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·~ -sis embodies an imtestlgation on certa1Jl 

aspects: ot ~~gy. 4avel.opment ad 4XpeJ'J.mental bJ'eed-

bs ot - .-b\IG&a Scbnaider• a common aquat1c 

troa. s,ped~a •available at pla.laa aid bills of Nortb 

Eastern ~~ -Urartged ~ six obap~ers. 

~t- 1 deals w1 tb a 4eaedp~1on of tb0 study 

.at-tea;; (1) .. ~Fish Fam_ UlUba.r1. Gaubati• Assam 

(49.4 ·n). ~a-1.·, 8.05°1~ and 91e4,~a) aDd (2). Pologoumi 

atUo1~ ·~~ ~ver. Sbillon& wogbalaya ( 1428 m a.a.l. 

a5.34tl~~ tUl4 91.56°·E) • Tbe .. tVC) slte$ 'Were sel.ected to find 
.~ ..,. J "" .. .;. • ~- ; ' • . • # , ~ 

·out. l$at~ the frog ap~ea laider-1avast.t.gation shows 

.f!J1J.Y ir.lt.-aspecitlc or ecolot;1cal vanauons or not. The 

O&'Ubatl .site b a properly managed Usn farm by tbe State 

Governm.ont ti Aasam and representG tJp1cal. ecologJC<ll ·\eon­

GltloQS: ot pl:d.DS. Tho Omkbrab nvar sl te at Sbillong 1s 

a l\aturol. site SUJi'rOundecl by b11.1s alJ.d coDl~ar.oW\ trees. 

fbe ma:JO.F d.Uf~e is tbat tbe Caubatl site bas lotlc 
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-water -$1.stell·· witb alkaline pH and Sblllong site bas 

tentie wat:~ ElYstem with acidic pf4 GauhaU bas tropical 

41mate E$4. Sb.Ulong SUb-tropical • 

. Cbap;te 2 cieals WJ.th $J'l aftal:Jsie of morpbOloglcal 

cb:aract~~~ -~bometric ~ea~$. 1.engtb-w~gbt nla­

ttonsbl.p. ~ .~ \l~$41ng cya~e ·of ~ sxmppbl.Xstia 

at· the- twO.· $lte& This speCies is .identified by a 

-re4l$ed bea.fl. sotnawbat broe.tler than long, equal Size 

t,st an4: and ~e!"e, $Ughtly d11ate4 and completely 

webbe<l toes- $ld warty skin witb pore& and 'tuberc1es. Males 

sa sntall~r and Ugl\ter (SVL 4.0 • 5.30 etn) and body 

"~gbt 1.-0. '9~0 grn) and females are larger and beav.ter 
~ . ·: 

(SVL J.;1Q •·-1.~2.0 em and bOdy weJ.gbt -22.0 • 38.5 gm). There 
';'. .. ~ . . \ .. . .. 

was no, dgnlftcant var,at.ton 1n thalr morphology or 
. \ , \• -;- ·' 

mo.rpbometfY.: L&n~r relat1onsb1p ~1eta obtained between 
¥ ·. . . ,. ;• • 

'. 

tba1r )engtb. and weight. Rela'U ve ci»nd1t1ons of :the frog 

tid ~- $1)011 ·tauch variations in 41U .. ent montbs. · The 

·afUlUal. br.eecit~ cycle ls d1Vi$1ble into 3 pbases (1) Pre 

·l)J.'esd.t.tm (FebNai'Y to April) (d) Breed.lDg (May~ Sept~ 

bar (1~) Po~ ~ecU..lg (October to January). In wlnter. 

tb.ey ··dO· mt. bitbe.rna:te., presumablY because of aqua~c 

.adapta;Uon,. • are often seen ~Ski+.· J'l8
11
.1D mornS.ng bow-s at 

. S+o.+l ~ (e.o..~t- · 

'the edg$$ oi ~ bodlea. '~analysis does not shot1 any 

racial ... difference between tb.'O populations~. 
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~r J deals with relative abund.ance au bonles 

r.mse ·•v~.s o~ _JW!a RDM.Bbl'dM ant1 relattonablp of 
these ~th ~ con41UOJ'l1l at botb sites. Tbe 

lmresUfl~~ ~· ma.cle ~ttl the_ btdp of two tscbDiquea. 

~u N\aller ca~ob per tmlt time and a) Capture.. marked.­

~ease -~ J'~ture U10tm1qu&. 1fhg. secon4 t.ecbnlque w.s 

attempted- at Gaubatl OnlJ'• Durl.D3 :d.ntei-: mentu (Novenber­

l]e~) they N.matn restf1.ctea to -the middle. core ot · wa;te~ 

~ea ~' 3u-~enli.es 'l#hlcb are $een en -~ants also. 

W1~b tile ~- 1D \etnperature trcm-Mar-oh onwarcla they 

~o ·um active and ttteir reiataw abU!ldance on -land. .. 

~._ 'tblay maintain a *hOme~· which is lar-gest 

c1ur1ng -~-months. 

ChaptV 4 4eats · with too4 d feed1DS babits of 

!!et}1 q~I¢MA· ibe percentage compositiOn analysis 

t-ovaal-s tb.at J.DseCta formed' a very large bulk· ot the .food 

,stems of tble species at botb ·stwa. Boilloterans. fortnecl 

blgbe$'t peHenteg(il in GallbaU frogs ~ lD&eet larvae· and 
. - . 

Bpteftm3 t~ect blghed percentage 1n Sbill<>ns · frogs. Tb.e 

·amount ot fOOd lnt>ake d.lti not ~ mucb ·d.u:r!Dg- d:Utarent 

pllaseo U ~ bl"ee<lSng cyole_. fhe food types refl.Jected 
. . 

a,o4 ~e' 1n tbe $CosyStem aM ~heir avatlablllty in 
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relation to :¢1laD3i·og .m..ro~al ccndi:tJ.OD$. The 

rolaU~p between lel:~Stb anti waigbt of the ali.mentary 
- . . - . -. 

CtjW. ·:ami ~ somat1~ lade: 414 n.ot s110w mucb varia-

-~ ~ eomat1o imlEm 414 !lOt snow. w f4gn1ticant 
1 I 

0 
•' '' ' 

co~t~tlo# (P o •. o;) td.tb let\Btb and weJ.pt ot the 
. .. - . . . . 

.. t..oa ~so .. 

Qapw s _ deale wttb a -~ ~ble ot devel.opmQnt 

·Of ~- $l:SD'lnfl!xcuaa ·wast.lg~ted attar 1J2dQce4 bre~~: 

e:t ~ -~ra"tWG t7°C • 21•; ln tbe &nmltbs of June. 
3$ .:QJU1 u~. Hatcbirlg ~s oa 4tb/Stb 4rq_ .~ 

m~~als J..a completed on -.Gstb• daf• &rtt.re developme-nt 

ttas -been 41,._de4 iftto 40 ~- FertlliaatioDt. stages 

1 -• -2. ,cl~vage# stages 3 • 9. gastl'ul-atlom stages 10 - 1:a, 
~om' stages 12 - 18• _.aanogeaaUc stases 18 • 24. 

-ana ta~:cpblc; stage.s 24 • 40. 

~~ 6 deals ld.Ut w\wed-~ and gonadO. 

~ti:¢ tua~x. · Honcplaa'tic · Pltui taries preserved in 

-~tt$0\u'tt\' ftbil a1co.bo0l treri) USGd..· tor J.DdUCGd ~· 

-t~ gj.'tt4t&des were as· ett'ecilva '§~evan 3 y~ after 

tw .. -t:UaUon as wen tb.$-y wero t.-aabl.y prase~, 1'be 
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~~ bm~ wa4 pc;tss1b1Q £or a moaths from March to 

October• i?.ttul~ do.sage o.oa f1181p weight og tbe 

female lduced $\lCCesstul ovulaUoa jn t>emales bavtng SVL 

•• 8 era ~;abOve at.td \'Jaigbt as.o @1\ .and above clW1Dg 

lJ.tteedlq 9odo4. Durirlg pre and po~ breediDg per.too.s 

. ~w·do~• ,0.15 • 0.2 mg/p ~t of.female) w&re 

~--~; A l.~ rq.N.ssioa ~ abt:ait.led. be*Weea SVL 

- l.'ll.ml~ of' ~Ja. preaeut in ov~~ sVL and -weight of ova; 

bQ4Y •ant~ til'i4 s1• ot ova• go~Uc · index· and body 

Wight-. ~n-~-~tic ·Uldex and sns end gonadosomatl.o index 

· ami. wtidf!b't ot ov~~es. 
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'l'he first animals to emerge from the aq~tlc environ­

ment anci c.r~wl o~. l~d ~ppro~ate 3 x .1 o9 years ago were the 

ancentral amphibians (Cochran, 1968). Noble {19J1) commented 
. . 

that the. amphibians were the first vertebrates to develop 

vo~ce and break. silence on this earth. Cinery ( 1976) 

describes that the amphibians arose from their crossopter1g1an 

ancestors dl;Jl'ing carboniferous and permian peripds and nave 

<Uversified into a number of species. Of these, 2, 600 species 

belonging to 245 genera and 18 f'ami:t·es have t_ill now been 

reported .from d;Lfferent parts of the world. 

The val.l;le of anurans in human wel.f~e is known since 

ti~es iJnmem,orial•· Tney are col:lSidered a~spicj.o~s items in 

,cert~n human opmmunities. Certain tripes in Africa tie femur 

bone of !rogs to attain supernatural po.wers and goodluck.· 

Chinese use toad ~in and 1 ts poison as therapeutic agent fo~ 

various heart ailments.. Sometime back in an Indian village 

about 30 km from Mehsameend in drought b1 t Raipur d1 strict of 

Madhya Pradesh a strange marriage o£ to'ad bride ·and btidegroom 

was performed w1 th all pomp and snow under a special 'mand\Ip' 

to please Indra; the god of rains (See Amrit Baza~ Patrika 



2 

Apart from such belie~s1, fl'Ogs and toads enjoy 

immense economic and aoadem!c values. Ha®erson ( 1e64) 

reported the sal.e of dr,ied frogs and toads 1n China, Japan 

and South-.Eas't. Asia for food and medi.cal purposes. He also 

mentioned their use for preparing fine leather. Frogs and 

toads have been used as b1Qlog1ca1 o.ontrol agents to control 
. . ' 

·paddy pests in China and Japan .(Okado, ·19~7) and. sugarcane 
... ·. ' 

pests.in So·uth ,.!\J:ner1ca (PI;lck, 1'927.; Cochr~ ·1968) o Xn 
' ' . . r . , 

•. 

recent years;. the.tr econom,tc_ value has ·tJoemendously increase4 

as ·trGg l~gs are used as gourme~ foe·d items in J.apan,, France,. 

tl.K. and U;;s.A. · Tons of .frozen 1"rog. legs. worth, Cl"()res. of 
. > 

rupees are eJq>orted ·every year from :thts country through 

Mar-1-~f:t Products Export· Development A.utnorl.;ty (~), Govern-
, 

ment (>f ·India, Coohin~ Though tlle processing· of frog. J.egs 

was or1girtall.y known to certaJ.n oomun.lilities· o-t aci1vasis1 . 

Bohri community 'of Gujarat and certain rtn.isliril comn:nmltles of 

·· Ieerala1: tt ts oow sc1_ent4.'fiCa.lly done· under·· llygtente condi• 

tlons under· the sup.errl sion of the experts of MPEDA• 

Many ~gnifio~t concepts ~n tb.e ·field of' Developmen­

ta.l BiolQgy, Animal l(hys.tology and Medical Sciences have. come 

Up as a result .of_ experimentation ~ .:frogs., To mention a 

few ·~ ~s quoted by BalinSky ( 1957) ., Gal vant ( 1789) ., wb.ile 
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working -o~ 'eJq>Osed· nerve and muscle stimulations of 

dissected frog legs, got an idea that l.ed to the discovery 

of electric· currant. Before the-availability of sophisti­

cated tt;tchntque~, frogs and toads were used for pregnancy 

tests in earliest stages of conception (Sttcipiro and.·~­

Ziwarens't;ai~ ·19:33) .•. Phenomena o.f differentiation and 

cioning ~ong vertebrates was· first investigated 1n frogs 

and toads•1 _ Frogs and .toads are used .freely .ln schools, 

_cotleges and resea~cb. labpratories for demonstration of 

vertebrate anatomy and basic elq)er.tments in pnysto:togy and 

em'bryology.i 

Supply- o·f ft"ogs and toads for all tb,ese purposes 

comes from nature. Indiscriminate collection of frogs and 

t_oads from their· natural. habitats is resl:llting in rapid 

depletion of tneir populations:; and this is a threat to 

their ve~y survival. As such, necessity is being 1ncrea­

·$1ngly felt to o~ tu.re ~rogs on commercial scale. Priddy 

and Cull·eY (·-15)71') reviewed the wo_rk: on frog culture. Attempts 

on frog cUltUI"e have been_ made .in u.s.A., Japan, Italy, 

Austria and England.- In u.s.A. 'ampbibian faetliti-es• have 

been developed and variet!es .a:f :fr<>gs are C\lltured in 

closed set qp under conditions of controll~d temperature; 

humidity and selected f~eding. Keeping in View the htgh 

costs of su~h p-rogramme, .eeonomtc co·ndittons and difficulties 
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dqe to ~terrupted· el.ectric power supply {due to power shortage) 

in. ·our cotmtry, it m~y nt>t pe feasible to develop technology for 

frog cultW"e tn clos~d set u;p.. We need a technology which may 

be practi~ed in pQ,nds in open @viroi1ment and may be acceptable 

to fatme~$.1 · 

.Attempts bave been made 1n our country by C.entral 

lnland Fisheries Research J:nstitute, Ba.t-ra.ckpore, West Bengal, 

at t:heir Kalyani and Cuttack lliiits;~1 Though. results are encoUi­

raging• we· are still far from haVing .evo_lved reUable methods .. of 

frogs culture•· It needs hardly be stated 'that for any attempt 
, .. 

in respee_t: :-of any species, a ~wJ.,.edge of its bialQgy and ecology 

must be known in detail. 

Rana eyano'Rbl.xctis. Schneider, the skipper frog, is a 

COIIUilOn aquatic frog species ayai.laple 1';hr()Ughou.t IncU.an subcon­

tinent ( Satyamurt,i, 1967). It is als() a common frog speci~s 

available at. plains and bf;l~s of Norttt-Easten1 :India. Thoygh 

sYstem.atics,, biolo·gy and function..aJ; morphology of tb1s· species 
- . - . ~ 

has been .tnvestigated by certa.tp WOI'kers (Boulenger, 1920J 
. . . . ' ' 

McCani:l,_ 1933), .t.ts ecology,. food and feeding habits and. breeding 
. ' . 

behaViour h,aVe to be pNperly tmde;tstood. in a particular biotope 

to evolve its culture techplql,le in that region. It was with 

this background that the present ~nvest1gat$on was carried out·.~ 
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Two )Jtu4y si tas we~a s~lecteq,; one at tbe plains 

·Of Assam a.ri.cl the otb.er at the bills Qf Meghalaya to . . . ' . 

inveatigate th~ n~t\U'e o~ ·:variations in tb.e populations of . 

Ram cxapopbJ,xctis . available at tbe two , regions.. Tl1e . 
. . . . ' .. ·. : : .· . ' . . . 
t~esis has. b.een:d.i.vided·into s1x. c~t~rs. cle~ling .. with. 

(1) descriptioll o£ stu4¥ s.1 t~s,. ( 2) dla.gnostic .¢~acters, 

morphomet-ry and ~ual. breeding ·cycle,: (3) relative abun-
• "• r • • • • • ' ' ' 

dance. b.ome I'anga and movement,, (4) food and. feedirig habit.$, 

(5). nonnal ta'b*-e of development and (6) experimental breeding. 

It. t~. bQped tna't the study will be h~lpful ~n maintenance and 

!or undertak,illg culture progJ:"amme for this species •. 
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Rana cyanophlyctis has wide distribution 

(Boulanger. 1920; Satyamurti, 1967; Daniel, 1975) and is 

abundantly available on the plains of Assam and hills of 

Meghalaya• Thus,· the work has been carried out at two 

selected Sites - one at Gauhati (Assam) and the other at 

Shillong (Meghal~ya) • Details of these sites are gi v~ 

below. 

1.0 State Government Fish Farm, Ulubari, Gauhati 
(Assam) · 

.. (49.4 metre above sea level .(m .• a .• s.l.) .. 
, 26.05°N and 9.1.45°E) (Fig. 1.1.1) .· 

The Ulubari fish farm is situated about 1t km, 

sout~east to the Gauhati Railway Station. It was 

constructed for fish culture and research by the State 

Fishery Department Assam,in 1953,on the southern bank of 

Bharlu river• a tributary of Brahmaputra flowing from east 

to west. The water of river remains muddy and foul due to 

heavy silting and effluents received from Gauhati Oil 

Refinary. .It has low water level, but during rainy season 

the water level increases tremendously, though it never~ 

overflows the bank of the river. In the west neighbourhood 

of the farm there are agriculture and food preservation 

departments. The fish farm is surrounded on three sides, 

East, West and South, by low lying dry area, which get 

filled_up with 0.5 - 1.0 metre deep water during rainy 

season.. The fish farm has a total area of 190 375 sq metres. 

It has 17 tanks of different sizes (20 x 18 metres to 

90 x 65 metres). The intervening 1~ area of the farm 



. Figo' 1.~1: Map of North.•Eastern Regio~ showing study 

sites. 
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Fig• 1.11.1; Map of the study site, State Fish Farm, 
Ulubari, Gauhati, !\$~am •. 
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Fig.1 1_.\1.12S& 1.1.·3 : A view of the State Fish Farm, 
UluP,ari, Gauhati, Assam,, 

Study site No. 1. 



Fig. 1.22 
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covers 6296 eq metres·. At the no.r tb-eas t corner of the 

farm there is one small labC?ra tory, one pukka water tank 

and some temporary butmen.ts·. At the northern side there 

are· some residential houses tor. Assam S.ta te Government 

employees (Figs'. 't.1.2 and ·1'.1'.3)'. 

The looa tion of Gauba ti and so the fish. farm is 

~~:[J at the tropic of canoe.r. Gauba ti is surrounded 

on three sides by hills and· expe.rienoes south-east tropical 

monsoon .from April to Oc-tober. The· beginning of the· rains 

is marked by strong winds, overcast skies, occasional 

tb~de.rs to.rm and bail s t 0.rm. during Apil-May. The winter 

season also experiences occasional showers. The atmospheric 

and water temperature, .rainfall and humidity have been 

ill us tra ted in Fig. 1.1.4 for 1978. The maximum .rainfall, 

about 375 mm per month, was r eco~ded during May· and June 
., 

and minimum during January, February, March, November and 

December. .Maximum a tmospbe.r ic and wa. te.r tempera tu.res were 

.recorded during July and August and minimum during January. 

The annual bumidi ty fluctuated between 44% to 100% being 

maximum during June and July. High humidity is the cause 

of' sweating one experiences for a large period of the ·year. 

Correlations between different climatic factors have been 

shown in Table 1.1.1. 

The pon~s bad foll~wing floras algae belonging 

to families Chlorophyceae, Euglenopbyceae, Bacillariopbyceae, 



Fig., 1. 1. 4 : Envirornnental conditions at Study Site 

· No. durimg 1978.-
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Fig. 1 o'1.-5 : Limnological co nell tions at the Study Sl te 

No. I during 1978. 
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Myxopbyceae and·Euglenoidae; fungi like Aspergilus, 

Peziza, Mortier ella and f.ew unidentified· ascomycetis and 

some aqua tic weeds. Tbe land area bad· predominB.n t herbs 

belonging to sp'?cies·. Polygonum bydropiper, ·Cicblorna 

cracepus,. H,ypochaeris- radica ta,,. Ambrosia ar timesifolies, 

Eupatorium adenopboum, Canna indica and Artemisia species. 

Be in~: ~lmos t a :.ru:i·tural babi tat, a number of 
I . . ' 

aqua tic and :·;te'rrestrial inver·tebrates and some vertebrates 
. .· •. · ... . ..· . r-:. ··-

including _pets 8.nd domestica·ted animals inhabit the area.-

An analysis (technique describ.ed in chapter III) 

of the limnological conditions, such as pH, conductivity, 
. ' . ' ·. 

,, ..... · _. 

dissolved bicarbonate, cblor1d~:' ·ca~cium,. magnesium and 

total hardness of the pond water bas been illustrated in 

Fig. 1.1.5. Correlation among the above mentioned 

limnological conditions have also been derived and 

presented in Table 1.1 .• 2. 

L2 . Polog.round, adjoining Umkbrab river,Sbillong 
( MEGHALAYA) .. 

( 1428 m.a. s .1. 25.34 °N and 91.56~)(Fig.1. 2.1) 

·The Pologround site at Shillong bas lotic water 

system, surrounded by hills having average slope of 30° 

to 40° and is situated about: 1t km north _from State 

Transport Bus stop and sou tb of Umpling colony • The 



Fig. 1. 2.1 : Map of the study s~ te No. ~I -- P'ologround 

adjoining Unikhrah River, Sh.i,llong, 

Meghalaya.· 
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Fig •. 1. 2. 2 (-A} & (B) :. A v~ew of the pond water of the 

s~uqy si.te No. II" - Pologround s 
adjoining llmldit.ah river, 

Sh~_:J .. long, Meghalaya. 
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Umkbarab river flows through tbe pol.o~ound area from 

south-east. to north-west. It is 4.0 to 6~0 m'wide. and 

0.5 to.1.0 m deep, from late June to iate August,· during 

rainy season the river overflows and floods the surroUnding 

areas• The river ha.s muddy and foul water due· to e·xcessive 

silting and sewage drained from the city (Fig. 1·. 2·. 2). · 

The habitation and cons'truction are v:ery few, restricted 

to some hutment. The Pologround is used mostly for paddy 

and potato cultivation. 

Shillong situated .4 the north of cancer bas 

sub-tropical cl1mate.~'~ospher1c and water temperature, 

humidity and rainfall are shown in Fig.· l. 2. 3 for the :rear 

1978. The temperature varied between ·1.3°C - 28.2°C• The 

average maximum atmospheric temperature was recorded to 

be 25°d in August and averagf) minimum 4.5°C during January. 

The average water temperature at the site fluctuated 

between 6 •. 7°C and 20•0°C and bad minimum and maximum 

record of 4.0°C and 22.5°C in January and August respectively. 

The humidity at the study site fluctuated between 37% and 

· 90% and was maxiinUm during rainy season. , Total rainfall 

during the year. 1978 was recorded to be 1633.0 mm ~i th a 

maximum precipitation of 460.1 mm during July. The winter 

months were dry with no rains. Correlations between 

different eliDa tic factors have been shown in Table 1.1.1. 



Fig.1 ·1. 2oi3 : Environmental condi tioJ1.S at the Study 

Site No. I+ dt.wing 197So' 
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Fig.• 1.12. 4 : Limnologic\3.1 conditions at the Study 

Site No •. II during 1978. 
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The_ vegetation at the site ~ broadly divided 

in four layers, tree.s, Sh;'ubs, herbs and ground layer. 

The tree~ and shr1:1bs a.r:e very f~w belong. to mainly Pinus 

and Hypericum species. The herbs that.predominate the 

si tea. are Subrosia ar timissifolia, Eupatorium adonopharum 

and Hy_pochaeris radicata, Ar timisria. species frof- +.;~a 

family As.teraceae; Polygonum bydropiper, Fa.gopy;rtim. 

esculen tum, Rumea nepalenses of family I'o).ygonaceae; 
·, . . ... . 

Al tern~n thera sessilis _of Amara.ntbaceae.; Drymar ia cordata 

-of Caryophylaceae;- Gal1ngsoga ciliata of A.steraeaae; Canna 

indica of Cannaceae; La.ntanna camara of Verbenaceae; 

Paspalrim dila talum of· Poaecae and few Pouzolzia spp. -of· 

Urti~aceae. At ground level the Asper~illus, Fusarium, 
,. 

Merticrella and few other ascomycites are recorded at · 

its bankmen t. 

Being almost a natural habitat a number of 

aquatic and terrestrial invertebrates· and some vertebrates 

including pets and dome~ticated animals inhabit the area. ,, 

An analysis (technique described in Chapter lfi) 

of the limnological condition such as pH, conductivity, 

dissolved bicarbonate, chloride, calcium, magnesium and 

total hardness of the pond water has been illustrated in 

Fig. 1.2.4 .. Correlation among the above mentioned 

limnological conditione have also been derived and 

pres en ted in Table 1.1. 2. 



Rainfall 

mm 

* 
0.6541 

** 
0.8441 

0.4077 

Table 1.1.1 
... 

Correlation be~een various climatic condi tiona a.t the two ~ tudy si tea 

GAUHATI 

Humidity 

% 

0.0817 

0.3149 

-

0.4077 

Aquatic A tmoepberic Variabl~s · A tmospberic 
Temp. Temp. -Temp.-
oc oc oc 
** A tmospberi·c .. 

0.8511! - Temperature -
oc 

** ·** 
- 0.8511 Aquatic 0.9217' Temp era tur e 

oc 

0.3149 0.0817 HUmidity o: 2704. 
% 

** ·* ·* 
0.8441 0.6541 Rainfall 

mm 0.6062 

* = Significant at 5% probability ( P < 0~05) 
** = Signifi~ant at 1% probability ( P < 0.01) 

SHILLOll:lG 

Aquatic Humidity 
·Temp. 

% .. oc 

'**·· 
0~9217 o~ 27:04 

- 0.4990 

0.4990 -
' ·* ·* 
0.6143 0.6247 

Rainfall 

mm· 

* 
'0.6062 

.. -· 

* 
0.6143 

* 
6.6247 



Table 1.1.2 
~· ( 

Correlation between various physico~chemical factors a;t the two study si tea 

GAUHATI SHILLONG 
Total ----. ----------~-~---- --------- ------ ----~----:rotru 
hard- Chloride Bicar- E.C. pH Variables pH E.C. Bica.r- Chloride bard-
ness bonate 
ppm ppm ppin 

0.267 0.·449 0.092 

** '* . ** 
0.963 0.731 0.844 

** ** 
0.911 0.780 

'** ** 
0.754 0.911 

** ** 
0.754 0.911 

. . bonate ness 
micro­
mbos/mm 

micro- ppm ppm ppm 
mbos/mm 

~ 

0.281 

0.282 

'** 
0.844 0.092 

'* 
0.731 0.448 

. ** 
0.962 o. 268 

pH 

Electrical 
conductivity 
micrombos/mm 

Bicarbonate 
ppm 

Chloride 
ppm 

0.053 

0.07.6 

0.454 

Total hardness 0,·391 
ppm 

' 

0.054 

t" .-.,.-

.,_,.~ .. ~:·),') 

'** 
0.856 

:;·"· * 
0.575' 

. * . 
0.573 

* = Significant at 5% probability ( P < 0.05) 
** = Significant at 1% probability ( :P < Oe01) 

0.076 0.454 0.391 

** '* * 
0 •. 856. 0.575. 0·573 

\ .. 

'** 
0.812 0 .• 492 

'** 
0.812 0·298 

0·492 o. 298 
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. . . "~~ -~) ' 
·Rana cyano-ehl~ctis' S~hneider,Ais c'!osely. refated 

to·~ hexadectyla Lesson, .. though it is smaller in size 

and possesses perfectly webbed to'es,. ib·e systematic 

position of~ cyanophlyctis is as fo'ilowsl 

,Phylum 
Sub-Phylum 

Class 

Order 

Sub-order 
Series 

Sub-family -
Genus 

Species 

Chordata 
. Gna thostomata 

Amphibia · 

Anura 

Phaneroglossa 
Firmis ternia 

Ramidae 
Rana Linnaeus 

cyanophlyctis Schneider 

The first record o.f this species was made as early 

as 16 tb century when Emperor Babar, noticed that 1 t skips 

over the surface of water like ricocheting stone (Daniel, 

1975). Becaus~ of this peculiar habit it is popularly 

called awater skipper" or "skipper frog" and due to its 

aquatic habit it is also called "Pani Benga" or "water 

frog". It. is a coinmon and most easily available species 

inhabiting different biotopes throughout the Indian 

sub-continent. It is often seen floating on the surface 



Fi_g. 2 : A female Rana! cx;anopblYctis Schneider. 
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or squatting along the edges of many ponds, rain puddlers, 

tanks, streams, temporary, perennial, running or stagnant 

clear or foul waterbodies and other .such stretches. 

Annandale (1917) recorded .them at Qt.tetta (Pakistan) 

floating on·a·water body whose edges were frozen. McCann 

( 1933) r~corded ·them· fr9m ·cis ter'ns and open gu t'ters where 

the water was very fo'ul.,· ful.l of refuses, often discoloured 

with saffron curry material• ··He noticed· them· 'to move away 

from the dratns when bot water was poured and· returned 

when the water· cooled. Daniel ( 1975) ·has reported them· 

from water bodies having industrial effluents and brackish 

water! 

Satyamu.rti (1967) bas provided a detailed 

desQription of this species from South India and bas 

mentioned it to be· a·"'w-id·ely dts:tr:o ibu ted· ~p~cies from .Malay 
.. -

Peninsula, up to Arabia including Nepal, India, Pakistan, 

Afganistan., Iran, Iraq, and Ba.ngladeshr.l .tn the north 

from Himalayas to Sri Lanka ..i.Ys. sou tb. Boulanger, Annanqale 

·Wall and Regan (1907) recorded it at an altitude of 4,500 

to 6,400 feet above sea level (a.s.l.) at the bills from 

Bhimtal and Nainital. Acbarji-and Kriplani (1951) recorded 

it at Kangra and Kulu vaJ.leys in· Darjeeling Dis triqt and 

other parts of. Eastern Himalayans at 6,000 feet a.s.l. 

Annandale (1909)- recorded it at Kotagin and Nilgiri hills 

from 5,700 feet a.s.l. It is a common species of frog 



. . . 
available in Nor tb-Eas tern: bills of India, Assam, 

~ . '. . . 
A.runacb8.1 Pradesh and MBnipur (Pillai and Chand~, 1976). 

·. . ~ ' . . ' ' ' 1 .. 

In tb e present investigation, the frog bas been recorded 
. . . 

in abundance at Gaubati as we.ll l;lS at Sbillong tb.roug.bout 

·the year,.. 

Altho~b detai1ed.oontribut1on~ are available 

on the biology, systematics ·and .distribution of the~ 

· ·cyanophlycti·s (Boulanger, 1890 and 1920; Annandale, 1909 

and .1917; Na.rfayan REl.o, 19.15. and 1920; .McCann, 1933 and 

· .1940; Satyannirti, 1967; Daniel. 1~:73 and 1975),1nfo.rmation 

·on .ntorpbometrio analysis of the popula tiona available at 

Gauha ti and Shillong are lacking. More and more 

information has been pouring in on morphometric analysis 

of different anuran species (see Brown and Boschung, 1954, 

Duellman and Klass, 1964; Metter, 1964; Zweifel, 1964 and 

1971.; Hyers and Peter, 1971; Tyler and ·Martin, 1975 and 

Tinsley( '1-973 and 197.5). G§ .Clarke(~\ ( 1974) and 

Mohanti-Hejmadi ( 1974) derived co.rr,elation be~een SV 
. . 

length and tibia ·length in ~ ~igrina· and MQ_ woodhousie, 

Sch.r·o~der•s (197~) contribution ·on· the relationship 
. . 

between·sv length and tympanum diameter at different age 
I 

groups of ~ oatesb,iana,Te.rent.Jev's ( 1960) observation 
' 

on .rela tionsbip between SV length and fecundi ty1 Koskela 

and Pasanen11~'?(1975) contribution on .regression relation-
~.: 

ship o·f different body parts of~ tempo.raria
1
are some 
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ofthe ·noteworthy contributions highlighting the 

significance of such investigations and intra­

specific variations. 

In the present chapter, an analysis of 

absolute measurements and morphometric ratios of 

various morphological structures of the samples of 

~ cyanophlyctis populations collected at 

Gauhati and Shillong has been presented. This includes 

the description of morphological features and 

relationships 'tp:~,:~, between snout-vent length (SVL) 
-: -~ 

and body weight (BW) of the two samples of this 

speciesf A 12-month analysis of its relative 

condition has·been worked out to know the size f ' . 
I 

availability and robustness of the frogs during 

different months of the year. In this connection, 

coefficient correlation of the two variables 

mentioned has been been worked out. In addition to 

these an·account of its annual breeding cycle has 

also been included. 
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REVIEW OF LITERATURE · 

Boulanger (1882) classified and catalogued 

the Batrachia, Sailentia and Eucaudata. collected 

at the British Museum on the basis o:f their 

morphological· characters. The first contribution 

on the morphology of the Indian anurans: seems to 

be in the year 1888 and that of Dr. Edgar Thurston 

the then superinetendent, Government Central 

Museum Madras. He compiled a concise book entitled 

ncatalogue o:f the Batrachia, Sailentia and Apoda 

of Southern India". It contained descriptions 

of thirteen plates of the specimens present in 

the collections of·Madras Museum and British 

Museum of Natural· History., London. This book 

is now out of print and also out of-stock 

(Satyamurti, 1967). Boulanger's monumental 

monograph "Reptiles and Amphibia" published in 

1890 in the Fauna of British India is an ·record 
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on the anurans of this continellit. It is even 

toda~ considered.as a standard reference for 

the study of anuran mosphology, taxonomy and . 

systematics. This monograph is also out of print 

and its copies available in the libr~ies and 

museums are often so fragile that one cannot . 

use them freely for reference. 

Boulenger (,882, 1890 and 1920), Thurston 

( 1888), Annan~dale ( 1909 and 1917), Narayan Rao 

(1915 and 1920), McCann (1933, 1940 and 1945), 

Acharj~ and Kripalani ( 1951) and other earlier 
i 

worker's contributed mainly to the morphology, 

taxonomy, distrmbution, habits and behaviour 

of the anurans. The morphology was often restricted 

to provide the diagnostic characteristics 

explained, \oii th the help of absolute measurements. 

\lforkers like Bragg( 1950) and Taylor ( 1951) 

added absolute measurements of many more body 

parts for the study of morphology apart from 

analysing their diagnostic characters in both 
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sexes~ Later, Brown and B~schung (1954)~ Dueilman and 

Klass ( 1964), Metter (1964), Zweifel (1964), Tinsley ' 

(1973, 1975) used absolute measurements as well e.s r·atio 

study for the morphology. Morphologist" like:::=H.~yer·: and 
. ' 

.Peters ( 1971), Zweifel ( 1972), ~d 1}Eler and Mar tin( 1975) 

used absolute measurements and ratio analysis· for the 
. . . 

study of races in population, coli'ected f.rom different' 

ecological condi tiona and lastly wo~kers like Clarke 
. . . 

. ',,.. 

(1974) and Tahin et al~ ·(1977) used correlation between --
two different struc·rures. Pasanen .and KoskerB:· ( 1974) 

and.Koskela and Pasanen (1975) investigated relationship 

between SV leng~h and various biometriosof Rana temporaria 

and thereafter provided regres~ion equations enabiing 

to calculate tbe weight of ovaries, weight of oviduct, 

egg number and egg size, from the known measurements of 

SV length and body.yweigh t of the frog. 

Tb e important r e~.~~·-f-1!- -'!o:lit:JT a "\t~e for the past 

two decades are as followsa 

Bragg (1950) in Bufo congaatus, Tayler-·(1951) 
_.....,_ • 4,_ 

. . . 

in Bufo simus and Brown and Boscbung ( 1954) in ~ 

palus tris, made mor:phological study and absolute m.orpbo­

logical measurements to describe the morphological 

varia tiona 1n populations inbabi t:l,ng at di.ffe.r:en t 

env.ironmental conditions. Brown and) Alcala ( 1963) applied 

the following three ratios ( 1) breadth of tbii'd finger 
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di,ac/~ength of third finger;'(2) Head width/Snout•Vent · 

length;. anQ. ~ead w:td th/length of Tibia along with absolute 

morph~logi,.c~l. varia tiona and desorip tion for. the iden ti­

ficatio:r;ts·of a new frog belonging to genus Cornu!er 

(Ranidae). On. the morpbologic,al analysis of tbe skin 

structure coiourations,7. absolute me~surements, and 6 

morphologica,l ra ~ios Ll'l byli9.. f~og popula tiona Duellman · 

and Klaas ( 1964) .recorded a new species Triprion 'petastus. 

Describing the. utility -of the. ratio study in animals 

Cochran ( 195~) remarked that morphological ratios s:tudies 

provid~ a better un.ders tandi~ .of the morphological 

s truc:tlll,'e and varia tiona, it also compensa tea tQe na tur.al 

variation of sizes. He noted that an average ratio, , 

derty:ed, by finding the specif'ic ratio ~ez: each individuals 

and then d~viding the total by the number of individuals 

was lese aocura te than the ratio ob tamed by dividing the 

sum of numerators by the sum of denominators. Metter 
.. 

(1964) applied Cockran's technique to.8 ratios and 10 
. '.. . .... _:. ' 

absolute measurements for a morphological comparison of 

the two populations of tailed !rog Ascaphua truci,. 

Similarly, Zwei.f~e~l· ( 1964) ill Rana vi ticaria and Mar .tin 

and Li t.tl·ejobn ( 1966) in Hyla j ervisiensia used ratio 

study to describe the morphology of the frog. · Heyer 

and .Peters (1971) observed the synonyms in 'L~)?todactylids 

coll.ected from Ecuador, a:nq. Zweifel ( 197.2) reviE~w~g 

the available pr.eserved specimens of genus Lecku' idea \lse"d 
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various indices o! .ratio and absolute measurements, for 

morphological understanding. Similarly th.e population 

studies 1n Bu.fo mexicanus (Webb~ 1972) and Leptodactylids 
~ . . 

(Tyler and Martin, 1'975) were made by analysing the 

morphological ratios and abso,lute counts. Tinsley (1973 

and 1975.) used 9 indices, sh·owing ratios betw~en various 
. •' ' 

body part and 18 absolute measurements tor the study of 

the biology, systematic and synonyms in Xenopus laevis, 

Xenopus ves titus_, Xenopus bunioniens is, Xenopus .vic tor ianus 

and Xenopus kigesiensis • However, Van Dijk (1966) showed 

tb e utility of the .ratio in the . aye tema tic studies of 

anur an larvae, 

Some references on the morphology and measurements 

of Indian anurans. of the recEtn t decades can be r·eviewed 

as followss 

Daniel (1963,,1963b, 1975) des9ribed habit and 

habitat, distribution and·morphology of anurans from 

western India-, t~1:t:;'e.r1.1g Satyamurti (1967) from southern 

India, Behura ( 1965) and Mohantt-Hejmadi ( 1974 )' from 

Orissa. Pillai and Chanda (1973, 1976) described 40 

amphibian species from North-eastern India. The description 

contained 3 anuran records namely ~ danieli, ~ 

mo!!J2langensis and Philautus shillongensis identified with 

the help of 22 absoiute and 6 ratio morpholo-gical cowits. 

Dubo'Wls ( 1976) collected anuran fauna from Nepal ood -
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record~d ~he., presence of two uncommon black eye ~Rana 
. -

cyanophlyctis • Rece~ tly Roy ( 1.97.9) m~de morphological 

~ascription .. ~f ~Rana ·11mnocbar~s, of Sbillong population· 

with. _the help ·of .~bs·olu ~e and ratio· morphological 

measui::e~e~ ~s ~as des or ibed by ~ins.l~y (.1973, 1.975), 

. . ' 

These days morphological 
. ' 

accompanied by biometri.c studies~ 
' ~ . . 

very few specially when compared 

e.-J'\ti~~ are frequently· 
~ 

Among anurans Lti~4Jh. ~t ... ul\c.., /. 
. . . ' 

to fishes·. Rao ( 1964) 

frequ'ency di.s.tribution 'i.e.· the occurrence of more or 

less same length group in differen. t season, It also 

.reflectsthe size group of animals predominating the 

habitat during different months, (!) length weight 

relationship,i.e. length group (em)· pl.otted. against the 

corresp·onding average weight· (gm). In the above two 

bivariates {length and weight) showed linear relationship 

and bas been expressed by W = a ~- bL3 (where W and L 

being weight (gm) and length (em) of the animal respectively 

and a and· b as equation constants). Similar length 

frequency distribution and length weight relationship 

have also been studied in Gizzart Shad (Babu Rao, 1965) 
. '• 

in Otolithoide.s mic.rodon (Sinha and Rao, 1965); in 

Stipinna godavariensis (Rao, 19~7) and in Hilsa ilisha 

(Rao, 1969). · 
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. _Leqr~n. (1951) derived a rel.ationshipbetween 
_- _W - 5 

. body length and ~e~ght K..., ~· x 10 and noted that. 
t.? . . 

·the relative condittons of the organism can be predicted 

with the help of the above eq;uation. Following the above 

technique, the relation condition has been es_tima ted in 

various animal such as Hilsa kangenta (Rao, 1964); 1n . 
.. 

Otoli thoides microdon (Sinha and Rao, 1965) and in Hilsa 

ilis·ha (Rao_, 1969), It is observed that in all the above 

casES the maximum reia tion condition (constant). has been. 

observed during spawning period• 

Bayless ( 1969) plotted regression equations and 

relationship between SV length and .Tibia length of 

Ascris c.repi-tans, and compared i.t with Bu.fo woodbousei 

floweri • · Tins1ey ( 1973) der.ived various biometric 

relationship in body part·of Xenopus kigesiensis Schroeder 

(1974) in the body part and Tympanum len~th of adult 

Rana catesbeiana. Clarke (1974) used Tibia measuremen-ts 

as a growth indicative in Bufos. and noted that SV length 

and Tibia length have significant correlation_-, wi tb high 

correlation coeffi,cient of ( r =· 0.998} • · Labantck and 

Schlucler ('1976) obse_rved tba t relationship be· tween tibia 

length and SV length appear.ed to .be .lin_ear ~ can. l>a­

expr:essed .by least square regression lines y = 2r.37 x · 

+ 1.45, when y and x are Tibia and SV length respectively. 

Koskela and Viro ( 1976) observed linear relationship in 

body length with animal weight and with tail length 1n 

harvest mouse • 
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A method for r~cial analysis suggested by 

Mahalonobis · ( 1936) has been followed by certain workers.l 

He mentioned that the distanoe/d1fferenc·e between· the two 
. . 2 . . . . Yi'.,.i•~c.c. .. c..ov~'ll"io.¥\(,.• 

population, DP can be est1Inateq. by t~el analysis and 

comparison of the variables arid means dtfference of the 

two populations. Kesteven ( 19.5.0) noticed tb.at D: anaiys1s 

on statistical 1;F' test, 1~ ytelds values, below or 

equal to 1%. Pf!obabtlity level (P~ = 0.01), indicates that 

the populations 1nb.abi ting in two envi-ronments are morpho­

metrically non di_stinct and indiscriminent functions can be 

developed between them. Such .population can be considered 

a$ homogeneous stock. Rao ( 1952) and Keeping ( 1964) 

.further reported that covariance and mean difference in th.e 

variables of the two populations can be used for the racial 

studies•\ Gupta ( 1970) appll.ed the D: analysis (Mahalonebis, 

1936J Rao,. 1952) in the meristic counts of dU.ferent popula'!'O 

tions .of Polynernus paraliscus for the racial study. Simi­

larly, .Pathak ( 1979) took he1p of the above described 

techiiique for the reacial. study in Clrsbi.nus £iba collected 

from 'two ~fferent byd.rographical ~ physico-chemical, Qondi'!­

tions, nan1ely Ganga and Yamuna riverines and noted minor 

structural di-fference J.n. tbe two populations of the fish, 

althoUgh not statistically significant on o; analysis, to 

assign them two different races .• 
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Qt@ MATERIAL AND METHODS 

- Adult specimens of Rana cyanophl.yc_tis were 

collected at the study sites at Gauhati-and Shillong at 

regular intervals throughout the year; After collection 

the sn:out-.Vel'.lt length (SVL) of each frog was recorded . . 

· and 1 ts body· weight fBw) was taken after blotting the_ 

body surface~ Their colour pattern was noted and they 

were killed with chloroform, their guts and gonads were 

removed _and preserved in 10%' formalin. 

Range, mean, standard deviations of various 

measurements were calculated separately for samples of 

two popula tiona in various size groups of male and female 

to compensate for the natural vax ia tiona in sizes. 

(a) Absolute m~asurements of the morphological character: 

For females, following 17 and for males following 

18 abso lu t~ measurements were recorded with the help of 

divider to the order of 0.1 mm accuracy. 

( 1) Snout-Vent Length(SVL) : The measurement between 
tips of snout and vent of 

the aniina.J. ~ 



{ 2) Body wid tb {B. W.) 

{3) Head length{H.L!) 

(4) Head width (H!W.) 
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: Measur emert t of tb e widest 

part of the body. 

s Measurement from the anterior 

1 ~ng t.h . o!. . tb.e. animal to 
occipital condyl. 

: Measurement at the wide·st 

region of the. bead. 

(5) Snou·t l.ength { S .L.) : Me.asur emen t of: the· perpendicular 

d~s tance .from t.tlE} .. tip of the nose 

to the anterior most en~ i~e· 

the an ter.io.r level of the 

premaxillae bone~ 

{6) Snout width {s.w.) : The .meas.ur.ement of· the .widest 

point of the snout lying just 

below the nose• 

{7) Eye diameter{E.D.) : The. transverse distance across 

the exposed eye orbit. 

{ 8) Inter ocular 
distance (I. 0. D. ) 1 

The shortest distance between 
two eyes. 

( 9 ) Tympanum diameter : 
{ T.D.) 

Tb e measu.r em en t be tween annuill.us 

tympanicus across tymp~ic 
membrane. 

( 1 0) Inter · tym.J?anal 
distance (l.T.D.) 

( 11 )Inter narial 
·distance {I.N.D.) 

: The shortest distance acrosJ;J 

head be tween two tympanic 
membranes. 

: The distance be twe~n the inner 
margins of· tbe flabs bordering 

nostrils• 



(12)Hind limb lengt~ 
' (H.L.L.) 

• .. 
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Total distance from the vent 

to. the tip of th~ 4th toe. 

(1,)Tib1a length ,(T_.L.) .s Medi,an measur~ment along the 

dorsal surface of tibi~. 

(14)4tb toe length 
. (4. t.l.) 

(.15 )Forelimb. length. 
(F.L.L,) 

(16)Radio-Ulna length 
(RU ~L.) 

( 17)1st finger length 
(F .L~) 

s Mea sur emen t of' tb e outer 

y~n tr al sur face of the 4th 

digit_. 

: Measurement from the ori~in 

of forelimb to the tip of. 
1st finger. 

: Median measuremen't along the 
' dorsal surface of the radio-

ulna. 

: Measurement f.rom the· base to 

th·e tip of the 1st digi t• 

·(~8)Votial·slit's iength s 
.(V.St.L.)(only for 

males) 

Measurement from the ~nterior 
edge to the· poster lor' edge of 

the slit. 

(b) Morphometric ratiosi 

Cochran's (1953) method bas been applied for the 

ratio count analysis of the frog. The .ratio bas been 

obtained for ~cb oount by dividing the sum of the total 

numerator by the sum of total denom~nator. Following the 

ratio counts were estimated: 



( 1) 

( 2) 

( 3) ' 

(4) 

(5) 

(6) 

(7) 

(8) 

( 9) ' 
( 1-0) 

( 11) 

( 12) 

(13) 

(14) 

( 15) 

(c) 
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SV length/Hind limb length (SVL/HLL) 
\ ~ . . . 

SV length/Snout length (SVL/SL) 

SV length/Snout width (SVL/SW) 

SV length/Tymp~um diameter (SVL/TD) 

SV length/Head width (SVL/HW) 

SV length/Eye. diamete.r; (SVL/ED) 

Head.' length/Head width (HL/HW) 

Tibia length/Hind limb lengtp (TL/HLL) 

4th toe length/Total fore limb length (4th L/FLL) 

Lower fore limb length/Total fore limb l.engtb(LF/FLL) 

Head length/Internarial distance (HL/IND). 

SV length/Total fore limb length (SVL/FLL) 

Snou.t width/Snout length (SW/SL) · 

Internarial distance/Inter tympanum distance (IND/ITD) 

Head width/Inter tympan~ distance (HW/IfD) 

Length-weight relationship: 

For length and weight rela tionsbip, graphs were 
' . ' 

plotted with length on 'X' axis and weight on 'Y'. axis. ' 

From the trend of the distribution of the observations, 

the equation with the minimum sum of .the squared differences 

between l.ength and weights were taken as the beet fit, 

regression expression. The correlations ( r-value ) 

between length and weight were calculated for males and 

females separately as well as together. The length and 

weight measurements of both the sexes, were applied to 

Le6ren's (1951) formula given below and subsequently the 

equation constant, namely initial growth index (c) and 
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equilibrium constant (n) were. found out. 

where 

log W = log c + n log .L w ::: weight 

L = length 

c = initial growth constant 
n . = equilibr iwn constant 

(d~. Relative conditions: 

The relative condition- varia tiona in -the mixed 
' 

samples of frog population, collected at Sbillong and 

Gauhati from January to December, was calculated; with 

the help of I,eC.ren's ( 1951) formula 

K = 

where 

K ~ condition factor 

W = weight of frog 

L = length of frog 

The cond.i tion factor so derived was also correlated 

with environmental condition~ of. the sites . such _as 

temperature, rela; tion humidity and rainfall, separately 

and jointly. 
• ••••• Co..,.t-cl P. ··_.-: '34 _ 
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OBSERVATIO~ , 

The observations include: 

. . 
Diagnostic Features and Colour pattern, Distinguishing 

. characters of male and female Raila cxanophlyctis, 

Morphometric measurements, (Absol~te mea~urem~ts and 

Morphometric ratios),· of Gauhati and Shillong population 

of Rana &YanophlYctis, Lengttl-Weight relationship and 

Relative condition and Annual breeding cycle. 

t-;;§~-t Diagnostic Features: 

~ cyanophlyctis is characterised by 

following features •. 

1·. Snout blunt, more or less rounded, scarcely projec-. 

ting beyond mouth (Figs. 2 •. 1, .2:. 2, 2. 9 & 2. &)·. 

2. Head flattened and compressed dorsoventrally 

(Fig• 2. $) • 
• ·. t 

3. Head, slightly broader than long in adults and as 

long as broad among immature and juveniles (~igs. 

2.1,. 2, 2,, 2,10 & .2 .. Q) .• 



Fig.' 2o 1 Dorsal View of Rana 
I I 

female • ~YarwphlYctis -• -
SNT = Snout; TYM = Tympanilm; WTS = Warts; 
F~ c:.,: Fore limb; H~L = Hind limb. 

v 

2.2 • Dorsal View of Rana CianOJi2hl~ctis ... male • 

Na = NarialfB Vs = Vocal sac~J 

2o•3 : Ventral view of Rana cYanophiyctis - female 

·Ab = ·Abdomen; Wh = Web. 

2.~4 : Ventral view of-~· cxanophlYctis - male 

VS1 =i. Vocal sac; ·-Ab = Abdomen~ 
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4. Nostrils at equal distanQe from eyes and from the 

tips of the snout ~Figs. _2. 2 & 2.:Q). 

5. Distance between nofrtrils approximately equal ·to· 

a. 

· .tbe· inner orbital· wiqth, however, narrower than 

the dis·tance be twe~n . the .upper eyelids (Figs. 2, 2 

· & 2. S)'• 

Tympanum distinct and· alfproximately .. 3/4 of the . 
,. 
total eyelid diame.ter. (Figs~· 2.2,·· 2.10 &. 2.&). 

'· 
Inner orbital space muob. smalier than eyelids· • 

. . 
The vomerine teeth are d~posed ·in small round or 

oblique groups and situated at ievel with pos ter1,or 

,border of the choanae,. or just behind them. 

9. Skin warty with small tubercles and with rows of 

pores dorsally, smooth and. colourless ventrally 

(Figs • 2. 1.' 2. 4, 2. •t, 2. 9. & ~. 13 ) • 

10. Flanks warty with pores arranged in single line 

(Figs , 2. 3, 2. 4 & . 2 • 8) • 

11, Presence of a strong sktnfold between the eye and 

the shoulder (Figs. 2.1 & 2.2). 

12. Subar ticular tubercles. slnall and feebly· prominent. 

The tarsal folds either abe en t or poorly developed 
. . 

with small dermal fringes present on outer toe 

(Fi~s. 2.5 & 2.1~). 

13. Outer tubercles absent but pointed digitiform inner 

~etat~sal' tubercies present (Figs. 2.3 & 2.5), 



Fig• 2.15 : Hind limb of ~ cyanophlyctis ~ female 

·Wb =Web. 

2~!6 : Fore limb of .~ cyanophlyct.is - male 
. .. ; . . ' 
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. 14. Fingers thin pointed and feebly· developed 

(Figs. 2.6 & 2.13). · 

· .. 15. First and second .firlger.s alnios t equal in leng tn 

(Figs. 2.6 ·& 2.13). · · 

16. 

17. 

. ' .. 18. 

Toes completely webbed (Figs. 2.5 & 2.14)~ 
•? 

Toe .tips swollen, rounded or· dilated into very 

·small. discs. having well develope'd·broad web 

. reaching the. tips (Figs. ·2.5 & 2 ... 14) • 

The 4th toe moderately ·lar'ge than others 

(F1gs. ·2.5 & 2.14) .• 

19. ~er metatarsal tubercles, ·small elongated and 

conical (Figs. 2.5 & 2~ t4). 

~0. Outer meta'tarsals separat·e·up to their bases 

I• ' ' 

2.4.1 (b). Colourations· 

·. ' . ) 

·Normally the cod our p.a ttern of the animal seems 
. . 

to be dependent on its 'surroundi~gs. The riparian 
. . . ''· · .. 
collected from foul arid dirty place have dull colour a tion 

as compared to those collected from clean'running water. 

