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ho thests embodies an investigation on cartain
aspaects of acology, éavelom@nt and axperinental bregde

frog mﬁes amlahle at plains and hills of orth
Eagtern Imifa, arranged in six chamars.

Chopter 1 deals with a description of tho study
stess (1) Govormment Pish Farm, Ulubari, Gauhati, Assen
{49.4 © asteles 25.05°N and 91.&5%) and (2) Pologround
afijoining Unithrah river, Shillong, Hloghalayas (1428 1 @.5.1.
25,36°1 amd 91.36°E). The two sites were selected to f£ind
qut, vhothog ths frog speelea mder ﬁ.mresu.gation shows
any intraspecific or ecological variations or mot. The
Gauhati site 45 a properly managed £ish farm by the State
Governmiont 04 Agsam and represents typical ecologicsl con=
dstiony of plains. Tho Umkhrah river site at Shillong is
a patural site surrounded by hills snd coniferous trees.
The major difference is that the Couhati site has lotic




wvater systen with alkaline pH and Shillong site has
lentic vater gystem with acidic pHs Gauhati hag tropical
climate and Shillong sub-tropicale. '
Chepter 23

hapter 2 deals with an analysis of morphological
tharacters, Dorphonetric measurements, lengthewelight rola=-
tionship and annual breeding cycle of Rana gyanophiyctis
at the two sites. This species is identified by a
depressed hea;ﬁ. somowhat broader than long, equal sige

webbed $oes and warty skin with pores and tubercies. Males
are smalier and lighter (SVL 4.0 = 5430 cm) and body
veight ‘?.-’Q « 99,0 gm) and femal.es are larger and Aheavier
(SVL 5,10 « 7,20 cm and body weight 22.0 = 38.5 gn). There
vas no aign&ficant variation in their morphology or
mOrphom Yo L&near relationship was obtained betm
tbsir icngth and weight. Relative conditions of the frog
484 not shew much variations in different months. The
anmual breading cycle is divisible into 3 phases (1) Pre
brecding (February to April) (s3) Breeding (May to Septen-
ber (144) Post breeding (October to January). In winter,
they do not hibernate, presumably bacause of aquétzc ‘\
aaaptation, and are often se'eeg}ml fgkﬁgg—in worning hours at

the edges of water bodies. ‘,é»analysis does not shov any
racial .difference between two populations,
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fange movencnts of Rana Cyapophlyctis and relationsbip of
these Wth onVin conmtmns at both sites. The
Snvestigations wore made with the help of two techniques,

1) HNuober cateh per unit timo and 2) Capture, marked,.
¥oleass and fecapture techniques The second technique was
attempted of Gauhati only. During winter months (November-
Fedbruadry) thoy remain restricted to the middle core of water
hodies except Juveniles which are soen on enbankments also.
Yith the increase in tempercture frem March onwards tney
boceme more sotive and their relative sbundance on land.
ag0s, Thuy maintain a Thome ra

ge* which 13 largest

Chapter 4%

Chapter 4 doals with £ood and feeding habits of
anen) : " i The percentage composition analysis
in y._ts forzed a very iarge bulk of the food
- ftems of this spec&as at both sites. Homoterans formed
nighost gawem%age in Gauhati i'x'oss and Insect larvae and
Dipterans Lozrmed highest perceﬁtage in Shillong frogs. The
anount of 2‘@&1 intake did not vary guch during difforent
ol breeding cycle. The food types reflected
igance dn the ecoaystm and their availabiiity in




relation o changinz envirommental conditions. The

rolationship botween length end welght of the alimentary

canal angd gastm somtie indon did oot show mzci: varia=

A0% sematic ixﬁan ﬁi& mt Bhow. any s&gn&ficam

_ cam&&%iﬁa (P 0.05) with length and weight of the
frog alsge

cmmr 9 3

ﬁhapter 3 deals with g pormal table of developmend {
yetis mast&gaﬁed after induced breeding.

