga:qe. ,Shalcona:1t§.•: Jorquera and Izquierdo { 1964) on 



the deve.lopment of Ra.na chilena.· Sedra and Michael ( 1961) 

on the develop~nent of Me :regul.aris and SibolU.et f1970) · 

on· the developm.ent. of Mp. ma;uretap.i.cus. 

MATERIALS AND METHODS . 

.. 
Live spec~ens of.Bana 1imnochar1s were collected 
' .. ~~pfy 

:fre>m the Polo Ground area, duringtpart of the breeding 

period 1n late March and April, 1976'and 1977~ Egg laying 

w~s1n4uced ~n the laboratory by injecting the gravid females 

with homoplastic pit~tariea preserved 1~ absolute ethyi 
.. 

alcohol at a dosage of 0.1 mg per gm of the bQdy we-ight. 

(Dosage were determined separately - See Chapter v~c). After 

about 24 hours, egg masses from the females were s~ripped 

direetly into the sperm suspension prepared .by macerating 

the testis obtained from mature males in 100 co of 10% 

Holtfre_ter~ solution. Batches o~ each 20-50 eggs l'Tere kept 

in 200 co of culture med~um. After hatching some algae and 

water plants were added to the culture medium for food. For 

metamorphosis the .. tadpoles l'1ere transferred to aquaria, set 

with steep sand base immersed up to a certain level with 

pond water:,~ This ~rangement helps the tadpoles to metamor­

phose, similarly aa in the natural environment. The labora­

tory temperature at which the development 't'Tas studied ranged 

from 11.~3°0 at night to 20;i5°C during day time. Diagrams at 

each stage wer~ made with ~he help of camera lucida. 

Photomicrographs l·Tere taken for embryonic stages onl.y. 



OBSERVA~IONS 

I>lorphological chaDgea· were observed on the surface 

of the egg .soon: after ·:fertilization. Initiation of cleavage 

.. i.s. seen after about 112 hours~ !rbe larva hatched on 5th or 

sometimes on 6th day~ The metamorphosis was completed by 

'3rd to 36th ·d,ay._ .In ,the following account. the development 

has been d~ecribed in 32 stages each based on a significant 
) : ~ . 

ext~rnal morphological Qhange. 

SUGE 1 : Age·· o Hours; Length 1". 46 ·mm. 

Egg at. the time of.fertilization. One cell stage. 

Spherical in shape. Pigmentation darker ventraLly than 

do really. ·Egg diameter 1 • 46 mm. (Fig. 1 ) , 

SUGE 2: Age 1Y2 • 2 Hours; Length 1.46· mm.: 

"One cell stage" after fert1Uza.tion. Spherical in 

shape .. Dark pj.gmentation a~ animal pole, ligb.t pigmentation 

a~ vegetative. pole .. Egg ciiameter 1e.46 mm •. Jelly layer distinct 

with thickness of 0,08 mm. Dark pigmentation extending upto 

o.86 mm towards vegetative pole. Light pigmentation 0.43 mm. 

towards the aqua to rial. region. In betl1een the two pigmenta~ 

tion: 0ones there is a region of medium pigmentation of o,t7 mm 

(~·ig-- 2). 

S~AGE .31 • Age. 2 - 2Y2 Hours# Length 1.46 mm. · 

"Two cell atage" 'lhe diameter of the embryo (egg has 
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Fig. 1 Stage 1 UDfert111ee~ e&J •. 

FiB• 2 Stage 2 Fert1Umed egg. 
• 

Figs. '3-7 Stage 3 First cleavage showing 
two•oells (different views). 

F1iJa. 8-10 Stage 4 Second cleavage aho1t1ing 
four-cella (different 
views). 

Figs. 11-12 Stage 5 ~rd cleavage showing 
eight-cells {different 

· vietts). 

Figs. 13-15 Stage 6 Fo~h cleavase showing 
atxtean~cells (different 
views). 

Pig. 16 Stage 7 Fifth cleavage showing 
thirtytwo•celle. 
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now become an embryo), jelly thickness and measurem.ent of 

·' pigmented areas is almost same as in ~tage 2, {Pla·te I ·.~A; 

Fig~ "j-7). 

STAGE 4: Age 2Y2- 3 Hours; L~ngth 1.5 mm. 

nFour cell stag~"• The cleavage furrOl-1 starts by 2Y2 

hours from animal,pole reaches. the vegetative pola by 3 hours. 

Embryonic diameter increased 1 • 5 mm. Measurement of dark 

pigment same as in Stage 2, th~ medium pigment increased over 

light pigment, the former 0.43 mm. latter-0.21 mm. Jelly 

thickness same as Stage 2. (Plate :p.>-B,c,.;·; Flgs. 8-10)'. 

STAGE 5: A8e 3 - 3Y2 Hours; Length j.B mm. · 

"Eight cellostage"• The cleavage furrows start by 3 hour 
' . . 

and are co·mpleted by 3Y2 hour. Four upper micromeres, smaller 

and darker; four lower macromeres, larger and lighter. 

Macromeres have all three. types of pigmentation, -dark; medium 

and light~, The embryonic diameter and pigment measurement 

same as at Stage 4 and jelly thickness same as at Stage 2. 

(Plate 12:: ll>; and Figs. 11 and 12),". 

STAGE 6a Age 3Y2- 4 Hours; Length approximately 1.5 mm. 

"Sixteen cell stage". The.upper dark micromeres are 

first divided into eight cella,: resul.ting in an intermediate 

twelve cell stage~ B,y another 4 hours the cleavage furrow reach 

the vegetative pole, dividing the four lower,. light, latrger 
' . 

micromeres. The diameter of the· embryo.. pigment measuretre nt 

same as Stage 4, jell.y thickness same as Stage 2.,. (Plate I.£J.t-4 F& 

.Fies.. 1 ~-1 '5 ) .. 



Fig._ t7 Stage 7 · Fifth cleavage showtng 
thirtytwo~cells (different 
view). · · · 

F18s. 18-20 Stage 8 S1Xt;vf our cells (different 
views). 

Figs. 21-22 ' Stage 9 Late o leavage (different 
views). · 

FiB• 23 Stage 10 Dor~al lip formed~ 

Pigs. 24-29 stage 1t Active gastrulation 
(different phases.). 

Figs. 30-32. Stage 12 Yolk plug visible 
(different phases). 
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STAGE 7: Age 4 - 4Y2 Hour; Length approXimately 1. 5 mm. 

"Thirty two cell stage"~ Embryonic ci'iamet~r., p-18me.nt 

measurement remaining same as Stage 4, jelly .thickness same 
\ ' ' 

as Stage 2. (Plate I~~G and H; Figs, 16 and 17) •. 

STAGE 8: ·Age 4Y2 - 5Y4 Hour; Length approximately 1.5mm. 

·"sixty four cell or mid cleavage stage" also called 

"Large cell blastula stage n ~ From this stage there is a clear 
' distinction between the micromeres and maoromeres due to 

· grad.ual transition of cell size from animal to gegetative 

pole. All measurements almps~ similar as at Stage 4. (Figs. 

18-,20). 

STAGE 9: Age 5Y4.- 12Y2 Hour; Length 1.54 mm. 
' ' 

"Many· c·ell or late cleavage stage" also cal.JD d 11Fine• 
. . 

cell blastul.a stage". Surface of embryo not smooth by the 

early hoUr of this stage. ~he distinction between micromeres 

disappeared. Embryo darkly pigmented at animal pole and dark 

pigment encroached ·over the area of medium pigment. The 

diam~ter of_ the embryo increased, 1 ,.54 mm •. Jelly thickness 

almost simi;Lar as Stage 2. ~-ieasurement of dark pigment i,ncreased 

being 1.16 mm, light pigment 0.21 ~ and medium 'pigment 0.17 mm. 

By 10 hours the cells un9-ergo_ epiboly, the whole egg surface 
hJwcU'l 

smooth and no dist1nction
1
cell boundaries (Plate I~-~ I; Figs. 

21 and 22). 

STAGE 10: Age 12Y2 ~ 13 Hour; Length 1.59 mm. 

"Initial gastrula stage". Appearance of dorsal lip by 



Pigs. 33-34 Stage 12 Yolk plug visible · 
(different phases). 

Figs. ,5-37 Stage 13 · Disa~pearing yolk plug 
(dif erent phases). 

-

FiBS•· 3$-40 Stage 14 Neu1~ plate formed 
(different phases). 

Figs. 41-44 Stage 15 Eeural fold appeared 
(di£ferent phases)• 

Figs. 45-46 Stage 16 Neural groove formed 
(dUterent pha.eea). · 
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pigment concentration~ Embryonic diameter 1.59 mm~ Measure-
. . ~ .. 

ment of dark. medium and light pigment being 0.99 mm, 0,17 mm . ' ' 

and 0~43 mm respective~yl Jelly th~ckness remaining similar . 
as at Stage 2_~ (Plate i~ J and Ka Fig. 23). · 

STAGE 11.: !\ge 1 ~ - 1 8Y2 'Hour; Length 1.59, mm~ 

"Bl.astopore stage". Active gastrulation indicated by 

the formation of blastopore. At this site cells invaginate 

into .the interior of the embryo. The growing margins of the 

. bilastopore, assume crescent, horse. shoe and. ultimately circular 

shape. By pigment concentration it indicates the border of 
' future yolk plug, the egg diameter remaining similar as at 

. . - . ~ 

Stage 1.0 alui jelJ.y thickness same as Stage 2. (Figs •. 24-29). 

; 

STAGE 12: Ag'e. 18Y2 - 23 Hour; Length approximately 1.59 mm. 

"Yolk plug stage"~ Blastopore groove clo·sed ventrally. 

Yolk plug large,. circular having a diameter of 0.64 mm. the 

diameter of the embryo same as Stage 10. Jelly tbiclmess same •. 

The yolk plug td th Ugbt pigment and the rest of the embryo • 

having da.z·k pigment tm asuring 1 .07 mm. (Plate I~t.; Figs. 

30•34). 

STAGE 13: Age· 23 - '0 Hour; Length approximatel.y 1 •. 59 mm. 

nDisappearing yolk plug stagen. Yolk plug circular. 

small, more or less pigmented fields radiating· from yolk pl~. 
~ 

Future position of the neural plate and groove indicated by 

dark pigment lines. The diameter of the embryo remaining same 

as Stage 10~ Jelly thickness similar ae at Stage 2. (Plate It~ 

M,N,O,P,GJ Figs~ 35•37). 



~· 47 Stage 17 i'aU bud visible. 

Figs. 48-49 StagG 18 Mueoula1~ response obeerve4. 

FiB· 50 Stage 19 Heart beat observed. 

F11J~o 51 . Stase 20 Gill oiroulution starts. 

Fig~ ' 52 Stage 21 r~outh open. 

Fig. 53 . Stage 22 ~11 fin circulation 
observed. 

FiG• 54 Stage 23 Operculum fold formed. 

Pig •. 55 stase 24 Opercular fold. o~oaed 
on riGht. 
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STAGE 14i Age 30- 32.Hour;.Length approximately .1.7 mm. 

"Neural plate stage"~ Neural plata delimited. Embryo 

elo~ ted; measuring 1 • 7 .mm. Jelly thickness remaining 

similar a.a a.:CJ.Stage 2. (Plate 11-R; Figs. 3e-;.40)~ 

S~AGE 15: Age 32 • 35 Hour; Length approximately 1.72-2~,06 mm. 

"Neural fold stage~. ~he neural plate distinct and 

lighter in. colour 0 than the .rest of the embryo. The neural 

folds gradually approach each other from blastopore to 

~nterior region. Jelly distinct. (Plate II-S and T; Ftgs.41-44) • 

. STAGE, 16: Age 35 • 44 Hour; Length 2.06 - 2.36 mm. 

uNeural groove stage". Neural folds touching each other • 
. . , 

Considerable extension of the anterior part of the neural plate. 

Due to 1he: elongation· of the embryo, jelly layer distinct, 

having diameter of 2.36 to 2.59 mm. Lateral outline of the 

embryo convex~ (Plate If·UJ Figs. 45 and 46). 

STAGE 17: Age 44 - 50 Hour; llength 2.36 • 2.70 mm. 

, "Tail bud , stage n. Delimitation of the anterior .region 
I 

by pigmented lines~ Initial motor reactions to external 

stimulation. Jelly diameter 2.59 - 2.66 mm. Lateral outline of 

the embryo flat,. (Plate n·'-V and W; l!~g. 47). 

STAGE 18: Age 50 - 58 Hour; Length 2.70 .. 3.01 mm. 

"1-luscular response stage". Distinct p~~~f eye. 

Initial groove between 4aw and gill area. M~~ 
tJ ~1''--/ y~ 

through for the· first tim_"·· Vitellene mem ·~., c~o~':~'l'~~ ~ ider. 

Jelly diameter 2~66 to 3~26 mm:~; (Figs,c 48 ~~ 49).,:- --c: . . _, . ;/ \ * 
'! . ' ) . . . ...-- "-~· .f/ 

' * ~ .-;:" 
-~?"<· 
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STAGE 19: Age 58 ~ 68 Hour; Length 3.01 - 3.22 mm~ . . . . . : ;• 

"Heart beat stage". Beginning of tail fin fo~ti9n·, ., 
. ' . , . 

· ~otomee more clearly distinct. For the first tilile clear 
. . . . . ' 

sepa~tion between head and trunk regions. Tail not yet 

separated frpm the trunk. Jelly diameter 3.26 to 3.31 mm. 

(Fig, 50). 

STAGE 201 Age 68 - 91 Hour~ Len~th ~.22 - 3.35 mm • 

.. G,ll circulation sta~e". J.louth region distinct. Dis­

tinction betlJeen jaw and gill area. Rudimentary r:'{protrubera.nce 
' ' ;.. . I ' I ' : . 

and grooves at the gill area. E,ye spot clear. Fin area broad• 

ened near the caudal end of the trunk. Tail1>ifin divi.ded into 

outer transparent and inner'translucent band with muscles. 

Jelly diameter 3.31 to 3.46 mm. (Fig. 5~_,~. 

S~AGE 21: Age 91 - 115 Hour; hength 3.35 • 5.16 mm. 

"Mouth open stage"~ Mouth distinct tTit~ rows of 

keratodonte and oral papillae. Gills distinct and nipple shaped. 

Eyes clear,., black with light coloured pupil' in the middle. 

Embryo with distinct bead about 0.86 mm. long, trunk about 4.30 

mm., long~ The embryo keeps its body folded inside vitelline 

membrane (Plate.nlii), as 1 t measures more than the jelly diam.e·ter. 

Jelltv diameter measures about 4 •. 12 mm. At the end of Stage 21 

hatching occurs~ (Fig~, 52)i' 
' . -. '· ,· 

STAGE 22; Age 115 • 190 Hour; Length 5.;16- 6 •. 23 mm., 

"~il fin circulation stage "~r Distinct head about 1.07 

mm~ long, with eye. ear, mouth and gills., Trunk meaeuriD.g 2.15 

mm., with gut an~ anal opening clearly visible. ~il,about 

3.01 mm. long, vrith broad find and tail muscles •.. {Fig.-.. 53) •.. 
:: 



Fig. 56 A & l3 StagG 25 Operculum closed and 
complete. 

Fie •. 57 A & B Stage 26 Hind limb bud appeared. 

Fia• 58 A & B Stage 27 Bind limb daveloped. 

Fis-. 59 A & B Stage 28 Forelimb sprung. 

Fig~ 60 A & B Stage 29 Both limbe developed. 

FiB•. 61 A & B Stage 30 Beginning of metamor-
phosie. 

Fig. 62 A & B Stage 31 Tail et~b remaining. 

Plg. 63 A & l3 Stage 32 YoUD8 frog. 

Fie~. 64 Adult frog. 
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STAGE' 231 ~e 190 - ·22.8 Houri Length 6.23 • 6.45 mm. 
:"Opercular :fold stage". All the Qharaoters remaining 

sam~ ae above. At this stage the opercular fold becomes 

visible for. the first time., but 1 t is not complete. Gill~ 

projec:tin8. belo't~ operouJ.um. Gill length s!lorter than earlier 

stag~, Embryo grown in length, head about o. 84 mm., trunk 
' 

about 2. 36 IDJ!!• and tail about 3. 44 mm ~ (Fig~ 54)~ 

.: S~AGE 24: Age 228 ·,. 254 Roilr;. Leng.tb 6.45 - 7,51 mm. 

Embryo showing its opercular fold closed on right side. 
' ; - I ' . 

All the characters .similar as at Stage 23, only ~he operculum 

closed on right side of the body~ Left gi.Us still oan be 

seen but smal.ler than before. Head ··length about o.e4 mm., 

trunk length about 1},65 mm. and tail leng~h about 4.21 mm. 

(Fig~ 55) ... 

·STAGE 2$:. Age'· 254 - ?88 Hour; L.ength 7.15 • 10.:32 mmf~ 

:Einbcyo baviilg operculum also call:-ed "Co~plete operculum 

~.$tage "·,; Embryo with only trunk and tail. Distinction between 
. . . . 

head and trunk disappeared. Operculum closed and external 

~ills disappeared~ E.ye· with well developed lens and retina. 

Appearance of melanophores' and disti~ct pigmentation. pattern. 

Coiled ~ntest~e and tadpole starts fee~ing on ~ilamentous 

algae.,. Tail long,, with tail. fin and myotoroest.; Head - trunk 

.length about 3~~44 mm-, and tail: length about 6,·_.:88 mm;~ (Fig. 

56 A and B).~ 
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STAGE 261: Age 288 .-. 336 HoU%';: Length 10 .• 32 -- 1·,1.18 mm. 

nH!nd. limb bud stage" • ·,Appearance of hind limb bud at 

the groove ~et:\o1een the base of the tail. and belly wall. It ·, 

appears as. small tdlite bud ·.like structure. Oral suo.ker · 

elevation completely disappeared. Two rows of postoral 

labial t~eth present. Eye prominent. Lateral 1ine ,~stem . 

present but no,t distinct. Tadpole be.Ving clear and equal 

· pigmentation and not spotted, as in Stage 25~ Head - ~ 

length about ~.87 mm. and tail length about 7~31 mm. 

( :E'ig. 57 A and B) ~ 

STAGE 27t Age 336 ~ 470 Hour; Length 11.18 • 19.55 mm. 

11 Tadpole with developed-- hind limb". Pigment ·,free 

patches appear at the metatotoraophalangeal 3o1nts, ··where 

the proXimal toe pad .will later develop. Cloacal tail piece 

reduced. Fore-limb not yet seen. Head .. Trunk length about · 

. 7•55 mm·~ and tail length about 12~00 mm. (Fig. 58 A and B). 

S~AGE-281 Age 470 • 674 Hour; Lei18th 19 •. 55 .,_ 21.51 mm. 

Tadpole with forelimbs just sprung from under the 

opercul'llln•: Larval mouth furnJ.shi.ngs absent, by the sheddizl8 

of the horny beak and labial fringe.: Hind 11mb we3:1 developed, 

used for movement, Head • h-unk length about 7 .;1 mm. and 
·•' 

tail l.e11gth about .. 14.00 mm~ (Fig._: 59 A and 13). 

S~AGE 29: Age 674- 722 Hour; Length 21.51 - 18.00 mm. 

Tadpole with both limbs developed. From this stage 

tadpole lUl.dergoes metai,llorphosis.._v._ Angle of the mouth reached 



Plate I A - First cleavage show1ng two-
cells (Stago 3). 

Plate I B and c ~ Second cleavage showing to~ 
ceUe (Stage 4). · .. : 

Plate I D .. Third .. cleavage ehowu.g e,ight.;. . 
cells (Stage 5) • · ·. · · 

Plate I E ancl F. ... Fourth cleavage ehowiDG sUteen-
o~eUe (Stage 6). . .. 

·• 
Plate I o· and H ... Fifth cleavage showing th1rtvtwo~ 

cella:( (Stage 7). . · · 

Plate I t .... Late . cleavage (Stage 9). 

Plate I J and X· - .l)Q%'Sal lip (Stage fO) .• , 

Pl.ate I L - Yol.lt plug (StB.GEt 121 •.. 



E 
E -

D 

G 

J 

E 

H I 



PlatG ·II M, N; o, • Disappearing yolk plug 
P and ·Q {Stage 1,}. 

Plate II R - Neural ;late (Sta.ge t4)• 

Plate II sand··~ -·Neural fold (Stase 15)• 

Plate II U 

'late II V 

Plate II W 

-·~eural groove (Stage 16). 

- Tail bud {Staae 17)• 

- Late tail bud {Stage 20}. 
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caudad, below the anterlor margS.n of the eye ball. ~ll 

aeswnes a da.,ker and less "'ronspal'ent appearance than 1n 

preVious Stages. ~e dorsal and ventral tins shr\ulken au! 

the tail len«tb oons1derabJ.7 reducea • al thoUBh sti.U loDSGI' 

than the extended hind limbs. Read•Wr\mk length 7 .o mm. and 

tail length 11.00 mm. (Fig. 60 A and B). 

~ ' . 
Sf.AGB 30a .ABe 7~2 - 770 HOU¥"1 LeDath 18.00- tt.50 mm. 

fall shortened. Angle of the mouth reached the posterior 
; ~ 

region of the eye be.ll. OpercUla.~" patch dark ani reduoe4. 
• • 

Head•bwlk length about 7,00 mm. and tail length about 4.5 mm. 

{Fig. 61· A and B). 

S~AGE 318 Age 770 • 190 BOurJ Lemgth 11.50 • 7.50 mm. 

1911 only a small triar:tele~ no loDGer visible from 

vertral side. ~e triaDgular stub of tail ie darker 1n colour 

than the rest of the bodY•: 1'ympan1c cartilage ring present. 
. . ' 

llead•irunk length about 7 ~.o mm~. and tail stub about 0.50 mm. 

( 11'184! G2 A and D)~' 

SUGE 32~ Age 790 • 900 Houra Length 10.,00 mm •. 

Fully metamorphosed young ~og with all anuran 

c·hare.cters~·- (Fig·~ 63 A and B)•, 

• 

DISCUSSION 

PEYIWP!WliN !W 
1iMft UJpnogWJ.s Wie@llann, available at ShUlong is a. 

seasonal fros breeding mostly from the middle of April to. 



Augus,t. This is the best period for .ita induced ~reeding 

and study of its development. During this period at room 
' ' ' 

temper~ture (t4oc-22·oc) its development is completed l1ith1n 

33 to · 36 days. Ha:t.ching occurs on the 4th/5th and sometimes 
' ' 

on 6th day. Operculum is formed on 10 to 12 days,, hind limbs 
' . 

develop'·<-- fJ"om· 12 to 19· days, forelimbs develop between 19 

to 30 days. Th~ longest size of the tail is noted by about 

19th day and then it is resorbed, disappearing completely 

by 33 to ;6 days., The time of devel'Opm~nt of different_ 
t • 

0 
I t_ 

stages is differentrfrom the·:t;iming of d'evelopmental stages 

of other frog species Qana ligr!na described from this , · 

country {Agarl'ral and Niazi, 1977) • Rana tilgrina embryo has 

been aesoribed to hatch by about 17Y2 ~oUrs~ whereas 
~----- --- --... -· ,~-

Bana ~imngobaris embryos hatches znostl! on the 5th and 

sometimes on the 6th day at Shillong. The ha:fiching time of 

~ limnocparia is very much similar to ~ ~ipiena 

(ShumwaY.:ti 1940) in which hatching occurs after about 6 days 

at_1.8~o,, The metamorphoe~s of .Ra.paJim!Piena is, however, 
' ' 

prolonged to about 90 days (Taylor and Kollros, 1946) which 

is a mu.ch ~onger time than that of Rana J.imnoobaria observed 

in the present investigat_ion. ~e hatching time of 

Bana ;tmnochari€1 investigated at S~apore at _27oc-29oo was 

was found by Hock and \1en { 1970) to be about 24 hours. They 

reported 7oo and 2900 as the lot1er and upper limiting 

temperatures for.Bana limnoch§ri~ which are comparable to 

the.limitina temperatures (5°C and 28°0) investigated for 
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aana l&mnogh§ria for this study at Shillong (Chapter VI), 

Near the· upper limiting, temperature the embryonic cle'Vel­

opment of~ l~o·ohans was· fop.nd to ·l)e very fast ill .. 
the present investigation also. The difference between 

the atmospheric temperatures at the ttro places may account 

for the difference in'" the hatching time of·~, li;f9Docha£a:g 

observed ·tn the two investigations, The longer hatching 

time of~ limnoghana at the subtropical climate of 

Shillong makes 1 t more suitabl.e material for the study of 

the embryonic stages in this region.· The higher temperature 

(26°C..28°C) at which Aga.r~1a·l and Niazi (1977) studied th.e 

development of ~ ~i;g;ina may account for its faster 

developmental rate also during embryonic stages and slower 

developmental rate at post embryonic s_tages. 

t}~GING_ 0£' E:£~l:Si1YO§ 

The staging of enbryos and larvae is normally based 

on a new developmental event~ Although the or~ teria follo-.red 

by different authors ~s similar, yet there is lot of 

variation in the numberirlg of stages of different anurans, 

The tables of Shumway ( 1940) G.-7::~[1 for embryonic development 

and ~ylor and Kollros (1946) for post embryonic development 

of Ban~ pipien~ have been mostly used for reference by many 
-investigators and laboratory manuals (Hamburger, 1960; 

Rugh;., 1962h~; Some variation is always noted in the develop­

mental patterns ot body parts in different ~eoies and many 

': 
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a time it becomes difficult to follow any criteria very . . . . , 

rigidly. Goener'a {1960) table describing a criteria for 

staging is also sometimes not applicable in different 

species~ There are very few tables describitg the complete 

development of anura.ns. In this connection normal ·tables 

of Mo vu1garia {Alder, 1901 ) , Rana gusca (Kopsoh, 1952), 

Bap.g salmatipa ( Cambar and Mar:rot, 1.954), Bufo melanostiotus 

{Khan, 1965), Xenopus laevis ·(Nieuwkoop.\ and Faber, 1967 )_,_ 

iana :t.tgfina {Agarwal and Niazi, 1977) can be mentioned. 

Of all these tables the normal table .,of XenopWJ l&ex3zs 

described by Nieuwkoop and Faber is most exhaustive. They 

have adopted external as well as internal morphological 

challges as the criteria for staging specially because 

8enopu§ baeyis bas been found to be one of the most suitable 

material for developmental s~dies as well as experimental 

and transplantation work in many laboratories of Western 

countries•;· In the present investigation the· criteria adopted 

by Nieuwkoop and I!aber for ext'ernal morphological changes 

baa. been followedll_, !rhe description of internal changes was 

not at present considered necessary.,: The development of 

RaJm J.imAgeba%1a in the present investigation has been 

divided into 20 embryonic and 12 poet embryoni.c stages./The 

present investigation on R§pa limnoChari§ reveals that 

{1) it responds well to prescribed dosage of homoplastic 

pituitaries presarved in absolute ethyl alcohol for inducing 

ovulation in females during breeding seasons provided the 



specimens used are not spent; {2) its life cycle is 

completed in"approximately 5 weeks; (3) its e~bryonic 
., 

ns_ 

period is comparatively longer and post embry,onic,per~od 

i,s shorter; (4) it is ep.sy _to work ld. th this species due 

to its handy size and (5) the 32 development~l stages· 

. 4escribed above can be conveniently demonstrated. ··It is 
( 

therefore, hoped that this species can be.a convenient 
' 

classroom material for developmental studies in Indian 

conditions. 



·'SUDARY .. 

~e present chapter .embodies the description of 
.. 

normal table of development o.~ Rana limnochariS Wiegmann 

by rearing under laboratory condition through induced' 

breed.iDg·• The s~ging of· the embryos bas been· based on 
'·· major changes in the external morphological feat~es~ 

The entire development from fertilized egg to metamorphosed 

froglet bas been divided into 32 distinct st~ges, fertili-
' 

zation :- stages 1 and 2;. cleavage :- stages J to B; gas­

trulation : ... stages 9 to 12, neurulation i~ stages 13 to 

15; organogenesis :- stages 16 to 20; and poet-embryonic 

stages 21 to 32 • Rana. J_imnocharis is a seasonal frog 

breeding from the middle o~ April to August 1n Shill.ong. 

At the room temperature fluctuating between 1400 (night) 
0 

· and 22 C (day), during the early breeding period, the 

development t·1as completed ·in 3} to }6 d~ys.· .Hat.pb.inB oecured 

on the 4tb/5th day and sometimes on the 6th day. The larva 

devel9ped ope~culum between 10th and 12th day and subse­

quently ~derwent metamorphosis. Hindlimps developed d~ 
' ' 

the period, 12th to 19th dayJ ·For·elin1b~·:"7ere·,;-ormed betwee~ 
- . ... ' . 

the 19th and 30th day. The tail reached maximum size on · 

about 19th day after which it gradually resorbed( disappear­

ing comp1etely between 33rd and 36th day~ · 
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Chapter 3 

Food and Feeding Habits 



INmODUC~ION 

In recent years the need to evolve convenient and 

economical technique for frog culture· has been. increasingly 

felt by workers a~ aver the world. One important prerequi• 
' 

site 1n this context is to get acquainted with the food and 

feeding habits of the frog species to be cultured in a 

particular locality. Tinsl~y (1973) an~ Clarke (19~4) stated 

that pattern of exploitation of prey is an important charac­

teristic of different groups of anura~ Hedeen (1972) and 

Brown (1974) analysed that, food consumed by anurana reflect 

the abundance and availability of prey in its habitat. 

Blackith and Speight (1974) investigated that frog's gape 

and movement pattern are responsible tor determining the 

diet in a particular habitat~ 

In comparison to the number of contributions on food 

and feeding habits of anuran.apecies found in the temperate 

region, the~e are a few contributions from the tropical 

region (Durant and Dole, 1974) and very few from the lndo­

Pak subcontinent {Khan~ 1973). 

·; 

The subtropical climate of Shillong and the neighbou-

ring hills provide a specialised co1d and humid biotope in 

the North-Eastern region of India. As·stated earlier 

Rana l±msocharis Wiegmann is a common species of frog in 

this region and is eaten by some tribes of the North­

Eastern· Hills States •. It is therefore, •. a suitable species 



for cul.turing, both from academic as well as economic 
• ' . ! : _,. • . 

point of vie~l.. Among earJ.ier 1'70rks there are ;wo contri-

butions available on the. food and feeding habits of this 

species, ·'Liu and Chen ( 19'2) investigated the percentage 

composition. of injurious and beneficial animal.s in the 

food contents of Rapa JJmnocbaris available in the 

vicinity of Kashing (China) with special reference to 

insects in relation to paddy cultivation, Berry (1965) 

investigated the gut contents of ~ limnoeharis from 

si.ngapore4t He reported a high )ercentage of vegetable 

matter in their stomach contents, in addition to animaJ.s 

rallging from small to large sizes depending .upon the mouth 

gape and food ava.ile.bili ty in the habitat. The present 

study is based on a 12-month analysis of the volume and 

percentage composition of.food taken by the adult end 

j~veniles 9f Bana l~nocharis during the prebreed1ng, 

b~eeding, postbreeding and hibernation periods. 

REVlb~ OF LITERATURE 

Gut content analysis reveals the food and feeding 

habit of animals. AIDong anurans, t~e fir.st detailed analysis 

of stomach contents was made by L1u and .Chen (1932) on the 

.two species of frogs,. R8na limngcharis and ~ nigromacula'ta 

available in the vicinity of Kasbing {China) .. situated just· 

above the sea l,evel, with special reference to insects. 



R8 . 

. , 
They studied the percentage compoa1 t'ion of beneficial 

and injurious.animals in the food contents and rel.ation-
' 

ship of tbese animals with the padd~ cultivation. Smith 

(195') studied the feeding habits 'of~ f!dibunda 

oagibunda and showed that, in theif choice of food,they 

were extremely catholic. and would not devour very fine 

creatures~ ~ler (1958) worked 1n France on t~e diet, 

feeding habi te and preying behaviour of tbe edible· frog 

Rana escu1en~a.. In 1961, Khonyakina working in the vici­

nity of ~akhachkala (Russia) on the feeding habits of 
I ' 

.Rana £19J.bpda and §ufo .xlrJ.,di§ reported that, they fed 

mainly on arthropods specially agricultural pests proving 

their utility to agriculture, al t~ough they ttere non­

selective feeders~ He also noted that Rana [idibund& causes 

some damage to pisciculture in shallow water reserV:tdrs • .. 
Berry ( 1965) t~orked on the diet of six anuran species · 

~ lj.mnocharLs.. Rhacgphorus leucomystax, r.acrohvla lU!!­

J.erJ,, J1icrohy;la hy{gensll, Kaloula :aulcra and 

Leptobrachium sigrops availa~lo in Singapore and reported 

various degrees of selectivity for particular type of prey. 

Be reported that availability of prey in the habitat~ the 

size of prey and· of predators especially 1n relation to the 

mouth-gape determined in the diet. In 1966, he published 

his findings on the food and feedingh habits of the torrent· 

frog, &nRlaPPS H\OOeps.i;s in Kaulalumpur,~ and showed that 

these fro.gs feed on a ".ride range_ of terrestrial and aquatic 



animals. They showed preference for prey animals within a 

range of 1.00 - 6.5 mm. He did not .find any clear seaso~l 

variation in the diet and suggested that monthly _fluctua­

tions in the amount and type of prey ingested depended 

larg~ly on the activity o~ the prey. Jenssen and Klimstra 

in the same year noted that food of Rana plaffiitan~ is 

affected ~Y babitat. Jenssen (1967) reported that 

eana ·clamit@g~ larvae were indiscriminate teeder of food 

available in t~eir habitat. Geyetant, during the same year, 
. . ~ . ' 

reported that there was ~ariation in the diet of young and 

adul.t ~ tempora£ia, ~ e§Cul.enta and ~ bu.fo conolu­
::::' 

ding that feeding habits probably continue to alter. 