The oolouration of head and body on the dorsal side 

varies .fib-in brownia:'b to' dirty green, greyish or ol.ive­

hrown, ·spotted or marbled with numer~us dark olive 
~· . ·: 

marking of irregular shape (Figs. 2.1,. 2.2, 2.8 & 2.12). 



Fig.· 2o113 : Fore limb ·of Rana cyanophlyctis .. - male.~ L·O .. ®liD .. 

2eh4 : B.&nd limb of ~ cyanophlvctis - male ~ l· O 
. . . ' . :.r . -: ' . 



Pi§ 2 ./3 

.c"B· . 2.14 
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On . the head, however., the number of black markings are 
•' 

less~ Colouration of limbs is like .rest of tbe body. 
. . . .. ~ 

Ven ~al aspe.ct of the limb~ is creamy wbi te or creamy· 

tans <Figs. 2 .• 4 & 2,.9) ~ : IncomJ?le~e dark brown cross bands 

ar~ ~resent on the limbs (:Pigs •.. 2 .. 1, 2.2, 2,~~ 2.·10). 
. I • • '' ' • • 

The .upper part of fore limbs are often lighter in colour 
: • ~ • • •• ' • ~ : • ~ # ' ' • • • ' ' • 

than their lower parts. . Flanks have_ identical colour 
. - , .. ·. 

like that of dorsum although bit lighter ~n shade~ Often 
' ' 

one ~r two bf.ack streaks with wbi te margin are present 

at the binder aspect of the -thighs below tbe vent 

(Figs~ 2!4 .& . 2.11 )~ There are feebly distinct light 

black edges and bands on each flanks and thighs, which 
-.' '. ·. . .. . 

betn~ mor~ prominent in males and ju~eniles than females. 

Chin, throat, belly (Fig~ 2.13) and other ventral surfaces 

are creamy white, pale yellowish or dirtywbite (Figs. 

2.4 & 2.9). TQe ventral surface ot the juveniles are 

wi tb~ut markings or spots • The large size adults often 

h~ve marbled spotted, dotted o.r ve.rmicula ted surface 

with black colouration on tbe dorsolateral .region (Figs. 

2.3 &: 2•11)~ Such dots are sometimes seen on the ventral 

surface of the throat and belly also (Figs. 2.3 & 2.11). 

\}A-c .. 2J . Dis tinguisbing character is tics of the 
males and females: 

Following are distinguishing, characteristics· of 



Flg.' 2'•iT : .;A Cchmparison of male and .female ·adult 

. ~ cxanoph1Yctis "t- 1·0 

2.'\8 : Lateral view of.~ cyanophlYctis - male. x ::1. · o 



Fig. 2. 7 
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ma.;l.es and !~males •. · . 

\' 

·1. The· males are id'en tified by their small size 

'(SVL from 4~:0 'em 'to 5.20 em). and weight from 

7•0 gm to .19 .• 0 gm'(Figi· 2.?-)., 5 

2. They possess. prominent greyish or blackish. 

external vocal . sacs on ~ach side of throat, 

close. to the posterior half' of the mandibular 

ramus. The sacs are enclosed in separate 

slits and project out while croaking. The 

si~e of alit. approximately equal to the 1st 

finger e.nd larger tha.n eye ball.· 

3" ~ey produce :tb.reeding oall", apart from 

occasional "pain release call". The breeding 

call resumbles, some what low pi tcbed rattles: 

of bones kept up ,for a short while (McCann,. 

1933 ). 

4. Th.e 1st finger is slightly enlarged and 

thickened than otber.s. Thumb pads, as seen 
\ 

in other frog species during breeding seasons 

are not present in Rana c.zanophlyctis •. 

5. The colouration of males is brighter tb~ 

that of female in the same population, 

6. Their black and dark. oliver marking on 

back are more conspicuous than those on 

females. 



.Fig. 2~110 :·Dorsal view of ~ cYanophlyctis - [Bmale ~ I· 5" 

2•}9- ':.Ventral vie'tJ of ~ c:yanophlYctis • male X I·!)" 
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7. The . black streaks wi tb wbi te granular bodies 

found in females are ei tber absent or feebly 
,, ./- ~ '· . 1 ·, ' ',' ' 

developed in males. 

8. 1heir abdomen is ·slender, iesser in diameter 

··than pectoral region a· 

.-g. While sitting· they keep tbeir bead above the 

body line. 

10. They are active swimmers and·are often.seen 

floating on water surface~. 

· 1 t. They and their juveniles occupy the 

territorial edges of the deep water bodies. 

12. .Tbey.are active during day as well as night 

almost throughout year. 

(b) Females (Figs. 2.1, 2.3 & 2.(1.J.} 

1. They are much larger and heavier than males. 
: 

SVL ranging from 5.10 em to 7. 20 om and 
weight froin 22.0 gm to 38.5 gm (Fig. 2.7).-

.2. They are not capable of producing any voice 

except rare "pain or release call"• 

3. Their. fingers do not show any difference at 

any period. 

4• Their skin ·possesses large:! number of 

tubercles, warts and pQres than that of 

males. 



Fig• 2. 11 : Ventral view .of Rana cyanophlYctis - female ')( o · ' ' 

2.112 : Dorsal view of R~ cyanophlXctis - female X 0 ·'b 
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. 5. They are duJ..l coloured when compared wi tb 

that of males in the same population. 

6, The black dark olive marking on their back 

are·either feebly developed or absent. 

7. Their blac~ streak wi tb numer.ous wbi te 
granular bodies on .the .vent. is more conspicuous 

and better developed than in males •. 

a. Their abdomen is often .swollen and larger 

in diameter than pectoral region. 

9·"' Tb.ey appear more shy and sit w1 tb body and 

bead approximately parallel to the substrate. 

10. Th.ey. are less agile and durlng leisure .a.t'e 

found sitting on .. the edges of the water 

bodies. On· approach they skip and dive in . 

water bodies for biding. 

11. They prefer middle core of the deep we. ter 

bodies. 

12. They do. not fe'ed during breeding phase an'd 

spawning. 

Morphometric measurements: 

The morphometric measurements were taken in 

sample·s of mixed specimens col leo ted a,ll around the year. 



S.No. 

1 ~ 
e. 
3. 

. 4. 
5. 
6. 

. 1-· 
a. 
9:. 
10. 
t,1 •. 
1.:2. 
1..·3· 
·t4. 
1.5. 
16. 
·17. 
18. 

Cb a.r ac terc s 

Body length (SV length) 
Body wid tb 
Head length 
Head width . 
Snout length 
Snout wid ·tb 
Eye diameter 
Inter orbital distance 
·Tympanum diameter 
Inter. tympanum diameter 
Inter narial distance 
Hind limb length 
Tibia length 
4th toe 1 ength 
To tal fore limb length 
Lower fore limb length 
1st finger length . 
Slit len~th 

Table 2.1 

Body dimensions of ~~a c~anopbl,v;ctis 

(Sbillong population) 

Males ( ~~pl~ .f:!i2;e 35) . . Female. (sample size' 43) 
---aange-. · Mean S.D. R~8e . · Me~· S.D.· · 

lGII!L _______ (omL L®D __ __ _ (qm} 

4~00- 5~30' 4~830' 
1;45 - 2;35·' 1~860'' 
1 ~ 25 - 1 ~go" 1.~66'7 
1 ~ 05 : - 1,.~ 61 -~ L! 1 5 
o~25.- o;4o 0~331 
0~40' - 0~76 . 0~624 
0~36 - 0~60 0~494 
0~20 - 0~25 .. 0~222 
0~30 - 0;4~ . 0~386 
1 ~oc)'- r'-~35. 1; 181 
o;2~- 0~4Q · o~332 
6;05 - 8~50 7;315 
1~46- 2~46 2~08~ 
2.06 - 2~56 2~Q67 
2~16- 2~86 2~462 
1~4~ - 1~8~ 1~64, 
0~70 ~ 1;oo o~834 
0.65 - 1.05 0.87'7 

0;4985 
o;2158 ' 
o; 1608 
o; 1826 
0;0403 
0~0547 ' 
0;1743 
0~0305 . 
0~0502 
0~0840 . 
o;o382 · 
0~585 2(' 
0~ 2832 
0~0954 
0•1554. 
0~ 1129 
o;o591 
0.1352 

5~15- 7~15· 
2'; 05 - 4·; 20 
1;70 - 2~50 
1;60 - 2;65. 
o·~ 30 - o~55 
0'~65 - 0.95 
o';5o - o~·8o 
o··~ 25 - o'~4o· 
0;40 - 0;60 

. 1'~ 20 - 1 • 80 
o;35 - o;·5o 
0~85 -11;05 
''2.00 - 3•50 
2~25 - 3.60 
2.t30 - 3.60 
1~50 - 2~55 
0.70 - 1. 25 

6 ~ 337'' 
3~ 091· 
2 ~ 2'73·' 
2~316" 
0~436 
0~.795' 
0~640 
o;323·· · 
0~530' 
1 ~591 
o;4o& 
9 ~857' 
2.968 
3.006' 
3. 225' 
2~195 
~.!f125 

; 0•6326 
0.7383 
0.1871 
o. 2647 
0.0515 
0.0705 

·0.0619 
0.0413 
0.0513 

.. 0.1508 
0.0392 
0.8219 
0.3472 
0.3157 
0.3266 
0 •. 22.35 
0.1411 
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(a) Absolute measur amen ta: 

( i) .Shillong specimens 

Measurements of 77 frogs ( 35 males and 4:~ 

females) were taken! The sv length of· the males ranges 

from 4.0 to 5.1 em and that of the .(emales 5. Jl)) em to 

7. '1.1' em. : The measurements of 1'8 body parts for males and 

17 for females are illus~ated in Table 2.1 • . · ' 

t ii) Gauba ti specimen's 

Measurements of 54 frogs (20 maies and 34 

females)' were taken. The SV .length of. the male ranges 

from 4.0 em to 5.0 em and that of the f~males from s.o to· 

6.75 em •.. The measure~ents of. 18 body parts for males and 

17 for females are illustrated in Table 2.2. 

'• 

A comparison of the measurements of the two types 

of samples reveal that on an average, the samples of frogs 

examined, both male~ and females were larger in size at 

Sbillong than at Gauhati. But the males showed some 

dis tinguisb ing features. The head of males collected at 

Shillong, particularly snout length was smaller than 

those of the Gauhati frog by about 0.01 em. ibis is 

reflected by other features, such as ~ye diameter: inter 

narial distance and tympanum d.iameter. Tbe average 

lower fore limb length was a.lso less in the male frogs 

of Gauhati by. about 0.04 om • 



S .No. 

1. 
2. 
3. 
4. 
5o 
6. 
1· 
8. 
g. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18o 

Table 2.2 

'Body dimensions of ~ C:£anoehlyc tis 

(Gauhati population) 

Males (sample s.ize 20) Female (se.mpl~ size_3_4) 
Characters Ran~e .... Me .. an S.D. Rang .. e Mean 

(cml ____ (cml_ (em}. --~lQ.D1L ------
S.D. 

Body length (SV length) 4~00 - 5 ~ 10 4~530 0;3412 5;oo - 6~75 5~841 0.5285 
Body width 1~30 - 2~00 1 ~685 0;2306 1;70- 3~30 2~541 0.4655 
Head length 1;3o ... 2;oo 1;592 o;2199 1~70 ... 2;55 2;097 0.2097 
Head width 1. 25 - 2;05 1 ~545< 0~2350 1;70...;, 2•70 2~107 0~2716 
Snout length o;3o - o~40 0;347 0;0379 0~30 - 0;45 0;401 0.0398 
Snout width o;45 - o;7o 0;575 o;o697 o;Go - o;ao 0;702 o;o475 
Eye diameter o;4o - o;Go o;5o7 o;o437 o;5o - o;7o 0~572 o;o495 
Inter distance orbital 0~20 - 0~30 0;252 0;0302 o; 25 - o;:;5 0~ 263 0.0309 
Tympanum diameter o;3o - o;5o ·o;4~o o;o640 o;4o ... o•6o 0;495 o;o450 
Inter tympanum diameter 1;oo ... 1; 25 1;130 o;o7a4 1;20 ... 1•70 1 ;463 o;13aa 
Inter narial distance o;3o - o;4o 0;327 o;o302 0;30 - 0;45 0;392 0.0304 
Hind limb length 7 •15 - 7 ;Go 7•215 o;3433 7•45 -10;65 9•233 1;0615 
Tibia length 1;95 - 2.35 2;077 o;2o61 2•15 - 3. 25 2;714 0~3794 
4th toe length 1 ;so - 2;40 1;932 0;4053 2;3o - 3.2o 2•755 0.3081 
Total fore limb length 2;40 - 2;ao 2~400 o;1898 2;60- 3. '60 ;;166 o;2aa6 
Lower fore limb length 1;35 - 2;00 1 ;680 o; 1969 1~75 - 2;4o·· .2.132 0.1804 
1st finger length 0;65 - 1~05 0;847 o; 1105 1 ;oo - 1 • 25 1. 123' 0~0931 
Slit length 0.60- 1.00 0.815 0.1148 1.00 - 1. 25 1.123 0 •. 0931 
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(b~. Morpbonietric ratioss 

The morphome·tric· ratios. of various body parts 

have been compiled in, Table 2"3. 
. . . 

~e SV length of males 

frogs from Shillo:ng population .ranges 4.00 em to 5.30 em 

and tho·se of Gaubati f.rtJga ranged from 4.00 c.m to 5.10 em 

and: female frogs f~om Sbillong population· showed SV length 
; . .. .. -. . . . . . 

ranges !.rom 5·.15 em to 7.15 em and Gatiba ti' frog popul,a.tion 

from 5.00 em to 6.75 em. 

Morphometric ratios ~ong sb;llong frogs population 

we.re more. than Gauba ti. However, few ratios such as . . . 

SVJ:,/SW (7.87),LFL/FLL. (0.70) and IND/ITD (0.29) of Gaubat:J,. 
. :· : . .. . ~ 

males were higher tpan those observed in Sbillong frog 

population. ·Such measurements being 7.74~ _0.67 and 0.28 

respectively. Female frogs o! Gauhati bad higher SVL/SL 

(14.55), SVL/SW {8.31)," SVL/HW (2.77), SVL/ED (10.21.), 

HL/HW {J.OO)~ HL/IND {5.36) and DID/I~ (0.27) that those 

of Sbillong females. These ratios in Shillong females 

were 14.53, 7 .96, 2.73, g.ag, o.ga, 5.16 and 0.26 

res pee tivel.y. 

~~(a)Length weight relationship: 

Length and weight rela tionsbip bas been worked 

out for a sample of 30 male and 30 female frogs. _Tbe 

SV length of males varied from 4.05 em to 4.90 em &ld 



s. 
No. 

1. 

2. 

3. 
4. 
5. 
6. 
7. 
a. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 

·rrable 2.3 

Morphometric ratio of ~.c;vanopbl.v:ctis'.from·two population·(1) Sbillong· (2)-GaUbati· · · 

Character's for ratio 

Snout-vent length/Hind limb.lengtb 
Snout-vent length/Snout length 
Snout-vent length/Snout width 
Snout~vent length/~panum diameter 
Snout-vent length/Head width. 
Snout-vent length/Eye diameter 
Head ~ength/Head width 
Tibia length/Hind limb length 
4th toe length/Fore limb length. 
Low~r fore limb ~ength/Fore 11mb length 
Head lengtb/Internarial distance 
Snout-vent length/Fore l~mb length 
Snou t, .. wid th/Snou t 1 ength 
Inter nar ial dis tanoe/In ter IJ¥mpanum dis tanoe 
Head. width/Inter Tympanum di,s tance· 

~ \.• ' 

0.6602 
14.5732 

7. 7'368 
12.7105 

2.9893 

9.2377 
1.0318 
0.2851 
0.3099 
0.6676 
4.8540 
1.9611 ' 
1.8836 
0.2817 
1e3675 

0.6278 
13.0359 
7.8782 

11.0487 
2.9320 
8.9261 
1 •. 0307 
0.2879 
0.2678 
0.7000 
4o7175 
1.8875. 
1.6546 
0.2898 
1. 367 2 

0.6425 
14.5253 
7o9634 

11.9451 
~.7344 

9.8856 
0.9814 
0.3050 
0;,3050 
0.6806 
5.1623 
1.9635 
1.8240 

o. 2563. 
' 1.4550 

·, ' 

0.6326 

14·5494 
8.3096 

11•7863 
2o7718 

10.2107 
1.0006 
o. 2984 
0.2984 
0.6734 
5.3630 
'1'.$448. 
1o7509 
o. 2685 
1 ~44o~r 
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the weight from 6.44 gm to 13.40 gm. The SV length of 

females varied 5.45 em to 7.15 em and the weight from 

18.17 gm to 49.02 gm (.Table 2.4), The graph plotted 

betw~en SV length v,ersus the correspond.ing weight of male 

and female frog separately and jointly showed a linear 

rela tionsbip LcCran ( 1951) expressed such rela tiona hip 

by a regression equation. 

W ::; Cl~ 

~og W = log C + n log L 

where 

w = weight of frog 
L = length of frog 
c = initial growth index 
n = equilibrium constant 

Tbe constant of the above equations such as 

initial growth index 'C' and equilibrium constant 'n' 

have been found out from the slope and trend of the 

Figs. 2.15, 2.16 & 2 •. 17 for males and females separately 

as well as together. The SV length and body weight of 

the·male and female frogs· were deduced in the formulae, 

to find out the initial growth index 'C' and equilibrium 

constant 'n' • The values of these constants were found 

to be same by (1) method of least square and (2) ~ethod 



Table 2.4 

Comparison between body weight taken and standard weight 
estimated as per the regression equation at given SV length 

of Rana cyanopbl~ot~s m~les ~d females 

. . ... 

'· sv sv. · · ·Weight· · s . . ~ .... :~- ·weight .. 
· length 

.,. 
length . t . ... .ta.kem estimated . taken . es time. ted . No •. · (om) (gi}· (gm):. (em) (gm) (gm) 

1 • 4.05 7.42 6.79 5.45 18.17 18.66 
2. 2.05 6.44 6.79 5.50 18.61 19.22 
3. 4.10 7.60 7.13 5o 55 18.78 19.80 
4. 4.10 6.86 7.13 5.55 19,33 19.80 
5. 4.10 7o46 7.13 5.60 18.56 20.38 
6. 4.15 7.10 7.49 5.60 22.54 20.38 
1· 4.15 .6.96 7-49 5.65 21.46 20.99 
a. 4.15 7.00 7o49 5.65 21.47 20.99 
g. 4-.20 8.72 7.86 5.70 23.88 21.60 
10. 4.20 7.20 7.86 5.70 20.89 21.60 
11. 4. 20 6.70 1.86 5.70 22.95 21.60 
12. 4.20 8.oo 7e86 6.10 28.11 26.94 
13. 4.20 7.40 7o86 6.10 25.35 26.94 
14. 4. 25 8.36 . 8.24 6.35 28.42 30.71 
15. 4.30 11.70 8.64 6 .• 50 36.28 33.13 
16. 4.30 9.60 8.64 6.55 37.10 33.96 
17. 4.30 6.95 8.64 6.60 34.96 34.82 
18 •. 4.40 8.38 9o47 6.60 34.92 34.82 
19. 4.40 8.80 9.47 6.75 34.17 37.46 
20. 4o45 9.19 9.91 6.75 36.94 37.46 
21. 4o45 12.01 9.91 6.80 37.17 38.37 
22. 4.45 9.30 9.91 6.80 37.45 38.37 
23. 4.45 10.28 9.91 6.85 45.05 39.30 
24. 4.45 10.20 9o91 6.95 35.48 41.02 
25. 4o50 11.63 10.37 6.95 '38.36 41.02 
26. 4.50 11.40 10.37 7 •. 00 39.97 42.17 



Table 2~4 continued 

s .. sv Weisht sv 
No. length taken estimated length 

(em) . . ('gm} (gm) . {em) . 

' ' . 
'Z1· 4.50 12.00 10.37 7.05 

'1'2 •. 60 
'• . 

7~05 28'. 4.65 11.83' 
29. ·4.80 13·40 1}.45 7.15 
30, 4•90 12.90 14.61 7•15 

' . 

,,, 

' .. 

Equation for Male · · 

log W·~ ·-1.6106 + 4.0214 log·L 

., W,= 0'~0245L4 • 0214 

Equation .for Femal.e 

where w = 
L = 

, 'I' 

log W,= -1•127f? + 3,2575 log.,L. 

w = o.0745L3• 2575 

. ·•, 

weight of the' frog (gm) 
" length of the frog (em) 

Weisht 
taken estimated 
{gm) : ' (gm) 

47.25 43.16 
45.63 43.16 
49.0'2 45.19 
45.53 45.19 



L.ength-welght relationship in male 
. 

populations ()f ~ cyanophlyctis 

2e116 $ Length-Weight relatiopship in female 

population of~ cyanophlyct1s 



ts.o 

r .o.as2' 
logwQJS1>8•40214. LdgL 

w. 0.()2,5 Logl "~ 

s.o L_.....__...__.____.__~------:50:-
4.0 Length-Cm 

F t Male 

r o0.9612 

Log w ~.1278•12575 Logl 

w ::sD.071.5L 3.2575 

~~L_·' ~~~------~~~: 
l..er9h..A:m 
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of calculator programming.· ·Tb-e initial growth index '. C' 

and equilibrium c·ons tan t : r;n,r: ' for. ·males· were found .to 

be ·o.·o245 and 4~0214, for females· 0.0745 and ,.2575 and 

for· maleS and femaies jointly ··aS 0.0422 and 3,125 

resp.eotively! Thus, tbe relationsb.ip betw.een weight and 

length' of the frogs were 'found 'to be as .follows •. 

w = 0.024514 •0214 

w = o .. cn 4513• 2575 

; w 0.0422L3•1'2S. = 

for males 

for females 

for combined frogs 

(See Figs. 2.15, 2.16 & 
2.17) 

Applying Peaksonian Product Movement equation 

the linear relationship and correlation coefficient bas 

been calculated as under : 

where 

r = 

= 

r_ XY. 

n ox ; oY". 
- -

~· (X -X) (Y -Y). 
i ' 1 

n OX • OY 

. '_· ... ,. 

X & Y = two variables (length and weight of the. frog) 

r = correlation coefficient 
f·= ·. ar thematic mean of y 

X= ~thematic mean of X 

ox = standard deviation of variable 'X' 
OY = standard deviation of variable 'Y' 



Fig~ 2•117 :: Length-weignt relationship · in male and 

female taken together. 
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The bivariate distributions of length an~ wei:gbt 

in male .and .female frog sep~ate~y ~nd joi,ntly .were. 

assessed for· the degree of mutual r,el,at~on~hip,,. . ,Tile 
, ' . ' . ~ 

coeff;i.cien t correlation of two. var~~bles, length; and 

weight were found to be 0,86.24~ 0.9612 and 0~9136 
' . . -~ 

respe~tively for male, fe~~le and mal,e-feJ!lales .. taken 

together respectively, The coefficient of correlations 

thus calculated were oomp~ed with the tabulated values 

and were found to be signi~icant at 1% and 5% level of 

confidence, 

The length of male and female .!rogs .. ( ~ble 2.4) 

were app~ied to the derived "length and weight" relation­

ship for formulae above, of male and femal.e respectively, 

and thereafter the standard length and weight of each 

frog was calculated (Table 2.4). The measured weight 

and standard weight calculated were compared to find out 

the difference. The standard weight calculated represents 

ideal weight at given SVL for the frogs of Gauha ti and 

Shillong population. 

(b) Relative condition: 

· The relative cond.i tion, showing rela tionebip 

between size and weight of the frog baa been worked out 

for differe·nt seasons of the year. The adult frogs of 



Table 2.5 

Relative condition of ~ c.yanopblyctie of .Sbillong and Gaubati make populations 

Months Length Weight Relative condition constant Mean(X) Standard 
deviation 

Jan. 5.30 - 6.00 16.20 - 23.40 
. 5. . .· . . . 5 

0,1088 X 10 - 0.1178 ~ 10. 0.1126x 105 0~0047 X 105 

Feb. 4.40 - 6.30 14.10 - 28.95 0a1132 X 105 - 0.1514 X 105 0.1 265x 105 0a0170 X 105 

Mar. 5.20 - 6.30 14.90 - 29.60 0.1001 x to5 - o.1183 x 105 0.1111x 105 o.00776x 105 

Apr. 5.20 - 5.90 16.35 - 24.52 o. 1161 x 1 o5 - o. 1307 x 1 o5 · 0.1182x 105 0.00691x 105 

May 6.60 - 6.80 34.94 - 37.45 0.1201 X ~05 - ~1349 X 105 o. ·t265x· 105 Ow00671x 105 

Jun. 6.85 - 7.15 36.42 - 49.02 0af132 X 105 - 0a1372 X 105 . 0.1299x 105 0a0112 X 105 

Jul. 6. 60 - .6.95 34.16 - 38.36 0a1078 X 105 - 0.1247 X 105 o.1158x 105 0.00745x 105· 

Aug. 5.10·- 6.70 16.90 ~ 4~a50 0a1274 X 105 - 0a137~ .X 105 .. Oe1326x 105 0..;0054x 105 

Sep. 5a10 - 5a60 12.80 - 15.45 0a0892 X 105 - 0.0965 X 105 0.0921x 105 ·5 0.003 X 10 

Oct. 5.40 - 5.90 14.95 - 16.70 0.0813 X 105 - 0.0949 X 105 0a0869 X 105 0.0059x 105 

Nov. 5. 20 - 6.10 15.50 - 28.95 0.1086 X 105 - 0a1314 X 105 0.1197 X 105 o.0117x 105. 

Dec •. , 4.50 - 5.85 10.34 - 22.65 0a1117 X 105 - 0.1167 X 105 0a1138 X 105 Oe002 x 105 
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mixed sex with snout-vent length varying ,from.4~49 em 

to 7.10 em and weight 10.34 gm to 49.02 gm were used for 

the study. The average best .relativ:e condition du.rin,g 
. . -

December· was found to .be -0.1326 x 105 in Qomparison to 
. . . . . . . 

smallest size 0,0869-x 105 .available durin_g ()ctober. The 
. .. . ·, .. : 

range1 mean -~-d standard .deviation o~ r~latiye condition 

of frogs for different .. months bay~ _been sbown in Table 

2•5 •· The collection during ·June were predominated by · 

large size and heavy female wi tb mature ova, An a~oend,~ng 

trend in the relative condition from March onwards bas 

been recorded w.hi"cb reached it~ peak durj,.ng June. June 

onward a decline in length and ·weight ~elationships have 

- been:';notioed,:,:.rleaching to its minimum during September' 

and October~ The second peak of robustness was observed 

during December .tJJ...2osc ~t?f~ Table 2.6 shows 'correlation 

coefficien-t value of the relativ~ condition of the frogs 

during different months wi tb environmE:Jntal· fact~rs ·like 

average atmospheric tempera~e;· average aquatic 
' . 

temperature, humidity aud .rainfall of the Shillong site. 

Multiple eorrela tion of all the above factors and relative 

condition of the frog have also been derived (Table 2.6). 

On 'F' test the correlation and multipw correlation 

have been found to be bigbly insignificant at 1% and 5% 

probabilities. 
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Th.e :frog does. no1; hibernate and can be easily 

found in the vicinity of the water bO~es throughout the 

year~~ · It's annual breeding cycl:e_ doe:s n9t .show_ well 

demarcated phases as observed in the other terr-estrial 

frogs.· It· has a p"rolonged breeding period. Based on 
. ; . ' ' . ' 

availability of ,:sPawns, larvae,. froglets, juveniles, 

adults and gr~viq. f~al.es the am1~1 breeding cycle bf: this 
'• ,, 

' species can be divided into 3 phases: ( 1) Pre breeding 

phase; {2) breeding phase and (3) post-.breeding phase. 
' '•' fl 

{ 1) Pre breedipg phases:· 
• 1 ;. 

The·· early breeding phase extends from mid~;February 

til!l the·· end o'f Apri.l. : The temperature during the pe,riod 

r.anges from 8°C to 21°C and rainfall 0.0 to 84.4 mm. The 
' ' ,• 

population census in the 'first half of the period is marked 
. ·. 

by the predominance of juveniles •. ' ... The second half period 
. . . 

which is marked by an increase in atmospheric temperat\ll"e 
. '• 

from (G'e!8°C to 20°C) and in rainfall from (20.0 mm to 

40.10 mm) ~ shows an. inc~ease in the ~dult population on 

1·andel At the atmospheric temperatur.e approximatelY 18° C and . . 

rainfall. around {40.0 to 50.0 riun)' the activities of male 

. frog pop.Ulation are enhanced 'earlier than the .female. 

populatio~•. The p9pUlat1on census of the frag on 

land at this stage reflects equal proportions of 
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male and· juvenile frogs. The activities in female frog. 

enhances remarkably at the end of the _phase, when _t_empera tur e 

.reaches above 20°C and average r~infall around 100 ~· 

Du.r ing th e ~ b>..~r.t r.\;>kM:a of this p e.r iod ( 1 ate Apr il ) 

a population of the female frog with enlarged abdomen ~d 

mature ovary are often encountered~ In perman~nt water 

bod.ies ·a:mpl.exus can a1so be recorded. However, spawns· and 

embryonic stages are not recorded. The induced breeding 

with the heip of homoplas.tic pi tui t8.r!es d:u_ring this ;period 

is although 'a success, but ~~a.-u.ct~ small spawn size •. 

( 2) Breeding phase& 

Rana ~yanophlyctis h~ an acyclic,_ prolonged 

breeding period. Its active breeding :p_e.riod ~xtends from 

May and last till the early Sep tembe.r. The period is 

marked by an increase in temper.a tu.re ( '7°C to 28°C) and 
~ ~ ' 

rainfall ( 120.0. to 460.0 mm). · ~e noticeable feature of 

th.is period is increase in activi t1:-es- and abund.ance in 
' . . . . . . 

frog population· on land. The. population s true tu.re aeeessed 

through random frog ·_collection rep.resen ts an almost .equal 

number of males; tema!:es and juveniles • The large size 

female frogs often enc<;>lll.ltered in the period contain 

abdomen ladden by mature. ova, b~wever. their gu.ts remain 

empty. Amplexus in nature are_ also observed in large 

number. Spawns and tadpoles of various d~velopmental stages 
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are recorded abUil.dantly,. both in slow running· and sta~ant 

permanent water bodies. In the present ;observ-a. tion the 

maximum number of amplexus and· spawns have been record·ed 

in JWte, indicating a ·peric)d when they are most actively 

envolved in breeding ( temperatlue 22,0°0 and average 

rainfall above 450 mm). A large number of froglete 
.. ,' 

population are observec;l during September- (temperature 
', • ', l 

avounQ; 21°C end average rainfaJ,l _around 250mm-) probably 

a result of July spawning. Under laboratory condition 

the ·development from a fertilized ovum to a froglet r?quires 

more than two months~ The induced breeding experiments 

performed were most successful and resulted in to spawning 

of· large number of ova.· 

( 3) Fos t-breeding phase: 

During the post-breeding phase the environmental 

condi tiona a.r:e marked by lowering in temperature from 
' ' 

(25.5°C to 4.7°C) and rainfall (240.0 mm to 0.0 mm). With 

the decline in temperature and rainfall the relative 

abundance of fro{J3 on land also shows a deoreas 1ng trend. 

This has been more marked 1n adult frog populations. The 

movement in adult population what so ever are restricted 

with in or around water bodies. 1be juveniles and sub­

adults however, remain active and are observed in abundance 

on land. At this period amplexus are rarely observed. 
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Moreover, large number of tadpoles of different developmental 

stages and sizes are recorded in abundance ·from the 

permanent water bodies. The -females Emcoun tared at this 

stage o.ften show few or r!uiuoed numbers of ova. Their 

guts are ~ostly filied with.various types ~f food iteme. 

During warm evenings soon after rains, a marked· increase 

in the abundance of various. size grou-p of frogs are recorded 

on land, Induced breeding at this stage although successful 

results in small spawn size. 

Winte,r months at low temperatures. _(4.5°0 to 15.0°0) 

and negligible rain, f.rogs are o~served mostly .restr.icted 

in the water bodies• Here adults and large size animals 

occupy the middle core and juveniles, the shallow edges 

of deep water bodies. Tbe abundance of various size and 

sex of the frog on land has been marked a. t it lowest. The 

movement during cold months get reduced and .restricted 

near the water bodies. During sunny hours frogs are 

observed basking and even floating in the water bodies 

(Fig~ 3.+J). Few large size tadpoles of advanced develop ... 

mental stages can still be recorded till the middle of the 

December in permanent water bodies; along with juveniles.-

and froglets which bav.e been recently metamorphosed.· 

Records of the breeding of the frogs in nature as well as 

with homoplastic pituitaries injections could not be 

achieved. 
p~cd...·. 

No· amplexus or spawn were obse.rveddWl..i..,a t\is 
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DISCUSSION 

~ c,yanopblyc'tis bas been described since 

16th century A.D. Daniel (1975) records that the ability 

of this species to skip· over tbe·surface of water like. a 

ricocheting stone was remarked· upon by the g.rea t Mugbal 

Emperor Babar. The nomenclature, ~ cyanopblyctis was 

:~V1ei:~ by Schneider ( 1799) in His tory Amphibian Part I 

(see Boulanger, 1920). 1bere are a number of .references 

a ucb as ·. Tbur s ton ( 1888 h Boulanger ( 189 0,. 19 20) ; A~ !'}T~'Ylli~t L. 

(tfJ04); Boulanger.!! !!!.• (1907); McCann (1933, 1940,1945); 

Narayan Rao ( 1915); Acbar j i and Kr iplani ( 1951 ) ; Sa tyamur ti 

(1967); Moban~-Hejmadi (1974) and Daniel (1975). These 

descriptions are based mainly on the population available 

in the central, western and southern pa.rt·of India. In 

the present investigation morphometry of its population 

available in the north-eastern part of India have been 

analysed. It would be noted that absolute measurements 

may vary depending.upon the size of the animal but 

morphometric ratios are species specific. 

{a) Absolute measurements: 

( 1) Male -
Absolute measurements of 17 body parts of 

a sample of 20 frogs from Gauhati and 35 from Shillong 
"-.. 

have been presented in Tables 2.1 and 2. 2. Boulanger 



.( 1920) recorded, large~t male.s. of Rana cyanophlyctis up to 

6.6 em from Aithalbim near Aden, 6.4 em from ~outh Arabia, 

and 4,5 em from Tray~oore (India).' In .the present 
.. . . . 

investigation the maximum SV length recorded for a male 
' • ' ' • . • • • • .. •l • • : -~ • • • ~ • •. : j • .: • • • ' • ' ' - • - • • • • • 

frog. from Sb illong was 5. 3 em and 5. 1 em from Gauba ti. 
41.~ I ' ,·! • • - ' I . . . . .5 .,' 

This si.ze is larger than 4.4 em recorded from ·wee tern 
r . ,· : ' ' • ~ . . ' • ' • • . : • ' 

India (Daniel, ·1975) and 4 • 2 em recorded from South India . ~. . ' . "' 
r· • • ' .. 

( Satyamurti, 1967) ~ Boulanger ( 192o )'recorded tba t .at 
I' [ :• :• . '' •' I 'I ' • .: ' • . ! . 

. ~et~a the size. of R~a cxanopblyctia eolle~ted .in ·bi:J_ls 
: I , I, 

1 
,• • : • ':' ~ "' • • 

w~s larger ~h.an t~at of the plain ones, In the present. 
• I ''' 

,finding also the Sbillong. hill frogs ( 14.28 m 
' . . . . 

. . ,·:. ·} 

a. s .1. ) we.r e 
' 

found to be .~arger than Gauhati frogs(49.4 m a.s,l.) . . . 
: ., 

though certain morphological parts such as snout length, 
' . . . . 

inter narial distance, tympanum and eye diameter were 

larger in Gauha~i specimens. The size of bead was large 

in Shillong frogs. 

(ii) Female 

Absolute measurements of. 17 .body parts of a 

sample of 34 frogs from Gauha ti and 43 frogs from Shillong 

have been p.resen ted in Tables· 2.1 & 2. 2. The maximum 

SV length for £emale frogs from Sbillong was 7.15 em and 

6.75 em .from Gauhati. However, ·Boulenge.r {1920) recorded 

9. 2 em as maximum SV length of a female frog from Ai thalbim 

near Aden. ~e .reported largest SV length 6.5 em from 
.. · 

Kashmir {India), whereas· D~iel { 1975) reported 
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approximately 6~0 em ~.rom western India and Satyam.urti 
. . -. •, . ·: ''I . . . . 

(1967)-.reco~ded_ 6.2 elm from South. India. All the 
-1 ,, 

measurements~ o~ female !.r,ogs wer~ .recorded_ to be larger 

for Shillong trogs. tban th,.os~ of Gauha,ti frogs. This is 

1n a:cco.rdanc·e to the Boulenge.r'_s (1920) observation at 

Que·.tta. 

(b)' Morphometric .ra.tioss 

Bragg· C 1965) wbil~ discussing the ill].po,p tance of 

.ratio coun ta of morpbol_ogical a tr,oucture~ in 1n tr~aP.ecifio 

variation quotes "that as far· as a definition of dU'fe.renoe 
. ' 

between various forms. are concerned, various we:rl. chosen 

.ratios of different body parts provides. valu~s of much 

greater information. Thus, -many. anu.r.an l?iolog~sts o~ 

.recent 'past such as Brown arid Boachung (1954); Duellman 

and Klass (1964); Metter (1964); Heyer and Peters (1971); 

Tyler and <Martin (-1975.h ~aley (1973, 1975) and Roy 

(1979) have laid more .emphasis._on various ratio count 

studies .than the absolute measurements. In. tpe present 

investigation· techniques o£- Cqcbran ( 1953) and Metter 

(1964) for estimating morphometric ratios. amo~g.various 

body parts were followed• ·All, together 15 .ratio counts 

have' been estimated for: samples· of frog popula tiona. of 

Gaubati and Sbillong at 0.5 em claa·$ inte.rv~l. ThE} 

t_able 2.3 conta-ins the ':Pooi"ed da.ta of_ the .r_atio counts 
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for males (SV length range 5•_3 to 4.0 em for Shillong 

frogs and 5.1 to 4.0 em for qaubati frogs) and tamales 
I', ''' ' ' • ' 

· (SV length range 7.15 to 5.15 .om for Shillo~ frogs and· 
' ,• ' I I ~ 

6. 75 to 5. 00 em for Gauha ti fr.~g8). . The data. tor male and 

female frogs have been compiled in Table~ 2•1. & 2. 2 •. The 

ratio counts samples of the two population showed little 

difference. Further, the values obtained were subjected 

to student 't' test (see Ch~pter. f) and the differences 

were found to be•insiginifica.n·t·.· .. Rodol.fo (1957) reported 
.... ·' 

that Rana pipiens collected from _different latitudes and 
' ; .. . . 

altitudes of Flonda, Mexico and South Western United States 

showed little variation in the morphological measurements .• 

However, they were not so major or significant to assign 

them a new race. Similarly, the Rana cxanophlyctis 

inhabiting Gauba ti and Shillong do show 1_1 ttle morphometric 

variation but not so signi!icant_ly ~~~~~~:( n; and 

Mean test analysis) so as to assigri them a different race 

or strain. 

( o) Length-weight r ela tionsbiJl: 

The length-weight relationships of ~ cyanopblyetis 

of samples collected from Gaubati and Sbillong show a 

linear regression (Figs. 2.1.5, 2.16·, 2.17). The correlation 

coe.fficien t. derived among the two variables of ·males and 
f 

females frogs separately and in pooled conditions show 

signif.icant 'r' values at both 1% and 5% de5~_1denca level. 
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· . Among anurans two t~pes. o.f. the b.reedem have been 

recognised·, ( 1) Explosive b.r~eder or single ~1gb t b.~eeder 
• • ,I 

( 2). Prolonged breeder or .whole year bre~der (Mae to!_,, 1953; 

.,Blair, 1968 · :a.nd Wells t 1977) •· Ran~ cyanopblyc tis, Shows 
' . '• ., . 

continuous p.reeding babtt·in environm~tallf fayourabl,e 

localities (McCann, · 1933; Ramaswami and .Laks.hman, 1959 

and GOb)alakrishnan. and Rajaseka.raaetty, 1978), Gopal~krisbnan 

and Rajasek~asetty noticed oont~o~s acyol~o bree4~~g in 

~ c.vanophlyctis and cyclic.and season~i:p.reeding i.n 

!!!:!!!!:. ~~grina and R~a ~exadactylS;, In an. explosi~ 

breeder, tb e we.ig~ t of tb e frogs gets greatly reduce~ 

after its single night oviposition. Thus the SV length. 

and w~igbt, in such frogs does not show significant. 

0 correla tion .coefficient". in mon tbly samples pr in the 
. - . ~ 

.collection of whole year. It was noted that the weight 

of ova in mature and larger female constitute 1/5 of the 

to tal animal weight. Min~m record weight of the o~ary 

·was 1. 7,1 gm and maximum was 11.59 gm. 1rur ther ~ the 

minimum number of ova was 1522 and the maximum was 6695 

in~ c,yanophl,yctis (see Table 7.10). It has been noted 

that ~ cyanophlyctis could be induced bred from March 

to October{see_ Chapter ~0). However, the egg released 

on induced ovulation never exceeded · 100 except dur ing 
. ~:.·~ 

peak rainy seasons, wh~n it was recorded maximum to be 

667 ova. Further the spawn laid in nature hardly contains 
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over 200 eggs (recorded by Raina.swami and Lakshman, 1959; 

Gopalakr i~hn~. a.t:J.d Raj·asekarasetty.·, 1977 and. ·1978) •. Hence, 

the maintenance of li.D.ear length-weight relationsb.ip in 
~ . ' . 

r·emale· throughout· the ·year 18 attributed to &. small spawn 

Size• 

Clarke (1974) and Lab~iok and ~chlucter (1_976) 

observe¢! linear regre~sioll and. cor.rela tion between. body 
~ ' ,. . . - .... . 

length and Tibi.a length of anu.rans • .lfowev~r,. tbe constant 
. . 

of the .regJ."ession equation and co.rrelati~n coeffic~ent. 

which shows the trend of dependence and relationship was 
. : ' ' . ·. .. - . - . 

fo~d. varying. This indicates that tbe frogs of different 

species and diff~rent populations, var~es ~n the_mo~pholo­

~ical.an~ morphome~~cal rela~onship. Howeve.r, the 

calculated weight and weight actually taken for a·amples 
' .. . ... . - '' ' '' . 

of·two population in the present 1nv~st1gat1on s~owed 

11 ttle difference. This suggests that the animals are 

identical and ideally l>laced at. the tw,o sites~ .From the 
• t . ! • . 

regression equations cierived, tbe leng_tb/weigbt relati,on_sbips 

of the frogs at Shillong or. Gauhati c,an ,be estimated if_ 

these measurements are known for ariy of the two popula tiona. 

;-.) 
Relative condition,~.~ 

1b e r ela ti ve· cond 1 tion is a relation of to tal 

length at' a constant weight!" The robustness, the bivariate 

and multivariate correlationsbip with annual environmental 
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condition like a tm.ospheric and aquatic tempera tu.r.e, 

humidity and rain! all did not. sh.ow:e¢ m~ch var.ia tiona and: 

bad insignificant correlation coeffi'cient· (r = o.·29; 

0.36; 0.20; 0.40 respectively·and f.~ tle01). Although 

annu.al flue tia ton in relative oondi tiOn of th·e frogs have 

been observed v·arying ;Little, the· maXimum rebus tness were 
. . . . .. 

recorded. during May' ·June and July probably due to better 

maturity· of the gonads. During this period the random 
~ . .. . 

collection of f.rogs from nature showed maximtim' number of 

large sized and heavy. weigb.t female frogs, ·The minimum 

relative conditions were observed duri.llg October and at 

this stage the random collection showed many light female 

with spent ovaries. From October onward an improvement 

in the relative condition (Fig. 2.18) .seems to be associated 

with gonadal growth and post breeding ravenous feeding 

ac ti vi ties. Tb e knowledge of r ela ttve cond 1 t ion of any 

frog in an annual es·tima tion will provide a info.rma tion 
. . 

of the robustness and subsequently the period when 

availability of heavy frogs of any size group are more. 

In Rana c.vanophlyctis 1 t is calculated to be May and June, 

when the availability of heavy frog should be maximum. 

1bis bas also been recorded in population dynamics 

as tima tiona (see Chap tar s!ITD ~· Hence, ~May-June collection 

of frog shall be an ideal for the prO"curemen t .of heal thy 

.£.rogs for apademic and economic purposes,. inc'i-uding export 

to affluent countries as ea~wlik 1 teml>' 
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Annual breeding cYcles 

Reproduction. in the a.nuran ·can be divided into 

two categories (1) 'prolonged a:rid (2) explosive. Wells 

( 1977) recorded that prolonged breeding is probably more 

common although information on tropical species is so 

sketchy that generaiization is bard to make, Many frogs 

in .tropical regio~ bi'eed every month (see Church, 1960; 

Inger and Greenburg, 1963; Berry, 1964; Inger and Bacon, 

1968; Brown and Alcala, 1970; Duellman, 1970; and Crump, 

1974), The prolonged breeding activities· in Indian anuran 

has not been worked out in detail although Daniel ( 1963, 

1975) and Satyamw;ti (1967) have described anuran from 

western and southern par~ of India. ·McCann (1933) noted 

that ~ cyanoRhlyctis can be beard croaking in the 

permanent water bodies throughout the year, and under 

favourable condition it can also.·:, . ..; breed during win te.r 

months. In the present investigation it bas been noted 

that the frog does not hibernate and can be easily found 

in the vicinity of pe.rmanen t wa te.r bodies tb.rougbou t the 

year at Shillong and Gaubati. Koskela (1975) in Rana 
. -

temporar~~ and Roy (1979) in Rana limnocbaris noted that 

their annual life cycle are divisible in two distinct 

phases (1) spawning, larval and active· terrestrial ·phase 

and ( 2) wintering and hiverna ting phase • Koskela ( 1975) 

bas furttie.r noted that Rarta temporaria fo-und inhabiting 
- •• # 

near wa te.r environment can be seen th.rougbou t the year 
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near or with in water _bod ~es. : In Rana cyanophl.yc tis 
1 

the. 
Of'C.iaclfn9 · · · · · · · · 

annual.L cycle does. n9t shows demarcated pb~ses as noted 

for terres~ia],. frogs. However, the annual periodicity 
- ' . ' 

can be observed in growth and behaviour of frog among its 

biological ftmctions and environmental rea.ctione •. Based. 

on the activities of the frog population and breeding 

pattern the annual cycle of Rana cyanopbl,yc tis bas been. 

divided in three phases ( 1) early breeding, ( 2) ·breedLl'lg 

and (3) post breeding. . The maximum activity in Rana 

cyanophlyctis populati~n ha~ been observed during breeding 

phase' when temperature and· rainfall both are recorded 

maxinnim. At low tempera tu.re and negligible rainfall the 

activities in the population gets greatly reduced. Further, 

the bivariate correlation coefficient observed between 

environmental condi tiona( temperature and rainfall) and . . 

activities also indicated high significant relationship 

(Table 3 ·4 ) • 

• .. ~~tt. p. 65/ -



This chapter deals w1 th. an analysis of morphol~ 

g!cal. characterEJ, morphometric measurem~ts (absolute as 

well as rat~o counts) and length-weight relat~o~ship and 

annual breeding cycle of Gauhati and Sbillong populations 

of Rana. cXanoPhlyctis. This ,species is identified by 

somewh,at broad~ than long dep..re~sed bead, equal size of 

fi_rst and: second fingers, slightly dilated and completely 

webbed toes and warty skin with pores and tubercles. 

Males are smaller and lighter (SVL 4.0 - 5.30 em and body 

weight 7 •'P .- 19.-;o gm) and females larger and heavier ( SVL 

5.110 • ·7 ~i2G an anq body we,lght 22.0 ·• 36.5 gm) .i ·Among 

·. the two populations, the frogs of .Shillong population are 

larger and b;eav1er0than those of Gaubati population. 

However, the size of the head, 1nternarial distance, dia~ 

meter of the eye and tympanum of male frogs of Shillong 

were smaller than those of Gaunati frogs. Slight diffe­

rences in certain ratio counts have_been attributed to 

lentic and lotio h.abi tats of the two places~ There was a 

linear relat~onshlp between ~ength and weight in the 

.male.s (r = 0•'86; W = 0.0245 L4•10214) ;. females (r = 0.'96l 

W = 0~074.5 L3• 2575} as we]..l as males and females taken 

together (r = Oe91; W = o.;G422 L3·• 125) • Tne relatiViesfJ}-; 
. . ~..:__;__;~~·-

condl tion o:f the frog did not show any mar~ed variation.t 
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The annual breeding cy¢le of the frogs is diVisible 

into: 3 phas~s: (1) Pre. b.ree<iing (February ta. April),,. (ii) 

Breeding (MaY to September).-* .. (J.:ii) ~ost breeding _(October to 

January),. · Th.~y do not h,ibernate .and are most active during 

breediJ}g P.~~iod_.t Puring winters their activity. is at lowest 

p;i tch anci at. close vi.c~ni ty 0~ w:at~,r bo<ltes and are often 

seen basking in mon:l1ng nour.s. 
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C'HAPTER-3 

Relative abundance, Home 

range ~ovement 



INTRODUCTION 

Clarke (1974) mentions that anurans nave received 

less attention from ecologists than the other class of 

vertebrate, although they are extensively used, for academic 

and economic purposes. Klopfer ( 1962) and Clarke ( 1974) 

noted that an understanding of anurans ecology can be 

useful because these animals have small behaviour repertoire 

than the higher vertebrate and a samll range of responses to 

environmental con~tions. Hazlett~~· (1974) have also 

recorded the importance of ~mal study in natural environ­

.ment. Goin and Goin ( 1962) have noticed that anurans 

exhibit basic life history features of all other vertebrates, 

right from the production of large number of youngs, with 

high initial mortality, to the bearing of ~ew·young in the 

wault form. Cole (1954) recorded that the different repro­

duct! ve pattern of anuran.s have specific population conse-

. quences all of which can be elucidated, 'ltJi. th proper knowledge 

of its environment ·and subsequent plastic behaviour of the 

animal'o 
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The relative abundance and flue tua tion 1n the 

anuran popula tiona ,have been 1,nvestiga ted by a number o! 

workers (Jameson 1955, 1957; As.bby 1969·; Zi,m.ka 1970; 
. . . 

Koskela 1973; Pasa.nen and Koskela ·1974; Koskela and Paaanen 
• • : : • 'i ·, ' ~ • ' ' • • •' : II 1 • ' ; • ' I ' I o 

They have concentrated on various aspects of . . ~ . 

1 ' • 1 • ' .' • .. • ' • : 

population dynamics such as its relation to reproduction, 
. . ' ' 

growth, m1gra tion and olima tic cond1 t ions~ In: past t ew 

decades in~reasing attention bas been paid to 'home' site,' 

hom~ range and moveme~t ·o.f anurans (see.· Mar to~ 1953; Dole 

1965, '1972, 1974;. Calif 1973; Dole and Du.t'ant 1974.). Dole 

and DUrant ( 197 4) also mentioned th'a t anur ~s of tropical 

regtons have not received that attention as of temperate 

regions. · It is also true for ~ cyanopblyctis and otber 

Indian anurans. 

In the present chapter tntormation on relative 

abundance, home range, movement and activ:i-ties of populations 

of ~ cyanopblyctis. available at Gaubati and Sbillong 
' . . . 

in relation to environmental condition has been. provided. 

In past few years. incr-easing a.ttention is being 

paid to a better understanding of the population dynamics 
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and behavioural responses of ~imals, particular l.y anurans. 
- . . . ·• .. ' ,- . ' 

A survey of literature r~veals that investigations on 
. . . 

population dynamics of anllt"ans have been res:tticted mainly 
! '• 

to population fluctuation. relative 4ensity, moveme~t and 
' - ~ .. . ' . . ; 

' 
1 

'· ' , II , 

home .range,, and ~·ts. r.ela tion to the enviroll)!le!ltal factors, 
. ': ' 

such as ~;aintall_, ·humidity and t~~pera ture. 

··' 
A. Estimation of relative population densitxl 

Various me tbods have been us.ed to estimate the 

relative population density of insects (see Llcyd and 

Johnson, 1927 s Potts, 1930s Cause, 1932; Ford and Ford, 

1930; Nash, 1933; Jackson, 1933, 1936, 1939, 1940, 1944, 

1948; Williams, 1940; Davidson and Andrewar tba; 1948a, b; 

Johnson, 1950, 1950, 1952, 1955; Banks, 1954; And..rewartba 
. - . 

arid Birch,: 1"954; BDowning, 1959 a.nd Andrewa.r tba·, 1957, 

1961) bU:t ~there are relatively few references on l~ger 

animals.~ . L.in.eoln ·( 19 30) used 'Lincol..."Wl. Index' to es tima.te 

the population ip; ducks •. Jackson (1936) modified the . 

Lincoln's t~cbnique and propounded a new technique m.amely 

Qapture, ~ar.}red.':release and recapture technique. j}Jis 

technique bas been assisted by various staUE!J;ical 
. ' 

equa tiona to compensate the small _ _size population~ death, 

birth sur.vivalsbip immigration~ migr._ati:o_n,. ~qbili ty and 

immobility in the popula-tion -(se~ Haynes, 1-949; .Bailey~ 
··~ ' . 

. '/·! 



81 

1951; Leslie and Chitty, 1951; .Leslie, 1952; Chapman, 

1952; :Boguslavsky, 1956; Darroch, 1959; Jolly, 1965; 

Cormack, 1964; Manly, ·1.970; :19_71, _1973, 1974 and 1977; 
. . ' 

Martin, 19'10; Iwo, 1971; _Ito, 1973; Carothers, 1973; Ito 
\ . . . 

.!] . .!!!.• 1974; Hamada, 1976; Kundo, 1977). .The Jackson's 

(1936) capture, marked release .recapture methods have 

been suoeesatully used in wide range of animals. such as 

L,epidoptera Poly~~tus _irac~~ _ (l)ow~e.swell et; al~: 1940; 

Dowdeswell, 1952), ~us musculus (Evens, 1949), fishes · 

( Greking; 1952), birds (Mmi.ly, _1977), Dacus cuourbi tae 

(I: to et al., .197 4), rate (~eslie and .nay is, 19 39) wa. ter 
' . 

vole~& rodents (Worrel, 1964; ZijS].a~ 1971, 1972; Stoddart,. 
~ ' ,\ 

~970; Gaisler and Zejda, 1973 a, b; Ro.lisova and Pelikan, 

197 4 and .i\;1rold1, 1976) and frogs (Jameson, 1955, 1957). 

Among amphibians the capture marked release and 

recapture technique bas be.en employed to study tbe home 

range' seasonal activities, movements S.."ld population 

flue tua tiona in .diffe.ren t frog populo. tions (see Dole, 

1965, 1974; Martof, 195' a,b, 1956; Fitcb, 1956, 1958; 

Dole and Durant, 1974; Clarke, 1974; Krikorien, _ 1976; 1977; 

Berra. and Gunning; 1972; and Currie and Bellis," 1969). 

Dol~ and his group ·have investigated home range m~ve~e~ta 

of Hyla cadaverine. , spatial .relet~ons and home range of 

na tur aJ. population of R~a E ip iens, ~: bo.m :ftng~· and or·ien te. tion 
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of ·Bufo americanus and· home site .movement and seasonal - .. 

aoti vi ty of· A telopu~ .e:xy:rb.ynchus· •. Other inv:es tiga. tiona 

on· population dynamic~ .of . anur.ans' .have been made· by rr~ to£ 

( 1953) on ·~ clami tans; Koskela and Pas an en: ( 19.74) on . 

!!!!!! temporaria, Clarke ( 1974) _.on ,Btifo; .Bellis ( 1965) on 

~ sylv:istica, Jameson.(1955) on S,yr.rbopbus.manocke and 

Currie and Bellis (1969) on~ cateebFiana • Th~ ·technique 

of catch per time-, to estimate tbe- basolute density ·of the 
' • • c • • ' • • 

populations .. at various ~itee bas. been applied .by Koskela 

~d Pasan~n ( 1974., 1975J on ~ .teme.or~ia , Currie_ a.n~ 

~ellis ( 196.9.). on .Rana oa.tes~eia.na , Hazlett,:!! &• ( 1974) 

on crayfish O.rconectea v:ir·ilis Zeja~ (·1972) on :wa te.r vole. 

Home Range: 

Home range ecology. of anurans may be elaborated in 

detail. Burt ( 1943) defined home range an area usually 
I 

around .tbe home site over which tbe animal normally. ~avels 

in search of food and excluding occ~sional movements - . 
outside the area, perhaps of i te exploratory .nature._ Ke.lby 

~ ·: :- t, 

(1945) discussed that competition for food has been a major 
. ~ ' . ' . ~ ' :l 

fao~or for regulating home range in anurans• In species, . . ' 

where competition are greater, the activity area and home 

range are larger. 
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The region of movement during daily activity 

around b ome site has been termed as "active .range" 

(Carpenter, 1952) and was observed to be varying with the 

si~e of the animal. Dole and Durant (1965, 1974) defined 

home range as a place where animal returns again and again. 

Dole ( 1965) observed that home range size in anurans are 

often positively correlated to its body length, boweve.~r, 

the frog collected from Budzinski's bad no statistical 

significant correla tiona between body length and home size 

further, be noted that anuran home .range are dependent on . 

fac to.rs like food, abel ter and envi.ronmen t condition, 

acting singly or in continuation. 

Commen·tlng on the behaviour of ~ cyanophl.yctis 

McCann (1933) observed they are extremely active creature 

and much at ease at land as well as water. During day time 

it rarely stays far from the water bodies almost except 

during monsoon months when it can be found almost anywhere. 

There appears to be no doubt that this species does under­

take long journey during night o.r else it would be difficult 

to account for its sudden appearance in water boles which 

have been recently excavated. Grabman (1950) pointed out 

that the natural movement range does not include. all 

points from where animals are captured. The movement are 

often observed to be governed by .numerous external factor 

and availability of food and shelter. Observing the home 



range in agne¢t9 !;cog, Ma,rtof- ( 1953) found. tha.t juveniles 
.. ·:.·. 

and small si~e· frog .occupied the shallow po.rtion ·Of water 

and adult ~d. lar.ge size. tbe cen.tral deep water, The home 

range of sy;rrhopbus_ ma.rnock (Jameson 1955} was found t·o.·be 

dependent wi ttl tbe availabUi ty' of: the. abel ter area. 

Jameson. ( 1956). obs.erved that spadefo.ot toad· and strecke 

chorus fr.'og marked in previous year r.e turned t~ -~heir.· 

borne .site durJng tbr.ee successive.;rears., .'Jameson ('1:957) 

rnenti:oned 1;hat male frog and toads reached the· breeding 

site. first anq. ~badul t and female followed afterwards onl,y 

after summer rain! In Pacific tree· frog he recorded _;that 

males, females and subadul.t move approximately 1000 yards 

to reach the home site. Willis et al. ( 1956) marked tbe ·. ~ ._... 

fr·ogs to observe its movement, they recorded tba t the frogs 

have 8!!1n1 ty for home and .returning back af te.r dally 

routine activity. Based on marked, rele·ase, reoacpture 

observe. tion Bellis ( 1959) noted tba t the toad ~ and ~ 

sylvatica have home ar9Q.dur1ng summer months. However, 

Poor recapture in successive years for the s·ame site 

indica tea either b 1gb mortality or changing s 1 te every 

year., Tbrougb capture, marked, .release and .recaptured 

data Zejda ( 1971) noted that the size and sex ratios in the 

capture, numbers of individual captured maximum time, 

correlation of animal capture and its body a·ize, .relation 

between size group and distance covered by the~~mB.le and 
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female do not have any definite tren in water vole'.· 

Clarke ( 1974) observed that after 7 months of 4ormancy 

~ woodbousei s tart.s its reproduction activity which 
' . . . . . .. 

declined with lapse of time and noted, that marked toad 

used. the same home for 2-3 successive years and its home 

·range varied from 21.8 m to 32.3 m.. Fur.ther, the 

activity and movement ot Bu.fo woodhouse:1 .has bee~ observed 

as b:imodel type with maxi,mum ac;tivi ty f;\t dusky ~d dawn 

hour i.e. morning Sll!l ria~ and evening sun set qour. 

Contribution on the population dyriamics, in· 

relation to environmentai factors. can be. described as 
., 

follows~ 

Humidity and rainfall: 

McCann (1933) observed that a large number of 

frogs and toads found in· India are nocturnal, though durtilg 

rainy season and at wet localities they become diurnal and 

nocturnal both. He described ~ cyanopblyctie as 

no~turne.l frog capable of long journey depending upon the 

rainfall and humidity. Blair (195~) observed an aggregation 
' 

of 35? ~exican toad Bufo vellicaps of a varying sizes 

ranging from 10 mm to 55 mm and noted that the aggregation 

broke on rainy days, indicating the. t the rains excite the 
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toads to move away anci terminate the hibernation. 

Describing the movement of the pa·cific tree f.rog,Jameson 
I • ' • • ' • • 

(1959) noted that .rains of warmer spring bring about 

termination of win te.r ing and movement) of the female bylid 

frogs and tead.s ·its movement to breeding sites. Amorono 
. . 

and Marshall . ( 1960) men ticned that .rainfall and temperature 
.... ~·- . 

' . 
an:d various other external factors· (stimuli) jointly 

induce the rep.toducti ve b.ehaviou.r in anu.rans. Doie ( 1963) 

observed 'that the movement· of the frog an tel ope depe~d upon 

sources :&t :Water, soil moisture and dew more than food • 

. While 1nvestig~!ing the behaviour of self maint~ining 

population of~ tempora.ria Ashby (1969) and Koskela (1973) 

noted that heavy rains during warm weathers activate the 

frogs movements and breeding. Koskela attributed this 

movement to rains ·mq.re. thari sunshine (x2 = 225 P 0·.001). 

Heyer and Bellin (1973) observed significant correlation 

between. hea-vy .rain and .mating success;· heavy rain and larval 

success and heavy rain and rna ting calla in lep todao tylid 

frogs and recorded tba t leptodac tyl.ids are probably the 

best colonizer species and are well adopted to changing 

environmental condi tiona. Koskela ( 1973) observed that 

~ te:mporaria become$ in active for two hours during mid 

day and at bright sunshine. He repo.r ted maxim~ breeding 

migration of the frog at 84% mean air humidity·;; Mar tof 

(1953) in~ clamitans and Currie and Bellis (1974) in 
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Rana oatesbeiana recorded maximum activity in the population 

during w~m,· r'ainy night than on any other climati'c · · 

condition. 

So far as temp~r.ature is concerned' Stuart (1951) 

described two types· of temperature thresholds-effecting the 
' ' 

availability and behaviour of anurans• 
, .. 

( 1 ) Critical minimum - The temperature at which ani.~ls 

becomes helpless to escape enemies or to 
r·emedy: their thermal 'impass. 

( 2) Critical maximum - ,The thermal point at which 

locomo.tary.'activi ties become disorg£¥1izeq. . . . . . 

and the animal cannot escape and this 

promptly leads to death in animal. 

Discussing the role of temperature and the availability of 

~ at different elevations Stuart reported that~ 

marinus was not found above 1500 ID.il however, its critical 

minimum temperature ( 15°C) was recorde'd 3o5°C below than 

any other· toad available at lower elevations. The difference 

in the critical maximum temperature of ].bocusta and !• 

marinus bas been noted.as an.effective reason for the 
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restriction of the·above toads at diJ.terent .elevatf:.o~s and 

localities. He, ·fur the.r :remar.ked . tba t. zoogeographic 
. . -

distribu=tions of any ·anu.ran species wi tb respiratory intake 

or haemoglobin counting or temperature have no ·correlation. 

McCann (1933) noted that on sudden fluctuations in the· 

enviro.~en: tal temperature anura.n species found in ~ndia. 
-~ 

including Rana cyanophlyctis move to the middle core .qf 
. . . . ' . : 

.water bodies. Mullally (1952) observed that tbe toad Bufo 

boreas was found to be active tll.rou~out tbe year at night 
. ' 

till· the temperature was recorded above 3°0 below wbiob 

it solidifies and dies. Many anuran species are active. 

at high temperature (Martof, 1953J Hensen., 1957; Jameson, 

1957; Asbby, 1969J Currie and Bellis, 1969 1y(LI(l). At 

extreme hot or cold period they bide in holes under stone 

or in moist soil or migrate deep. into water bodies (see 

Currie and Bellis, 1969, 1974; Koskela, 1973; Koskela and 

Pasanen, 1975; Bobmsack, 1961 and:.Do1eand Durant; 1974). 

·Commenting upon the importance of temperature in 

diurnal bebaviol,ll" Fitch ( 1956) and Hadfield (1966) mentioned 

that actodermal basking, in anuran~, up to. certa:tn optimum 

tempera.ture enhances meta.bolic activities and help in 
. ; . . . f· .· 

digestion. and facilitation. Martof (1953) ~·~ana clamitans, 

. Hansen. ( 1955) in Rana heckechoni have also recorded 

basking at the edges o.f water bodi,es having moist. surface. 
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In some amphibians and reptiles (Turner and Hopkin, 1972; 

Faber, 1974; Krekorien, 1976), the basking sites are 

reported to be depended and guarded by male populations. 

In 1975, Koskela and P'asanen ~eported that tne 

change in weight of females was inversely proportional to 

the weight of ovaries, and due to its water content it 

increases by 97% during winter month. 

In India, Gopalakrishnan and Rajasekharasetty 

( 1977-, .1978) work on the annual reproductive activity of · 

in~ernal· hypophysio-gonadal rythm in Rana hexadactyla 

and Rana tigrina and reported that it was regulated by 

atmosphere temperature, relative humidity and rainfall. 

Limnological Studies: 

For limnological studies workerslike Burger 

(1950) in spadefoot toad; RU.ibal (1955) and Rubin (1959) 

in~ pipiens; Metter ( 1961) 6n ~boreas; Fingal and 

Kaplan ( 1963) in Xenopus; Crooke ( 1975) 6n ~ ~ 

and Rana temporaria~eebee and Graffin ( 1977) dm ~ 
,' ? • 

colamita; ~~and~ clamitans and Saber and 
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Dunson ( 1978) on .Rana ca tesb~ia.na, have analySed factors 

such as pH; ccnductivi ty; phosphate!;. calcium; carbonate; 
. . 

bicarbonate; chloride; total solid particles; dissolve 

solid particle; s~spended solid particles.,. salinity and 

iron and carbon minerals to find out the relationship in 

limnological conditions with reproductive behaviour and 

developmental r.ate of anuran tadpoles and_ adults. 

~~, MA TERIALC AND METHODS 

The relat;tve ~bundanoe, home .t'ange,movement ~d 

behaviour of the popula tiona of Rf3na cyanopblyc tis (Schneider) 

have been investigated at Gauhati. At Shillong relative 

abundance was estimated with a view to compare it with that 

of Gauha ti. 

At. -Gauba ti, the colleo tiona were made during dusky 

hours of evening or at night, fortnightly throughout the 

year _1978. 

' . 

The oollec tion at Umkbrab .r ive.r ·a i te ·at Sbillong 

were mad~ for tnigbtly ·throughout the year 1978, dli.r·ing 

'day time', as 'it was not safe to visit the remote s·ite 

area ~t night due to difficult billy terrain. In view of 
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. . . 

the limitations at the sites Gaubati and .Shillong the 
. ' 

searches during day hours and night hours respectively were 

made only when it was believed that information riot otherwise 

obtainable migb t be secured. 

~ 

The availability ot the, males, f~~ales _and . juveniles 

and tQe.ir numbers of ea tcb per ho~ was ef! tiJna ted mon tbly on 

th~ numbers of frog collected in 3 hours tbroughou t the. 

yef!!,r 1978~ Tbe number o! ca tohes of males; females, and 
~ . . . \ . . 

juveniles per hour, was correlated wi tb pbysioal and chemical 

condi tiona of the sites.· 

.For the behavioural study a census was made by 

walking slowlybaok and forth across tba site area systema­

tically covering aJ.l the area, Tbe intensive .search was 

made at the vicinity o~ wa~ar bodies, as the animals mo~tly 

confined tbemself near these except on the occasion of 

feeding· and breeding, when tbey travel at large to meet 

the requirem~nt. During census, tbe frogs were collected 

by band o.r by an insect net, made of strong thread net 

attached to an iron road. 

Tb e slow and cautious walking at the Gauha ti study 

site, at dark nights, does not seem to disturb the anurans. 

They were readily seen by a torchlight, which dazed and . . 

rendered them immobile, and easily captured. At Sbillong 
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animal were app.roac~ed from behind and tb.en caugb t by 

sudden, quick, ·swinging flush of net. The. esoap,ed and 
. .. . .. 

biding.f~9gs were collected by digging and sieving tbemud 

of the .hiding area- by an insect net. 

The technique of Krekorian ( 1976) to use nail 
. ' 

. polish and oil--pa~n ts did not prove successful.: for markin_g 

the animals as the colours ei the.r faded or were washed out 
. . 

after sometime. As such, marking and recognition by toe 

. clipping technique of Mar to! ( 1953) was ·followed:· The toes 

of eB:ch fr.og were clipped. Such frogs mostly continec{· · 

themselves in .water and. avoided skipping or floating on 

surface, Thes'e difficlil ties were overcome by '.tbe.i'use···:.a>f 

different coloured threads which were tied round the thighs. 

The various colour comb ina tiona and numbers 0~ folds of the 

thread ensured identification of ,the animal: on rt3cap ture. 

The. population of the 'animal at Ulubar'i·.·Fish Farm 

Gaubat1 was estimated by Jackson's (1939) technique of 

capture, marked,· released and recapture at mon tbly intervals 

throughout the yeru: 1978. The following formula to 

estimate their density bave been used : 

Number marked individual 
recorded in census '.N' 
Number indi v:f,du~l marked 
in pre-census 'x• 

Number individuals unma..rked 
obtained in census 

'P' To tal nt.U,Jll>er oi n:Jark.ed 
individual at end of. 
p.recensus l:.-. :· ·__, .-. ·· 'C·- . .., ·"! . ; - ~ 
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(It bas also been used by Jameson (1957) for the estimation 

of population s true ture and homing in pacific tree _frog) • 

Hence, 

To tal number 

Total population 

::;: p +X 

(Population estimated + Individual 
marked in precensus) 

The animals were captured,· mostly by hand or by net, during 

night hours. Tbe animals thus captured were .marked and 

.released always at the junction of tbe nursery pond No.1, 

2, 7 and 8 (Fig. No. 1.1.1). The frogs were captured 

marked and released again 20-24 hours after the previous 

release. For every set of experiment the frogs were captured 

two times and released four times. After each capture the 

frogs were marked with different colour threads. Data on 

each frog was recorded at each capture a the coloura tion; 

the place of capture, numbers of frogs caught per hour, 

eeoc ratio, size group behaviour their movements from the 

release site were routinely recorded. -The presence or 

absence of the vocal sac was noted to distinguish males 

from females. The male frogs of snout van t lengib below 

3.8 em and females of SV length below 5.70 om were o~nsidered 

as sub-adult and juveniles. Records o~ tbe abundance of 
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various size group, at 1.0 em class interval and the total 

members .of juvenile.s, male.s and female in .a p_opulation at 

each such forays were made. Mode of frog size {SV length) 

1n .a popula t1on that occurs most frequent and around which 

size group maximum number of obse~va tions B.De concan tra ted 

and median i.e·. the location of tbe median value that 

divides the population structure' in two· 'equal half ·were 
. . . . . 

found out during each census. 

. . 
The maximum and minimum· air t·empera ture, · wa·ter· 

temperature humidity' rainfall 'were r·egularly 'r·ecorded. 

C1ima tic data were also cross checked .fro·m the data · · · 

collected from the 'Meteorological Cen tree ·at Shillong anQ. 

Gauha ti. The pH, conductivity, carbonate,· bicarbona tea,:. 

chlorides, calcium and magnesiuiii of· wa.ter samples of the 

study sites were analysed once ui the middle every month• 

The pH of the samples was determined by E.Lico; pH meter 

model 4-10, at the sample temperature. The sen~itivity of 

the instrument was ad jus ted by using known buffer of 4w-OO, 

1.-00, 9.20 pH value. The least count of the instrument 

was 0.05. The other chemical factors were analysed as 

. per the technique described by APkA (\C\5"i), Wdc'-. (lPlSl) 

G~d t--lonclo.'{\f?t 14). 
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··conduc t1v1 ty The conductivity of the samples 

were measured, monthly by systronic direct reading 

conductivity meter· 303 Si .No. H)9. For· ·a_tan.dardiza tion 

0~01N ,lCQH ·solution was used •.. The lnstrume~t was set· at 
. . . ' 

the sample temperature and equivalent standard value 

(calcula-ted through ·standard graph) to ·obtaiii the conductivity 

of the sample·s directly in mierombos per mme. 

Carbonate - The carbonate of the samples were 

analysed by Acid-Base titration technique. The sw:nplee 

h n.ving less than· 84!_3 pH are repo.r ted to have carbonate 

beyond estimation, that means there· is no free· carbonate 

in water sample •. -The carbonate fr·om. the water samples having 

pH more than 8.3 were calculated by titrating''20 ml samples 

with N/50 H2so4 ; 2-3 drops of pbenolpthalelin was used as 

an indicator, the end point being a poi.ilt where. the sample 

solution be.come colourless. The volUI!le of the acid consumed 

was noted and multiplied by 30 ~quivalen t weight of 

carbonate to know the carbonate in the samples in ppm_. 

Bicarbonate - The bicarbonate was estimated by 

titrating 20 sample water with N/50 H~o4 .solutions. Mixed 

solution (0.2 gm metbylred and 0.01 gm Bromocresol green in 

1000 m1 of 95% Ethy_l alcohal) was used as mixed indicator. 

The end point was taken at the point where 20 ml sample 
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solution turned light pink. The bicarbonate was calculated 

in ppm by mult~plying the end point (Volume of N/50 H2so
4 

consumed) to 61.01 (equivalent-weight of bicar-bonate). 

Chloride - The chlorides were calculated by Mohr •a 

method. To a 20 ml water sample 4 drops .of K2cro
4 

as __ 

indicator solution (5"0 gm, dissolved in 100 ml. chlorine 

free water) were added and then titrated .wtth _N/50 silver­

nitrate solution, till the solu ti_on turned pink red~ The 

volume of N/50 AgN03 consumed for titration was recorded, 

and have multiplied by equivalent weight cf chloride 35.46 
' . 

to estimate the chloride in the sample water, in ppm. 

Total hardness - Total hardness of the water 

samples was cal9ulated by titration. To a 20 ml of each 

water sample 2-3 ml of ammonia buffers were added till the 

solution gave smell of NH3 ~ To this 5 drops of E._E. T. 

indicator (Eriochrome black. T. ) were added, finally tbe 

above solution was titrated with N/50 standard solution of 

E.D.T.A. (Etbaline, diamine, titracitic acid solution) till 

the solution gave blue colour, which is the end point. The . ., . . 

volume of -E.D.T.A. solutions consumed during titration was 

equivalent to the ions for total hardness and hence was 

multiplied l:>Y 50 (factor. for total hardness) to know the 

total hardness of the water samples. NH3 buffer was 
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prepared by d~ssolving 35.0.gm of Na4Cl in 284 ml of NH
4

0H 

of. s·pecific gravity 0.88 and then the ·so.:J.\1 tion was diluted 

to 500 ml. • E.B. T. indica tor was prepared by dissolving 

0.05 gm of E.B. T. in 9.0 ml of Trietbonal amine to the 

solu tiona added 10 ml of me tbanol so that the. solution 
~ ' '"J 

become ·less viscuss 40 

Calcium- E.D.T. solution was prepared.by dissolving 

3.72 gm sodium ethyl .diamine tetra acoetat.e (P-ried already 

at 80°0 or over H
2
so

4 
in a disaicato,r .for one night) in . 

100 ml deionized water·. Tbe calcium of the water was 

estimated by adding 3 ml of N sodium hydroxide s.olu ti,on in 

20 ml of water sampl~s and 0.01 gm of pattern and reader 

reagent as indic~tor .• The above solutions. was titrated with 

N/50 E.D.T.A. solution till a violet colour was reached, 

which is tbe end poi?lt. The value of E.D.T.A. consumed 

(multiplied by equivalent weight 20.04) gives· the calcium 

in ppm. 

, Magnesium ~ The ~gnesium !rom water samples _was 

oalcula ted by differenee. From the measured to tal b~dness 

(ppm) of water the analysed ppm value of calcium· is substracted 

to achieve the magnesium of the water sample in ppm 

A multiple correlation of the above mention factors 

was also calculated in the juvenile male and female population 

at tb e two sites. 
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12 months re·lative abundance by catch per hour, 

and· capture, marked, release and recapture techniques and 

home range movement were investigated, 

Relative abundance: 

The relati-ve abundance of the Rana cJanophl,yctis 

on land, at two sites have been .investigated from .J.anuary 

to December 1978. 

(a). Catch unit hour 

The ava~labili ty and fluctuation in the 
·' ... 

popul~t~on ~f ~ cyanoEhlyctis wa~ est~ated at monthly 
~ ' ; 

intervals during 197.8.. The frogs were col~ected at random, 

every_ time for a minimum of three hours or more, and then 

number. of frog per hour was estimated. To maintain the 
' 

unformity and minimize tbe error following precautions were 

taken; 

( 1) In all census the procedure described were strictly 

adhered to, and tb e collection were made by visiting through­

aut the study a i te. 

( 2) Dawn and dusky hour were kept as the time for 

collection during every cens~s. 
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GAUHA TI POPULATION 

The monthly relative abundance through catch/how: 

.fror:1 January to December 1978 was es·t.imated as ~ollows~ 

The data· bas been compiled and pres en ted in Table 3.1 

Fig •. 3.1 

January - Census was' made on 12;1.1978. The a'tmoapheric 

tempera.~e was: _12 •. o0 c and humidity 82%~.,. 21 .frpgs 

(3 males, 1 females and 17 juveniles) viere collected 

in 4.0 hour. The SVL of the.frogs in the sample 

ranged from 3~3 em to 5.5 em. The median SVL being 
4.5 em and.showed.tbe mode of 4.2 em, showing the 

predominance of juveniles. Aggregation of the 

frog population in pond.water .and basking on sunny 

days were also observed. 

February- Census was:made on 9.2.1978. The a-tmospheric 

temperature .vas 15.5°C and.bumidity 71%. 20 frogs 
' . 

(7 males, 6 female and 7 juveniles) were collected 

in 3.00 hours. The SVL of the .frogs in the sample 

ranged from 4.00 em to 6.2 em. The medtan SVL 
being 5.1 em and showed a mode of 5.5 em. Tbe 

frog.population was restricted mainly near the 

water bodies. 

March - Census w.as made on 10.3.1978•· The atmospheric 

temperature·· was 22.0°C and humidity 69%. 40 frogs 

( 18 males, 8 female and 14 juveniles) were collected 

in 5'.0 hours •. The SVL of the .frogs in the sample 

ranged .rr·om 3•5 em to 6~ 2 om. ·The median SVL being 

4.-8 em and bad two modes of 4.4 and 4.8 em •. The 

Jtelative abundance of male has been maximum.Tbe. 

movement and actin range has further increased. 



Table 3.1 
. . ~ .. 

Catch/hour. denei ty of fr-ogs at Ulubari; Ga.uba ti .. 
. . . . . ~ . 

. . . . . . .. ,'' · . . . . · : •.,· .. .,j: .. 

Number. . Sriou t ve~t );e~gth· ~size . group . Catch 
Date Temp Htimidity of ·frogs Dura·tion ... ·. ·1.0. om. class ·interval . Median' · Mode . per . Sex 

oc collected hr ... 2~00'· 3~00' ·. 4~00" '5';00 6.00 hour ~a. tio % I • min., 2.90' '3.go··· ·4.90 . s·.go above M:FIJ 

2. 1.78 12.0 82 21 4 0 1 5 .9 6 - 4.5 4.2 5 3s 1 a ·17 

9. 2.78 15.5 71 
t 

,.,,. 
. 5.1 20 3 0 - - .9 '9 2' 5.5 6.5 7a6s'7 .. 

10. 3.78 22.0 69 40 5 0 - 2 24 10 4 4.8 4.4 8 9s4s7 

7. 4.78 24.5 81 40 4 0 - 4 20 10 6 4.7 4.7 10 7s6a7 

10. 5.78 25.5 75 40 ' 0 - 6 16 12 6 4.6 4.6 13 9a5s6 

11. 6.78 29.0 95 42 3 30 - - 12 22 8 5.4 5.5 12 5s10s 6 

16. 7.78 30.5 8' 40 3 10 - 2 20 10' a· 4·7 . 4.2 13. 51312 

10. 8.78 31.0 98 52 4 0 - ? 16 22 12 5.3 5.9 12e5 11a11a4 

19. 9.78 31.0 81 26 3 0 - - 14 ~6 5 4.6 4.6 9 514:4 

6.10.78 30.3 82 40 5 0 - 2 18 14 6 4·9 4.6 8 6s7s7 

8.10.78 23.0 87 38 5 0 - 8 14 12 4 4.6 4.3 7o5 5: 3f11 

8.12.78 18.0 86 21 3 '0 1 8 5 6 1 4·7 4.2 7 3s3s15 
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April - Census was made on 7 .4.1978. The atmospheric 

temperature was· 24.5QC .and humidity 81%. 40 .frogs 

(14 males, 12 female and 14 juveniles) were 
' . . ' .· 
coll.eeted in 4•0 bo'llr~. The SVLof the frogs in 

the sampie .ranged from 3.5· _em tO 6·.2 em. The 

median .SVL being 4.7 cm .. and .showed the mode of 

4. 7 em. The .relative abundance of the female frog 

has increased in the population. 

· M~ ~ Census was made on 10~5~'1978; The atmosptierio 

temperature was 2S.5°c and humidity 75%. 40 irogs 
( 18 males, 10 females and .12 j'uveniles) were 

collected· in 3.0 hours. The SVL of. the frogs in 

the sample ranged from 3. 6 'om. to 6. 2 om •. !tie 

'median.SVL being 4~6 em and sbowe·d 'the mode of 

4.6 em. _.1:'be relative abundance of. the different 

size gr.oup. (SVL). in the population baa been high. 

It further, increased 'on rains. 

June - Census was ~de on 11.6.1978. Tbe a tmo.sph eric 

temperature was 29°0 and bumidi ty .95%. 42 frogs 

(10 males, 20 females and 12 juveniles) were . : . 

collected in 3 hours 30 .minutes. The SVL of the . . ' . . . 

frogs. j;n the sample ranged from 4.:o em to 6.5 em. 
. . ' . . 

The median SVL being 5.4 em and sbowe.d. the mode 

of 5.5. om. ,.The abundance of the frog population 

on dark rainy night which also had some drizzles 

showed max~mum and sub~equently .maximum catcb/hr 
can be made... The .r.ela tive abundance of the femaJ.e 

.frog bas been. maximum. 



Jul,y""" Census was made on.16.7.1978. The atmospheric· 

temperature was 30.5~C and humidity 83%. ~0 frogs , 
(20 males, 12 females and 8 juveniles) were 

oo.llected ln 3 hours 10 minutes. ibe SVL of tbe 
. .. . ~ . 

frogs in the sample ranged trom 3.9 em to 6.2 em • 

. The median SVL being. 4. 7 em and .showed .the mode 
of 4.2 em. The relative abundance on land bas 

:. . ' . ' 

been predominated by adult fro~. 

August - Census was ·made on 10.~ •. 1978 •. The atmospheric 

temperature was 31°.c. and bumidi ty 98%!. 52 frogs 

( 22 mal.es, .22 females and 8 juveniles) were. 

collected in 4.0 hours. The SVL. of. tbe frogs in 

.the sample ra.nged from 3.9 om.to 6.7 cm •. The 

median SVL ·oeing 4.6 em. and showed the. mode of 

4.6, em. f'ae relative abundance of the adult frog 

were recorded maximum. 

September - Census was made on 19.9 .• 1978. Tbe atmospheric 
temperature ~as 31°C and humidity 81%. 26 frogs 

(10 males, 8 females and 8 juveniles) were 

collected in 3,.00 hours •. The SVL of the fr.ogs in 
\ ·.· 

sample ranged from 3.9 em to 6.7 em. Tbe median 

SVL being 4.6 em and showed the mode.of 4.6 em. 

The rela ti;ve abundance o~ the frog on .land 

showed a decreasing trend than August. 

October- Census-was made on 6,10.1978. Tbe atmospheric. 

~~mpera ture was 30, 3°C and humidity 82%. 40 frogs 

( 12 males, 14 f.emales and .14 juveniles) were 

collected in 5.0 bourse Tbe SVL of.tbe frogs in 

the san:ple ranged from 3.7 em to 6.3 em. The 
median.SVL being 4.9 em and showed the mode of 

4. 6 em:. 



Fig. 3•11 : Availability of Rana cyanophlyctis in 

relation to environmental conditions 

durl~ different monf;hs of 1978 at 

Gauhati Site. 
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November - Census was made on 8.11.l978. Tbe .a tmospberic 

·temperature was 23.0°C and humidity 87%. 38 frogs 
( 10 males, .6 females and 22 juveniles) were 

collected in 5 .o hours. Tbe SVL of the frogs in 

the sample ranged from 3.4 ·em to 6.3 em. Tbe 

median SVL being 4.6 om and showed· the mode of 

4.3. em. The relative abundance of the adult frog 

population on land has decreased• Tbe junveniles 
proddmina:rte movement and availability on land. 

December- Census was·made on 8.1.2.1978 •. Tbe atmospheric 
temperature was 17°C and bumidi ty 86% •. 21 frogs 

( 3 males, 3 females and 15 juveniles) were 
collected .L1 3·.o hours. The SVL of tbe frogs in . 

the sample ranged. from 3•4 om to 6.0 em •. The 
median SVL being 4.7 om and showed· tbe mode of 

4.~ em. _The frog populations are fotmd more in 
water bodies, than on land. Adult occupying 

central deep portion and junveniles and subadul t 
tbe shallow edges. The movement and active range 

reduced and restricted near the water bodies. 

SHILLONG POPULATION 

Tbe monthly relative abundance, through oatob/bour 

was estimated from Janyary to December 1978. Tbe data bas 

been compiled and presented in ,Table 3.2 ; Fig.}.2 •. · The 

estimation were as follows& 
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Januarz- Census was made on 5.1,78. ibe atmospheric 
temperature was '80°0 and humidity 70%. 20 frogs 
( 1 male, 0 female and 19 juveniles) were 
collected in 5 hours. The SVL of the frogs in 
the sampa ranged from z.o om- to 5.4 om. ibe 
median.SVL .being 2.8 em and .showed a mode ·of 
2.8 em, showing the predominance of juveniles. 

February - Census was made on 24. 2 •. 78. ibe a tmospberio 
'temperature was· 11,5°C and bumidi ty 65%. · 22 frogs 
( 2 males, 1 female and 19 juveniles) were 
collected in 4 hours. Tbe SVL of the frogs in 

the sample ranged .fL."om, 2.6 em to 5.9 em! ~be 

median SVL being 3.7 em and sh9wed two modes 
of 3.1, 3.4 em, showing tbe predominance of 
juveniles, 

March - Census was made on 20.3.78. The atmospheric 
temperature was 16.0°C and humidity 50%, 24 
frogs (3 males, 1 female and 20 juveniles) 
were collected in 3 hours 50 minutes. The SVL 
of the frogs in the sample ranged. from 3.00 om 
to 5.6 em. The median.SVL being 3.4 om and 
showed two modes of 3.4 and 4.0, showing the 
predominance of juveniles. Males were, however, 
more in number in this collection than in 

previous collections. 

April - Census was made on.12.4.78. Tbe atmospheric 
temperature was 21.0°C an~ -humidity 70%. 26 
frogs (7 males, 5 females and '1"'4 ,juveniles) 
were collected in 3 hours 45 m:tn:utis,. The SVL 
of the frogs in the sami>le ranged from 3. 2 em 



I. 

I 



May -

lO~i 

' r, 

· to 6.6· em. The median SVL.·being 4'.5 em and 
. 'showed modes of 3·.s· and 4.5 em, showing marked 

increaae in adult :poplila tion. · 
t. ,., 

Census was ma.de on. 7.5. 78~ Tbe a tmos~h eric 

temperature was. 18.0°C and humidity. 85~. 50 

frogs (22 males, 8 females· and 20 juveniles) 
were colle c tee ii:l' 5 hours 20 minu'tes. 'The· SVL 

. J . • 

. of the frogs in' tb,e sampl'e ·ranged from 3.3 em 

'to 6."2 em. The median SVL being 4~5 em and 

showed a mode of 4.1 em,' showing the large . . ' 

abundance of frog bn. land~ predominated by 

males~· 

Census was made ·on .17 .6.78. The atmospheric 
temperatUre was 21.5°0 and.'huinidity 93%. 25 
frogs (3 males, 3'.females and 19 juveniies) 

. . 

were· collected· in 3 hours 30 m~utes. The· SVL 

of the frogs in the sample ranged from 2.5 om . ' . 

to 6~0 em. The median SVL beirig 4.0 .. em a~d 
showed a mode of 3.6 em, The Umkhrati river· 

has flooded the site, making the catch ·difficult 

and ca tcb/hour poor. 

July - Census was ma:de on 8.7 .78. The atmospheric 

temperature was 20.5°C and humidity 92%. 22 
frogs ( 11 males' 2 femaies 'and 9 juveniles r 

. . 

were collected ill 5 'boU.rs. The SVL of the frogs 
in the sample ranged from 3.7 em to 5.9 om. 
The median SVL being 4.2 em and sbowe'd a mode 
of 4.0 em , showing poor oatob/hour due to 

flooding and increased water level at Umkhrab 
site. 



Flg.i 3ei2 : Availability of~- cxanophlvctis in 

relation to enviro~ental conditions 

d\ll"ing different months of 1978 at 

Shillpng site. 
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August - Census was. made on. 20.8. 78. The ·a tm9spherio 

tem.p~rature was 23:~9°0 and .. pum.id.ity· 15%.. 21 
frogs (7. males, .6 f.em_?-les an.d, ~- juveniles) 

' . . 

were collected in 6. hours. The SVL of tbe frogs 

in. the ~ample ranged ~r.ol!l 3,5 om to 6·.7. om• :The 
' . . . ' ,._ .. . 

median $VL being 4.7 ,, c:m and: sl;lQwed a mo4e ·of · 
· 4.6 om, showing th~ population .on land wi.tb 

almost equal number of ~le, f.ema.le .ancl 
. . .. : . 

juveniles, .however, the ca tob/bour was very low 

due to ·flood at the -site. . ~ 

· . ....... . , 

September - Census was made on 16.9 .• 78. The: atmospheric 

temper~_ture was 19.5°0 and bumidi ty 74% •. 20 

frogs ('6. males, 6 females and 8 juveniles) were 

collected in 3 hour~ ~;· .trb.e· SYL of the frogs ln 
the sample ranged fr 0m·3.2 cin to 6.8cm~ IDle 

median.SVL be1ng,4.7 em and showed a mode· of 

4.3 em, sh~wing almost equal numbers·of male, 
female and ·juvenile. 

October- Census was-made on 9 •. 10..78. The atmospheric 
temperature was 18 .• 0°0 ,and humidity· 84%. 21 

frogs (7 males, 3 females and 11 juveniles) 
were collected in 3 hours 20 minutes. The SVL 

. of tbe frogs in the sampl:.e r,anged ·from 2.8 em 

to 6. 2 om •... Tb.e med~an. SVL being 4.4·. em .and: . 

showed a mode . of 4 .• 2 om,· The population sb owed 

increase in juveniles number, and decrease in 

adult number. 

. ,•. 

November - Census was made on 28.11.78. The atmospheric 

temperature was 13.4 °C and humidity 86.%• 22 

frogs ( 3 males, 1 female and 18 juveniles) were 
< 



Fig. 3~13 : Percentage abundance of various size group 

·SVL in a pop\.lla~i_on of Rana cyanophlyctis 

·during different months at Gauhati and 

Shillong si:t~~. 
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. collected in. 3 hours .. 45 .minn tes. The SVL of. 

th·e frogs in. the sample r.anged fr.om 2 •. '8 em. to 
. '• ' • • ' I • :· ' 

5.8 emo~: The .median SVL .. being 3.7 em and s)lowed 
. .. ' . : . . . "' ' ; 

a mode of. 3.5 em,· showing,. -the predominance qf 

juvenil.es. " ' 

December _,.Census was-made on .18.1-2.78. The_ atmospheric 

tempera~e :was 10•2°0 and ~umidity .. 70%. 20 

·frogs (' 1 ·male, . 0 f~emale .and ~9 juveniles) were 

colleete.d -~ 4e0 .ho~s. ,The SVL of. the frogs 
in the sample ranged f.r:om 2.4 em to 4. 2 em. 

The median SVL being 2.8 OC:ql and showed ,a mode 
of 2.8.: em, showing the disappearance of adult 

specially female in w~ ter. bodies. Ca. tcb 
·predominated by .juye1liles.-

Terrestial .availability and relative abundance 

of various SVL size group at the two sites during different 
I • • , • 

months of 1978 have been estimated. The data has been 

compiled and presented in Fig. 3.3. D\.lring population 

census it bas been observed that predominance of the· 

juveniles and ~ID.f:\11 size frogs have been ~ore than adult 

and large size frogs during w~ter .months• :In summer 

months and on rain the population O·f large size frogs 
. . . . ' 

increased tremendously. The most active SVL size group 

at two sites and su~seque~tly mQst. c~ugbt were frogs 

of SVL varying from 4.0 ~ 4··9 em. · 'The percentage of 
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various size group in the terres tial· population. of Rana 
. ' 

' cyanophlyct.is have_ also been est~mated during difterellt 
' ' • ' • ,, ' l •. . ., 

month of Gauhati an,d, Sbillong site~ The data h_a.s _been 
' . ' ·-

compiled and presented in Fig. 3·4~ It has been observed 

that at both 'the sites, the frogs of SVL varying ,froJ.Il 
' . ;. " . . . . 

41!0 - 4.9 _em pre~ominat~d tbe population census. Further, 

frogs w1 th SVL 3~0 - 3.9 ·om 'and 5.0 - 5.9 em ala~· showed 

higher percentage .of occurrence at· S_hillcmg an4 Gauhati 
. ' ' 

site respectively. .. 

(b) Capture, mark release and recapture technique 

(Site_:. Stat.e Governm,ent Fish Farm lnuba..ri, 
Ge.uhati~ Assam ) · · 

The principle of the capture·, marked release and 

recapture technique is based on' the analysis of re­

occurrance of a known (marked) popula tiori w1 thin an 

unla10wn population inbabi ting the same area ·(Jackson, 
' .. 

1936, Jameson 1957). The reoapt~e analysis of the 

known members witb unknown members reveals the abundance 

of the total population of the species inhabiting a 

particular site.. Taking ·in to cons idera:tion the 1 imi ta tiona 

of the technical diffioul ties 'in the the methodology it 

is presumed that: 
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J. Marked animals, . once released ~ tb e study site 

become distributed homogeneously with the unmarked 

~diyiduals of tbe population~ There after the 
' ' 

chances of recapture stand ~-good as the chance 

of .capture of unmarked individuals in that populations 

(50% .probabi;ti w ). 
- ~ ,' ' . . : 

2. Tb minimize. the bias, the frogs in eacb ca tcb were 

coll'eoted at random, throughout th·e site area • 
. ;. 

3. The mat'ked frogs would neither die. nor cross out 

the study site area and the total population density 

'of. the specie~s would remain unaffected as, supposedly 

there is no migration or immigration 

4. In, case of any migration it is believed that equal 

number might have come in from neighbourhood. 

Initially, marking of the frogs with the help 

,of, toe ·.clipping, paints and po~ish have been attempted, 
. . . ~ . .. ' ' - . . 