Opatrny (1968) reported that the terrestrial insects and 
' 

animals living on"water surface predominated as the food 

1 tem.s of 'Rana !j,dibunda and Rana escu1enta found in central 

Bohemia., South Slovakia and South Eastern Romania depending 

on the biotope. ~e also recorded ca.nnibali,sm. Chlodny ( 1969) 

work~.d on the food requi~ement of ll€\00 arvalis in Poland 

and ehowed that efficiency of assimilation is constant for 

a glven diet being 84 •. 6% when fed on earthworms and 7'3 •. '3% 

when fed on :&!is acts under laboratory conditions. ~z ) j . 
(1970) found that tho food of la1~al tai~ed frog, ~ 

!scaphus truei consisted mainly of algae._ ~engilley ( 1970) 

worked on the food and some Australian anurans of Southern 

Highlands of New South Wales~, He examine,d the·· frequency and 

percentage of food items taken out from stomachs of juvenile, 



eubadult and adult of three species of genus gseudophryne 
~ . 

and showed that their ciiet consisted mainly of_ ants and; 

termites. He tound that the size of prey items was assoc­

•iated With the size of the·predator and seasona1 variations, 

especially changes in temperature, influenced the feeding 

activity of the' adults. In 1972, Hedeen reported that 

J.!aga septentrional!£! Baird, the mink frog, availa.b~e in 

l41nnesota fed on different diets during different stages 

of the development depending on seasonal food availability 

and changes in the habitat. Stelzarb and Sand~son \ 1972) 

made a co1hparative study of food habits of sympatric mink 

frog »ana aeptentriopalis, bull frog Sana catesbiana, green 

frog &ana filp.mi,tanA and fqund that although major food 

groups for both mink frog and green frog were similar, there 

were distinct differences in total diet. Bruggera (1973), a.s 

a reaul.t of his work on food and feeding habits of bull frog 

Bana cater(biana of l~orth-Western Ohio, found that they ate 

everythiD8 tha-t they could S\'Tallow. Houston ( 1973) studied 

the food of common frog, ijana ttmyoraria, on high moorland 

of Northern England. He showed that there tms a temporal 

variation of food during different period.s of growth of the 

frog. He suggests that there is a qualitative correlation 

·between· the size of the prey and predator. He also found 

out that the animal ia unspecialised and opportunistic 

feeder in its habitat. Ka-lusohe {1973) worked on the diet 

of R&tm espu1e;g.ta and noted that it snapped at and ate 



tadpole in shallow water ditches in terrarium. During the 
. . ' 

same year, Khan investigated that BaRB t1griJ1a was an 

indiscriminate feeder and its mouth-gape determined maximum 

.size of the prey. Tinsley (1973) l'Thile studying the ecology 

and systematics of ~enopus kigeeiens1e from Western Uganda 
) 

took stomach contents also as a criteria for describing 

the species, Blackith and ~peight (1974) reported 

Rana tgmnoraria as an effective predator of gro~d living 

predatory and para.si tic insects. Durant and Dole, during 

the s~e year reported that food of Atftlopue e!J~hygchu§ 
I , ' '( . . 

consisted mainly of coleopterano (40%), while hymenoptera 
' 

(mostly ants), larval diptora and acarina comprise (45%) 
: 

and other food items were {15%). They further described 

that a.mplexing f1•ogs had much less food material in their 

stomach. Cristea { 1974) inv.estigated the food of green .f.rog,1 

~ ridibupda and Rana esou1enta. Living 1n Danube's delta 

and flooded land. He showed that larral stage was mainly 

dependent on filamentous algae and vegetal detritus. Up to ~ 
juvenile stage these frogs lived on submerged green plants 

and algae, COpepoda, cladoO~dt rotifera and cbironomus 

larvae. t.fheir adul.ts lived on animal diet. Elliot and 

Ka.rumkaran ( 1974) investigated the diet of~ ca.noriyom 

in fresh and brackish water environments of Singapore and 

showed that the gut content included all small animal 

species found in the respective environments. The diet of 

frogs near brackish water consisted of predominantly 
'· 
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crustaceans • while the diet of those collected nea~r fresh 

water comprised mainly of insects. The choice of the prey 

limited only by its size and the mouth-gape of the 

predator~ Tucker and Sullivan (1975) reported unsuccessful 

attempts of napa patesbiana to eat §ufo as the latter 

appeared unpalatable. Bailey {1976) ~ecorded that the main 

food 1 tem of the · to.ad Dufo mapnus comprised 80% snails 

arid ants. Laban1ck ( 1976) t'lhile world.ng upon the prey 

availa.bil1 ty, c onsumption and prey selection in t be 

cricket frog Aerie crepitan§ r'eported that mean prey size 

increased linearly and mean number of items per stomach 

decreased· With the increasing size of the frog. He analysed 

by rank analysis that prey selection was not· as important 

as the pr.ey availability. 

MATERIALS AND METHODS 

The study of the food and feeding babi ts of 
»ana limnocha£\s was based· on the gut con tent analysis of 

280 specimens collected during 1 976-77· from the Pologround 

at regular intervals throughout the year. During hiberna­

tion the frogs were collected ~rom burrows and crevices 

belolr the stones. After collection,_· the frogs were immed­

iately killed by chloroform and preserved in 70% alcohol 

to check any further digestion of the food contents. Before 

preservation a small incision was made in the. abdomen of 



't1 

~. . . 
t~e epepime~a.,.. ~e specimens collected were divided into 

tlfo groups: adults (males SVL above l~ 10 c~ and females . 
. • ••• : I . ' '. ' 

SVL above 4~1.5 .• Cll'i) and juvenUes baVing .SVL l.ess than that 

o~ adult~~ n,.ey we_re weighed, a~ dis,sected. Size of various 
•' j. ,, ·' •• 

parts of: the_ alimentary cana;l was recorded~ The food 

materials were taken. out. :separately from the stomach, 
. . ' 

intestine and l:'ectum and transferred to a. graduated 

cylinder .·having- 5;·00: ml water~- The volume of the food con• 

tent was det~rmine~ by the amount of wat~r displaced. ~ 
I 

to~d items we~·· next pou*d it1 a watQh g~as and emmined. 

under di~secting binoc~ rid.croacope:i,; At ' first a detailed 

anal.ysia of ~he foo.d items •,was made during the breeditls 

season and then percentage composition of eve~y item was 

calculated every month.· ~e· observations were made to ·check 

complete. as well as frasznented food items.'In all 20 adults 

and 2Q ·3uven1les t-ret-e examined during breeding period• For 
< • 

investisating the annual changes of the food intake 20 

adults w~re examined every month~- Tl.le animals taken as food 

items were identified· up to orders-~ mo~t to families ancr 

some to species.-f Dur~ns breeding season anal.ysis of the food 

items present in the intestine and rectum was also made with 

a view to find out as, to trrhich fo9d · items . wer~ completely 

digested and whieh partly digested~,:··· 



OBSERVAtiONS 

Observations were m~de on body weight, snout vent 

length, gut length,. food·volume and frequency and percen­

tage composition of food contents. 

A. ANALJSIS DURIUG mE BR~DING REBion. 

1 ~ B9dx weiAAt• bsdr .lepgth, pt .leoo:th · ap.d fggd vglume : 

(a) ADUL?:S. {Table I) 

~e 20 adult specimens studied, weighed fJ'Om 3~05 gm 

to 13.90 l!/4• The males being ,.05 gm to 4.85 gm, whereas 

femal.es from 7.10 gm to 1 '• 90 gm. The correeponctins S.V 

length l'3.1)8ed' from ;.10 em to s.;s cma males being 3.10 em 

to 4.00 em and females being 4.15 em to 5.35 em. ~he body 

breadth ranged from 1.60 em to 2.35 em; beill8 1.35· em to 

2.20 om in males and t .:3<) em to 2.35 om t.n females. 1!he 

head length ranged from 0~ 50 em to 1 • 30 em; being o. 50 om 

to 1.60 em 1n males and 0.65 em to 1.30 em 1n females. fbe 

mouth-gape ranged from 0.95 em to 1.75 em; being o.95 em 

to 1.60 em 1n males and 0.90 em to 1.75 em in females. 
' . . / 

The gut length ranged from 9. 20 em to 17.70 em; being 

9~80 em to 14.70 om in the males and 9~20 em to 17.70 em in 

the females. The length of the stomach ranged from 1.30 em 

to 2.55 em; b~ing 1.30 em to 2.t55 em in the males and 1.65 

em to 2. 50 om in the females·. The intestine lel28th varied 

from 5~00 em to 13.90 cmJ being 6.95 em to 10.05 em in the 

malee and 5~00 em to 13•90 em 1n the females. ~e rectum 
• 
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i.ABL.E I 
' ' ' 

llana 11mnocq£&s Wie@Dann: Dimensions and volume of gut -content of the adu1ts du:ring 
the breeding period · 

Measurements 

Body weipt '(sni) 

Body length SVL (em) 

Body. breadth (em) 

Head. ... length (em) 

I-1outh-gape {em) 

~tal length of gut (em) 

Stomach leD3tb (em) 

.Intestine length (em) 

Rectum l.ength (em) 

Wotal. vol.ume of food 
contents in.gut (ml) 

~ •1a1e (g) 
·Average {range} .. 

4.6e c;~o5:.. ··4.85 > 

.,_.60 (),.1o- _4.00) 

t-.86 ( t .35- ·-2.20) 

' _0.96 (0.56- '·1.30) 
'.. ,. . . . .. ' 

-1.25 (0.95.- t .60) 
• .. . !1 ·• 

1t·e46 .(9.~t4.70) 
' ' 

'f.72 (1'.,0- '2.55) 

8.43 {6.95-t-0.05) 

t • '1 t 0. 7~- 2. , 0) 

0•41 (0.2o- .. 0.60) 

o.-21 (O.o5- .. 0.04) 

0.10 {0.05- 0.20) 

o.to ~o.os- o.30) 

Female ·{11) 
. Averm.tte ( rarige) 

... 9.6o (7. .oo•t3 •. 90 > 
" . ~ b • 

4.82 (4.15- 5.35) 
' '". ,, ' . 

': ·2.02 (.t.~ ,2.35} 

· ·, .o6 ro.6~- ·1.30) 
,. ,.. • •I • 

t .40 'l,.0.9.P... __ 1.75) 

~otal adult (20) 
Avemge (range ) 

'7.39 c,.o5-ts.yo) 
,, .. 

.. 4.50 ().to- _5~'5) 

' '' • 92 (.1 • 60- '2. 35 ) 

., .02 (0.50- "f.~) 
.. . .. ' 

. ·' • 34 <.~. 95- t. 75) 

13.74 (·9o2~t·7_o70) 1·2o71 (.g.·2~17.o70) 

·2.05 (1.65• ''2.50) '' ··t.90 ('t.;o- 2.55) 

1-0.14 (.5. oo-1:3. 900 '9. :S7 (o5. oo-t.' .. 90) 

t.65 (0.75- 2.70) 1.50 (0•75c:a 2.70) 

"o.6l to.2s-.o.eo> · .o.53 <.o.2o-.o.eo> 

·o.,2 t·o.1o- ·o.7o) ·-0.21 (-o.o5- ·o. 70) 

0.14 (0.05- 0.30) 0.12 ~0.05o:0.30) 

o.te (o.o5- o.40) 0.14 (0.05- 0.40) 



lengttl re.nged from o. 75 Clll to 2. 70 em, the length of 

rectum in the males being 0.75 em to ~.10 em and in 'bhe 

femal.es 0,75 em to 2.70 em. 

~e total food take~ by di~ferent individuals ranged 

from o.2o ml to o.eo Jill by volume, being 0.20 m1 to 0 .• 60 

m~ .in the .males and 0,25 .ml to o.ao ml: in the females. 

~e ~lume of food contents,var~ed 1n.different parts of· 
. . . 

the gut U, difterent specimens examined. In stomach it 

ranged from p,o5 ml tQ 0,70 Ull; in 1nt.estine it ranged 

from 0.05 ml to o,"' ml a~ in. rectum 0,05 ml to 0 .• 40 m1. 

In the males the volume of; the stomach contents mea~ed 

from 0.05 ml to O.e40· IJ!lJ ~n the, 1nt.est~ne 0.05 ml to' 0 .• 20. 

ml and in the rectum from o.o5'ml to o.)O·ml~ In the 

females the volume of, the stomach contents measured from 

o. to ml to 0.70 mlJ 1n, the intestine ~ntents from' 0.05 m1 

to o. 30 ml and in the ·rectum from o._o5· ml to 0.40 ml • 

. (.t1)~ @~ (Table II) 

The we-ight· of. the 20 juveniles· specimens. examined 

rang~ . ffom 1 ~ 70 gm to 4 • .eo gm; the mal.es being 1 • 70 gm to 

. i 3.10 gm.and the females 2.60 gm to 4,,go gm.· The ·correspon­

d~ body length {SVL) of these specimens bei%18 2.60 em to 

:;.so em; males being 2.60 em to 3~:05 em and fema.J.es ·3.00 cin 

to :;.go em. ~e body breadth ranged from o.,ss em to 2.00 om; 

being o •. as om to 1 ~.55 em in males and 1.;00 em to 2. 00 em in 

females. The head length .ranged from o·.6o em to 1.00 em; 
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. , TABLE II 

Bana limnochar1s ~liegmann:. Dimensions and volume of g"t content. of th~ juve~es-&urtng 
---- · the breeding period 

~1easurements 

Body weight (gm.) 

Body length SVL (em) 

Body breadth (em) 

Head length (em) 

Mouth-gape (c~~ 

~otal length of gut (em) 

Stomach length (em} 

Intestine leDgth (em) 

Rectum 1ength '(em) 

total volume of food 
con\ente 1n gqt (ml) 

~otal volume of food 
contents 1n stomach (ml) 

~otal volume of food 
contents 1n ~testine (ml) 

Total. vol.ume of food 
contents 1n rectum (ml) 

Male (11) 
Average (range) 

. 2. 9.5 ;( 1. 70-3.1'0) 

. 3.0·1 .(2.6o-3.05) 

1 .•. 16 (0.85-1.55) 

o. 7'J" (o.6o-1 .• oo) 
1.14 (0.95-1 •. 30) 

a. 45 < 7 .•. 40.:9. 35) 

1 • 34 ( 1 ;. 1 0-1 • 40 ) 

5~99 '(4.90-6.75) 

1.09 (0.85-1.~) 

0.32 (0.15-0·.60) 

-0.16 (0.05-0.,0) 

o.oa {o.o5-o.1o) 

0.09 (0.05-o.20) 

Female (9) 
Average (range} 

3.34 (2.60- 4;90) 

, •. 27 (3 •. 00- 3.90) 

1· .•. 47 (1.00- '2 .,oo ) 
' 0.81 (0.6~ 1.00) 

~otal. young ( 20) 
· Average ( raD8e) 

'~ 12 :( 1.,7o- 4·:90) 

,.1.6 (2.6o- 2.00) . ' . \ 

1.,0 (0.~5~ 2.00) . . ' . . . . 

0~1~· (0.:60, 1.00) 

' 1.14 (1.00- 1~'50) .. 1-.12"(0.95- 1.50) 
'· 

9.95 (7.50-13,.10) 
-

t.5t (1.3D- 1.90) 
~ 

7.16 (4.80-10_.50) 

1 • 27 ( 0. 95- 1 •. 60) 

0.35. (0.30- 0 •. 40) . 

o •. t6 (0.1~ o.2o} :· \ 

o.og to.o5-·o.1o) 

0.11 (0.05- 0.20) 

9.12 (7.40~t3~Jo)-

1 • 42' { 1 • 1 ~ '· .·90) 

6.52 (4.60-10.50) 

1.17 <o~ss- 1.6o) 

0.33 (0.15- 0.60) 
. 

0.16 (0.05- 0.30) 
~ 

o.oa (o.o5- o.1o> 

o.to (o.o5- o.2o) 
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being 0.60 em to 1.00 em 1n males and o.6o em to 1.00 em 

in females. ~e mouth-gape ranged from· o. 95 em to 1. 50 em; -
' . 

being o.gs.om to 1.-30 em· 1n males and ·1.00 em to 1.50 em 

in females. 

~e gut length in these specimens varied from_7.40 

em -to 1•}!10 em: being 7.40 .em to 9.35 .em in the male~ and 

7~50 em to ,13~10 em in the females. The size of different 

regions of the .gut also.varied in different specimens. The. 

~tomaoh length of t~e juvenile vari~d tro.m 1 .1 Q em to 1 • 90 

em, in which the maJ.es mea~ured 1.10 em to 1.40 em ·ana in 

the females 1.:30 em to 1. 90 em.· ihe ·intestine length meas­

ured from 4·,80 an to 1 0~ 5.0 em, which in ma.1,.es wae 4. 90 em to 

6'~·75 em and in females 4.80 em to 10.50 om. The length of 

·the rectum varied from 0.85 em to 1.60 em; o.as·· em to 1.;5 em 

in the males and 0. 95 · em to 1 • 60 em in the f emales. 

, l'he to tal. food taken by differ_ent -individuals ~ed 

from 0.15 ml to o.6o ml by volume, being 0.15 m.l to o.60rnl 

1n --the males and o.,JO m1 to 0.40 ml 1n the, :femal.ee. ~e 

volume of food contents varied in the differen~ parts of 

the . sut~ In the stomach. the volume of the food contents 

varied from o,~Q5 ml to O.)O ml; in the intestine 0.05 ml. to 

0.10 ml and in the r~cttun 0.05 ml to 0~20 ml. In males, in 

the stomach it measured to be (;h05 ml to o._,O,m1; in .. the 

intestine o.os ml to 0~~,10 ad and in the rectum 0.05 ml to 

0.20 ml. In the females the volume of. the stomach contents 
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' 
varied from o.to mi to 0.20 ml, in the intestine from 0.05 

ml to Oe10 ml and in the rectum from 0.05 ml to 0.20 ml. 

2. A!lalysis og the fogd ltems : 

Following foocl items w·ere recorded from stomach, 

intestine and rectum during bret=ding season. \t;i!ables III, 

IV~ V and VI; Figs. 1 and 2). 

' The analysis of the food items of stomach revealed 

the nature of items taken as food. fhe content of the stomach 

comprised complete specimens of fragments of the oligochaetes, 
' 

arachnids, crustaceans, insects, vegetable matter and small 

stones, in the adults as well as juveniles as described 

below1-; Identification up to species level could not be done 

in certain cases. 

t, Annelida 
Oligochaeta 
Eartnuol'!lls 

T.be Oligochapta were represented.by 

earthworms in the food contents. The earthworms were iden­

tified as vermi.form,, metamerically segmented animals, having 

clitellum. In adult frogs, the complete specimens comprised 

25 ~ 28% of the food content and the fragments 4% of the total 

fragmentary contents of the stomach •. 

In the juvenille frogs,. the earthworms formed, 5. 39% of 

the food content. Fragmentary parts were not found in the 

juvenUes-. 
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-~~~ UBLE III ·· 
Bapa l_imnocbatifiL ~1e8fi18.rm: Qomplete food items ob~ain~ from the gut of the aclul..ts •. 

· S~OMAOH ' ·· INTES~ISE ·. · REOftm 

Food Items Pe~entage Frequency Per-centage Frequency Per.ceiltage : Frequen.:y 
t:ompos·ttion · of · · compoe1t1on of · .. c-omposition ,. o'f ... - .... 

· occurence · · . occurence occurence . ~ .. - . ~~ " 
. --- --- ------·- ----'-'--- --~--- ---- -----~- --- -------~-~-

Anneli\ia 
Ollgocttaeta 25.2.8 5· 57.-14 2' 

Arthropoda 
Arachnida Aracmuda 8.04- 4 '14.28 1. 

Crustacea 
Isopoda On1sco1dea ,.;tt.ag ' Decapoda Penaedea ,.44 2' . 

-t •• 

Insecta 
• l~ 
~-. J Orthoptem 

Gryl1otalpidae 1.49 t ". 
Wett1gon1dae t.49 1 
Dictyoptera Dl.attaria t.4, t 14.28 ,. ' 

Uymenoptera 30.22 12 14~28 , 7' 2 

Coleoptera 20.68 9 14 t 

Insect larvae 2 •. 29 2 I '•14 1 



?i 
'UBLB IV 

Bay J.1mnod!.ar1a Wiesmann:. Fragmented food items obtained from the gut of the adults 

S~OI>UlCll lN9!ES!rnlB l.mam7l 

Food lt.ems · Percentage Frequency ·percentage Frequency Percentage Frequency 
composition of .. compo$1tion of .. .comp.os1t1on · . of· 

occurence occurence oocurence · 

Annelida 
Oligo chaeta 4 4 ,, 1 

Arthropoda 
Arachnida Araneae 5 4 

Crustacea 
Isopoda Oniscoidea 1 1 2 t 1 1 
Decapoda Penaedea 2 ,, 2 

Insecta 
. :, 

Gryllotalpidae 4 4 
Dictyoptera Blattaria 2 1· '1 ' t 
Hemiptera 1 t 1 1 

: 11 

Hymenoptera 19 
!: 

8 10 4 10 4 
·' 

Coleoptera 21 1 t3 4 415 7 

Insect larvae 42 19 50 12 48 14 

Nematode 12. 6 13 to 



a9-
fABLE V 

Rana llmnochar.1s \U~~gmann: Complete food 1te~s obtained from th~ gut of the 1uveniles. 

. STOMACH IllTESTINE REC~UM ... 
Food Items · Percentage Frequency · Percent~e Frequency Percentage. :Frequency 

composition of composition of · compoait19ri ·. of · 
occu.rence occurence · . ·· · \ occtirence. . . . . . . . ' . . . . . .. . .. ,. . 

., 
Amlellda 

.. ···-: 

Oligo chaeta 5.39 5 \ 

Arthropoda 
Arachnida Araneae 1-.47 15 . 50 , .. 
Crustacea 
Isopoda Onisooidea 11.76 a 50 ,, 20 . 1 
Decapoda Penaedea .. 0.98 2 20. t 

Insecta 
Hemiptera 1 .• 47 ' 20 1 
Lepidoptera 0.49 ' Diptera. o.ga 1 

Hymenoptera 69.60 16 

Coleoptera . 7.,5 10 40 2 

Mollusca 0.49 1 
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TABLE VI 

Baria 11mnochar1s tl1egmamu Dimens1ons and volume of gut contents of the ad\11 ts cluriDg 
the ~reediDG period. 

Food Items 

Rot1fer shell 

Annelida 
Oligochaeta 

Arthropoda 
Arachnida Araneae 

Crustacea 
Isopoda Oniscoldea 
Deoapeda Penaedea 

Insecta 
Hemiptera 
Lepidoptera 
Diptera · 

. Hymenoptera 

Coleoptera 

Insect larvae 

l:lollusoa 

Grass, Straw and 
Stones (taken as food) 

Nematode 

StOMACH INTESfmB .RECftn~ 

Peroen~age_ Frequency Percentage · Frequency-· -1>EircetJ.~~ . Prequenc7 
composition · of · composition . of.. . . c:ompos1t1on .· of · 

occ1lrence occurence · · · ·· · o·c·curence · 

,.,a 2 t.29. . ··. •, 1 ' 

" . 

3.38. 2' 3~38 3-·, . 

15.;06 8 3.38 2 2~69 '• ·2 

,. 
t.29 ' t 
2.59· t 

t6.43 10 5.08 ' 1.36 1 1~69 1 
v 

" 2.73 '2 1.69 1 2.59 2. 
2.73 1 3.38 2 2.59 2 

t.29 " 1 
. 

28.75 t3 16.94 8 7.79 5 . 
g.so ' 5.08 1 14.28 8 

t)!06 10 30.50 ,, 31.16 . 15 

1.29 ., 
8.20 6 16.88 ,, 

8.47 5 7.79 6 



2. Art:Qropoda 

A~chnida 

Araneae · 

Spiders 

'ale Ar:.aneae in·c~udes spiders. ·~h:.ese 

epidere formed a part of the diet of the frog~ ~e spiders 

were identified :by. the· pres.ence of' cephalothorax and 
abdomen connected to. each other by'' a slender ped1cel and 

six pairs of cephalothoracic e.ppendages of which the 

first poir called the chelicerae were prominent .• The 
' . . 

spiders comprised e.04% of the food content-of the adult 

frogs. Numerous' fragments such es cephalothorax, abdomen, 
. l ~ • ~ \ . ' • • 

eyes; chelicerae and different parts of the appendages 
. . 

comprised 5% of the total fragmented components obtained 

from the stomach• 

In the juveniles·, the whole animal represented 1.47% 

of the total stomach contents, while the fragments of the 

spider body showed a greater percentage of 15.06% of the 

total fragmentary components of the stomach: 

)·. Crustacea 
· Isopoda. 

yniscoidea 
Oniscus 

The Oniscoidea t-1as represented· in the 

diet of the frog by the oniacus, identified by dorsoven­

trally flatte~ed · body•, having distinct segmentation, 'veati­

geal antennules, absence of carapace, uD.iramous thoracic 



appendag'ea and 1as:t abdominal segment fUsed with the 

telaon. In th~ adult frogs, Oniscus formed 6.89% of the 

total food items, Ll:1here es the. fragmented parts of the 

animal made l.lP 1% of the total fra@!lented componen:ts •. 

The stomach content of tbe 3uveniies 'shQwed.tbat 

they had a better preference for Oniacus than the adults, 

which formed 11.76% of the total stomach contents. The 

fragmented parts of this animal made up 16.43% of the 

total fragmentary stomach content. 

·4~ Crustacea 
Decapoda 
Penaeidea 
.Prawn 

fhe small prawns (iaqrobraghium 

species) were.1dent1fied by a ccphalothorax, with carapace 

overha.DBing the lateral Sides to form a branchial chamber, 

usually without a rostrum and three paire of chelate legs. 

!J?hey fQrmed 3.44% of the complete tood 1 tem~ found in the 

adul.t •. The fragmentary parts of the cephalothorax, legs or 

the carapace comprised 2% of the total fragmentary compo­

nents. 

Whole specimens of the prawns were represented in the 

3uveDiles by a small percentage of 0.98% of the tota~ com• 

ponents of the stomach and the fragments being t. 36% of 

the total fragmentary components. 



5. Insecta 
Orthoptera · 
Gr:,rllotal.pidae 
G§l.l.pifMna 

'· 

Grxllotalps were identified by the 

biting and chewing type of mouth parte and large pro thorax, 

lege modified for diggiJlg. ~e J!rxllotalOO formed 1 .49% .of 

the total food ·items and 4% of the fragmented »azts in the 

stomach of the adult frogs. This groups was not found· in 

the juvenile frogs. 

6.~ Insecta 
Orthopte~ 

S!ettigonidae 
G;fasshoppers 

~ettigonid grasshoppers were identi­

fied with long horne, long ovipositor, segmented tarsi 

ana long antennae. They made up 1.49% of the total stomach 

content in the adult frogs. They were not found in the 

3uveniles:,: 

7., Insecta .•. 

Dictyoptera 
Dlattaria 
Re&\PJ..anet§ 

~he common cockroaches (Rmplaneta) 

belong1%'J8 to .Bl.a ttaria •· dark brot-m in colour,. having 

rudimentary Vings formed 1-,~49% of ·the stomach contentfl •. 

Numerous small. pieces of different parts of the body were 



:found in' the stomach which made up 2% of the total . 

:frasmentazoy components of the stomach. Whey were not 

found 1n the juveniles • 

. a~ Insecta 
Hemiptera· 

Bug~ and AplUds 

··a5 

In the stomach contents, Hemiptera 

is mostly represented by tb~ plants bugs, aphids and 

water blJ8S identifi,ed by piercing and sucking mouth parts 

and typical hemipterous wings (or· apterus condition in 

aphids)~ In the adult frogs, the h~mipteran.s were repres­

ented by fragments, forming t% of the total fragmentar.y 

stomach contents. 

In the juveniles, they were represented as complete 

food 1 tem, form1l'l8 1 .·47% Of the total 'stomach. content. 

9 •. Insecta 
Lepidoptera 
ButterfUes and moths 

~e butterflies and moths, were iden­

tified by coiled proboscis and caterpillars or obteot . 
pupae either free or in coooons. ~ese were not found in 

stomach content of the adult frogs~-- ~hey· formed 0.49% of 

the total complete components of tbe' stomach in the 

3uveniles. F.rasmanted part~ of the lepidopteran$ make 

2~ 73% of the total fragmented components. 



10. Insecta 
Dipiero. 

~e representatives of the order 

Diptera 't!rero identified by one pair ·of membranous wings, 

one pair of halteres and sponging or aucking or piercing 

type of mouth parts. ~ical dipteran larvae ar~ obtect 

or exarate pupae t'lere also observed. The dipterans were 

found only in the juvenile frogs, comprising about 0.98% 

of the complete food items. 

1 t.· Insecta ,. 

Hymenoptera 
Ants~ Bees and Was.ps 

~e Hymenoptera were represented in 

the stomach contents by the ants, bees and ~spa. f.bey 

were identified by membranous wings, the hind pair being 

smaller and connecte-d with the fore pair by booklets 'and 

reduced, venation, biting and licki.D€ mouth parts, a sawing 

or pierCing ovipos.itor, polypod or apodous larvae and 

pupae generally 1n cocoons. In the adult h-ogs the 

Hymenoptera formed a great percentage of food ·items. ~he 

complete item formed 30.22% and the fragmentary· parts 

fomed 19.0% of the total fragmentary stomach contents. 

In the juven1les,fthe Hymenoptera was represented 

amol!g the complete food items by 69 •. 60% and among the 

fragmentary components it formed 28~75%.! 



12 ..• Insecta 
Coleoptera. 

87'', 

~e f-rogs showed a great preference 

tor coleoptera in their diet. Minute to large col.eopterans 

were ~dentified by fore Wings modified into elytra, 

membranous h1nd wings folded beneath the elytra, large 

pro thorax and biting type of mouth parts. Typical 

coleopteran larvae were also found. Coleopterans formed 

20~68% of the. total components found 1n the stomach. 

Fragmen~s of the coleoptera also shot-Ted an abundance 
' 

representing 21% of the total fragmentary a>mponents. 

In the juveniles, c omplete and fragments of 

coleopterane formed 7.35% and 9.50% of the total food 

1 tems respectively.· 

13. Insect ~ag 

~e stomach contents of the ·adult 

frogs, insect larvae comprised 2.2955 of the total complete 

food items and 42% of the total fragmon~3 food items. In 
" 

the 3uvenUes fragmentary parts of the larvae ·tcrmeQ 

15.06% of the total fragmentary food contents.· 

{b) IN;£ES!l!IfUi} 

~he analys~s of the food items 1~ the intestine 

reveals that the food items ~hioh ~ere being digested.· 

~he contents of the intestine comprised -'.the ol1gocbaetes, 

araohnids, orusta.ceans. insects, as comp1ete items or· in 



fra@Dente. In the contents of .the intestine rotifer 

shells and nematoda were also identified. The nematoda 

appeared to be parasites and the.y were. found in ma3ority 

of frogs studied. As none of them was toun.d in the 

stomach they cpuld not be identified. 

In the ~testine of the. adults, the earthwom19 

comprised 57 .14.%, the spiders 14.28%, the cookroaches 

14!J28% and tbe ants 14.28% as the complete food items. 

Amqllg fragtl\entary components of the food, the earthi1orms 

formed 13%, oniscus 2%. atttts tO%, boetl.es 1 3% and insect 

larvae 50%. About 12~~ fl'a@Dented items due the nematOdes. 

In the case of the juvenile specimens. cp1ders and 

oniseus were seen as complete items, sharing the total 
' 

percentage oomprising 50% each. Amona the fragmented parts, 

shell of.rotifer and nematoda were also seen. Rotifers 

comprised 3~39%, earthwo~s 3.38%, spiders 3.38%. oniscus 

5.08%, prawm1.69%, bugs and ap~ds 1.69%, butterflies and 

moths ·3~38%, ants 16.94%, beetles 5.08%, insect larvae 

30.50% and nematodes 8.47%. 

(a) R§CWUli 

~e analysis of the intact or frapented food 1 tems 

of the rectum., revealed that theae items were not digested. 

~e contents of the rectum comprised, the Oligochaetes, 

Arachnids, Crustaceans, Insects, Insect larvae and ~1ollueos. 
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In the rectum of ·the adults, among the complete 

specimens identified, the hymenoptera formed the greatest 

pe~centage being 71%; the ·beetles and ins.ecte larvae about 

14% eacn. The fragments were numerous bel~nging to other 

groupe mentioned above which is not seen among the complete 

items •. Oniscus 1 %; cockroaches 1%, bugs and aphids 1 %, 

hymenoptera 1%, beetles·25% and insect larvae 48%. Nematode 

fragments comprised 13% • 

. !-n the ·juveniles, among complete 1 tems, oniscus 

formed 20%,, prawn 20%,. bugs. and doph1ds 20% and beetles 40% 

constituting the highest percentage. Fragmented parts of 

the food items were numerous in the juvenile frogs also; 

rptifer shell 1 .29%, earthliorms 3. 38%, spiders 2.69%, oniscue 
' . 

1.29%, prawn 2•:59%, blJ8s and aphids 2.59%, butterflies and 

moths 2e'59%,. mosquito 1.29%, ants 7.78%, beetles 14.28% and 

other insect larvae 31~·16%. I4olluscan shell formed about 
., 

1.29%. The stones which made up a large volume, 16.88% along 

with the other fragmented .items .. They pass out along t'li th 

the other undigested material. 

.. 
B. ANALYSIS Dl!RING DIFFERENT MONTHS OF THE YEAR. 

The volume of the food intake by adult frogs dur1ng 

different months has been shown in Fig •. ¥• It was maximum 

during breeding and minimum during hibernation period. The 

12•month data on the analYsis of stomach contents has been 

shown. in Fig.$. The.occurrence of differ~nt food items 

fluctuated as described below•:-



·1 • Formiooidea 

Ants belonging to the group Formicoidea formed 

the highest percentage of food 1tems taken throughout 

.th~ year •. 'nleir percentage ranged from 25% to 337~ 

during I-larc}l to NOVGlllber and went Up to 57~~~ 42% and 

81% dlU'ing December • January and February; showing . . 

the. t the frogs take high quantity of these 1 tet:ls as 

food during Winter hibernating months. 

2• Isopoda 

Representatives of Isopod8 8 i.e. mostly on1scua 
. . 

were found to be the second preference· f.ood .item fluc-

tuating from 13% to 40% during t1a.roh to ~Toveinber. They 

\tezoe not recor.decl in hibernating frogs. 

·3,• Coleoptera 
' .. 

!he third preference throughout the year was 
,. 

recorded for Coleopteran beetles. ~eir amount fluctuated 

from 9% to 16% dur!n8 t·larch to Oct<? ber. ~Y were not 

recorded in samples collected in November and December. 

In January samples, there taas 31)1 of these beetles~ In 

February samples;. they were not found again•: 

4•, Oligoohaeta 
. .. 

fhe earth~rorms, were recorded as fourth preference 

food items, occur~ ~oat throughout the year except 

Pebr~• fluctuating from 4% to 25% during different 

months of the 'fJ ear~. 



5, Apidae 
I 

Bees belonsing to famil.y Apida.e formed the 

fifth preference food item fluctuating £rom 4% to 18% 

in the stomach contents. ~ey ware not found in the 

specimens collected during April, August, November 

and December. 

· 6. Hemiptera 
' 

91 

Hemipterans were recorded in ·the stomach contents 

t~ughout the yea~ except June, August, September, 

Jan~y.and February fluctuating from 5% to 22%. ~e 

b.ighast percentage obeewed in December sU&Jests that . 

frogs prefer bugs during hibernation period. 

7. Arachnida 

Spiders representing Arachnida were recorded 1n 

the stomach contents throughout the yea? escept August,: 

September, Decombe.r, January and. February 'fluctuating 

from 4% to 145t in different months. 

a,. Insect larvae 

~e insect larvae, ca ter,pUlars, grubs and m.aooots 

were present in the stomach contents almost t~oughout 

tt~.e year except in the samples examined d~ing October 

and December .• , Their pel"Centage f~uctuated from 2% to 16%. 

9. Pena.edae 

Small prawns (r?acx;ol?rasrb2iW9 species) formed 3% 

to 7% of the stomach contents during April.,: June, July. 



October and November. 

10. Diotyoptera 

Cockroaches formed 4% to 8% of the stomach · 

contents during April 0 June, July; August, September 

and November. 

11. Tett1gonidaa 

Orthoptera represented by tettigonid grasshoppers 

formed e. v~ry small percentage (2% to 4%) of the food 

items only during breeding season. 

12. Lepidoptera 

~he butterflies a.nd moths also formed a very:~;. 

small percentage of the stomaCh contents during breeding 

· season, (2% to 3%) in July and Au~st. 

13. Diptera 
' 

~he dipteran flies formed 1% to 2% ·of the stomach 
I 

contents during breeding season in.Ma¥, June,and July 

· and a bout 6% of the stomach contents 1n the samples 

examined during November. 

14. Hollusca 

l>iolluscan ehella ,.,ere recorded from the samples 

examined in Ju1y, August and November. During breediDB 

season tney formed 2% to 3% and during November they 

formed 5% of the stomach contents. 



15, Gryllotalpidae 
) 

Parts of tl-fxllot@lU were record~d foming 2% to 

5% of. the stomach contents in some samples during 

breeding season. 

'· 
16• Unidentified items 

Some fragments present duri~ different ·months 

remained unidentified due to their small size. 

Im.Portant inferences may be dralm from the study 
' ! : ; 

of food and feeding habits of Bang litm,2gpa.rj.a. (1) It 
·' 

feeQ.s throughout the year including hi be rna tion period 

( Figs,t! ~ and 4) • ( 2) It shows food preference in the 

following order: Formdcoidea, Isopoda, Coleoptera, 

Oligoollaeta, Apidae, Hemiptera and Insect ·larvae amoJl8 

the food items availablg. (3) Although no data. tras collec­

ted on the size of food items but it was normally observed 

that larger insect~ such as gryllotalpa, cockroaches, 
' ' 

large grasshoppers were present only in the adults. (4) 

During breeding season the amount of food taken was much 

higher specially in the females (Fig. 4B) and during 

hibernation period the volume of·food taken was lowest 

both in males and as well as in females. (5) Although the 

frogs ~ preferences for different items as ~~od, its 

feed.1~ habits reflect that food items were taken 

acc.oraiilg to their availability, for example insect larvae 

are more abundant in ~Jay'-.;_ June and July and during this 



period they formed a higher percentage of food items 

present 1n the stomach. Similarly Dictyopterans, 

Tett18onids, Lepidopterane, Dipterans and Molluscs were 

available in the food·contente in the months when the.y 

we~e abunda~ly available. Formicoidae, coleoptera, 

iaopods, oligochaetes, apidae, hemipterans.and arachnids 

were available almost thrOUGhout the year and they were 

found 1n the stomach contents also, almost throughout 

the year.! 

DISGUSSION . 

Most of the workers investigating the food and 

fe~ding habits of anurans have concentrated their study 

on the percentage composition of the food items present 

in the stomach and other parts of the alimentary canal. 

Liu.and Chen (1932) reported sponges~ earthworms,. 

mollus~s~ shrimps, centipedes, spiders, scorpions, ticks, 

sowbugs and other crustaceans, Orthoptera, Ephemerids, 

Odonata,. Hemiptera, Homoptera, Coleoptera, ~richoptera, 

Lepidoptera, Diptera, Hymenoptera and other unidentified 

insects in the s~omach contents of Sana limnocbaris and 

~ )ligromasul.a.ti}'~~ ~hey reported more affinity of these 

f~ogs tc insects as compared to other invertebrates. Among 

insects they reported high percentage of Hymenoptera, 



Coleoptera, Homoptera· and Diptera.. Inger and Z.!an. ( 1961) 
' 

inv~stigated extensively on ·the diet . of anurane ·.from 

Co~o, reported that the diet of amphibians depe~ds on. 

the .availab111 ty of the prey which varies ~coordine to 

different altitudes and different seasons •. ~e size of 
• • . . ' 1 

the prey also limits u}la t can be ingested. Berry ( 1965), 
;' ! ' . !'- •• 

\>lhile investigating the food 1 tems of Rapa J.imnochflEia, 

Shacophg§s. ,leucoplJ'Sta.as, f1ic£,OhY;la PHtlerl., Micfcb:Q.yla Jl.Y.m­

onsM, I\al~ aulzohl;a, Len)obrachium niBlbSB§ found_ in .. ~ 

Singapore, also asserted tbat diet of anura ie_dependent 

on the food items avallSbfe in the vicinity. He reported 

a high percenta~e of Hymenoptera in L-iisrgh.v.l{a h.ymonaii, 

~~PEOhvla bMt'@ti and Kaloul9 sulchra. In LeptgbrachtBm 

ni;gropa, orthopterans formed. a higher percentage of the 

food items. Other food items except Dictyoptera were 

present in low or negligible quantity in the first four 

species~. In 1966, he studied the food items of 

A!Jlolgs,~ ;Laz:u,teneis found !}lit Selangor (500•750 ft~ above 

sea level) and reported that ante formed highest p~rcen­

tage of the food~ fhe Ephameroptera and Coleoptera cam~-

in the second category~ Pengiliey (1970) inveetigate4 t);le 

food items of Austra11an anurans gseudophrzne C0££0bO£ee, 

l,seud.oph;cme ,£leni1x1 0 Pseudopb£Yns bibrsp.11 griAAa .§ignH'em 

. and ~ veneaUJj, -found in New South Wales (alt •. 1 040m). 

He reported a high percentage of Hymenoptera, of whiqh the 

ants formed the largest proportion in all the species 



studied. rile next important choice of these frogs was 
Coleoptera. Houston (1973) investigated the food of 

96_ 

jRa.OO iemp2rar1a and reported Dipt era ( Tipulidae) and 

Lepidoptera·to form the hiShest percentage., whereas 

pbalangid Coleoptera and Gastropoda ranked in the second 

preference. Elliot and Karunakaran (1974f1nvestigeted·' 

the feeding habits of BaM gancriygm,· which ·1nh8.bite 

both bracld.sh and ·fresh' water swamps and dl tohes in 

Si1J8Qpore•:·· He reported' great variation 1n food of this 

species collected ~om the two sovcee 3 ( 1 ) the d_1et of 

the specimens collected near the brackish water had a 

high percentage of crustaceans and orabSJ (2) frogs 

·collected near fresh water showed high pe~centage· of · 
' ' ) 

insects, of which formicidae formed the highest perc en-
. ' 

tage. Coleoptera, Dipteznand Heteroptera ranked in the 

second category~ Tinsley (1975) reports that diet of frogs 

can be species sl>eoifio. 

The present study on the food and feeding habits 

of .BanB !imnocbaps during the active life and breedin8 
- . 

period reveal.s some pa~lel to the generalised inferences 

drawn from·· the investigations described above. For examp1e, , 

Hymenoptera formed the highest percentage approximately 30% 

of the stomach contents. of which ants (formicoi~ea) fo~ed 

the main bulk:.;. Oligochaeta formed the eeco~ highest 

percentaGe approximately 26~~!? Coleoptera formed the third 
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pr~ference food items being about 20%, arachnids and 
1_;: •, ~ 

isopods ·· ( 6.-e%) fo~ed the fourth preference., and 
" I 

Penaedae and inseet larvae about (2-3%) fo~ed the fifth 

preference food items. Other food item~ were present 

only in small quantities.· These findings ~e somewhat 

different from those of Liu and Chen ( 1932) and Berry 

( 1965) lrho reported Coleoptera to form the highest 

percentage. These varia~ionsmay be·due to different 

high altitude habitat where the present investigation 
~ . 

has been carried out. The m~nthly analysis throughout 

the year reveals slightly different picture (Fig, 3). 

Formicoidea formed the highest percentage throughout 

the year. Isopoda~ Coleoptera~ Oligochaeta, Apidae,_ 

Insect larvae, Hemiptera~ A~cbnida and Peneadea were 

found to occur in varying percentage in order of prefer-
' ' 

ence as shown here. Other fQod items were present only . 
in small percentage and that too accord1D8 to their 

·availabil.ity in different. months~ ~he stuQy of food and 

feeding hq~its thrOugh annual cycle of anurans have not 

been described by any of the workers except Berry (1966) 

who has .aholm seasonal distribution of seven se1ected , · 

prey types ingested by &moloas 1ars~eps1s (Formioidae, 

Coleoptera" Orthopt~ra, Lepidoptera,_ Diptera, Trichoptera 

larva and Ephimeroptera nymphs},~ H(;) did not report any 

clear seasonal, variation in the diet •.. The present study 

does t)eflect a seasonal variation accord,;.ng to 



98 .. . 

availability. of .to;od items. Labanick (1976) found by.·· . 

rank ~ysis that, prey ·selection was :riot ~s important 

as prey availability. · 

· Out of the fifteen types food ttems recorded from 

the gut of Sana limnpelaE'§• viz. Formicoidea,_ Isopoda, 

Qoleoptera, Oligochaeta, Apidae,. Hemiptera, Arachnida, 

Inseo~ larvae, ienaedae, DictY,optera, Tettigoni~ae, 

Lepidoptera, Diptera, r.lollusca and Gryllotalpidae, only 

four such as. Ro'ifer shells, Molluscans, shrimp prawns 

and some insect larvae . appear to be aqua tic ,whereas, all 

other items were terrestrial in habit. This tndi~ates 
I 

tha1; this fr~g is mostly. a terrestrial feeder, So far as 

prey and: predator r~lationship is concemed, larger preys 

ware available in larger specimens _examined such as 

Gry+Agtalnat grasshoppers and cockroaches wore not 

recorded from 3uven11a specimens~: 

' AMOUBW 0£: !,QQD lNTAp 

_ §ales 

~he volume of the food intake in males also showa 

a fluctuation according to the ~eeding cycle._ Feeding 

activity continues in males also during hibe~tion but 

food. volume remains less, measuring Oit;-0' to 0~-07 ml~. In 

)Jarcb,, April snd May it. was approximate]3 0!.,<;1 to 0•} ml 

and afterwards ·it was o-,~1 to 0~16 ml up to November. 

(Fig,. 4A} 11: 



Females 

~he . £malye1~ of the volume of the to~al food· 

intake as ca:lculated on the basis _of. stomach contents 

reveals that food intake of females increases enormously 
... 

(4-4Y2 times) from hibernation to active breeding 

per.iod. Data on annual cycle (Fig. 4B) · shows tba t the . 

feeding activity continues during hibernation in 

December.and Januar,y also, a~though the fdod volume was 

recorded to be lo.west duri·ng this period. ibe volU!ne of 

the stomach contents during this period was mea~red to 

be o.05 to 0.01 ml, whereas in March and April it. was 

measured to be 0.43 to 0,45 ml. From May onwards there 

was reduction in t~e food inta~e and it r~lned approx• 

imately 0.25 t~ 0.35 m1 up to August. From September 

onwards. i tfwae measured to be 0.1 to o.15 ml up to 

November. 

FOOp INTAKE AND DIGE§~ION 

On comparing the food 1 tems present in the three 

regions of the alimentary canal it is observed that 

Oligochaetes, Arachnids, Onisous, Shrimp prawns, 

Hymenopterans, Coleopt erans and Insect la~e ferm the 

main bulk of the food contents in the stomach~ Mollusca, 

GqrJ' otelpe ~ Tettigonids, Dietyopterans,: Hemipterans, · 

Lepidopterans and »ipte~ne formed a sm~l percentage of 

food items 1n the stomach mntenta •. Bymenopt~rans were - \ -

present in very large quan~i t1 1n the juveniles~~; 
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In the intestine,. Oligocbaetee,. Arachnids,. Oniagug 

and Insect· larvae formed the main bulk., The percentage of 

Hymenopterans and· Coleoptarans wae less in the intestine 

and other' items were present in etUl smaller percentage. 

In the rectum, Hym~nopterans, .Coleopterans and 

Insect l~o fOl'med the main bulk4t :,nte percentage of 
' ' ' ' . ' 

On1scus and Shrimp Prawns was much less. Other items 
' ' ' 

were present in traces. 

The presence of food 1 tems 1n varying percentage 

~ stomach. intestine and rectum showed that. soft animals 

such as Oligochaetes and· Arachnids are completely. eiieeeted. 

fhoee with bard chitinous exoskeleton ,Qn&scus,. Shrimp 

prawns,, Hemipterane. Hymenopterans~· Coleopterans 'and 

Insect larvae arE) not fully di~ested• Their soft parts 

appear to be partly digested but exoskeleton 1s not 

affected. 

gROG FOOp AND BI01JmlCAL COij~OL 

Frogs bave been· $'l'eported as BiololJical Control 

agents. Liu' and Chen ( 1932) while studying the· stomach 

contents of )!ana UmnocbaBe. and Rtana pWomadUl.ata in 

China calculated the percentage oi' btmef1cial and inJu­

rioUs animals eaten and tried to correlate its effect 

on paddy cultivation 1n the region from l'There the ogs 

were' collected•: They suggested that the use~.. F~ L ;. · 
/) -~":- ' /L.~ 

· a means for biological cont:rol and proposed~ ·edlftG of ~ 
. ~~ · u~::u::Y ~ . 

~ . 9"'~ <P 
'ito 2} 

'J 



local species to control specific type~ of. crop pests. 
' • l • ' , ' ~ I ' ' • . • • t •• • ' ; ' ' ' ,f ' ' ' • • 

In the present investigation a small percentage of paddy 

pests such as grasshoppers and bUBs were recorded as 

food items of Rana l.imnosba£1@ and it is felt that it 

can be used as b~ologioal control agent for paddy peats. 

~ l!«rin& bas also. been reported .to be a biological 

control agent for harmful. crop pests. (Khan,· 1973). 

g&OGS AND DAMAGE . TO PIS,OlC{Jhi£J.lM 

The frogs and fresh water fishes breed almost at 

the same time. There ·are, however, very few contributions 

showing tm damage caused by frogs to fishes or vice 

versa. Khonyakina ( 1961) worked on the feeding habit of 

Japa £1dibunda and Bufo xiridi§ and reported that these 

species· cause damage to piscicultur~, It is hovtever, not 

possl ble to comment upon the damage caused by 

Rana limnogbaris to pisciculture as it was not ~orked out 

in the present investigation. In a preliminary survey the 

percentase of these frogs was found to be much lees 1n 

Government Fish Ponds at Shillong• however, none of the 

specimens examined shot>Tad any fish eggs. fragments of 

fries, finserlinge or adul. ~. 
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SUMMARY .. 

The ~esulte in this chapter deal with 12~month 

aM. lysis of the food and feeding babi te 'of B!na liplnooharis 

~Iiegmann. The size ( SVL) of t~ maies ranged from 3.1 to 

4,~00 om and the weight from 3.05 to 4.85 gm. The size (SVL) 

of the females varied from 4.15 to 5. 35 em and the .weight , 

from 7 ~0 to 13.9 gm. The food intak~ was maximum during 

the breeding. period (males: o.to to o.6o ml and females: 

0~_25 tQ o.ao ml) and minimum during the period of hiberna­

tion (males:. 0.1 ml and; females: o.a ml). Gut content 
. ' ' 

E;lnalyeis during the breeding period .revealed that }lymenop­

terans formed · about 30% of the stomach oont~nt s which was 

the highest percentage with the ants (Formiooidea) being the 

main constituent of this group._ The oligochaetes formed 

approxima~ely 26% of the. contents being the second highest 

percentage. The ooleopterans _(abou·t 20%) formed third largest 

item of food preference, insect larvae forming 11% were 

fourth in order of preference, the arachnids and isopods 

formed about 6% and 8%, being 5th and 6th preferred food 

items, Other food items suoh as arthropoda, crustaceans, 

orthoptera.ns, hemipterans, dipte:rat;ls, dictyopterans, . 

tettigonids, lepidopterans and misce1laneous insect larvae 

were found in much less qu:p1ti ties: •. The monthly analysis 

revealed Formicoidea forming the highest percentage of the 

food items throughout the ye~r; isopoda, coleopterana,. 
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1'l3--·· 

oligoc~etes, ap1dae_..----1nseot la~e, hemipterane., 

arachnids and peneadea were recorded in varying percen­

tases 1n that order of preference. The mere presence of 

food items in the stomach of the frogs during the 

hibernations period suggests that they do feed during 

the hibernation period although 1n ve~y low·q~ntities. 
. 0 

As. most of ·the food 1 tems were found to be o:f terrestrial 

origin, this· frog spec1.es can· be said .. to be most:ly ·a 
~ 

terrestrial. feeder •.. Large sizes of .prey items· were present . . . .. 
in the guts·. of larger . frogs while s~ll sized 1 tems \-rere 

@$Emc 111. the 8u,ts of smal.ier specim~ns ~:· Oligoc~etes~ .~. ,. 
r 

a~ohniae: and soft ·-parts "of ··other it ems 1-rere found ful.~ 

. di~~sted, W~il~ the ~rd.. :Obt tinOUS exoskeleton remained~ 
" 

undigested. ~Dur~ng paddy season a small pe.rcentage of paddy 

pests, such as grasshoppers and bugs were recorded in the 
·• 

gut of this frog suggesting that it had possible role as 

an agent for biological. control. -
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Chapter 4 

Pituitary - Gonadal cycle. 



IBTRODUOTION 

The role of the pituitary hor:monee in controllin$ 

the somatotrophic and gonadotrophic activities in the 

vertebrates is now well Jmown •. Despite the fact that, 

there is enormous 11terature on the amphibian pituitar.y, 

there ~e few Qontributio~ which provide;~ us w1 th a clear 

understanding on tbe stru~t_ure and behaviour of the 

different types qt ceUs ~f th~ an t.erior pituitary in 

Anura,, sueh as Van Oordt (_1.963) on_XenOWfft. Bana a.nd 
', . -. . 

§ti(o ~~: Lakshman (1965) on ~M ~i§na, J@oo s.mnoph-

l:vgtis·,. !!OO neaaactx1a'•{ ~ ~ne~egst~cm., trperodoa mm­
tonyu: Rastogi and Chieffi ( 1:970) ~n §ana escgent§ and 
. . . . . . ' ~ .. - . . . . . 

Zysk (t9'r5) on lk!!!A ;t;empornra.a.., Van Oordt (1963} olassi• 
. . : '\ . . . . . . -'"\:. . . . . . -~~ . . . 

fied the ce.lle in two types·· the. a 01dopb.J_l,s and basophile. 
' . ,• -~ 

He further olase"-f~e<\ acidopbJ.ls -~ ~ ~ypes and basophile. 

in 3 types_, Laks~n ( ~- 965) aild Bas~ogi an,d C~effi ( 1970) · 

investigated the quant~ta,iva cha~gee in the cella of pars 
' '.·I > • 

dietalis {anterior pituit~) dur~~ annual cycle. They . . . ' . ' 
. . 

~divided the ac~dOP,hil q~~ls into v~oue types ·depending 

upon their eta.Uling r~aotions ~ Zysk ( 1975 ),f. "bile 1nvest1• 
' . ' 

gating the behaviour of cells of the pars dietalie of . 
Ban§: tempora.ria,,, deeoribed 4 types of celleif acidophile 

{ d., cella)., 2 types of .baeophi·le ( p ceUs and 0 cells) 

and chromophobe~,fs Many workers attempted to correlate th$' 

quantitative cytological·changea tdth th~ phys~ologioal 
. ' . 
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functions of the p~tuitar.v and the behaviour of target 

organs 1n the amphibians, The basophil cells of the pars 

distal1s have been attributed a direct relationship with 

ovulation and spermatogenesis (Van Oordt, 1961 and 19651 

Lakehman, 1965; Rastogi and Ohteffi, 1970), There is a 
I • 

general agreement that the acidophil cells secrete 

somatotrophins and basophile gonadotrophins. No definite 

function has been assigned to cht-omophobee although some 

workers (Zysk, 1975) bel~eve them to be precursors of 

basophilic cells. 

T.he present chapter deals with the investigation on . 
the cytological changes of the pituitar.y gland and the 

histomorphological changes tn the testis and ovary of 
~ -

lana limgoohai£&5? during its annual cycle, with a view to 
' ' . -, 

understand the behaviour of the pars distalis,. and the 

different cell types found in it, in relation to the 

cyclic changes in the gonads and its breeding activity~ 

T.ne investigation on the pars distalie has been restricted 

to the detailed study of behaviour of 3 major cell typesa 

aoi.dophils ( o<: cells),~·, baeophUe ( f3 cells) ~nd chromopho-
.,. u. . 

bee ~ing different phases of the annual. cycle.,~ ~e study 

o~ sub-types of cells was not considered necessary during 

the p~esent 1nvestigationj Bistologioal changes in tba 
. ··;. 

testis have also .been studied in detail throughout the 

year._, As the changes in the ovary were \'Tell marked even in 

the dissection of the females,~: t)le investigation on the 
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ovary bas been coxdined only to the gross morphological 

and histological changes during different pbasee of the 

annua1 cycle~ 

· REVIfM OF Ll~ERAWRE 

lt/ol'k on ths pitu1ta17 gland in Vertebrates has 
. . . 

been reviewed in the recent past by Banis ·and Donovan 

( 1966) and more · rece~tly particular~ in Amphibia by/ 

Banke ( 1974) •. Among hist~logical arld .cytological studies, 
' ' : . . ' 

• 
the class~tication and nomenclature of pitu!taiy oell . . . . . . 

types ~ve been subjects much debated. ·Two major types of 
' . . ' ' 

i 

cells, chromophile and Chromophobee have been desc~ibed 

by all workers~ There is st~ll some confusion over· the 

identification adopted by different investigators. The 

important contributions,, 1n this connection are following. 

As early as in 1892 "•·· Sohonemann .distinguished 2 

types of ohromophU cells .in the pars d1stalla of human 

pituitary by using eosin and h~ematoxylin and named them 

'eosinophile' and •·cyanophile' -r Using his otm formulated · · 

stain;r l1Jal1ory '· in 1900.;;. described 2 types of, cbromoph11e, 

acidophile and basophile on the assumption that there were 
' " ,, 

only two types of such ce~e in the pars dietalle.-~ Using 

Kresofuchein and Heidenhain':-s Azan stain-. Romeie ( 1940 l 

did very eXhaustive work on human parar. · distaUa'~ He used 

the Greek nomenclature for different cell types and 



desigbated ord1narw ao1doph1ls as alp~ oe~s, thos~: 

stained o~ange ~d present mostly during non-pregnant . 
' . . . 

eta te as epsilon oells, and those ~t~ning similarly . as 

epsilon cells but preeent during pregDant state as et_a 

cells, Moi~us ( 1946) ~:reeor.l bed PAS . te()hnique for 

stainins gl.yooproteu.s. Using this technique Berlant 

( 1960) 1dentif.ied· -serous calls and Pearse·( 1953) 1dent1-

fte4 mu.cold cells~ Van Oordt (f961) 1dasor1bed the' gonad­

otrophic and . other .ceUs types ·in the distal· :io'be o·t the 
' , • ,t 

. . L • 

' ' " 

p,_ tui t~ ,_o~ , the. common frog, Rang tempomra&·~: Purves 
' . . . . ... 

(t-961:) adopted the n01_11enolature, ac1dophi1 and bas'ophil 
~;, ........ _ . 

tor the 2 typee of ~ells identified by; PAS reaction~ Du.e 

~o st~ong PAS reaction some investigators preferred to 

call basophile ,as pasoph1la~.: By acid trichrome method 

Ortlnan (1956, 1960 and 1961) described 5 chromophil. types 
c\ 

in JilaM ~j.pips. Van Oordt (1963) worked on iffiAA• l@na tem• 

,Poru&a• ~ ,t?ufo~ newts and Salamanders and gave a 
. . ~ ... ·. 

tentative identification ot' cell types 1n amphib~ne as 

tollove •-

Csrmirlophil.s = Somatotrophs~ 

Organgeopb11s = Prolactin aecretors,_ 
- . _!'. 

Basoph1.ls tin order 'W a:tfini ty for Alcian Blue) 

1 ~, Purely cyanophil. = 

2~, Cyanophil +acidophil. inclusions· = Folliculo­
trophs. 

· '~ Amphophil = Interstitiotrophs~,;~ 



Reyrel (1967), while-working upon Pelobatee cultnye@ 
I . . 

reported by signalling colourations and histochemical · 

react·ions 6 cell~r type's • ·' ac1doph1llc and: 3 basophilic 

types~ -~subsequently, besides histological and h1stocherucal., 

workers also followed 'flourescent ·and ·bioae·say techniques. 

Thus,' t-lira~Moser (1970) described ac·td:ophil I and acidophil 

, II, basophil ~, -basophil II, basophil III and basophil IV. 
' . 

Xerr ( 1965), Van Xemende (1974) and Pehlemann ( 1974) des-

cribed 2 types of acidop~ls {acidophil .. I ·and: ·acidophil II) 

and :3. ~YJ)f>S of b'aaophils (basophil I~ basophil · JI and 
• •I ' • 

basophil III), Mira•Moser's basophil I and II correspond to 
' . 

the basophil II and basophil I respectively~ Doerr-Schott 
• : J :. 

(1974) described acidophile, basophile and amph~phils in 

amphibians~~ He reported that acidophile secrete LTH as well 
.. · 

as STH~ _Earlier, Kerr ( 1965) reported that acidophile I,. 

secrete STB as wel_l as LTB QJld acidophile II secrete LTB~ 

Van Kemende (1974) attributed· secretion of LTB to acidophil 
'. . 

I.~, STH to acidophil II,_ TSH to basophil I, FSH and LH to 

basophil II and ACTH to basophil III·,, . ,. 

The morphology and development of anuran gonads., has 
' 

been described in great detail with reference to,pay a1p1ena 

by R\.lgh ( 1 951 ).:~ There __ are few detai~ed contributions on the. 

annual· changes in the pituitary gland of Ampbibia in relation 

to gonadal changes;!. Lakehman. ( 1.965) descr3.,~ed the structural 
~ . 

changes in the pituitary gland of.female frogs and toads 

during different seasons of the year and reported that the 
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number of acidophilic cells was smallest .dtWLJ18· .fih~ · p$J_t~Q4 

of 'egg laying. Rastogi and ·Chi-effi. ( 1970) · reported · similar 

phenomena in BB.AA · esculenta • Zysk ( 19·75 ) gave' a detailed· 

ae,count of such changes in the males and females of . 

~ esculenta •. He described 4 types of ·pituitary· cells. ; 

base·d on morphological, as t<Jell as .staining character-istics, 

acidophil cell~' ( o(, cells),, 2 types· of basophil cells. ({0; 

and o ·ceUs,) and cbromopho.be ·c.ellst. He desorib~ ·:that baso­

philic cells were numerous soon after hibernation in tne I 

decade of l-7aroh •. : aci:d~philic Cells .d}lring active period 

from May to Septembe~ and' chromophobe cells during early 

breeding period only~ ~e number of ·Chromophobe cells 

d'ecreases gradually during _active egg laying period in the. 

III decade of ~1arch •. '. He has correlated these observations 
' 

with the presence of high level of. gonadotrophic hormo~e 
., 

during early breeding period and high level of somatot~ 

phic hormone during active land life·. 

MATERIALS AND 'METHODS 

The pituitary gland and gonads were processed for 

h1stological study as follows~ 

¢HE PITUITARY GLAND. 

The frogs tlere capt~ed, from the streams during paddy 

season, from the paddy fields of Pologround, Shillong at 

regular monthl.y intervals. These animals were taken to the 

laboratory, decapitated, and the anterior pituitar.y gland 



was taken out and fixed immediately in Bouin's Picr9-

formol in order to avoid influence of diurnal physiolo­

sical rhythm in ~ross on the .result ~\(~c~,. _1970). The 

technique of dissection of t~e pituita~ gland baS been . ' •' . . . . ' . :·. ., ' ' . 

described 1n Cbap~er V on~nduced Bree41ng~ 

]16 
. ;..:_ 

. The pituitaries were' fixed in ':BOuiil's i'iXative, 

dehydrated. in 'Butanol (normal buty'l alcohol) and embedded 
. ! 

as per 'the following~ procedure 1-
; 
j 

1-

1 ~ Fixation in ~uin·'s -fixative ••• •••• 24 Hours 
,. 

70% alcohol · .. 2, \'lashing ·in ,..,. 24 n ••• ··~ ; 

'r Deeydration in 70%.aioohol 
'(3/4 part) + Butanol-(1/4 part) 1/2 " ••• . ' ..•. 

4! De~dration in 70% alcohol · 
(1/2 part) + Butanol (1/2 part) 

··~ 
1/2 " ••• 

5. Deeydration in· 90% a1c&lol 
(1/4 part) +Butanol (3/4 part) ••• 1/2 " ' .. 

6. Dehydration in Blltanol. 
.,. 

2 n ••• • •• 
/J 

1. Dehydration in fresh Butanol 2 n ••• • •• 
e, Embedding in Butanol . 

· (3/4 part) +Paraffin Wax (1/4 part)~·~ •4!• 1 n 

9. Embedding in Butanol . . 
(1/2 part) +Paraffin \<lax (1/2 part),.~. 1 n 

·1 0,. Embedding in Butanol . · · · . · · 
( 1/4 part) . + . Paratf~ . Wax. ( 3/4 p~rt) ••••.. 

·\ ' 

'II .••. '1 

.. 

~ 
'l 

•• 

11. Embedd~ 1~ Mo1ten.Paraffin Wax 
\ ' • ' • • J • 

••• 

Over ldght· 

2-4 Hour(3 · 

. . .. '. 

'The paraffin wax. blocks were made and microtome 

sections were out in sag1 t·tal plane of the_ anterior ~i tui tar,, 
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at thicbess of 4 f. Sections were stained by 2 methods a 

( 1). With .Aldehyde-Filchsin; · Orange-G, Haemato?.tJlUl; Fast· · · '· 

Gr.een and (2) ijeidenhain •s Azan, Stdn: f~om which· Azooa~ ~ 

mine. was. elimi~ted. Slidd~:r.'-e method• Ba""ett-'e method· 

and PA~ .techniqueS. d~scribed by Disbrey aJ'ld·Back: (1970) 

did not give sa~isfactory·r.e~ta. Other techniques could 

not be ttttempted ·as. the , specific · stains coUld · not be· · · · ·. · - · · , 

obtained• ~ th~ ~se of the~~ two methods the main· cell-
. . 

types of the. pituitary wer~ .differentially stained~ By-

the use of Aldehyde•Fu.Chsin method;. :the· cytoplasm- of the· 

acidophil . cells was .. stained orange and the nucleus reddish 
' 

v~olet. The cytoplasm of the b~sophil cells :we. ·stained. 
N o ~.. • 

brown and 'the nucleus reddish v1·o1et •. With the Azan· · stain 

the . cytoplasm o_f thE) , ~cidoph~l ceUa tfas. stained orange 

and the.nu~leus brigll~ orang~! For basophil cells• the 

cytoplasm staine~ bl~e and , tl:;l$ . nucleus reddish blue. The 
• , 4 • 

cytoplasm of the chromophobe cells remains unstained or 
'l , ~ ~ • 

sta~s very'·lightly w1 t~ both the types of eta~ used~ Its 

nucleus however. is stained b~~ghtly. ftlecsize of- the 3 cell 

types and their nuclei were measured With the help of ocular 

and stage micrometers. The number of diffe~ent types of. 

c~lls per unit area· (~r2 ='2~113 sq. mm) has been calculated 
,. r , ' ~ 

on the basis of observations in 5 unit fields under' oil 

immersion (x 1000) of, the microscope. Some cella-which could 

not be clearly identified have not been taken into conside~ 

atio~. 

. ' 



Ste.inJ.ng . tegAAiaue 1· 

( ry Aldlpde-IDlgMia· r4etno(l. 

1. The sections were deparaf:fintsed in Xylol •. 

2. avdrated:the sections by paeeing the slides through 
100%, 90%, 70%, 50%, 30% alcohol and then plactns them 
1n water. 

3. Washed the sl.ides in :ru.nning wat~r for 2 !Jl.inutes • 
. ..,.._-;1 ' ' ' I ': ' • ',~' • • • ' . ~ \ • ' 

4. ~nsferred the-slides. to?~ ~cohol. 

'. ~ Stained the secitions 1n l,t.~deeyde-Fuohsin for 2 hours.: " 

6. ;Washe~, 1n 10% alcohol, 

7. Stained in Ehrlich •·a Acid· HaematoxyUn for 5 minutes. 
. . 

8~ Washed. 1n ~ap water~. 

9. Stained in 1% .aq~eoua OraDge G .for 2 minutes ... 

10. R1nsed tn tap ~mt~:r~-. 

f ~ ~- Dtpped 1.n lUst Green· s~ain. 
~. . . . :' 

12~ Dehydrated in ethyl.aloo}1o~. 
' • • w 

1 .. 3 • h-ansf4:>rred to Xylol~. 

'4.~ Mounted in .D,~P ~ ~~' 

(2) Heidephain's Az!n Meth9d~ 

1 .~ Placed the slide a in Zy~ol to deparaffiru.:s~ the se.ctions., 

2 •. Sections were bydrated., 
' 

'· Washed in distilled water. 