bu,~. it did nQt pr9v~ successful. Later, marking by 

banding coloured thread around thighs were used with 

success and subsequently during every. census, the frogs 

were marked and released at ~ middle point of the study­

si te. After a lapse of 24 hr (a period allowed for 
~~~~ 

homogenous mix,ing of the marked and released .f!'ogs, 



109 

with the un~myn, w;tmarked _population of the frog _at 

the study site) the frogs were collected at random, 
. . . . . 

covering· the whole area o.f the study site. ThE! frogs 
. . ' - . . ·'' . . . ( . 

thus (JOllf3C ted con,tained marked as well as unmarked 

ind1vi,duals •.. The nuJ1!.ber of marked and releaa(;)d frogs, 

oap~ed marked and unJ!IB-rked frogs was deduced in Jameson 

(1957).formula. (see material·and method) to find out the 

numb~r~ of unmarked individuals in the population 

occupyillg the s·tudy area. The estimated ·number. of· 

uwnarked .fro~s with the .to tal number of mark~d and released 

frogwascombined to estimate the abundance of-frogs in 

that area, Since all collection, were restric~ed. to land 

and not to the water bodies.,. the present estimation 

gives us an· idea of the rel~,tive abundance of the frog 
. 

population on the land only.· 

The investigation at Ga.uha ti were carried out 

from January to December 1978. A minimum of 4 estimations 

of the .re).ative abundance of frog, in a month, were made. 

The average of the 4 such estiJJUites, represented the 

aver~ge abundance of the frog on the land during that 

particular month. In Septelllber and Deoem~er 5 estimates 

of the relative abundance were made. Thus, during 12 

mon tbs of investigation altogether 50 estimates were 

made. The data bas been compiled arid pres en ted in 

Table 3•3• Of the relative density, on precensus days 
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(Jameson,· 1957: t~e day of marking and release.) frogs 

were. collected .for 2.0 bouts marked· and released. ·on 
census. day (Jameson, ·T95ft second d~y for reoapture 

analysis) frogs .were collected a. t rand·omly (as desc.t tped 

in technique,) and the number of marked frogs re9ap ture'd 

and un~ked frog capture were known. · The numbers of marked 

an'd unmarked frogs were subjected to Jackson's formulae 
. - .· 

. . . ' 

and subsequently the relative abundance was· calculated_. 

Tbe data bas been compiled 1n: Tabl~ 3.3.. The mon tb-wise 
' ' 

observa tiona are described ·below: 

Januarz · During· ihves tiga tion ·period. the 

atmospheric temperature ranged between 9. 3°C to 22.8°C, 

and there was no rainfall. At precensus 11, 19, 25 and 32 

frogs were marked and released. The number of frogs 

reoaptured on_ the subsequent days w~re 2/10,. 4/10, 8/15 

and 9/16 (numerator represents the marked catch and 

demoninator total number caught). The ratio between the 

total marked and ·unmarked frogs collected during census 

were approximately 1:1. The estimated relative abundance 

of the frog on land varied between 46 to 47 (X ; 53)• 

Februarz During investigation atmospheric 

temperature ranged between 10.6 to 26.5°C and total monthly 

rainfall was 3.6 mm. At preoensus 15, 31, 44 "and· 47 ·frogs 
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were marked. and released. The number of frogs recaptured 
. . . ·. . , . ',· ' ' . ' ' 

. ' 
on the subsequent days were 2/18,. 5/18, · 1/20 anq 9/22'! 

'; ' . '·'' . : ' ·•. . . ,: .. ; ;' 

The ratio between the to tal marked and unmark~d fr~gs 

collected dw:ing census was .approxima"tely 1s 2~ 
' . . ' '. ~ . ~ . - . . ' . 

The estimated 
'. \ . 

relative abundance of' t~e. frog .o:n land varied b~tween ,194 

to 135 (X : 120). 

March "!" During :tnve~ti~ati.on ~.tmospberi~ temparE;\tu.re 

ranged between 14"8°0 to ·31.o0 c and totai m0l1tbly ·rat.nfall 
,\ ' .. ,·. . (~.. . . 

was 15.1 mm. 
. . . ·. . . r· . 

At :p.reGens.us. 24,-. 41 '· 70 an.d 80 !.rogs were marked 
'' I .i ''' ' :·; 

and released. The number of t.rogs recaptured on the 
. . . . . 

subse14uent days were 5/30' 7/28, 10/30. and 15/3~.· Tbe .ratio 
' ' I • • '· . ' J ' ':, • ' \ ~ 

between the total marked and unmarked frogs collected during 
•, : ' 1.' • 

0 0 

.. I ·~: ~ 

census was app.ooximately 1.& 25. The estimated relative 
' • .1) • '! • 

abundance of the frog on land varied between 144 to 210 
. . ' . ' ~. 

(X; 189) • At the warm night .of 9~3.,978 .th~ popu;tation 

estimated were maximum. 

April - nur ing in ves tiga ti on a tmos ph eric temper a tur e .. 

ranged between 19.1°0. and 31.0°C and total mon tbly rainfal.l 
•. • I • i ., • , - ' , 

was 62.4 mm. At precensus 24, 56, 70 and 80 frogs wer~ 
• ' • • '• / • J •I 

marked and .released. The nwnber of frogs recaptured on the 

subsequent days were 4/34, 8/22, 9/25 and' 14/38. The ratio 

between the total marked and unmarked fr,ogs collected during . •' . . . -

census was approximately 1:2?• The estimated tela tive 
j ' .. • ~ 



Date ot 
experiment 

TO. T,7e 

TT. L7e 

T2. 1.78 

,. T.7e 

T4· 217e 

15. 2.7e 

T6. 2.7e 

17. 2.7e 

7. 3.7e 

e. 3.7e 

.g. 3.7e 

10. 3.7e 

4. 4.7e 

s. 4·7e 

6. 4.7e 

7. 4.7e 

6. 5.7e 

7. 5.7e 

e. 5,7e 

g. 5.7e 

e. 6~7e 

g. 6.7e 

TO. 6.7e 

TT. 6.7e 

2. 7 .7e 

3. 7 .7e 

4. 7 .7e 

s. 7 .7e 

e. e.1e 

g. e.7e 

10. e.7e 

: T1. 8.78 

T4. 9-78 

15. 9.78 

T6. 9.7e 

T7. g.7e 

Te. 9.7e 

9.10.78 

10.T0.78 

11.T0.78 

12.10.78 

26.1T.7e 

27.11.78 

2B.11.7e 

29.11.78 

:9.12.7e 

10.12.78 

T1.12.78 

T2.12.7e 

T3.12.7e 

Table 3·i 

Eatlmatlon of relat.lve abundance in Rana cyMophlyctis by capture, mu.rked 
released and recapture method (Jackson 1936) at Ulubari Guuhati 

Un-
Total 
Rain­
fall 

:~e:d 
and 
released 

Number 
cap tu.r sd 
during 
census 

Duration 
of collec­
tion 

Marked 
captured 

Unmarked 
captured 

marked To tal 
popula- popula- Raoge llaan 

9·3 

to 

22.e 

T0.6 

to 

26.5 

14.e 

to 

3T.O 

19.T 

to 

3T.O 

22.3 

to 
3T.2 

24.7 

to 

3T.9 

42.2 

to 

111111 

't' 

T5 .T 

62.4 

243.8 

308.8 

32.30 270.5 

21.8 

to 

31.45 

16.73 

to 

26.27 

T0.23 

to 

42.7 

23.27 't' 

TT 

T9 

25 

32 

T5 

3 T 

44 

47 

24 

4T 

70 

BO 

24 

56 

70 

86 
2B 

58 
eo 
97 

24 

45 
64 

82 

T5 

23 

42 

74 

24 

49 
7T 

95 

30 

50 

56 

70 

81 
20 

35 
47 

6T' 

15 

T9 

41 

45 

5 
17 
T9 
4T 

1Q 

TO 

10 

T5 

16 

TB 

T8 

20 

22 

30 

28 

30 

34 

34 

22 

25 
38 

36 

35 

3T 

50 

25 

30 

32 

45 

T6 

T4 

42 

48 

28 
26 

32 

39 

24 

TO 

22 
18 

20 

TB 

17 

23 

22 

17 
T9 
25 

27 

13 
'T4 

17 
13 
12 

hr min 

2 20 

2 30 

3 00 

3 00 

3 ·oo 
3 00 

3 00 

3 20 

3 00 

3 00 

3 00 

00 

2 40 

2 00 

2 20 

3 15 

00 

3 00 
3 00 

30 

2 00 

2 30 

2 30 

3 20 

00 

00 

3 TO 

3 oo 
2 20 

2 00 

2 30 

2 50 

2 30 

20 

2 30 
2 00 

2 00 
2 TO 

2 00 

2 3.0 

2 30 

2 20 

.2 30 

3 00 

3 00 
. 2 00 

2 00 

2 00 

2 00 

00 

2 

4 

B 

9 
2 

5 
7 

9 

5 
7 

10 

T5 

8 

9 
14 

3 

T3 

T4 

20 

3 

TT 

T4 
18 

T 

2 

TO 

T2 

B 

1T 

4 

B 

7 
TO 

3 

5 

9 
10 

3 

7 
TT 

13 

2 

5 

6 

B 

6 

7 

7 

16 

13 

T3 

12 

25 

21 

20 

19 
30 

14 

16 

24 

30 

22 

17 

30 

21 

19 

18 

27 

15 

12 

32 

36 

25 

22 

24 

28 

20 

6 

14 

1T 

10 

15 

T2 

14 

T2 

14 

T2 

T4 

14 

T2 . 

T2 

T2 

7 

5 

tion tion 

44 

27 
28 

25 

120 

72 

72 
69 

120 

147 

140 

114 

195 

98 
T24 

147 
260 

98 
97 

146 
168 

79 

81 
123 

225 
180 

135 
222 

200 

269 

213 

242 
150 

75 
98 

110 

8T 

100 

84 

56 

73 

70 

50 

53 
59 
60 

102 

69 

48 

34 

55 
46 

53 
57 

135 
104 

1T6 
125 

T44 

196 

210 

204 

229 

T54 

T94 

233 
308 

156 

TT7 

243 
192 

T24 

T45 

205 

240 

T93 
T77 

296 

227 

318 

284 

337 
TH 
125 

T54 

180 

T62 

120 

1T9 

103 

134 

85 

69 

94 
114 
65 

TT9 

Be 
89 

82 

46 

. to 

57 

T54 

to 

233 

156 
to 
308 

T24 
to 

205 

T77 
to 

296 

227 

to 

337 

125 

to. 

TBO 

T03 

to 

134 
1}4 

69 

to 

IT4 

65 
to 

119 

53 

120 

T89 

20T 

221 

226 

29T 

T60 

119 

9T 

89 
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abundance of the frog on land varied between 154 to 233 

(i: 201). 

Maz - During inves tiga t1on a tmospherio· temperature 

ranged between 22.3°0 and 31.2°0 and total monthly rainfall 

was 243.8 mm. At preoensus ·28, 58, 80 and -97 frogs were 

marked and released. The number of. frogs reoapt'!;1red on .the 

subsequent days were 3/36, 13/35, · .14/31 and 20/50. The 

ratio between tbe total marked and unmarked frogs collected 
. ,. 

during census was approximately h2.. Tbe estimated relative 

abundance of the frogs on land varied between 15.6 to 308 

(X; 221)~ The relative abundance was maximum soon after 

rains (243 and 308). 

~ - During investigation atmospheric temperature 

ranged between 24.2°0 and 31.7°0 and total monthly rainfall 

recorded were 364.8 mm. At precensus 24, 45, 64 and 82 

frogs were marked and released. The number of frogs re­

captured on tbe subsequent days were 3/25, 11/30, 14/32 and 

18/45. The ratio between the total marked and unmarked 

frogs collected durin~ census approximately 1$2. Tbe 

estimated relative abundance of the frog on land varied 

between 124 to 205 (-X 1 167) • 
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. :J.ulx - During inves t~ga tion a tmospberic tem~era ture 

ranged between 24.7.0 0 and 31~9°0 and total monthly rainfall 

recorded were 3Q8.8 .mm. · ~t··pr,ecensus 15, 2,3, 42 and 74 
' ' ' ' .. ., .. ;, '< ', • ·' '. ; ' > I ,,; ' 

frogs were marked .and rel.e,as~d. •. The nlimber of frogs re~ 
J,: 0 : , 

0 
1') • ', • , .. :' I ·~ 1 .', , • I : 0 I • , :, 

0 
,: ! '

1 
' ; ', • ,I ,Jo' • ', :'. • ,' 

captured on the -~ubsequent days' were 1/16, 2/14~ 10/42 and 
' ' ·. . . . . 

. · •. '.I ': '.' 

12/48.,_ Tbe.ratio between_the total marked and unmarked 
• ,•"· I /

1

!: .' I •, I 

frogs collected d~ing censu~ was approximately 1: 3·. 5. The 
' ' • : • ' ' ' : ' • , • , • , 1 : t ' ' : • ~ ' • •, ~ f J • ' I : • • , • • : I ; t• ' '• ~ ~ • ' 

es.timated relative abund~ce of the ~rog on ~and .Y~ied 
. ;. I ; . ' . ' . ' . , . '· ' , ". l .. 

be.twe~!l 177 to 296 (X z 226)._. , . 
• '1,. , •• 

. ( 

' ~ ·' -. . ~ . ' ·. . . ' . ' 

. Augu.st - During investigation a~ospheric telllperature .. ;;.. . . . . . . . . . - . . . :·, . 

r,ange.d .between 24.1°0 to 33.09°0 and total monthly rainfall 
-: 

recorded were 237.7 mm. At precensus 24, 49, 71 and 95 frogs 

were marked and released. Tbe number of frogs recaptured 

on the subsequent days were' 3/28, 4/26,, 8/~2 -~d 11/39. The 

ratio between tb'e total marked and umnarked frogs 'cotiected 

during census was appiooxima teiy 1 s 4. The estimated rela t1 ve 
-:· 

abundance of the frog on land varied between 224 to 337 

(i s 291) 

September - During investigation atmos-pheric 

temperature .ranged .between 24.2°0 and 32.30°0 and 'total 

mon tbly .rainfall was 270 • .5. At precensus 30, 50,''-.,.56, 70 

and 81 frogs were marked and released. The number o.f frogs 
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recaptured on the aubsequen t::days were 4/~4, 4,110, 8/22, 

7/18: and 10/20. '.~·e ratio b:etWeen: the. total•,mark~d and 

unmarked frogs ~collec~f;ld· dUE1ng,:cenaus ·:was: a~proxima tely 

1:2. ·The estimated rela.tive .. ~bundance of the frog on land 

varied between 125 .to 180 :(X :>1~0). . .·. , ·-

···october - ·During investigation atmospheric·· 

tempera.ture ranged betWeen: 21 ~&0d 'an~ 3t.45°c and. total 

ra1niall 'recorded were;33.2 rinD.· ibe relative abundance of 

the .frogs decre~sed tur:tbe:r •. At p:reoensus. 20,. 35, 47 and 

61: frogs.· were marked and r·eleased. The number of frogS 

r'eeaptured· on the ·subse·quent days were 3/18, 5/17·; 9/23 · 

and 10/22. The :r·Ei.tio between tbe total marked. and unmarked 

frogs collected during census was apprc>xima tely 1 s·2. Tbe 

es·timated relative abundance of the· frog on land varied 

betWeen 103 to 134 ·(x: 119). 

·November - During investigation a tmospber i.e: 
:. 

temperature ranged between 16.73°0 and · :> 26.27°0 and total 

monthly rainfall recorded were 42.7 mm. At precensua 15, 

19, 41 and. 45 frogs were marked and released. The number 

of frogs r·eoaptured· on the subsequent days were 3/17·, 7/19, 

11/25 and 13/27. Ttle rat·io between total mar·ked 'and··· · · 

unmarked frogs collec·ted during census was app+oximately 

1:1.5. The estimated relative abundance of the frog on 

land varied between 69 to 114 (X : 91). 



Fig. 3~l9 : Availability pf various size group (SVL) in 

.~ cvanophlyctiga pop~a1;1on during diffe­

~ent months at Gauhati and Shilleng., 
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December.- ~!ng inv~stigatio~ atmospheric 
' . • ' . . . . ' ~ ! • ~ • • • ~ 

. t·emper,~tur~· r~nged between 10.-2,0 0 and 23.27°0 and total 
• • ' , ' L ' , \ , o , ~ • l ' ' • ' 1 

.mon,tbly rainfall:waa nil. At p~ecens~s. 5, 17,. 19, 41, 48 
. . . . . . ' . ~ . . . ·. . . . . . . . ' . ; - ' ' ; 

, trqga were tm3.rked, and :rel~~sed.. , .~~ n~ber o~ :fro~. ~e-

: paptured .on. ~be sqbaequ,ent day~ were 1/13, 2/14, 5/17, 6/13 
' ' · ' ' , I , I ; 1' 

and 7/12 • The ~atio betwee:z:t the total marked and unmarked 

frogs, col1eoted9 during ~ensue was approximately_ 1&2. The 
! I . • ~ ' . 

' . 

es·timated relative abundance of the ~rog on land varied· . : . ; .. 
' ' 

between 65 to 119 (i :• ·a9). 

It ··has been observed tba t the. r el,a tive abundance 

' of the frog' showed an iner·easing trend !rom January till 
t • . • •• : : . • • • • ·._ ' 

A~gust and later a downward trend, ·till ,it rea·cb,es. to a 

mirlimum 'during December and· January.. It was es tima.ted. 

tba t dtir.i:ng January the relative abundance were ;minimum 

46 - 57 (X = 53) and during August it was maximum 224 - 337 

. (X = 291 ). · It bas also been noted that relative abundance 

of frogs on land increased enormously during monsoons. 

The. changes in the relative density of ·the frogs 

can be correlated with temperature, __ humidity and rainfall. 

Temper a tur e: 

Tbe atmospheric and aqu~ tic temperatures are in-

. interdependent on each other (Table 1.1.1) and correlation 
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coefficie~t :t>et.ween the· two variable was· found to be 

~igbly e.ignificant (P(0•01 :' 1: = 0.85·) •. 

I t I 

TPe ~ela tiv~ density of. frogs on lan~ was +.owes t 

(~53) in January and maximum .(27 1 ) in August~ Tb:is trend of 
~ i ' ' • : .' ' : 0 ' 'I ' ' I l f 

fluctuation· is simil.ar as that of atmospheric temperature. 
I ' 

0 
' • ' ' , I I ·• ,-

0 
0 ' • , ' ' • • • • ~. 

(J~ua'r~' ·9.,3°C ; August 24.1 °C ; December 10.2}). 
' ! ' ' I • ,0, ' ' I ' • • 

,Tb~ co~relation between the two y-ariables dens"! ty 

and temperature has be~n re~~es~nt~d by ~inear' ~elationship 

(Table 3.4 ; Fig. 3..5) the bivariate correlation co·efficient 
: ,· ·. .. ' . '' '.'. 

sb~wed high coefficient constant ( · r = 0.83 ) and .was found 
·, 

s~gnificant on 'F' test (P<.0.01 ). 

The humidity at .the study site .fluctuated between- · 

69% (minimum) during March and 91% (maximum) during June·,, 
,: . 

with an annual average of 82.5%. The high bumidit,y bas 

been attributed Bi-ahmaputra and Bharlu rivers (l{a.runka.ran 

1974) at the close vicinity of the. study site.. The 

relative abundance (Table 3.4) and humidity at the study 

site d.o not show any .correlation. Tb~re was also no 

sign~fi~an t correlation. between the bumi'di ty and temperature 

( r = 0.31 ) and also between bumidi ty and rii'infall 

( ~ := 0.41 ). 



Fig.• 3•!6 : Correlation .of relative abundance o:f . ., .. . . 
Rana cYanophlyctis, with temperature 

3~j7 : Correlation of riU<atjive abundance of 
~· cyanophi.yct!s with· pH 

: Correlat.to·n of ·relative abundance -of 
\ . 

Rana cxanophlsctls with raJ.nfall. 
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,. 
,·, .. . •} 

At Ga.uhati, the maximum precipitations (243.8 mm, 

364.8 mm. and 27Q.5 mm) ·Oc.curred from May. to Sep.tember. 
' .. . .. 

wbEm the atmosph~ric temperature. was also recorded to qe 

maximti::n, ·. ·The rCo.rrelation coefficient derived be tween the 
~~ ~ . 

. . . 

tempe.ratw;e and .rainfall· has been found aign1f~ant .on 'F' 
. . - ~ . . . . . . . . 

teat ( .r :::. 0.84, P < 0.01). The trend in the changes in the 
; • I 

rainfall bas been foilnd. similar· wi tb the .relative abundance 
' i .. , . . 

of tb.e frog populations • The relationship shows a linear 
- ' 

expression (Table 3.4 ; Fig. 3i7). The. correlation 
·' ; 

coefficient de.r~ved between the two variables bave also 

found to be significant on 'F' test· ( r = 0.63 a P( 0.05). 

Chemical factors:. 

Chemical factors analysed have been shown in 

Figs. 1.1.5 and 1 •. 2.4. 

!?.!! Throughout the period of ·invea.t:iga tion tbe. 

pH of the site water was found alkaline.· The· .maximum pH 

8.3 was .recorded during January and was ·found decreasing 

till it reached almost· neutral ( 7 • 0) · during .rainy season, 

and then it !u.r tbe.r increased till it .reached maximum 

7 .g dur'ing December (Fig• 1 ~ 1.5) •. · ~ain and pH have been 
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.. .t:o~d :to be ·inversely.related. The .. corre],~t1:on coefficient 

calculated between the rainf8ll and pH and. rainfall and 

tempera tur'e hav~ found 't~ be. sil:snirican t ' ( r' ~ 6: ,, ; and 
. . ~ ~ . . ' 

' ,.. : . ~ ., ' 

r = 0.65 ; :r < 0.05) ~ Maximum· relative abundance of ·the 
; • .' ., • . . I ' ••• I 

·frogs was observed during the months when pH was neutral 
':, . . ' '' 

' ' . . ' 

(7.0). The correlation coefficient between the two 
·, ' . ', . ' . 

variables have·also been found si~ificant ( r = 0.85 ; 
; 

P < 0. 001 ) on 'F' tea t. 

·During the peri.od of ev.ery, p.opula tion census, 

conductivity,, cbl.or~ide ·bi.carb.onate~ calcium, magnesium and 

to tal. hardness· of ·tbe pond wa tar have also been analysed •. 
- • I • 

The annual nuctuations.of 'these facto:rs.showed.no definite 

trend (Fig. 1.1. 2).. The periodical mariuring of the ponds 

by the fil3h department results in tbe sudden hike in the 

dissolved ionic content, including the conductivity of 
the water .bodies .. This accounts for high conductivity . . . 

(378.0 mi<n"ombos/I)llll), hardness (150 ppm) and other ionic 
'I , 1, L 'o I f •) ' I~ • • 

presence. The flue tua tion o:f chemical factors in January, 

August.arid December was : conductivity 181.0; 335•0 and· 

316.80 micr·omhos/mm ; chloride 3.20, 44•0 and 28~0 ppm 1 

· bicarbonate 70.0, 162.0 and 171•0 ppm ;· ·oaloium 11.'0 , 

'28.0 and 25.0 ppm ; ma.griesium· 5~50, 13•00 and 19.00 ppm ; 

total hardnes's 5b.'o, 1'25.-0 and 140.-0 ppm respectively. 

The correlation ooef!iciEm:t, b·e'tween various bivariate 
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Table 3.4 

Values of correlation coefficient derived between t~rrestial availability of ~ 
cyanopblyctis and environmental condition at Gaubati & Sbillong study site 

Juvenile Female Male Catch/ Variables Catch/ .Male Female . Juvenil.e 
population population population hour hour popu~a tion · population popula ti,on 

** * 
0•7332 0.6056 

0.3238 0.0407 

0.5143 0.4665 

** * 
0.8900 0.6719 

* 
0.1533 0.6276 

* 
o.o924 0.6.140 

0.8119 0.6001 

**· 
0.7210 

0.13,029 

* 
0.5800 

* 
q.6775 

0.0460 

0.1280 

0.6024 

.. **. 
.0.7855 

O.Ol77 

"*it. 
Oo7977. 

"** o. 7 211 

0.3665 

o. 2988 

0.7,88 

"** 
Temperature 0.2318 0.7·743 

Humidity 0~2349 . 0.,898 

Rainfall. 0.2236 Oe4125 

"* 
pH .o. 2982 0.7048 

Cond~otiv1ty 0.1336 0.2238 

Total 0.3528 0.02()3 
Hardness 

Multiple 0.6077 0.6893 
Correlation 

* Significant at_. 5% probability level 

** Significant at 1% probability level 

·** ·** 
0.8524 0.8119 

* 
0.6295 . 0.5519 

0.5461 0.4045 

** * 
'0.7673 0.6309 

0.1263 o.ooas 

o. 2585 0.0156 

0.7162 0.7888 
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limriological combinations conductivi.ty, . !:>ic~bon~ 1;e, 

chloride, ,calcium, magnesium and total hardne~s have been 
. • • •• • • ' _'! . ' • • . . : ; ·.' ., 

found. to be .significant (P < 0.0.1} on 'F·' test ( Tab].e 1.1.,2). 
.. .· . ' . " ' . '\ 

These fac·tors: may be helpful for the growth and main tenanoe 

of larval population and indirectly to the frog population. 

Direct rela. tionsbip of "'these with adult flogs cannot be 

ea tabl is bed. 

3.·~,4 .• 3r: .Homeo.Range .and· movement: 

The investigation on frog abundance a~so reveals 

that~ cyanoph~~ct~s maintains a home range. Following 
. . ' . 

' - ... 
account .deals with home range and movement during 3 phases 

of annual. preeding· cycles of this fro~·-

Pre-breeding phase; 

Following an analysis o~ home range movement of 

this frog at Gaubati, in addition to abundance of frogs 

by ce. tcb per hour the analysis of relative abundance. by 
• '•,. I:, 

capture recapture me tilod and the d.is tance up to wb·icb 
''• ' ' • • • <'; 

frogs moved away from the release po·in t was recorded. · 
• .!' ' ~ I .'; :J -' ' ' ' 

During prebreeding phase in Febr~_~Y, Maz::ch_, April .Bfld 

first fortnight of May •.. The average atmospberi·c temperature 
. . ' • • . t ~ . '· •• . . . . '. 

ranged from 7.3°0 ·to 22.6°0 and rain.(all ;.6 mm to 62•4 mm • 
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In winter months due to the· lowering of water level in 

most of the nursery ponds, the frogs lived in aggregat~on 

1n a breeding pond. During F~bruary they ·are seen 

dispersing. The .random capture sample of frogs .on land · 

1n February .represented a ratio of. 8 juveniles! 3 males 

and l female indtcat'tng the predominance of juvenile frogs. 

This indicates movement of the juveniles frogs was more 

than the adults one. With the _increase in atmospheric 

tempera,ture during March the frog particularly males become 

more active as out of 41 ·frogs collected 1n March there 

were 16 juveniles, 17 males and 8 females. The atmospheric 

temper a tur e fur th er increased to ap pea!ma tely 26. o 0 c in 

April and May and the rainfall was over 60.0 mm. These 

factors seem to be favourable as increased number of frogs 

were foun~ moving on land. In May, out of 51 f.r ogs 

collected the .ratio was 19 juveniles, 17 males and 15 

temales, The ·~iniziimum distance travelled by any frog from 

1 ts .release. point was 19 m, during Feb.r\lary,.ian'd·'maximum 

34.0 m during May. So far as size is concerned, predominantly 

smaller size frogs (SVL 4.0 - 5.6 em) were frequently 

obse.r·-.~d 1n February and large size ones (3.5 :- 6.4 em) 

1n April. Tbls indica tea tba t frogs of all·bi:~~ and and 

sex become active by this time and start moving on land. 
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_During middle. of ·May~. ~u,ne, July-. and ~~gust 
J ' • • 1 • - •. 1 -· ,. • •. 

tempe;ature .was 22.3°C - 31.9~0 and .t"ainfall was 243.S -
,· ' .. - ·;.. ' ·. I • ·, ' . ' ' ' . .. ' ' -··• '' •. ''' • . . 

,, 
364.8 mm~ The population of~ .cxanopblyctis wa~ .most 

• • • • ~ • ' • • • •• •• t - • _, ~ . • • • . • 

active during. this. peri,od. The syL of :the· f~ogs 90llected 
. . 

~uring this period ranged from ~-·5: em to 6.7 ~m. ~~e 

accessibility and collection of, th.e frogs. WEt..S also .fairly 
.. :-, ' . ' ' 0 • . . ._ - ..... ' . . . . .. 

high, as. 11 to· 14 fr_ogs ·were collected per .hour.~ The 

movement rang~ of the ~r._q~s. w~s :~oh. larger as, marked 

fro~s were ~ap~eq as far as: 128 _m .t:rof!l the release. point. 

2 Illf:lrked frogs were -~observed ··to have cr~ssed t.qe, stud¥ 

site· terri tory and moving 'in the eas twar.d ·low .ly.ing area •. 
• • • • ,• ' 'J ' 

A relative density censll~ • made ~t. warz,n nigh~ (1.5•7a)-; 

soon after heavy downpour showed. _exceptio~lly high 

capture,· a8 50 frogs we~e Q~:!)tured .in. 2 hours 20 minutes. 

Post~breeding phase: 

During September;~ .. October,. November, ·neoember and 

January~ the atmospheric temperature.varied_from 9.3°C 
. . 

. to 32.0°0 and rainfall decreased from 270.5 nim' to o~o· min'. 

A decline in the movement and activities of ·the frog~ 
' 

was noted during this period• Their movements was ·gradually 

restricted near the vicinity of water· bodies~ A higher 



Fig•' 3.!4 : Basking of frogs during '4nter 

;•*5 s A: vi.ew of home site and movement in the 

population of· ~ cyanophlYctis •.. 
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rainfall was usually recorded. on warm evening inducing 
' . . . ' 

increased movement and ~ctivities of-frog population. 

During winter rains the activities· ot frog population 

remain restricted a't close vlcmity of water bodies. During 

August and Sept~mber the ratio of nialea-.and females and 

juven-iles was almost ·equal· as. out of ·46 frogs collected 
. . : \ . . 

16 were males, 15 were females and 15 juveniles"' However, 

in November. the predominance of· juveniles· was in·creased. 

The a:dul ts ·were ·observed to remaizi- restricted' in water 

bodies~ The SV lengtb of the frogs collected varied from 

3.7 em to 6.·6 c~. .During winter large size adults occupied 

central deep portion of the water bodies whereas· the sub­

adult and iminature frogs peripheral shallow portion of tb·e 

water bodies close to the eldges. Tbe frogs do not 1nhab1 t 

those ponds which dry up during this period. Whenever 

there was slight rain o.r warm weather, the movement of 

.juveJ}iles and adult m,ales were observed. Female rareiy 

moved out. The maximum distance travelled by a marked 

frog !.rom 1 ts release point during win~er was 14.0 m. The 

frogs sitting on edges and basking are often observed ,..,...;r 
during winter months (Fig.l•" ). On approach or disturbance~ 

quick disappearance, in water bodies .a.r~ n·o_tic.ed •. 
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DISCUSSION 

Marking of anurans 

. - . ' 

Tne toe clipping tec~que for marking anurans 

d~scri~ed by M~rtof ( 1953) ~as successfully used by Dole 

( 1965) ~ Dole ·~d. DUrant ( 1965, 1974), ~we,;.er, .in the 
. ; ~ . . 

present investigations it did not. prove helpful• It did 
' '. ' . . 

not cause death to the animal but certainly affected the 

skipping and free swimmi~g. The frogs w1 th clipped toe~ 
. . ' . . i 

. . . . .. . " 

which includes a portion of wel~ also, preferred ~o remain 

bUrled in the mud.· Clarke (1974) also recorded that toads 

with clipped toes remain less active and showed reduced 
•· . ' 

movement. He preferred injection of radio active isotopes, 
' . 

manganese-52 at the dorsal side beneath skin and observed 
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that such frogs could be detected in the field by ibyae 

III survey meter, equipped wi.th a 3.18 x 3.18 Na-71 
. . . 

crystal g~a scintillation probe. It was not possible 
. . . 

to try s~oh technique here due to non~ava1labil1ty of 
• ' • , . , .' ' ' • ' ! ' , ·• • ' ~ • I • • ' • . : , • ~ • 

equip~~n-t 'and. isoto}ies.· · Tn~ ·techniques preferred by 
. . . . ' 

I \ 1 ; • : 1 •. i · ~- • 

Andrewar tba ·( 1961) and Kreko.rian ( 1976) to mark the animal 

with paint and nail poiia h d1;.d not work with ~ .. 
. . . ' . . . ' 

cyanophlyo tis as it fades. olit very faa t~ The use of 
' ,I . . 

1 i .· ' 

d ifferen ~ coiour. thread as bends. foliowed by. Linco11i 
' } : .' ' ·. ' : . . ~ 

( 1930) and Andrewartha (1961) a.r.;_o~d thigh of the animal, 
'• • '. I ' ' ' 

proved very convenient tmd successful and hence was followed 
. ' . 

in tbe present investigation. The other technique of 
-~. 

marking _anur~a wi 1;b the .. help o:f ,9oppe~ wires and- iron 

rings (Richter 1973; Dougherty 197~ and Krekorian 1976) 
' ' 

was not attempted •. 
'' : I 

: ., ' -:.: 

Rela tiv.e abundance: 

. ~_though, V&,"ioua me :t,bod:s· ~ave. been dea.c,ribe.d. for 

the _estimation. of relativ~ density of a population~ Bm:ong .. . ' . . ' ~ . 

in.sect an_d invertebrate {see Lincoln 1930; Gause 1932; 
. • . . '. . . -.~ . . l' . . . • ·. . . ' . . . .• . ~ ' . ' ' ,I.J '. 

. . 

J~cks.on 19,-~, 1939,._ ~.940, 1944,, 19,~8;_ W,illi~ __ -19'40;. ;I ohnaon · 

19.50,1952, 1954; ~anka 1954; Browning 1959.,1963; Andrewartha . 
.. ;. • • '1 •. ' .. • • • •••• • • • • • 

1957, 1961') very tew techniques are av~ilable for vertebrates. 



The capture, mar.ked released·and recapture method. 
. . ·. . . . . ' 

p~of~ddd by Jackson (1936) have been sucoess!ully.used 
. • . ' : ~- ... . •! : . • ' 

for various animal species, s_uoh. ~· duck (Lincoln 1930), 

Tse-tse fly (Jackson 1936,1939,1940,1944) and 1948), 
• • • ' ' ' , I 

Polyommatus iracus (Dowdeswell _!! !!• '1940; Dowdeswel\1952), 
-- . "' . . . ' . -.... . . ,.. 

~ musculus (Evans 1949) in fie:ld ra.ts (Leslie and Davis 

1939), Dacus cucurbitae (Ito et al. 1974), fishes (Gru~king 
.·. -~~ .. ~ 

1952); Watervoles rodents {Worr~l 1964, · ~ejda 1972; Holisova 

and Pelikan 1974; Airoldi 1977), hylid frogs (James()n 1957) 

and in buds (Manly 1977). In the present investigation, 

it has been used to know relative density and abundance of 

Rana cyanophlyctis population.available on land, adjoiriing 

ponds at tbe study site. The frogs were collected at random 

in a homogenously mixed population. of the marked individuals 

released earlier and unmarked, individual present in tbe 

habitat. The ratio of tbe animals, marked and released 

earlier (known population) and recaptured with unmarked 

(the population dynamics in the study site) reveals a 

trend enabling for the calculation of relative density of 

the frog •• 

The relative density during different months has 

also .been es~mateQ."""b"'y..:.;analy~ing 't;he number of· qateh per 

unit time., .Low~st number oi.,..;:.fi·og were available in January.; 

The nqmber .went on increasing till 'Aug~ t and then there 

was decline in their availability. Thi~f'me thod for the 
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estimation o.f relative density has been ,fpllow~d by. 
' ·, . _. ' ' ' . . .. ' . ·. ' 

~arlier work~r sucb_a~ cw:rie_and ~ellis (1969) for Rana 

oa tesbeiana , . ~ejada. ( 197 2) for; wa t~r voles; ij~zlett !:!..! al. 
... . .:... ··--; _:'' ·:· ·-· .' -:.! -

(1974). for Cr.ay. fish Orconectis. virilis; ~oskela and·, 
. ' . . . . . - . . . . ·. -~ -' ' . . 

P.asanen ( 1974, 1975) .. for Rana tempor.aria, Roy {1979) ~o~ 
' ..... ··-~---' -. ' . 

. Rena 1 imnochar.is •. · ._....._ . . .. , .. 

Both the techniques (1) J·a~konsta ineth~d~ · (2).· · 

Number 9atcb~s per unit time~ 'revealed similar trend. The, 

poor· den:si ty of· frogs during winter. inon ths ·when temperature 

and ra{niai1 were minimum and high density during. summ~r 

mon,tb's· wb:en rainfall was also high was r·eoordeci. 

. . 
]:ome ranse, 'movement and environmeri tal factors: 

Home ·range and :.movemen.t.~] 

The area of daily activity and-movemen~ of animals 

aro1p1d tpe ·home site bas been defined as home range (~t.t 

1943; Carpenter 1952). Dole and Durant (1965) consideri.i 
' I ' 

home range as an area where animal return again and again 

after 1 ts dai~y or routinea"""activi ty. Rana· cyanoJ>bzletis 

til tb e pres ant' inves tiga tion i:e tur'n agil in and again to · 

same place' and were recaptured clea.rli:'Jus1;1fies tba t the 
' ' 

frog· bas a home range. The 'home range', .91.: 'activity 
' -4 "': 

range .. have been observed in various trQ.pical and sub-

tropical an~ans (See Martof 1953; Turner 1960; Bellis 
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1965; DoJ.e 1965,; Jameson 1955, 1957; Carpenter 1954; 

Sexton 1960; F-itch 1956 and _Pearson l955) and have been 

~eported to vary,. subject to dependence on food (Kilby-1945); 
\ . ' . •, . . 

-body size ( C~rpen ter 195?h She_l ~er_ .sites (Jameson 1956, 

1957) or on various factor together, ~ucb as sbel ter, food 
·, .. 

and environmental condi tiona ( Grobm~ 1950; Dole 1965). 

S_ince, sttudy stie Gauhati is well managed· by the fisheries 

department none of -theme factors may have any role in 

home range movement of frogs ·and is found to be related 

mostly with the en vir onmen tal cond 1 tion. · Tb is is fur ther 

supported by hi~b correlation coefficient between abundance, 

mcrvemen t an·d envfr. onmen tal condition of tb e site { Table 3. 4) • 

During cold months the frogs. were observed restricted 

to the water bodies, female and large size frogs occupying 
. ~ . . 

the deep central core of tbe water bodies and male and 

small size the shallow edges• ~ clami tans (Ma.r tof 195-3, 

1956) have also been reported behaving in the similar way 

during win te.r mon tbs. Rana cyanopblyctis often basks 

during winter at Gaub~ti and Sbillong sites. Martof . 
(1953) in~ clamitans,- Hansen (1955) in~ beckscberii 

Hadfield (1966) in Bufo woodbousi and Fitch (1956) in 
. .,.._,_. . . 

Gastrophryne olivaceae have observed ectodermal basking 

and foUnd that it enhances body temperature, metabolic 

activities and digestion in anurans. The basking in Rana 
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.,. 
. . 

On ·the· terniina tion of winter and with gradual . 

increase in- atmospherfc temperature· these "frog~ showed 

increased movement from·the relea~ed site or water bodies. 
. : f . 

Maximum movement or home range have been observed ·during 
. . .. ·.. . . . 

summer months _specially during rains.McC;mn (.1933) h~s 
. . . .. . . . - . . ' . . . 

also recorded_ that d~ing monsoon months ~ c,v:anopblyctis 

become more active and can b~ found almost anywhere. 

There appears to be no doubt that 'thief species under taken 

l,ong journey diuring night or else it ·-would be difficult to 

account ~or_ its sudden appearance. in the water. boles 

which has been recen:t+,y excavated~ ·In the pre~en t 
- . - . . 

inves tiga tiona first the male frogs were found to enhance 
\ . . ' 

their activity zone (home range) and then during summer 
• t .... - ' • ~ :. • ; • . '-

es.p13cially after rains tbe fell!.ale frog· extend their home 
. . . .. - ·' .. 

rang~~.- The spad~ fo_ot toad (Jameson 1956), chorus frog 
. .. 

(Jameson 19~7-~ an~ Hana temporaria (X:oskeia and :Pasanen 

1974) .we~e recor4ed· t~ bebavi~ in ~~e similar pattern · 

as ~- c,yanopbl.~ct~~· The 'l;lome range' and movement, 

·during present investigation had no rela tiona wi tb body 

size or sex of the anima].. .This bas ala o been repru: ted. 

in water vole (Zejdi 1971) R~a pipiens (Dole. 1965), 

Atelopus oxyrbyUchua (Dole and Durant 1974) and~ 

woodbousei (Clarke 1974). 
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Temperature: 

During tb e present in vee tiga ti on at Ge.uha ti and 

Sbillong, it was noted that~ Clanopblyctis does not 

hibernate. This appears to be characteristic of aquatic 

frog (Wells 1977). They were active and moving on the . 

land at a temperature ranging from 2°C to 36°CI! Though 

critical minimum and critical maximum (Stuart 1951) has 

not been worked out in~ cyanophlyctis. This range 

shows high range of temperature tolerance. Boulanger 

(1920) has recorded the animal from hottest area of Rajasthan 

when temperature often shoot up above 45°C and also from 

Srinagar,_ Quatta and Kullu Valley, floating, skitting and 

moving over water bodies having icy and frozeil edges-, 

confirming the high range of thermal tole~ance. The 

movements and activities of the frogs were observed to be 

d ireotly related wi tb changing a tmospberic temperature. 

The maximum movement and abundance in all the size group 

and population was observed during June, July, August and 

September when atmospheric temperature and rainfall were 

high (Figs. 1.1.2 and 1 •. 2.2). This movement on land may 

be related to high moisture content as being a water frog 

it may not stay away from water for long period. However, 

time takes for dessication in such conditions have no.t · 

been worked out.. During Winter mon the with minimum rainfall 

they are seen restricted,. near water bodies •. Ashby ( 1969) 
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· bas made similar observation in the self maintaining 

population of·~ temEoraria•, Increased activity during 

high atmospheric temperature bas ~~s~ been·.C!bserved by 
' 

Mullally ( 195 2) in ~ boreas. . Commenting upon enhanced 

activities • of anuran d~ing sun.uner mon tbs. Martof ( 1952) 

Willis,!!&~ (1956), Tait (.1969).~d ·Clarke,.(1974) 

inen·tioned that high· air temperature increases: the substrate 

temperature and . subsequently . tb.e .anim~~·· temperature by 

radiation, which govern . the activities, in. anurans. · In 

Rana cyanophl.yc·tis enhance ac·tivi ties· with increased. 

atmospheric temperature and rainfall were found significantly 

correlated at both the si tea The observa,tion. of BQbnsack's 

('1957) in·~ temEoraria and Dole and. Du.r~t's (1~974) in 

Antilopes tba t tbe temperature bas little or,. no correlation 

wi tb the abundance and movement of the above described frogs, 

could not be substantiate·d in~ cxanopblyctis. 

During winter large size Rana cyanoEhlyctis were 

observed occupying the central deep portion of the water 

and juveniles the shallow edges as also recorded by earl.ier 

worker Martof (1953) in~. clamitans, Currie and Bellis 

(1969,1974) in~ catesbeiana. 
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Humidi tx and· rainfalls .. 

. . 

McCann· (1933) ~bserved that anW:ans ar\e: basically 

noctur'nal but becomeG diurnal· and nocturnai both during 

~ai'ny aeaao~ and 'in·wet localities;~ 'Kbskela {1973) · 

recorded increased activities ani ava:ilability· of Rana 
·' .. . . --

:\ 

0•001) • · Bl~ir ( 1953) and Jameson ·c 1957) tetmi.ria tion of · 

aggregation, hibernation and ·ino.r~·~sed Diov·ement of !!:!£.2 

vallicap's and ':Pacific tree p frog respec'tively ,· soon 'af tar 

rafna! Metter (1'964) described that i•ain increases the 

quantity of food types in ambbibi.aus environnient, that 

accelerate the activity and movenien t of the frog, Dole 

(1964) consider soil moisture as an important factor for 

the movement of An telops, than the temperature and food• 

1ilayer ( 1973) no.ted that breeding activl ties in the tropical' 

anurari.s are governed by numerous ·of ·which .raini'all 

constitute an important conditions. Haye~ and :Jjell181 

( 1973) have also recor.ded significance correlation in 

heavy rains with mating call, mating success and larval. 

success in leptodactylid frogs. · In the present inve.atigation 

ori Rana cyanophl;yctis an inore.~ed activity of the frog 

wi tb increasing rainfall and humidity all around the 

year baa been observed. The maximum activities have been 

noted soon after summer rains. Similar observations have 
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been made ~- Rana· clamitans (Martof 1953), ~ temporaria 

(Ashby 1969), scapbiop~s. holbrook! (Rubin 196 ) and~ 

cat·esbeia.na ( C~r-ie a~d Belli~ 1974 ). Moreover s1~1fican t 
. '·' 

correlation (P <0,01) have also been observed betWeen 

relative abundance of various size and sex of Ra.ria . . . 
. . . . . . . -· .· 

cyanopblyc tis and r·ainfall ~ 
.· ' 

"' ·. ,.Mette.i- (19(?4) .and Koskela (1973Lmentio~ed that 

relative humid,i ty at arid. ~bove 84%. is. _an ill1por-~t factor 

in the<mqv:ement and. activities of Rana :temporaria,. AII!-orono 

and Marshall (1'960) reQorded tbat.combination~?.-of raiD.f~ll 

and temperature .as predominant external fa<;: tor in. movement 

and ·bree.ding success of anurans., In the ·present ~vestigation 

it is pelieved that rainfal:J_ and temperature join~ly affect 

the movement and activit~, of Rana cyanophlyotis • The 

correla-tion -W:1tb tempera~e bas al~o been obse.t;ved to 

significantly high (P <. 0.,01) idioating that- tbe two factors 

acts jointly at two sites (Table 1.1.1). 

Limnological condi tiona s 

In the present investigation limnological condi'tion 

of the pond water at Gauha ti and Umkbera river water at. 

Sbillong showed little correlation (P <. 0.05) with the . 
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bebaviow,o and activity of the frog. . I.t bas been observed 
. . ' . . . :;. • ~ ' •. . . . '' ' . : . . i : . • . 

tbat Sbil,lpng .site baQ. acidic pH. and Gauba ti. site alkaline 
. .- . ~ . 

pH dUJ:ing most. par.t of .tb e year, .~d 1, t become neutral 

during rainy mon tb (S;ee Figs. 1.1. 3 and 1. 2 .• 3) ., . During 
. • • ' _t. •. .· • • . . • ' • . . . . ·,. . •. , .• 

this neutral phase., maxi.mum activity and abundance in Rana ... ,_ ..... , . '-
cyanopbly:ct~~ ?opulation bas .. been observed. ·~ier (1950) 

in spade foot. toad; Fingal and Kaplan ( 1963) in~ 

ca tesbeiana; · Cooke ( 1975) 1n BUfo· btdo and· Ran·a ·temporar ia 

noted varyin.g "range o.f. tolerance in anurans ·wi tb' limnological 

condi tiona· and obse~ved that maximum ac·tivi ties in· the· 

above frog populations ~~ observed durtng rainy season at 

pH around 7 .o • In Rana cianopblyctis the significant() 

correlation coefficient (P (0.01) between pH and re'lative· 
. . 

abundance of tb e frog pop.ula tion indicates tba t the pH 

along Wi tb 0 tber environmeil tal ·fac·tors· plays an ·effective 

role in abundance of frog population·. 
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fhSs chapter deale with relative abundance aJtd 

.bcme ~o tnt>~ ot 8!!!9 SX!'¥mblJLG1Ji• arm relation­

Slll.~ o£ ~se t4:th environmental cordltions:. F~ 

t~ber tii:11 ~~ (winter months) When t....41nparature 

ls lot~• the liOpu'laUons of Jls!!i QaD):Q!llisUi remaln 

re:str.ictcd to. wa~ bodlea. where a4ul ts and lar-g~ size 

3-Wetd.lru!J oc~y th& middle core al¥1·. S!'llall juveniles. 

tho shallow water areas on Gm~• Tbe movement of 

'£1!og8 dll.r'ing ~s period is rest.rlotetl to the water bodies. 

~t 4uven&~os Wbicb al'e o£ten obseWe4 moving around 

~r edges al.so. maintail!lrtg a .emailer 'bome range•. 

D.tui.Dg ;~~ phase• with an ~ase in atmospber1c 

't'~aturo (,.s-oc - 28°0),. tbe males and ~eulles become 

actlv$ ad the.ttt J.~elatlva abundance oa land. ucraas~ 

~ bte~ pbase. at an atmosp&Wnc temperature 

2i°C • B~C. wt·th the onset ot re1nS tenales also come~ 

tho.~· i~t ·tlllB at~e relative abuftaanoe of mates .. 

·t.'etnales tm4 3:u.v~es ·on land become·s ~ua1. AD axtencled 

movement o£ tb'O$$ frogs 1a observed in summer eveDings . 

~eclally at-tar .rain. During ~ phase,, abdOl!iQD 

of fe.males ·are· soon Cltstended and due to enlarged ovaries 

·aJd oceasionallr ~s ~ completelY entpt.y. Spawns ·and 
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larval stages can be observed in nature from April to 

October at Gauhatl and for some what shorter period from 

May to September at_- Shillong. They are abundantly 

available during peak · ra.+ny m()ntns~ During breeding 

phase, in July at Gauhati,: a marked frog was obs·erved to 

move as far as. 128 m. from its release point and sometimes 

beyond the study . site~ The mark~d released frogs in 

,t\pril· we~e recaptured in Pecember also showing a definite 

home range., .. 
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INTRODUCTION 

V ario:us workers bave investigated the food and 

feeding l'labi ts of anurans from different parts. of the 

world. More important of these; particularly on genus 

Rana,. are Liu and Chen ( 1932); Smith (1951); 'rllrner 

(1959); Berry (1965); Itamics and Koskela (1970); 

Haapanen ( 1970); ~V~amck ( 1972); Khan ( 1973) BtaclQ.tb. 

and Speight ( 1974)-J Main. thrust of these contributions 

bas been . to tind out the percentage compos! tion Of food 

items taken by ~fferent Rana spec1es, seasonal variations 

and food babi ts, voJ.ume and qual! ty of food intake in 

different months, prey oompo$1 tion in relation to collec­

tion $!tea, frog food and 1 ts abundance in the vicinity 

and frog's gape in relation to its feeding habit.1 ~Y 

workers b.av~ reported frogs as non-selection feeders.­

lmportance of f1trogs as biological control agents of 
lj­
(j 

insect pests of crops is also well known (Liu and Chen, 

1932 and Khan, 197';) .~ 

-In the present chapter food and feeding habits 

of Rana cyanophlYc~is, investigated for its two popula­

tions one at GEiuhatl and another at'Sb.illong have been 
f 

presented. Tb:e Ulve$tigation deal.s w1 th percentage 

cornposi t.ion of the tood 1 tams present in the g\11:; during 
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bree<Ung season in in detail, a comparison ot food 

volume and percentage composition of :food intake 

ciuring annual breeding cycle and a percentage analysis 

of food intake d~ing 12 P!Onths w ti~ Ol.lt .food pe~ 

form:ance, and food .t~take -j.~ relation to environmental 

(actors-. T.he intOI'IIlatlon may :be useful as pre!ereQ. 

. itE!IIls .may be cW. tured ·.on mas.s sca1e :for maintenance and 

culture of this species. 

··A survey of literature reve~s that following 

aspects of food and feeding tlabits ef an\U'an.s have· been 

tnvestlgated by different 'WorkeFs. 

Vax-io\18 wgrkerf! ~uch as Jarnefelt ( 191-5)J; 

Smith ( 1951·~ ;H~~)} .( 1959).; Goin and Goin ( 1962); 

Korscbgen and Moyle. ( 1962) ; Korscbgen and Baskett, ( 1963) .; 

Janseen and Kl·imstra ( 1966); Dickerson (1969) abd 

Hedeen ( 1970) have described anurans as opp.or-blnfsUo 

feeder~. They noted that the :frogs -have a tendency to 

snap anCi would eat any obj~ct that_ moves and the can 

swallow. Itamics EUJ.d 'Ko.skela ( 19'7~/; Blackitn ant} speight 
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(1974) expla!ned the presence of large quan.ti ty Qf 

vegeta'Qle rnaterials tn t.h.e gut content of ~ __ tempora;: 

.£!.5\; The ~rogs engul.t vegetabl.e mat_erial as ~st~e 

rather tb.an as x-Qut1ned food. ;.Brugger ( 1972) ; arown 
- - ' 

( 1974); ,~cker and ,PU.chael ( t975) ·attributed th.ei.l" 

unsuceessfui attempt of swallowing unpalatable venomous 

toads; to its opportuntst.~c ,feeding 'behaviour., l'lh:tle 

wor~ng on Rana tigrina., -Khan-(t973) noted that it. eats 

inorganic and ·org~c .food it<;Hns and exhibits ravenous 

and opportunistic feeding babi t.. Southwood ( 1:966} noted 

that -the .relatiye ab'!Jlldance. of·org~c matter caught by 

anuran to a largEr ext~nt dictates t~e l~ge mol;>ili ty of 

ground li. vi:ng orga.n!.sm,- tbe on~ most active being are 

.most f);'equently caugnt. Lesel;:.U'e (1964) observed that 

~ bufo prefer tast prf!y · thart sio~ ~:Ving one and preys 

that sc~ry rather gl.tdes such' as slug anci~hwom• 

However, Metter ( 1964) naticed the v~i~tion of diets 1n 

tb.e frog collected ,trom Q.ifferent local! ties~ The varia-. . . ~· ', . . 

t~_on, h0111evert has. be~n ·-t:ne .renection ·of the predominance 

of the food obserVed i.n such· locai·.ttie~. SWlar'l.y, 

analysing the gut eon.tents :of tne. anurans collected from 
J • l .1: •• ' •• • • : • 

ditfel!·:ent local..lties tn· America; K,limstra and Myers ( 1965) ' . . . 

observed truit ·food contents in ·fro·gs and toads. gut · 

reflected the abundance of taxon of the localities. . . . . • . . . t ,. . . .. - . . -

' " 

Berry·( 1:9~5) ·analysed the gut· co.ntents of Bu!c asper; and 
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compared tb.e contents with- the availability of taxon in 

tb.E: surrounding.- :she noted varying percentage of food 

types -~n the gut and in the surrounding and concluded 

that this could_ be evident of s~lection of prey, it. could 

have also- b~en due to the difference between the sizes of 

the toads· involved o~ due to difference between habitat. 

In 1970 ·she observed that Bufo asper collected f,fom diffe­

rent localities .shewed different food items in i;heir gut 

content analysis, tn.citcat!ng unseiective :feeding l:)ehavtour·. 

Kramck ( 1972) derived a relations~p between di.f.ferent size 

group and food preference for fast and slow moving preys.~ 

The conting~ncy test of association f.or .di.tf~.reni; .stz~:l 

group.s showed no Q.&n:l.:ficant ·diff.erence (P') 0.)01) whereas,. 

the numbers of fas-t and slow mov~ng prey taken by the fro.g 

showed a signifio'¥lt differe~ce <r< 0.02). I~~. temporaria 

Blacki:th and Speigh-t;_ noted tba1;. tt1e limit of prey cons~ption 

has been fixed by i~s own ~eJ,.ative.immobillty and the size- of 

the month. gape· am the food supply .depends on t~e mobility of 

the invertebrate·. spe-ci~s. . They have. also .recorded noxious 

emperol" moth, 'fex lllOth, ¢aterpill.ez:s the fooq of the- bull frog 

refiecting its non selective fee.ding habit •. -Clarke· ( 1974) 

made an exhaustiv:e . st~y on the ~ood and feeding tYPe of genus 

~. and recorded that the_ large size toads sit and wait to 

consume tb.e pas~ing :prey whil-e. the small ones and juveniles 

search fo.r: ~heir prey he also mentioned that ·tn.e abilitY· ·of' 



.. !·. 

162 

t,oads to eat noxious and armored insect which are abundant 

llas .been ~art)y because of their immunity from ethel;'· 

predators,~ ensurillt$ li,Ul adequate. food supply to the toads 

for whi~h there is little comp~ti~ion. This ability to 

·utilize the uniqutt(;)us. taxas: alongwi th otne.r , avatiable . . 

arthopods and unpalatabili.ty af toad by mQst of their poten-. . ' . . ' ' . . 

. tial. pr'edators has been accotU1tabloe for the world wide 
. . . 

fn!CCers of the ,toad.· Labanick ( 1976) . CO~pared the food 
consume.d by the cricket frog to the ava.tlabili ty of inver-­

tebrates. at ground and above ground level and recorded a 

s1.gnif1cant positive correlations which indicated t'hB:t:·the 

prey selection has no~ been as important as prey avatlabili-
. . ' . . . 

ty. He, furtb.er naticed that food in the cricket f.,og : 
. . . . 

(Acris creptians) contained 33% items. belonging .from above 

grsund,, 45.% from &reund and 2.3% tr~m :a~uatic· l:ever.:· 

Ecltert · ( 1934) in· toads and Sweet.Jnan ( 1·944) in ·hyUds 

showed prefe.rence for artb.opod food, whereas Smtth and · 

Bragg: ( 1949) noticed that frogs do not nave any food prefe­

ren~e and the food content .reflects 'the abundance of the 

taxas of the locality. Bragg (1957) :felt th~t the· nature of 
'· ;. 

movement o.f prey has be:en an important factor .for its 

capture· arid believed that it was by this mean that adult 

toads disCrEminate between toadlets and vertebrate o;f ~e 

size g~oup te>. rjstJ"ict cannibalism. Kaesss and Kaess. (1960) 
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noted that apparent motion of the prey has bean an 

easantial stimulus to elicit the feeding str~e in 

Bufg terrestris. Commenting on the. food preterp.nee 

andc--~~9~titton.:::for:.ft, Inger and Marx ( 1961) recorded 

··that ~he --~lze of _pray later has little relation to the 

size of pr~atar, and significant. ~rrela~~ons (foefft­

d.ent. have 'been estimated 'on interspecific eomparisoru' 

of predator: and pray s:ize:.. They concluded 'that· each 
. . "':' . . . ·. . . - . ' .· ~ : .......-"" . . . . . . - . . . . 

·.species has an il'lherent size range t'Q.;tft;;which .ft responds, 
>. • '· '·· • • 

over· a Wide range c:>£. body sizes and .further beli-eved 

that: this woUld retnforce :nic'l:ie ·separation. stnce smaller 

illdlvidUa.ls 'WOuld- compete with the adult of their ().wn 

· apec~.es rather ·tnan those of: ·the different apepies with a 
' . 

smaller adult size. ierry and BUllock ( 1962) r~corded 

predominance o:f the arthropods in th~ food items of the 

toad Bufo mela.nOstictus coll~etad. from different loca:U.-
. . 

ties.. They_ noticed that the toad has preference af 

ground dwelling .forms ef size ranging from. 5.0 mm 20.:0 mm 

. and observed 'that the diet varied til toads collected from 

di.fferent ldcaltties. 'Furtharj they recorded BUf'o 

melariostictu;a · as an uriselactive · ravenouS eatar,~ fo~ 
. . 

eating 'uripaletable an:tmals with pi:oteetive and offensive 

mecbariism Ulte ·scorpionj. ceritripedas arm· mtlltpedesei 

Cole ( '1'962) in 'Bufo alvarls . and Brower and BI'&.Wer ( 1962) 

in common- European frog, recorded wide variety .of food. 

· and riotfceci the abundan·ce of the insect• 
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.J\s far as anur~ food is concerned, Wt)rkers 

.bave r.eported follo.wing f.ood types consumed by them: 

Arthropods: The gut content analysis of frogs and toa~s 

Qf different localities invariably snowed the predomi- . 

nance of Arthropods ~ eciallr; the class Insecta. 

Brugger ( 1972) observed 35 fam.ilies of Insect from the 

April, May collection: 28 families from July and august 

.col.lE!ctlon and 27 families from September and October 

collection of frogs.~· Blackith and ·Speight ( 1974) 

observed eleven orders of Insecta and Clerke ( 1974} 

·found twelve orders o.£ Insecta f.rom 108 gut content ana"'" 

lYsis of toads... Khan ( 1973) analysing the gut con~.ent 

Qf Rana, ti~rina observed the predominance of ArthrOpods 

and noted 1 t to. be. 6096 of total volune measured•1 The 

major: food 1 tem not~d during post and pre-bree4ing 

per~ods were col~ptera (.Scarabaidae -· 14% Tenabroiondae ... 
;" - ·' .. 

1.2%)- ortnopt~ra (Ac,r~dae • 24% Grylhdae - 10%).1 The 

insect order:~ co~o~y recorded in food were coleopter·a 

( adul,t and .larvae) ; lepidoptera (larvae).; Tri choptera 

( a~W. t ancl larvae) ;Placoptera; Hymnoptera; Or~nata;, 

Orthoptera; Hemipt:era,; Diptera; Neuroptera (larvae} 

Mecoptera (larvae}J Depmoptera and Trichoptera.l The 

other Arthropod~ oft~n see:t;l, are Isopoda; Decapo.da.; 

Chilopoda; Diplopod.a; and ArctuUdae. · Metter { 1964) 

observed Gastropoda, .Spidf3r; Pseudoscropion, ticks and 
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mites, Chilopoc;la; Diplopoda~ . Pllacopteran (adult. and' 

nymph)' Ca.~em'Qella;. Diptera E adult and larvae);. coleoptera 

(adult and larvae); Tricoptera (adult and larvae)i g.epidop­

tera .(adult ai1d larv~el; Homoptera; Hemiptera; ·· Epheuroptera; 

PrthopteraJ. Neuroptem ·cmd Inorgamc miscellaneous items in 

tood of Aseaphus trtici. 

. . . 

Fishes:'·. ·Frog using .ffsh: or its developmental ·stage as foo.d 

is not ·a f·requent phenomena, ·Brugger's. ( 1972); Korschgen · ~d 

Baskett ( 1963) nave r::'ep'orted ,auiall quantity o:f 'fish· food in 

stream dwelling ·frogs, Scnonberger ( 1945) alld Aliva arid 
. .. 

Fyre ( 1971) in few aq~ti:c anurans. Harold and Bacon. ( 1966) 

obseriied that fl.sh: were found eating ·tadpoles of !frogs moi-e 

frequently. than. tadpoles of toads, may be because o:f smell 

or taste·•, Grubb ( 1972) observ.ed fish Gamusia aff.ilis eating 

eggs and· tadpoles of l3iitonofdae, Ranidae and hyli4.ae~1 
Similarly Kurse and Francis ( 1977) observed that the f:t.sh 

like ··large moU.thbass. (Micropterus salmoides): gr~en sunfish 

(Lapomis: exanellt:lS) and the blaCk bull head (Letalurtis · 

me}.es) ate larvae of the. st,riped chorus frog: (Pseudcloris, 

triscrfata.); ·plBJ.n ·leopard frog (Rana ·blair!)~ n~thern ·. 

leopard frog (~ pipiena) and sp6d1foot toad· (S'caphiG>pus 

bamb!.trous). They de.monstrated that· brass prefers ~ 
. . 

blair! larvae more than Rana oatesbeiaria larvaeiti They also 

noticed that if fishes were provided by su.ff!'c~ent numbe,rs 

of fla.na bl:airi !ta.rVae, they totaly refuse bul~ frog's ?t~5tJ; 
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. ~dpol:-~, Wl:d reco.r~~d an: invers~ ""elatlonsh!p be_tween 

larval trog h;a'bi t~t and larv~l ;frog pal~tabil~ty .i 

We~scbk'-ll. and Christen:se~ ( 1977) observed that the fish 
·,- . . . ' 

blue gill ~u¢'1sh at signifi_cantly more tadpo-les. than 
' ; ' ~- . . .. . ' . . .. . ' . 

eggs of Rana spbe~C:W?hala and &m! arcolata -hand have 

no d.1scr1m+natt~on feedi.ng pattern for the two, anu:rans 

tadpoles e'.r their. dev~l:Qping embcyo~o stages., The 
. - . ~ . . . . . . . . . ' . 

:lar~e amount~ :o:f eggs as fish .~ood conftr!Jls·.that 'he 
. . . . ~ ' . 

_bllJe gil~ sunfi.sh .do nQ't;. have prefer-ence for mobile ~or 
' . . . . 

immabile foods. . . . . . 

. Cannibalism: Cannlbali sm are often reported in anur~~i 

McCann ( 1933) obs.erved ~- ccXanophlyctis eonsnm:tng large 

quantity of ·tadpolese1. He attributed _this -~ ;P~t;i:ss.~ cir.­

Ctnnstances due to shortage of :~ood. .Khan ( 1973) observe_d 

· Raila tlgrina eating larvae,. j\lVeniles arid adults.~. 

stoma.tieus, small .Rana W:th:t;rina. and Raila _cYanopiil,yct1s9
1 -He 

. ~tne~ QbseJ;'Ved ,that although Rana cxanophl;yctts popula­

t_1cms were largest, -~· ~tigrina. co.\lld r~el¥' calJ.gllt ~hem 

. _due tq tneir ag.tlity.i Bruggera ( 1972) _cib~~ned tQad~ and 

froglets in t~e q.iet ~f 'i?.ull frog Berry (1970) •. Berry·~ 

:Sullock ( t962), Inger and Marx ( 1961), observed frogl~ts 

. :and toads· in diet of Am~rican frog. Ml:lllz ( 19.20) and McC0y 

('1969) observed Bufo in the gut content of ~.catesbeiana, 
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indicating Bufo., as the frogs fo.od. However; Don_ Ful.k and 

Whitaker ( 1968) an_d Lewis ( 1962) observed no Bufo. in stomachs 
. ··' . ,•.' --

content of Rana catesbeiana;. although ~ woodhousei_ .were 

very common . .tn. the area from whel!e ~- catesbei~ hac); }lean 
' . . . . . . '' ; - . 

Rep~iles: . Rep~1les _as a f?od ~f frogs has been .. rarely 

redorded,.: McCann ( 1933) observed a lar,ge size ~ tigrina 

eating Bul;t stlpad keel back· snake (Trophodonatus stocapus). 

Korschgen and Moyle (1955) recorded coral snakes, alligator 
. ' 

and salmander in the diet of American ·b\11.1 frogs. Simil~ly 

BdggePs (1972) observed representative from the family 

Ambystom.i;doe as food of a 0hio bull frog.~ 

Birds: McCann ( 1933) observed a ~11 water bird in the 

.food·· of Indian bull frog. , G~ey (1954) noticed a Rana ~grina 
attacki~g and ·overpowering Kinger· fish. .'bnarmraju_ ( 196~~ 

£ouh,d a ]large· bull frog at~cking Polll. try. · Dhashp~de ( 19.6,5) 

. noticed a<: small: E\Par~w ~n the food of Rana tigrina, Khan 
. ~ ... 

( t973) fr()m Paki.sitan r~por·ted chick., and nest~ng sparrow ,in 

" the food ot·.iinc:Uan".pull ~og. ~oward ( 1950) in ~eri~an bUll 

frog Rana cateE!be1¥a qbserved brown to~hee Pipllo fqsc;:us, and 
. " ' :·· 

.. Geothlxp1s~1 

Malnmals: Thus Grey ( 1954) recorded small mice in~ tigrina • 
. . ;_~~ . 
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Banerji ('1954) obs~ed ~ tigrina attack~ng squirell. 

Cohen and Howard (1958) observed Rabbit pellets on the gut 

content anal-Ysis of American bull frog. Creel ( 1963) noted 

Bats ·1n th,e gut. content analysis o.f ~ pipiens. Bruggers 

( 1974) recorded few rodentia (common rat) in the food of 