4"' Stained b Aniline· Blue~ ~range G mixture for 2 hours •. 

5.\ Dehydrated the slides in ethyl alcohol and Xylol ..... · 
. : . . 

~BE ~NAPS 

The gonads (testis and ovary) were disseQted out at 
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-
cU.ffe.~ent periods of the ~nnual cycle from the freshl.f 

captured frogs~. f1xe.d in smaU pieces in Bouin' s Picro-
/ " , , 

0 
• ' \ , • • , : ' ! I , : I • , • • • , ' : •' ~. f < \ ' ; ~. I 

f9.rmo1, debyd:rated.1n Butanol in ·tl;Le ,eam.e ~Y .as. ~h~ .... 
• : ' • • ~ • • • • . • ' '. ' ' ' ' l ' ' ' ' • 

pituitary ~land,. embedded .in J?a~ffin ~a,x and sec~10J1Eid. 
' . • , , •' ' ,' : • , ~ • • ' ' . I ' • ' ( 

a~ 7 p.. th.191Ql~s~., Th~ eecti~ns we:r~. s~~ed in· ~eme.,~oxylin 
' '· .. . . '.' 

. and Eosin, ~1easureme.nts of the variou~ cellul.Sr structures 
• • 1 , • • 1 , • , 1, ' ~ : , ' , , ; • • j ; l ; 1 • I • ' , • ' , 1 ~ I I 

~ere taken w~th the help o~ .. Qc~r az:td stage &:niorometere. 
' ' '/ ' ~ ' 0 I J \ I , I 0 ' I • • ' ( I I ' 

' 

Tle. : lil1Dlber of se9tione of the eemj,niferous. :~ubules ~ere 

co~ted under.low power.magnification of.t~e, m19roscope 

( each un1 t . area = 7. ~ 06 sq, mm.) • : The . ~~~oJ,.~gi~al elemell ~s , 
.. ' . . . ' . . ' . ' .. 

' 
of ·each seminiferous tubule were counted .und~r.~h magni-

• ' ' '• • '• ' ' • \ I 

tj.ca.tion' (oU immers;l.on) of the microscope (each unit area 
. ' . ' ' . . 

= .2~t11 :3 sq. mm) • Diagrams l'lere made with camera lucida and 

pho~omioro~aphe were taken wherever needed. 

OBSERVATION~ 

fHE iiTUITARY .GLAND 

{A) )lORPHOLOGY OF THE PITUITARY IN THE VERTEBRATES. 
'. 

It wo~d be worthwhile to have an idea of gross 

e~ructure of the pituitary g1and before describing its 

e~Fucture 1n RaM l&mnocbarie. In vertebrates, the pituitary 

gland is. located in a small bony fossa, the se1la turcica, 

iJ?. t~~ floor of the crCllliCtl. cavity <Q Fig~ ·1 ) •. I~· is 

conneoted.by a ~talk at the base of the brain~ Although it 

is ~oined to· the brain,;· oilly part of the pituitary gland 
• 

develops from the neur~ ectoderm, as a downgrowth, from 



'· 

Fig~ 1 - Diag%"Bmmatic long1twU.ual section of 
the p1tuitar.y Bland iD a vertebrate 
(mammal). · 

Abbrev1ationes 
" 

Ato - Anterior tuber cinareum. 

Pte • Posterior tuber cine~eum. 

Inr - Infundibular re~eaa. 

Ins - ~ibUlar stem. 

Mde .... X.lod1an eminence. 

Ptb - Pare tuberalie • 

.., Pdt - - Para dista.lis. 

Pim - Para intermedia~ 

Pnv • Pars nervoaa. 
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Fig. 1 
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the floor of th'e diencephalon,. This part is referred to as 
. ' 

neurohypophysis~ The lar~er part of: the pituitary· gianci' 

develops from the lining' of the futUre oral ectoderm, the 

Rathke's pouch!J 'knolm as' the a·denohypopbysis, The ·adeno­

~popllYsis .and the neurohypophysis can be divide'd 'in 'l and . 

·2 subdivisions respectively as described below. 

Ad~nohypophysis. 

(a) Pare d1stal1s {anterior lobe). 
(b) Pars tuberalis. 
(c) Pars intermedia ( i·nte:rmedia te ·1o be)~ 

Neurohypopeys~s. 
I "t 1 • 

(a).Pars nervosa (posterior lobe). 
(b) Infud"ibulume. 

{B) 'MORPHOLOGY OF THE PITUITARY GLAND IN B.ANA LIMN;OOifARIS. 

fhe morphology of the pi~uitary gland in Rana l1mpo. 

pl:\ar4s·.:: as observed from the ventral side of the ekul:J. after 

removill8 the palatine bone tlhich for~ the floor of the 

CJ:anium is as follows: .. ·{Fig~ 2 )~, 
. : ,•· ~}! 

Adenoh.ypoAAvsi!) 

The adenohypophysis is. situated ventro~caudal to the 

neurohypophysis~:, It is composed of the pars .dietalis, par,e 

intermedia and pars tuberaUs·•i 

(a) Pars. dieta11§ (Fig.i! 3) 

It forms the posterior lobe of the pituitary and is 

broad•·· often b~oader than long~. bean shaped;:, p1nkish.,1; located 



Fig.· 2 -Ventral· view of the brein of J1Ya AJ&l.­
JlOCOOria Wiegmann showing the position. 
of the pituJ. t~. 

Abbreviations a 

Olf. Bulb • Olfactory bulb Nat .. Nostril 
~al - TelenQepbalon Ned .. Medulla 

~eb • ~e ball Cbl - CerebellUm 
Optc • Optlc te~ pty • Pituitary 
Opch - Optic chiasma Dlen• D1enoepha• 

lon ' 
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F11J. 3 _, VelltrSl. v~ew of the brain shoWing the 
pituitary of ~ l&mnochar&fl 'Wiegmarm. 

Abbreviations: 

Pre - Preoptic recess 
Opch - Optic chiasma 
Pdt • Pars distaliS 
Eyeb - Eye ball 
Ptb • .Pare tuberalis 
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transversely poste~ior to optic chiasma• It is continuous 

with the ·pazoS intermedi~ ·along its antero-dorsal margin and 
is attached by means of connective tissue. It remains conn• 

ected to the median eminence with its antero•ventral extre-

~ty•. It is commonly referred to as anterio:r pituitary gland; 

(b) late ~ru;ermedi~ 
It covers the poste~~ventral aspect of the neural 

lobe and the two together form a transverse bar, the 'neuro-

1ntermediate lobe' which is broader than the pars distalis. 

(c) fare tuberali§ ' 

It develops from the cqmpact hypophyseal ~nlage, as a 

pair of epithelial to~e, .w~oh extend rostra1ly along the 

surface of the hypothalamus~··:. As such, 1n the disaeo:tion of 
. " : 

the brain it cannot.be ~ietinctly marked out from the 

hypothalamus~' 

ljelirohypopQ-ys1.§ 

Tpe neurohypop~sis is not as well developed as the 

adenobypophysi_s~cThe wide succus infundibuli grows out as a 

pair of priiPary b~nches forming a transverse bar', situated 

over the anterior part of the hypophysis •. ' The. posterior wall 
4 

of ,this bar proliferates to form the neural lobe. lt stores 
. . ' 

a great amount of. neuro-seore~ory· material.· The median emin­

ence is situated antero•ventraUy to· the neural lobe, in 

contact ~Ji th the antero-ventral and of the pars distalis. ·• 



Fig. 4 A c. Outline diagram of the pituitary 
gland of Bfi\na AJ.mppghar&s Wiegmann. 

Fig. 4 B - A· central portion of the cross- · 
section of the pi t\U ta17 gland of 
l}ana limnoch,rig y11egmann. 

Abbreviations: 

Chr - Chromophobe cellS 
Sin •. Sinusoi<lS 
~ • Basophil cellS 
~ - Acidophil cells 
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RIS~LOGICAL STRUCTURE 

In the present investigation, 'tile lUstological 

changes in 1he pars di_stalis (anter'ior pituitary) have 

been studied, As obsezved in the cross sectionS(F18. '4.A 
. . . 

and B), the cells of the pars distalis are maiilly arrangeCi 
• • • ' : f •• • • (. • ; ' ; • ' •• 

·in cords~ more or less in radiating pattern, between which · 

are large bore of capillaries. Some . cells appear to be iii 

clusters .. ~ other in 'twisted cOrds. and still. others form ' 

small~ well defined follicles, tale lumina of which:oontain 

ooiloid:~' ·T~ere ~s a very light m.eshwork of c:,"rmecti. Ve · 
.~ . . 

tissue fibre, entwined around the cells and capililaries. ' 

There is a ~lear distinction in the arrangement of 

cells between the central and peripheral regions of the 

anterior pituitary ... At the peripheral region, the cell c~e 
: ~ '\ 

are densely packed separated by relativelY thin connective 
. . 

tissue ani a plexus of capUlaries~ In 1he central region, 

the cells are less compact and larger, surrounded by large 

capillaries and more loosely arranged connective ti~eue. 

Three major types of cells were easily identified by· the 

stains used : (a) Acidophil or~ cells (b) Basophil or f3 
cells and (3) Chromophobee. 

(a) Acidophil oroCcell$~ 

The acidophil or~cells are spheri~al or ellipsoidal . 

in shape with a centric nucleus •. Cytoplasm is strongly acid­

ophilic and contains dense gt"anules~ These cells usWll.ly 



. m 
5 - DiaSr~tic representation of the • 

41etr1but1on of acidophil, baeophil 
and chromophobe cells in the pitui• 
tary gland of ~ .limpoaM:rii 
tliegmarm. 

A- DiStribution of·cells during pre-
breeding period. · 

· B- Distribution of cells during breeding 
perio4·· 

c - Distribution of cells during post­
breed1ng period.· 

D • Distribl.ltio.n of cella durillg h1berna• 
t1on periOd., 
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oc~u'py central place in the lobule. a~ are said to be 

res_ponsible for producing somatotroph1o ·hormone (S~). 

' ...• 

The basophil or ~ cells are the largest cells found 

. iil the glaild. They are spherical, elongated, oval or angu­

lar in shape~· They have eccentric nucleus. CytoplBSJil is· 

stroDgly baso philic•_ Their arrange~ent 1n: "the. lobules is 

like columnar epithelium. Granulation varies. depending 

upon th? secretory phase of the cells~ They: .are said to be 

responsible for produci.IJg thyrotrophic hormone {!CSH), 

follicle-stimulating hormone {FSH) and luteinizing.hormone 

{LH)~ 

(c) Chromophobe$· 

!Che cbrc»mophobes are small Ol' large spherical cells, 

with eccentric nucleus·.,, The cytoplasm stains poorly with 

both acidic and basic dyes~ Thus, the cytoplasm is either 

poorly stained or not stained at all~ It may or may not 

possess granules in the cytoplasm depending upon the secre­

tory condi tio·n of the cell,: They occur singlY: or in 

clusters -ana: are not clearly organized in the follicles. 

(C) CHANGES :Ql THE 1,3EHAVIOUR OF DIFFERENT TYPES O:t" CELLS 
DURING ANNUAL CYCLE. 

Th~ behaviour of acidophil cells, basophil cells and 

chromophobes was studied during the following different 
I 

periods of ,the.ir .annual .cycle ( ~ble I and II; ,t; .. - a Fig, 5A, 

B, C and D)~: 
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Average . numb.er of ·different. types of . cells per un1 t area ( 2.11 3 sq. mm) 
observed in the pit_ui t~ry . gla,nd of:~ }J.nmocharu during annua:L· cycle •.. 

f)--

"'~ . . .. ·- - . . .. ' . . . . 
Month· of Investigation· 

January 

February 

March· 

April .. 

May 

June 

July 

August 

September 

October 

November 

December 

Acidophil . ; :. BasophU 
oro< cell . orrocell 

3.88 .. .5._77 

6.43 9.65 

3 •. 21 11.35 

.1 l •. 9Q 29'.05 "' . 

13 •. 44 .. ,_ 23.28 ., 

22.19 .. 24.c04 ,, 

21'.95 37.08"· 

18.·55 23.56 ' 

15.99 . 23.DtJ . 

8.51 7.19 .. 

5.48 .. 5.77. 

4.63' 5.20 . 

·.Chromophobe· cell 

3.40 ,. 

. 2_.93 

1.32 . ' 

4.16 

1.60 

1.18 

1.98 . 

2.74 

3.02. < 

2.65 

2.36 
2.08 

l24 
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TABLE II 

Average cell size and nuclear diameter (mm) of different types of ~e1ls in the pituitary gland 
· of Ra.na 11mnochar1e during . annual cycl.e;: · 

• ll-7onth : Acidophll or ~·--cell : ·· :Basophi~ or 13 · cell ·: Chromophobe cell 
' - . ,. 

of 1n:1· ·; · : Cell size· INu~~ i Cell size h~uc..; ; ce~J. ~1ze 'Nuc~ . 
~;l!niLe,..,.h \·Iidtht' · .Le ... ,.,.h. llear· :Le"'"tli Width 1 Length ·:lear :Length \'li.dth&· ·Length ,:lea~ 

· ,. .~u · ,ueu 'dia- • -=» 1 'dia_. 1 · ' · 'dia-·J :. . . ·f .\·11dth . lmet~i .l;. tlfidth imete:ri ;f Hath iJme.ter 
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Plata I A - A portion ~f the cross section of 
tho pituitary Slm+d 0~ li&M j.J.mno­
.oMrJ.s W1egma.Dn during pre-, · · 
bree~i.Dg ~eriod. ( :x 1 ooo) ·. . 

· Plate I .B · - A portion of the cross se.ction of 
the pi tu1 te.ry gland of.~ llmD9.::· 
phari@ \11e8fDarm dur!Dg liif"edlii8-:-
per1od. (. x 1000) · ·. · ; -·. . . 

Plate I C ... A portion c>f the cross sec.tion of 
the central region of the pituitar,y 
~arul of ~ }.1pm.gchari§ Wiegmann 
during pos~br$ed~g period~ f x ~ .1 ooo) 

• • I ' '_., 

. Plate_I .D - A portion of the erose section of 
the peripheral reg~on or the 
pituitary gland of Rana lipmgcbari§ 
W1~gmann d~ring poet-breeding period •. 
( x·- 1000) . 

Abbreviations a 

Cbr - Chromophobe cellS Sin - StnueoidS 

o( - Acidophil cells f3 • BasophU cellS 
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1. Pre-breeding Period (Late . .f.7arch). 
2. Breeding Period (AprU·,· May, June, ·July and A~t,. • 
3. Post-bree,ciing 'Period {Sept em be~ and Octobe·r). '' 
4. Hi bema tion Period (November, December, Janu~· 

and Feb~y). 
' : . -

! . . 

1. Pre-breeding Period .• 

The pra~breeding period is the period starting fran 

the time of emergence from hibernation to the time when 

amplexus and spawning begin. During the short duration of 

the pre-breeding period the distinction between central 

and peripheral regions as seen dur:i.ng post-b.~~pding and 
.. :t .(' "": 

early hibernation periods, was not observed. In comparison 

to the months of hibernation the cells were co~pact in 

arrangement; and few inter·ce{Uular spaces we_re seen during 

pre• breeding period, ~here was ·distinct granulation in the 

cytoplasm of the ao,idophil ~ well as the basophil cells 

durtns this period (Plate IA). The description of the tbZee 

types of cell~ observed during pre-breeding period is as 

follows a 

(a) Acidophil cell§ : The average number of acidophil cells 

per unit area was 3~21. ·Their size t>Bs no·ted to be approxi­

mately 0.13 X 0.12 mm. Their nuclear diameter was measured 

to be approximat.ely 0. 08 mm. 

(b) :Basophil. cells : The average number of basophii cella 

per unit area, approximate cell size and_ nuclear diameter 

were noted to be 1 1.35, 0._13 X o~ 10 mm and 0.:_08 mm respect­

ively. 
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'(c) Ctu:,omophobe s;egs :· ~e average number of ohro~opho~e 

cells per unit area, approximate cel,l size and' nuci·e8'r 
di~et~~·wsre noted to .. be_ 1.32,- 0.11 X o .• ,10;mm and. 0.07 mm 

I 

re apeo,i v~ly. 

2 • Breeding Period.. 
' 

• • ' ' • \ :> •• ' \ 

During breeding period the central reg! on was observed 

to . be loosely . packed with cells in oomJ,arison 'to 'the peri-
, 1 • ' 1 ' ' '.' • : ' ! 

pheral region. There tm.~ heavy granulation in the cytoplasm 
I> • ' ' 

. of the acidophil as w~l,l as the basophil cells, and their 
ff.. 

• '. l . ' . ' ' 

nuclei had highly dispersed chromatin indicating apparently 

the. highly active phase of these c~lls~ The chro~ophobe. 
. ~ . 

cell~. were few in number and smaller in size indicating 

that the¥ '!~~ l..ess ac.tive during this period (Plate IB). 

The details o;f the behaviour of the three types cells . 

observed during breedin_g period. is as follows a 

•' 

(a) .Acidophil cells : GraduEd inc'rease was noted in the. 

average number of ·acidophil cells per' unit area during diff­

erent months of the breeding period. It was rae orded to be 

13.9, 13.44, 22.19;- 21.95 and 18.55 during April, May, 

June, July and August respectively. ·Ino:r·ea.se in the cell 

size was: noted in 1he -months of Apri~ and Augusta in May 

and June, the size was·less, the approximate cell size 

being o.16 X 0.15 mm, 0.1:; X'0.12 mm, 0 •. 12 X 0~12 mni, 0.15 

X 0.14 mm; Oe17 X 0.14 mm in April, May, June, July and 
' 

Auguat respectively. The nuclear diameter also· increased,_ 
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, ... 
' '• \ : I ·~ l. 

being g;feat.est in the month of June. It was m.easured ,t()~-.. ~e 

appl'Oxi:mateiy 0 .. 08 Dim, 0.07· mm, 0.09· mm,. o.oa mm. and .. o.oa 
~ in April·, May, J~e, J~y ~-nd August re.speo~ivbl.t~. 

, I : Of ,.> • i ,,, ';: :' t " •,: 

(b) Basophil.. cells : . The number of the ba·sophil cells 
. ' 

during the breeding period t~s large in comparison to . . 

that- observed dur1116 other periods of· the annUal cyCle.:. 

·During the breeding period· the largest· numbel" ·Of ·these 

·cells was observed in July. From August onlar<i's · th~re. was 

a decl.ine in their number, the average· number per unit 

area being 29.05, 2~.28, 24.04, 37 •08 and 23._56 in the 

months-of April, May, June, July and August respectively. 
' 

~e cell size increased in the months of AprU., May P June . . . 

and then showed a gra'dua.l increase during the rest ·.of the . . 
breeding season. The approximate cell size was not~d to be 

. . 

0.23 X 0.13 mm, 0.18 X 0.13 mm, 0.24 X 0.13 mm, 0.22 X 

0.13 mm, 0.17 X 0.16 mm in April, May, June, July and 
.. 

August respectively. The nuclear diameter was ~easured to 

be approximatel-y 0.11 mm, 0.09 mm, 0.09 mm, 0.07 mm and 

0.09 mm in the months of April., May,.' June, July and Au8ust 

respectively •. 

(c·) Chromophobe cells : The number of these cells was much 

less in comparison to that observed during other months of 

the year._ It started increasing from July and August. Their 
' ' I ~ _; .> 

average number per unit area was obsexved as 4.16, 1 ~60, 

1.18, 1. 93 and 2. 74 during April, May, Jl,me, Jul.y and August 
I 

respectively.., The cell size increased from Apr~ to June, 
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and decreased during July and Augu~. _It mmsured approxi-

mately 0.10 X 0!1' 10 mm, 0.12 X 0.1·2 mm, 0.14 X 0.14 mm, 

o~ 10 x 0.09. mm, 0.10 x o.oe mm in Apru, May, June, JuJ.y 

and August respectively~ The nuclear diameter was found 

to be greatest in June,in oompar~son to th~ other months 

of the year~ It measured approximately o.oe mm, o.oe mm, 

o~ 11 mm, 0~07 mm and o~os mm in April, May, June, July and 

August respectively~ 

3. Post-breeding Period. 

The distinction betlteen. the cells of. central and 
. ' 

peripheral region was more distinct during the post-breeding 
\ 

. ·-... . . . 
season. The cytoplasm was more dense in comparison to the 

' . 

earlier months of the year. The number and activity of the 

acidophil and biso.phil cells gradually decreased, whereas, 

that of chromophobe cells increased •. {Plate I C and D) • 

. {a_) .&.cidophil cella : The average number of acid~phil cells 

per unit area decreased to 15.99 in.September and ~.51 in, 

October. The size of cells also bec_ame s~er bei~g 0.16 

X 0.13 mm in September and 0.10 X 0.16 mm in October., The 

nuclear diameter remains approximately o.oa mm during both 

:the months. 

{b) Basophil.· ·cel.ls : The average number of· basophil cells 

per unit area also decreased being'23.09 in September and 

7~19 in October. The size of cells decreases 1n September 

and October, being approximately 0.17 X 0.14 mm in September 



and 0.18 X 0.10 mm in October. The nuclear diameter remains 

approxin1a.'tely o.·oa mm 'for September and. ··october. 

(o) Chromophobe cells a· The average number o:t cells per 

unit area in Comparison to that of the breeding season was 

observed. 1x> be more, being 3.02 in Septemb:er· and 2.65 in 

Octob~r. From this period onwards gradual iJicrea.se in the 
' . 

number of these cell.s ·was observed reaching max2mum dur~g 

hibema:tion period~ The cell, size :aJ.so ·showed. similar 

behaviour increasing apprOximately to 0~09 X 0,09 mm in 

September and 0.10 X 0.10 in October. 'lbe nUclear diameter 

remained similar during both the months, bf31ng o.oe mm in 

Septem})er as well as 1n October. 

4. ijiber.nation Period. 
· .... 

In the .. early phase of the bibernat.ion period· the 

anterior pituitar,y showed a clear dist~ct~9n between its 
I A ! . 