Amer~can bull frog.. Khan ( 1973) observed Crocid.ura pergrisea 

(common mQ].e) •· young rat and Rattus 'navregicus in the food of 

~ tig.riAA . .from Pakistan. 

Plant materialsl Apart from animal food numerou.s vegetative 

materials have been ()bserved in the gut content analysis of 

anurans. Witson ( 1~55) ob.served Polygonum flowers and leaves 

of Marinda lucida in the food of ~ regul.aris. Tyler ( 1959) 

observed Polygonum nowers and glass blades in the food of 
• 'i 

Rang . esculanta.1 . Berry and· Bullock ( t962) observ~d buds, seeds, 

leaves a:nd twig-, apart from large quantity of conifer needles 

in the gut of Bu£o melanostictus. He believed that the large 

quantity could not have been due to ~sidenti.fication but 

because of its feeding habit. Berry ( 1965) in -Surgapon toads, 

Turner ( 1959) in.~ pipien pretiosa,_ Korschgen and Baskett 

( 1'963) in .stream dwelling bUll frog, Hedeen ( 1970) in mi~ 

frog and Stewart and 3andison ( 1972) in mink :fro&s, ·green 

fr:og and bUll frot recorded large quantity of plant materials• 

Stanley ( 1972) noticed that 90~5% frogs .of the total frog 

examined for gut content in~ septentrionalis showed the 
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presence: :o_f v~getative·. mate~1als~ . Out o.f. total. food. intake 

Itam.1cs and; Kosk~J)a ( 1.970) reported· ·15% .fit t.otal food. as 

·plant . mater~_al·. in Rana. temporaria and K·han ( 1973) . no.ticed. · 

1<3%. in:~- ~1g,r.1na•. : . Tb.e .. vegetative ru11:er~als Qonsti tuted · 

tn'a!tll,y ·Ellod~a l.eaves•:. dry and green glass 'blades; .. filaments 

of. :sp!:rogt·.ra' and. few unidentified leaves. and 1:)\lds~ . tt~cs . 

am Koskela .Ct9.70) .. and Black4,th; and Speight. ( 1974) e~lalned 

t~~ the p~~sen~e of tne :vegetative matexoial is due to the 

opportunistic f"eeding habit and injesting falling leaves in 
' 

m.i.~ta.ke q:f·. foo4;• Korschgen · and Baskett. ( 1963) · and Hedeen 

(1970) felt ·that: \d.nd . caused noating. of plant: materials 

which· mUst nave'. ~i~gered the feeding response ·in. frogs'. 

Inorganic. AA4 Ml.scellaneous:.; ~·scellaneous substance like 

_Pel?]?les :(~zekel 1'931}; Feathe-rs stones• .and hairs ( Coh·en and 

Howi;U'd (1955.) · l)~'bris, stone and. mud· (Berry and Builock ( 1962) 

~ small pie9es · o~ .rope.; small_pieces of· b-rick, rolls. of 

htmian hait':; rolls of. cattle . dung are recorded · in gUt: content 

.analysis of· various .anurans•: Khan ( 1973) measured it to be , 

9% · of total .food .e:f Rana . tigrina.. . . 

Diet ·in.relat:i()l'ls .to Size· Variation and Seasonal Cha.nses: 

Be~y -~ Bullock, . .( 1962) in Malayan .toads;. Metter. ( 1964) 

in tAiled· frogs'.; Linzey. ( 1967). in~ pipiens; Hedeen· 

( 1970) in ~ saptentrlonalis. and Blacldth an.d · Speigb.t 
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T· 

(1974) in_Ran~ ~empor~ia observ~d diff~rellt diets 1n 

anuran populations collected from different localities, 
. _,.' . ' . ' 

and noted i1: .t.·r1.ac~ordanc~ to the availabi;tity _o.f taxa· at 
.: ~ • : • • • • • ' • •• : • ' • ! • ' • • . • • ' • 

different sites· •.. Smit.h, (1.947); Savage;,. ( 1961); ltamics · 
-' ' • • I ! : ' . • ' '. ' ' ' ' ' - ' 

and. Koskela.· ( 1·976) and Black!~ h ~ . ~P elgnt, . ·( 1974} i;n Rana · 
. . . ~ . \ . . . ~· . . . 

. . 

breeding m?nths: ~ ac1:1 ve tee~ng ;dur,i1lg :the pre· and · po·~t 
.. :I: ( '. '. . . ! . . 

spawning peJ"iods.i. Kh~ ( 1973) . divided annual . br,eeding . periods . : ' ' . . 
i' '. 

of~- tigrina _.tn four t)'Pe ( ~t) Pre breeding period ranging 

from late Feb~· to June,. a.J¥i noti~ed t~od to o~ predomina­

ted by coleopteran and orthopterar (2) Bre~ding period,· rang-. . ' . . ' . . . . 

ing from JUly to m1Q. September. which is marked. by tne rise in 
' I ; • ' ' • 

atmospher.t.e temperatur.et, humidity and rainfall and subsequently 

. increase :1n vario.us insect f~una,. however, . shows low .feeding 

intensity· ( 3) Pdst· Breeding per4,od ran,g!ng . from late Sept em-. 
' ~ . . . ~ . . . 

bar to late November. wher.e the atmosphe-ric concU tions. are 

same Wi tb. J.;ittle fliuctuat~ons, shpwed rav:enous .fe:eding .. 
't ' ' ' ' I ' 

behaviour. At tb.$s stage the sjJrrouncU.ng cg~tain$1 varieties 
... ·. '. . .·. . . . ' ' . -.· 

of .Insect ;fauna. (4) Hiber~t~on pel'iod ranging from late· 

November to earl;y Feb.rua.cy mark,ed by lQw insect fauna and 
• ' • ' I • ' ' ' • ' 

low feeding. At this stage the site and food mainly show 

coleoptran and orthoptern-. He .further· obs~rved that rise ~ 
' ' . 

' ' 

tempera1:n.we · increased the :feeding -activity of the frog ·and · 
. . . . ' ' 

maximum .feeding was record~ on clear moon nights.: . During: 
. . ~ . ' . . ·. . . . ' . . . . ' . . 

reproductive pha~e the male stops feeding first a.nd croaks 
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fol~owed by ;female fasting for .reproduc.tion~ Brooks ( 1964) 

felt: that tlle difference in diet of Rana catesbeiana is 

due to· d1f'feren1:. size,. sex and habitat: of tlle frogs-. Berry 

( t96S) mentioned that feeding in anur~ has been related 

to the ecological conditions.- Kllan ('1:973) ielt· l?b.ys.io.log;L.cal 

f:acto,rs to. be· -more re~ponsible than· .~cological one. In~ 

tenworma,, ,Blacki.th and Speight ( 1974) observed maximum· food 

±ntak.e during Jtnie and :reoo,rded 127 items/ailimal. He further 

observ.ed that anuran feeding is correlat.ed with seasonal 

!luctuatj.onand the availability of .insects. 60% of. the 

-~- tempor£irfa:, collected during winter months had empty 

st.omaen. Comm$1t1ng on the nutritive value of food, Berry 

and Bullock ( 1962) obse~ed that. tlle food value depends. on 

the· .percentage which had been digested and utilized· by the 

-eoads~ A rough indication of the useful food can be obtained 

by kliowing. the ·~ount. of prey re.covered from the rectum. He 

futther,.: meneioned that the food part·s usually J'¥)t utilized 

are head;; ;-Efytra and other .such exoskeleton. · In Diptera, 

spiracle ,anq; caphalo-.pllerynge~l.skeletons had been two·m~pr 

indi.ges'ti ve". ;pEU'ts recovered !rom rec~·· Itamics and Kosltela 

( 1·970)' mentioned th,at mo·lluscan can 'be caught more. easily or 

p.J;'e.ferred more than 'beetles 'Qecause of its. slow motion .and 

~ore food value~•~ Blacki tb. ~ Speight ( 1974) noted tha~ the . 

most abundan,t. pX"eY were coleopte.rans however interms of. 

wet body maf38 moluscans are th.e· most important •. 
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Spe~1~l,i4.ed feeding behaviour. has been repo~ted-
. . . . . ' .· 

in variouEt anur·a:n. McCann .( 1933) noted that.~ c_yanophlYc-
. ' . . ' . . . . . . ' ' 

~~s. s_e.~ur-e· :prey· #:rom. bQth a~oye· and water surfaoef3• The 

food ma1nly conf3j;;st of Insect; little frots. and l~ge ~ount. 
,.. . . . ' . ' . . . . . . . . .. -. : . . ' 

ot ":&.aQ.poles;' and are reported as. important animal for the 
' , · , , • ,, I , , , , ~ . ·• I .- • 

destruction ,of t~dpof~s. Comm.enting on th~. :f'ooding. ba.bit · ot 

met8Jllorphosing frog'lets, h? ment:I:oned that. young ;f.rogs. soon 

after meta mopfioss leave t.b.e water and set under "rock a.nd · 

stone for 3 ~- 4 days without fe.eding after which they_ eat 

ravenously~.: He also recorded in adult frogs tne ~.se of fore­

legs, .to hasten ,large size meals.. Sc;:hu1erer ( 1961) and· Livezey 

( 1961) observed that the toad ~ .boreas of the de~ spring 

valley in California are diurnally active and showed preference 

for the aqQ.ati·o .. food. Ali va. and Fyre ( 1977) have also noted 

that the aquatic: feeding behaViol.lr in .anurans are ~othes.tzed 

to be highly sp~oiallzed m~chanism. 

. . ' 

. Holmes (t'959) . mentioned that the frogs . a.i1d toads have · 

t~e power of ejecting qut lndigestable bodi~s from their 

stomachs and small grass piece or moss accidentally swallowed 

with. the food were vomitted ~ut.· Nigam (1977) observed the 

vomitting. capabilities i~ Rana tigrina and RaJaa cxanophi.xctis. 

Blaclti th and Speight ( 1974) observed that ~ temporari·a 
. ' 

adopts an ~ceedingly sedentary habit while feeding 1. e. why 

;predominance of ground lJ,.ving organism were noticed in its 

food. Moreover, the frog does not predate on aquatic organism 
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(except at time& when encounter out of water) as 1 t ls 

incapabie of captUring prey in water.:. He also observed 

that ~t ,helps tn determining the· relative abundarufe of 

different orgailism in the frog gut and it a()ts independently 

o:f the ecological factors, indicating· the relative abundance 

of t.hese org:anlsn. in the ecosystem. He noted that .B!s 
tpporaria ·consume a cli'sproporti.onately high numbers of 

invertebrates predators and thereby exerts major 'influence 

·on energy flow in the ecosystem• Ashby ( 1969) remarked 

. Poikilothermy is also advantageous in anurans, because tb.e 

frog·· metabatic activity becomes· lQwest at a time of year 

when prey is both less active and less common. Cochran ( 1'968) 

·noti,oE!d t.hat the Amerlcan toad in captivity ate 9, 936 insect·s 

in 3 month:~; a mar~ne toad 53 mosquitoes in 1 min; ~ 

catesbriana• an .. enormous amount of insects in few hour's. 

He further reco:r'ded this being why' .. large import of anurans 

apecially ~ufi? ·marinus is made to various North American 

agricultural COUntries and recorded that tne" vaJ.ue of single 

ope to North American farme~. in controlling the il1rQads of 

harm£lll ins.ects has been variously estiniate.d an,d found 
• r' ~ • 

varying i'r0111 .. 20 to 50 dollars a year,1 He also rep1arked that 

1 ts ecopomi.cal v.aiue would be much gl:"eater in insect ridden 

t,ropical CQ,Ull.tr~E!s~· 
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MATERIAL AND MEI'HODS 

The gut contents of Rana cxanophlxctts were analysed 

every, month for one year.. Altogether 87 males, 55 !f3Dlal:es 

and 92 juveni~es .of this .$pecies from Shillong site, and 78 

males, 45 females and 126 juveniles from Gauhat.l site were 

then sacrificed for gut content analysis. They- were preserved 

in 10% formaltn solution. The body wall .of the animals was 

slit to allow qui_ck penet.ration of the formalin in the inter­

nal. organs.' For examination of food 1 tams, the whole gut of 

the antmal .:was qut open and divided in~. 3 parts, stomach, 

J.ntest1ne· .and rectum and contents of each part Qf the ali~en-

tary ~l we~e pl.aoecl in a petridisb• Tbe various food 

items wer~ sorted out Wi.th or w1 thout the aid Gf. a binocular 

Before analysing the g\lt contents, the s. V. Length, 

ma.xi.m.~ Width, the anima~ weight,. total weight o:f· alimentary 

Qanal, the weight of empty alimentary ·canal (the difference 

of two we$ghts give the we,lgnt of mtt content). Its head 

:Length, total hiild limb and rectum length were recorded• T-he 
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volume of the food content 1-n tb.e various parts ot the 

alimentary canal were poured in 5 ml of 50% ethanol in 

graduated cylinder~. The amount of liquid diaplacement 

was noted as volume of ttle fo~~ content. 

Gastro•som~t!c index 

'the gut of each frog including the food con~ent 

was weighed and. then cut open longitudinally all along 
-

its length. Its contents were removed and tnen the 

empty gUts were also weigned. From the difference between 

the weight of total gut and empty gut, weight of food 

content was fo.UJlci out. The gastro-somatic index for each 

frog was calculated by taking the ra~io of the weight of 

its food bulk and body weight. The formula used was 

Gastro-somatic index = Weigb.t g{ food content 
Weight of animal 

X 100 

The coefficient correlation between gastrosomatic 

index and s.Vo: lengtn,lweigbt of frog and betweengastro­

somatio inde~ and weight of food bulk have been calculated. 

The bivariate and multivariate correlation coeffi­

cient between various tYP,es of food consumed_ by Rana 
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cyanophl¥cti.§ and environmental condi tiona such as 

atmospheric temperature, aquatic temperature, humidity 

rainfall and limnological conditions have also been derived 

for technique (see Chapter II) •. 

OBSERVATIONS 

· Ev~ry month ·19 to 21 frogs were 'Ool~ected at random 

at Gaunati and Shillong. They were sac~ificed and preserved 

in 10% formalin and their gut contents were analysed. 

Following asPects were investigated : 

1 ~~ Nature of food items 

a.1 Percentage composition 

'::l .. 

~·-· Annual feeding intenSity 

(a) Vclume of food intake 

(b) 12 months percentage analysis 
' 4~1 Fo·od and feeding habits in relation to the 

environmental conditions. 

5e1 Gastro somatic index. 
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(1) Nature, of Food items. 

The foo.d items were taken out from the entire gut. 

Majority of identifiable items· were retrivad· from the . 

stoiiiaQh.1 In ·t.he iritenstirie and rectum, the food 1 tems 

were seen distorted and semi-digested. The following 

items. were recorded in the gut contents. 

(i) Anlmai-s 1 · Insects belonging t_o order Homoptera, 

. Diptera, Coleoptera, Formisoidea, · Hymenoptera, 

O!!thoptera, Odonata, Dic.tyoptera, 'l'richopt.era, · 

Neuroptera and othe~ 1 tems belonging ·to Arachilida, 

Ol~gocheata, Chilop·oda, Mellusca,. Pisces· and 

- Anura.· In tne Still long frogs.- tew additional .. 1 tems, 

·belonging to Plecoptera;- l?hasmida; Dermaptera, 

Isoptera, Aphldidae and small crabs were ·also 
" 

recorded~! In one case a small ll~ard was also 

foW'la.l· · 

(U) Plants 1 Algae, twigs, leaves (grass blades) seed 

and f;l,QWeFs. In Shillong spec1mens, conifer 

needles were a.lso recorda~. 

(iii) Mi&~cellaneous : Mud, stone, coal pieces, cowclung, 

pebbels., thread feathers and bairs. 
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'l'her.e :was no diffioul ty .in identifying complete or 

partiallY broken items. ·Tne difficulty was faced in 

identifying semid!gested items ot intestine and r~Qtum.!, 

Arthopods• mollosc snell and bony r~ains of vertebrates 

were identified with the help of. hard parts food. The 
. ' 

insects pred()mi!lated tbe food 1 tems and were identified 

mainiy ·With the ·help of head structure, wings, ovipositors 

apd legs Qr other exoskeletal structures. Tne beetles 

were identified w1 th the help of leatnery elytra; dipterans 

by mouth parts and ha~teres; odonates. by wing marking and 
I • • • 

reticulation; Hymnopterans by first pair of abdomen pube~ 
,. 

cence and bind tarsi, Homoptera and Heteroptera by mouth 

parts and wings, orthoptera by hind 3;eg, prothorax and 

typical wings, Formicoidea by meso and metath.orax an4 
. . . 

thoracic st,ructure Dictyoptera by b.ead structure and wings 

colour, Trichoptera and Neuroptera by antenna, bead shape, 

body and Wing st.ruct\;ll"e; ~hasmida \4th the b.elp .of wQ].king 

legs and bOdy shape, Dermaptera by cerci (.Scleroi tised in 

foroep sha~e) and semi circular bind Wipg. Spiders were 

identified 'PY che~ioerae, 6. paris of ceph;ilotnoracic appen­

dages a.nd pedieels; Mollusc.s by hard shell; Millipe~es and 

eent1pedes by head, abdomen and number of walking legs; 

Oligocltf;tata by.metamericallY segmented vermiform-body O.r by. 

chi tellum; Cr\lstacea ( sm~ll crabs) by typical ~~a~e, 

rostrum and chellhte legs. Various vertebrate orders by hard 



Fig.! 4C:ja ·: Adult female eating adult male.· A maximum 

prey size record i1,n gut cqn~ent analysis •. 





e~()sk~~eton and bony _structure~. The plant materials were 

cb.aracterized in the b~oad grolJp like, algal parts, twigs, 

l.eaves, seed and flowers. ·Tb.e @i,&Didenti!ied semidigested . 

inorganic . and organic parts and debris were pla·ced under 

misoel-laneol.l$ items., 

Oc~asional];y -'"n field and in capt! vi ty both while 

swallowing~. cyanophlyctis were observed pUshing large 

si~e -~ood items with fore limb. In the pond wa.ters of state 

fish farm Gauhat11 during rainy· season the tadpoles of 

~- cxanoj?hlyotis w~re obse~ed. cling1J1g and chewing dead 

fish frys and spawns. 

Among Gauhati frog ·dUring Janua.ry 1 insect types and 
. . . 

. ' 

111 other types ot food 1 tams were recorded. , During summ:er 

months they ·were 10 and 14 respectively. -In December again 

the numb'er of food types went down to 6 and 1_2 respectively. 

(Fig.4•1) • 

in Sb1llong frogs during January 5 insect types and 

8 other food types were_recorded. During summa~ ~ontbs they 

were 10 an~ 13 reapectivelt. Dtu'ing Decembe.r again the 

numbt;!r went down to 6 and a respect!. vely like that of 

;r anuary ( Fig.1 4~'f) • 
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(2) Percentage composition 

The aV~J:'age percentage composition of different 

food. items taken by Gauhati frogs was found in following 

order. Homqptera, 12.47%; Insect larvae and Nymph, 11.66%; 

Form1coidae1 9·81( ~racbnidae, 8.'65%,; Coleoptera, 8.·42%; 

Dip tara, 6.i~%; Mites, 3·. 76%.-' The othe~ food items were 

present in much smaller quantity. 

The average annual percentage of food items taken 

by Sh:illo~ frogs was in following order: Insect larvae, 

28.42%,; Diptera, 16.32%; Homoptera, 11.2.5%; Coleoptera, 

9•·12%; Arachnida, 7.00}6; Fo.rmicoidea, 6.56;: Hymnoptera, 
{ 

2.-39%;. Mites,. ;.•34% and leElves 1. 73%.1 l'h~ average annual 

percentage of other food 1 tems was very low. 

Comparison bf:!tween the percentage compoS! tion of · 

major gJ>oups .of .food 1 tems of the two populations has been 

illustrated in histograms (Fig. 4.,1) •' The major groups of 

food items were Arthropods, vegetable matters invertebrates 

and verebrates~~. Out of Arthropods, inse.~t formed very high 

percell.tage ranging from above 45% o.f the total food content 

in January at Sbillong to about 70% in May. From June 

.onward ·their percentage fluctuated between 37% to about 60% 

in November:., In December they fonned hardly, 25%. In these 



Table 4. 1 

Percentage composition or various food types tn ~ C,¥:Bn02hl,¥:C tie 
of Gauhe. ti ·popula tton 

M o n t h B Annual 
rood Itlill Feb. iiar. Apr. May --o;o .food · Jan. Jun. Jul. Aug. ~.p. Oot. Nov· ·in take(;) 

Romoptera 14.eq 18.75 13.82 17.02 12.93 9-00 6.69 e. 20 7.14 11.93 14 •. 20 16.56 12.47 
Hymnop tera l.06 1.59 2.65 0.86 2.00 1. 23 2.07 2.55 2.05 2.64 o;64 1.6} He ter op tara 2.65 1.78 2.12 3.31 4.31 2.50 3.08 2.05 3-57 2.05 1. 70 1.92 2.54 Diptera 3.19 6.25 8.51 12.76 4.31 4.50 6.79 8.20 7.14 5. 76 3.97 2.56 6. 25 
Coleoptera 5.31 1. 78 5.85 7.97 11.20 16.50 12.35 12.30 6.12 14.52 11.36 4.46 .6.42 
Or thop tera 0.53 5. 35 2.12 1.59 2.58 3.00 6.17 2.56 1.02 1.64 2.07 
Odonata - 1.00 0.61 . 0.51 0.16 
Formicidae 2.65 11.66 4.78 2.65 13.79 21 .so 7.40 14.80 9.69 13.16 8.52 7.05 9-83 Dictyoptera 1. 59 o.so 0.51 0.23 
Tricoptere. 4: 

1.06 0.86 1.53 Reuroptere. 1.00 1. 23 0.47 
Arachmidae 20.21 13.39 5.85 5.31 3.44 4.00 6.17 6.15 9.69 11 .• 93 5.11. 2.17 8.65 
Jli tee 4.25 1.78 2.65 5.31 7.75 2.46 1.53 3.06 6.56 1.70 8.91 }.76 
Algae 2.12 .4.31 1.00 7.40 4.10 7.65 2.88 1.13' 2.>8 
Twig 1.06 0.89 4. 25 1.06 0.86 1.50 4.32 2.05 3.06 0.82 5.11 4.46 2.44 
Leavea 2.65 4.46 5.85 1 .59. 1.72 3.50 8.02 8.2o 10.71 2.86 16.16 5.76 6. 21 
Seed 0.53 1.13 1 .oo 0.86 1.02 1.02 2.46 0.64 
Flower 1.00 2.58 0.61 1.02 0.41 0.42 
Mud 1.59 4.46 3.72 6.38 0.86 1. 50 3. 70 2.00 4.08 1.64 3.97 5.12 3.20 
Stone 1.06 4.46 s.85 5. 31 1.72 1.00 1.85 2.05' 3.57 0.82 4.54 3.84 2.91 
Annelida 0-53 0.89 1. 59 0.53 0.76 1.50 2.46 1.02 0.51 2~88 0.56 2.56 1. 36 
Chilopoda 1. 59 0.53 0.53 1.72 0.50 3.08 1.02 1.53 1. 23 1.70 1. 28 1.22 
Anuran Tadpoles 2.12 8.92 2.12 10.63 3.44 2.00 0.61 1.02 1.02 2.88 1.26 2.62 
Anuran Subadul ts 1.06 10.10 4. 25 0.50 0.61 1.53 1.23 0.56 ,, 20 3.29 
Insects larvae 13.82 5.35 10.63 1.06 1.72 6.06 . 3.70 4.10 3.57 5.76 1.13 9.61 5.64 
Insecta nymph 12.76 6.25 5.85 5.31 10.34 6.50 4.93 7.17 1 .53 0.17 1.70 5.12 6.02' 
Fish 0.53 3.57 1.06 1.00 1. 23 0.51 0.41 0.64 0.61' 
Mollusca 0.53 0.50 3.08 2.05 7.14 0.41 5. 11 0.64 2.61 
Miscellaneous : - 0.53 0.53 0.50 2.05 3.57 0.41 1.91 0.83 

Table 4.2 

Percentage composition of various food types in Rana C,¥:Bn02bl,[C tie 
of Sbillong population 

Food Item M o n t h B 

'Jan. Peo. Mar. Ipr. May Jun. Ju!. Xu g. Sap. !:let. Rov. Ilec. 

Homoptera 11.86 9.35 16.14 18.50 10.19 6.39 4.34 6.31 11.26 12.74 14.42 7.65 11,25 
Heteroptere. 0.84 1.43 3.93 4.84 6.79 1.91 2.53 1.57 1.09 2.98' 0.51 2.25 
Diptera 30.50 24.46 15.74 14.53 7.76 7.00 7.97 10.00 18.46 22.54 25.87 . 12.75 16.32 
Coleoptera 3.38 o. 71 10.62 1 i .01 35.43 5.09 10.14 17.36 2.47 1.96 4.47 1.53 9.12: 
Formic1dae 1.69 4.31 11.41 8.37 2.42 5.09 '6.88 4.21 5· 21 7.84 9.45 4.59 6.56 
Hymnoptera 4.33 6.16 2.42 0.95 2.53 3.15 1.64 0.98 2.98 0.51 2.39 
Dictyoptera o.~4 0.97 0.27 / 0.49 0.49 0.23 
Orthoptera 0.71 0.88 2.91 0.63 0.72 0.52 0.55 
Odonata 0.78 0.44 0.97 0.95 1.81 . 0.52 0.49 0.59 
Placop tera 0.31 0.36 0.07 
Phaem1da 0.44 0.36 1.57 0.19 
Dermoptera 1.05 0.03 
I sop tera 1.18 0.97 0.19 
Neuroptera 0.36 0.27 0.99 0.15 
Insects larvae 19.49 13.66 9.84 5.28 3.88 53.18 44~92 10.00 35.77 "·" 5.97 46.46 23.21 
Insecta nymph 1.69 8.63 7.87 5.28 5.33 6.68 4.72 2.67 3.57 ' 1.47' 5.97 3~06 5.03 
Mites 4.23 4.31 1.96 3.52 0.97 5.09 1.08 1.57 3.57 2.45 7.46 2.04 3.34 
Aracbmidae 5.08 21.58 6.29 8.81 4.85 1.91 4.34 5.78 10.04 6.86 9.9? r;.61 7.00 
Leaf 1.69 1.43 0.39 0.88 0.97 1.08 12.10 0.54 0.98 1.49 1.02 1. 73 
Twig 0.84 1.43 0.44 1.45 0.32 0.72 11.05 0.27 0.98 0.99 2.04 1.57 .· 
Algae 1.69. 2.87 3.14 3.96 5.33 3.68 1.09 2.94 1.99 3.06 2.59 
Mudroll 10.16 2.15 . 1. 32 0.32 0.52 0.54 1.96 2.48 4.08 1.77 
Stone 0.84 0.72 0.40 2.20 . 0.96 1.10 7.55 '0.51 0~51 0.79 
Coal piece . 0.79 0.53 0.27 0.16 
Seed 0.27 - 0.49 0.15 
111scellaneoua 0.27 0.99 0.11 
(Ha1r,featber eto.) · 

o. 27. 0.49 0.07 Flower 
1.94 0.32 0.53 0.33 Annelida 0.78 0.44 

Ar tbropoda 1.18 1.45 0.64 0.5 3 0.35 
··LO 1.18 0.44 0.27 "" o. 28 

Cbilopode 
: 5.93. 1.96 1. 76 ·2.11 1.96. 0.49 2. 55 1.1'} 

lpbide 0.16, 
Anure.n tadpoles-- 0.97 0.53 

0.72 1.27 0.19 
Fish 

0.49 o. 32 0.36 0-27 0.11 
Mollusca 
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months when tb:etr pe~centage was very low i.e·.· 25% in June, 

35% in July and 25% 1n December, the percentage. of their 

larval. stages intake was very higb., bring about SO%, 50% 

and 50% respec.t~vely du.ring the same montns. Though the 

inse.ct l.arva.e were present· through out the year their hign-. . . 
•est peroe~tages in January, July and December co!oides 

. ,. 
with ~h~rc h$gh b~e~~ activities of ~ect in these 

months.~ It ls well }mown that June and J.uly are the breed-

ing months Qf all kinds of inse.ct, the high percentage in 

December included most1y Cblronomus and other aquatic 

Dipteran l,arvae.i 

ln Ga~ati populations the percentage of insect 
: :' 

< went up tq 60% in June, upto 70% in August about .50% in 
~ . 

Oct.ob:er:, but. percentage Qf insect larvae· doe never as high 
f 

a$ .tn Shillong population• Availability of higher percen-

tage· ·Of insect during these months coincides w1 th monsoon 

and post monsoon months, when the .tnsect popul.a.t.ton in . . 

natUFe was al.so: very bigb.~ L.ow accurrence of insect larvae 
' .. 

in th.e food items 1n comparison to that ot Sbillong pop\lla­

tion may b~ attr~buted to periodically cleaning and insec-

1:iclde~ spray~ng e>.f tb.e fishery ponds. 

Otb.el' items, seems to fonn vert low percentage 

througn out the year botb. in Gauhati as well as- Shillong 
' 



Fig. 4e}1 ,: Percentage composition Qf various fool~ 

types recorded in the gut content 

analysis, during 1978 .tn Rana. cYanophlyctis 

from Gauha~r and $hillong populations. 
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.(3) Annual_ .feeding iJiten.-sity 

A;1 Bogy a;ength., gut length and food volume 

Pata on body dimensions, gut lengtn ~d food 

volume of ~. cxanophl_yctis b.as been presented. in Tables 

4.;~3,. 4,15 and 4~1"1 (fqr Shillo~ frG>gs) and 4.4, 4~6, and: 4.8 

C for Ga~att frog.S) • Followlng account dea1s with a 

deseription ,of these aspects in juvent.les,. and adult males 

and ;t;emales: d'lU.'.tng pre l;>reecUng, breeding and post breeding_ 

periods. _ 

Shillong population 
~ - . . . . 

1) 

' Juvenile : Tne s.v .I.. of juveniles ranged from 3.4 to 5.1 

em .{X= 4.0 em)':; body weight 4.0 • 16.-e grn {1 =· 8.38 gm); 

totai gut lengt.n to•;p -- · 13.5 em (X =- 10irJ em);. and food 

vol.ume o •. 4 -• 3.'10 ml (l = 6.·52 ml). : . 

Males. : Th~ s.¥ .1~,. varied from 4.0 t_o 4.\5 an {X = 4. 25 Clii); 

body weigh~- 7 •12 7 11.•2 f!Jfl (X = 9. 2 an) J total gut length 

t1 ;~ - 12.-7 gm -(~ = ~a.-1Q gm) ;. and food vol~e 0,95· -· 1~5 

ml (X = 1. 23. mi}.1 



·T~ble 4.~ 

Dimension and Volume of Gut Content of Rana cyangphlyctis collected dlir1J1g tJlaz•cn from the. S.hillong 

site ( Sample size • ·20 ·l .•. 

MEASUREMENTS 
·~ ·.MALE. 

~ AV$~a~e. Range 
" . 

SV length {em) 4:.;25 (4.0;.;.4 .• 5) 

Body weight (em) 9 .• 20 ( 7.2•1·1'.2) 
Body breadth (.em) 1'·.60 .( :t.4.;.t:. 8} 

Head length (em} 1'.45 . ,~t-4-1.5) 
T.. Hind limb length( em) 6:,.45· (6.2~6'.7) 

'rotal gut length· (em) 12.10 ( 1;1·•5.;.12'. 7) 

-stomach length (em) , .• 40 ( 1'.~1.·5} 

Intestine length (em) 10·.20 · { g·. 7•1 o·. 5) 

Rectum 3:engtb. (em) o,6o (o.s.;.o·. 7) 

1;otal Food Vbl-~ (ml} 1.23 · ( Oo95.;.1 ·•5) 

Stomach F.oocl. Vol.• (ml) 0·•55 · (o:.;o.;.o·.6o) 
rritesti,J1g- F'bod Vol. (ml) 0.1375' (0•35-0:.4) 
Rectwn FooA VQl .. (ml) o.o6 (0.06} 

I . FEMALE 
~:·. .. "·. 

-J~ve~a~e ~angf;! 

6'. '15 ·( 15'. ~6 .• 4) 
30 .• '15 (28. 5~·•3'1' .• 8) 

2.75 ( :1f •. ~3-. ·,..) 

2 •. 45 (2.1+-2".5} 

10.75 ( 10. 3"'!'1'1-.2) 

19". 7.5 ( 18.1.;.21.4) 

2'.30 (2'·· 2.;.2'.4) 

16'. 70 ( 15•1.;..·18.~ 3) 

0'.75 < o·. 7;.o·. a) 
2'.15 (a.o-2~3) . 

0.75 (0~7;.0.8) 

1'.275 (1';15-1.4) 

0.125 (0~ 1.;.0.15) 

r'":'J .-- --

MEN:Q.~ _a; 
-~ ·TOTAL 

( ~ye,rage ~e . ·l:~ve.tage .Range_ 

4·.00 ( (J·.~5··.·1:)· '4.so &:'(3 .• 4-i-64) 
" ' , I •' 11 

. 8.375 ·<4·.~·16· •. o> 1~5·.go (4.~31~.a> 
... 'h62 ( f .• ·,.;...z-.4) _1:.99 (:1'.·3~3:.1·). 

1'.'33 . (1.2"'!'if.6) :' 1'-.74 . {1-..:2~2~.5') 
6'· .. 63 < 5·,. 4~a. 2) 1~ .~4 (.5. ~~11; 2) 

10'·.73 ·( 1o·.o.:.r5.5.) 14 .• '1.'9 · {10.~21 .• 4) 

1' •. 45 ( 1'• 2.;.2•·3) 1.'71 ( 1~. 2•Z•4) 
8.77 (6'•3;..1o·,s.) 1tee9 (6.~1'8.3) 
0'.42 <a·. ,.;.o:. s > ·0:. 59 <a·. -~o. 8) 

0.834 (o· .. 4.;.3.o} · 1.4o (o·.q:.:.3.o) 
0'.52 (o.a.;.2~.4) 0.61 (o·.2-2~4) 

0'.26 ( 0.2-0·.5) O~j66 (0.-2~f.4) 
0~142 (o·.,.:.o·.2) o:.109 (o·.o6.:.o.2) 
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Females. ·: The :$VL of 'the females varied from 5.9 to 6.4 em 

{X == 6.15 em), bod,y weight, 28.5 - 31.8 f!1!l (X == 30.15 f!1!1), 

total gut -l~ngth 1'8.·1· ~- :ff1~4 em (X·= 1"9 .• 7.? ·em)';· :-io~"d ·volume 

2.0 .• 2~ 3 ml ex· ~. ~:,,.~ .. ~:t) ~- : ., .. 

. . 
! • ~ ' I ' • .. 

'o I ' ' 
I I '.• 

2) . ~~e~~~n;s ._I?~rio_d·. . J \ o. \,Je. ~ • 5~ · · 
. . . ' .'. . '. . - . . . . . 

JtiVeritlEi ·:· ·. The ·sVL ··:ot: jt1veil.ile ·varied <from- 2~4 to- .5.1-cm 

(X= 3·.eg ··em),· body weight· 5~7 -:.·aOi7 f!Jil. (i = :10.71. tYJl), 

total gut 't$I;tgth ·1~1.6 -. 17.8 . em (X ·~· 14:•~94 em}, .and· food 

vol.time o .• )5 . .~a· o: •. 95 ml (x: == Gl~68 tnl);-. 

Mal~ ; ·The SVL· o;f male~ ;varied .(J"om JJ•;.7 to 4.0 em (X = 3.86 
' . . 

em)., body w~.ight 9.;0 - 10 •. 0 gm_ ('X, = 9 • .5 gm), total gut length 

10.9 ..;. 14.~8: qm (X' == 12..95· cm)·,.· ~and to.od vol.um.e o •. 5 -- 0•95 ml . 

(X = _0/75 mt) •. _ 

Female r The -SVL o.t; .. _fem~le. varte9-' .front:,,?.6 to 6.0 em (X = 
,. ' ' . . . . . . . : . ' 

5•8 .. Cln.), bodY weight. 24.8 ~-- 36.•0 gm (}{ = 29 .•. 20 gm), total 
' . . ... . ,. . ., 

gut le;ng~h -~.g,Q,- 20 •. 9 -~ {~· = _1~•82 ~)!f. anQ., fooq vol1JIJle 

1.1-s. ~ ~.o mi Oc· ::i. a.1o. ~1). · . . -· . . ... •. 

Po'st breeding period. ( To.~lc4·1) 

Juvenile : The. -SVL o.f the juveniles varied from 3·2 to 5•35 em 



Table 4.4 

Diinension .and Voltm:le ·of Gut Content of .the ~ cxano-ehlyctis collected during March 'fr()m the Gauhati, 
site ( Sam size -. 21. ) • 

~ . MALE 
MEASUREMENT,S. 

J\v~rage . ~a · 
-

SV Length ( C-ql) 4.~ (4.o-.~.6) . 
Body weigh:t (em) 9;,84 (a. 2-.13.4) 
Body brea&~h (·em) 1.87 (1.~.2.0) 
Head length (em) .l.60· Ct'.45""1.a> ... ' . ,. . 

T. hind 11mb length( em) 6.72 (6.1-7.9) . . . 

Total gut le~h (c~) 9•.07 (7.3-12~0) 
Stomach length .(em) 1.47 ( ,:.4-, .6) 
Intestine length <.em) 7-145 (5.5-~0.2) 
Rectum len.gth. (em.) 0~3.5 . (0.1-~.4) 
Total Food Vol. (IIll) o.so ( 0~.45-1.1) ... 

stomach Vol •. (fill) 0.55 (0.2-0. 7) 
Intestine Vol. (II11) 0.134 (0..2-0.6) 
.Rectum~>?> Vol~ (II1l) o.o6 .. (o.o5-0.1} 

FEMALE · JUVENILES. 

· - A,erage ~e·. Average Range,. 

·s. 1a (5. 65.;;..5. ~). 5.03 (4.6-·s .. 4) 
23 .• 90 (22.1~27~0) 17.42· ( 12;.3•22-.7) 

~-83 (2 .• 6~3.'2) . 2;,'1-.5 ( ·1.'8•2.7) 
2.13 (a.o-2~2) · 1~'85 ( ,. .. 7~2 •. -1} 

9.!i'70 (8.~10~'7)' a.·s3 ( 7•44009.·1). 
14.3 .( 1.:1.·o~·16. o) 13'.'98- ( 1.3.·3-'1'5;,6) 

1.96 ('1.·.6,~2.2) 2.'00 (.t.4•2•5) 
12.·23 {a. g.;.·,.4.4) 11.55. ( 10• 7••12.6) 
0.46 (0.4-0~5) 0.43 (0•4•0.5) 
0;,93 (0 •. 6~1.45) 1.36 (O.g-;2.0) 

0.46 (0.25..;0.85). 0.72 (0.4•1.2) 

0.36 (0~2§.-0'.45) 0.48 (0.~0.7) 

0.10 (0.05-0 .. 15) ·0.13 (0.1~0.2) 

TOTJ\L, . 

. Av·et.ag~ . . .Range · 

5.:04 

16~99 

a.·le 
1,.a6· 
a.,3t 
12~45 

1'.84 

. 10e:30 

0.,41 

1'.05, 

0".58 
0!39 
0 .• 09 

(4.0-·fh9) 
(8.2•27.0) 
.(1~8-3.2) 

{ 1·.J.5•2.2) 
(6.,1-,10~.7) 

(ft-~1~.;0). 
< t •. q.....a.Q> 

{55 •. ~•14~.4) 
(0.1•0 • .5) 

(o·.45•a •. o). 
( o:. 2•0. 85) 
(0.2-.o. 7)· 
( 0. 0.5-0 •'2) 

t -- - ------ -- ----- -"-----------'----~ -'---~~--~ 
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(i = 4~ 15 em), body weight 4. 7 - 18• 7? g;n (x ~ 8.64 gm); 

total gut l~ngth 10.2 - 14,~3 em (X ~ 11'e47 em) and f'ood vo­

lume 0•9- 1.7 ml (X= 1~52 ml). 

Ma1e : The SVL Q.f male VaT>ied f~om 3~9 .to 4•.7 em (X = 4,35 

'I em). body' weight 7~6 -~ t1.9 grn' (i ~·1o~·to ,gm); 'total gut length 
.., '. . . 

11•6 - 12•9 em (X ·= 1-2.80- em) and food ·volume o.g -· 1.6 ml 
' ' ' . '. . . - ' .. 

(~.· .. -~: 2.· 0 ;,.,.;'t,):.: ' . 
. . A = ,,.. . . w;a.· .•. 

Fema1e, :I The SVL of. female Varied 'from· s.o "to -·6.4 em (X = 

6.~.2· 6m)• 'body. w~lght. 2~•69 •. :32.80 ,gm (3{_ ~- ·30.• 70 gm) • total 

gut length; 1:9.50' .. ;.. 20.3 ·em· ex·.= 19•90 em) and food ·volume 

2:.:'14 ~· 2~·38 ml '(i = 4i 26 :ml). 

Gauha"!fi 'poPulation 

.Juveniles : : Tl:le SVL of the juv~niles varied from 4•6 - 5.4 

em (X = 5.03 em); boey we~glit 12-.j ~- 22~T l!Jii (x = _;7.42 gm) 

arid total ·~t. i~ngth 13.3·- 15.6 -em (X.= .l3•_98 em), and food 

· volunnl 'o•9 ~ 2~0 ml (X, = ·.1.:36 ml). 

l'I'ales .: The· SVL of the males. gut. content. varied from 4. 0 

to 4i6 an (X = 4.3 em), body we.i,ght 8.2 -.iO' 1'3.4 grn (X = 9.84 

gm) • total gUt length 7. 3 - 12•.0 em (X = 9.07 em) and food 

content from 0.45. ·- 4.1 ml (X = p~86 ml) ~· 



·Table ·4~_5 

Dimension arid .Volum.e of· Gut Content· of· the· Rail§· cYanophlyeti§ ·collected d~ing June ;from the Shiliong . 
sit~ (Sample ~iz.e· ... ·2o).. . 

MEASUREMENT-S 

S. V. length (em) 

Body weight ( em) 

Body breadth (em) . 
He.ad length ( oJn) , 

~. Jilnd liril.b length (em) 
Total ·gut. length (em) 
Stomach length (em) . 
Intestine lerigth (em) 
Rect'l,liD length (em) . 

Total food Vol.' "(tnl) 

Sto~ach Food .Vol. (ml,) 

Intestine' Foo;d .Vol. (ml) 

ReQt~ food Vo:L •. (ml) 
'· 

MALE 
~ -· -~ -. ' . ' . . . . . 

Average· R~e .. 
,. 

3~86 (3,.7•4.0). 
(g.o...:1·ci.o) · 9 50 .. -~ . . I 

1,85 (7 ~7-2.0) ., 
1.:40 ( 1· 3-1: ~·rj} 
5,82!}: {.5.'+•6·3) 

I 

12.95 ( 10!',9•1'4.8) 
1 •. 4~ ( 1·~2-1'.6) 

10.615 (9.2-1'2.5) . . 

o,.ss. (o.;; ... 1·.a·) 
0~7·25 (o.·s~o.9s> 

o.~,o (0.25~0.-·4) 

0.225 ( 0.0.5~0.·3) 
0.·10 (0.05-0 .. 1) 

--~·· .. 

Average .. RailS a 

5~77 (5.6.;.6'~ 0) 
: 

(a4~e~36.o) · 29~20 

2.93 (g.7.;..}.2)' 
a.-o ( 1.&-2. 3). ". . . 

9.·13 (8~9-9.})' 
19.83 ( 19.o-2o·. 9) 
2.T3 (2.1'-3.'0 

16.30 .( 16.d-16. 8) 
o.ao . {0.6-1 .• d) 

2.10 (t.1'~3.-o> . . . 
1.27 (0.65-f.6) 
0 65 . . ( o •. ~1. "1 )' 
o.-1'83 <0.1~0.3) 

-JUVENILES . ' . TOTAL 
-. - ..... ~ ...... '• .... " ·- ·-

-Average Range Ave~ag~ · · ·Ra+J,ge 

. 

3.89 (2.4-5. •. 1) 4.50 (}./,7 .. 6.0) 
. <9.'0..::;6 .• 0) 10,~71 <5• 7-ao~~> 16 ·40 .. .. 

1.82 < 1.4-a~5) ·, 
• ·: 7 •• , • 

.2.2 ( 1 ~·4-'~,2) .•. 

'( 1'.·2-~.o> · 1.45 1.;6 ( 1~~2.~) . ' 

6.21 cs~o-~,9) · :$i~9f)~<~'l' ( 5 • (l).-g .,:;) 
...• , ... ,,·y . ' ' • 

·14.94 < 11.6-17 .s) t;.,g.... ( 10 •.9 .... :20.;.9) 
1.62 < 1.2-a.3> t.52 (1.2-3,.1) 

't'' -· . : ., .. / 

I 

( 9.5-~ __ 6.9) . (_~.2~t6. 9) 13.73 t3.2 
o.as (o.5-t.1) 0.~3 (0 .• 5-..·t~-2) 

•. • ! •• ~ • 

( 0~~~-3. •. 0) 0.,68 (0.,5-0.95) 1·-.33 
• c 

< o·,J:t,s~<t •. ?> o.a9 ( o. _1··;;-_9.35) o.-:e2 .. 
o~a7 (0.15•,0.4) o •. ,a (O:~os. .... t.~~) 

I ' ' '· 
0.1g co.o's ... o.~a> o.;1.3 (O ... QS•0 •. 3) 
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Females. : The SVl. of the .female var.ied from 5.65. to s .. g em 

{! = 5.78 ·em},- oo·ey weight .22.1 ·:-. 27.0 g}Il (! = 23.90. gm); 

total· ,gut length 11'.0 - .. 1.6.0 em (X = 14.3 em} and food volume 

from 0.6 - 1' •. 45 mlt (X = o. 93 ml}''• 

2) 
... ,.. 

Juvenil-es : · .The SVL of juvenile varied from 4·.8 to 5.4 em 

(I= .5.18 em) body weight 1(;~4 - 18.8 gm (~ ::: 18.02 gm}, 

total, gut length 12~? -· 16~.3 ~m· ,(X. = 1'3.90 em). and .food . 

vol\IXIle ,Q.5 ~· 0.7 ml (X.=! 0.-6·1· ml). 

. . 

Msale ,, :· ·The SVL {l):f male vari~d from 4~ 0 •o 4. 3 em Ot ::: 4. 13 

om), body l>l~;ight. a. 95 _.,.._. 10.1 1!)11 (X = 9. 66 gm), total gut 

length 10.1 .,.. 11-.2 em (X = 10.88 ·em),. and food volume· 0.4 -

o.-55 ml. (~ :i~. 0.~49. ml). · 

Female. : The svt of female varied :f~m 5.6 to 6~45 em (X = 
·5 ..• a9 em};, :body weigh1L42.0: "!" 33.8 gm (X= :21.23 .gtil.),, total 

gut length 1'5·. :1 :- 22.•0 -~ (X = 1'i. 1'7 em}, and food volume. 

. \ . . . 

3) Post breeding period 
' . . -. ~ 



' 
Table A.6 

Dimension and VQl..um~ of G~t ·Content of the ~ cYanoP hlYctis eo~lected during Jun~· 'trom tb.e 
Gauhati site ( s&nple size .. 21) · · 

MAL,Ei ·. 
,· 

Av~rage · ·Range 

s.v. length (em) 4 •. 125 
Body weight (em) · · 9•66 
Boc.iy breadth (em)· 1.74 

Head l~ngt~h (em) 1 ~·69 
T. ·Hind limb. len~th (em) ·6.95 
Total gut length. (om) 10~-~ 
Stomach length {em)· 1.;6,5 

Intestine length (em) 8.65 
Rectum length (em) 9.375 
Total food. Vol. (mi) o~.49 

Stomach faod Vol. (ml) 0.24 ·· 
Int·estine food Voi. (ml)· o. 175 

Ree~um food Vol. {ml) Oe62.5 

./ 

(4.o-4.3} 
(8.95~·10.1). 

( 1~t65;1.$) 
' (1 •. 65~1.~7) 

(6•S.7.1) 
( 10, '1-1:1 .2) 

'~·.4 ... 1..9) 
(8.4-9.1) 
(0 .• 3~0.4) 

(0.4-0.55) 
(0.2-0~·3) 

(0.15-0.3) 
(0.05-0.1) 

' ' I , , 

'FIWiAL.i JUVEN·ILES· ·· 

Ave~age · Range· · · i Average · · Rans~ 

5.89 \5.&..6i.45) 5.1$ {4.a-5.,4) 
27.23 (22.o-:J:~.s) · 1s.oa · (16.4-1.8:.;8) 

2.37 (2.'15.;.:4~6) 1.67 ( 1 .. 3,~2~'2) 
2 ·ll5 . ' ' ( ,,~8.-2 .• _15) 1.'90 < 1.a-a.~o> · · 
9•41 (8 •. g...1o~ os> 8.62. (7.9-9.;) 

17.1.7 { 15 ci ~ -22 .• 0'}; 13.90 ( 12~2t!io1:6. 3). 

2;37 {2.0•2 •. 7) .. 2.08 ( 1.~2.•2) ' . 

1~.27 ( 1·a.4-1:;_.2) 11.30 ( 9. 5•·1''3•.7) 
o.64 (0.5•1•'9) 0.55 (0.4-0.7) . 
o.s6· (0.4--2~45) o.61 (0.5-0~\1) 

,• 

0.41 {o. 2-1.:29) 0.54 (0.2.5 ... 0.:5.5) 
0.32 (o. ~·;..;o;ss) 0.24 (o. 2-0:·a5) 

' .. 
0.13 (0.~0.4)· 0!107 (o.s-o.·1) 

· · TOTAL. · · 

Average· · · Rarige· , · · 

.5.·:06 
·, 

( 4.~ 8.;,.6 • 4.5) 
1'8·.'30 (8~,95~33.8) 

1 ~·96 ' (1-.35.;.;2~6) 

1•9'1' ( 1' ~6~2.1:,5) 
·a -6 . .) . ' (6 .• 8-10~05) 
tO • 65.. ( 10·•, 1~ .... 22 •. 0) 

2.~0 ( t.~2.7) 
11.40 (8 .• ~15.-2) 
Oe55 (o.:;-1:.~0) 

0.65 ( OtiLf.-.~~"45} 
o.:p3 (0•2-1 •. 20) 

o.26$ (o. ,.5 ... 0.as> 
·o.,oo7 (0.5.,;.0~4)' 
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. bqdy weight 9.85 .... ·25.8 .gm (t = ?0.4 gm),; tot~ gut l.~ngth. 

6 .• 95-~ 1.4.·45·~ em Cx ::;:· 13..98 em), --·an4 .·.rooci volume .q.9~ - -?·os 
ml {X = :1.45 ml) .• 

Male : The SVL• of ~ale varcie~ from 4. 2 to 4~:9 em {l = 

4.6 em)., body wej.ght 9.' - 11.35 f9It ex = 1'0.66 gm). total 

gut length 8.4.5· ,.;.; 1·0.:75 ·rim (X = 9.7 Cl!l) 1 . and food volume 

.. o.g ~ .to05 ml (X = 0.95 .nil).· 

.· Female -:: The S'Vl .. of female varfed from 5.6 ·to 6.05 em - ' - -, . ' ' . .· 

(~ = 5.95 qm) .• bodY we~g"'t' 24.6 ::- ,3.05 f!}Il (~ = 30.05 gm)' 

total. gut .length 13 • .8 - 17. 1.5 em. (i = 15•25 ·em), and. food 

vo.lt.Une 0.9 ~ t.35 ml (X.= 1.20· ml). 

' :-

A . ~ompari.son. of 'the food volume of juveililes, 
I 

msl.es and .femal.es has b~en illustr~ted ~n fig;. 4.2. In an 

average the food volume of Gauhati frogs was larger than in 
. . ,· .. . . ~ " . .. 

' ., ' • • • • ' I, • • 

·~hillong :f~ogs.· It is .somewhat le»w in both populations in 
. . . ' . . . . . . 

th~ br'~edi-ng_pe.riorl: in co~paris~n tO -other 'periods. · It may 
. ': .. '. . '. .• . . . "e ·.Q.ue. to som~waat . i.arger .size o~ the ovary~ Few f~plal~s 

'. ' 

were observed with empty stomachs. Thi::J phase of empty . 

may be very short duration. As soon as spawning occur 'the 

· s14e· of. ovary :1_$. ·r:~uce~ and f,rogs again start ~ating 

. ltqraceously •. 



'I'able·4.7 

Dimension ami VQlume o~ Gut COntent of gana gyanoghlYctis collected during October !rom the·. 
Sh.1llong site {qainple·sf~e· ~-:20):i. . ·· · · ·· · · .-· · 

· · ~M.ALE · · ·F~ALE. JUVEN:tJ..;~ · · · 
MEAStJR@'l.$NTS 

·Ava.rage · · · Range · · · · ~ Average · · Range Average · ·~e 

. . . . . . . . ' 

s.v •. length (em) 

Body weight (em) 

Body width (em) 

'4.35 
. -

10!10 
,. 

.t..70-
l ,, 

Head. length (om) . 1,;.50 

T • Jiind limb le:pgth(cm) §,• 35 
Total gut. length (em) . 1Z•80 
Stomach l.ength (em) · .. t .45 
Intestine length (em) 10~·,40 
Rectum ·length (em) 0 •. 65 
Total . .food Vol• (ml) 1. 20 . . . . . 

Stom~eh food Vol.(ml) 

Intestine food Vol~ (ml) 

Rectal food ~ol~<m1) 

' 

6 65 ... 
0~45 

o~-;1 

(3.~""4t7) 
(7.,6~1;1~9) 

. ( 1-.45~1~9) 

. ~ j.~1)6). 

. (6. ~~7~0) 
< 1:1 ~§~ 12 .. 9) 

( 1\t3•1.6) .. 
(9·2..ojo10.9) 
(0.55-0.8) 
(c>.g.-1·.6) 

. ' . . 

(0.-6-0.75) 
(o.4..o.6) 
(o.~-o·.14) 

6~t2 
' 

30 •. 70 
' 
2jo.90 

a~so 

1,0i!.90 ,. 

19 .. 90 
.a.3o . 
1'7.10 
o •. a 
'· 
4.26 
o.e 
1'.32 

0~ 14 

(6~0-6~4) 4.1'5 
( •, ' ' I• 

(28.6~32.80) 8~64 
<2·.~3~a) 1,.-ao 
.·. " ., /' . 

(2.,5~2.6) . 1.40 
~ ~?,Lt--1a.~ 1) ~.go 
( 1·9 .. 50~20.30) 11.47 

• ' - • •.J • ~ '• • 

( 2. 4-2. 4) 11 .• ;(11 
' t , I• 

(~6.,-19.0) o.g 
• t r. • 

(o. 1~0. 9) o •. 4.5 
• ,, 1-1 , I' 

(2.14-;2 •. 38) 1 .;2 
< o. 1-.0. g) o •. g 

~ . . . ' . 

(0.9~'!1'1.7) 0.4 
'· . ,... 

(OiJ3~0.15) b.16 

(3 •. 2.-£):,.35) '. ·, . . 

. (~.'1·1~h 76) 
( 't. 50•2. 0) . . ' ' 

( 1. 30~·~··50) 
(5.•9•.8 •. -?) 

' ... '' 

(a. 4-14o;3) 

{ 9. 5.-0 •. 4~ 
< 7. o~ to .• ·a> 
(0.3-0.55) 

' . 

< 9·9•1.7) 
(o. 4-:·1· t) 
-l<?.3..5-0it.55) 
( o. 1.-0.'25) 

TO~~-···· 

~v~rage · · 'Range· · · 

-~-~\38 
. 1~6~ 7Q . ., .- . 

.?.08 

h-76 
7·89. 

1:?~.5a 

1•''0 
9~21 

9 •. 65 
0.-88 

Q.54 
().133 
0.10.7 

.( ~ •:5 2':"6 • 4 ),?J) 
(~· 7~34~·80) 
( 11•45 ... ,.2) 
( 1 .• 30•2 •. 6) 

' . ,. .. ,, 

. (5·9~1?,1) 
(19~2.0--?0.30) 

( 9··5•2..4) 
( 7.·0•19·1-) 
(9·3 .. 9!1>9) 
(0 •. 9-2•38) .· ~ -. . ' 

(q.Y..t.1) 
.( Q.35-1 •. 7} 
(o.s-o.25) 

' -



Ftg. 4.12 : Volyune of food intake during annual 

breeding cycle o:f Ra!!B cYanophlyctis 

of Gauhati and Shillong popUlations 



PRE BREEDING PHASE 

. -·. 

·-·-. 
. ~-. ' . 

. ' . ~;· :'~ . 
. ': 

POST SRE·E'DING PHASE: 
Fl G. 4 ·2 

llllsHILLONG 

~GAUHATI 

. ··. -. 
·:' ;.:·.;.· 

' • ' I- ,, 

' .· . . ' .. 



Table 4.8 

·Dimension· .and. Volume of Gut Content -of:~ cya.nophl:-&2tis · co.ll.ect,ed dur.1,.ng October from. the ·.Gauhati 
I .site (Sample size "" 20) 
I 

MEASURFlJIENTS ' 1' ~- MALE-·~·· - - - JfilllAii---- JUvE.NILES J(, 

. I Av~rage ~e Average Range . -Average o Range 

'l'O~AL 

Average Range · 
---------... ·~~--~------.. ~~----------~U*--------~-

s.v. length (em) 4.6 (4.2~6~9) 5•95 (5.6--6.0.5) 4~6 (4.~5.2) 4.96 (4.?,.6.0p) 
·Body weight (em) 10.68 (9~1-11•J5) ~~~~»(24.6-33.1) 20.4 (9•85-25.8). 19.98 (9.i•33.15) 
;Body width {em) 1'~'8 (1.7~2·.·o) 2.95 (2.5.-J.,.,) 2.0 (14.7~2.45) 2.16 (1.-7--3 •. 3) . 

!Head length (em) t~5 (1.!3-1~7) 2.·3 (2.0-2~4) 1•7 (1~5-2~t) 1.50 (1.~?.A). · 
!T• Hind limb length(.cm) 6.3 0h9•7.7) 9•9 (B.7•1o.g) a.'s (7.6-9•1"-) 8 •. 20 (S.9-10 •. 9) 
1Total gut length (em) 9•7 (8.4-5•10.75) 1_5.25 (t3.8•17.o15) 13.98' (8.95-14 .•. 45) 13.59 (8 •. 45~17.15) 
\stomach length (em) 1~55 (1.5 ... 1'.6)· 2.4 (1.7-2.6) 2•1 (1.40-2~3) 1.87 (1·.4-4 •. 6) 
I ' 

Intestine length (em) 7.95 (6.7-~'0.5) 12-•. 65 (8.7-15.1) tO.O'- (8.9-11;.4) 11.00 (6.7-~1.5~1·) 
I . . 
'Rectum length (em) 0.,3 (0.15-0.5) 0.51 (0.4·1·0.7} Oe3 (d.-~1~0.6) 0.51 (0•1-0.7) 
I ' 

!Total food Vol'~(ml) o.45 (o.g.·r.·o5) 1.20 (0.9-1.'3.5) 1.45 (0.95•a.·o5) 1.10 (0.9•4.•0~) 
!stomach :foo<} VoL.(ml) 0.6 (0.4--0'.8) 0.52 (0.4-o'.65) 0.75 (o.5-'t.3.5) 0 .• 58 (0.4-1.35) 

Intestine _food Vol. (ml) o.45 (0 •. 4-0.5) o.44 (o.4-o.5)' 0.52 (0.4-o. 75) o.,44 (o.~o .• 75l 
Rectal fiod Vol.(ml) o.'1' (0.05·0~tS) 0.15' (0.1-0.2)" 0.14 (0.1-0~25) o.-:66 (0.5-0.25) 
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.B... 1:2 months analYsis 

' ' 

The pattern of annual fluctuation of different 
~· 

type~ of food i ~.ems_ ~ follol,dng. 

. . 

G·§uhati pogulati~n (Fig. 4.t, 4.3). --

aau~ti frog ,· pop~atioh showed' a higher peJ""centa­

g~ of in.sects. in their :food items througb,oUt the y:ea.r. The 

pe~centage of· major food items ·was recorded· as follows. 

Homoptera:; It consti '\;uted highest percentage of food 1 terns 

throughout the ye&r,. va;uing. from 14.89% iQ January, 6. 79% 

$n J'~y to 1B. 589.6 in Decembe~ .with. an avt:~age annual intake 

-of 12 .• 47%. 

Fonnicidae: The percentage compos! tion o:f tne formicidae 

va~ied from 2.6.5% in January, 21.50% in JUly to 7.05% in 

December w:l.ttl an avetage annual intake of 9.83%. 

Arachmida.: . The· percentage composition of Arachnida varied 

from 20.21% in J~uary, 4 .• 00% i,.n j\.ule to 2 •. 17% in Decemb~r · 

with an average annpal ~ake of 8.,65%. 

Coleoptera: · ·The percentage eomposi tion- of Coleoptera varJ;ed 
. - ' . 

from h78% in February, 16.50% in June to 4.48% in. December 

with an averag.e annual intake. of a. 42%.· 



Fig.• 4~~31 Pereentage varfa~ton o:f Insect food types 

recorded in the gut conten.t analysis o:f 

~ cyanophlyc~s. from Gauhati population 

during 1978. 
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45 '· 

DIC TYO PTE P.A TRICOPTERA I N SECT LARVAE I N YN PH 

0 
.. 

AR.A.CH NIOA NITES. ~YRlARJ OA 

t J D 1 J E>J [ .;- T D I 

FIG.!..· 3 



Fig.1 4;14. : Percentage variations in other food tyPes 

.(except insects) recorded dUfing gut 

content analysis of.~ cxanophlxcti§ 

from Gauhati populations dur~ng 1978. 
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Diptera~ · The percentage compos! tion of Diptera varied 

from ; •. ·1go;6 in January11 12.76% in April to 2.56% in Dec~ber 

w.i,.th an averag·e annual intake of· 6.25%. 

Leave~: The percentage compos! tion of leaves varied from 

2 .• 65% in january.; t-.'7296 in May to .18.18% in Nqvember with 

ail average annua~. ;intake of 6.21'% .• 

Insect nymph.: The percentage compos! tion of insect ·nymph 
,.. . I 

varied from 12.76% 1.n Janlla.ry, 6.5% in June to 1·~70% in 

November with an average .~ua;t .tntake. of 6.0~"· 

Insect larvae: The percentage composition of insect larvae 

varied from 1:3.82% in Janl;.laty,. 1·.·o6% in April to 9•6196 in 

Decem'l!>er with an annual average of 5.64%. 

The percentage composition of Hymnoptera, 

Hete,roptera; Myriapoda, Annehida• Anura, Twigs am other 

miscellaneous 1tems was very low· (0.53% to. 4·.3%) and showed 

little fluctuation in 1:2 month analysis. 

Shillong pooulatio!) (Fig.· 4.~ & ,4.5} 

'' '"-~ Shillong population also showed a higli'er:-per-

centage of insect in their food items throughout the :v;ear. 

The percentage .of majox· food i tema were recorded as follows. 



Fig.3 4•15, :. Percentage var~ations in insect food only 

recorded during gut content analysis of 
( 

_ Rana cxanophlxcti~, froJn Shillong popula­

tion durillg 1978 •. , . 
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Insect larvae: tt constituted th:e highest percentage and 
' . 

was recorded as. major food item throughout . the . ye~r. - The 

percentage varying .trol[l 19 .• 49% in Januacy, 53.18% in June 
. . 

and 4a~·46% ln · D~Ce1llber With an average annual intake of. 

23.21% • 

..Q!ptera: The percentage __ cQmpQsition of Diptera ;J.n food 

varie·d. .from 30.·SO% in January." 7 .o% in June ~ 12.75% in 
December· With an average annul:ll .tn~e of _16.~'32%. 

The' pe-rcentage compos! tion of Homoptara in food 
. ' .· 

varied !rom 1·1:.8696 in January, 4.34% in July to 14.42% in 

November with an average annUt3.l intake of t1.a;%:o, 

Coleoptera:· The percentage compQsi tion of Coleopter~ in 
- .• . ' ' . 

. . . 
food varied from 0.7196 in .February, 35 •. 43% ln May to 1~·5396 

.tn Decembet with an average annual. intake. of 9~:12% •. 

. ' 

Arachmidai · T'he percentage composi:t.ton of Arachmida in food: . 

varied from 21.58% in February, 1.91% in June to 5 .• 6196 in 
. ,. 

Decemb~r with. an' average ann~l intake of 7··oo%. 

Formicidae,: Tl'le p~rcentage. co~posi ~on of Form1cidae in 
. . . 

.food· varie-d .fro~· h68% in January, 11'.41:% in March to 4.59% 

irr December with-~ average annual intake of 6.,56%. 

Ins~ct nymgh: The percentage composition of Insect nymphs in:. 



Fig. 4.6 : Percentage variation in other food types 

(except. adult insects) recorded during 

gut content analysis of Rana cyanophlyctis 

from Shillong population during 1978. 
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TWIGS ALGAE MU 0 ROLL COAL• STONE 

45 
. .- FE -._ .._ --. 

MISCELLANEOUS FLO'NER S ANNELIDA ARTI-i RlPO OA 

0 

NYRIAPOOA APHIDS PISCES ANURA 

I. T. 0.1 T. D·T 1- o--:r. j.• D. 

Fl G. 4· 6 



l9H 

f.ood .V.arieci !~om 1~ •. 6goh in .January; 6.68% in Jtine tO 3~ 0696 

in· D.eqemb~.v ~tn. an averag~ annual intak~ o:e- .5_,03%·-'· 
t • ~ 

Mit'es:-. ''I'ne p"ar(ient:age ¢(:;mposit4.on of mites: in· 'f.o·od vaF.ied 

!,rom· 4.;g3% in Ja.iittary.,. 0.;9.7% .~n M~y to 7 .4Q% in ·Novemper 

with an average annual !rit.ake .of 3.•·-34%. 

Th.e · peroerit~e composition of: other food it~ems 

w~re recotde4 low and the average.' anntlai: ;ih:t:~e ':V:atied .from 

Q. t1% to 2e59-. 

On . comparison it ·would be- $eeri _that consumption 
' 

of 'insect larvae is 'very high ·throughout the year in -Shillong 

frogs than ;in Gauhati frogs.· _v·egetative materials- were in 
' -

-very htgh pei;-centa.ge .tn Gauna:ti frogs~ Canni'l:>:allsm and .fish 

as food ~ras promJ.nently -r-ecorded in Gauna:ti ::trogs only. In 
. ' ' ' 

both population& Dipteran. Homopterans, COleoptera. · ;formed-

· the- larg~ bUl~~- · F rOIIi the ·group :t·nsecta Hoinoptera- was highest 

. i_n Gauhati frogs. though. tlie percentage Dipte·rans was highest 

it,'n S.h±.l:Long .fra$.::>e> 

4} Feod _and.~eed.tng_in co·rrelat-ion to environmental 

conditions 

'l'~e ,-a,bundance of Rana cyanophlyctis Qn land, at 
' ' ~ ~- -~6- ~~-~~~~ 

-G'C!-qhati and Shllloilg s_:b:ldy :s~tes· and SUb.$.e~tly i ts• moV'ement 
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$d act~viUes were :found 1m be governed by various factors 

(see ~hapter 3 ) ., In tt:le follo,dng description,· correla­

tion between environmental condi tiQns ~ · .food and feeding 

ilabit of the· frog at the two sites, Sbillong and Gaub.ati 

have been derived.L 

. Climatic eondit1ons : The correlation and c:orrelation coeff~­

ctent of aquati.c temperature,. a:tmospherio temperature, rela­

tive numidi ty and total rainfall have been worked out separate­

ly for different food items.. The multiple correlation have 

also been derived.· The data has. been compiled and. presented 

in Table 4. 9.~ 

Significant correlation coefficient was derived for 

molluscan food !t.erns witb aquatic temperature ( r = 0.63, 

P ( Oe~5), with atmospheric temperature {'r = o. 71,. P· < 0.05), 

w.t:th humidity (to·= 0.74,, P(O.OS), with rainfall (r== 0.87, 

P: <. o.;o;).. Although Mollusca constitute only 2.6% of total 

food· intake the analysis suggests' that it is also a preferred 

food item at optimum.environmental conditions. ·The other sig­

mf.icant correlation coefficient have been fotmd for fisb. with 

rainfall (r = Oe1661 P'(0.,05). Tlle corFelation coefficient (r) 

of total food ilitake in ditferent monthS w1 th atmQspheric 

temperature \'Ia~ 0.69 (P <. o. 05) 11 and wi. th rainfall o. 73, 

(P ( O.iO~.) ., 



F:t.g.l 4.·rt : Quanti tat! ve records of different 

types of fooq in th~ gut content 

.analysis of ~l~na gi~~o~hlyctis 

during di~f'e7r~t montb.s of 1978 

f.rom Gauha~~ and Shil~ong popul-a­

tions. 
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Among Stlillong frog popUlation the significant 

correlation eoef:£4-cient ·found betweeri insect foo9, 1 tems 

and atmospheric temperat-ure· (r = o.61, Pi.. 0.05), and 

aquatic temperature· {r =· 0.64, ~ < o.05)t anuran food with 

-rainfall (r ·=· Q•15f?,,. P< o.05) and total toQd ·int~e in 

d!f'.ferent month 'With temp.erature ( r = 0.:52, P' /... o. 0.5) •. 

At both the site~, Shillong as well · as Gauhati, the 

t_emperature has been found to 'influene·e the feeding ·activi­

ties of ~ cyariophi:yctis as during ·summc:ar months largest' 

v~1.ety Qf food items were quantitative and quaUtative 
" 

:recorded from its gtit (see Fig. 4.5). During rainy months 

number of spawn and f~sh try increase tremendous~y at 

Gauhati fish dales leading to larger constnnption of fish by 

the frogs, that at any Qther period. This accounts. for 
' - .. . 

signlf.tcant corretationccoefficient for fish food with rain-
~ . ·,· . 

fall (r = 0~~66,. p < o.-()5). 

Among Gauhati frogs, the signifi.cant correlation 

'Coefficient in the follo.wing bivariates have been observed. 

pH and .insect food (r = 0.60, P(0.05) •. pH and earthropod 

food ( r = O.f{3, P' ~ .. o.·os), pH and total food consumed ( r = 
;: .. 

0.78, P (0.(1)5) •' The otller correlation ceeeffi.clent derived 

were found to be insignificant and showed no relationship 
' '· ... 



Table 4,9 

Tb.e values Q:f co.rrelation coefficient derived between environmental con.dil;J,.I:)ns and food types 
consumed by ~. cyanophlyctis at Gauh.ati and Sh.illong sites. 

S H I L L (:) N. G ~DEPENDENT G A U H A T I 

MULTIPLE 'R' : . · .. l RELATIVE 1. TEMPERATURE 'r' VARIABLE TEMPERATURE ·~~: .. RELATIVE 1 RAINFALL . . ·l RAINFALL ' . . t . . .. .• ,. l . . I .. . 
CORRELATION •

1
. *ri· · · I Ht:JMIDITY I AQUATIC An-tOs- ATMOSfi.· f\I;~jiAQUATl: . : J:lUMI.·DITY 

. · I ·• r' I PHERIC PHERIC 1 r' 
~. ·· . ..,._. . . 

0,!5545 '. 4: -~.~.32 9· Oe14444 

0,·;3536 o.449~ 0.13.236 
Oel51t6 0.4174 e.~s352 

Oei8145 
' 

0,5641* 0,4934 
0,{~328 0,1702 0.~0999 

~ 0,0374. 0.;!2906 

.. o.4502 Oe•3430 
' - 0,1j43 o.~l1255 

- o.1aa1 o.0799 
- 0.5374 o.;l2715 

0•'6770 0,3670 0,10216 

*" * ... 0,6417 0,6085 INSECT 0,·55016 0,4629 Qo\1810 
FOOD .. 

Oe5262 O,J355 
0,4095 0,4500 
0,1188 0,2305 
0.3039 0,11}8 
0,3883 0,3451 

0.3936 0•'2066 
0.2366 0.1929 

0.3319 0,·3552 
0.3393 0,}321 

VEG.FOOD 0,4298 
ARTHOPGD Oe1087 
ANURANS 0,'.4464 
FI:SH 0,01.59 
LARVAE 0,1783 

.. & 
NYMPH 
MOLLUSC 0,6357* 
MISCEI,.LA·-~o. 5002 
NEOUS 
AN~IDS 0,5357 
CHIL~4i:~)'·~ 1521 PODS ~~·. ' '·. • 

0.5201* 0.3979 TOTAL o.6aS4*' 
FOOD 

· * .. at 5% l.evel 
** ... at 1% levei 

0.5016 · Oe~1J36 
0,0603 0,\15.27 
0 517'7' 0 !4121 . . · ".·" ., . 

0,0081 o.-t2312 
0,013.6 (),~2.665 

j . 

0.7139* 0,(7498** 
0.4694 0·.~2052 

0 4108 . . Q.·0352 
0,0696 o .. J594 

0,4818 0,'j1735 

0,•1456 

0,0360 
0,0806 
Q.~J289 

0,:6621* 
O,\j859 

0•!8'736** 
0•:41.54 

0,,}866 
. 0,10835 

0,;7496* 

MULTIPLE 
'R' COR~ 

·REJ.,ATION 

o.~3569 

--... 
0•·7633 
o.-:7515 

a.•aa11 
-
--

0,>87661 



.A.meng Shillong frogs the s.t·gni:U.cant· correlation 
. ,.. ~ 

coeffi.cient .tn the following blvariates have been observed, 

pH and insect :food (r ~ ·0.52, P (0:.-0)), ·pH and mol}. usc 
. . . ' 

food (r = 0·.'58,, P' ~0.05), pH and total food intake (r = 0.72, 
·~ •.. . . ~ . ~ 

·? < O.-<H)• · T.ota) h~dness and insect food (r = 0.59, P < 0.05). 

·aast~somatic Index : 

Total :foo.d intake ( Quant.ttative) in Ra.na.: ey~phlxctis 
and. tts relationship with s.v. letlgth. and body weignt of the 

. . 
. . . 

frog has. been derive.d. The data has ·been compiled and 

presented in 'J!able 4.1t. It woUld be noted tnat in both sexes 

there is np- correlation betwe.en the gastro somatic index and/ 

or food and · S.1V •' iezlgth and/or body weight_o The frogs of the 

$aiDe siz~ _had -different types as w.ell as percentage anc,i showed 

gast-ro somaU.c index. The correlation coefficient derived 

b~tween S. V •. ! length/weight of' the frog and gast-ro · soltlatic 

index nave been found insignificant CQnflnning no lfelationship 

in two varie~ie-s and support·,.ng ~he frog. as oppor.tumstic 

feed~ro However, the cx>rrelat.1on coef'fioi·ent d-erived ·betwe-en 

gastrosomatic inde.x and total food intake bas been found 

·.significan-t. at- ·1% probabi'l.tty level (P ( 0.-,01). 



Table 4.10 

Rana .cYanoHhlYctf§. : Body lengtQ. ( SVL), weight of frogs and 1 ts food and Gastrosomatic Iildell 

s.V.L. 
(em) 

,.~95 

4.110 
4.i25· 
4.14.5 
4•i45 
4~!50 

·4;j~O 

4.160 
4.'60 
4 ".i8A •... ..., 
4~80 ... 
4.:gs 
.,. 'fltft 
. ,. t!VV 
-. ~·~'":<'"':.-• 

5e·OO 

·5.110 
5oi10 
.5.120 

M 11\·. L E F E M A L E 

F ' ' !lOg S 
\'l~tg.lit. 
~gnt) : 

4·o'64 
,.~36 

8•136 
t2.ii,2 

9. 11·':.1: .. ·;;;,/ 

' 12e'OO 

11=~162 

10~180 

12 •. '60 

14.'120 
1i•140 
1 tl.'~;'A,O\t}•. 
~-~~~~i 

12.480 

· 16.i1Y 

1 ~·~~Qf;' ;I·~~ ... l.:t 

17~i52 

18.(56 

Weigllt of Gastro . Frog's 
~ood items somatic s. V.L. weight 
~·· _( gm) _ . ~- ind~~, __ (em) · -~ ( gm) 

Oe1956 
0.163.9 
Q.3491 
0.2620 
0.1618 

0.5309 ' 
;.0:~0132 

.0.224} 
0.2006 
o.;6976 
o.·~ago 

o.o141 
o.,ooao 
o.-os96 
0.2893 
0.2969 
0.2970 

. 
4.?235 
2.2255 
4.1768 
2.,0927 
1..6322 
4 • .4242 
0 •. 113.6 

2.,0768 

1·5920 
• 4.·9127 

' . 

2e1S67 ., 

0.2651 
o •. o64a 
a •. J685 
1.9033 
1:6940 
1.6177 

5o20 
5.20 
,.~30 

5a50 
5.50 
5.50 
5.50 
5.55· 
5.55 
5.60 
.5.60 
5.65 
5 •. 70 
5.70 
5.90 
6.25 
6 .• 30 

20.34 
17.68 
18.87 

18.61 
18.50 
19.40 . 

17.96 ' 
17.89 . 
16.43 
~.54 

18.46 
21.46 
.23.83 . 
19.9~l. 
24.60 
27.42 
26.~0 

We,lght ot 
foof. ~fems .. gm 

o.;o481 
0·'6174 .. . 

o.eo56 
O.j01,99 

o~:~o6 
Q.12:126, 
Q.~;,g~ 
0 iF;'"7 10 . .. ;~~.,,. 
0•~069 
O~j0746 

o.}4.131 
0.~!4864 
O;jt6j4 
o.~14sao . . ! . . 

o•·J5710 
0.'6162 ! . 

O•i7345 

Gastro 
somatic 
indeX 

0.12364 
3.14960 
0.02968 
p.i1•069 

.?•11~46 
.:1.•',09.59 
'.,1 .• :9.211 

,3.'1905 
3.•;071 
o.l,;J10 
2.·2379 
2.~2660 

.. 0.6928 
,2.,4315. 
2.13218 
'2.'9761 
2.17715 
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Comparative . analxsts ajr Gauhatf . and Shillopg site§ 

A comp.ar·ative. analysis of :food and feeding of the 

two popUlations· reveals that : 

1.'~ In an a.n,Jiilal .gut content analysis, the insect belonging 
~ . ' . -

t.o 13 orders were consumed in Shillong frog population and 

10 in Gauhati t;rog population, though in monthly analysis 

insects belonging to more than 10 orders were never observed 
.... " . .• ' 

at both the places. 

~ .. 4 The p~rcentage of insect food items (adult and developing) 

was bigher 1n Shillong. frog. population that at QaUbati frog 

population.~ A noticeable high. percentage of Dipterans (adult 

and larvae), predominated by Chironomous larvae, l\as been 

observed in Shillong frogs ( 16.32% and 23.21·% respectively) in 

comparison to tnat of 6.35%· and ~.64%- respectively) of Gauhati 

frogs .• 

3 .• 1 The percentage compos! tion of Annelid, Arthropoda, 

Moll\lSca:,, other invertebrata, Vertebrata, vegetation and mis-
. . ~ . \' ~ . ' 

eellaneo:us it~ems was h.tgb.er in Gat1hat1 frQgs than in Sbillong 

,4•1 A b.tgh consump.tion. of molluscan food and '1 ts ~gnifJ.c~t 

correlation coefficient {P< o.os) with environmental conditions 

bas been ob$erved in Gauha1;1 frogs and not in Shillons frog 

popUlation. { Tabl.e .4.9). 



.5;1 High cannib~istic incidence was re.corded in Qauhati 

frQ·gs t.han m S~ll.ong frogs .(Table 4.1: & 4.2). 

6.~ The food vol~e was b.tgher in Sb.illolig frogs than in 

G.a\Ulat.t frogs.· 

DISCUSSION 

Tb:e· pr~q,oiQJ.nance o~ .a.rtQr()pods~. particularly tnseo·ts 

a$ food it~s of anura,n~ bas been report·ed by all workers. 

Th~ 65% ef ,,food !teiQs of Rana c;zanophlxotis in the present 
. . . . ._. . .. .. . . I 

WQrk $lsp ~s found to comp·rise tO 1nsects
1 

belQnging to 10 

orders ~n Gauhati popul.ation and· 13 c>rd~r.s. in Shillong. · 

V.arious, ·other a@ects ot, their .food and feeding b.abi ts. can be 

dlscus.~ed as follows s 

9PP.yftumst1e . and • un;aelecti ve . f.eeders-
.• , 

~rogs· have been: described as. oppo.rtunJ.stic feeder 

!e''e• tb,.ey eat whatever l~ving and moVing materials are 

~v~lable' $d they can eaten ~ swallow (Harnefelt, 1'95Q.; 

Smith, 1951J Ho~mes, 1950; Go1~ and Goin, 196a; KQschsen and 

Mpy'le, · 1962t Koscbgen and Ba~ett, 1963; Janseen and Klimst~a, 

196.6; Dickerson, 1969; Hedeen, 1970; Itamics and Koskela,.1970:; 
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~rugger'$t 1·972:;. :SI'Qwrt., 1974l B}.ackith a.p.d Spe.tgb;t., 1974 . . . .. , - . . . . . :.. "' . ' . 

and Tucker l3lld Michael, 1975). The food analysis. of~ 

~Yanophl,Yct.ts also indicates tbat It eats wb.atever is 

available tn the habitat. Some leaves, mud stones, etc. 

were also recorded, from the gut perhaps because they are 

swallowed wtth main food items. Vegetable matter in the 

d.let of anurans bas been reported by ·Wit son ( ·195.5), Tyler 

( 1958) .,. Berry apd BulloCk ( 1·962), Berry ( 1965), T\lrner 

(~959),, Korschgen and Baskett (1963), Hedeen (1970), 

ItaDlicEI~ ahd Ko~ela :< 1970) ,. Stewart an4 sand! son·:( 1972), 

Sta,nley (1:9'7?) •. Khail. (19") and Blaakith· and Speight ( 1974) o' 

l{orE~chgen and. Baskett ( 19.63) and lle<ieen. ( 1970) felt that the 

wJind .caused floating .of plant mfiterial and ·:tnus·.J;ts movement 

'may tr,tgger· a _teedirtg re~po~se .$n th:e frC>g• ~his shows that 

~~~·gEl dQ hot. have d1scrjJn~naUve pO'Itler. ·This ·may be the 

rea:~·on C)~ the, presence of litter pebbles, cattle dung, stone 

'brick, mud,: tb.rea,d, rope pieces, !~ather and human hair in 

.B!ai cyan9p!)ly~t1i[i as also recorded earlier by Ezald.l, 19311 

Cohen: and Howard,, 195S; Berry and Bullock,, 1962;. and Kban, 

1973)• 

F;rogs ~e also unse1ect1ve feeders •. _ To. men~o:p. a 

fe.w, important refer~~c~s, . Jlerry .and B.ullo.ck ( 19.62) noticed 

that ~\J.f.(), m~ianostictw;t axe unsele.¢t1ve ravenous eattar and 

devo:ur unpal.ata,b)e ~JBals such as scorpion,. centipedes and 
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,li!llltpe<;ies.:l · Gia$~- (.1'974) ·noted that, ·auto .eats n.Oxious and 

armoure<:t i~ects $l.sQ; 'which are ottterwi.se believed to b~· 

.tmmuned· to predators. Stin.tlarly Rana temposaria (Blackitb 

and $:pe1:ght', t914) aM Rana tlgrina (K~ 1973) bB.ve been 
' . . . - ~ 

reported ·ta devour Ulipa'la:t:able ~xious animals. The abun­

c;1iDle'e ot' REina~ cxanopb1Xc"t1s thiougho~ lndian Subcontinent 

ma:y be due ~ its tee~ ~uocess on a .wi<ie variety of 

anlmal$. simflarly as Clarke-a ., 1'974) has r~arked for world 

Wide c:U:strib\it1on of toad on same ·gnjUn.ds. 

(2) ·. Fo'od' prefe.r-encea 
5 --. . . . . . .• 

:?r:e:fgrenc.e of food in relat,!.on to: size bas 'been 

9bse!'VeQ;. in· var~oUa ~il.rafi$ ( see: Eclte,rt• 1Q34;_ SWeetman; 

1~4.4; · ~ng$r: ;mq. Marx• 196~c:; COl~, · ?t962;,· Berry. 1965 i 

(lreenslade, ·1964-t ~es·c;mre, 1964; s~n:l.thwoE>d, 1966~; Black1tb. 

~- SP,e~gnt, 191/.f) ._, A typical e~l:~ <».f anuran toed .Pre-, . 

te,r~ce· ~a . beeiJ; gtven -'by Berry ( 1·970) ,, Who .fol.llld: tnat, 
. - . i ' 

! 

!'m:2. aspei' Uv(ng, ~ ~vas fed .fpeel;y: on ~t.s W38oC1ate4 with 
... . . ---... • . • j . • 

b:a,. ~<>; btrt; ate few or none of tne: mites, spiders and 
-. \ '· .... 

cOllembola also occurrug in tb.e same cave. Further. while 
. ' 

, . , • I 

studying 5 apecfes of J\nura, sb.e found that,.. certain specie.s 
. . . 

devoured a ~ti~n nar.fower range of food i ten;as tban others. 

snow;J.ng £ood pref~erene~.: Th~y JllaY be due to predator 
. . 

~habitat and s!ze gro~. .Food.· habits -o:t· skipper frog popbla-
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t.ton at Gauhati and .Shillong do show that they are 

dependent on available· insect faWlB., prey s,ize and mobility 

ih the vic.i.nity, tttough prey size· has not been thorough:Ly' 

worked out in the present investigation. Further, a food 

p.ref'~rence for ~nseet lai"Vae alld. D.ipteran ( 2_?, · :1. ;I. ) 
1 ~ ' ' 

in Sb.ii'long· .t'rog .C¥Jd Homepter~· ~ Coleopteran ~ . 
-: ·.· ;. : . ,' .. 

Gauhatt ~r,og are reco·i'ded• .. McCann ( 1.933) rtoted ~hat Rana 
~Yanophlyctis.'· se9w-es. p~ey, £rpm both a}p<)ve and below 

water ~urf ace~ Dut.tng the present inve.stigatio~ slow as 

w~ll as fa.St moving f99d items sucb. as mite~; ~pteran 

l.a.rva~ o.r iflying ~risects were· ~ecord,ed f'roDJ.· its gut .• 

Sagage ( 1961}; .Ashby (1969) ;. Bl~ith and .Speight ( 1974) 
'. ' ' •' ' ' ' I ' • • • 

reported that terrestial frog~ conies to l~d for feeding. 

Hamil~OI1 ( 1948); Tyler ( 1958) ~. Turrler ( 1959) noted that 

agnatic .frogs feed both on. land and water pr~ys'!: Tb.e use 

of tore limb . to. hasten the l.arge size me~.1hside ·the buccal 

cavity was obserVed 1~ the present ,tnvestigationl! Earlier 

.McCann .( 1933) has . also reported the Use of fore limb in 

!¥.W .sg;anophl.Yctis, for swallowing large s,ize prey; assist.ed 

by musc~ar contraction th.at pulls the eye . ball down into 

the .roo.! .of. 'the mouth; giving convulsive: bink .• 

(3) Fish as . .frogi'oo:ds 
. '. . ' . ·~ .. 

Frog ea~ng small fishes· and their developing 
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s~~ages ·is not a f;i'equent phenQinena., Schonberger (1945):; 

~orsch.gen 8.i1d Baskett (.1'963) and, B~gers (1972) •hav:~ 

record_eci smal~ quantity of ~;ish 'JJ:l the food items of . frogs 

dw~lling ·.tn strealll ·or other water bodies. In the present: 

investigation ·Of fish fry and i.ts developing s~~es forme·~ 

0;.·49";6 to 0.61% ()f food items in Gauhati and Shillong 

populat~ons .o.f. ~ cyanophlxc.tis. McCann . ( 1933) reporte~ 
' 

s,iznJ.·lar behaviour ill· the skipper frog/t~dpoles ·in Western 

I.ndia •. 

( 4) C<Mffi!ba_lismt:. 

CannibaUc nature of anUFans has been reported by 

:rllcCarm (1~33); 1\llmlZ (1920); Inger and Ma..Fx (1961); Berry 

and Bullock. ( 1962); Lewis. ( 1962); r.1cCoy ('1969); Don Iulk 

and Whit::l.ker- ( 1968); Berry ( 1970); Burger ( 1972) and 

Clarke ( 1974) • Cannibalism has been re~o~ed 1n the pres~nt 

work also. 6,.·o% of totai ·annual food intake were pieces of 

frogs/tadpoles. etc wnereas mo.!lthly analysis showed 1 t .to 

be 10 •. 1:0% in the fooCl. items analysed for March 1978.. In 

Shillon.g frog population, it \'Jas very low, 0.61·% of the 

total fo.od consum..ed with a ma.Ximum of 0.97%. dur~ng May. 

Khan ( 1973) noted cannibal! sm in Rana tlgrina, but discussed 

that it devours those anuran forms which al"e less agile and 

e~ be caught easily. In the present work high frequency 
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of canni.balism was observed at Gauhati s1 te than at: . . ... ,.. .. ' . . .. : . ' . . ' - . 

.Shillong site presumably because. of resi;;rict:ed habitat 
. . 

tmd availability of its dJ,fferent: stages on a la.rge seale, 

( 5) . Seasonal .· ~hanges .and . diet:. · 

·There are nember of repo.rts on diet variations in 

al'Urans due tO Ghanges of· seaaoli$ ·(Smith,· 1951; TUrner, 
. . . 

1'959;- Savage, ·1901; .Berryj. 1965.; Itanl.1cs and Kosk~la, .1970; 

Brug_gers.; 1972;. ClaJ"ke, 1974; Blackith and Speight, 1974). 

While wo.rklng on the aJl.D.USl cycle of Rana tlgrina Khan 

( 1973) ol,)seJ?Ved defin! te variatio.n in. ~eeding types during 

its 4 ann'tlal phases ( pre--breeding~. breeding, post-breeding 

and hibernation) and co.rrelated it with tne. change~ in fauna 

and climatic condi ti.ons. · He further mentioned .that the 

frogs . consume larger amo'Lmt of. food material during pre and 

pos:t breeding phases than during hi~Jernating and. breeding 
... . . 

phases.1. The, a:nnua.l cycJ.e of ~ cyanophlsctis does not 
~ II ·• ' -

sh0\'1 WEill. demar:cated phases al t.hougq. on tt;le basis of its 

breed~ng pattern its ~ual breeding cycle is divisible in 
,, I> ' 

3 phases ( p.re breeding, b.reeding and post b~eeding) • Tnese 

f,rogs de not hi be mate and are available in ponds throughout 

the year,. The gut content analysis o;t male, female and 

juvenil~- :t:pz:- all the 12 months ·¥1 a year snowed the presE;!nce 

of various. food items ~ncU.cating active feeding in the 

popuiation al-l .around the year. Ashby ( 1969)., Savage ( 1969), 
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' . 

Blacki.th. cUid sp~.ignt. ('1974) have repo-rte·d variation in . 
' . . _: .. '- :• •'{'.. ' . : ' . . '.· . : ' . : - : 

;r:lf~~dlng -intensity of. the e~l·os.tve breeder' R@ .jj.eg"br~Eio: 

:;dtwirig 'di!f'~'r:e:nt mont,hs •. k'han (197~')~~- repbrte<i' ''t~'at lri .. ·. 
-~· . . . . . . . . ~ .. . ' . . . ... -

Rapa. tigerinal soon after hibernati9ns aild with the rise-
. . 

.tn. ·atmosp he.ric· 'tenperattire; · · ft · f:ltatts teed.t~ actively, 

and teeding ac~~vity 1~ ~ximilln:. ~ ~~~ar ~oon ni_g~ts~·· . 

ac:n,rev~~· on :the, arrival. _o£. ~onsoon th~ ~a.l,e s~ops. fee#ng 

and. dlv:~ts ,~~s con~~I?-t.t;1;J.on a,nCi ene:rgy on, cro$1.~· · ·. ~h~ 
f.'®tal~: +a~e~· ,~tQp.s te~ding ~· ge:ts prep~req for 9rouc1¥n~nt. 

Soon ~~er the· seX\;lal a¢tivi:ti~s- g~t ove·ri the. two se~es 

_restart eating· ravenou~?l.Y 'til~ ·_hibernctt.ion.: B.erry ( 19,6.5) 

has .al $Q, reco.t"ded reduced ~ ~e~ng , ~n . Ra.na . t~.nmoraria ciur~ng 

breeding phase and exp\ai~ed. 1 t · ~s physiolo.gi~a'l and. p syoo~ 

log!, cal. p,reparation foz! 1 ts reprociuctive · a$sig~ent. . Rana 
• • > 

~~.Ph..~Z-9.-].t§ ha~ a prolongeo. bre~ng perioc;t (April :to 
October) and breeds With small c~utch .siz~ (see. ~hapter 6/7). 

:In the·. pres.ent investi.gat . .ion th_e, t_e.e~ing inte:nsity does not 

_vary m~ch in cti.f.feren.t I;Ultlual _p.hases as ment~oned abov~ +,or 

explosive bF~~ing type .~ _1;i.gr1~ and ,l!q;tW t,em:po,r~.; 

A. maximum fee.dlng in ~, .c.yanophlyctis i.s . obse,l!"yed, q.uri!lg . 

. ~umm.er lligh,t ~ool). after ratn. The ;food intake in rela'tio.n 

to SV l·e.mgth .has. been. obse-"ed to be_ hi,gh *n _the· juveniles 
. - . . 

Of ~. C?{anOJa~'J.Xc1zis .than i,n adul·t . ~r9~S• ~larka ( f974) 

hru:? made sim$;J..al'· oba,ervatio.n ·in toads that .food coru.:;umed 

by juv;e,n$les· ,i§ more thaa at ~dult stages pr9bab}..y because 
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ot more energy·. demands for its growth. The juvenile 

~ eYanephl;xctis :feed ~avenously al.l around th~ . year, 
' . . . - . - ~ ·. . . . . 

· ~e.treat:tng ollly for a short du,ration dur~ extreme cold 

· and hot per.iq<;l •.. 
. ·: 

.. 
B~rry ·(196§) r~cord·ed. that .feeding in anurans are 

related to i,ts ~cologieal conditions. Khan ( 1943), Black! th 

end Sp~lght ( t974).; Koskela and Pasanen ( 1974) noted. that 

climatic f'a~tors like temperal;ure, ·rainfall and humidity 
. . 

do play an iJilportant role in governing the food and teed.ing 

o_f anurans.· :tn the present investigation correlation 

coefficient in the climatic and environmental condition 

with various: :food tyPes and total .food intake has been 

iound out (Table ~.9; 4.10). As Rana cYall9phlxct1s· is 

ac-tive C1,ll the· year round and has prolonged breeding habit, 

its food and t'eeding habitf! are not that much dependent on 

cJ,i,matic .or environm.ental conditions. 

increased :rainf'all and temperature a signifieant increase 

.in tot~1 food consumption has been observed, and. the corTela­

tio.n coefficient derived of food intake with temperature~ 

pH and rain.f.'all ( r ~.· o.a5; p .• 85; and 6.63 ·respectively) 

were .found significant P ( 0.01· • A high Mollusc popula­

tion at the Gauhati study site has been observed during 

rainy p~ason,. Their presence in food items is statistically 

significant (P' <. 0.05) with high temperature; rainfall and 
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humidity of ra.!:nY season~ At both the. sites, a neutral 

pl:l :;we reeq]J4e4 during rainy months.' when the frogs 

populat~on ar.e most active (.$ee Chapter 3).. S1gnific·ant 

.c.orrelation coe,fti.¢1-ent (P l... 0-,05) was observed 'between . ~ . . ., 

the total food items •. insect, as food items. and arthropods . . . . . " . . . 

as. food items with th~ pH of the water bodies at. the. two 

sites. Bl:ack~ th anr;i Speight { 1974) recorded. that the 

relati·v·e abundance ·of d.if;ferent orgen±sm . .in the gut of 

:frogs acts iJid.ependently of. the ecolLogical fact~;a,, dicta• 

ting the ~elative. abundance. of tbese organisms. in the 

ecosystem •. ':l'he food hab! ts of Rana cyEiOOphlyctis. ~~fleet · 

t.he p~esence o:f those food types in the. ecosystem which it 

eaits cor.roborating the fact that changes in diet are also 

dependent Q~ the seasonal va:riatioll.•· 

.Qh§!1!2,s.in Length and Weight of Gut ai'ld Gastro-somatic Index: 

Dis:cuss:lng food types and intensity of ;feeding in 

various types of toads of United States; Clarke ( 1974) 

r·ecords "it, might be expected that tbe -range of suitable 

food it$n~ would be greater fo'r larger -toads and that tney 

would thus consume a greater d:1 versi ty o.f i terns. It might · 

also be expected that f.emales, because of the greater energy 

demand~, wout·o. differ from males in the diversity and amount 

o:f ing~sted prey (Schoener, 1969) and the jl,lVeniles which 



·are rapidly growing lliight s~larly CU.f'fer from: adult. 

males'"~ _In the present ~vestigat.1on a relationsb!p' be­

·tween the weight of different sexes and size groups of 

:frog wi.th .co,rregponding weight of the food consumed has 

been calculated as gastro somatic index (Table 3). The, 

correlati,on bet'\'reen the gastro somatic index arid weight; 

and gastro- $>niatic index and SV length both in males. and 

females- was :f.ound invariably insignificant 1·r·•· = 0.-2.5 at 

16 degre.e of freed()m -.) ,_ indicating that there is llO corre­

l,.ation bet'\'reen the two. I-lowever,, correlation co-ef:ficient 

between gastro somatic index and we.$-ght o.f foo<;i items was 

fo:tmd significant at probability lebei. ( P <. o .• 01;). Further,. 

ga.stro som-atic index Valf'ied -in the same sex, size and weight 

groups of the frog have presumably -~en due to 1 ts opportu­

nistic feeding behaviour. Clarke ( 1974) while working on 

american t·::>ads and Blackith and Speight ( 1976) on~ 

temoorari§ derived similar conclusion with Mann~Whi tney 

''U' test and alalysls. 

Jusz?zYk ( 1·95~, . 1:959, 1'966); Juszczyk .s:E ~· ( 1966) 

and Zamachowski ( 1970) noted marked changes in weight and 

·length of aiime11try canal of the expl,osi ve breeding types 

such as Rana esculanta and ~ temporaria during their 
- -. , . .: . . . :• -. 

annual cycles. In the pre~ent investigation little varia-

tion was noted in tha wei~nt and length of alimentry canal 

of-~ cxano'Qhlycti~ during dif:ferent phases of the annual 
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b~e~ng. cycle presumably beoa~e it ha~ prolonged 

br~e¢1:ng habii;e' 

So far as consumptio_n ·of a disproportionately 

higb,er nttn1b~r ·of invertebrates.~, predominantly ~s~cts is 

conce.r.ned. .tt ~.s · Ultely that through the .. consuxn:pti:on of these 
' . ~ 

animal.s the· anu.rans e,Xe.rt · ft:U"ther that. po~i).otnermy is · 

ad.van1:a,ge.o®: t6 anUr~ as the frog metabolism-~ .activity 

.ts a:~ lowest at: the t~e of· the y~ar whe~ pJ;eY i,.s 'tioth le$5 . . . ~ . . 

4n~1Ys$.~ tne ._gut oorden~s o·~ Buto ypelt from 

different lqcalit:ies and envir:orunental condi t!on ·Be:rry C .. 
-1, 

. ·7 

( 1965,:- ·'1:970) -Fe.c:ord.ec:J re~arkable diffe~ences . ·in the die~ 

of toads. f~oln: two popul?.tion. Sim.i;:tar~y Blaokith and 

Speight-. ( 1974) . have. also ·recorded differences !n diet 

compos1_1;to~·, of ~-- tempora.l'.tJ! from different habitats in 

the wes·t. of: . Ireiail.d,- ;tn the, p~esent investigat~on the gut 

content; analys.± s of th.e two f:Pog populat'ions shows that 
. ' . . . ~ . . ,· 

the teed~ng. int.eils!ty (food .. intak~ in ml) al1d percentage 

of food ~tems in Gauhati. and Shi~long :frogs 4~s. U ttle. 

variations.. -Blacki:th and Sp.eight (1974) · remarked that. tbe 

frog- -will ingest almost. al,l. moving object. that' approaches 
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within its reach and the list o:f prey identi:t;ied on the 

gut cont:ent analysis indicates the availabfli ty and rela~ 

tive mobility ·of the prey in the locality. 
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SUMMARY 

This chapter deals w1 th gut content analysis, 

percentage composition of various food items and amount 

of. food intake throJ:mh annual breeding cycle of~ 

cyanophlyctis at Gauhati and Shillong sites. Changes in 

the diet, gastrosomatic index and gut length and weight 

have been analysed in relation to changes in environmen­

tal conditions.' The highest percentage of food items in 

Gauhati frogs was composed of Homoptera 12.47% and 

.Shillong frog, Insect larvae 23. 21%.• The diet in order 

of preference consisted of Homoptera, Insect larvae, 

Formicoidea, A~achmida, Coleoptera and Diptera in Gauhati 

frog and Insect larvae, Diptera, Homoptera, Coleoptera, 

Arachmida and Formicoidea in ,Shillong frog. . The overall 

order of food preference at the two sites did not show 

mpcb variation.1 The food volume which indicates the food 

intake ranged from 0.49 ml to 2.25 ml' during different 

months.·i 

The food content refi·ected the food abundance in 

the ecosyst~m, clearly in relation to the changing environ­

mental condition during different period of the year. Sig­

nificant correlation of insect food with temperature and 

rainfall {P < O.i05) w~ estimated during summer rainy 

period.· The length and weight of alimentary canal did not 

show mu~h variation and gastro somatic index did not show 

any significant correlation w1 th SV length or weight of 

the frog.~ 
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~ IN1RODUCTION 

Normal table of development is a foremost 

necessity for embryologi'cal investigation of any species. 

Agarwal and N1azi (1977) commented that they facilitate 

exact determination of specific stage(s) at which any 

investigation is carried· out, without which it is very. 

difficult to properly evaluate and var ify the results of 

different in vee tiga ti one and meaningful con.cl us ions. 

Among vertebrates, amphibians have been found to 

be. oonvenien t material for analysis of development •. Normal 

tables are now available for a number of amphibians and 

many of these have been included in laboratory guides and 

manuals (e.g. Hamburger, 1947 J Rugh, 1"96 2) • Certain 

recent laboratory manuals such as New (1966) and Billett 

and Wild ( 1975) include normal table of Xenopus laevis 

of Nieuwkoop and Faber (1967} as it is used as a common 

laboratory material in many western laboratories. This 

description bas been based on external as well as internal 

morphological changes. 

Among a.nuran species available in India, 

developmental tables bave been prepared for Rana tigrina 

by Agarwal and Niazi (1977), ~ limnocbaris by Roy and 



Kbare ( 1978), ~- anderoni by Satyalal and Niazi ( 1977) 

and Rhacopborus nigropelmatus by Sahu (1981, unpublished). 

Though ~ cyanopblyctis bas, a very wide di?st.l;'ibut1on 

(Satyamu.rti, 1967) there is no complete normal table on 

its development. The table by Ramaswami and Laksbman 
. ' . 

( 1959) described its development up to . tadpole .s ~age only. 

This table in the present investigation bas been prepared 

after induced breeding. While desoribi~g tbe stage~ help 

bas been taken from Gosner ( i960), Nieuwkoop and Faber. 
' .• ~ t' 

(1967} and Agarwal.and Niazi (1978). Each new significant 

morphological change charac.terizes a new development stage. 