peripheral and central regions. The cells in the· peripheral 

region were more compactly arranged in comparison to those 

~~~- . the central region. The ·cell boundarie~ were not·· vfi.~ 

distinct-and fe't1 sections of the blood vessels we~e observed 

in between them. Du~ng later phase of the hibernation 

~eriod, the sections of the anterior pituitary showed a 

compact cellular arrangement. and distinction between its 

central and peripheral region 't-BS not so clearly observed. 

Intercellular spaces in between the cells were observed,., 

Blood vessels were large and chromophobe cells appeared to 



Plate II E - A po~ion of the erose section of 
the ~1 tu1 ta:cy · glarld of l!aM. l.imng- . 
,gha;!is • l<J1esmann dur1rlg early 

.. hibe;r.nat~on period.. ( x 1 ooo} 
; ' 

Plate II F - A po~tion of the erose section of 
the pituitary gland of ~ A.&nmo­
p~a . Wiegmann d~ing Iate· 
hib~rnat1on period. ( :fC 1 ooo) 

Abbreviations 
' ' 

I 

: ' 

! 

Ohr·- O~o~ophobe cellS Sin- S1nuso1dS 

d - Ao~dopbi1 oeUS J3 .. Basophil cel~S 
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be· more act1ve ·than aQidophil and basophil cella. ·The .. 

details of the behaviour of- the thre·e cypea' of cells during 
. . 

hibernation period are given below.:1 {Plate II ·E 'and F),. ~ 
: .. 

(a} Acidophil cel~s :. The number of acidophil star~ed 

decreasing in the early months of hibemation •. In the last 
. ' ~ ) 

phase of the period of h1bern£i:t1on their number grad~.; ' .· . . ~ 

rises. In CQmparison to other months, the number of acido­

phil cells· duri~ the whole period of hibernation remained 

leas. Their number decreased ·.±rom November to . January. Frem 
February their number ae¢in increased. The average number 

of acidophile per unit area was 5.48, 4.63, 3.88 and 6.43 

during November, December, January and February reapeo;tively. 

The acidophil cells t'lere also larger during hi bema tion 

period. From ~lovember onwards the cell size increased being 

approximately 0.22 X 0.08 mm, 0.17 X 0.12 mm, 0.12 X 0.10 

mm and 0.12 X 0.10 mm in the months of November, December, 

January and February reapecbively. The nuclear diameter of 

the acidophil cells during hibernation period ~ms measured 

to be approximately 0.06 mm, 0.08 mm, 0.07 mm and 0.09 mm 

during November, December, January and February ~espectively. 
-"'' 

(b) Basophil cells : The basophi~ cells like t}?.e acidophil 

cells were less· in number during the period of hibernation 
..... ~: ,,..;· 

as compared to ·other months of the annual cycle. A decrease 
' . > 

in their number was observed from November to February, the 

average number per Unit area being 5..77, 5.20~ 5~77 and 9.65 
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during the months of November, December, January and 

February re~pectively. The cell size was also smaller 
'. I . . . 

. ' '. ' ' : 

during the period of hibernation in compari~on to other 

months of the year~ However, in, comparison to the acidophil 

cellp the cell size :ot the basophil cell t..raa larger~ The 

size ot ~sophil cells started decreasing from November, 
,' 

being approximately 0.22 X 0.10 mm, -0~14 X 0 .. 13 mm, 0 •. 18 
. <'.'. .· . .. 

X 0.11 mm, 0.16 X 0.13 mm in the months of November, ·· · · ·. · · 

December, January and Februa,;'y respectively. There llaS 

barclly any fluctuation in the nuclear diameter. It ms 

measured to be approximately o.oa mm, o.os mm, 0·.08 mm 

and· 0.09 mm in the months of Novembe,~~.- .December, January 

and February respectively. 

(c) Chrompphobe Gells : The· average number of chromophobe 

cells per unit area was more than the number of acidophil 

and basophil cells during the period of hibernation ill com­

parison to the other months of the year. ~e nUmber gradUally 

increased from November and reached maximum 1n 1:he month of 

January and then a decline in their number was noted, being 
' 2.;6, 2.08, 3.40 and 2.93 1n the months o.f November, Decem-. '' 

ber, January and February respectively •- The cell size· l3a.S 

-also maximum during the months of hibernation. The size 

·increased from november onwards, reached max~um 1n January 

being approximately o.1~ X 0 .. 10 mm,. o.~5 X 0.16 mm~ 0•22 X 

0.16 mm, 0.16 X 0.14 mm during 1he months of November, 

December, January· and February respectively,. The nuclear 



diameter showed fluctuation to. some extent ~eing.more during 
' 

the months of January and February •- It was measured approxi-

mately to be o.oe mm, 0.06 mm, 0.10. mm and 0.10 mm from 

November to Febr~y. 

T.he above observations reveals that the average 

nUmber and cellular size of the acidophil and basophil 

cells was maximum duri.Dg breeding period and ~ini~- during 

hibernation period, whereas, the average number and cellular 
, I I . I'> 

size for the chromophobe cells ·was maxiDium during hibernation 

period a.nd· minimum during- the breeding period. 
' ! 

THE TESTIS 

{A) MORPHOLOGY OF THE TESTIS. (~late III G) 

The testis of ~ limnocharis are paired, whitish 

ovoid bodies, lying ventral to and near the anterior end 

of each kidney. They are suspended to the dorsally placed 

kidney by a double fold of perit_oneum known as mesorchium. 

The mesentry surrounds each tes~is and is continuous with 

the peritoneal epithelium which covers the ventral face of 

each kidney and lines the entire body cavity. The ep ~nnato­

zoa are produced in the seminiferoUs tubules, 't'lhich in a 

~E>ction ·of the testis are observed as closely packed, oval-
".; . 

shaped sacs, separated from each other by the partitions of 
~) 

supporting tissue, known as interstitial tissue. The inter-

stitial tissue is continuous t>ii th the covering of the 

testis known as tunica albuginea. 



Plate III G - Dissection of male Bnna limnpebar&J 
Wiegmazm shov1118 teatia. 

' . 

Plate III H • D~sect1~n ~f female RBn& limno­
pha1'1a Wle@llann showing ovary and· 
oviduct. . . . 

Abbreviations ; 

Fb- Bat ~ody 1' - Tea tie 

1t - Kidn~y L - Lung 

E -EGG, Od -· Oviduct 
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' HIS~LOGlCAL STRUCTURE. 
' ' 

The detailed histolog:leal structure of ·the semini-

ferous· tubules of Rana; limnocha.ri§ is ·as follows·: 

1 • S-eminiferous tubJll.e 3 The wall of the convoluted semi-
. ~ ' ·~ 

niferous tubule consists o~ (i) an outer capsule or tunica 

propria of fibro elastic -'connective· tissue and flattened 

'f,ibrobla~ts, which close~ invests the· tubule (11) a base- . 
. ' ' 

ment membrane and (iii) ·a lining of complex ~tratified 
. . 

epithelium which consists of tvro· kinds of cells 3 {a) the 

sertoli cells and (b) the ·spermatogenic cella. 

(a) Sertoli. cell§ : These 'are tall, irregular_ly arranged 

columnar cells, that extend from the basal lamina to the 
' ' ' ) . 

lumen. Their sides are markei by ~even showing pits and 
. '· 

depressions, into which fit tlie adjoi~ cells. The loca­

tion of the nucleus varies in. different sertoli cells• fran 

the basal position to position located at a considerable 
' -

distance from the basal lamina. The nucleus-is ovoid and 

pale staining with finely dispersed chromatin, and it 
. ~ ··- ___ ... 

usually contains one or more nucleoli. 
/ 

{b) Spermatogenic cells : T~ey lie in between the sertol.i 

cells in an orderly manner, with 4 to 8 layers occupying the 

space :·:between the basal lamina and the lumen~ representing 

all stages of differentiation viz., primitive germ cell. or 

spermatogonia,. primary spermatocyte, secondary spermatocyte, 
\ 

spermatids and spernat.oz~a acco~ding to the sexual maturity.-, 
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PriJnil_ive germ cells or spermatogonia : These cella are 

located directly. ·insid.e the basal lamina. and give rise .to 

spermatozoa :ultimately~. They are spherical or cuboida.J. in 

shape. Nucleus is spherical with granular cnromatin •. They 

divide so as to maintain their own number and to give rise 

to the cells that differentiate into spermatocytes. 

P£1mary spermatocyte : These cella are formed from the 

innermost lay~:r of the spermatogonia. They are larger cells, 

larger t.han the spermato.gonia and have large vesicular 

nuclei showing variable appearance of chromatin depending 

upon the functional state of the cell. It 'may· be in the 

form of either elongated spiremes or· condensed chromosomes, 

preparatory' to cell division., 

Secondary spermatocytes : The~e cell arise from primary 

spexma tocytes, each primary spermatocyte giving rise to 2 

secondary spermatocytes. They are smaller tru;.n the primary 

sperrnatocytes and lie j_.nterml to than.,. 

Spermtids : These cells 'are derived by the division of the 

secondary spermatocytes and are located adjoining the lumen 

of the tubule. They are easily recognized by their small 

size and location,. These cells form th~· la.st generation in 

the spermatogenic process. They undergo no further division, 

but by profound changes in their structure they become tran­

sformed into mature spermatozoa~. Groups of maturing spermatids 

can be seen in close association with the sertoli cells.·· 



Sperma~of§O&_ ; The sp.ermatozoa cons3.st of a distinct h4:Bd 

Q%1d an elo~a ted tail~ These are slender, motile and 

flag~Uate bo41es. l'.Jearly mature spermatozoa are frequentlY 

o:bserved td th_ their ~eads in close assoc·ia~ion with the' 

cytopla~Jilic processes of the sertoli cells and their· tails 

eJtt~n~ng out. into the lumen of the tubule··· lolature,spe~ 

t~_zoa are seen in bundles at the centre o-r the lumen• 

(B) CHANGES IN THE TESTIS DURING· ANNUAL CYCLE• 

Histological sections of the testes p~~pared regu•­

larly at different periods of the a~ua.l cycle were studied. 

The data on the measU+Gments o-f various histological stru.c-. . 

ture (mean of 5 observations_ 1n each case) has been g~ven 

in Tables III and IV.- Follo'l'.d.ng major changes were obser;red 

in the testes through different periods of the annual cycle. 

1. Pre-breeding Period. 

~ediately after the period of hibernation, the 

frogs enter a short pre-breeding period in the month of 
. , 

March, During this peri~d the average number of sections of 

seminif_erous tupule s under low po~er of the microscopic 

field was 9~40! The details of different structur.al elements 

of the seminif~rous tubules studied under high power- of 

microscopic field were.as follows. (Fig. 6; Plat-e DI.r..;;&.K) 

(a) §ertoli- cells. : The avemge number of sertoli cells were 

2~55 per. unit area. The approximate cell and nuclear diameter 

of these cells was 0!67 'm.m and 0~()7 nun respectively~. 



Pig., 6 - A ponion of the e~ss-sect1on of the 
test~a durins pre-breed1P8 period. 

F18•· 7 - A portion of the oroas-seotion of the 
· · teat~a during breedU@ period. 

I 

Abbreviations• 

Ser •· Sertoli cell 
Spts - Spermato~onia 

P.Sp~e - Primary spermatocyte 
S.Sp~c ·- Secondary spermatocyte 
-sptd I · · - Spermatid 
Spte : - Spermatoz-oa 
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Plate· tv J 
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Plate .. IV K 
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Plate· .IV L 
, .. ' 

- A: portion of the· c ·r9 as section of 
the testis of ~ limnoonaris 
\lf~egmann duri,rig .la t.e 'hibernation 
p~riod o ( /X· 45G·t · · . 

. • ,I 

... · A· portiqn of th.e :cr.oss seo.tion of. 
t~e testis of ~. 'l.imnoeharis 

· W~egm~nn d~lng ear·ly pre-breeding 
·· :p~riodo ( x. ~45;0::) ' . . 

. ' 

- A! .. :Portio·n .. e>f the cross· section of . 
.tlie test'is .,c;£ Rana .lininocharis 

· '\'ltegmann during lat~ pre-breeding 
: P~:rio4 o ( x ~459' ;: 

. . I ' 

·- · i 1 p~rt1on ~f the cross section of· 
t~e te~tis of ~ limnocharis . 

· W~egmanri 'du,ring .bree.di;ilg period~ . 
, ·. ( X :J4'5Qi l· . . .~ . . 

•I • •' ·• • 

Abbreviations : · · 

Set' Sertoli celi 

Sptg - Sper,matogonia 

P.~tc - Primary spermatocyte 

·S.$ptc Secondary spermatocyte 

Sp~d - Spermatid 
r 

Sptz -· Spermatozoa 



Plate IV 

I J 

K L 



1:.7·, 

TABLE III 
... ":: .. -,"""- ... 

Average numbeJ;_- of Seminiferous tubules per unit area (7 .06 sq. mm) and the ·average 
number of different structural elements of the Seminiferous tubules per unit area· 
(2.11 3 sq. mm) observed in the testes of ~ limilocharig during annual cycle. 

Month of Seinin1f.erous ·sartoli Sperma t- ·. Primary Second- Sperma- · Sperma-
uvsstigation tubules cell ogonial ~perma- a~ sp- tide tozoa. 

cell '· tocyte erma to- ,., 

c~e 

January 7.36 .2.27 10.69". 23.94 15.52 6.6~ ·129 . 
February 7.56 2.36 7.85 .. 14,86 16 .. 75 8.51 .20'3 

·)larch 9.40 2.55 6.62· . 13,25 17.79 8.61 296.6 

April 6.11 1.41 a.8o. .. 11.45 17.88 . 11.54 308.4 

.May . :5.69 1.79 8.32 9,74 14 .. 86 20.44 445.4 

June 5.04 1.41 3,69 .. 9.46 5,48 22.40 453,6 

July - 4.84 1,32 3.40, 9.65 6 .. 9Q 18,93 481,4 

A~st 4.27 1. 32 9.46 .. 9.74 11.73 16,63 424,5 

September 4.53 1 •. 04 . 19.87- 14.43 12.77 7.09 302 

October 4.58 1. 32 19.97' 14.67 13:06 6,53 298 
lllovember . 8.98 1.89 14.,19 16.37 13.62 4,63. 75 
December 11.81 1.98 13.72 17,41 14,67 6.53 99 

-·------------!. 
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TABLBIV 

Average -cell and nuclear diameter (mm) of the structural elements of the seminiferous tubules 
of ·Bans limno~haris during annual. cyol.e •. 

~ •• :, •• _ ...... ~>·-

. 
Bertoli ·cell Spermatogon1a1 

cell. Month of 
investi­

-gation: .. Cell 
dia­
meter 

Nuclear· 
diame­
ter. 

ceu 
dia­
meter 

. Nuclear 
diame­
t·er.·. 

. January ·- - 0.68 ·· . 0~.1() 1.03·· .. 0 .• 12 

o.64. : o,. to February· - 0.80 

March 0.67 

0.64 

0 •. 26 

0.07 

0.07 
.. 

' 0 

v0.5:3 o.oa . 

-0.51 . 0.07 April 

May 0.62 . 0.05 o.gs· o.o8 
June· 0~57 

July 0~50 

August 0.48 

September. 0.50 

October 0.53 

Wovember 0.60 

December 0.66 

0.06 0.56 

0.05 0.54 
' 

0.07 0.51 

0.07 . ' 0.92. 

0.07 0.96 

0.07 

0.07 

0 

1.46 

1.04 

0.07 

o.o8 
0.10 

o.ro. 
0.12 

0.13 

0.11 

Primary 
spermatocyte 

Cell .Nuclear 
dia- diam~ 

·meter ter 

. 
Secondary 

spermatocyte 

cell. . Nuclear 
dia- d1ame­

meter ter 

Spermatids 

Cell Nuclear 
dia- diame­
meter ter 

0.93 0.09 

. 0.90 . 0.10 

0 •. 54 0 .• 07.. : .0.10 9.04 

0~60 ·0.07 

0.,79 ... (hOB . 0.60 0 .•. 07 

0.60 0~08 .. 0.69 0.06. 

o .. 58 . o .•. o1 ... :o.58 • · o.o6 
0.48 o·~o7 

-o.62 o.oa· 
0.79 o.oa·· 

' ' 

o.8o o.o8 
0.82- 0.07 

0.84. 0.09 

0.87 0.10 

·o,.25 . o.o4 
0.33' 0.06 

.0.40 0.06 

0.40 .0.05 

0.44 0.06 

0;.45 0.06 

o.5o o.o6 

·o.12 .o.o4 
0 •. 24. 0.05 

0.12 '.0 •. 04 

0.11 0.04 

0.08 0.04 

. o~og ·o.o4 
o.o8 o.o3 
0.06 0~04 

0.07 0.05 

0.06 0.04 

0!08 o.o4 



(b) Spermqtoso,p1a~ cells 1 The average nuxr)ber of spe~a.­

togonial cell~ was 6~62 per unit area and the cell and 

. nuo.lear diameter of th~e .. o.ells wa~ note.d to be app.roxi- · 

mat.ely 0.5, mm .and .o.oa mm respectively. 
' • • ' : f • 

· (b) Primary sperma to·oytes a 'rhe averag·e number ·of · pr mary 

spermatocytes per unit area l-ias 13.25 and their ·cell and 

nuclear diameter was approximately o. 79 mm and o.os mm 

respectively. 

(d) SecoP4arY spermatooytes : The average number ms 17.70 
. . J;. ' 

per unit area and their cell and nUclear diameter t~~. 

approximately Q. 90 D:!Jll and 0.07 ~ ~eapeotively. 

(e) ,§Dermatids i The average numbe.r per unit· area was 8.61 

and their cell and nuclear diamete-r was approximately· 0.24 

mm and 0.05 mm respectively. 

(f) Spermatozoa : The average number of spermatozoa per 

unit area was 296.6. 

2. Breed1M Period. 

The active breeding period liaS obseiVed during- AprU, 
' 

May, June,. July and Auguat. The average number of sections 

of the seminiferous tubules per unit area was 6 ~·11 in AprU, 

5.69 1n May, 5.04 1n June, 4.84 in July and 4.27 in Aug~. 

Various cellUlar types of each tubu.ie showed following 

changes. {Fig. ,7; Platt;~I~:;t;~;·i-M;·N(r~ ·&;;p). 
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Plato V M,N,O an4 P • Portions o.t the cross 
section of the testis 

Abbreviations a 
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I 

of .Rapa,· -coom 
W1agma.nn~rig -ferent 
months of _the breedil!g 
period. ( x 450) 

- Sertol1 cell 

· sptg. · - Spermatogonia 
! 

P • Spto •·· .Prirnaru spermatocyte 

S~S~to ""'. Secondary spermatocyte 

Spt4 - Spermatid 

Sptz •· Spermatozoa 
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(a) §ertoli cells I The average number of ·sertoli cells 
.I 

per u,nit ~ea .wa.s observed t() :be 1.41 0 1.79, ·1 .• 41, 1.,2 · · 

and 1,32 .1n the months of, May, June, July and A\tgust res­

pect~vely~ ~e diameter of the~e cells during these months 

was approximately 0~64 mm# 0 •. 62 mm, · 0.57 m.m,, 0.50 mm .and 
. . ' . . . 

0;48 mm; and their nuclear diameter was approximately 0.07 
' . 

~~ 0•05 ·mm~ 0.06 mm~ 0~05 mm and_0.07 ~respectively. 

(b) Spermatogonial .cells :- The average number of spermato­

gonial cells per ~it area was 8.80, 8.32, 3.6·9, ,.4P and 

9~·46; their diameter tm.s approximately 0.51 mm;, 0.95 mm, 
. ' . ' 

0.56 mm, 0•,54 mm and 0.5_1_ mm; and their nuclear diameter 
' " ' . 

was approximately 0,~·07 mm, o.oa mm 0 0.07 mm, o.os mm and 

0~10 mm during April~ }lay, ·June, July and August re~pectively. 

(c).Rrimary spermatocytes : The average number of pr~ry 

spermatocytes per ~it area was 11.45, 9.74, 9.46, 9.65, 

9.74; their diameter was approximately 0.60 mm, 0.58 mm, 

0.48 mm, 0.62 mm and-0~79 mm; and their nuclear diameter 

was approximately noted to be 0.08 mm, 0.07 mm, 0.07 mm, 

0. 08 mm and 0. 08 mm during April 0 t-1ay, June,- July and 

August respectively. 

(d) Secondary spermatocxtes & The average number_of secondary 
' 

spermatocyte per unit area was 17,!,88, 14.86, 5·.48, 6.90 and 

11.73; their diameter was approximately 0 •. 69 mm, 0.58 mm, 
) I 

0.25 mm, 0.33 mm, 0.40 mm during April, 1-~y, June, July and 

August respectively; and their nuclear diameter was approx-
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imately 0 • .06 mm throughout. the breeding period, except for 
-•' 

th~ month ·.of June ~rhen ft me·a·stired 'to 'be 'apprdximat~ly 

0. 04 ··Dllll· '.' 

(e) §parmatids 1 T.he average number of spermatids per unit 
J • • ' • 

area was 11.54,. 20.4·4, 22.40, 18.93. and 16 .• 63s ·.their diame-
, : . . . . . ;; . ~.. . 

ter WaS approximately 0 •. 12 mm, 0.11 mm,· 0.08mm·~·Q.09 ·mm, 
' "' I • 

•' ' . 
o.oa mm and their nuo:Lear d;i.ameter was approXimately 0~04 

mm,, 0.04 mm, 0.04 m.m, ~•04 mm 'a11d ·o•03 mm' ·for. Aprii; May', .. 

June, July ana.·· August respectively. r 
(.>' ! I 

(f) Spermatozoa. : The average number· of spel'lilatozoa per unit · 
' . 

area was observed to ba 308.41 445.4, 453.6, ·491.4 and 424.5 
J l ~ ! '1 = 

during April, J.1Eiy, June, July and _AUgcist respectively., .. 
-. ' I ! ' 

3. lost-breeding Period. 

During post-breeding period,, the average, number o;f 

th.$. sections of seminiferous tubill.es per unit area.was 4.53 

an~ 4.59, in, the months. of September and October respectively. 
' . 

'rhe follolring changes in the histological. structures. of eaCh 

tu:t>ule lrere ob~erved during this period. (Fig. 8; Plate. 1JI":_Q). 

(a) Sertoli cell~ : .The average number of sertol1 cells was 

1.04 and 1.32 per unit area d~ring September and October, 

the.ir diameter ,being approximatelt 0.50· lllJil a)ld 0.53 mm res­

pec:t1vely. !rheir nuclear diameter remained,appro~imately 

0. 07 mm for both the months, .. 



i 
Fig. 8 -- A po\rt~Oll of tho oross-secticn of the 

test\1a durillg post-breeding · peri~d-. · 
~.. \ .... , \... 

. ! . 

Fig. 9 • A po~tion of .the c rosa-section of the 
test~e duritlg ~berna.t1onpert04."/ · · 

i 

Abbreviationsl 
I 

Ser ; 
i 

Sptg. 

P.Sp~c 
I 

- Sertoll cell 
• Spermatogonia 
• Primary spermatocyte 

S.Sp~e - Seconds~ epermatoo,rte 
I 

Sptd. : - Spermatid 

Spt~ - SpermatOBOa 
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{b) 'sPEirmat·ogoniar'·~~~·s : The averag·e number· of· spel'inato• 

goniai ·cells per·unit area was 19~87, ·1·9~·97i ·tb.eir ·diameter 

approximately t·ms 0.92 mm and 0.96 inm, and their nuo1ear 

diameter approximately n~s 0.10 mm and 0.12 mm dUring the 

~onths of S~ptember and October respectively. ' 

{c) frimary sp~rma to oxte's · : · The averaBe number .of prima.r.y 

spermatocytes per unit area was·14.43 and 14.67; their 

diame·ter ua·s approxima teJ.Y 0. 80 inm. and 0. 82 mm and :their; 

·nuo~ear diameter was approximate!~ o.oa mm and 0.07 mm 
. 

during September and October respectively. 

(d) Secondary spermatooytf?S · :~ The E:\Verage n~ber of secondary 

spermatooytes per unit :ar~a. was 12~77 and 13.06; their dia­

meter was approximately 0.40 mm and 0.44 mm and their nuclear 

diameter was approxtmately·0~065 mm and 0~06 mm during 

September and October,.'-

(e) Spermatids : The average.number of spermatids per unit 

area 'tTas 7.09 and 6:~;53;_ their diameter was approxtmately 

o.o6 mm and o.o7 mm and their nuclear 4iamet~r was approxi-. 

mately 0.04 mm and 0.05 mm for September and October 
I 

respectively. 

(f) Spermatozoa : The average numbe~.of spermatozoa per un.it 
' ' . . 

area was.?02 and 298 for the months of September and October 

~espectively. _ 



Plate VI Q • A portion of. the cross section o:t 
th~ testis of ·B£mn .l_imno~ 
ti1~sma.rm during· ,poet•breetiiii8~ period. 
( -~ 450). . 

Plate VI R -· A portion of the erose eoet.ton of 
end .. S th~ teat is. of ~ }.&mnoch8r1ft 

t11E:tgmazm dur1118--alfferent months· · 
of ~~he bibernation p~riod. (. x .450) 

! ~ 

I 

Abbreviations·· a · 

ser : - Sertol.~ cell 

Spts - Sparmato$o~a 

P.-S~tc - P%1.m.ary epermatoo;yte 

s.-s~tc -· secondary spematocyte 

SptCJ! • Spermatid 

Spt~ - Spermatozoa 
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4~ H;be;nation £er1og. · 

Du.ring this period the average number of sections 

of seminiferous tubules ·per uziit ·area lias 8~98, 11.81, 7.36, 

· 7.56 1n the months of November, De.cember, January and . 

February re~;p.ectively •. The follow~ng changes were observed 
' ' 

in the stnctures of the tubules. {Fig. 9; Pl.ate .VJ.V..~,:..,-,vr R 

·:' 

' 

(a) , sartio11·. Cells : t.rhe average numb.er o£ sertol1 cells· 

per unit area was 1.89, 1.98, 2.27,and 2.36; the diameter 

of the cells was approximately 0.6_0: mm, 0.66 mm, 0.68 mm 

and o.ao mm and th,eir nuclear di~eter was. approx1matel·y 

0;.07 mm, O.Q7 mm, 0.10 mm and 0.26 mm duringr\November, 

December, January and February respectively. 
' 

(b) Spermatogonial cells : The average number of spermato­

gon1a'l·cells per unit area was 14.19, 13.72, 10.69 and 7.-85 1 

t.heir diameter was approximately 1.46 mm, 1 .04 mm, 1.0, mm 

and o.64 mm and their nuclear dJm.meter was approXimately 

0.13 mm, 0.11 mm, 0.12 mm and o'.1o·mm during november, 

December, January and February respectively. 

(c) Primacy spen:na tocytes : The average number of primary 

epermatocytee per unit area was 16.371 17.41, 23.94 and 

14.861 their approximate diameter t11as 0.84 mm, 0._87 mm, 

0.93 mm and 0.90 mm and their nuclear diameter was ~ppro~­

mately 0.09 mm, 0.10 mm, 0.09 mm and 0.10 mm respectively. 
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' (d) SecondarY sperrna tocytes} The a,erage number per un1 t 

~re~ for these· cells 'was 13.62, ·14.67, 15.52, 16.75, their 

cellular diameter was· approXimately 0.54 mm., o.~o mm, 0.54 
I • • • 'I 

mm and 0. 60 mm and their nuclear diameter was approximately 
• I 

0.06 mm, o.o6 mm, 0.07 mm and 0.07 mm during November,· 

December, January and February respectively. 

(e) Spe;matida 3 The average number of spermatids per unit 

area 'tfas 4.63, 6.53, 6.62 and 8.51 J their diameter was .. ' 

approxilnat;iy 0 .• 06 ·mm~ o.oa mm, 0.1·0 mm and 0.12 mm and 
' their nuclear diameter was approximately 0.04 mm during 

November,. December, Jan1lar;y and February~ 
' . \. 

(f) Spermatozoa ,: The number o£ spermatozoa per unit area 

was obsen-ed to be 75, 99, 129 and 203 during November, 

December, January and February respectively. 

The above observations rev·eal' that the nUinber of· 

cross sections of the seminiferous tubules per unit area 

was maximum during the hibernating period and minimum during 

the bre·eding period·; their size being largest during breeding 

period and smallest during hibernation perio.d.~ The number of 

eertoli cells was max~ during early breeding period and 

minimum during post-breeding period; thei~ cellular size . . : ' ~ . . 
being maximum in late hibernating pe~io~ and ~in~um d~ing 

late breedillg period:~ The number of spermatogonial cells 

was greatest during post-breeding peripd and lowest during 
I" • • ·~ 
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/ 

late breeding period; their.. cellular size being maXimum 
', 

'· 

during early hibernation pertod' and m,inimtim in breed:I:Dg-

period. The n~ber of primar.y spermatocytes was maximum 

during hibernating period and lowest in the ~ctive bree­

ding period; their size was also maximum during hibernation 

and lowest in the ~reeding period. The n~ber of secondary 

spermatocyte was maximum·an4 their .size largest during pre­

breeding and early breeding period; while during late 

breeding period, their·number as well as the size both 

wer,e minimum~ The number ·O·f spermati.ds was· maximum dur1Jl8 · 

breeding period.and minimum in the post and early hiberna­

ting months; their cellular size being Jargest during and 

early breeding period!. The number of. spermatozoa was 

observed to b~ largest during breedif!g period and smallest 

1n the early. hibernating period. 

THE OWY 

{A) MORPHOLOGY OF THE OVAR~. · (Plate III H) 

~e ovaries. of the frog are pa1r~d, multi-iobed 

organs~ att~ch~d to the dorsal body wall by a double layered 

extension of the peritoneum, known as mesorchium. ~s 

peritoneum continues around th'e entire ovary as the theca 

externa. Each lobe of the ovary is hallo~r and its cavity 
I 

is continuous. with the other lobee. The size of the ovary 

varies with. the seasonso DUring early breeding· period, the 

paired ovaries fill the whole of the body oa!ity and dis~ 

tend the abdomen~ The mature eggs are highly pigmented on 



the surfa¢e ·of the animal. pole, so that the ovary has a 

speckled appearance of black pigment and_white yolk~, 

representing the an~mal and vegetal poles of the matUre 

egg. 

HISTOLOGICAL STRUCTURE. tFig 10 lt,.B & C) 

As. se;en in a section,: the ovary is surrounded by 

peritoneal covering·the theca externa, from which arise 

internally a number of individua-l .. sacs, each ,made up oj 
. ' 

ano_ther membrane known as, the theca interna or cyatwall, 

14.6 

1n which. smooth muscle fibres can be observed •. The the~ 

interna·surrounds eachegg except for the·limited area 

bulging tolmrds the body cavity, where it is covered by 

only the theca externa. This region ruptures during. ovu1-

at1on to allow the egg to escape from its follicle int~~ 

the body cavity. The,theca externa. and the follicle cells 
' 

ttgether comprises the ovarian follicle. This has the 

supply of both blood vessels as well as nerves. Within 

each follicle are found follicle cells, with their oval 

and granular nuclei, derived 9rignally from oogonia. These 

follicle cells surround the devel.oping o_ocyte and are 

-found in close association with ·it throughout ~he process 

of maturation which'occurs within the follole.· Enclosed 

within each follicle cells, and closely applied to each 
" . 

mature egg, is the non-cellular transparent vitelline 

membrane, probably derived from both the ovum and follicle 

cells. This membrane is developed and-applied to the egg 
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_j)'~~~m-..n&tti.~· -r~,..ese~-~Ul·;., '4; · 
t 0 ·A · - .,~ Cr9 sa eeotion of tho growimg oooyte . 

of: asa A!!PAAha""' Wiegmann.: 
,. . 
' . 

Pig. 10 B ' ~ · cross section of 'the prltna~y oocjte 
with pigment ot. bM l.pnnoohari§. . · t'ri~gmann. · · · · · ·· · · · 

I 
I ! • ' 

ilg._ 10 o - Cr()ae aeot1on· of tho eecondarJ 
oo~yte of !i!OO J.1mnRRhV1!J t1iegmann. 

,, 

I 

Abbreviations : ; . 

fe - ~ca exte:na ' ; .. 

Ti - '-lees 1nterna . . ~ . . .. 

Flc • FoU1ole cell 

Vp - Vegetal pole 

Blv ... BlQOd vessel 

llol - Nucleus 

Nolo - Nucleolus 

Ap - AD3mal pole 

Pgm - Pigm~ 

Ykg - Yolk globules 

Hr ... ~o~nt of follicuJar rupture 
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durin8 the maturation process so that it is not seen, around 

the younger oogonia. As the oocyte enlarges and matures, 

the follicle cells and membranes are so stretched ,and £lat~1 

tened that they are not easily dietingu~shed. 

. The mature egg, as seen in the sections of the ovary 

is a large sao of yolk, the heavier and larger granules of 

which are_oonoe~trated at the vegetal pole. It has a thin 

outer layer of cytoplasm~ which is.more concentrated towards 
I 

the animal hemisphere and in the region surrounding the 
eg,_ . 

entire[1s covered by a pigmented coat which has been.das• 
·, 

cribed·in text books as non-living coat. 

-

(B) CHANGES IN THE OVARY DURING ANNUAL CYCLE.· 

During early breeding season in April, th·e ovary was · 

observed fUll of mostly mature ova. As soon as the spawning 

started, different developing sta~ee of the ovum were 

observed~· Arising f.rom the germinal epithelium large number 

of oogonia with. or without pigment and devoid of any yolk 
I 

were observed in the sections of the ovary. Each oogonium 

was obs~rved to be surrounded with a number of follicle 

cells. The growing oogonia were distinguished by ·the ace~ 

~ation of yolk and the displacement of nucleus to one side, 

towards the animal pole. The chromatin material becomes 

achroma tic and large ~umber of nucl.eoli are seen in th'e ,.. 

nucl.eus. Nucleus become germinal vesicle with wavy out 

line. Varying sizes of primary oocyte were seen according' 
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to the amount of yolk acawm1lated. Secondary oocyte were, 
: . . 

distinguished as fully grown oocyte with normal nucleus. 

Maturation of secondary oocyte was not studied .but' as 
' ' .~ ~ . 

described by· other woekers such as· Rugh (1951) occurs just 
, 

at the time of ovulation. G.roes changes in the ovary durin8 . 

different periods of annual ,cycle 11rere observed as described 
VIII 

be~ow.-, (Table V; Plate VII T, U, V, W and Pla~eLX,y & Z) 

1 .• Pre•bree~ing Period. 

The ov~ries were observed to contain large number 
of fully grown oocyte filling the ~thole of the body cav1 ty •.. 

--- 2,. BreediWl Period. 

During early breeding period the ovaries.w~re observed 

still oceupying the whole of the body cavity. As spawning 

occurrep, the size of the ovary tras seen to have become smaller·; 

and by the end of the breeding period in August, the ovaries 

were much reduced in size:r.' E'emales were spent and htstologt­

cal sections of the ovaries showed very few well developed 

oooytea •. Large number of developing oogonia were observed 

in the sections of the ovary during. April when the spawning 
-follow·,"'-' _ . · 

starts and in thelaotive ,;~reeding period,c~~-.:;;·:;. i,s ~i .:·:.>;:~ · 

· 3~ Post-breeding Period~, 
.. ,, 

DUring post•breeding period the sections of the 

ov~ries showtd a v~ry .large·. number of primary oooytes in 
' 

different stages of grot-lth,. Mature oocytes were rarely seen •. 
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Plate VII T - A: portion of the cross section of 
the ovary of ..B.mm. ~!§ria 
w~eemann show~srow oocyte. 
( X 60) 

Plate VII u • A:portion of tba cross section of 
the ovary of laM !1mt)ophaq!l . 
Wiegmann showing srowtns oocyte 
a~a pigment cell. C x 60) - , 

' 

Plato VII V • A. portion. of· the cross section of 
the ove.FJJ of~ Atmnggharis 
\11ogmallft ahotiui(f~ pr ~mary · qocy-te. 
(:x 60) , 

Plate VII W • A:portion of the cross section of 
the ovary of }!sn~ •imnOS:b§l.!:AA 
td.egmapn showing secondazy · oocyte. 
(,'X 60) 

Abbreviations ~ 

fe • f.he~ externa Hol - Nucleus 

ii - fheQa interns Pgm - Ptgment cell 

Gdo - Growtng oocyte Nolo- Huc1eolus 
I 

Po - Primar7 oocyte Flc - Follicle c~ll 

So • soc~nda~ oocyte Ap • Animal pole 

lkg • Yolk globUles Vp - Vegetal pole 
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Plate VIII X • A:po~1on of the cross sec,ion of 
t~e wary of Rcjm\ l.1n!;ooer1g 
Uilegtllaml showiDg. growirlg oocyte 
and peripheral region of mature 
O~Qyte."- ( X 100) 

' . . 

Plate VIII Y • A.'port1~.n of the erose- section of .. 
t~e .. Qvai7·or..§!loo ~no~. 

. Wj;agmatm shoving p ence and 
pl'imal'Y oocyte. ( x 1 oo) . · · · . 

I ' 

Plate VIII z • A ~ortton of . the cross section of 
the ovary.o.t ~~imnopharis 
W~'egma~· eliowU,ijJ n secOiidary oocyte. 
e.:~ 100) . ' '· . 

Abbreviations: : 

Go • Growins oocyte ·mol - NuQleus 

Po • Primary oooyte Nclo - Nucleolus 

So - SeooDdary oocyte Flc - Follicle cell 

~1 - fheca interna Pgm • Pigment cell 
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~ABLE V 

Size of OooytE)s in the ovary of Ra.na 1imnocharis \viegmann 