The development .fro.m the time of. fertilization· to tb·e 

ti~e of metamopbosed froglet stage bas been divideq into 

40 distinct s·tages, 1 to 22 embryonic and 23 to 40 post­

embryonic. ~s. this frog ~pecies is available tbrougbou t 

Indian sub-continent this table can be profitably used in 

laboratories all over the country. 

~,.REVIEW OF LITERAWRE 

The knowledge of successive ontogenetic stages 

in anurans is considered a formos t necessity, basic to 

training of embryologist world over. N·ormal tables of 
development have been described for a number of anur an 
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species dividing,the development into stages, each ·based 

on notable -morphological change. Followilig are more 

important ·references on -normal tables~ Adler'( 1901) · 

·described the comple't.e development of ~ vulgaris into 

15 stages~ Follis·ter and Moore· ( 1937) ·explained- the 

· development··9f ~ sylvatica, up· to the development of 
. . . . 

11mb bud· in 25 stages) · Shumway ( 1940) desQribed the 

development of ~ p'ipiens irito ·25. stages up ·to ·the 

complete opeeulum stage of the ·tadpoli.. In 1942~ h~-' refilled 

his earlier ·description with tb;e b'elp of histological· 

stUdies. Taylor and Kollros (1946) described; the· post­

embryhio development of ~ pipiens larvae: from Shumway 

stage 25 onward and divided the larval stages into another 

25 stages. Kopsch (1952) described the development of 

Rana fusca, from fertilization to me tamorpbosis in 30 ----- . - . 

stages., During the same year Del con te and Sir lin · 

described the development of ~ arenarum up to the 

operculum complet~ stage tadpoles, in 25 stag~s. Michnecwska 

. Fredygier and Figun;. ( 1954) described the early developmental 

stages o! ~ temporaria, ~ terrestris, ~ esculanta 

and Bufo bufo. Cambar and Marrot (1954) described tbe --
development of Rana dalma tina in to 5·4 stages up to 

~- . 

metamorphosis. Cambar and Gipoulous (-1956) gave a chrono-

logical table of embryonic and larval development of 

~ bufo.· In 1957 Gallien and Houillon desor ibed the 
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development of Discoglossus, ;eictus in to 32 stages till 
. . . . . : . ' ~ _, . ' .. . . . . . . . . } . . ~ . ' . . 

the limb aud star~s appearing. Cambar a~d Martin (1959) 
' ' . . ...... ; ) : ,· ·. . . . ~ . ' ' 

described the ~ormal development table of Alx;tes 
' ' ' '· ,; ·., • • 1 ' \1 

obstc:tricans ~d · Tabara ( 1959) the development stage of 

Rana .taponica. ·.In.· l960 Gosner gave. a s impliiied table !,or , 

staging . anurans: embryos· ~d l~va~ up to 46 stages with 

notes on it~ identification. Khan (1965) bas described 

complete developm~nt of Bufo melanostictus into 43 stages. 
' ' ' . -----. . . . ' 

Many developmental tables have be.en pr~vided ~or· Xenopus 
. . . . - . . ·: ; . ' 

laevis. (Peter 1931; Ga.scbe 1944; Br.etscher 1949 and 
. '. : 

N'ieuwkoop ·and Faber 1957), of these most exbaus tive develop­

mental table ~or Xenopus laevis bas been provided. by 
: . . . . ' . '·.-- . . ~ 

Nieuwkoop and Faber ( 1957). They have divided complete 
. . . 

development of this species into 66 s.tages, based on 

external a.s well as internal anatomical structures. Since, 

Xenopus ~aevis has proved to be very favourable experimental 

material in many laboratories world over, ~bese stages have . . . . . ; 

proved to be of great help in performing various experiments 
. ' ' 

at different stages of de~elopment. ln past two decades 

many more developmental tables have appeared e.g. Limbaugh 
. . 

and Volpe (1957~ on~ valliceps, Hing (1959) on Rana 

cbalconata, Jorquera and Iazquierdo ( 1964) on~ chilena, 

Sedra and Michael (1961) on~ regularis, Pugin and 

Goicoecbera (1974) on Rhinoderma darwani, Jo.rquera and 

Pugin (1975) on Rana chilena and Anstis (1976) on the 
: ~ 
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development of larvae of Li tona ver~eauxi. 
. : . . 

Coh tribu tions on deveiopmen t of frog species 

available in India are comparatively few. Ramaswami and 

Laksbman · ( 1959) gave a normal d_evelopni.~nt table of ~ 

c.Vanophl,tctis· '{without description) up to embryonic 

(hatching) stage only, Agarwal and Niazi (1977) described 

th'e normal development of Rana t1grina, up to the formation 

of froglet in ·55 stages. Roy and Kbare ( 1978) have provided 

a c·ompl.ete no.rmB.l. table of ~ limnocbaris dividing 1 ts· 

development f·rom fertilization to froglet stage 1n 32 stages. 

Among In.dian anuran species this being first description 

of devel.opmen tal stages formed after induced breeding• 

MATERIAL AND ME XI! ODS 

The frogs were induced bred ·{for technique see 

Chapter VI) and development was observed under s tereoscopio 

binocular microscope. Fertilization was confirmed by 1st . 
cleavage,.· Unfe.r tilized and abnormal embryos we.re periodi-

. . 
Cally r amoved. Cleavaging eggs were placed 1n crystallyzing 

discbes, about 30 each in 200 ml of cuitur_e medium. The 

staging of the embryos and larvae was based on the criteria 

presori bed by other workers {such as Gosner 1960; Nieuwkoop 
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and Faber, 1967; Agrawal and Niazi 1977). At eacb a tage 
. ' 

. . ' ' 

the embryos and larvae were fixed 1n Bouin's· fluid~During 

embryonic stage, jelly was removed befo.re fixation.· At 

early' stages the embryos were rolled on paper wi:tb fine 

forcep till jellY was removed,· at later stages it was easily 

removed· by forceps · ·A.f ter· hatching; ·the larvae were reared 

in stream water, to which some algae, water plants and 

semi boiled spinach were added as food· for tadpoles at later 

stages the tadpoles were transferred in larger troU:gb; · 

partly filled with s tr eain water and set with bydr o phy tea, 

sloping sand base on one 8 ide and a tones were kept to 

provide amphibious environment for their me tamorpbosis. 

Diagrams were made with camera lucida and photomicrographs 

were taken wi tb Asbahi Pentex set UP+ 

~?.CJ OBSERVAtiONS 

The eggs were stripped from the females injected 

with pitUitary extract and inseminated artificially in 

.freshly prepared sperm suspension• The morphologcal. changes 

were observed soon after fertilization. The fertilized 

eggs we:re transferred to stream water in a glass container 

(pH 5·•40 - 7.50 ; conductivity, 7.5 10 x micrmhos/mm -
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38~-1 x 10 .ppm and alkalinity 26_.0 ppm to 48.0 ppm). The 

development was c_ompleted iii 68 days at 17~C - 23°0 (room 

temperature)~ lt has been divided ipto .40 stages. Each 

notable morphological change, cb~act~rises a new 

developmental stage. 

Stage 1 •.. Age 0 hr ... Length 1.5 mm • Egg spherical in 

shape. One cell stage before fertilization •. 

Pigmentation darker dorsally (upper aide) than 

vin trally (lower). Tbe egg: surrou,nded by thin 

transparent vitelline mem.brane. 

Stage 2~ Age 1 hr 15 min - 1 hr 45 min • Length 1.5 mm 
. .~ 

"One cell stage" after fel:'tilization, spherical 

in shape. Dark pigmented animal pole pointe 

upwards and lightly pigmented vegetal poles 

downwards. .~he jelly capsule swells. The lightly 

pigmented grey oresent can be noticed at one side 

between the animal and vegetal hemisphere.l\~ .5· 1•
1 

Stage 3 •· Age 1 hr, 45 min - 2 br, 15 min • Length 1.5 mm 

"Twq_ cell stage". A furrow originated at the 

animal pole developing into two equal blastomeres, 

formed by a meridional . c~eavage furrow. The grey 

crescent is more pronounced.· F,·g. S".J.l 



Fig.l 5.11 : Develop,ental. s1;ages of Ralla. cxanophlycti&. from 

stage ~ to stage 13' · 
\ 



'}. 

.. -----.. -~-"- · ..... :.::::;;;:-.r-:~: 

13 
·~::. 

\~' . 
'•· 

~~· 
~ ~ ... ' .... 

-·· 

Fig. 5 "/ 

"'L .. .... ~·-~·.~ 

9 

12 .. 
~,-~~±:-. 

··:· .. 

15 



227 

Stage 4·. ·Age 2 hr 15 min - 2 b.r 30 min • Length 1.5 mm 

"Four cell stage". The second cleavage furrow 

extends meridionally' .from ~imal pole to vegetal 

pole at right angle to the first, giving rise to 

four blastomeres. t::\·9· 5'· I· 3 O..'Y'It:r/ S'· '·4 

Stage 5·. Age 2' br 30 min - 3 br • Length 1.5 mm "Eight 

cell stage"~ The third cleavage furrow is 

longitudinal and slightly. above aqua tor. Tbe four 

cell (micromeres) at the animal hemisphere are 

smaller and highly pigmented. The four larger cell 

(mac.rome.res) at the vegetal pole are less pigmented. 
l=-' S - 5 · I· 5" 

Stage 6~ Age 3 br - 3 br 15 min • Length 1.5 mm nsixteen 

cell stage". The four mic.romeres and four macro-

meres divide by vertical cleavage furrows into 

16 cells, 8 micromeres and 8 macromeres. F-·~· S·l·~ 

Stage 7• Age 3 br 15 min- 3 br 30 min • Length 1.5 mm 

"Thi.r ty two cell stage" 32 blas tomomeres are 

formed by the division of 8 micromeres and 8 

ma.oromeres. Except in the increase of the numbers 

of blastome.res, the external feature of the 

embryo remains same as above stage. J;,·~· S"· 1·"1 
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Stage 8 •. Age 3 hr 30 min - 4 hr 30 min .• Length 1.5 mm 

"Si,xty four cell Stage · or mid cleavage stage or 

large cell blastula stage". The blastomeres on 

the embryo looks like a mulbar.ry~ Micromeres are 

more in numbers_than macrome.res, indicating a 

synchronous nature of division. The cleavage 

furrow in the vegetal h,emispbere. ,not sharp. The 
,·, 

distinction between the microm~.res and macromeres 

due to gradual transition of cells from animal 

to vegetal pole becomes more apparent. ~·~ · ~.I·B 

Stage 9. Age 4 br 30 min - 8 hr ~ Length 1.5 mm 11Medium 

cell blastula stage". The blastomere cells 

increase in number but become red~ced in size. 

There is no.~ much dis tinction between micromeJ,"e.s 

and- macrome.res. K~ · S"·l·~ 

Stage 10. Age 8 hr - 11 br 45 min • Length 1.5 mm "Many 

cell or late cleavage stage" a~so called: "Fine 

cell blastula stage". The cells become smaller 

and smaller and the surface of embryo tends to 

become smo9th. The size of embryo gets some 

what increased. Tbe distinc-tion between micro-

meres and ma.cromeres vanishes gradually. The 

darkly pigmented part of the animal pole 

enchoacbes over the area of medium pigment 

across the equator to the vegetal hemisphere. 

~~- ~· \· \() 
---- ----- - -- -- -



Fig.1 5.}2 :· Developmental stages o.f ~ .cxanophlYctis from 

stage 12> to stage 2D-
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Stage 11. Age 11 hr 45 min - 14 hr .• Length 1.55 mm 

"Initial gastrula stage••. It is mark~d by the . ' ' . •' 

beginning of inv~gination in tbe middle. of, 

the future dorsal lip of blastopore. The dorsal 
. I 

lip appears as crescent sbape~ The unpigmented 

zone of t~e vegetal bemispbere_gets f~tb~r 

reduced due to t~e continued migration of the 

pigmented micromeres towaJ;ds. the vegetal p_oles. 

'~='·~- 5'·1·'' 

Stage 12:~ Age 14 -~~ .- 24 br 30 min • Length 1'!55 mm 

"Blastopore or mid gastrula stage". The crescent 

shape, blastopore has bee~ added by lateral lips 
. ' ' 

-~d. which_ is now _in semicircular shape·. Activ:e 

gastulation is indicated by blasto.~ore for.ma-
. - . 

tion and continuous migration (invagination) 

of the blastopore cells into the interior of 

the embry_o •. Th.e vagi ta~ ~emi~phere greatly 

reduces the exposed area of unpigmented 

macromeres .• The semicircul~U" blastopore yolky 

ultimately gets in to circular a tage. F··~ · s ·I· r:a. 
0-w\el S"·l·ll 

Stage 13. Age 24 br 30 min - 29 br • Length 1.55 mm 

"Yolk plug stage". Blastopore closes velltrally• 

The uninvag~ated macromere s~rounded by the 

blastoporal lips protrude out a little and 

cons ti.tute yolk plug. Yolk plug fairly large•. 

f;' 9. >· I ;{Lt A. 5" · I · I ~- . 
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Stage 14. Age 29 hr- 33 br • Length 1.55 mm "Disappearing 

yolk plug stage". Diameter of the blastopore· 

becomes reduced by constriction• The size of 

yolk plug becomes reduced though it is more 

surrounding through blastopore than at previous 

stage' .. Further position of the neural plate and 

groove become indication by dark .Pigr..nen ted lines 

extending from bla.s top ore dorsally over~ 1=,· g. S·l.· 1~ 

Stage 15; Age 33 hr - 36 hr • Length 1.65 - L 75 mm 
- ' 

"Neural plate stage", Neural plate de~imitsd 

embryo becomes elongated anterio posteriorly• 

The dorsal surface slightly flattened forming 

neural (medullary) plate. With high pigmentation. 
M.· ~ • 5·'1· 1.(. 

Stage 16. Age 36 hr - 41 hr • Length 1;75 - 2.10 mm 

"Neural .fold sta.ge". The neural folds are 

prominent on the edges of the neural plate. At 

anterior r~gion, the prominent neural fold extends 

ventrally towards caudal region to surround the 

smallblastopore slit. Embryo looks pear.shape. 
r-~·g. S"'·'l.·t/ 

Stage 17. Age 41 hr -51 hr • Length 2;10- 2;40 mm 

''Neural groove stage". Embryo oblong in shape. 

Tbe elevated neural folds grow towards each 

other in a.n terior than in the posterior +egion 
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forming. a shallow groove,- the neural or 

medullary groove •. Head and trunk region can be 

distinguished. Lateral outline of the embryo 

convex.~ 

Stage 18. Age 51 hr - 60 b.r • Length 2 .• 4 -. 2.65 mm 

"Neural· tube stage '·'• Embryo length increased 
- - -

up to 2.65 mm. Neural fo-lds _completely fused to 
- . 

form the neural tube which stands out as a mid 

dorsal ridge~ Head and .trunk distinctly demar­

cated~ Blastopore closed completely~ Two faintly 

pigmented spots on the ventral side of the bead 

marks the rudiments of oral. sucke.r. J=,-5 . 5'· :2- .<o ~ 5·l-~l 

Stage 19. Age 60 hr - 75 hr • Length 2.65 - 2.9 mm 

"Tail and stage". -Tail bud prominent at ·the 

posterior end of the-_embryo. The optic bulges on 

- the bead are some what posteriorly placed. The 

bulges of gill plates prominent on each side. 

Anterior to the optic. bulge a pigmented spot 

marks the area of the future olfactory pit. 

Stomodaeal groove present in the form of 

longitudinal dipression, in the mid ventral 

region of the head laterally behind this groove 

a pair _ of oral sucker appear as a sligb tly 

i t d 1 1 tub R ll ...... ">·',ll. 2- 5-:::z.·l.!. - p gmen e con oa pro _ erance. '~ .:> .. 



Fig.· 5•~3 : Developmental stages of ~ cyanophlyctis from 

stage J- 1 to stage ~ 5' 
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Stage 20. Age 75 hr - 80 hr •. Length 2.9 - 3.4 mm 

.. Muscular response stage". Dis tinct eye. Tail 

bud enlarges. Sm~ll pigmented depressions in 

front of each optic bulges mark the position 

of Olfactory pit. Oral sucker prominent. 

Stomodeal groove .deeper and an terfor to' small 

pits. Myotomes are visible. Fv~· S·:l.·;llt$. S"·~~S' 

Stage 21. Age 80 hr - 90 br • Length 3.4 - 4.5 mm · 

"Heart beat stage". Tail-fin formation clearly 

distinct. Dorsal and ventral fins prominent. 

Myo tomes dis tine t and extends approximately half 

the length of tail. Oral sucker· becomes more 

prominent. The bead and trunk clearly separated. 
R-' 1 . s. 3. ~ (,. a.N'\.d s-. 3.. ~ 7 

Stage 22. Age 90 br - 110 hr • Length 4.5 - 5.3 mm 

"Gill circulation stage"·· Tail bud elonga tea 

into distinct tail. The onterior p~rt of the 

stomodoeal groove depends. Distinction between 

jaw and gill area well marked. Oral sucker 

enlarges. Eye spot clear. Tail fin are outer 

trans parent and inner tran£Jluoen t. Muscles wi tb 

bands can now be observed in the tail fin·s. 

Broadest fin area behind middle of the candal 

half. The embryo hatches at the stage. 'h.:.tj .5'-3·l.g 

~~ S"·l·.2.q. 
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Stage 23. Age 110 hr- 130 hr ··Length 5.3- 3.8 mm 
' ~ • II ' I• 

"Mouth open stage"• Mouth distinct open and 
' . 

consists of whitish break~ Three.pairs of 

~xternal gills well marked with fingers like 
/ ~ 

filam~nts~ Pigments· visible at ·head trunk and 
,', ·' . .. ' . 

tail! Cornea tr~sparent and lens.visible as 
> ' • • ' - • , • ~ : • • 

w}lite spot·~ A rudiment of skin fold visible 

at the base of the external gills~ Larvae show 

swimm~g. ~ocasional jumps and movements by 
t"; • 

muscle contraction, in culture mediae f'i:9 · !>-· 3:.30 

Stage 244! Age 130 br - 155 br • Length 6.8 - 8•0 mm 

"Tail fin circulation stageu. The bead, eye, 

e~s, mouth and gills prominent, The epidermis 
' rl ' • • • • • 

becomes trans parent. Mouth opening surrounded 

by upper and lower labial fringes. Blackish 
\ .. . : ·. 

prown kerotodonts and oral papillae visible in 

the mouth. Upper folds develops over the gills 

at each side. Tail bas broad tail fins and 

tail myo tomes can be seen. h.,~ ·. 5' · 3 · 3 l 

Stage 25. Age 155 hr - 210 hr • Length 8~0 - 8.5 mm 

"Opercular fold stage" •. Gill filaments thin 

and trans parent. Larvel mou tb surrotmded by 

pre and post oral labial fringes. Larvel beaks 

bas black keratinized sheath with cutting edges. 



Fig. 5-.14 ·~ Developmental stages o:f Rana cxarwphlyctis 

from stage ). '>" to stag~ 3 1 
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Transparency of the. skin ·increases, Numerous 

melanophor es at dorsal or. la tera1 .side o.f the 

anima!'!' The oper cuium grows po'si tively. ~·g . S'·l· !l-

Stage 26 ~ Age 210 . br - 260 · br • I~engtb 8. 5 - 9. 2 riun 

"Right side operculum closed stage ... The 

operculum fused with anterior . gelly skin on 

the· rigb t side covering the external· gills, 

Gills at' the left Side still visil)).e although 

smaller in size. Oral sucker reduced~ Mouth 

structure more clear and shows dark brown borny 

teeth on pre an4 post oral labial fr:lnges.f'.l~· (;.:J·ll 

Stage 'Z7. Age 260 hr - 285 hr ·• Length 9. 2.- 10.5 mm 

"Complete oper·culum stage".· The operculum fused 

with· the skin of anterio-ventral. billey on both 

sides. In small ven tro lEi teral area, however, a 

portion of. gills st.ill visibl·e, on the left 

side through a ventro lateral edges of operculum. 

Oral· suckers much reduced~· Two. coils of in tea tine 

visible ~hrough ventral skin. Todpole start 

feeding on filaments algae. De'marcat.i:on between 

head and trunk disappear, thus~· embryo has only 

trUnk and tail. Eyes well developed and iens 

wi tb retina. ~ 9. s--. 'l · ~ '1 
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Stage 28. Age .285 hr ,- 384 hr • Length -10.5.-:; ·18_.5 mm 

"Hind limb as long as wide stage". -Hind ·limb 

· buds af} long as wide and appear at. the .groove 

between the base of the tail and belly~ 

Elevation of oral sucker diaapp.ears. Eya 

pro·mi,nent lateral line .system present.·Pigme~ta­

tion dis tri,bu ted throughout the body surfa.ce 

of the tadpole·-. Intes.tine has .4- -· 4i coils·~,. 
~1 . S"· Lt· 35" 

Stage 29~ Age '384 h.r - 576. b.r • Length 20.0 -._26.5 mm 

"Foot paddle stage". Distal end of the bind 

limb .bud becomes flattened media-laterally· to 

f'orm a foot paddle. Hind limb approximately 

twice long as wide and extends beyond· .the cloacal 

o·pening·. The ventral depres,sion in the middle 

of bind limb delim1 ts the proximal· segments or 

thigh and it indicates the posl tion of the 

knee band. In tea tine shoWs 6 - 6i coils. r-:...·.:; · S"·<t·3' 

Stage 30. Age 576 hr - 912 hr • Length 28 - 34.5 mm 

"Fourtb interdigital indentation". The morgun 

of the foot paddle indented, between: al~ four. · 

toils, which are now separated from each other 

Mclonophons patches visible on thigh, shank 

ankle and . .fo.o t region. The number .of horn tee tb 



Fig.i 5~j5. : Developmental stages .of~ cxanophlYctis from 
. ' ' 

it age 3 'l- to stage J) 
I 
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, increases on pre and post lips. :Fhe margin of 

the 5th toe web directed towards tPe tip ot 

third toe. The distinct half of. the h.ind l~mb 

extends beyond the opening of the cloacal tail 

piece. t;..·~ · 5"· 4 ' 3 .., 

Stage 31. Age 912 hr. w• 1008 hr • ~engtb 34.5 - 44.0 mm 

"Demarcation :Pe.twef;)n ·tarf;Jal and metatarsal .region". 

Tarsal and metatarsal .region_can be .recognize~ 
. ' . . . 

separately. An ~gle of 90° can _be noted between 

the thighs. Base of .the .. cloacal piece narrower 

than previous_ stages, Webs ·well develop~d and 
- ' ' 

~dividual pharengeals +ecognizable externally. 

fuo ankles almost parallel to ,each other. h:~ · ~· Lt·38 

Stage 32. Age 1008 br - 1.200 hr • Length 45.0 - 58.0 mm, 
' --

"Pballangeal differentiation". ·Phallanges 

phallangeal out growths dis tinct and oan. be made 

out externally. The nasolaerineal duct visible 

as a white line between the nostril and eye. 

Bases of ·the two thighs have come closer . to each 

other madially reducing the prox;unal _ pa~ t of the 

cloacal tail piece to a 11.arrow a trip • Ttl 1gb 

makes· acu·te angle with the shank. s~~ . 5"· ~- 3tt 
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Stage 33· Age 1200 hr- 139·2_h.r • Le~th 58.6- 63.5 mm 

"Pelvic Symphfsia". ·Bases of the two thighs 

ammost fused with each other, madially indicating 

the formation of pelvic symphysis, however, small 

distal part ot the cloacal tail piece .remains 

dorsal to· tbigso -h>5 · 5"-;--~-o 

Stage 34. Age 1392 hr - 1464 hr. ·Length 6o~'o- 65.0 mm 

"Fore limb visible". The fore limb visible through 

the transparent skin at the ventral side~ Elbows 

found jutting against the body wall laterally. 

Cloacal piece disappearing. Dissolution of the 

skin below the left elbow begins and forms a 

window for subsequent emergence of the left fore 

limb. ~~ · S'. '- · Let> 

Stage 35. Age 1464 hr - 1476 b.r • Length 65o0 - 63.0 mm 

"One fore limb stage". Only one fore limb 

emerges. The left fore limb emerged first in the 

three oases observed. It emerges through a window 

formed by the enlargement of the spi.racular 

opening. Simultaneously fin resorption begings. 

In tea tine length reduces • r-;.._~'1 . 5" ·" · '-d 

Stage 36• Age ·1476 h.r - 1482 h.r • Length approximately 60•0 

mm "Two forelimb s tage"•Botb fore limbs have now 



Fig. 5.~6 : Developmental stages of Rana cYanophlYctis from 

stage p~to stage L(D 
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enw.rged:. The right fen ·limb emerges f·rom the 

window formed by the dissolution. of the skin 

below its elbow. Head. broader th~ trunk~ 

Tadpole size reduces· approxima.tely 3 mm. 

In tea tine lert~tb _further reduc.es and is smB:ller 

than stage ?5· 'Rows of teeth and horny beak still 

present. ~'5 · S· ~ · Lt 1 

Stage 37. Age 1512 hr • Length 54.0 - 50.0 mm "Mouth gape_ 

wid'ening. · Labial fringes disappeared and horny 

teeth· and beaks have been shed. Mou tb gape 

wide~a" Smal~ tongue_deV.~lopes~ Nictitating 

membrane perceptible .• Trunk gets narrower tban 
. . 

the head. ·Adult types pigmented patches appear 

on the body and limbs. Tail and. the size of tbe 

animal further gets reducing. h>~ . s · L. ·t.., l... 

Stage 38~ Age 1548 hr • Length 26.0 - 31.0 mm "Reduced 

tail stage". Tail resorbed and .reduced to about 

i of 1 ts· length. Dorsal fin either grea t~y reduced 

or absent. Mouth gape widens. Snout assumes adult 

form. Eyes prominent and buldging. f-?.-~-5'-C.·t,~ 

Stage 39• Age 1584 b.r • Length 2·2.0 - 26•0 mm "Tail stub 

stage". Tail reduced to- a stub corner of t_be 

mouth reaches the level of the pos te.rio.r margin 
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. . . 

oi' tbe eye~ General .body shape like that of 

adult. At this stage frogiets are observed often 

. sitting on·atones close to roater. !f:,·g'· s-.t.·4y 

Stage 40. Age 16}2 br • Length 22.0 - 18.0 mm "Froglet 

stage"~ 'Fully me 'tamorpbosed frogle ts. Tail 

complE:rtely disappears. l'atobes 9f p1~ents are 

seen on tbe body surface like those of adults~ 

Me tamorpbosed frogle ts ~shows all an)iran 

General:· 

cbaract!;1rs and are miniature image of its 

species, w{thout any external. distinguishable 

sexual. characters. 

--'. 
~3 DISCUSSION 

McCann (1933) and Ramaswam1 and Laksbman (1959) 

mentioned tba t ~ cyanophlyctis can breed tbrougbou t the 

year, at suitable localities. During present study, Rana 

cyan.optyrctis was found ac·tive and available all around 

. year at Sbillong (1425· m.a.s.l.} as well as at Gaubati 

(49.4 m.a.s.l.).· On the basis of the availability of large 

number of females Wi tb u te.rine eggs. Ramaswami and 

Lakshman ( 1959) reported that~ c.vanophlyctis breeds 
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actively during early-part of August. Based on the 

relative conditions and number of eggs in tbe ovary during 

different months, its active breeding appears to be during 

monsoon season but induced breeding c~ be successfully 

acbiev~d-'in this ·frog aimost every·montb from March till 

October <see Chapter ·vii). 

Duration of developm~nt: 

The present developmental table of ~ ·cyanopblyctis 

bas been prepared in the mon tbs of June, July and August 

at room temperature from: 17°0- 22°0. Its development from 

fertilization to froglet stage was completed in 1632 

hours. The chronological timing of development are 

following• 

·.~~·~~:· ~ ; 

Embrzonic - 8-12 hr; gas·tiuila tion 14-24 hr 30 min; 

new.-1.1l~.tion 51-60 br; hatching 90-110 hr. 

Pos t-embrzonio - Formation of external gAllss 
. ' . 

110-140 br; Oper_culum fc:>ld stage.: 155-210 br; bind limb 

stages 260-285 h.r; five toes stage: 576-912 hr; bind limb 

enlarged stage/pballangeal differentiation stages 1008-1200 
' ' . 

hr; large size active feeding tadpoles 1392-1464 br; fore 

limb stages 1482 b.r; an<l total disappearance of tail and 

metamorphosis to frogleta 68 days i.e. 1632 hr. 
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So .far as ha tcbing time is conce.rned Ramaswam.i and 

Laksb~n ( 1959) described ·ba tching of ·~ cy;anophlyc tis 
. . . ' 0 0 

at 116 br of .fertilization at 18 C- 20 c. Agarwal and 
.. -

Niazi (1977) .reported 17l hr .for~. tiSrina at 28°C-

32°C. Roy and Khare (19·ia). reported 120 bras hatcbing·time 
0 . . 0 

for Rana limnocba..r.is at I, C - :ll·b C... Tbe same species· .from 

Singapo.rebas been repo.rteci to batch 24 br after .fertilization 

at temperature 27°C :~ 29°0. Roy and Khare ( 1978) discussed 

th~ t the tempera ~e was a plausible factor for the difference 
' . . . . . ' ' . ~ . . ' . ' . . . . .. . .. . . . . 

in the ba~cbing period of th~ frog at Sbillong and at 

Singapore~ They further discusst4tha t high. temperature 

(26°C- 30°C) .at which Agarwal and .Niazi (1977) studied the 

developmen. t of ~Bll:a tigrin~ is accountable fori t:i ts faster 

developmental rate during embryonic stages and slower 

developmental rate at post embryonic stages. The hatching 
. . 

period of ~ cyanophlyctis at Shi~long at 17°C to 21°C in 

the present investigation and at Ba.ngalo.re at 18°C - 20°C . . . 

as reb)or ted by Ra.maswami and Lakshman ( 1959) were no ted to 

be almos t same. 

Although in our laboratory, at Sbillong, the hatching 

time of~ cyanopblyotis (in t~e present investigation) and 
. ·' • • .. . . . I 

Rana limriocbaris (Roy and Khare 1978) were observed to be 

almost same, the duration the post-hatching stages and 

metamopbos~s were found to \.2.) ve:ty gr;eatly. ~ limnocbaris 

(Roy and Kbare 1978) completes its development and metamopbosis 
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on its 33rd to 36th day of fertilization but~ 

c.yanophlyctis requires a prolonged period of approximately 

68 days. Earlier Taylor and Kallors reported 9·0 days for 

the completion of metamorphosis in ~ pipiens , 

Nieuwkoop and· Faber ( 1967) reported 58 days for Xenopus 

laevis and Agarwal and Niazi ( 1977) 52 days for ~ t'igpina. 

Though development appears temperature dependent inherent 

genetic factors may also be operating in a species. 

The growth though slow during embryogenesis 

becomes faster after hatching particularly after stage. ~7 

(bind limb bud stage)• At this stage the development of 

operculum gets complete and larvae behaves as a ravenous 

vegetative feeder. Growth continues up to stage 34. The 

metamorphic degrowth is observed subsequently and continues 

up till froglet is formed on the 68th day. 

Every marked ontogenic change is taken as a new 

developmental event of~ cyanopblyotis forming the basis 

for a new stage. Although the criteria followed by 

different au tbors are similar, yet there have been lot of 

variation in the numbering of. stages of different anura.ns. 

Shumway's (1940) developmental table for embryonic and 

i)lor and Kollras's (1946) developmental table for the 

larval period of ~ pipiens bav.e been invariably used for 

reference by many investigators and laboratory manuals. 

(Humburger, 1960; Rugb, 1962; Witscbi, 1953,1956, 1962). 
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Gosner (1960) proposed oriter,ia for the staging .of frog 

embryos. Though these ori teria .ar.e ~ensly belpful but 

some times it be·oomes diffioul t . to rigidly a t,ic;:}c; to, ~y. 

one of these due. to differentialdevelopmen.tal pattern o! 
.. 

di.ff'erent species and due ,.,to inherent genetic variability. 

4orquera, Pugin and Goiooecbea ( 1974) observe.d that embryoniQ 

a true tur,es, s ta:ges and, developmental time var i~d- .. ill .the. 

different population of. Rhionoderma darw:tni probably due 

to their adaptibili ty at. different requirements .and, 

condi tiona of the si tea. Among all normal. ~.bJ.es ava.Ual;>l.e 

the developmental table of Xenopus ls,evis descr.ibed by 

Nieuwkoop and Faber ( 1967) is tb_e mos·t exbaus tive. They 

have followed external and 1n t.ernal morphological cha,nges 

as a cr i ter.ia for staging, ape ci ally because Xenopus laevis 

bas been found to be one of the moe t sui table material for 

the developmental a tudies in many wee tern labor a tor'ies. · In 

the present investigation help bas been taken from Gosner 

( 1960), Nieuwkoop ··and Faber ( 1967 ), Agarwal and Niazi ( 1977) 

and Roy and Khare (1978). The ''development bas been divided 

into 22 embryonic and 18 post embryonic stageso· 

In the last, a wof@d can be added on its habit. 
~ .. 

It is an aquatic frog. Ca.rr (1940) commented that for t() 
{..A.--it. 

biological studies aqua tic frogs /!roverA to be. _ideal speo1~.s 

as they rem~1n. relaxed when held .in band and bangs their 
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limbs, rarely resorting to v~gorous kick and contusive 

behaviour, unlike terrestial anurans.; ~ cxanopblyctis 

being of handy size, aqttatic in nature, abundantly 

available throughout the year in the Indian subcontinent, 

. can be used as a convenient class room material for 

development studies under Indian condi tions• It does not 

undergo hibernation. It nas prolonged breeding period. 

Attempts can· be made to usa it as aquarium frog in the 

laboratory.· 
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· The present eh~p.ter deals, the d.es.o.ri.ptio~ ot 

normal ta]:)le o£ Rana cya.rioEhlzo tis Scbne,ider.<!. . : ibe 

development bas· been studied after iiulu.oed b.re~ding. Tbe 

rearing of embryos and larvae has been ~ar~ied on 1n the 

laboratory in the pond water (Temp. 17°C- 21°c; pH 6•46; 

conductivity 19.2 x 10 micrhomos/mm ; oxygen 8.13 ppm). 

Hatching occurs on 4th/5th day and metamorphosis into 

froglet stage is coii;lpleted on 68th dayo The staging of the 

embryos bas been bas.ed on. major .changes in the external 

morphological feature. The entire development from fertilized 

egg u~ till metamorphosis bas been divided into 40 stages; 

fertilization stages 1-2 ; cleavage stages 3-9 ; gastrulation 

stages 1 0-1.2 ; ne·urula tion stages 1 2-18 ; or ganogens is 

stages 18-24 and post embryonic development stages 24-40• 

~ cyanophlyetis is a prolonged breeder and can be induced 

to breed throughout the year under ideal oondi tiona• 
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Experimental Breeding 



INTRODUCTION 

In recent years induced_ breeding bas been pro!i tably 

use'd for aquaculture programmes. But its a ta.nda.tddza tion is 

an important prerequisite for any species. Tbe role 9f 

pituitary 1n the reproduction-of vertebrates was f4"st 

unders ta•d from the experiments of Ascbbeium and Zo.rdek 

(1927), when they investigated that pituitary impl®~S 

accelerate sexual development in mice (for details see 

Allen, 1939 and Pickford and A tz, 1957). In the year 1929, 

Wolf on !!!!! pipiens and Houssey !U §!• ( 1929) on Buto 

marinus, performed pioneering experiments demonstrating 

the induced ovulation in anurans by injecting or implanting 

homoplastic pituitary glands. Subsequently, many biologists 

sucb as, Adams (1931); Wills .!! !!• ( 1933); Shapiro ( 1936); 

Bellerby ( 1933)1 Rugb ( 1934, 1935a., b, 1939, 1962); 

O.reaser and Gorbman ( 1935); Gall ian ( 1937); Ramaswam.v ·and 

Laksbman (1958, 1959); Wright (1945, 1950);· Wright and 

Hisaw (1946); Wright and Flathers (1961); Nieuwkoop and 

Faber ( 1967); Hock and Wen ( 1970); confirmed ovule. tion 1n 

anurans by pituitary hormones and s ter1od injections~. Based 

on this principle certain biological companies in U.S.A. 

(such as Carolina, Burlington NC and Turtox Chicago) supplf 

pituitary kits for induced breeding in frogs. 
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While working on ~ tig.r;ina, ~ hexadectyla 

and ~ cyanophlxctis· Ramaswamy anti Lakshman ( 1959) 

expressed con,cern ··that in ·Ind'ia techniques of induced 

breeding are not adequately ::developed and prescr 1bed a 

more favo~abl'e ~ecbni'qu~ using the homoplastic as .well as 

fish pi tu1 taries, in combination with threshold dosage of 

mamalian hormones for induced ovulation in these -species • 

But even now induced breeding is not conveniently pr·actio~;ul 

in many Indian laboratories •. .·. \ 

Rugh (1948) proposed that the pituitaries can be 

stored in absolute ethyl alcohol without losing their 

potency. Use of preserve pituitaries is ~ow a rout~e for 
•1 I 

induced breeding in fishes (see Jhingran, 1975). Kbare, 

Roy 13,nd Kumar (1981) demonstrated that frog pituitaries 

preserved in absolute ethyl alcohol retain their potency 

for several years and can be used profitably for induced 

breeding in fro~s. The procedure followed in the present 

investigation for Rana cy~ophlyctis is based on the 

combination of techniques· prescribed by Rugb, (1934) Osche, 

(1968)and Jhll?-gran {1975}, According to this technique, a 

stock of anterior pituitaries of male and female frQgs 

preferably of same species preserved i~ absolute ethyl 

alcohol is built up and a measured quantity. of these 

pituitaries is used at the time of induced breeding 

e~perimen t". ~ cyanopblyctis bas a prolonged breeding 
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period -March to October at Shillong and still longer 
. ' . . 

at Gauha ti. This. cbal)ter. de.scribes bow these preserved 

· pi t\11 ta._ries are successfully .used ··for induceQ. breeding of 
. : ' . - . . .· . : ' : •' 

this speci~s under laboratory condi tiona. 
. ' ' 

Induced ·breeding· tecbniqtie can. be us~d for ' ' 

experimental bre-eding. of the animal on :large scale~ , As 

gonado somatic: index and fecundity may· b:e' helpful in: 

experimental breeding programmes they have ale 0 been. 
. . 

iiloluded in the present chapter~ 

\:~~)REVIEW OF LITERATuaE 
""'\./" . ., ' 

The concept of tbe use o.f pituitary injection . : . . ·, ' 

tor successful spawnin.g in frogs came up in 1929 through 

the work of Wolf on ~ Ripiens and Houssay ~ ~· on 

Bufo marinus. The following year ·1930, Ho~ss~y demonstra­

ted spawning by pi ~i taries in fishes also. Wolf ( 1929) 
. . . ~ . . 

observed that con~nuo~s trans.plantation.o! a.pituitary 

for 3 - 4 successive days. in female Ra.na Ri,Ji!i~ns ei tber 

lead to ovulation or gorging of egg in u te.r~s. He also 

experime~ted. and found that the transl)lan tation of brain 

or neural tissue bad no effect on gonads or spawning. 

Wille et al. (1933) observed. that toad can be.induceQ. 
-~ . 

ovulated by fish pituitaries. Rugh (1934, 1935) 
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demonstrated that injection of homoplastic pituitary glads 

directly in· the abdominal cavity brougb t about ample~s 

and owla tion, The egg thus' obtained were artificially 

inseminated·. " With the help of Homoplastic and Heteroplast~c 

pituitaries., Rugb (1935) success,t'ully induced ovulatio:n in 
. . 

Rana clami tans, Rana catesbeina,. Rana ~alustrl~ .an~ "Bufo 

floweri during different mon the. and noted tba t. the dosage 

of pituitaries varied during different months,. He .. also 

note~ that the pituitary of Bufo ,floweri was smallest ~ 

size and least potent for other species and that of ~ 

catesbeiana was largest and strongly effective in other 

species, He fur tber demonstrated that extract of mamalian 

anterior pituitary (she.ep gland and antuirian ~ 5 from 

urine of pregnant individuals are effec ti:ve in all species 

of frogs. ~ Rugh (1934) used meshed pituitary 

e~tract in di.stilled water or 10% ethyl alcohol for 

indue tion of vvula tion in anurans, and observed tba t. 

homogenate en~.anced pituitary action by .300-400%. He 

observed that bypopbysectomization in frog showed of gonads 

but on injecting i_ts own pituitary later enhanced. some. 

gonadal .maturation and ovulation, While ·~onclud~g be 

also mentioned that the degree to which ovaries, are emptied 

depends upon tbe temperature. Subsequen.tly be investigated 

the breeding behaviour of different sp_eoies .of frogs f.ound 

in North America, and stated that anuran eggs and larvae 

can be obtained in all months of a year.. R:ugh (1935) 
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further observed that inter and·intra-spec:t,fio aiilplexes 

can be achieved in frogs,. but nqt among frogs. and toads. 
''. . -· . . . . 

He belie"'ed that the warts and poisonous ~kin of toad bad ... ' . ' 

been the plausible reason for the. t:ailure. of amplexes it . 

Rugb in: the year 1939 des or ibed. in de tail. the technique of 
''' • ', •' • o • ' • : - • '+ I • '• • • -' ' • • 

obtaining ~uran e~~. b~ ~ t~r.!or pe~~.tary. ~'!ll'ing b~~eding 

period of .f.rogs(.for details of. tecb:nique see Rugh, 1962)~ 

tB.n.dgrebi .and Puarser ( 1941) described th~ :technique. of 

breed~ng Xenopu~ in labo.ra tory~ In 1942,~ Robinson and. 

Hill made some modification in the. ~nj eo tion tecbniq~e. 

proposed by Rugh ( 1934), for BUQcessful induced ovulation 

of Rana pipie~s in the laboratory conditions~ Adams and· 

Granger (1938) showed that Triturus. viridescens ·pituitary 
. ' 

induces ovulation in Rana pipiens and.felt that there was 

no ·zoological specificit,y of gonads stimulating hormones. 

Creaser and Gorbman ( 1939) recorded that fish 

pi tui taxies are capable of spawnmg prawn. Further, 

Wills, Riley and Stubb (1933); Stroganor and Alpatov (1951), 

and Picford and Atz (1957) and Chaudhuri (1960, 1963) 

have also reported that spawning in fishes can be induced 
. ' 

by frog· pi tui taxies •. In the year 1942, Creaser achieved 

ovulation in~ pipiens by bird pituitary preparation. 
. . . 

On placing the ovaries "~vitro" in the cultural medium 

having pituitary hormone·s. Wrights (1945) demonstrated 

growth and maturation of ova. In the year 1950, be 

demonstrated that the length of the exposure of ovaries in 
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cul tu.ral medium having pi tu:i tary hormones _leads to 

"~·vitro" ovulation. Barr and Hobsori.·(1967)· regulated· 

dosage of· the gonadotrophin 'injection :lri. Xenopus laevis 

so as to obtain desirable number of egg~ · Thai also · 

formulated a method for th'e estimation' 'of numbers· of ·egg 

laid by any s_pecies ~ Alonso-Beda ta ·a.n:d. Serrano ( 1970} ' 

described a technique for· experimental. ovtila tion ahd 

fertil,ization in~ ridibunda ·and noted· that keeping 

temale of the species at ro6m t·empera:till-e: for larger period 

deter ior a tea the ovaries and owla tion capabilities. Hook 

and Weri ( 1970) demonstrated artificial breeding in ~- · 

limnoohasis following Rugh's technique and described its 

early d·ev'elopmen t up· to tadpole· s tagea, Though· there is 

no zoological specificity, earlier worker, Barth ( 1933);. 

Creaser and Grobman ( 1935); Rugb < 1933, 1935) mentioned 

that sheep or other c~ttle pituitaries extract and/or 

pregnant mare serum and/or human pregnancy urine and 
. . ·. . . . ' ' . ~ . ) 

cborio_nic gonadotropin do. not induce ovulation in ma. tu.r.e 

Rana Eipiens~ But subsequently manr. workers bS;ve s~ccessfully 

induced ovulation using betroplastic pituitaries includ,ing 
. ' . . . . 

mammalian pi tui tarie_s and various gonadotropic steriods, 
' . . . . . . . . ·. . ' .. 

such as Rugh (1935) in Bufo floweri and Rana catesbeiana; 
... , ~- ... ~ ~ .. •· 

Creaser and Grobman ( 1935) in HYla ~urea; Ballerby ( 19_33) 

in Cunnigbam and Smar~ ( 19.34) and Gall ian ( 1937) in R~a 

temp or aria and SbapU1.o ( 1933 ). , Shapiro and Zware~ tein 

(1939) in Xenopus laevis. W.r 1gb t and Hisaw ( 1946 ) in 
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O"'!llla ting ~ pipiens with a mixture made up of mammalian 
. . 

pi tui.tary and gonodotropiJHts tei'iods. .In the year 1961 . . . . . . 

Wrigh.t and Fleatoer ,observed. that injecti<?n o~ .hom~pla~tic 

anterior pituitary glan4 in· combination .. with progesterone 

compels complete ovulation 'in-~ pipiens~ 

Contribution on· induced breeding on frog species 

available in India are relatively few. Ramaswamy and 

Lakshman (19?8, 1959) prese~ted injec:tion of hom~plastic 

pituitaries in combination with threshold mammalian hormones 
'· 

for successful induced breeding :in ~ /-ttsrina, ~ 

hexadactyla and ~ cyanophlyctis. They also noted that 
. . ! 

pituitary collected from females having regressed ovaries 

showed indifferent result and the frog freshly collected 

give better result than those stored for 8 to 10 days., .. 

Further they mentioned that by altering the dosage the 

ovulation could also be achieved dur iri.g winter month in 

~ cyanopblyctis as gravid females could be procured 

throughout the year. 

Gangadhara and R~iab ( 1968) observed that 

\1ypophysectomy and· ovariec t'omy in ~- cyanopblyc tis 

resulted in the a trophy of the oviduct ~d .~eorease i~ 

alkaline phosphate .activities •. Methallibure a non sterioid 

pituitary inhibitor reduced the oviducal alkaline phospb.ate 

activity. Further, starvation destroyed the mature 

follicle in the ovar_y and caused depletion of ovar.ian 
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cbolestrol and oviducal alkaline phoepha te activity. 

Hence they concluded that reproduction in female skipper 

frog is under hormonal and nutritional control as in 

mammals. Kasina th and Basu ( 1977) investigated that 

different dosage of stereid bad ei~ificant role on 

s-perma togensis of the frog ~ bexadactrla. 
. .. 

Gopa.lkrish~an and Rajasekbars~tty ( 1977) observed 

that~. cyanopblyctis is a unique frog which mai·ntains 

the gravity of ovary round the year. However, its acti,ve 

breeding season is recorded to be a prolonged one extending 

from July till the· end of September in Sou tb India, FlU." ther 

they recorded that the ovary of the skipper frog shows two 
. . 

distinct phases. No •. (i) ovarian phase during which ovary 

releases gravid eggs (ovulation). No.(ii) oviductal 

phase during which the released egg passes through the 

oviduct causing spawning. They also noted that pituitary 

homogenate induces spawning better than steroids. While . 

the steroids acts as an effective agent for oocyte 

mturation (Roy, 1979) induced ovulated~ limnocharis 

at Shillong under labor a tory conditions using homoplastic 

and heteroplastic pituitaries homogenates and observed 

that large number of viable eggs can be obtained from the 

female frogs during the month of April and May, soon 

after the termination of it bybernating phase. During 

later months the frogs act indifferently due to spent 
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ovaries. Hence abe bas recommended April and May for 

successful ·mduce ovulation in ~ liliinocbanis of Shillong. 

The do~age calculation and p~eservation of the 

pi~itaries have been atte~pted by.the Qiologists world 
', 'I' 

over. Strogonov and AlP,atov (1951) pro~o.sed frog unit as 
i 

the unit quantity of· gonadotropin that would bring about. 

appearance of. sperm in· cl·oaca;'of. 50% of male ;frogs and 

toads and/or :that' e~hi.b.i t mature· ·Spermatozoa in! their 

spermdU:ct~ However, this ·technique was not· found. eu1tabl,e 

due to indifferent behaviour in anuran population durillg 

differarit ·months and from different ·ecological· condi tiona. 

Jhingran· (1975) mentioned that this has been the reason 

for not deriving .. any chemical standardization ·of. pituitary 

gonadotropin which insures successful spawning ·in animals. 

Alikunhi .!ll!!• (1960); Ch~udhuri ( 1960, 1963) 

described preservations of fish pituitary in alcohol and 

acetone and observed that such pituitary retain its potency 
: ~ . 

hence can be conveniently used later when and wbere required. 

Ibrahim and Ch~dhuri (1966) devised a tech~ique for 

·preservation of pituitary extract in glycerine and there 

by providing radymade suspension for induce ovulation in 

animals. The technique, however, was found to be not so 

effective as its potency deminishes after the storage of 

9 to 61 days (see Jhingran, 1975). 
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Body length and its relationship with· gonadial 

condi tion/weigbt have little be.en. worked out amongst 

anuran. Liu· (19.50) estimated the number of egg masses and 

clutches s.ize in Amolo~s chun6anesi~ pe.r ovulation per 

female and noted· that an average female of 54~0 mm lays 
: ' 

an approximately 2180 ova. Among temperate Ranids, 

Terentjev (1960) developed relationship between clutch . ' " -, . '·' ·. . 

size and th~, .. size ~f female and noted a linear .relati.onabip .. -.. , ' . 

that can be expr.essed by .a linear expression : 
' .• I • 

log F = -1.7428 + 2.1670 log L 

where F = Fecundity, L = SV length of female in em 

Inger and Greenberg ( 1966) and Inger and Bacon 

( 1968) derived relatio~bip be·tween body length and· clu.tches 

sizes among temperate anuran arid reptiles and noted linear 

expressions, identical to Terentjev's (1960) emperical 

formula• Inger and Bacon ( 1968) observed that in sararid 

forest,.rain frogs breed throughout year and s·how similar 

annual seasonal and behavioural pattern throughout the 

year. Moreover the changes in their seasonal pattern 

can be known by Kruaka.l Wallis analysis (Seigel, 1956). 

Schroeder ( 1974) derived correlations of weight and size 
e 

of tistis with the body size .. of male~ catesbj=ana, 

throughout ita reproductive cycle, to find out the period 
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for its active breeding. Koskala and Pasanen ( 1975) 

der 1 ved 'correlation coefficient and r egl- ession equa tiona 

in ~ temporarla among followi!lg stuotures; 

Bo·dy length and weight of ovary 

Y = o~b1766 x + 1.28563 

.. (P O~Ob1 1 N = 18) 

.Body length and we.ight of oviduct · 

Y = 0.02954 X + 0.64478 
'. • .~ ..J ' • 

(r= 0.912; P 0.001;N=29) 

Body length and numbers of egg 

Y = 33.394 X -1480.498 

·.' 

He noted that volume of spawn size and numbers of 

eggs are dependable on the size of female and observed that 

female of SVL 78.0 mm would' produce 13.5 - 14.0 gm of 

spawn comprising about 1360 eggs of size 2.01 mm containing 

about 1.0 mg of magnesium ; ·o.2 mg of zinc and 0.04 gm of 

copper. 
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~ . MATERIAL AND ME THOD5 

Collection of frog: 

The specimens of Rana cyanophl.'(ctis ·collected 

both. at Gauhati. and Shillori.g. were used for induc~d breeding 

experiments. It was easier to· get mature frog more 

abundantly at Gaubati than at Shillong (see Chapter III 

and Fig. 3.3). ·The !rogs·from Gaubat1 were transported 

to the laboratory in 5 and 10 li.tre plastic jar half­

filled with pond· water and coyexed. with perferated l.id or 

cheese cloth. It was observed that over crowing, more 

than 15 frogs in small and more than 30 ~n large container, 

resulted in some .mortality. 1be pond wate.r was replen.ished 

thrice during 101 km journey from Gaubati to Shillong, 

by draining out about 2/3 of water at a time .• 

At the laboratory they were maintained in large 

glass aquaria (13" x 18" x 18") covered with win mesh lid 

(Fig.(, ·It). The aquaria were filled up to 6" pond water 

and were set with steep sand base at one side, .. and stones 

to maintain amphibious environment.. Algae and aquatic 

plants were placed in the aquarium• Insects and ear tbworms 

were given to tbe frogs as food •. Diseased frog, specially 

those with red leg disease (Mobanty-Hymedi, 1974), were 

removed periodically, as soon as such symptom was first 
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observed 1, The water of the aquarium was replenished at 

weekly' intervals and temperature was maintained at 

approximately 20°0 by electric bulb!' 

Removal. of pi tui·taries: 

The frogs were pi tbed, and sometimes just dead 

or ·dying frogs were also used as pituitary donors as they 

also yielded good result. The pituitaries were dissected 

out as follo~si 

Head with upper jaws were cut transversely behind 

the angle of j~w and placed upside-down, in amphibian 
\. 

ringer solution, if. experiments are to pe performed with. 

fresh:,. Pituitaries, o.tberwise in absolute ethyl alc.obol• . 

The parasphenoid bones were cleared and with a tip of fine 

scissors inserted in foramen magnttm, the parasphenoid were 

cut longitudinally along its lateral edges and deflected 

gently, taking care every time not to injure underlying 

organs. Th·e pituitary is located behind optic chiasma, 

' as a transf'er~ed kidney shaped pinkish structure surrounded 

by some endolymph a tic tissue ( Fig• G · 5" ) • Tb·e pituitaries 

were carefully removed and placed in amphibian ringer 

solution or absolute ethyl alcohol, as the case may be. 



Fig.,' 6.-]4 & Maintenance of frog in the laboratory 

condition (Aquar~um) before eXperimental 

breeding. 

6.15 : Position of pitt4tary~: 



Pi-tuitary 
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PreRaration of Rituitaries homogenate and injection technique: 

Mature heal thy female (SVL 5.8 em weight more 

than 25 .o gm) with enlarged abdomen were selected for 

experiment and place~ separately in 2 litre clean and. 

sterilized corning beakers, with some pond water. Required 

amount of pituitaries were homogenize,d in o~s ml dis tilled 

·water in a sterilized. crucible or glass homogenizer and 

the homogenate was injected with sterilized 2~0 ml 

hypodermic sy.rige fitted wi tb number 21 needle in tb·e 

dorsal, femoral lymph sac of the frog (Fig. t.-L). · The 

needle was withdrawn slowly using cotton swab dippe_d in 

70% alcohol, with a finger tip and at the point of 

injection to prevent loss of injected homogenate from the 

lymph sac. The injected females were .replaced in the 

beaker. l ~~- f.o ·7) 

St.riRping of ova and fertilization: 

The stripping was attempted about 20 hours of the 

injection. The frog was held in left band and gentle 

pressure and backward movement was applied with the palm 

of right hand. As soon as some eggs were seen coming out 

of the cloaca, the frog was again placed back in the beaker 

and sperm suspension were quickly prepared by macerating 4 

testis of ma. ture males in 200 ml of pond water in finger 

bowls. The sperm suspension was checked under microscope 
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Fig. 6 ·6 

.· ... 
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and as soon as the spe.r.ms rega.i~ the mobj.li ty, eggs !rom 
. . . . ' . 

the tea ted female were stripped 1ri. to .the s_perm suspension. 

First cleavage' was ·tak:en as the t'es t for the successful 

rer.tiliza tion~ · 

Fecunditg and gonado somatic index: 
. ' ') 

For f~cun,d~ ~y es tima tiona, both. ova.r ies ,. of the 
frogs; collected and preserved 'during di!.f'.~ren t months 

were taken out, washed and blotted on the fU-ter ;pap~s 
to remove the exc_esa·tve moisture. Extraneous, tissues were 

removed from each·· ovary ·under binocular microscope. - The 

volume of the ovar·ies was measured wi tb the help of measurin8 

oyiinder, through wS:ter displac~ment technique. Tber~a.t ter 
the ovaries were divided into four aliquots and numbers of 

ova in each were co·anted, to find out _the total numbers of 

ova _in. the _cnr~ies q.f e~c~ ~rqg-. .Numb~rs of_ ~ggs .in t~~ 
ovaries _of eaob trof> and its to tal lengtb/weigb t were 
plotted to prepare scatter graph and regress ion was worked 

out to find out the fecundity. Similarly, wi tb the 
help of scatter' diagr~ and regression e'quation the 

relationship· b'etween the SV length and weight of the 

ova has also been cal.oulated. Teren.tjev•s ( 1960) emperical 

formula. for· the calculation of fecuridi ty has also been 

applied on its log 'n' and log 'e' bases. 

The gonado-s.oma 1;1o index for each fro·g bas b~en 
calculated as: 

Gonado-soma.tic index = 
We~gh :t of qva. 
Weig_ijt of fr_og · ¥{ '.100 
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{t;;J EXPERIMEN !S AND RESULTS- . 

· · In 1977, some .pi.lo t experiments wei:e performed 

to find out the approximate dosage (see Table 6. 1), in 

which, 3- 8 pituitaries were homogenated in o·.5-ml 

distilled water and were administe~ed_ in the frogs weighing 

!rom 29.·50 gm to 32.50 g (SV length 5.85_cm- 6.10 om)·. 

I.t was observed that a doage of about 0.08 mg/g weight of 
. . - ' ' 

the female caused successful induction of ovulation and 

spawning. 

Subsequently it was confirmed that !emales 

having SV length 5.8 em or above and weight more than 

25.0 g responds to pituitary injection and others do not. 

A general observa tionf:!) was that less agile females wi tb 

enlarged abdomen and while at rest .keeping hi~d limbs 

extended widely, show better response to pituitary injection 

than others~ 

Based on the preliminary findings, following 

experiments were performed: 

1) Experiments with fresh homoplastic pituitaries. 

2) Experiments wi tb bomoplas tic pi tui tar ies 
preserved in absolute ethyl alcohol. 

3) Experiments with homoplastic pituitaries 
preserved for one to two years. 
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Table 9.1 

Pilot experi~ents to calculate the dosage of"'homoplasti·c pituitaries for induced 
ovulation in Rena cyanophlyctis • ._._. ··-- -- ~--- -- -----

PitUitary 
. weight/· Vohune Condition 

Injection ~ tm. Pi tui tari_ we:lgbt of of . of female StrippLlg Number 
....ate Ttme .~mp. Sex Number Weight _fu'j·:ect~d .... homogenate SVL Weight Date Time of ova 
________ C _ _g ___ -- femalen.~.g/gin~:cted om. g obtained 

8.6.77 11.30 21.5 M 4 0.0126 

8.6.77 12 •. 00 21.5 F ' 0.0148 

8.6.77 12.20 21.5 F 4 0.0204 

8.6 .~(7 12.45 21.5 F 5 0.0264 

8.6.77 1J.40 21.5 F 6 0.0313 

8.6.77 16 •. 40 21.5 F 8 0.0431 

o.e5 
' . 

01105 
' ' ~ ....... 

' ,.Ji'l' .' 

o.Q& .. :. -

. 0.08 

0.10 

0.15 

'' .. } 

0.5 

" 

" 
tl 

tl 

n 

5·45 23.40 

5.85 29.50 

6.10 32.10 

6.00 30.70 

5.90 }1.20 

6.05 32.20 

9.6.77 8.30 105 

9.6.77 6.oo 19~ 

g.6~77 6.40 79 
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4) Experiments with heteroplastic pituitaries. 

5) Expe~iments with bomopl?-Stic pituitaries 
collected from immediately dead frogs. 

6) Exper'iments ·to see induction' of· ovulation 
second. time! 

EX£ erimen ts wi tb fr esb 'homoplastic pituitaries: 
' ,, ' . ,, 

~e female 'frogs of sv. length varring from 5.80 em 

to 6.,2.0 cm.and weigbt,26.00 gm~ 32.90 iWl,~ere:injec.ted 

with the homogenate made up of 5 to .8 freshly collected 

bomoplas·tic males and female pituitaries, of the weight 
. . . 

varying from 0.0296 gm to 0.15 gm dUring June and July 
• • • • j 

months, at laborator'y temperature varyiil.g between 20.8°C 

to 21.5°C. The data bas been compiled in Table 6.2 

On the next day, after a lapse o~ 14-24 hours 

strippi~g were acHeved in all the experiments frogs. The 

number of ova released varied from 29 to 196 in different 

experiments~ It was noted that male and female freshly 

collected homoplastic pituitaries ar·e capable of inducing 

ovulation in frogs and a dosage of 0.1 mg/gm body weight 

leads to successful spawning during rainy season. 

Experiments with homoplastic Ri tui taries fr·eshlx preserved 
in absolute ethyl alcohol. 

The female frogs having SV length 4.9 em to 6.2 em 

and weight between 11•70 gm and 32.00 were injected with 



Table q.2 · · 

Experimental breeding with .fresh pi tUi ta.riea in.~ ~yanop_blyqtia 
' . '. 

:tri ttii tar y Volume Condition 
Atm.· ' . ' ' ' .. ',. - weight/ of· · · · 

of female stripping· . Number 
Exp. Injection Temp. .Pi tui ta.r,l . · weigb·t of homogenate of ova 
No. Date Tillie Sex Number· Weight female · .· injected SVL Weight Date Time obtained 

oc. gm frog mg/ gm ml . 9m gm 

21.6.77 . 19.10'. 21 ~5 5' . '0~0384 ' ' ~ I ' ~ • " ' ' . ' . . . ' .. ' ' ' ' .. 
·2" F 0.1 0.5 6.10 31.00 22.6.77 12.10 78 -. a 

. 
. . 

*2 b 21".6'.77 2ci.oo 21".5 F 6 0.0391 ·o.1 o.s 6''~ 20 32 •. 70 22.6 .·77' .. 9··.oo '~9 

*2 6'.7' .• 18 11.00 20.8 F 6 ·o~0343 ·o., . 6.5 6''~ 10 32.90 7 .·7 .78 a~·1o 176 
c 

*2· 6'. 7'• 78 .d .. : 11.30 20.8 F 5 0.0386 . 0.15 6.5 s··. 80 26 • oo 7.7 .·78 10.20 71 
.. 

I 

*2 ., s·. 7o78 ::14.10 21". 2 F 5 0.0361 '0.1 0.5 6.··20 32.'6o 16.7·18 10.40 196 
e t,'. ,- .. 

. , 
: ·. ., ' ' i ,.f. 25 

... '·· " ' . :, ' 

2f 15o7o78 21.2 M 8 0.0298 0.1 0.) 5.85 30.00 16.7.78 13.00 67 

~ 
.. ,' 

., d ' 

I 

* F~oga subject~d to.ho~opla~tic inj~ct10~ for second tim~. 
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·the homogenate made up· of 3 to 'a male and ·female preserved 

homoplastic P.i tui taries of the weight varying from 0.0138 

:to 0.0397 gm, d~ing July at an approximate_ly 21 ~0°0 to 

22.0°0 iab~rator·y temperature. The d.osage of pi tui.tary 

homogenate of approximately 0.1 Jng/gm body weight were 

successful to induce ovulate the rna ture frog. The data 

· bas been tabula ted in Table t. 6·. 
. ' 

Out of the six 

experiments perf.ormed Exp. No.6
8 

, 6b ·and 6f were successful, 

wber.eas experiments No. '6
0

, 6d and 6e were. unsucce.saful. 
. . 

These results indicate that ~ cyanoPhlyc·tis of s'ize· 

group 5,9 em and above and weight 30,0 gm and above; 

could be induced breed upon ·freshly preserved homoplaa tic 

pi tui ta.riea·. 

Experiments with homovlastic pituitaries pres~ved _for 
one year in absolute ethyl alcohol: 

These series of experiments were performed during 

June and July (Laboratory temperature 21.5 - 22.5°C) with 

homoplastic pituitaries preserved for one year in absoluta 
• • t\ . 

ethyl alcohol• It was observed that the pituitaries of 

~ cyanophlyctis remain potent in absolute ethyl alcohol 

for one year. The pitu,itary dosage of 0~1 mg/gm weight 

of the_ female wer_e found to be effective. The data has 

been compiled in Table ~•7· It is further noted that 

the skipper frog having sv length 5·.a· em in length and 



Table ~ .6 

Experiments performed with the freshly preserved ·homoplastic 
pi tui ta.riee ·in ~. Clanophlyctie 

·pft\iftary · ·Volume · · · · · ·cond±tfori -:of · · · · · · N er 
. weight/· · of · · · · . : ·· . female . S tr ip;eins 0~~va 

EXJ>•, Injection Atm .. Pituitary weight of pomogenat~ SVL Weight Date Time obtained 
No. Date· Time· ·Temp.. $ex· N1,1mber Weight female injected · · · · · 

0 
gm frog mg/gm ml em gm c . 

. -.. -.-.-.--..-. 
6a 21.7.77 16~oo 22.0 F 5 o.0296 o.og 0.5 5.90 3o.oo 22.7.77 12.30 79 

•). 

6b 21.7.77 16~30 22.0 F 6 o~o309 0~1 o.5 6.10 32.oo 22.7.77 11.00 28 

6
0 

21.7.77 16.45 22.0 M 5 0.0138 0.1 0.5 · 4.90 11.70 22.7.77 

6d 21o7o77 17o10 22.0 F } 0.0148 0.1 Oo5 5o20 15o50. 22o7o77 

6 21.7.77 17.35 22.0 M 8 0.0338 0.15 o.s· 5.60 20.50 22.7.77 e . . . 
'·' '• , •• ' ,'j 

6f 21.7.77 18.00 22.0 M 8 0.0397 0.1 0.5 6.20 ·31.90 22.7.77 12.10 112 



Table ~.7 

Experiments of induced breeding· wi tb bomoplas tic pituitaries p.res(;lrved 
for one year in Rana c.yanopblyctis . · 

(Pi tui tar ies preserved ·on 19 • 6. 77J 

Piituhitt/ary Volume Condition of 
we g f female 

: Exp. Inj eo tion A tm~ Pituitary weight of 0 a ·..,.,.,.....__.___,,..._____,_ 
No. Date Time Temp. Sex Number Weight female hiomjog~~d te SVL Weight 

stripping 

Date Time 

Number 
of qva 
obtain­
ed o frog · ~ ec 

c ____ --'---'--- _ Wr!. mg/gm ml om _ gm. 

!7a 16.6.78 17 .oo 21.5 F 7 0.0313 0.1 0.5 ' '6.00 29.20 17.6.78 15.10 66 

7b 16.6.78 17.20 21.5 F .6 0•0288 0.1 0.5 5.80 28.00 17.6.78 15.30 47 

I 
10.7.78 18.00 22.5 I& F. 6 I 7(: 

I 0 
0.0294 0.1 0.5 ,' 6.25 29.10 11.7.78 18. 10. 209 

I 
,7d 10.7.78 18.15 22.5 M. 8 0.0312 'o. 15 0.5 5.55 22.20 

7e 10.7.78 18.40 22.5 M 8 0.0301 o. 15 0.5 5.1'0 22.40 
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29 •. 20 gm in weight bave only responded to one year 

preserved pituitaries., the experiments: 7 and 7 (see . . . _ · -d e , 

. Ta.ble q. 7) w.ere found Wt.sucoessful, due to imma.~e size 

·and under weight of the: exp,er.ime11ta1 frogs.~ 

' ' 

Experiments with homoplastic pituitarles pre'served for 
two years 1n absolute ethyl alcol!tml~ 

' ' ' 

The present series of experiments were pertormed 

in the months- of May and ·June 1979 (l~boratory temperature 

20.6-22.0°C) wi tb the pi tui ta.rles -of R~a: c;y-ano·pblictis 

preserved in a'bsolu te ethyl al'cobol since July 1977 '.(two 

years). During preservation the portion of absolute 

ethyl alcohol evaporated was replaced by fresh one, The 

required dosage of such pituitaries were bomogenised in 

0.5 ml glass distilled water and injected in the dorsal 

~ lymp sac of the female frogs. Tb~ data bas been compiled 

in Table 6.8. It was observed that the pituitaries 

preserved in absolute etby~ alcohol reta~ned its. potency 

~or a minimum of 2 years and act as. efficiently as fresh 

or. one year. ?ld preserved pituitaries. In this series, 

all tbe six eJq>er~ents were found successful. The 

dosages dur_ing the e~perimen ~s was obser.ved varying 

between o.oa mg/gm to 0•09 mg/gm weight of the female. 



Table 9~8 

Experimental breeding with ·homoplastic pi.tui taries preeerved 
for two years.in.Rana cyano~hllctis 

· · (l?ituitari~s preserved on· 8.5.77) 

P 1 t'..t i tary Volume Condition Number weight/·· of of female Stripping of ova Exp. Injection Atm •. Pi tui tarw weight of homogenate obtained Ni:). Date· · · Time Temp·. Sex· . Num'ber:eigh-t female .. .injected .SV;L Weight Date Time 
oc gm frog mg/gm ml em gm 

,., ' •!: ' '" '·' 
t . ,. 

8 19.5•79 1,7.30 22.0 M 8 0.0316 o.o9 0.5 6.30 34.40 20.5.79 9.oo 167 .. 
.a . 

8b 19.5.79 17.50 . ?.2.0 M 9 0.0343 Oo1 0.5 6.20 33.35 2o.s.·t9 11.30 269 
" 

';8 19.5.79. 18.10 22.0 F 6 0.0309 o.o9 0.5 5o95 32.00 20. 5 • .. i 9 1 2. 20 121 
0 

8 .d 19.5.79 18.25 ?2.0 F 6 0.0314 o. 1 0.5 6.15 32.16 20.5.79 9o40 197 
... 

8 lt.6. 79' .18.00 20.6 mF 7 '0.032 .e o.o9 0.5 6.25 34.60 5.6.79 10.30 345 

·8 f 4.6.79 19.10 20.6 M&F 6 0.02~8 0.09 o.s 5.90 29.80 5.6.79 9·10 205 
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Experiments with the help of preserved h?moplaetic 
pituitaries in diff·e:rent months: 

Induced breei~g was at~empted in~ oy~opblyctis 

for 14. continuous months, from June 1977 to JUly 1978. 
. . . 

In all the 43 experi~en ts performeq, th.e preserved 
. ' . . . 

homoplastic pituitaries ·were used. Data bas been compiled 

in Table ~ .9. The obse.rva tion made ar.e ae f.ollows: .. 

1. Indue t1 on of ovulation was achieved· in the 

frogs having a measurement SV l.engtb 5.8 om 
or over and weight 25.0 gm and ove.r • .Female 

frogs smaller in size and weight did not 

respond to pituitary injection• 

2. A dosage of 0.08 - 0,2 mg/gm weight of the 

female was found effective to achieve 
ovulation in ~ cyanophlyctis. A slightly 

increased dosage of 0.15 mg/gm- 0.2 mg/gm 
was found to be effective during Marcb/~pril 

and September/October months (Fre·and Post 

breeding phase) and approximately 0.08 mg/gm 
was found effective during peak rainy season 

May/June (breeding phase) this also coincides 

with its peak active phase (see Chapter f2fl4)). 

3. Al th.ougb the frogs could be induced ovulated 

in each .. man th from Mar cb till October, but 
the am:oun ts of egg laid ovulated were found 

vw; y ing in differ en t months • Tb e maximum 

numbers of 667 ova were achieved in the frog 

from May mon tb and minimum of 27 ova from the 
frog in March month. The frogs collected and 



Experiment&! breecHna tn ~ CJttnophlXctt~ wt th tho ht:lp of 
ho'lloplaRt.\c pttu1tar1es durin~ every wonth t'rc..'~ 

,June 1'!77 \Ill Au~,.•t 1478 

l!Ueot¥" 
nate ! ... 

.u •. 
ToDp. 

0 

PI tu1 tar~ 
~ex Numbereight 

i)ID 

1. 1L6.77 16.10 21.5 

?1,7.77 1,,,0 22.8 

•· 21.1.~1 1}.55 n.e 

9. 14.8.77 14.00 2).4 

F 

, 
• 

, 

' 
I' 

Ill 

10. u .8.77 u. )0 23.4 II 

11. 8.9.17 16.20 22.0 , 

12. fl.9.77 16.•0 n.o 111 

1,. 8.9.17 17.10 22.0 , 

14. 8.9.17 17.J5 22.0 p 

6 

1 

5 

6 

1 

8 

6 

6 

7 

15. ~.10.77 10.~0 .21.5 , 1 

16. 4,10.77 11.10 ;>1.5 N 8 

17. 4.10.77 "·" 21.5 • 6 

16, 4.10.77 12.10 21.!; J1 6 

19·, 11,11.77 I0;40· .. 1S·..IIoo-.... --5· 

21. 15.12.77 12.10 11.8 

--~-:....~~:..!.2..:J.Ln,,o_ 17.6 

---44-:.J-• ..41.11 1 , • }0 , 5. 2 

24. ?.1.78 11.55 15.2· 

25. 9.2.78 10.40 16.6 

26. q.2.1e 11.20 Hj.e 

27. 9.2.78 11.40 16.8 

28. 19,}.78 10.40 18.0 

29. 19.,.78 11.10 18.0 

JO, 19,J.78 11.JO 18.0 

J1. 14,4.78 10.20 18,7 

}2. 14.4.?8 10;50 16.7 

''· }.5.76 12.10 16.8 

Jc, }.5.78 1Z.40 18.6 

"· 12.5,.76 12.15 20.4 

"· 12.5.16 12.JQ 20,4 

,,, 12.5.76 1}.00 20.4 

Je. 19.5.76 1J,40 19.6 

,~. 19.5.16 14.10 19.6 

40, 6.6.78 15.}0 21.7 

41, 6.6.76 16.05 21.7 

42. 16.6.78 15.10 21.9 

o. 16.6.78 15.40 21.9 

45. 10.7.76 15.05 ;.'().8 

46. 10.7,78 15,,0 20.8 

47, U.7 .• 76 10.30 22.1 

48,. 14.1.76 11.05 :<2.1 

'! 

r 

14 

F 

14 

I' 

p 

r 

M 

p 

p 

p 

p 

, 
p 

II 

• 
• 
II , 
P' 

,. 

6 

1 

6 

7 

5 

6 

6 

6 

6 

6 

6 

e 
7 

6 

6 

6 

6 

7 

8 

5 

0.0}•)1 

0-0216 

0.0309 

0.01}8 

0.0146 

0.0}36 

0.0425 

0.0412 

0.0}12 

0.0432 

0.0}10· 

0.0260 

0.0430 

0.0382 

0.0406 

0.0}16 

0.0}64 

0.0366 

0.0}16 

0.0}38 

0.0}56 

0.0297 

0.0342 

0.02}7 

0.0284 

0.0}11 

0.0278 

0.0272 

0.0}70 

0.0}41 

0.0314 

0.0544 

0.0}22 

0-0601 

0.0}38 

0.0396 

0.0261 

0.0261 

0.0251 

0.0}58 

0.0}12 

0.0}1} 

0.0269 

0.0294 

0.0312 

0.0301 

0.0262 

O.C'~ 15 

PI LuI tury 
"eight/ 
weight of 
teaalo · 
trog 11il/ga 

0.2 

0.1 

0.1 

o. 1 

0.1 

0.15 

0.2 

0.2 

o. 15 

0.15 

0.15 

0.1 

0.15 

0.1 

0.15 

0.2 

0.15 

o.; 

0.1 

0.15 

0.1 

o. 1 

o.,.-
o.1 

0.1 

0.15 

Q.1 

o.og 
0.1 

0-15 

0.1 

o.2 

o. 1 

0.2 

0.1 

0.1 

0.08 

o.ce 

0.09 

(l,1 

0. j 

0. I 

0.1 

0.1. 

0.15 

0. 15 

C.l 

o.f 

Volume 
of 

homogenute 
in,1ec ted 

.. 1 

~. 
(_ -, 

. \ 

Cond l t\ on 
of female 

:;VL •• leh t 
ceo cPL 

S.40 17.70 

:Hr\p~lni! 

Uute 'hmfl 

Number 
of ovu. 
obtu1.nea 

5.90 Jo.oo 22.7.1715.3o. n 

6· 10 }2.00 22.7.77 12.45 

4-90 11.70 

5.20 15.50 

5.60 20.50 

5·40 19-70 

5.55 21.70 

5-35 n·.so 

-. 

28 

5-85 27.50 15.8-1717.10 -29 

5·45 20.60 

·5·.75 26.oo 

5-60 26.oo 9.9.77 13.30 

6.o5 29.so g.g.n 12,45 

5-65 27 .so . 5.10:77 12.10 

5·25 15.00 

5.eo 26.50 

6 .oo 23.70 

5 .go ze. 40 

5 .so 21.60 

6.30 29.90 

5. 75 26.35 

5 .eo 26. 6o 

5.45 20.65 

5.60 24.60 

5. 30 20.35 

5.55 2C70 

.-

5.95 }0.20 20.3.78 16.10· 

65 

J2 

29 

34 

5.90 28.50 20.3.76 16.40. 27 

5.30 20.40 

5.90 27-40 15.4-76 12.}0 

6.05 29.10 15.4.76 10.45 

5-85 26.10 4.5.78 14.15 471 

6.05 29.00 

6.15 }3.50 

6.40 3L50 12.5.78 10.20 271 

6.20 29-50 12.5-78 li. 10 181 

5.90 26.60 20.5.78 9.10 667 

5.90 26.90 20.5.76 ).30 133 

6.10 }2.70 7.6.78 9.45 

5.95 27.40 7.6.78 10.05 

6.00 29.20 17.6.78 10.40 

5.60 25.00 '17.6.78 11.55 

170 

120 

66 

47 

6.20 23.CO 11.7.78 14.15. 209 

5.55 22.20 

5.6o 2o.40 

o. !0 2). 80 I 5 · 7. 7 6 I 2. 30 

6.10 · NJ, 10 

31 
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induced breed during May and June months were 

the best in obtaining number of ova and the 

percentage of su¢cess in experimental breeding. 

Further, the maximum success in the ovulation 

were observed in the month, when it rained 

heavily and when the abundance and the 

activities of the frog on the land were maximum. 

4.. N.o o'V41a,tion .could be achieved during winter 

months f~om late October till late February, 

perhaps because of physiological inertness in 

adult frogs •. 

5. The frogs (serial number 34., 35, 45, 47, 48 of 
. ··~ 

· Table 6. 9) were collected and stored in plastic 

jar for a week, and then were subjected to 

induced breeding. Out of 5 frogs only one 

(serial No. 47) could ovulate with a poor spawn 

of 31. Hence, it can be concluded that the 

foogs stored for over one week without proper 

feeding ~n the laboratory cannot be induced 

ovulated-. 

Experiments with heteroplastic pituitaries of Rana limnocharis: 

This series of experiments, were performed w1 th 

freshly collected and absolute ethyl alcohol preserved 



I 

I
' Exp. 

No •. 
Injection 

Date Time 

Atm. 
Temp. 

Sex 

4a 28~5.77 9.00 21.4 F 

I 4b 28~5~77 9.30 21 ~4 F 

4o 28·5~77 9·55 21~4 F 

. 4d 
' ' 

49 

2.6.78 ~~30 

2.6.78 9.30 

20.8 M 

20.8 M 

2.6.78 9.30 20.8 M 

Pituitary 
Numb-er ~-Weight . . . . g 

9 

12 

7 

14 

15 

13 

0~0219 

Oti0279 

' 4£ 

4g 

I 4b 

2~6-~78 9.30 20~8 M+lf' 13 

2.6.78 9.30 28.7 M+F 9 

0~0186 

0.0305 

0.0335 

0.0295 

0•0431 

0.0388 

0 .• 0865 

.0.0783 

4i 14.6.77 20.5 

4j 14.6.77 20.5 

20.6 F 

20.6 F 

19 

13 

Table <f.4 

Pi tui ta.ry Volume Condi.tion 
weight/ . or'·· - .. - ot female s.tripp:i.ng. Number 

of ova 
obtained 

weight of .. homogenate SVL Weight 
irijecte~ ..... ; . _inj.ec.ted ... em g · Date Time 
female ·WESt g 

0.1 . 

Ot'1 

o~o8. 

0~0~ 

0.08 
'· 0.08 

o.1 

0.1 

0.2 

0.3 

o.s 
It 

" 
" 

" 
" 
n 

" 

" 
" 

5.30 20.8 

5.80 26.6 29.5.77 12.20 

5.40 22.4 
•' \' 

6. 25 32 •. 0 

6.40 40.0 

3.6.77 11.45 

3.6.77 12.30 
' 

6.35 35e0 ' 3.6~77 14~30 

..;..;: 

98 

-I 
, I 

100 

109 

88 

6~60 40~0 3.6.77 16-20 ··36 

6.30 38.0 3.6.77 14.05 43 

6.45 41o0 

5.30 21.5 
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pituitaries of Rana · limnocharis.. Data has been compiled - . 

in Table f.4. It was observed that a dosage of 0.1 mg/gm 

to 0 .• 15 mg/~weigbt of the females of Rana cyanoptlyctis 

were found effective to achieve ovulation in the frogs. 

In the experimental frogs 6.41 and Q.4j did not respond 

to ovulation and· died~ The failure is attributed· to 

higher dosage of pituitary injection. However, in the· 

above series of experiments a minimum of 36 ova and a 

naximum of 109 ova (see Exp. No.f4
8 

and 6.4e of Table 6.4) 

were procured. 

Experiments of induce ovulations with the homoplastic 
pituitaries collected from dead ~ cyanophlyctis .'S 

In the pres.ent series of experiments the pituitaries 

collected from the frogs (male. and fema.le) died for 12 

hours to 18 hours were bomogenated and injected with 0.5 ml 

of distilled water. The data bas been compiled and 

presented in Table 6.3. 4 out of such 6 experiments 

performed were found successful. It was observed tbat a 

pituitary dosage of 0.09 mg/gm female body weight leads 

to successful ovulation. A minimum of 67 ova and maximum 

of 170 ova can thus be obtained. Further, it can be 

concluded that the frog although dies, its pituitary 

retains the gonadotrophic activities for some time over 

18-20 hours. 



Table 0.3 

Experiments of induced breeding in Rana cya.nophlSc tis w1."tb the help of homoplas tio 
pituitaries collected from the frog died 4 to 6 r before of experimentation 

:Pituitary-- -volume 
Atm. 

' 
weight/ ·of·· Condition Stripping Number 

; Exp. Inj eotion Temp. :Pi tui tarw weight of homogenate -ef female .of ova 
: No. Date ·Time 

oc 
Sex Number -eight inj eo 'ted.. · injected sVt Weight· Da. te Time obtained 

g female mg/g om g 

3a 24.5.78 18.40 20 •. 4 .M .6 0.0235 o.og 0··5 5.80 30.50. 

3b 24.5.78 19.10 20.4 M .7 0.0299 0.1 tl 5.35 22.80 

3 6.6.78 15.30 19.8 .F .6 0.0298 o.og. tt. 6.25 33o70 · 7•6.78 9.30. 170 
0 

'd 6.6.78 15.45 19.8 F 4 0.0198 0.07 " 6 .·15 29.40 7 .·6. 78 11.30 120 

3e 10.6.78 13.10 21.6 F 5 0.0203 o.os n 5-85 29. 20 11 • 6. 78 g.oo 66 

I 3£ 10.6.78 14.00 21.6 F 7 0.0199 0.07 tt 5.70 26.00 11.6.67 11.30 147 
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Experiments of induce-oVulation~ in the frogs which 
bas already ovulated once: 

,~ s 

The frogs which bas already ovulated. with the· .. 

help. of taomoplas ti'c fresh pi tui tar.ies, once (Table 6. 2') 

. have been subjected to· the ·axperimerf~;I. breeding. for the 

second time, with the. help of .. preserve.d homoplastic 

pituitaries. The data of the experiments have· been compiled 

and presented in Table q .5. Only the asterisk· marked 

exp·eri.mental frogs '(Table tf.2) ·wbich ha,;.e once ovulated· 

with the help' of fresh homoplastic pituitaries extract 

were found to be reovalating with preserved homoplastic 

pituitary extract, and it is noted that the frog No.6.2b 

which ovulated 29 ova· on 22.6.1977 re-ovulated· 100 ova 

on 25•·6.1977 (see Exp. frog No. 6.5b). The experimental 

frog No•- 2 (Table 6.-2) which ovulated 176· ova on 7·7•1978, 

on induction .re-ovulated Ga· ova .on 9.7.1978 (see Exp. · 
frog No. 5

0
); the experimental frog No.- 2d (Table Q.2)·· 

wb ich ·ovulated 71 'ova on 7. 7.1978 indue tion ·re-ovula ted 

49 ova ·on 9~7.1978 ('see Exp. frog No. 6.5d) and finally 

experimental frog No. 2 (Table 6.2) wbicn·ovulated 196 ova 

on 16.7.1978 on induction re-o.vulated 12 ova on 18 .• 7.1978 

(see Exp. frog No. 6.5e). Hence, it can be concluded 

that the frogs, tba t bas already induced 'bred once can 

be induced to breed for the second ti:me, wi tb a sho~t 

·gap for second injection. 

-··--------------- -- ~--~--.-- . -- --



Exp, 
No. 

5a 

5b 

50 

! 5d 

5e 
.. 

5f' 

Table 6.5 

Experiments of induced breeding .in ~ c:t:anOJ2bl,yc tis for tbe second time, tba t bas 
already induced onc:e . 

Injection 
Da: te · · 'Time 

· · · · PitUitary V 1 · . · .... 
A tm·• ·. weight/· 0 ume CondTtion 
Temp•. Pi tut tarW · weight of of . e of female . . stripping 

0 
Sex· Numtereight ·· injected · ~~j~~~~:t SVL . Weight. Date. Time. 

C· · · . g. . female mg/g · · om g 

23•6•77 18.10 20 F 5 0.0329 0.1 ... 0.5 6•20 32~70 24.6.77 18.40 

" 

23.6~77 17.20 20 F 6 0.0337 0.1· " 6. 20 31.00 
.. 

18.7.78 1}.10 20.6 F 5 0·.0313 0.1 n 6.10 32.90 19.7•78 8.10 
. . . '• :. 

18.7.78 1:3.40 20_~6 M 7 0.0261 0.1 " 5e80 25.50 19.7·78 12.:30 
,, l' 

Number 
· of' ova 
obtained 

100 

'. 

68 

49 

1T·.T-.78 14.30 19·· 2 M 9 0.0298 o.og· .. 6~.~0 32.90 J8-..f7 .• 78 19.50, 72 

17··. 7'. 78 20.40 19·~ 2 M 9 o.-o287 ~}.09 " s-~·as 29.65 18.T.78 -
.. 
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Ganado somatic index: 

The Ganado soma tic index, the .ratio between the 

weight of the gonad and the weight of the animal has been 

calculated in 20 female frogs of SV length and body weight 

ranging from 5~45 em to 7.15 em and 18~17 gm to 49.02 gm 

respectively (Table 4.10) ._, 

The' graph plotted between SV length v·~~sus weight 

of ova (Table 6~10; Fig~ r3.2 ) showed a linear relation­

ship and is expressed as: 

Y = mX +·o 

where 

Y & X - represent variables, 

X & Y represent weight o'f' ova 
and SV length respectively. 

' · m ·& c - constants of the equatiO:r;l• 

The relationship· between weight of ova and SV 

. length of frog bas been calculated,applying the sum of 

least square method and was noted as followsz 

log w1 .= -4.50~-+ 6.4369 log L 
(See 'Fig.4 .2 ) 

where 

~1 = weight of ova 

L1 = SV length of frog 

----------- ~-- ~---- --------- ------------------- -



Fig.~ 6~j1 ("A) : Relations~p between Body weight of 

female ~ cxanophlyctis and 

genadosoma~ic index. 

6~jl (B) : Relationsh;l.p between ova weight of 

female Rana cYaneph1yctis and 

gonado somatic index 

6.\1 (C) I' Relations~p between sv lengtn of 

female and gonadosomatic index. 
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Table 1.10 

Relationship of sv length and weight of frog wi tb· numb~r, weight 
of ova and .ganado somatic index in·~ c~ano~blyctis 

-
0 V A 

s. Bod,~'s . Weight .. . Number Ganado 
· somatic · No. Length Weight Measured Calculated By- . By . · · .. · Taren tjev 1 s eq~ation ·index counts regression . . . 

em . gm gm gm equation at loge at lo~ 
derived 

1 • 5 .• 45 18~ 17 1 ~ 629 t 1~7'1-19 1262,:: 1159 6900 713 8~9649 
2. 5'.70 :22.;96 3. 0121 2.;2856 1846 1522 76.04 786 13.1205 
:;. 6.10 24.35 3~4355 3~5.343 1955 2300 8088 910 14~1088 
4o 6·~ 10 28.10 2o2871 3~5343 . 1-5 31 2300 8088 910 8.1390 
5. 6.50 36o82 5•2712 5~3198 4118 3386 10108 1042 14.3138 
6o 6.55 37.45 s• 7 211 5~5873 4236 3548 10277 1061 15e4228 
7· 6o60 33.92 6•4286 5.;8667 3-'366 3716 10448 1079 18.;9522 
e. 6.;60 33o96 G• 2982 7o1138 3921 3716 10448 1079 18.5437 
g. 6.75 36•94 6. 2516 6~7842 3985 4260 10931 1.133 .16.9236 
10. 6.75 . 34.16 7 ~8954 6o7842 5197 4260 10931 1133 23•1 072 
11. 6.80 37.45 7•1418·- 7,~1138 4187 445~ 11147 1157 19.0702 
12. 6 ... 80 37.17 6o7456 7o1138 4231 4456 11147 1157 18.1483 
13. 6.85 . -46 .;08 8o9653 7•4593 4745 4659 11325 1167 19.4540 .. 
14~ 6 •. 95 .35~43 8~5835 8~1884 5580 5.089 . 11686 1207 2t.2263 
15o 6.95 38~36 8o0763 8~ 1884 5275 5089 1'1-'86t' 1207 2 .0530 
16.- · · ·7 .oo 38.96 ·9•·1263 8~5743 5561 5'316 11869 1226 20.8542 
17. 7~05 . 45.63 ·: · 9o'1762 8o9764 4982 5551 12054 1245 20.1081 
18. 7.05 47. 'Z7 · .8o9985 8~9764 6695 5551 12054 1245 19.0345 
19 •. 7.15 43•53 8.1276 9e8265 4465 6048 12427 1283 18.6699 
20. 7 o15 49.02 11.5879 9.8265 5808 6048 12427 1283 23.6374 
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Theweigbt of-·each fro~ bas been calculated in 

relation to its SV length with the help of above derived 
. . . 

relationship. The frog b.f SV length measuring 7.15 em 

showed maximum weight of o"'fary 9.8265 gm and the frog, 
. . . . . . . ' . . 

with .SV length ~ .45 em show:ed minimum weight of ovary. 
,. i '· ' 

1,7119· gm (Table Q.10)_ •. However, the weight of· ova 
·' ·• , r: 

measured through aliquots showed, the minimum ovary weight 

( 1•6291 gm) female frog' of SV length 5.45 em .. and maxim~ 

over y weight( 11 ~5879 gm) in female frog of .SY ~ength 

7.15 em• The correlation coefficient drived· between SV 

length and weight of ovary was found 0.9581 (Fig. 6.2 ), 
highly significant at 1% and 5% levels. 

-Table b .10 also show the comparison between the 

measured and calculated weight of ova (see Fig • .. 6. 3 ) and 

measured and calculated members of ova (see Fig.G.3 ). · 

The comparison reveals little variation in observed and 

calculated valuesQ The scatter diagram plotted between 

gonado somatic index, and the body weight of the frogs; 

gonado somatic index and ovary weight of the frog and· 

gonado somat.ic index and snout vent length of the frog 

have been best expressed by linear regression (Fig. 6.1 

A, B, C) • The correlation coefficient be twe.en gonado soma tic 

index and body weight; gonadc> soma tic index and, ~v,ary. 

weight and gona4o somatic index and snout-vent length of 

.female frogs have also been oaloula te·d and were found to 

be 0•7050; 0•9Q92 and 0.8431, respectively. 
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Fecundity: 

.Tbe.graph plotted between log of SV.length and 

log,. numbers of ova., female frogs (Table q, 10) showed a 

linear relationsb~p and can be exp:tes·sed. by the· formula: 

' . ' . 
·.' 

y = mX + c 

where 

Y & ·X ::; represent variables 
namely ova number and 
SVL .respectively.· 

m & c = equa ti.on constants 

. ~e relationship between fecundity and sv -length ' 

of the frog bas been found out applying the sum of least 

square me·thod,f.rc;>m the above linear expression: 

log F ~ -1.4169 + 6•Q851 lrig t 

where 
. ·' 

F = number of eggs in thousand 

L = SV length in em 

The fecundity in each frog bas been calculated 

with the pelp of the above equation. A maximum number of 



Fig._ 6 .• 13 : Correlation coefficient and relationship 

between weight of frog and number of ova. 
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6048 eggs were calculated from the frog of SV length 

7.15 em and minimum of 1159 eggs from the frog of SV length 

5.45 em (Table ~.10h However,·· .the fecundity noted 

through gravime trio. method showed the miD.inn.lm. count of 
. . 

1262 eggs from 'tbe frog of sv 'length and weight of 5.45 em 

and is~ 17 gm respectively and maximum 6695 count at 7.05 em 

and 47.27 gm.respectively (Table6.1o)41 The correlation 

coefficient betwe~n the two variates length and fecundity 

was found to be 0.9432 (Fig. q.2A) and was significant at 

1%' and 5% level of confidence •. -

The graph p~otted between weight of ova and 

numbers of egg as 'Y' and 'X' axis showed linear expression 

) with a· significantly high correlation coefficient 

of 0.8628. The correlation coefficient derived between 

(0 and 

number of ova··( 'r ::!. 0.9180) and was also found to be 

significant at 1% and 5% probability level• 

Terentjev's (1960) emperical equation for the 

calculation of !ecundi ty and clutch size for temperate 

.frogs, bas also been applied at loge and lo8n bases in 

~ cyanophlyctis. The fecundity observed by gravimetric 

measurements, calculation by derived linear regression 

formula and by Terentjev's equations at loge and lo8n 

bases have been tabulated and compared 1n the Table & .10; 



Fig. 6~j2 (.A) : Linear relationship and regression eq~tions 

between SV leng"t!h and _numb_er of ova of Rail§, 

cyanophlYctis~ ... 

6•12 (B) : Regression equation, and linear relationship 

between SV length and weight of ova of Rana 
- . 

cyanophlYt~s •.... 

6i}2 (C) : Regression equation elf awn at log@ ~n accor­

dance· to Terent~ev '· s .formula. at given SVL of 
. . 

Rana cyanophlYctis.l 

6~2~(D) :~Regression equation drawn at logn in accor~ 

dance to Terentjev1 s formula at given SVL of 

Rana cyangphlyctis•l 
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and Fig •. 7~2 C and D.· It is noted that feQundity 

calculated through Ter.entjev's equation .does not bold 

good for Rana. c,yanophlyc tis· and v'ar ies greatly with the 

fecunQ.ity calculated by linear regression a,nd .gravimetric 

method.,, 

jf};) DISCUSS ION 

Induced breeding by pituitary j;nject.ion is ·now 

a routine procedure in many laboratories. all over· the · 
. . . . . ' . . 

world. Ever since, Ascbeium and Zordek ·demonstration tba t 

pituitary iJnplant enhances sexual development in mice 

(Allen, 1939) and Wolf£ (f929) experiment· that pituitary 

glands cause induction of ovul.ation in ~ pipiens, 

different techniques have been evolved for induced breeding 

(see Rugb, 1962; Nieuwkoop and Faber·, 1967; Jbingran, 1975). 

Nieuwkoop and Faber ( 1967) and Roy (1979) respectively 

d.escri bed detailed technique of induce ovulation in 

Xenopus laevis and ~ limnocharis, fo,llowing Rugb ( 1962) 

technique. The experiments in the present investigation 

on the induced breeding of ~ cyanopblyctis bas been 

followed .in accordance to· the technique prescribed by 

Nieuwkoop and Faber ( 1967) and Roy ( 1979). Though Rugb' 
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(.1962) prescribed use of fresh pituitary, be .did mention 

that pi tuita.ries preserved in· ethanol. can be us.ed for 

this pti.rpose •. ~oweve.t;~ H~~h 's ( 1962) technique was. found 

to b.e ·somewhat· cumbersome. as in every .set of ·experim~~t 

one bas ·to collect a number of frogs 1deoapi tate some of 

them to collect requir~d. numbers of pi tui tari,es, and then 

inject it along with some distilled water i,n the abdomen 

of the experimental female. 

In fishes acetone preserved pituitaries are used 

(Alikunhi ~ !!~, 1960; Ch~dhuri, 1960,1963 and Ibrahim 

and ~hq_udhuri, 1966) '· but in .frogs pituitaries preserved 

in absolute ethyl al·cohol yield successful results. It is 

difficult to explain such differential response, in fishes 

and frogs. In the present investigation response to .fresh, 

preserved as well as pituitaries taken out from just dead 

or dying frogs was tested. As reported earlier (Roy 1979; 

Kbare, Roy and Kumar, 1981) the. use of frog pituitaries 

preserved in absolute ethyl alcohol was found very 

convenient as they can be effectively used even a{ter 2-3 

years of preservation. This investigation reveal that s 

( 1) The frog can be induced breed for e·igbt 

con tihuous mon tb s, namely March , April, May, 

June, ·July, August, September and Octo Q~~. 

. . . 
( 2) The trog of minimum measurements of SV length 

5.8 em and weight 25.0 gm is required for 

successful induced spawning. 
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(3) Tb'e pituitary dosage of approxima·tely.0.08 

· mg/g body weight. tor fully mature and sligb tly . . ' ·. . ' 

for somewhat immature female frogs can be 

effec,,tiveiy us~d for ii1duced ovtiiation~ 

· (4) The ,numb~r of pva obtained, by induced breeding 

during rainy .season are more, maximum being 
. 667 ,'than ·~ t the be,gtnning or end.' of 'r.ainy . 

season, minimum being 24; 

(5) At col,d weather of Sbillong induction of. 

ovulation occurs in 20 to 24 ho.urs. . . . ' ' . · ... -· 

(6) Tbe· 'pituitaries preserv.ed.,in ali)solute ethyl 
., 

alcohol remain equally potent for over two 

years as fresh ones. 

(7) The frogs kept in captivity for a larger 

dtiration show more failure and indifferent 

.results than those freshly ooll~cted. 

(8) The frogs do not show zoological specificity 
and can be induced bred by heteroplastic 

pituitaries. 

(9) fbe pi.tuitaries of dying or.just dead frogs 

also maintain· their potency. 

A large number .of frog in the ~opical regions 

are reported· to br·eed· throughout the year (see Chr.ucb, 

1960 a,b; Zeller, 1960; Inger and Greenberg, 1963; Berry, 
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1964; Inger and Baocon, 1968; Brown a~d Alcala, 1970; 

and Duellman, 1970). Berk (1'930); Bragg (1950 and 

Ballinsky ( 1969) have r·epor ted tnat many tropical anurans 

bree.d in.· the nature at any time of the ·year and at places 

were temp~rature and rainfall are suff.iciently high. 

McCann (1933) and Ramaswami and LakSh~n ( i959) mentioned 

that the aqua~ic frog, Rana c,y~ophl,yctis is capable of 

breeding throughout the year if suitable conditions are 

provided ·to them.· Thu·s in the present investigation· 
. .. ' . ' 

induced breeding of ~ cyanophlyctis was attempted every 

moP,.tb from January to December., and successful response 

was recorded .from Mat-ch to ·october. The failure of breeding 

during November, December, January a.nd February may be 

attributed to very low atmospheric temperature (Fig .• 1.2.3 ). 

Heusser ( 1961 ).; Gunther ( 1969); Smith ( 1969); 

Wahl ( l969) and Van Gelder and Hoedemackers ( 1971) repor t~d 

that in warmer ~egions, a population of . .fr.ogs, abdding in 

permanent water bod:tes, may have several short period of 

peak breeding activity. ~ cyanophlyctis seems to belong 

to the same category,, and has proio~ged breeding season. 

at Shillong, which coincide with the rainy months. 

The failure to achieve induced spawning in Rana 

cyano.J2hlyctis weighing less than 5.8 em and 25.0 gm, is 

attributed to its ~ature age having small immature oocyte 
\ ' ' . 

wb ich are not competent to respond to the gonadotropin 
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stimulus as also rep or ted earlier by Schuetz ( 1969), 

Everinett .arid Tbo.rnton ·( 1971.· Ga.ngadbara .and· Biamiah . 

(196.8) obse~v~d that starvation fn the·~ cyanophlyotis 

destr'oyed the 'mature follicle in· the ovary. Jorgens·en 
' . . . . 

( 1976) ·noted 'degeneratidn of non-ovtilated· egg rapidty ·due 
. ' . ' 

to starvation~ Fci11Ure 'in: the indu:ced··avulation of the 

stored frog, during· present investigation ·may. be due ;to 

the poor feeding in captivity. 

. Fe. c. u.. V\ o.; s; _ _: 
Terentjev (1960) observed linear relationship 

b~tween fecundity and SV length in oer tain a·ussian frogs 

and su'bsequen tly derived a regression equa ti6n tO calculate 

fecundity of the available frogs from its know SV length. 

where 

F = FeoUildi ty 

L.= SVlength of frog 

Inger and Greenberg (1966); Inger and Baocon(1968) 

noticed that fecundity observed in the natural condi .. tions 
' ' 

and fecundity calculated in accordance to Teren.tjev's 

regression equation, showed little variat.ion in ·rain forest 
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frogs. L"l t~e pre_sent investigation a linear relationship 

between f~cundi ty ·and ~y le!lg'th. of female fi;ogs have been· 
. . . ' . . ' . 

observed (Fig. t··l..). Fui,"tber, the· bivariate correlation 

coeffic~ent derived between the two variables_desor~bed 

above have al~o. been .found to high. ( ~ = 0.94 a.t 19 degr.ee 

of fr~edom,'d~'·)~ The relationship between fecundity and 
. . . 

SV leng~h {Fig~ .C.:'l.) -~ ~ c.ya.nophl.yctis is found to be 

expressed by log F = -1.4169 + 6.0851 log L. 

App~ying SV 1 engtb of the Ran a cyanopbl,yc tis 

measured dur·~ present investigation to the Tereri.tjev's 

equatiqn at log base 'e' and log base 'n' the fecundity 

in the various size group of the frog bas been oalcuiated 

( Tab], e ~ , 1 0) • The fecundity calculated accordingly showed' 
l • . - ' 

great varia tiona from the· observed and oalcula ted fecundity 

iii .the frog derived in accordance to the. regression 

equation ·calculated earlier for the ~ cyanopbl,yctis. 

However, in both the cases of frogs from different populations, 

the linear relationship and linear regression ·in bivariatetl 

have been observed. The relationship between SV length 

and weight of the ova has also been derived (Fig.,.~) and 

was observed to be expressed by the linear regression 

equation ~ .~ .. with fairly high cor.rela tion coefficient 

( r = 0. 96 at 19 df. )' 

log W = -4.506 + 6.4369 log L 
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· . Fur tb.er, significant correlation coe.fficien t and 

linear relationship be~een, weight of th:e frog and weight 
.. 

of ova obs~ved (r = 0.86; 19 df.) weight of the frog and 
.. 

· .th:e .weight of O\"a c~lcl,\la ted (r = 0.92; @) bas been 

obser~ed .. C~~ \:\)) Koskela. a.nd Pasanen ( 1975) working on 

~ana tempora.r~a observed a lirlea.r re~ession and high 
' ' '' 

corre.la tion coefficient be twe~ (1) SV length of the frog 
.. 

and weight. qf ova (2,) SV length and weight of oviductt 

( 3) SV length and number of egg' ( 4) SV length and size 
' . 

of egg'r:; 0.8 to 0.9;. P(0.01). Tb'ey also concluded that 

the value of. spawn size and number of eggs depend on the 

size of f·emale frog and calculated tba t ~ tempor.a.ria 

of SVL 78 mm would produce 13.5 to ·14.0 gm·of spawn, 
. . 

consisting of. about 1360 eggs of a size of 2.01 mm. 

Similarly, with the. help. of equation derived· for Rana 
·. -

cyanopblyctis 1 t is noted that a female measuring 7.15 em 

would produce 9.8 gm of spawn comprising .of 60.48 of size 

1.5 mm each. However, aliquots analysis and gravimetric 

measurement at the same SV length :Lt was observed that 

it::;.had H·•J 2·:~t<D .1_;1.58 gm of ov~, consisting of 4465 to 

5808 eggs of an approximate size of · 1 .·5 mm. · 

~J linear relationship in the b.ivariates 

(1) gonad·o somatic index and weight of ova (2) gonado 
~ • .•J· • • 

somatic index and weight of frog (3) gonado somatic index 

and SV l·engtb of frog, have been observed. The correlation 
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coefficient of the three relationship described above 

have been 0.91 ; 0•71 and 0.84 ~espeotively which is 

.recorded to be significantly high at 1~ and 5~ probabllity 

level._ Hence, with the help of these derived equations, 

ova size, ova weight, ova number .can be known at a given 

.SV J_ength or .body weight of frbg; without sacrificing 

tt:Je animals. 
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S~Y 

'l.bts: ~- 4e~e 14th !Jt4uced 'br~ aJid 

· BO~aomatiC' Wti. · HtlmoplasU¢ pJ;tQltarle$ preaervtild 

a. ~eolute ·•• al~ob.Ol, ·.re useCl fOr ·induced b.Ned1ns8. 
' . 

' . ' . 
TheJ were touni ·to retain their petency for :a periOd o1 3 

J~S an4 the, t&"'&& respc,!ld~ tc) them: a3 effectively as to 

l.t'e$h one&• ~ bne- could be pertol-med for a 
moll'tM. a..n· ~cb to Octohr. Tb.e f~es bavift8 sVL 5..a 

. . 
<m aild abeva· aJJl4 ••pt 25.0 gm ant1 abOve. reapcmde4 succEuts-

.tuib to 10: p1tt.attar'7 lntectlo.. 0•'08 :tJg/f!JJ. ·wt ot the 
. ' ~ ., . 

·f~~ \!Ja$, etf-eoUve 1a ·bl'ea41Dg ·seasoJh± DurtQg .pre alii 
. . 

post breediJJa penocl a larger eao o. tS mg/e;a • 0.2 mg/SJ wt 
. " 

Of tile· fetna.le~ 1188 loUDd to be ~~ectlV~h Tile ll)AUfJRID li\8ber 

661 ·ova ._e~ obtat.ned durlrlg MQ' and mtrd.m•• Z1 ova dutlDS 

Match. Ill som:e· ~-~s.· lftduced ~for the ·seccmd . . 

~~ · waa also, wccesstu11v parfomed em tbe S41!le frogs. 

.$1Sftl#cam l:Orretauon coefZictent (P4 0.01) $124 11near .rela-
, 

UOU$blp tJas. ~' ·Obta1ned between SVL and number of ova, SVL 

antS wtgbt .a£ :f)VQj bodr. weigbt and m:dbGJt .,f ova.. body 

~1: ·aft4 ~a··01 ova. ·gonadosoma'Uc lrdex and Hcly weigbt. 

SODa(lo$MnatlC. Udell aDd· SVLJ U4 gonad0$0mat1c i.Ddex and 

veigbt ot ttl$ ·fJ.\tadeSl. 
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