during different periods of a~ual oyc~e. 

' 

Period Month Size. range (Diameter) of Oocytes 

Hibernation FEJ'\?ruary 0.08.- Oc.43 mrn. 

Pre-breediil.g I\7arch o.os - 0.93.mm 
·. ·' '- " ... 

~eediJ;lg. · Apri~ 0.15 -. 0.90 mm . ' . . ' 

Breeding· ·.May 0.10 - 0.93 mm 

·Post-b~eeding October 0.03 - 0.05 mm 

J4Q 
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4. Hibernation Period. 

During early h1berm.t1o~ period large number of 

well grown primary oocytes were observed. Dissection of 

females revealed gradual increase in size of the ovaries 

during November, December, January and February. Study 

of the sections of -the ovary at the end of the hibermtion 

pe~od revealed the presence of large number of mature 

oocytes and severa~ oocytes in different maturing stages. 

DISCUSSION 

: The pituitary gland play a a key role in the life 

processes of the vertebrates. The different cell types of 

anterior pituitary (pars distalia} secrete various·hormones 

which play an important role in the growth, regulation and 

maintenance of· the vertebrate 'body. Althou8h the pituitary 

gland is a most important· endocrine gland, there are still 

controversies regarding the nomenclature and functioning 

of the different cell types in the pituitary gland.· Since 

1892 ~ when Schone~nn for the first time . described. two 

chromophil cell types~ eosinophile and cyanophils 1 · several 

workers tried to distingUish the. different ce1l ~pes by 

the use of various staining· techniques. Not 'onl.y their · · 

nomenclature but also the hormones they secrete is still 

somewhat controversial especially in· Amphibia~- In two receJit 

exhaustive reviet'ls, one by Purves (-1966) on "1'he cytology of 

''• 
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the adenohypop~sis n and another by Hanke ( 1976) on '~Frog 

·f:iNeuroendocrinologyn, only three major cell types • the 
• ' ' I ' , ' , ( 

· aQidophils, basophil;s ~nd chromophobes ha~e been described 

a·s commonly. accepted by maJW workers •. And now sub-types of 
' 

· •. :·.f· 

the acidophile and basopb1ls (Kerr, 1965; lJI1ra-Moser, 1970; 
;. . . . - . . . ''• ' 

van Kemende, 19741 Pehlemann, 1974) have also been described. 

In the present investigation, behaviour of only three major 

types of cells has been studied during d'ifferent periods of 
\ ' I ' ' 

the a.zmual cycle of ~ limnochar.is. 

The histological study of the testis and ovary of 

~ limp,ocharis shows distinct phases of. spermatogenesis 

and oogenesis in relation to the different periods of the 

annual cycle •. The spermatogenic activity. lias maximum during 

breeding period tram April to Aug\.\st when .largest number of 

apematozoa ranging from About 308.4 to 424.5 per ·unit 
. • \. OJ 

area were observed in· each section of the seminiferous 
, .. 0 

tubule in ·contrast to hibernation period from October.to 

January when their number in. each section. ranged from 298 . 
-to 129 per unit area~ It was observed to increase from 

February (203 per unit area) which is the last month of 

hibernation. The ovary also showed abanges ruiving largest 

number of·mature ova· during early breeding season. ~eir 
' 

number decreased during active breeding period obviously 

dUe to spalming. During late breeding and post-breeding 

period, active oogenesis l'Ta.S observed. The growth of these 

oocytee was observed during the hibernation period, so that 
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' 
·the.-ovary was ·t,un of maturer"9VQ in ~bruary .dup,ing the · 

last ~phase· of .the hibernation period-. Detailed ,histological 

· ·· changes -in the ovary. could not ,be. studied as it me. diff­

icult to get· the."frogs r.egul~ly during this .p~iod, :The 

. role of :parQ distalis of :the pituitary of. flam limnochari@ 

in controlling these different. phases of gam~togenesis 

and· breeding activity are clearly correlated. with the 

. activity of th~ t~.ree_ cell ~pes (acidophil cells, 

basophil cells and chromophobes) found in it. 

The acidophil ( oG ) ce.lls, charcterized. by. their 

spherical to ellipsoidal shape, centric nucleus and acido­

phiUc. cytoplasm l'1ere obsezved to be maXimum in number 

(22.19 ·per unit area) during the~egg laying per~od in June~ 

After the breeding or egg laying periqd,is over, it grad• 

ually decreased and became m~imum.(3.88· per unit area) 

during the hibernating period 1n January. Imm~iately 

after the period of hi berm tion,. the n~er s:tar:~ed increa~ 

sing again at the pre-breeding period ·reaching. maximum 

during the breeding season. The size of the· acidophil cells P 

was also maximum (0.,.16 - 0.,15. mm) durinlf the breed.ing period 

and minimum at hi bema tion ( 0\12 • 0.:1 0 mm) •' _These findings 

conform those of Zysk (1975), who also des.cribes increase 

1n the number of ao idophil cells in breeding period and 

(lecrease after the egg laying period up to hibernat~on.' 
, 

f.h~ present findings, however, do not corrob9rate with the 

observations of Lakshman (1965) and .Rastogi and Chieffi (1970), 



who reported sma~~·est number of these· cells dlirihg 'the . 

per.iod of egg laying ln amphibians~ The in.crease ill the 

number of acidophil cells· dtiring late breeding season of 

Bana 11mnochar1s correlates 'With fts active life . and' ;active 

teeding'activity• :Juszczyk·.!! ~ (1966) ·and·· Krawczyk (197'o)" · 

have reported 'increased weight of intesti~' muco·sa' and' ''. ,: 

high lipid' content in 1he walls of gastrointestinal t~ct 
' 

of frogs during ·such active t>eriods. High lev.el of ·sTu· ' 
' ' 

(Somatotrophic hormone) re:qUired for· synthesis during 

active gametogenesis. This appears to b~ a reas.on ~·Thy 

acidophil cells were observed to. be 1n the active, phase 
' . . \ . . . 

in Rena limnocharis during later half of tha. breeding peri9d. 
~ . ' . . . . . . 

The 'basophilic ( f3 ) cells, identified 1'7 .their sph~ 
. ' 

erical or elongated shape, eccentric nucleus ~ basophilic 

cytoplasm' show an increase in th9ir numbe'r and high secre-
' . 

tory granules in their cytoplasm during the most active 
I . 

phase of the gonads. The number of basophilic cells started 

as soon as they come out of hibernation in March and became 

maximUm ( 37 .oa per un1 t area) in Jul.y during breeding 

period. SOol) after the breeding period, '\'Then egg laying and 
~ 7 

active phase of spermatogenesis was over, th.e number started 

. decreasing both in males and females becoming minilnum (5.20 

per unit ar~a) in the hibernation period. ·Along with the 

increase in number, the size of the cells was. also observed 

to be largest during the breeding period, reaching the 

maximum (0.,·24 - 0.:13 mm) in June and again becoming minimum 
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(;Q.14'- 0.13 ·mm) ·in December. These observations wpport 

Zu.ber•Vogeli :( 1953·), O~r.Cm.( 1960·,: ; 1. 961) and ·Zysk · ( 1975) 

who reported· that the basophi.lld ~lls ·are ·ao:tivel.;t 

. 'involved in the produ·~tio~· of gonadotrophins' 'such: as 'FSB 

.. J 

· (Follicle-sti~ting homone') and LH (Luteinizing.hormone) 

· controlling the gonadal furiction as well as the development 

of secondary sex characters. Increase in the activity· of 

the basophilic cells 'd'ur1ng breeding season show high 

level of gonadotrophins. This correlates With the breeding 

activity inciuding tbe release of eggs 1n females and 

·spermatozoa in males~ The basopllili,d delta ( 8 ) cells are 

supposed to be the.source of TSH (Tnyreotrophic hormone) 

and ACTH (Adrenocorticotrophic hormone). As the present 

investigation was not aimed to find out the relationships 

of pituitary cells with thyroid activity,, th·e investigltion 

on the basophilic delta ( 8 ) cells me not carried out. 

The third ty.pe of cells, the chromophobic cells, 

characterized by a centric nucleus, poorly staining cyto-
. . 

plasm hav~g no def1nite shape, showed greatest reduction 

1n n~ber { 1 ~98 per unit area), ~rhen the number of the 

basophilic cell was maximum in the· breeding period. The 

size of these cells tm.s observed to be maximum during 

hibernation (0~,22 - 0~.16 mm) and minimum during the breeding 

period (0.10 ~ 0.08) ., Similar observations have been made by 

Zysk ( 1975) •. Ackermann; Nowicki and Sarneka-Kellar ( 1971 ) 

suggested t~se cells to be preourso:rs giving rise to other 



cell types_. These wolkers bav:e also reported that their 

' sec~ti:on stimulates th~ ·,thyroid and they als~ produce 
. . . . ',. . ~ .. 

}5:5 

ACTH. RastOgi an'd Chieffi ( 1970) felt that the. chromophobe 

ar.e · degranulated basophil cells, which produce gonadotro-
' ~ I 

pbins. The function of chromophobe ~s thus, still not 

. clear . as al.so. report oo by . ·zysk ( 1 97 5 ) • 

On fi'il:al alli:\~ysis, 1 t. was seen that th·e. three types 

of cells, 2 chromophil types (acidop~s. ard basophile) 

. and cbromophobes·. in :the pars. distalis of ~· 11mnochari.i 

showing dis.tinct phases of activity throughout its annual 

cycle. ·The acidophile cells did not show much fluctuation 
. . ~ 

1n comparison to the number of basophil cells. The number 

of acidophil cells tilcreased from prf?-braeding to b:reeding 

season and started decreasing by the time the frogs started 

undergoing hibernation. The number of the basophil cells 
' \ . 

1-1as always found to be more than acidophil cells except -

during post-breeding period. They were a1most double in 

number tba.n the acidophil cells during pre-breeding; period; 
' 1 

and about 12 times more than acidophil cells during 

breeding sea~on. ~e cyolic~~ehaviour of the acidophile, 

basophile "a.rxi cbromophobes correlates well with the Pre­

breeding, Breeding, Post-breeding and Hibernation periods 

of the annual cycle of the animal. 



SUMMARY 

'Th.e: c~n.ges. in the three main· typeS :of cella of the 
. . 

pars distalis'of the pituitary,. viz .. ~ acidophils, basophile· 
' ' . . ' 

and chxomophobes and the OQrresponding histomorphological · 

changes in the testis and ovary of ~ .limnocharie Wiegmann 

·· quring different: periods. of the annual cycle have· beE3n inve­

stigated. The 'number .and 'size. of acidop~il cells increased .. 

d.uring pre-bree.dine; and preeding- periods· and decreas·ed when .. 

the frogs entered-hibernation. The.basophii cells were 

always more in number than the acidophil cells except duri~ 
. ' 

the poet ... breeding period. Their s·ize tvas also larger during . .. 

the pre-br.eeding .Pal"iod~ The size 'of the basophil cells was 

larger and their number was almost double than that of the 

acidophil ce~l~ and it reduced to 1! times during the ~reedina. 
period. The number of chromophobe cells was maximum during the 

hibernation period and minimum during the breE;1ding period~ .. 

. These cyclic changes in the cells of the pars distalis were 

distinctly correlated with the cyclic changes in the gonads. 

The spermatogenic activity in the testis was ma,:rim\.illl during . 

breeding perio~ from April to August wnen the largest number 

of spermatozoa were observed in the seminiferous tubules. T.he 

ovary aontained.the largest number of mature ova dUl'ing early 
•' 

breeding period although this number decreased during the 

breeding pe1•1od due to spawning. Aotive oogenesis was observed 

during the late breeding and post-breeding periods. Large 



number of the basophilic cells (gonadotrophic) during pre­

breeding and breeding periods indicates high level of 

gonadotrophic hormone and correlates well with the onset 

and progress of breeding activity; and large n~~ber of 

acidophilic cells (somatotrophic) during the late breeding 

period and post-breeding period indicates high level of 
' 

somatotrophic hormones and corre1atea well -..rith high 

gametogenetic activity. 

,. 
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Chapter 5 

Induced - Breeding 
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U!fRODUCWION 

First pioneering experiments demonstrating the· 

induction of ovulation in anurans b~ 1n3ecttng or implan­

ting homoplastic pituitary glands were performed by Wolf 

(1929) on jay pipiena, and Housaay .21 W,. (1929) on 

Jmi2. ;apnp.a. Since then many subsequent Developmenta,l 

Biologists such as Adame ( 1931.), \'1~s !.t. a! ( 19'3), Rush 
> • 

( 1934, 1.935a, 1935b,' 1939 and: 1962), creaser and Gorbman 

( 1935), Adams and Granger ( 1938), Bamaawami and Laksbman 

( 1958 and 1 95 9), \•!right ( 1 945 and 1950), \1right and Hisaw 

( 1946), \'fright and Flathers ( 1961), Nieuwkoop and Faber 

(1967) and Hock and Wen (1970) have confirmed the induction 

of ovulation in anur.ans by the injection pf pituitary 

hormones,, They hav:e described d·ifferent techniques wMch 
. -~ 

have become laboratory procedures in many countries. In 

United States of America certain oompaD.ies• supply 

pituitary kits for demonstrat1na of induced breeding for 

classroom experiments-~- Most Indian laboZ"Stories, hOl'Tever1 

still depend upon the frog spawns collected from the natural 

resources for clevelo~mental etudiea, In 1959, Ramaawami an~ 

Lakehman observed, uin. most Indian Universities demonstration 

* e.g. 1 • Carolina Biological Supply Company •- Burlington, 

u.c. 27215 •. ' 

2. Turtox, General Biological. Supply Co-~. Inc •.. 8200, 

Hoyn~ Avenue, Chicago ILL-60620." u.s.A. 



of frog embryology bas not been undertaken as the technique 

of spawning and fertilizing the eggs under laborat.ory con­

ditions to foUOl<T Up· their further .·tate is not adequately 

developed "• They also outlin.ed a techniq.ue for induced 
••• ' ' • l 

breeding in Rana cxanophlxctis, but t.he situation has not 

much changed •. Use of the .fresh homoplastic pituitaries or 
.. ., 

mammalian hormones or a combination of the two has been 

preacr.ibed by differ~nt wor.Jte~s in d.iff~re~t. anurans • It . 

has been experienced that the females of certain common 
. . ' ' . 

' frog species found in India, for example, ~ tigripa, 

Rana hexadactyla do.not respond to mammalian gonadotrophiDs' 

available in local market. ~ cyan.ophl.yctis has, however, 
' ~ ; . . . . . . ·. . · .. 

responded to androgens, progesterone and deoxycorticosterone 
' 

acetate (Ramaswami and La.kehman, 1959). Collection and 

injection of the fresh frog pituitaries has hot been found 

convenient at every place.due to inadequate supply of 

mature frogs or other technical reasons. 

, ' 

The technique of induced breediqg evolved during the 
. ~ : 

course of the present investigation on ~ limnocb§rip 

Wiegmann can be conveniently and suoce~sful.ly follow~d in 

any laboratory. lt is a modification of Hugh's (1934) 

technique ~sed on the techniques of.Osche (1948} and 

Jhingran (1975). According to this technique a stock of 
' 

the anterior pituitartes preserved in absolute ethyl alcohol 

has to be built upa and at the time of experiment injection 

of the homogenate of these pituitaries is given 
I 



to the females in prescribed dosage. Eggs are normallY 

.obtained by stripping on the next day. They are immed• 

iately fertUized; and culture of developing embryos 

is maintained, This technique bas been found to yield. 

more successful results than other techniques. 

REVIEW OF LHERATURE 

In 1929, \yolf. e~udied the affect of transplantation 
. . 

of pituitar.f on reproduction Qf ~·»ipieps. H~ removed 
. . ' ' 

ita anterior lo~e of pituitary and inserte4 it into the 

lateral or femoral ~ph sinus of another female recei»-

1ent and observed that, ~t induced sexual maturity and 

ovulation 1n the female. Houssay, Guisti apd Las~-·. ' . ' 

Gonzalez ( 1929) confirmed 1 t ~Ii:th similar results in 

jutg marin»~ .• !; Wills~. Riley and Stubbs ( 1933) showed ovu­

lation in toads can be induced by fish pituitary. Ru8h 

( 1934 and 1935a) performed similar experiments with homo­

plastic pituitaries on various species of frogs and toads 

fQund in North America, He showed that it induces amplexus 

and ovulation and such eggs can be artificially inseminated. 

In 1935a,. he prescribed dosage for inducing ovulation and 

method to secure fertilized eggs. He demonstrated that 

extracts of the mammSlian anterior pituitary (sheep gland 

or antui'Qrin - s from pregnancy urine) are effective in' 

toads but not tmiformly effective 1n frogs. In his another 

p~blication during the same year (1935b) he prescribed 
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1n3action of.anterior pitUitary in aiatil~ed water or· 

10% ethyl :alcohol ana concluded that the degree to whioh 

the Ovaries· are emptied, depends upon the dose Of the 

hormone injected and the time of ovulation depends upon 

temperature. He· iilvestiga ted the breeding behaviour of 

different fro..gs· .. f~u.ud in North America and stated that 

anuran eggs an4'--l~e can be oQtained in all months. 

Adams and .G~nger <.19,8) ~showed that $£1tU£J.Hl yirideacena 
I 1, ll ·, j. '•, • , , ; I 1 , ' • 

pitu1ta~ies induce ovulation·in RBnA »~piess and felt that 
'·. J ' • • • • 

there was no zoological .specificity Qf gonad st~ulattng 
. . . ' 

ho~one. In 1939, Rugh described in detail the technique 

for obtaining the· anterior pituitary gland and demonstra-' ' ' 

ted that Sana nipiepa o~llected ~rom hibernation can ~e 

induced to ovulate by anterior pituitary injection mue~ 

before ita actual breeding period. In 1941, Landgrebe and 
. •/ ~ . ' 

Purser described the technique of breeding Xenopua 1n the 

laboratory. In 1942, Robinson and Hill studied the induced 

oVUlation 1n ,Rang Wiena,. In the same year, Creaser. 

demonstrated the induction of ovulation in »&na ptpiens by 

bird pituitary preparations!! In 1945, t!fright demonstrated 

in vitro ovulation from the ovaries by placi12g them in the . 
' ' 

culture medium to which anterior pituitary hormmne was 
I: ' J ' 

already added.· In 1950,, he showed that length of exposure 

of ovariesmto. _the hormone solution was respo~ib.le for 

"in vitro" 9VUla tion:! In · 1 946, \'!right and Hisaw studied 

the effect of mammalian pituitaries on the ovulation of 



J!.e J?J.piens •. In 1961, \~Tright and Flathers s~owed that 

althoUgh Bapa nlpiens ware 1nsens1t.ive to ovulatory 

influences, injection of frog pituitary gland in assoc-. . 

iation with progesterone induces complete Qvulation in 
. i . 

it. Barr and Hobson (1967) formulated the method of 

estimating the number of eggs laid by ~enop~a 1aevi§ 

by injecting gonadotrophin. \'lhUe studying' the experi­

mental ovul~tion and fertilization of flana AidibunAQ• 
. . . ' . . . 

Aloneo-Bedate and Serrano' ( 1970) described that,-
. ' ' 

keeping females a~ room temperature detoriates the 

ovaries. During the same year Hock and Wen induced 
• < I ~ 

artificial breeding in B@ng limnocharia Boie according 

to the- Hugh's ( 1935) method and traced its early· develop­

ment up to tadpole stage~ 

Among the frog species available in Ilidia, the 

induced breeding has been attempted by Ba.mi:l.swami and 

Lakahman ( 1 95 9) on Rana tigrip.a, ~ cxanonhl;vctia and , .. . . 

Bane. hexadactyla.~ They reported that many mammalian 

hormones, such as, folliol.e-stimuJ.ating hormone (FSH)._ 

luteinizill8 hc.rmone (LB),. pregnant mare serum;.: chorionic 

gonadotrophin,. estrogen, adrenocorticot:rophic hormone 

(AC~H} ,. cortieone,, somatotrophic hol'mone { S~B), teyroid 

stimulating hormone ( TSH), stimulate ovulation in these 

frogs onl.y in combillation wi tb a threshold pituitary 

gland dose~ ~hey reported that fi¥a granpnh!Yotiq can be 

induced to breed almost throughout the year.) ~ey further 



·demonstrated" that Hmteropnep.stes pituitary glands also 

induces ovulation in Bana. o:vranopbl.vctis. 
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During the last two decades interesting advances 

have· been made 1n the techniques of induced breeding i:tt'~~~ 
• 

fishes by Alikunhi .d M ( 1 960) and Choudhuri ( 1 960 and 

196 3) (for review see Jhingran; 1975) • 'lhese .techniques 
' . 

include preservation ~f fish pitui,.tary in absolute cgtbyl 

alc~hol and determining the dosages of pituitary in terms 

of per gram of the ~ody weight of the female to be 

~ject~d. T~s technique is being suooessfully followed 

by fish farmer'? throughout India and many other countries. 

MA~ERIALS AND r.UlCHODS 

TECHNIQUE OF INDUCED BREEDING~ 

Co1)@ct1on gf the flogs~ 

For induced.breeding alive' spectmens of~ limno• 
' .g.baris ~rare collected from the Pologround; ShilloDg from 

J~y to 'middle of October in 1975 and from late ~roh to 

middle of October in 1976 and 1977 during their active 
I ' I 

breediM period~. The exper1inents were repeated in 1978 
' ' 

also, Soon after collection they "rere removed· to the 
. . 

laboratory and maintained in glass aq~r~a (75.:5 em X 

45.5 em X 45.~5 em) and covered with 1 inch sq. wire mesh 

coverns.ng .. Each aquanum tms filled 1/6 W1 th water and 



set with stones, water plants and steep sand base on one 

side of the aq~1urn to form a sort of uatural envir~n­

ment for the frogs. 

Collection of the anterior pituitaries. 

Anterior pituitary glands were dissected out.from 

the mature male and female" frogs according to the method 

prescribed by Rugh (1934 and 1962) and preserved in· 

absolute ethyl alcohol,-Each donor was pithed and deca~ 
itated by sharp scissors j_uat posterior to the angle of 

•· . 
the jaws, The head was dissected upside down and the 

anterior pituitary gland was exposed through the roof of 

the buccal cavity, The para sphenoid was cut along its two 

sides with the tips of sharp scissors inserted posterior 

to the position of the gland through the forame1_1 magnum 

and deflected forward to expose tne ventral region of 

the brain~!' The anterior pituitary can be easily located 

as a cream coloured bean Shaped structure situated 

transversely posterior to the opt to chias~a and hyp.Qpbysis. 

{Figs .. ~, See Chapter IV). In the breedi~ seasoz:L 1 t is much 

enlarged:~· It uss removed with forceps and transferred to 

absolute ethyl al.cohol,~: Acetone preserved pi tui tar1es did 

not induce oVU].ation:~, Vials containing preserved pituita• 

r1ee 1n the absolute ethyl al.cohol were corked,. sealed 

t71 th wax and kept in the ref:J;"igem: tor .• _ (See .Experiments and 

Reeults),!; 
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ln3eotion tecbniaue• 

Corning glasswares (beakers, petridishes, watch 

glasses, speoimen_tubes) and surgical steel instruments 

were properly sterilized in autoclave or pressure cooker 
• .. 

at a pressure of 15 lbe. for 5 minutes• Pressure cooker 

was found convenient for sterilization. ~~ture females 

frogs were collected from storage aquaria for induction 

of ovulation~ ~e maturity o~ the frogs was tested by 

gently pressing the,:abdomen a~ feeling the· presence ·of. 

ova sp ecia_lly in its lower pel vie region. In , 

~ limnooruu;A.§ mature ova can be observed ,in the pelvic 

region through the translucent integument at the region 

of groin. In some pilot experiments receipi~~t female was 

weighed,and dosage of pituitaries per gram of the body 

weight of the female was calculated. The preserved pitui~ 

taries were then taken out from the alcohol and weighed 

on a Keroy • s electric chemical balance as . per the 

calculation. 

The weighed pit~taries were rJ.nsea by a dip in the 

sterile water {glass distilled \m.ter was boiled in fl.a'sk 

and sealed by aluminium. foll) in a t-tatch glas:s and· 

immediately transferred to another watch gl.a:ss -containing ' 

0~5 ml of sterile water and homogena.ted;. Keeping pituita• 

ries for a longer time in water; eith~r at the t~e of 

excising t~em from the d·onor frogs before preserva tio~ -/ 

absolute ethyl alcohoi or at the. time of rinsins; ... 



Plate I A • Inj$ction teohniqu~ .. , 
I 

Plate I B- Str~ppibg of eggs from the injected. 
femal.~. 

Plate I c and D 1 
- Strippi'ng of eggs 1n the sperm 

suepsll.SiOn :for fertilizatio~ •. 

9i 
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found· to reduce their potency~ The h~st t:emale was now 

held in th~ left band·and the homogenate was injected 
• •• •• .. l • ' 

thro~h No~ 21 inj~ctiOXl n,eedle ~ ~ts dorsal. femoral. 
·' !' \. . ' :,- • ' . • ..•. 

lymph sac by the. righ~ halld· (P.lat~ IA) a~. P.er. ·the 
' . ' . . ' 

1?2. 

technique ot Oache (1968)~. The. i~jected female was kept 

1lt· a clear ·jar., Contact of the il;l3ected frog ~1 ~h t-ater 

.was .avoided as 1 t may cause ~we~i.ng of jelly of· the 
' . '. ' . . . : t . 

eggs ·in cloaca which prevents fertilization, 

,StrippiM o_f eM§. 

. . ·. The eggs from iil;jected female were obtained by 

str1pp:1.ng on tb,e neltt day (!llate ~).~ In case 1;he 

experiment was not succes~f~ a~ ~s were not obtained 

the tamale t-ms again injected with another dose and the 

· stripping. ~1as again attempted on the . thi,rd. day. After 

experiment the females were released in the pond. 

Fertillzation· gf esg,s and m§int_epano2 of..oy.ltux:e. 
. ' . . . . . . ' '. 

At the. time ot stripping as sQo.n ~a some eggs_ were 

seen coming out of the. oloaoa of th~·injected female; it 

·was immediately kept back in the 3ar and.~ sperm suspen-. ~ . ' . 

s1on lvaa quicJ;tl.y prepared by macerating 2 t;eetis of a 
' 

mature male frog in 100.ml.of 10%.Roltfreter•s solution. 

A drop of sperm suepensio~ was examined.on a slide and 

.~era mic~~soope to test the viability of the sperma­

tozoa. Normally it takes 4-5 minutes for a spe_rmatozoa to 

become active 1n tbi,a culture medium. As soon as active 



spermatozoa were observ~d the eggs from the injected 

female wer~ stripped directly in the sperm suspension 

(Plate I c and D)~ Initiation of the 1st cleavage 

confirmed that the eggs were fertilized. Sometimes it 

1?3 

is better to inject the mal.e frog to ensure getting active 

sperms at the time of the experiment~ Soon after cleavage, 

the culture medium was changed wi:th a vie~t to rinse the 

spawn~ After hatching the o~ture medium was replaced by 

pond water. 

fne experimental data were carefully recorded and 
' photographs were taken wherever needed. 

EXPERil1ENfS AND RESULTS 

Four types of experiments were performed on the 

inudotion of ovulation.in RaQa l±mnocharis from 1975 to 

1978~ (1) With fresh homoplastic pituitaries. (2) With 

heteroplastic pi tui:tJaries from .Bufo melanos;tiptu§ 

preserved in absolute ethyl alcohol. (3) t'li th homoplastic 

pituitaries preserved in absolute ethyl alcohol. (4) With 

mammalian hormones,. such as goat pituitary,. sheep pitui­

tary powder,. human chorionic gonadotrophins (Pbysex Leo), 

antw%r1n-S (Parkeo Davis and Company)~, 

1. EXPERIMEN:CS PERFORIJIED \·~I1:H FRESH HOMOl!LASTIC PITUITARIES. 

Experiments with fresh homoplastic pituitaries 

.. were performed in t 975.: In some pilot experiments it was 
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felt that four female p1tu1tar1ae may induce ovulation. 
. . . . ' . . 

As such~ the first~ Gxperiment: .. was perfo~ed on Juq 18, 
" 

1975. FOur pi tui ta.ries were dissected out from mature 

females· and injeoted into the abdomen of the female ~lith . . 

t.o ml distiUed water as'· pel:'; tec:hnique deYised by ~h 

(1962)~ ~Text day the female laid egg by 1tsel£.- In the 

2nd• 3rd, 4·th,, 5th, 6.th and 7th experiments, performed 

similarly, no eggs could be obtained by strip~tng on. 

the next day as well as the third day. Data has been. 
;; ~· ,, ... . 

compiled tn Table I. On dissection of these inJected 

females, very few mature ova could be observed in the 

avary~ It was felt that, the dosage of pituitaries injected 

may not have been sufficient to release th~ ova·. 

The eggs ob~ined in the firs~ experim~t were 

fertilized by releasing them in the sperm suspension and 

culture of the developing embryos was maintained for 

further studies. 

Jhingran {1975) described the induced breeding 

in fishes with pituitaries prese~ed 1n abeolute ethYl 

alcohol. FolloWing this technique some pilot experiments 

w~e performed in 1976. It was felt that alcohol preser­

ved pitui.taries yield better results in comparison to 
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BBLE I 

EXperiments on Induced b~eeding 1n Ran& ~imnocharig with fresh homoplastic pituitaries. 

ExperJ.men1 Room Numberojbf Amount of Time of . Reeul t of stri-
Date Number. Tempel'- pituitaries diet11le4 inject- n"1'111'l.OO 

ature. injected. water ion .after atter 1njectfld• (Hours) 24 48 
·Hours Hours 

·-----

Jul.y 18, 1975 75-1 20.)00 4 ( ~ ) 1.0 14.00 + 

August 6, 1975 75-2 19.4°0 5 ( 0 .) 1.0 15.00 - -
August a, 1975 75-3 19.8°0 4 ( 0 ) 1.0 12.00 - -. 
August 12, 1975 75-4 . 18.500 4 ( ~ ) t.oo 12.00 - -
AlJ8USt 14, 1975 75-5 19.0°0 3 ( 6 ) 1.00 12.00 - ·-

1 ( ~ ) 

Sept~mber 13, 1975 75-6 17.1°C 5 ( 0 ) 1.0 12.00 - -
September 17, 1975 75-7 17.0°0 3 ( 0 ) 1.0 12.00 - ·-' ( ~ ) 

+ obta~ed the eges 
- no egg could be obtained. 
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the fresh pituitaries. Acetone preserved pituitaries 

did not .~nduce ovulation in .Bana J.im!locbary •. 

1?8 

~ mftlim9§Sictua t11ere obtained from GaUbati as they 

were available 1n large numbers there at the time of 

exper1menta~1on in 1976• Experiments ~1ere performed on 

~ l.ynnocharia soon after they came out from hiberna­

t1.on in Ma.rcW Ap~il a. t Shillong. The condition of the 

female was properlY examined and only these females 

which had (ll{;l.ture ova, as detected. by a 'fee91' ·by .gently 
... 

pressing the abdomen, were selected for experimentation. 

The mature ova could also be seen in many cases in the 

region of. groin through the· translucent integument. The 

pituitaries were dissected out from Buto melapostietua 

and preserved in absolute ethyl alcohol. The data baa 

been presented in ~ble II. In the first four experiments 

(76•1 ,, 76•2, 76•3; 76-4) a h18her dosage i.e.· the siX 

preserved pi tui tarles we1 .. e used and 1n the last two 

experiments (76-5• 76-6) five and four preserved pitui• 

taries were used respeot1ve~y. The females to be 1n3eoted 

were weighed. The pituitaries were taken out from the 

absolute alcohol, weighed, homogenised in 0.5 ml glaa.s 

distilled trater and in~ected 1n the dqrsal. lymph sao of, 

the females aa per the t·echn1que followed in the South 

African toad, XenopH§l J.aeya,s (Nieu~dmop and Faber, 1967). 

!fhe stripping of eggs ~e attempteti on tha next day in 

each experiment._ It was observed that the fema~es t-teighing 
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~BLB II 
:~r;,. 

-periments on-Induced breeding .in Rana Umno·charis with pituitaries of Bufo me1apost1ctus 
· preserved 1n ~~eolute ethy1 a~cohol • 

..,..__..- ' - ~ '. ~-

.. ·-

Experi· Room Weight Number. -Amount Total. · ·\1/e~ht -: · ·Time- •of ftme·of Number 
ment tempe- of i.n- of pit-· ~ cOf dis- weig-~ -of pi~. inject- stripp- of eggs 

Dat-e Number rature 3ected u1taries tilled ht of Uitariea ion·· . ing . striP-
felnal.e injec1Bd ~vater pitu- mg per (Hours) next·day pad 

. (gm). 1njec- ita%'- gm of . . . . . . (Hours)· ' .. . .. - ... 

ted {Jnl.) ies . the body 
.. (mg) . ··weight · • 1• - . . . 

of the 
, '. .. receip-. 

·' 
1ent. .... .. " . . . 

April 26• 19,6:. 76-1 22.ooc __ 15.2 ~ _( 9. ) ·. 0..5 1.8 . ' o.t2 . 1.2. 30 - 13.00 -- 178 
.. 

n 76-2 22.000 t2.t ·6 (· ~ ) 0.5 1.9: .: 0.15 t3.00 1 '. 1 0 . -- , 89 

n 76-3 22.00-0 12.5 "6 ( ~ l . 0.5 t.B 0.15 13.15 13.2.0 182 
" 

May 5. 1976 - 76-4. 23iOO·C . 15.7 6 '(' 0 ) o.s 1.6 . o. 10 . 1'}.00 13•45 341 .... .. 76-5 . 23.ooc. 12.1 . 5 '( 0 ) . 0~5 ,o.a 0.06 13.20 14.00 Nll 

u 76-6 23.0°0 10.2 4 ( 0 ) 0.5 0.5' o.os 13.40 14.-10 NU 
. :~ ' . ' 

.. 
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above 12 gma responded to the pituitary injection and a 

dosage of BWLO me~nostiCtU§ pituitaries above 0.10 mg. 

per gm of the body weight of the females induced them to 
-·~ 

release the eggs.~ ~bus expet-iment Nos. 76•1 ,, 76-2_., 76-3 .• 

76·4 were successful~ In experiments Nos.. 76·5 and 76..0 

the.dosage appeared to be lone and so .the females were 

not induced to rel~ase tlie eggs.· 

Eggs tt_ere fertilized by stripping them in the epem 

suspension in eaob expertment and then cult~ uas maln• 
., ' 

tained, 

3, mQ?BRII•lENr.fS. wi:m gor-ro~.Mif:J;C Ji!;J;~YJ;TARIES oe: . 
&!A LI£$IOOJ!ARJS PRES~VBD IF AB§O~E • E;fHX£ AI,C~HOL. 

Series 1 , ( t1i tn frrmbJ.:v preserved pitui ta;ies). 
,. ' I •: • . •, ' • • ' 

As Jl@na ymno_ghap§ was a'OaUa~e in plenty at 

Shillong irl. April and onwards,·· the 1st Ser~es of these 

experiments were.periormeci with·thetr.homoplaetic 

pi tui tariee.. Keeping in mind the reeul te of experimenta­

tion wit~ heteroplastic pi tu1 taries of Me me;a.no,§Je1g;tus, 

the dosage of alco~l preserved p1t~tar1ee were kept 

~ghel" than 0~:10 mg per gm ot the body weight of the 

females in four out of eight experiments and iower than 

1t in the other four elq)eriments-,; ']he data has been 

tabulated in 1'a'ble III. Experiments 76•7, 76-B.,: 76-9,r 

76-14 t-tere successful. Experiments 76•1 0,1 76-11 ,, 76·12,, 

76-13 did not yield successful. results.,, ·'Jlleae results 

•. 
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.. ., lfABLB III 

j?$) 

Ezperlmente on Indue eli br,:~~ing-··ln Bapa &lmngollar,ls with homoplaotlo pi tuitar.tes preserved freshly 
' 1 • :' •• • in absolute- ethyl al.cohol. 
~ . . 

Bxpe~ no om l'leSGht Number Amount 'l'otal . tre~t . ~ime of fime o£ Number ot 
iment !fempe- of 1n- of pJ.t- of di- t'feight of pl- lnject- etripp- eggs 

Date Numbez: rature jectecl uitar- stilled of pi-. tuita- ion 1Dg stripped. 
I fema.1e ies in• water tuita- .ries (Hours) next 

(gm) jectaci injac- ries mg per day 
ted {ID8) gm of (Hours) 

(ml.} . the body .. 
t.reight .. ' . . .. . .. . . . . ' of ·the 

. . . ......... 

J"eeeip• - . . .. 
' . " tent. .. .. 

. . 

May 5,. 1976 76-7 2:;.toc· .. 12.1 1t' (0) 0~5: 1.4 0.1'1 t 3.15 11.45 ·.' 265. 
. 

May tt, 1976 76-e ao.ooc · 12.s ·6·-(~} 0 ·5· . . . t ._2 . 0.1() t3.45 tt .30 ~89 .. 
June 16•'976 76-9 19.2°0 ,0.9 6 (C)) Q.5. 1.2 0.1~ 11·.45 11.30 167 

June 30•1976 76-10 20.3oc · 14.0 (4 <. 9) 0.5. 1. t: .. p.O'l' 11 .• 45 11.30 . ;• 1111 
' 

n 76-11 20 .• 3°0 .10.1 ' (9)· 0•5. 0.6 .. 0.06 t1.50 11.45 • Nil. 

July 1, t976 76-12 2o.ooc 14.2 6 ro l 0.5 t .• o ':0.07 tg,. to : 12.20 Ni.l 

July '· 1976 76-13 10~200 12.4 6 ( 0) 0.5 o.e 0.06 17.30 16.00 Nil 

·July ~2,19'76 76-t4 te.toc 14.9 5 ( ~) o.s 1.7 .0.12. 15.35 F€gs laid 
'"; ... by itself 



:180 

indicate tbat during May, June and July a dosage of the· 

homoplastic pl.tuitaries above 0.10 log per gm. of the 

body weight of the females caused induction of Ovulation . ' . 

1n the females without >any ·"difficulty. 

i'he_ 2nd serie~ of experiments w~re perfozmed soon 

after the perioq of hibernation in 1977 with homopl2.st1c 

pi tu1 taries of Rana 11mnocbarie preserved freshly in 

absolute ethyl alcohol after hibernation period. A dosag_e 

of the pi tui tar1es per gram of the body weight of females 

lott1er than tha. t determined 1n the 1st and 2nd Series of 

experiments was attempted• as. the level of gonadotrophic 

hormone was expected ·to be h1gher in the females soon 

after hibernation was over.~; The data has been c(bmpiled in 

~ble IV~ Experiments 77•1,. 77•2._: 77•3 were not sucoeseful. 

~e experiments 77-4.1 .. 77-5 •· 77-6 l~ere successful.. 'lhe ' . ' 

results indicate that dosages of th~l pituitaries o.o6, 
I 

o.o7' o •. oa mg per gm of the bDdy tqeight of the females 

1n experiment Nos,~ 77•4tr 77 ... ~r; 77-6 induQed ovulation in 

the females weighing above 16 @Ils., 

Eggs ~bta1ned were stripped into sperm suspension; 

fertilized and a1lowed to develop in each experiment fo~ 

further study., 
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~LB IV . 
.. 

Experiments on Induced breeding in ,RaM ;J.imn,ocharJ.§ with ·homoplastic p1tu1ta.r1es preserved 1n 
absolute ethyl alcohol soon a:fter the h$ernation period. 

. . . . . . 

Exper- Room. Weight :Number Ariiount Total Weight Time of. Time of Number 
iment · . TE$p~ of in- C?f pi- of d~e- w~ight of pit- inject-' a tripp.; ofegge 

Date Number rature jected tuita• tilled of_ pi- uitarie.s ion. 1n8 stripp-
· femal.e· ries water .tuita.- mg per (HOurs} .next ed. 

(gm) injec- injec- ries. gm of day. 
tad. ·ted. (~) . ·the· body (Hours) 

(ml). · ·weight '• 

. of the 

. . . . . - . .. . ~ . . ' . -. - . . .. 
receip-

·· ient ..... . . . . . . .. ·-~- .. 
--~---------~---------=----

..... 
MaroJ:l_30,1977 77-•1 23.5°0 15.2 . 4 (~) 1.0 o.a 0.05 13.19 14.15 N1l 

--. ~- . .. ..... 
n .. 77-2 . 23.5°C 12.4 5 (~) < 1.0, 0.92 0.07· ·. 14.50 15.20 · Nll ,, 

April ~-9.1977. ·77-3 ; 20.-ooc. 13.0. 6 (~). 1.0' ' . 1.0 ; . 0.07· t5. 15 15.00 l~U 

May 3, 1977 77-4 22.50Cl· 17.-0. 5 ( <J_) .. 1.0 1.1 ..., . 0.06 12.00 11.45 590 

May 10~ 1977 77-5 25.8°0'' 16.5 5 (9)' 1.0 1.2 0.07 12.00 11.00 840 

.. 77-6 25.8°C 17.-0 6 <9> 1.0 1.4 o.oa 12.20 11.30 180 
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~e 3r(i . Series of eXperi.rllents uere performed. during 

the second half of April, 1977 and onwards with 'ilomoplas• 

tic pi tui tarie~ of .~ limnAA.hari§ preserved .in absolute 

e.tbyl alcoho:L for 1 year~ It was observed t:I::Uit the 

potency of the pituitaries was retained for 1 year and 

the homoplastic pi~tari~s so preserved acted as effec­

tively as the freshly preserved p1tu1tar1e~. The data 

has been compiled in 1'able V., Experiments 77-A, '77-'B, 

77-C, 77-Eo" 77-F, 77-G, 77-H were successfUl and experi­

ments 77•D, 77-l ~ DOt successful. In expex·iment 77•1) 

the dosage of pituitar~es ·o.05 mg par gm of the body 

weight was two lone and 1n experiment 77•1 the experi­

mented female, l-1hen dissected~ was found to contain very 

tew mature, ova • 

Eggs obtainad were stripped into sperm suspension, 

f~rt.Uized and allowed to develoP+:~ 

§!rists 4·': {lfUh ~1 tui tarj,es p;rese;rygd fqr t;m 
x,.ear§ ., , 

T.be 4th Series of experiments were performed in 

1977 l-71 th homoplastic pituitaries of ~ ;\!J!lnooharig 

preserved in absolute ethyl alcohol for 2 years~ In this­

series also,. as in Series 3. the potency was seen to have 

been retained for 2 years and acted as effectively as 

tx-eshly preserved pituitaries,~. The data has been eompUed 
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WADLE V 

Experiments on Induced breeding in Rana J:I!Jnocbaria uith homoplastic pituitaries preserved in 
absolute ethyl al.cohol for one year. 

Exper- · Room t:Tetght NumbGr Amount . fatal Weight. o:t • Time of· . Time o:t Number 
iment Temper of in- of pi- of .. dls- we18lt pituita%\- inject•· striP»-. of 

Date Number -ature: · jected tuita- tilled o.f' pi-· 1ea mg,per ion.. · 1ng . eggs 
female ries water tu111a- gm of the· (Hour.s) next strip-

{BID) 1njec- injec- . ries. body weig- day •. pad. 
. ted: •. _ted •. . (mg) ht of the (Hours) 

'{m1) PeQa1p1ent. 

Apl"il. 13.1977 77~A 16.0°0 16.·00 ,' 6 (0). 0.5 1-.4 .-D.OB 12.45 9.30 472 

Apr1~- 14,1~77 . 77•B 17.0°0 14.30 6 (6) 0.5 1.2 o.oa 11.55 10.30 1462 
.. 

n 77-0 1.7.ooe 12.00 7 {0} .o.s " t.o o.oa 12.05 11.30 110 

April 19,1977 77•D 20.()00 '~•40 5 (0) ' .. 0.5 .• o.s 0.05 . 11.55 12.:00 Nil 
~ " 

.,. 

" 77-E 2o.ooc 17.00 6 lO) . 0.5 1.2 0.07 . t2.25 14.00 1362 

7 {0) 
y . 

n 77-F 2o.ooc 15.00 0.5 1 •. 1 o.ov 14.45· 14.10 840 

Apri~ 26, 1977 77-G ' 23.5°0 .. 20.50 6 (0) . o.s ' t.4 o •. o6 t1.55 11.15 1457 
.. 

7 (0) . 
.. 

ft 77•H 2,.590 '16.00 0.5 •t 1 6 .. 0.1. 12._15 11.35 973 .. .. 
u 17•I 23.500 '1 ,-.20 8 (6) . 0.5 .1.1 o.os 12.45 12.00 Nll ,. 

.. ,, 



.. · 
' 

~~ 

.I , 

ltt4 

in table VI. ~ve ·experiments ou~ of seven.,viz, ·.77•b, 

77-o, 77-f, 77-g, '77-h' were euccaseful. In each experi­

ment eggs obtained were stripped into sperm solution, 

fertilized and alloued to develop. 

Se~ies .2•. (~=ih2Ji!: old gx: freshl.x ·preserved, . . . _.L_t~ __ ). . ' . . 

In this Beriest six experiments were performed, 

out of which tt-ro experiments 7B-1.. 7i:-2 were performed 

With tbe22 year Old pituitaries and the rest'4 9XpGri• 

mente ?B-3, 78-4, 7S.5 ~d 78-6 were pertorme'd 'tdth 

freshly preserved p1tU1ta~ies. These experiments were 

performed in the second balf of April and May~ The data 

has been compiled in Table VII. All the experiments· 

gave positive result and the dosage being 0.07, o.oa. 
0.10 mg per gm of the body weight. 

In all exper~ents. the e gge o:t>tained by strippinG 

were fertilized in sperm suspension and allowed to 

develop for further observations. 

4. ~~~~~~~~~~~~~~~~~~~~~ 

15 experiments were performed (2 trith goat pitui• 

tary, 2 l71th sheep pituita;ey pOWdQl*t 9 With human - . 

chorionic gonadotrophin, 8 with antui~in-S and 1 with 

fish pituitary extract} at different dosages in the 



•. ··j·Sfi 

TABLE VI 

Experiments ·On Induced breedirJ8 in :Rana .1imnocharis vith homoplastic pituitaries preserved 1n 
a.baolJ~te ethy~ al.coh01 for two· years. · 

Exper- .. Room . t'leigh,t Number· ·Amount :Total. .. vleight of .:~e ot Timooi .Number 
lment ~emp._; of in- . of pi_. of dis- v1eight. pituita~ 1njeo~ , s~ripp•,· ot eggs 

:Dg.te Number ·. rature · j~oted tuita- ' tUl.ed _of_pi• ies mg per ion-. " ing strip-
., .. 
. , . fema1e ries water .tuita- gm of the (Hours) next· ped •.. 

:(am,) 1njec- · injec- 'ries. body ueig- day._ 
' ... . . ·ted. . • ted. n (mg:) ht of the . . (Hours). 

. . (ml.) receipient 
.... 

.. t ., 
.. 

April. '•· '977 77-a ~ 1E~. 5°0 '15.1 6 t9) 0~5 t.o . 0.06 ,.2. 15 . t2~3()' Nll 
·-.. . 77-b. te.soc. ·15.1 5 (~) 0~5· 1 •. 0 0.06' 12.55 . 12.00 490 

,. 

Apr11 ,,.1977. 77-e 17.Q°C ·17.8 5 .<~> . 0.5 · t •. a .. 0._1 13.30 . 3t.30 1059 

.. 77~ 17.0°C .15.,0 4 ·(~)., 0·~5 t.4 o.og · 15.30 . 14~00 ·· . N11 

n 77-e t7.0°C '12.0 6 ~9) -~ Oe6 · 1.2 o •. t 16.00 15.00' E'1.1 ·-

Aprtl' 12,1977 
.. 

~ 
.. 

77c.f 16~ooc 18.80 '6 (9). . 0.5 t •. , . o.o6 11.35 1 t.oo, 91 

.. . 77-g t6.00C 21~00 7 (~) Oe5 2.0 o .. og 1.2.15 9.00 860 .. 

A~ru 19.19.77 77-h· . ao.ooc 20.00 . 6 (~). 0.5 1.9 o.og 12.00 12.00 960 
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!ABLE Vll 

Experiments :On ··rnduoed breeding 1n lla!la l.imnoo.haria iJ'1.th homoplastic pi.tuitaries p:reael"Ved in 
· absolute ethyl alcohol.. ... · 

Exper-- Room · · -vleight Number Amount: 'l!otal. \rleight of ·• Time of T1me of Number 
iment Tempe- of 1n-: of pi- of di~ weight p1tu1tar-. • inject• str1pp- ot eggs 

Date:.· Numbet- rature· .. jected. tuita.- tilled · of pi- les mg per ion. Ulg strip-
female. ries· :water tuita- gxn of the (Hours) next. pede_ 

(gml injec- 1njec- ries. body weig- day. 
... tad •. ted. <msf .. ht of the · (l!ou~s) 

·. (ml)': . receipieat . . . 
C• . . .. . . 

·· Apr1~ 23 .1'978 78-t : 2o .• ooc . 13 •. t *6 (~) 0 .• 5 
t ·-'· 

o •. os 14.·.oo t1.00 l58 , . 

... 

Apr11.27,t978 78-2 . 21.00'0 11..1 *6 (9) 0 .• 5 1.2 . : 0.,10 14.30 . 1.l •. 45 
.. 

263 
.. . . 

ltla.y 5, ·1978 7~3 23 .• ooc '15.0 **6 (9) 0 •. 5 1.! o • .os .19.,}0 t 1 •. 20 730 
~ 

May 7 •. 1978 78-4 22.000 . 14.0 **6 (<J_) 0.5 t ... 1 0 •. 07 14 •. 00 11~45 670 

May 8,,. t978 18-5 24.0DC t6.0 **6 (~) 0.5 f •. 3 O,.OB / t3.00 t1.j0 ttT9 
; 

" 

May 25,1978 78-6 . 24.0°0 10.0 **6 '(~) o .• s 1 •. 0 o •. ,o .16 •. 00 11 •. 00 30 



months of ~rch al'Ki Ap.r11, . 1978. None of the . experiments 

· gave 'posi t1ve result,·· sboTtling that ·~ ·urp.npsharis does 
. . . . 

.\.._, · From the resuit~ of ~he experiments described· 

.above~ it can be concluded that soon after the hiberna­

tion pert<?d,· the· frogs··.weighing above 16.00 gm respon­

ded to the do~age of 0.07 or o.oa mg of. the pituitary 
' 

per gram of the body weight; but later mo~tly 0.10 mg 
. ' : ' ... . 

of the p1:tu1 tary per gram of the body. wei8ht ( ro~hly 

· 6. t=o 7 male or 5 to 6 _females 1\itultariee) yielded 

successful reauJ.ts• · 

DISCUSSION 

fhe induction of ovulation by the injection of 

the pituitary glands in anurans was first experimented 

by Wolf (1929) on~ PlPiena~ Houesay, Guits1 and 

Lascano - Gonzalez ( 1929) confirmed this in 

jufo marinusa Rugh ( 1934 ·and 1935a) performed similar 

experiments on the anurans of North America and he 

prescribed specific dosage as, number of pi~itaries to 

be injected fo.r different species and the technique to 

secure fertilized eggs. He demonstrated that mammalian 

pituitary extracts were eff,ecti'V'e on toads but not on 

frogs. In 1939, he described a technique for dissecting , 



and eoll~cti:ng the anterior pi tu.1 tary in .Rana pJ.piepa 

and other anurans. He reported that frogs collected from 
' 

hibernation could be ind~ced to ovulate by aftter1or 

pituitary injection much before 1te actual breeding 

period~ Adame and Granger ( 1938} described that there 

l·1a~ no. zoological. specificity of gonad stimulating 

hormone. Ba.mi:l.swami and lAUtehman ( 195 9) whUe working 

upon tbree frogs species found .in India, viz, 

iAnt.} ;!;igr.j.ye, .R§.na cgap.ophl.xgtis aild ~. gepdaetxla 

showed that mammalian hormones such as follicle atimu• . - ' ' . 

lating hormone, luteinizing hormone, pregnant mare 

serum, chorionic gonadotrop~. estrogen, adreno­

co~ticotrophio hormone·, cortisone and somatotrophic 

hormone, stimulate ovulation in combination with thres­

hold homoplastic pi tU1 tary, gla~d dose •. Alikunhi Ji! M 
( 1960) and Choudhu.ri ( 1960a and t 963), V'lhlle working on 

the ~duoed breeding in fishes,_, prescribed a technique 

of preservation for fish pituita~ies ~ absolute ethyl 

alcohol and determination of dosage of pituitary in 

terms of per g~am of the b_ody weight of the fi~h to be 

induced. This technique is being ,followed by fish farmers 

in India and ab~oad {Jhingran, 19.75). 

The experiments in the present 1nvestiga tion on 

the induoEfd breeding of ~ 2,inJngebR-!1s 't'11 th homoplastic 
. '.. . 

pituitaries preserved in abso~ute ethyl aleohol (freshly 

preserved in exper:iment Nos~,.:,,; 76-6,. 76•7, 76-.8, 76-e, 76-10, 



ll'9' 

7601!1011, 76.,.12, 76-13 and 76•14J preserved for <?ne' year~ 

experiment Nos~ 77•A, 77-B, 77-C, 77•D,_ 77-F, 77-G, . 77-ll 
' . ' ' ' , , I , ' , ' . , 

and 77.-IJ preserved for two years in exparim~t Noe-. .. 77-a, 
. . . . . ' . . ' . ' . . . 

77-b,_ 77•o.,. 77•d,,._ 77-e, 77-f •. 77-g .and 7'r•h) .as well ae 

the heteropla!Stic pi~itaries of Buto mele.noetic.tue. 
- . . . '. '- ·, ', . - .... 

' . . 

preserved 1n absolute ethyl alcohol (e~periment Nos. 76~1, 
. . ' . .. ' . ,• .. ' . 

. 76•2 1 76-.-'j and 76-4) yielded suoceesful results! It is 
. - . . . . ' . -~ . ' . ' ~ 

possible that pituitaries p:reserved in. abs.olute ethyl , 

alcohol for three years or.more may also induce ovulation 

successfully 1n ~ogs~ Experiments with fresh pituitaries 
! . 

were not as convenient as with p~served pituitafi$s! 

Acetone preserved pituitaries did not yield suec;ressfUl. . 

results. 

~e procedure followed in the present 1J:ivesti~tion · 

is modified as compared to that prescribed.by'Ru8h (1934) 

and 1962). Accf.)rdiilg to this technique 'the· homoplastic 

pituitaries are dissected and preserved .iQ ebao1ute 
. ' 

ethyl al.cohol. A homogenate of these preserved pitUitaries 
1 

as per the calculated dosage (in terms of per gram of the 
<. 

body w~~t of the femle) in 0~5 ml if distilled wateri: 

is injected in the dorsal lymph sac of the femal.e,~ 

Aocordin8 to Rugh'~ (1962) technique one has to collect a 

number of frogs,decapitate some of them to collect 

required number of pituitaries and then inject~~~ them 

aloJ'l8 with some distilled water in the abdomen of the 
. ' 



female. ~hie technique ·j,e somewhat cumbersome in oompa• 
.. 

rison to the technique evo.lved in the present inve.eti- · 

gation as described above. According to the presen\ 

technique. a stock of preae~ed pituitaries is buUt 

up and used as and whan·raquired~ f.he dissectiun of 

J90 

the pituitaries should be done in absolute etbJl alcohol 

rather than in water which reduces tb& chances of the 

hormone diffusing out at·· the· time of· :the dissection. · 

If homoplastic pituitaries are not available, hetero­

p1ast1c pituitaries can also be used. Their dosage may 

be highe~ as demonstrated by Rugh ( 1962) and also· in 

the present investigation• SO far as dosage is concerned; 

in the pres.ent investigation o.07mand o.oa :mg of the 

alcohol preserved homoplastic pituitar.y per gram of the 

body weight of the female Bana, ltmsochar1§ yielded 

successful results at the beginning of the breeding 

season, l<rhereas a dosage of 0.10 mg per gm {rougbJ.N. 6 

to 7 male or 5 to 6 female preserved pituitaries) of 

the body t1e1ght of the females induced ovulation suce­

essfully throughout the breeding season 1n the females 

weighing mostly above t2 g:ms provided they had mature 

ova. 

Rugh ( 1934 and 1935a). found that mammalian pit­

uitary e~raots were not effective in frogs. In 1961, 

Wright and Flathers showed that injection of the frog 

pituitary in association with progesterone induced 



complete ovuiat.ion in. M pipien§. Ramtiswam1 and ' · 

Lakshman ( 1959)' demonstrated .that Haria cxoogphltgti.a 

reepoded to. ~mmaUan. hormones in 'assooia tion td. th . 

ho~oplastio pituitaries. Iil Xenopus 1.t is a common 

practice to induce ovulation by mammalian hormones 

(Nieuwkoop ·~d Faber, ·t%7). In the present 11ivest1··· 

sa tion, - llmngch§ris. did not . respond . to mamma11an 
. . 

hormone~ •. Farlier lvllls, ·Riley ana Stubbs ., 1933) 

obtained ovulation in toads by fish »ituitaries. 

B&maswami and Lakshman { 1959) reported that · 
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Rana cysnophlyotij responds to Reterqpneustea pituita­

ries. ln the present investigation, ~ •imnocharis 

4id.not respond to maj~r carp p'ituitary extract supplied 

by the Central Inland Fisheries Research Institute, 

Barraekpore although it is·co.mmonly used .in fishes. 

file technique of induced: breeding evolved in the 

present investigation suggests buildi~ up of as took 

. of frog pituitaries (preferably homoplastic) preserved 

in absolute ethyl alcohol and injecting the homogenate 

of these preserved pituitaries as per the preVioeuly 

determined dosage ( 0.10 mg per gm of the body weight of 

the female in Ran.a ;timnocharift); in the female frogs 

during their br~eding period aa described above. ~e 

findings reported 1n Chapter IV showed that gonadotropic 

activity dfl the pituitary of .Rapa .!imnochari{! is at itsfea.k 

from late March upto August. This period (AprU to 



·~· .... . -· . 

August)· is the active breeding period of the frog and 

1 t is during this periOd that indue ed breed.ing is most 

effective. In our laboratory this technique· has been · 
. ' 

. found. to be successful in §a~ o;zanophlxotis also. The 

technique can bo convenient~ .adopted for induced 

· brsedi..ng ·in frogs ·in any ~boratot")y in India or abl'Oad• 

192 



SUMMAR.Y 

The experiments·on the induced breeding of 

Rana limnocharis toJiegma.nn showed that this ppeoies 

;responds.nnJ.y. to, 11-~m~plastio or ·heteroplastic pituitary 
. . 

'lands; and does . not, 'rea pond to .rna j or Qarp 'or' mamm~lain 

pituitary. The technique of induced breeding,.developed 

during the course of present 'investigation, involves 
. ' . 

building up. of a'stock 'Of:homoplastic. pituitary glands 
' . : ' . ' . . ' . ' ' ' ~ . . ' . ' 

pre·se;rved in. abf?ol~te eth.yl alcohol which are used·, i;n 
' ' o o ' I' I ' • ' 

. . . 
required do.sage fo!-' i~ducing· ovulation. Such preserved 

' ' .. . . 

pituitaries were found to retain their potency ·up .to 3 

years and were as effective as the fresh ones·. 0~07 ... . 
, .. t . 

0.·08 mg of these preserved pi tui tarie~/~ ·weight of the 

female gave successful results duri~ early breeding 

period in the femaies of 16.00 or 17.00 gms size, whereas 

a dosage of 0.10 mg gave successful results throughout 

the breeding period in the females abpve 12 gms provided· 

.. they had mature ova. The eggs were stripped on the sub­

sequent ~ay.in'a sperm ~spension in 10% Hqltfreter!s 

solution for fertilization and the developing embryos 

we·re maintained: in culture f.or f\.1.rther studies. 
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INmOJ)UCfiON . 

~e pre~en~. Ohap~e~ de~ls t~i th. the .following· 

ecological aspects related to· embryonic ·~d postembrYonic 

development of ·RaM J.&mnooparis 't'Jiegrnarm studied una~r 
. , 

.. ' . ' 

laboratory condition~ ( 1) Spawn size (2). Fert~llty ratio.· .. 
• , ' I 

{~) Survival and mort6lity. (4) Influence of temperature 

on development. A'comparative. etat~ent o~ the spa~ size 
. ' ~ . ' . ., 

of many frog species has been given by Rugh { 1962).: ~re 
~' ' ' ~ . ' 

appears to be no specific data on spawn/clutch size::for 
, r , . 

frog species available in our country. Ho"rever. the 
1 

. 
i. . ' • 

' :, . . . ~-

fecundity of three 'Indi~ frog spe~ies ha~ been desqribed; 

llana ti£tr1M 3.oo~2o,ooo eggs, Jiana cras~g 2,000.;.6;ooo 

eggs and ,Rang hexaae.ctxla, 1 ,ooo-9,QOO eggs depending upon 

the body size (M~n~al, 1975). In ttie present investigation 

data on the spat'ln ~ize of induced ~red Bana !imnocharJ.s 

has been collected during the breeding sea~ons (1~76,· 1977 

and 1978). During the course o:f i~vestigation on axperi• 

mental breeding and preparation of developmental table of 

this frog species, it lvas experienced that a small number 

of eggs (20-50 eggs per 200 ml of sperm suspension) can 

be easily fertilized and developed. In this chapter an 

analysis of the siX experiments on fertility percentage 

ot complete spawns in the same amount of sperm suspension 

have been included and percentage of survival and mortality 

of experimentally bred embryos has been 1·1orked out. 1'here 



are very few contributions available on these aspects 

(\<Joodruff, .·1976) as it is difficult to make such in• 
. . ' ~ . ~ 

vestigations. in the. natural condition. Temperat~e has 
. : . . . '. . . ' . . . '. . 

been found ; to be another important factor governillg the 

development, growth and. biogeographic distribution of 

anurans (Zweifel, .1968:; · :arown, 1975a, and ·.1975b). I~ the 

present 1nvest'$gat~011.. therefore' lQwer' and ~pper limi­

ting temperatures .. 'of ~ '.J.imtiocha.r=ua were l10l. .. ked out 

during early embryonic, stag~_e an~ t);Leir influence on 

201· 

the developme~t and grpwth of th~ ~mbr.yonic as well as 

post-embryo~c: st~ges bas b.een investigated. A ~undamen­

tal knm-Tledge of all. these aspects, ,viz, spa.l-m. ei~e; 

fertility ratio of the eggs, survival and mortality ~f 

developing embryos and influence o~ limiting tem~eraturee 

on development is required fo~ sucdeaaful·induced breed• . . 
ing and culture not only of Ra.na limnocharis but also of 

other anurans. 

.REVIEW OF LITERA~URE 

A. Spawn size, Ferti~ity ratio. Slll'Viya.l and .Mortali.~l· 

As Calef ( 1973) observed, ttAlthough the tadpoles 

of frogs and toads arE:) among the most common inhabitants 

of ~es, ponds and streams, little ia knotm about their 

population dynamics or other ecological roles in these 
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coiilJilUnities" holds· true for fertility ratio, survival 
. -

and mortality of all early dev~lopmental stages of 

anurans. ~ere are· fel1 contributions on theae aspects. 

Bragg and Bressler (1951) appear to be the· first workers· 

to have investigated the viability of eggs of Bugo £26• 

patP§. It lays 20,000 ova. 66% of the'ova either were 

not fertil1zed or failed during the embryonic develop­

men t. Knoe·pffler ( 196.2) reported Disgoglossus · pic:tus· 

lays 000 eggs· at a time end Stated that the Speed l'Iith 

which the eggs were released and low motility of the 

sperms were resp~nsible for low fertillty percentage~ 
t . • .. ' • i ' 

Herreid and Kinney (1966) investigated the survival of 

the larvae of Alaskan woodfrog, ~ g.lvatice and 

obtained the average fertilleation success of 86% and 

embryonic mortality through gastrulation of 4%. Inger 

and Bacon (1968), while working on the siX Bornean species 

of rain forest frogs from Sara~rak, described that· the 

olu~ch size of fiana species (Rana b)¥thi, Rana ibano;mm, 

BaPa ID§9rodon and Raqa fioaei) were amaller than those of 

temperate zone species. In B~. a spar there ~1as no 

difference in clutch size. Bo~ert (1969). reported the 

eggs and hatoh;].J.ngs of tlB r·1exican lept.odactylid frog, 
' . . . 

Jp.eu:th,erodactyl.us decoratu§. Three clutches contained 29 · 

to 32 eggs. ~e batches bad survivorship of 1 OO%, O% and 

60%. Van Gelder and Oomen {1970) working in Netherlands 

on Sana amlia reported fungal infestations among the 
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spawns in natural, condition. Kozlowska (,197')' while . , 

studying ·the. repr,od.ucti.ve .biology of mountain and 1C?~1l.and 
c~mmon ~rog~ Ra§. temporaria .from Poland noted that. the .. 

amount of spawn ttas lower; the number of eggs lower and 

the size of the eggs larger in frogs in mountain habits 

in comparison to those of, the lowland. In 1972, Izvanova 
- . 
studied the grouth and development of Anura under exper-... 

. . 
imenta.l conditions~ He reported that the larvae of 

gelo!za.te,S f.uecn.a~ in aquarium ( 10 larvae 'in 10 litre of 

water) markedly decreased .the larVal developmental 

period, accelerated metamorphosis which reduced the size 

of the tadpole;s in comparison to .the larval development 
1 

in lakes and ponds under.natural· condi.tions. Calef (1973) 

investigated in detail. the survivorship( dist~ibution, 

.growth re.tes·and normal predation ratee on the population 

of &ana auro£! t~dpoles in British Columbia and reported 

95% mortality~ Licht (1974) \'70l."ked' on the SUrvival of 

embryos, tadpoles and adults of ja,na aurora aurora and 

lana pretigsa pretiosa. He reported that predators, food 

and climatic conditio~s. such as excessive cold or 
. . 

dryness t<1ere responsible ·for the mor+.,ali ty,~ Cooke 1n 1975 

while working upon the spawn site selection and colony 

size of the frog' Rana te;ngraria and the toad JN£2 bufo 

~eported'that fungus was responsible for tbe low percen­

tage of hatQbabil.i ty • In 1975 • Koskela and Pasanen working 

in Finland, on the reproductive biology of the common frog 



Bana tempgra£.1a note·d that the total volume of spawns, 

size and ·num.b.er of the eggs t-rere dependent 011 the Size 

of the female., ~he production of spawn d eoreases as a 

result of the shorter eating period. Recently in 1976, 

Woodruff seems to bave investigated the problem of 

embryonic mortality thorouehly for RseydoR~ (Anu:ras 

Leptodactylidae). He recorded ~seudopbrine b;broni, 

Pseudonbr;me' dend:y& and :fSeJrldOJ?brlW! semimapnomta laid 

batches of 7o·to 90 ova. Of these 98-100% ova were 

fertilized but mortall ty less than 5% occurred due to 

fungal infestations and most failures occurred during 

gastrulation •. Commenting on·the fertilization of immature 

eggs of~ p~p&ene, El.ineon ( 1977) reported that they 

can be fertilized to a low frequency when eggs were 

inseminated by high concentration of sperms 1n the 

presence of ~mter extract of jellied egge. 

Crowding seems to affect growth, development and 

mortality of anuran embryos and larvae. Lynn and Edelman 

{ 1936) showed that cro1~ding not only affects the rate of 

development but the success of achieving metamorphosis. 

They estab11shed a ratio at the pre-feeding stage, as 1 

tadpole per 2 co of med~um ~n a total of 50 cc per 

finger bowl. At feeding stage this wo~ result in 

croWdil'lg and development reta~ded., Guyetant ( 1970) gave 

an qvidence of group effect upon the growth and metamor­

phosis ot' the midwife toad, jl.yte§ o}lstetr1oans4 There is 



a recent' report ty Shvarts and Pya.etolova (1970) on the 

effects· of me tab U ties of tadpoles of ~ macronemi.Q .. 

and Bana ax:ml;L,a showed tba t, the meta boll ties excrected 

are not inhibitors, as commonly considered, but re~­

tore ot development for the organism 8nd at population 

level,. 

B. lnfluence of temperatur§ 9.D dflvelopment., 

Among various ecological factors, temperature 
. ' ' ' . . ' 

adaptatio~ appears to be Qne of the important character• 

istics of amphibians and ·related directly ·to their geogra­

phic distribution breeding babi ts a.nd developmental rates 

as revie~red by _Zl<Teifel (1~68), Bachmann (1969) and 

McLaren and Cooley (1972),. Atl'as in 1935, demonstrated 

tha.t ~ pipien§ embryos become increasingly tolerant 

t'li th age to high temperatures.~ Whi~e studying this factor 

on certain North American frogs" Moore ( 1939, and 1 942) 

found that temperature adaptation of embryos correlates 

t<7ell with their distribution", DuShane~:· and Hutchinson 

( 1941) felt that genetic differenc·es may be responsible 

for the dist~ibution of a species~ Ivanova and Vinogradov 

(1955) found that temperature adaptation may account for 
e . 

metamorphosis also,t Herr(.id and Kinney .(1967) did not· 

observe any difference in development of Rana aylvatioa 

embryos at fluctuating or constant temperatures~ 

Ballinger and ~-7cK1nney ( 1966) and Li.eht ( 1971) investiga• 

ted lower and upper lethal temperatures of certain species 
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of frog~. Zweifel. (1968) e;chaustively inVestigated the 

reproductiv.e biology and em})ryo~o tempera~e tolerance, .. 

in J\ine anuran species inba~iting desert grasslands and · .. - . ~ ~ ' ' . 

arid up~s and ad3acent New Men co •. He defin.ed lethal. 

temperatures as these bel.ow which (lower lethal) or 
' 

abo~e which (upper lethal) fewer than 50% of the embryos 

develop normal external morphology. He stUdied· only 

embryonic temperature tolerance on the belief that it 

was reasonable to assume that embryos attaining St.age 20 
. ' 

in no~al condition will continue to develop'normaliy. 

Cross and Hoyt (1927) worked on the effect of combined 

temperature and phctoperiod·on early development rate of 

Sana n1p1ens eggs. He shot·~ed that the effect 'of tempera..; ., 

· ture on early development of eggs. appears to be directly 

and linearly related and not markedly effected by photo­

period. l~h1le working upon the embryonic temperature 

adaptation and genetic compatibili~y of two allopatric 

popula tiona of Sgaphiopuf! hamJrtond,tL, Brot-m ( 1967) reported 

that high temperature tolerance is influenced by the 

stage of development •. In 1975a, he investie;ated .that 

Ascaphus :try§i have narrow· temperature tolerance range 

and slow rate of development •. In the same year, he inVes­

tigated the embryonio temperature adaptations and d:istri­

bution of two widely separated populations of R.vl§ resilla 

in relation to ·their environment. Besides his otm find~, 

he has summarised the limiting temperatures of many anuran 



species and. discussed their geographic and eo.olosical 

distribution. r.lcLaren an~ . Co~ley . (.1972.) ·analysed. the 
, • , ' ,> ' • , - _ ,. · 1 , • I " ' , • • •• , • , 

embryonic; temperature adaptation o_f. 1_4 .. ranid species· - , 

frOil1 North America, Europe and Jap_an;· by .applying 

Belehradel,t • s . { 1935) . temperature f~otion. Kuramoto. 
-

( 1975} while working on 12 anuran species .in ~a pan, 

al~o attacked the problem.b.Y applying Belehradek's. 

temperature ;function. and shol-red ~hat embryos of frogs 

which -breed and -~tch in s'UJllil).er or t>rarm \'raters are 

smaller. and consume less oxygen than t.llese which breed 

1n Winte~.or cold liater. Metabolic rate is higher a~~ 

dissolved oxyge;n i_s le~a in l'Tar~ lJater than in cold. 

Among Indian frog species, the only report· on 

embr.yonic temperature tolerance is on ~ cyanophlxctis 

{Dasgupta and Grewal, 1968 and f970). They reported tbB.t 

its population from ~Torthern India has lot-Ter and upper 

limiting temperature of 22oc and 31.5°0 ·respectively,. 

but a population from Southern India has a lower limi• 

ting temperature of 17oc to 1e·oo. 

MATERIALS AND METHODS 

The study on spal'm si'ze,. ferti11 ty, a-urViva~ and 

mortality and influence of temperature on development 

was made together t-rith experiments O!l i~uced breedillg 
) 



of Rana limnogbari@•· On a few ocoa.eions tbe natural· 

spawn size was studied,. but .. mostly number of -eggs in . 
. -\ . :· ... 

each spawn stripped during inducec.l breeclin8 experiments 

was counted ·tor in'Vest_igattng the fe~tUity ratio •. &lch· 

female was stripped in the same amount of sperm. suspen• 

sion, prepared by macex-a tibg 2 testis from mature 1D$les 

in 200 ml of Holtfreter"s sol~tion and the number of 
,... ,. 

eggs undergoing first cleavage l'ra& recorded:~·:. ~he eggs 

which did not show any oleavage. :lte~e taken . as unferti• 

lized and removed~; For studyi~ tbe s~val and mor-

tal! ty the cleaving eggs were transferred in different 

culture dishes.~, ~he cultu:r..e Il1ed1um was n~t changed lik·e 

earlier experiments (tihere oultu~e medium was changed 

regularly and 100% survival was· obtained) as such ·change 

1s not all'mye possible in t.he na turalpend o.ondi tion.~. For­

investigating the emb~onic temperature t.olerance,,. groups 

of 20 embryos at the first cleavage· atage t~ere transferred 
' to finger bowls containi.ng 200 m_l of 1 O% Hol tfreter • s · 

solution in each~ In some prelimi~cy _pUot experilmnts 

embryonic temperature tolerance was,determined by 

exposing the fertilized eggs at :first cleaving stage to 

constant high and low temperatures, The ·lol-1er limiting 

t~mpera.~ure \fas found to be (5°0), room temperature 

(·14°0 to 22oc} and the upper limiting -temperature {2aoc) •.. 

Lethal temperatures are defined as those belot-: which 

{lower lethal) or above which (upper lethal) fewer than 



-,,,, 
50% of the embryos develop normal external morphology 

(Zweifel, 1968; Brown, 1975). At various stages,: sizes 

of the larvae ~nd .. the time required for their develop. 

ment were recorded. Observations were made on 5 repli­

cates in each case. At tlle time of hatching ~ome aJ.8ae 

was added to the culture medium in. all bowls as food 

for the larvae. 

OBS.ERVA~IONS 

t • SPAt~N SIZB • 

. t4ore than 40 successful. induced breeding experi­

ments were carried. out during the course of present 

investigation. Out of these the number of eggs 1-1ere 

counted only 1n 28 experiments, Whe data have been 

presented in ~able I.. ~e ~Uest number of eggs 

obtained were 30 and the largest number of eggs obtained 

were 1 ,462. In t4 cases; the number of eggs p~ spawn 

ranged from 30 to 500; 9 cases-from 500 to 1,000J and 

1n 5 oases from 1,000 to 1,462. On 3 occas1.ons (J.uly, 

1975 J Aug11at, 1975 J AprU, 1976) the spawns were 

collected from ponds~ The number of eggs in these spatma 

was 700, 500, 600 respectively. From females weighing 

12 gm or less number c;>f eggs obtained in all experiments 

was below 300; and :from. femal.ef,l weighing above 12 gm 

more than :WO eggs were obtained in every experiment. 
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fABLE I 

1 Spawn size of .1!il!m ~imnochar&s \<11egmann {.after induced breeding) 

.. 

Date- Welg~t tft Number of ova IBte \1eight of- Number of ova ·1 tamale· {gm) obtained. female (gm) obtained 
... 

April 26, 1976 · 15.0 . 178· Apri~ 14. 1977 12.0 110. 

0 12.0 189 Apr:Ll 19, 1977 15.0 .. 840 

fl 12.0 182 " 15.0 1,62 

l•lay 5 • 1976 . 12.0 265. u 20.0 960 

•• 15.0 182 April. 26 • 1977 20.5 1457 

r.my 11 • 1976 12.0 289 -I11ay 3 t 1 977 17.0 590. 

June 16, 1976 to.o 167 f.7ay 5, 1977 17.0 780 

April 1, 1977 15.0 780 It 16.5 840 
: 

.April. 5, 1977 17.8 490 April 23, 1978 · .. 13.1 358 
0 15.0 1059 f·lay 6. 1978 15.0 730 

April 12, 1977 18.8 91 May 7, 1978 14.0 670 
1 

u 16 .• 0 472 lJiay 8, 1978 16.0 1119 

" 21.0 860 May 25, 1978 10.0 . ,30 

April 14, 1977. 14 •. 3 1462 Jul.y 24. 1 978 11 .1 263 
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Out of. a cases, wbere the weight of female ~1as 12 sm or 

less, ·eggs obtai!).ed were less than:200 in 5 cases:a.nd 

more than 250 .1Jl·:; cases.· From females weighing above. 

14 gms · egge obtained most~ were betl'leen 500 to 1. • 000 

·in each. experiment •. The number of eggs so obtained 

during each ·experiment was always more in the month of 

.Apr1~ than in later months•~ 

2. lJARTIMI:rx MT+~· 
t:lhile studying experimental breeding a.nd artifio~l 

. '·. ,, 

insemination and developmental table ~t was experienced 

that batches of 20 to 50 eggs were easily fertilized in 
, . I 

sperm suspension prepared by macerating 2 test1s,from 

mature male.s in 200,~ml of Holtfreter•s solution. In the ; 

present investig~tion, 6 experj.rnents were performed.to 
. . . . 

see the fertility of ,rati,o. of eggs, when all eggs from 

one female lms stripped in the same amount (200 ml) of 

sperm suspension prepared as described above. In these 

experiments the number of ova. fertilized lirere 56.47%, 

77.61%• ,.74%, 93•-57%, 99 .• 23% and 100-.00% •. ~e data has 

b·een compiled in. Table li. It w-rn.a noted that, S.f the 

stripping was done very fast as 1~ experiment Nos.. 1 , 2 

and 3, the fertility ratio was found to be very low. In 

experiment No. 3, the number of eggs stripped was 11 119 

but only 400 eggs were fertilized .• This shows that all 

eggs were not fully exposed to spermatozoa. In contrast 

to these experiments, the eXperiment No. 4 ehot-1s higher 
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!UBLE II 

Fertility ratio in San! !fmpochari§ Wiegmann 

I .~ • --Experiment Amount of sperm Number of Number of Perlentage Method 
number. suspension (ml.) ' ova et.ripped ova fez- of fertill- of str-

tilized! .. z(:)_d eggs:., 1pping._ 
. " 

' 200 17t 100 58;~47- quick 

2 200 "670 520 77.~ .. 61 . qui~k 

' 200 1119 400 35.,;74 quick 

4 ·200 358 . 335 93,5'7 sl.ol>T 

5 200 263 261 99.23 very slow 

6 200 320 320 100 •. 00 very slow 
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fertility ratio, where the rate of stripping was compa• 

ratively el.ot1er. In exparinumt Noe. 5 and 6, the 

stripping' was clone v·ery slowly so as :to allow each egg 

sufficient .time for exposure to spermatozoa in the 
' ) 

sperm suspension and 1n ·both· the cases fertility_ratio 

waa. above 98%• ·Thes·e experiments show that the eggs.· 

should be stripped· in the· viable sperm suspension 

slowly in o:rder to get higb.er fertUi ty m tio, 

3,. SPp.VIVAL AND MORTALI~X Of THE EMBRJQS, 

!ale survival 8nd mortality of tJle embryos of 

i@na ~imnocba.iri& wa~ worked out both in 10% Holtfreter.'s 

solution and in po~ water up to the stage of hatching. 

The same culture medi~ was maintaine.cl up to hatching in 

each experiment unlike the,earlier experiment~ where it 

wa_e changed regularly. The d:;~;ta ~s been ta'h1:Uated in 

Table III;.:· 

A, AeXelopment in Hol.tfre;!ier's ,aaaaation. 

5 sets of experiments were pe~ormed to find out 

the survival and mortality of the embryos in this culture 

medium, In every case embryos .were transferred a.t "Two 

cell Stage"• 

EJper1men~ Set No 1 1. 

The embryos were kept in 3 dishes. In dish No, 1a, 

out of 52 embryos 22 died and 30 hatched. In dish No, 1b,_ 

out of 55 embryos 23 died and 32 hatched, In dish No~ 1c, 
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~ABLE III 

Survi:val. and IIJortality of Rana' limpocharis ~iegmann embryos· und.er laboratory conditione 

Expel"i• 
ment Set 
Number. 

Culture 
dish 

Number 

Room ~tunber of N~Qer 
temp- embryos at of em­
erat- I cleavage b~yos 
ure. transferred lu:1 tched 
(oc) in each . ~ 

. .JF' 
dish. . ~-,r"'" . ._,, 

Number Percent­
of em- ' age of 
bryos .mortall­
died · ·ty. 

Culture 
medium. 

,. 

Remarks 

\ . ~ 

A. 1 ta . 14-22 52 ·.:41'
7

' 30 22 · ··42.30 10% -Holt- ·- ~tlU'e 'medi~ 
freter's remained clean-., 

2 

3 

4 

5 

B. 6 

1b " 55 . 32 23 .· \ 41.81 eoluticu.l- ' "' · 
10 tt 6 3 . " 34 29 . . ;, 46.03 IJ . " 
-- • ·'J •• ------ ~ 

2a 
2b 

3 

4a 

4b 
4c 
4d 
4e 

4f 

5 

6a. 

6b 
6c. 

n 

" 

11 

n 

II .. 
u 
u 

n 

" 

u 

n 
t) 

' ' 

63 
92 

100 

70 

72 
80 
84 

200 

301 

51 

56 

59 
6t 

/ 

'·.49 
~f -

. 55 

63 

54 
. 61' 

67 
21 

'j7 

14 

34· 

30 
34 

14 
.. 83. 

45 

7 

18 
19' 
17 

17~ 

264 

37 

22 

29 
27 

22.22· 
90.21 . 

' 45.00 

10.00 

25.00. 
23.75 
20.23 

·89.5 

. 87.70 

72.54 

39.28 

49.15 
36.98 

" u 

u 

n 

" 
" 
"' n 

... 

n 

tt 

Fungal infection 
was-observed. 

Culture medium 
became· turbid. 

. Culture' m:edium 
remained cl.ean. 

tf 

" 
tt' 

eu:L ture medium 
became turbid. 

II 

Fungal infection 
m?.s observed. · 

Pond water. Cul.ture medium 
remained c1ean. 

0 .. 

~ n 



out o:r 63 embryos 29 died and 34- hatched. 'rhe ·culture 

medium re~ned clear for' all 6 days and t.hare uae no 
. . 

apparent contaminationlt 

E§Rertment §pt No. 2· 
In this experiment the embryos were divided tn 2 

culture dishes 63 in one and 92 in othet-. In dish No._ 

2a, out of 63 embry.os 14 died and 49 hatched. In dish 

No• 2b, out of 92 embryos 83 died and 9 };latched. In 

this dish fungal infection was observed. 

_ Experimept Set No1 3. 

In this experiment all 100 embr;os in the "Two 

cell Stage" uere transferred. in the same dish rio. 3. 

Out of 100 embryos 45. died and 55 hatched. The culture 
' 

' medium was observed to l:lave bec_ome turbid. 

!8£Rarimsmt Sgt ~o~· ·4• 
In experiment Set No,., 4 the eleavU!g embryos at . ... ,. 

ni\10 cell Stagen were kept ·in 6 cu,lture dishes 1n,1ncr­

easin8 numbers from 70 t.o 301..: In dish l~o. 4e., ·out of 

70 embryos, 7 died and 63 hatched~ In dis~.No. 4b,out 

of 72 embryos 18 died and 54 hatQhed,~~ In dish Nq. 4o,, 

out of 80 embryos 19 died and 61 ha·~ohed., In dish NQ •. 
. ' . 

4d, out of 84 embryos 17 died and 67 hatched•. In dish 

No. 4e, out of 200 embryos 179 died and 21 batohed.! In .. 

dish No. 4f, out of 301 embryos 264 died and 37 hatched·_.,. 



In culture dishes 4e and 4f, the oul. ture medium was 

observed to have become turbid. 

§Kpertment Set No. ~· 

In this experiment • 51 clea:u:ing embryos at "TWo 

ce1l Stage" were kept in dish No.5, out.of these 37 

died and 14 hatched. The culture was infected with 

fungal infection. 

B. Development in ;gond.. xa,ter;.· 

One sat of experiment in 3 culture d·ishes waf.3 

performed in pond water4l In dishes lfo.~· 6a, 6b and 6c, 

out of 56 embryos 22 died and 34 hatched' out o~ 59 . . ' 

embryos 29 ciied and 30 hatched; out of 7' embryos 27 

died and :34 hatched respeotively4l ~e culture medium 

femained clear till the time of ha tohirlg •. 

Average percentage .of mortality of embryos in 10% 

Holtfreter''s solution llaS 47~40% and pond water 31.80% •. 
-

~he percentage of mortality was observe~ to .be very high 

whenever the culture medium lvas infected as .in ~ulture 

dishes No,,.· 2b,. 3•:· 4e, 4f and 5 •. 

4-: INFLUENQE OF TEMPERATURE 01~ DEVELOPMENT. 

In this investigation effect of lower (5°0) and 

upper. (28°0) embryonic limiting temperature and· room 

temperature (140C to 22°C) bas been .studied on the 

development of embryonic and post embryonic developmental 



stages of Bana, litqp.och§\ris. In the natural condition the 
. I 

lowest water temperature during the breedi!)g season was 

1ooc and ~h~st temperature was 2400 .• The observations 
' ' ' ... 

were made under two headtngs : 

1 •. !remparature and .Development {Table IV). 
' ' 

. 2 •. Tamp era ture and · Size ( ~ble. V; Fig. 1 } • 
;: . 

1. ~emperntutp and .Deve.\,opmen_t. 

Before starting this investigation it was dete~ 

mined that, embryonic mortality below ;oc and above 2eoe 
was about 50%. As such these temperatures were tak~n as 

iower and upper embryonic temperature tolerance limits 

(as prescribed by Zweifel, 1968) for the development of 

_Rana limnoshax:1§• At these .ttkperature ·more than 5~% 
embryos developed nonnal external morphology. Table IV, 

shows influence of 3 s~lected ranges of temperature on 

development. 

(1) Room tempe;rature incul@.tion ( 14oc to 22oc1~ · ·· t • 

If tti'wo cell Stage" t~en as representing 0 Hour 

development·time, then the embryos batch at about 76 
i 

Hours~· ~e hatched .. larvae measUre about 0~85 em in length 

of whiCh trunk length was 0.35 em and tail length was .·· 

·o.50 em~ The hind limb b:uds appeared at 464 lioure, became 

fully developed by about 672 Hours and metamorphosis was 

completed by 864 Hours .. Some ~ortal1ty was observed 

after Stage 19 but 80% embryos reach the froglet stage. 



~ABLE IV 

Time required (Hours) to reach specific developmental stage and ~er­
centage of survival of Rana l.imnooharia t'liegmann embryos and larvae. 

' .. Low temp ex-a ture_ Ro.om ·temperature High temperature 
D~elopmental Stage 5°C 14o0-22oc 280C 

" '" 
. Tim.e surv- Time· surv- Time Burv-

. ' ·(Hours) ival (Hours) ival (Hours) 1val 
i 

EMBRYONIC STAGES 

3 2-cell 0 100% 0 too%· 0 100% 
4 4-cell 0.75 100% 0.50 100% 0.25 100% 
5 a-cell 2.25 100% 1.00 ·100%. 0.75 100% 
6 16-cell 4".25 100% 1.75 100% 1.25 100% 
7 32~cel~ . 7.50 100% 2.00 100% ·.1.75 100% 
8 Mid-cleavage' 12.00 100% 2.75 100%. 2.25 100% 
9 Late cleavage 17.25 100% .7.;50 100% 4.25 100% 

10 Dorsal lip 26.75 100% 13.00 100% 5.75 100% 
11 Mid gastrula 45.75 100% 17.25 100% 7.50 100% 
12 Late gastrula 53~25 100% 21.25 100% 9.25 100~ 
13 Neural plate 119~75 100% 25.75 100% 13.00 100% 
14 Neural fold 142.00 100% 28.75 100% 17.25 100% 
15 ·,Rotation 165.00 100~b ·34.25 100% 19.50 100% 
16 Neural ·tube 194.00 75% 44.75 100% 21.25 100% 
17 Tail bud 216.00 75% 49.25 100% 24.25 100% 
18 M~cular response 248~00 75% 54.75 100% 32.00 100% 
19 Heart beat 284.00 64% 62.25 98% 39.75 90% 
20 Gill circulation 332.00 64~b 76.00 98~~ 46.75· 90% 

LARVAL STAGES 

. 21 ~louth open 396.00 64% 91.00 98% ·. 120.00 90% 
22 Tail fin 

circu1ation 504.00 50% 120.00 98% 216.00 90% 
23 Opercular fold 625.00 25% . 144.00 98% 288.00 84% 
24 Operculum part-

iall.y closed 
on right 698.00 25% 216.00' 98% 456.00 84% 

25 Operculum closed 768.00, 16% 312.00 96% 624.00 84% 
26 Hindlimb bud All died 464.00 96% 864.00 68% 
27 Hindlimb developed 672.00 92% 1248.00 68% 
28 Forelimb protru-

92~b a ion 720.00 1296.00 68% 
29 Forelimb developed 768.00 92% 1392.00 68% 
30 Beginning of 

98% 1468.oo metamorphosis 778.00 64% 
31 Tail stub remained 840.00 80% 1566.00 64% 
32 Young frog 864.00 80% 1672.00 50% 



(11) kow temperature tnoubat!op (5°e). 

Dle low temperature retards the development of 

the embryos from the very beginniDG 1n comparison to 

the rate .of growth at room temperature. ~e embr.voe 

hatched at 332 Hours, and measured about 0.6 em in 

leng_th (the trunk length 0. 45 em and the tail length 

0 •. 15 em)., ~~ embryos tiere analler 1n size in compari• 

son to the embryos hatched at the other temperatures• 

(Room temperature and High temperature). ·.About 20% of 

the embryos ehoweq stunted .growth and looked morpholo­

gically abnormal by the ttme they reached Stage 16 and 

died •. About 14.7% of the s)lrVivors Ued at Stage 21. 

More mortality occurred at suc.cessive stages. The .: 

hindlimb buds appeared in 16% of the survivors at about 

768 Hours but the larvae a.ppe~ed abnormal and died 

soon ~ter this stage. 

(111) ~gh temperature incubation cgaoc}. 
High te~perature ~ncubation. induced faster rate 

of development in compax-~on to the other 2 sets. About 

10% mortality was observed at Stage 19. The embryos 

hatChed at about 46.75 Hours and measured about 0.95 em. 

fhe trunk length was 0. ~5 om and the taU length -was 

0.60 em. They were therefore larger than the embryoe· 

hatched at lower temperatures. Although higher tempere..­

ture exerted an ·accelerating effect up, to hatching but 
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~ABLE V 

lnfl.ue.~ce of tempera t_ur~ _on size of Rana l.imnocharis tadpoles~. 

' - A't ·low 'temperature At room temperature . At high temperature 
5°C .. ' .. 14°0 .... 24°0 . 28°0' 

"' 

Developmental Stage 
. . Total Trunk Tail Total ~run.k ~ail. ~otal Trunk Tail. 

length length. 
(em) (em) 

length 
(em) 

length 
(em) 

length 
(em) 

J.ength. 
(em) 

length 
{em) 

l.SD8th 
(em) 

length 
(em) · 

., 

~20 Gill· ci.%-culation 0.;60 0.:45 0•15 o!~s5 ·o.:35 0!50 o .. 95 0.-35 o.-6o 

21 Mouth open 0•90 0•65 0•25 1•25 o •. so 0.:75 .. 1.:28- 0-.50 o~~7B. 

22 Tail fin circu.;. 
' 

lation.~ . 0.95 0.;65 0.30 1•45 0•60 0~:85 1•40' o.6o o .. so . 
'• .•.. 

2-'- Opercular fol.d 1.;05 0•55 0•50 1•57 0•62 · o;-95 1•55 Oe65 0.·70 
........ '\.,' 

24 Operculum partially 
o;95 closed~ 1~25 0.:60 0~65 1.;70 0.;75 1•70 Oe70 1.00 

25 Operculum closed 1 ~46 o.6a 0~78 1.;95 0.;85 ·1 ~10 1.70 0.;70 1~00 
~ 

26 Hindlimb, bud Al.l died 3~00 1•25 1e,75 2.;80 1.;10 1.70 

27 H1ndl.1mb developed 3•-50 t•SO 2j:oo 3·18 1e30 t.sa 
-..~-

. - .... 

28 Forelimb ~rofrusion 3.t65 1;55 2e'10 3•25 1 "'5 1.90 

29 Forelimb developed 3.180 1~65 2•,15 3•50 1e:50 2.00 

30 Beginning of meta-
2 •. 55 1~55 1 .. oo 2•25 1.25 t.oo <I- morphosis • 

31 Tall stub remained 1~-55 1.;00 Ot.55 1•50 1.oo 0.50 

32 Young frog 1•00 1•00 o.oo o.so o.so o.oo 
' -

* Stages correspond to developmental stages o_f ROY and KHARE ( 1 97S) 
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after this stage th~, developmental rate were found to 

sl.ow down'! The total length of the larva at this stage 
. ,: 

ttae about 1 '! 7 em {the trunk length was o. 7 em. and ~he 

tail length was 1.0 ~m) at stage. 25. There was a .marked 
' 

slowing of development after 456 Hours. The hind limb 

bUds appeared by about 864 'Hours and became tully. 
. . 

developed by ·1248 Hoursi! · I•letamorphosis ttms completed . 
. '' 

by 1672 Hours~ About ~0% mortality occurred at Stage 19 
. ' 

and it gradually increased so that only of the 50% 

le.rt~ae reached·the froglet s~age. 

' ; 

.. 
Table v and .Fig~ 1 st:>.ows size· of tadpole at· diffex-

ent temperatures. Embryos natched at 5·oc are·. Smaller truin 

those hatched ·at h~gher· temperatures·. The· ~ail. length in 

proportion to the body·val;'ies at the ' tempereture ranges •. 

At 5°C the tail le·ngth of Stage 20 is 3;% of the trunk 
' ' ' . ' ~ 

lengtb, where.ae a.t room temp~ratures 150% and at 28~0 it 

is 175% ot the trunk length. The total size of the . ' 

metamorphosed fros, hot>Iever, is greatest· at rooxn te~pera• 
' . ; . 

ture and less at high. temperature ... 

· DISCUSSION 

EMBRYONIC DEMOGRAP~• 

· 0\U" \Ulderstanding of many bioeoological aspects of · 

earliest stages of .development of anurans such as spa~r.n 
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. . ~ 
· size, ferti~ity ratio and survival and mortality is still 

fragmen 

. ' 

Thi:s is partly because of the paucity of reUable ' 

quantitative techniques for investigation in natural 

conditions. T.here are many factors which govern these 
' 

aspects such as predat~on of eggs and larvae by othe~ 

animals, bacterial and fu118a~ inf eetions or inhera.nt 

genetic and chromosomal abnormalities~ Envll'onmental 

factors such as temperature, light, rainfal~ and availa-
• ' J I 

' ' 

bility of food may also be responsible for oontroiliDg 
•., 1 ... 

earliest stages of development. It is therefore felt' that, 

if embryos can be developed upto larval.stages or even 
. " 

upto froglet stage in the laborat~r,y condition and then 
' 

released in the ponds of natUJ"al habitat, the survival 

percentage of the frogs can be highly incre·ased~ These 

facts can be better understood by citing some,important 
I • 

references in this connection. Bragg and Bressler (1951) 

found 882 unhatched eggs in a batch of 1331 capsules of 
' . ' 

~ cognatua~ 66% of, these· ova '"'ere e1 ther not fertili­

zed or failed during embryonic stage of development •. 

Knoepffler (1962) investigated that; in Disoosloss~ pictus 

60% of the eggs may not be fertilized~ Although he did not 

give any data to support his statement but he did cite on 
-. ' 

instance where 41 out of 86 ova 'ti'ere fertilized and started 

to develop in an aquarium ... H~ attributed the low proportion 

of fertilized eggs to the high speed with which the eggs 
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are released and low motility of the spermatozoa. Bogert 

(1969) observ?d ' clu~ohea of Jaeuthe£0dgctxlus decoratua 

containing 20 to 32 eggs. Be recorded 100%, O% and 60% em­

bryonic survival. Calef (1973) recorded fingal infesta­

tions in the eggs of ~ asora in BM tish Columbia. Van 

Gelder and Oomen (1970) also noted fUngal infestations 

among batche.s of eggs in nature. First careful eXl>.eriman­

tal observation w1 th a view to fill this gap, tot·rards 

understanding anuran demography has been made by Woqd~f 

(1976). He investigate~ the embryonic mortality of 

Pseudophryne bibroni, Pseudoph£in,e denti and Pseudophryne 

semimaJ.lnorata• He investigated embryonic mortality in 50 
. : . . . ~ . 

batches of eggs collected from the field, each batch had 

70•90·ova. The fertilization was 98-100%, embryonic morta~ 
. . . , 

11 ty vras less than 5%. Commen,ting upon the survivorship of 

Bana sylya.tica larvae, He4d and Kinney .. < 1 967) reported a 

mean mortality rate of 86%. Looking to such a high embryo~ 

nic and larval mortality rate in the nature, it would 

perhaps_be 3ustified if embryos and larvae can be reared 

in clean laborator.Y conditions where there is no danger 

of predation and by careful manipul.a tion bact.erial ana 

fungal infections can also be checked. In the present 

investigation as a result of induced breeding number of 

eggs obtained ranged from 30 to 1,46?• In many cases females 

Heighing above 13 gms produced eggs ranging from 500 to 1000. . . 

The experiments on their fertility ratio indicate that if 

the eggs are stripped slowly in the spa~ suspension 



allowing each egg sufficient time and exposure t~ 

, spermatozoa 100% fertilization can be obtained~ The 

experiments on survival and m~rtali ty ~how that the 
:. . 
percentage of mortal.i ty 11',1 1 O% Hol tfreter Is solution 

(47.40%) or in p~nd water.(31~80%) remains almost simi• 
. '\ ' . ' 

la.r. When the dulture medium was charged everyday and 
. . 

number of embryos in each culture dish was less (20•50/ . . 

200 ml of culture medium) 98% survival.of embryos and 
. ' ' ' . 

80% survival up to froglet stage at room temperature 

was noted (~ble IV). 

TE~~ERATURE AND DEVELOPMENT. 
\ ' .; 

Bana limnoohcgis is distributed in the llastern 
. . 

tropics 1n areas with both warm humid as l'7ell as cold 

climates~ Studies on its embr.yonic temperature tolerance . 

and adaptation may help in understanding its biogeogra• 

phictdistribution. Zweifel (1968) gave the first very 

exhaustive account of adaptation of anuran embryos to 

temperature and correlated his findings with the distri•. 

bution. According to the criteria established by Zweifel 

( 1968) and Brown ( 1 975a and 1975b) lethal temperatures 

are defined as those below which (lower lethal) or above 

which (upper lethal) fet-rer than 50% of the embryos 

develop normal external morphology. Zweifel (1968) says, 

"It is reasonable to assume that embryos attaining Stage 

20 in normal condition 'tlill continue to develop normally". 

The Stage 20 which he took as end point corresponds to 
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Stage 20 1n ~the present: illVestigationo Accord#Jlg to this 

. criteria the l.ot1er and upper limiting·. temp~ratlire~ of 
' ' 

embryonic development for: this species. {Rang l,imp,ocharis) 

·available at ShiUong bave been found tP be· 5°C and 28°0. 

S~nce conditions being a~ilar in all the experiments 

performed at :; ranges of .temperatures ill the pr.es~~t · 

investigation;· the· findings that ·the tadpoles were. unable 

to E3urv1Ve beyond Stage 26 at 500 sugges.ts 'that, l1miting 

.temperatures should not be based only on embryonic temp­

eratures tolerance ltmits~ rather they should be worked 

out' 'for oompl'ete de've'lopment including poet-embryonic 

stages taking metamorphosis to young froglet stage as the 

end point. Brown. ( 1 975a and · 1975b) concluded that cold 

adapte'd species have wider·. embryonic temperature tolerance 

range than ~mrm adapted species. For Indian species .of 

frogs the limiting temperatures have been worked out for 

the skipper fl'og,, Rana cyanoph1;zctis by IBsgupta .and 

Grewal( 1968 and 1970). The authors found that the .limitillg 

temperatures of its ~lorth ·Indian populations was 22oc to 

31oc; whereas for a population of~ oyanophlyotis found 

in South India they t-Tere 17oc to 31 oc •. The llmi ting temp­

eratures for northern population appear unusual as the 

species is presUmably wann adapted. In other species of 

frog studied;~ very lo~v- temperature· incubation appears to 

slol'7 down developmental rates (Olson, 1942; Brown, 1975a 

and 1976b) ~.. In Ra:qa. J.i.lnQochari§ this is also the case and 



results in developmental abnormalities so that l~e 

do not survive long after hatching ( ~ble IV). High 

limiting temperatures. accelerate development during 

embryonic stages but inhibit development during post 

embryonic stages, so that the larva takes almost double 

the time to metamorphose into froglet stage when compared 

to those incubated at room temperature. t~ork on 

!Ufo punctatus by Zweifel ( 1968) showed that high temp­

erature have an inhibitory effect,. on development. 

\'lhile working upon As.oa.phus trueJ Brotm ( 1975a) 
' 

showed that a narrow temperature tolerance range (13.5°0 

to 18.50C) correlates "t>1ith species :distribution and -

appears to be an adaptation for survival in relatively 

constant and lot-7 stream temperature • As a· result of 

observations on t4ashington and Californian population 

of R.vla. _x:egilla Brolm ( 1975b) shoued that 1 ts embryonic 

temperature tolerance correlates t~th its abundance and 

wide ranging geographic and ecological distribution. 

Bane. limnoeharis is f:ound both in cold climates at high 

altitudes and in the hotter plains· of the Eastern tropics •. 

This indicates that it may also have different thermal 

groups, that is, cold adapted and warm adapted species. 

Rana ljmpocbaris available at Shi~long has very la~ge 

embryonic temperature tolerance range. Kuramoto ( 1975) 

studied the breeding habits of 12 species of·frogs and 

reported that species which breed in summer· or in warm 

' ' 
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water are smaller than those whtoh breed in winter or 

cold water. Lovtrup ( 1961) studied the embryonic :Q.evel.:.. 
"• I' ' 

op~en:t and enz~e synthesis of Rana; nlatvrrhina at 

_differe~t temperat~es and So.mero (1969). sho1'red ~-----~harp. 
decrease_ ~ enz~e substrate a~finity.. T~s frequency 

. ' . \ . . 
. . ' ' . ' .. ' ' ' \ 

occurs_ ~t extremes of an ·organisms habitat\~emperature 
' .. ·:-, .... ' . ~ ( . ' 

·and ·may' be important irf establ.ishillg therlnal. tolerance . . . . . . . 
limits for. an ar ganiem. In the J)resent investtgatio~ . . 

althoUGh the development ·of Rana limnoche.ris was found. 

to be normal. at 1~:~C- to 22oc. its lol7er ·(5oo) and upper 

(28°0) limiting temperatures. may account for its better 

adaptive 9apacity and be responsible for its varied 

distribution pattern. It may, however •. be interesting to· 

study the embryonic temperature tolerance of its t-ra:rm 

adapted population in order to confirm this concl~eion. 
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Observations and results on the spawn size, fertility 

ratio of the eggs, survival and mortality and influence of 

limiting temperatures on the development of Rana 2imnoogaris 
·' 

't'Jiegmam1 investigated under laborato~y, conditions have been 

included 11+ this chapter.: The study reveal.s that from 500 

up to 1000 eggs can be obtained by induced bree~ing from 

femaW l"ieighizlg above 13 gms. The ex},)erlments · eho,·red that 

when the eggs· were slo't'l·ly · stripped in a sperru suspension 

allowing aaoh egg sufficient exposure to the spermatozoa 

a very high percentag.e (more than .97~~) fertilization could 

be obtained. The percentage of surVival and mortality in 

10% Holtfreter's solution and ;pond vratar remaine~ almost 

similar •. \!!hen the number o:f embryos 1n ~a.ch culture dish 

was maintained low (20-50 eggs/~60 ml of culture medium) 

with the cultu~e medi'Wll changed everyday 98~~ survival of 

embryos and 80% survival up to f.roglet stage was ob~ained 

at room temperature (14°0 to 22°0). The range of tempera­

ture tolerance for this species lras found. to be betueen 

;oc (lower limiting temperature) and 2aoc (upper limiting 

temperatura) for·e~b~yonic as well as post-embryonic stages. 

i!/1 th below 5o C and o. bove 2ao c, normal external morpholo~cal 

featu:r'es ~re1·e seen only in less than 50~.) embryos, a.e at ·~ery 

lov-1 temperatures the development slol,Ted do'Hn resulting in 

deval.opmental abnormal.ities: and the larvae did not survive 



for long ~fter hatchi.Jl8. •. High temperature accelerated 

devel.opment during embryonic stages bllt inhibit.ed· 

development during poet-embryonic stages; thus the larvae 

took. double the time to met~orphose into froglet stage, J. 

as compared to. those incubated at room temperature. !fhe 

wide temperature~ tolerance of' ~ ,limnocbarie probably 

explains 1 ts ·abUndance and th~ \'ride ranging geographic 
·.,.,,, 

and ecological distribution in both cold, sub-tropical 

climate at high alti~udes and in the hotter plains of 

eastern tropics •.. 
' .. 
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CONCLUDING REMARKS 



CONCLUDING BEMARXS •••••• : •••• 

This th.eeie embodies: the resu1 ts ,of a d·etailed in-
I ' . . . . 

vestigation on certain fund~ental aspecte.of. the Ecology 

and Development of Bana linmocharks \1le~nn found in 

Shillong and the neighbouring hil~s of the North-Eastern 

India which enjoys a sub-tropical climate. ~he fundamental 

aspects investigated are expected ultimatelY to have a direct 
' . 

or indirect bearing on the techniques to be evolved for .the . 

mass culture of this species. FQr over hundred years, anurans 

hav~ been employed as material for classical~ experiments in 

academic in~ti tutions, t-Thile a few species· have also · been . · 

used as food 1 tems in JmrOpe ·and ·o~her \vestern countries. The 

supply for the latter purp·ose still comes from nature and 

not from culture. Disturbance of the ecological balance due 

to fast ~banization and the indiscriminate use of insectici­

des have caused indirect threats to anuran populations all 

over the World by destruction of habitats and spawning sites. 

Such drasti~ landscape cbanges·sadly affect their survival. 

~lbile this may be true at the global level we do not have 

any data on frog cenaus from the IncU.an sub-contine~t~ though 

the cenSUS erecords' Of Other CO'lmtries do provide some basic 

infor.mation_on these aspects. In England, the entire toad 

population had been known to be wiped.out by automobiles as 

they cross roads, While on their spawnin8 migrationS •· In 

Mississippi Val~ey, the use of DDT extermi'nated large portion 

of frog popula.tions •. There is, therefore, a great neo~essity 



to evolve suooessf~.f~98.Qulture techniques to augment 
1 1 , I 

' . . :· . ' 

the decli~ n~bere·in natural ha.bitats • 

. Excep.t for th~ few attempts ·mentioned befo~e· .ffi<ie' ~ 
. '. ·,· -

,· \,' ! • • • • 

Supra) we · hav~ not · yet , ·evolved ·a s~Und technolo_gy . on: tr:os 
culture particularly in the Indian. conteat~ 'The .first impo~ 

tant aspect to be understood in this conn9ct1on ·i·s the ' · '·• 
. ' 

\ > : • • 

1

, ·, •I i: , 
knowledge. of the annual cycle and breediM ha:bi ta of va,ri~us. 

~ ' " ' I • • ·. ' ~ ' ' ' 

,. " ' ' ' • • • ( • , ' . : I I : ~ . . j • ~ • ' 

species in a··particu.Iar loca'lity as the environmental o.ondi-
; ' ... 

tiona do varir: ·:rrom »laee :t~: pla~·e~ !ntrasp~~ifio var~t~~~s 
' ' . -

~ ..;, \ I \ ' I ' ' I • I ' I ' • 

have also. been reported to be dep'e-ndent on local m1c~-- · 
•• • ; • • '. I 1 • 0 ' · :· ' ' : 

-i:rOmnental.! co~i tiona: as seen' special-ly among hiSh. Bn4 .. 
. . . ~ • II • . • ' • 

low altitude popul.ations. of the same SpeCielh,· ~he· se~ona·. 
' ' 

crucial requirement is the knowledge· on the life cyoie an4 . '· 

prepar~tion of' 'developmental· tabl~ for each species, .Wht~h 
is indispensable· for conducting experimental 1mrest1gations ... 

to assess the'mortalit;v·and survival rates and to evolve 

remedial measures~·;;;_ fhe knowledge of food and feeding habits 
- . ' ' 

of frogs forma another important aspect useful in culture 

practices~ Feeding of frogs 1n confined eDV1ronments has 

been ·found to be arduous task''• Cemented ponds surroun~ed . 

by (1 to 1•5 m) high tenoin8 fitted with electric bulbs have 

been found to be' conducive for matntatnspg frogs. ~ese 

electric bulbs act as light traps and attract insects at 

night which are effectively used by frogs as food~ Besides, 
' . 

the insects Which torm the high perce~tage of the. food of a 

particular frog spe~iee can even be rear~d individually and 

supplied to them. 
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The study of the cyto~ogical changes in t-he pitUi­

tary gbbtle and gonads revea~s· the sequential cha~ee. in :the 

reproductive cycle- in a given species of· frog S!l'd ·base~· on 

this 1nfommat1on the induced breeding .can be attempted,: The . . . 

1~duced breeding. te~bnique a~ described in the :prese;nt t~eeis 
• : . • • - .< • 

has been proved to be .V.~ry· convenient a.nd successful,, Tl:le . . . 

pituitary :·glands can be stor~d in absol:ute· et·Jly~· alcohol far 
. . ' ' ' . 

many years With· no loss 'of potenqy •. At tim'es, ·when .spaQ.ific . ' ' . ' . . ·. 

hormones· are 'not .avai~ble, it becomes·(lifficult. to a~tempt· 
' ' ' . . ' ' ., 

' 

induced breeding experiment S<t. It .is· SUggested thB t _scienti-
. . . ' . 

' ,. 

f·1c iabor~tories or pharmaceutical ~u-ms coUld. te:.ke. up th~ 

preparation of vials of .marketable ~i·z·~ haVing· sp~c1t1c. 

dosage of· the frog pi tuitaey hormone .• ,- A· fundamental· know-
' . 

ledge of::spaTrm ·aiz~; fertility ratio.,: mort~~y·.and s~ival . . ~ . -~ . 

·~t early _developmental stages and temperat:ure·.·tolerano.e ·is 
' ' 

. I ·' . ., 

another important prerequisite for taking up the cul.ture 

work. It is felt that the findings. reported u this thesis 

provide adequate data to evolve in course of time a suitable 

culture technique .for ·.Rane. .limnocharia •. By employing the 

induced breeding technique,. the eggs c'an b~ ·grow up to the 

tadpole stage and then released in the ponds· for ~ther 

growth and maturity •. \'lhile evo~ving a cultlliJ!e techn$.que·,.· lo·w 

costs and economic considerations have to be kept. in view~ 

The findings "ported 1il the present work can be pro.fi tably 

used for the . culture· of ~ J.imnooharis t1hioh Will open up 

fresh avenues for turther research to be undertaken in future. 
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