Juxy ond Auguste Hatew HCRUPS on ,asn/faith day and
netomorphosis 1s completed on 68th day. Emm developnent
 has boen divided into 40 stages. Fertilization: stages

e 3, eleavage: stages 3 « S, gastrulation: stages 10 = 32,
pouruiotions stages 12 = 18, organogenctic stages 18 = 24,

. Chopter 6 deals with induced brecding and gonados
‘samatis fodlex. Honoplastic pitultaries presorved in
‘ebgsiute evthyl alcohol were used for induced broeding.

- The pitultaries were as e;fteeft;&vé ’E;wea 3 yocars after
thedr £ixation as vhen thoy were frashly preserved. The




izduced broading was possible for 8 months from Harch to
Octobers Pituldtary dosage 0.08 mg/gm woight of the

female induced successful ovilation in females having SVL
58 cm 4N 2bove and weight 25.0 gn and above Quring
breeding poriod. During pre and pogt breeding periods
larger dosege $0.15 - 0.2 ng/ge veight of female) wers
reguireds & linear rogression was gbtained bstuwsea SVL

and mumber ¢f ovn, present in ovaryy SVL and weight of ovag
hody wodght end size of ovay gonadosomatic index and body
welght, gonadessmatic index and S¥L end gonadosomatic index
- and walght of ovaries. '
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General Introduction




The first annmals to emerge from the aquatic environ-
'ment and craw1 on ‘land approximate 3 x 109 years ago were the
.ancentral amphibians (Cochran, 1968) . Noble (1931) commented
that the amphibians were the first vertebrates to develop
" voice and break,silenee on this earth. Cinery-(1976)
ﬂdescribesfthatethe amphibians arese,from'ﬁheirlerossopterigian
ancestors during carbeniferous and permian periods and haﬁe
diversified into a number of species. Of these, 2,600 species
belonging to 245 genera and 18 familes have till now been
reported from different parts of the world.

The value of anhrane in human welfare is known since
times immemorials They are considered auspicious items in
 certain mman communities. Certain tribes in Africa tie femur
bone of frogs to attain'supernatural,powers and goodluck
Chinese use toad skin and its poison as therapeutic agent for
various heart ailments. Sometime back in an Indian village
ébout 30 km from Mehsameend in drought hit Raipur district of
Madhya Pradesh a strange marriage of toad bride and biidegroom
was performed with all pomp and show undef a special '‘mandup’
to please Indrag-theAgod of rains (See Amrit Bezaqr Patrika



dated 25.1041979)

| gpaft from such beliéfs; frogs-and toads ehaoy
immense economic and academic values. Haﬁdersoh (1864)
Vreported the sale of dried frogs and teads in Chlna, Japan
Aand South-East Asia for food and medical purposes. He also .
mentiened their use for preparing fine leather. Frogs and
toads have been used as biological oontrol agents to eontrol
paddy pests in China and Japan (0kado, 1927) and sugarcane
pestsin South America (Pack, 1927; Cochran, 1968) In |
recent years, their economie value has tremendously 1ncreased
as fragllegs are used as.gouxmet food items in Japan, France,
UK. épd UiS.A. Tons of frozen frog legs worth crores of
rupees are exported every &ea? from<£his'country through
’Marige ?roducts‘ExportheveIOpmenﬁ Authbrixy (MPEDA), Govern=
ment 6% India, Cochin, Though the precessing of frog. legs
was originally known to certain communities of adfvasis,
Bohri community of Gujarat and ¢ertain muslim communitles of
*Kerala@ it is now séientgfically done under hygieni¢ condi-
tions under the supervision of the experts of MPEDA,

Many significgnx'concepts in the field of Developmen=
tal Biology, Aﬂimal'?ﬁysiology-and.Medical,Seiences hava.cgme
ﬁp as a resultlof,exper;mentation of frogs. To mention a
few = as quoted by Balinsky (1957), GaIVahl (1789), while



working on exposed nerve and muscle stimulations of
dissected frog legs, got an idea that led to the discovery
of electric current. Before the availability of sophi sti-
cated techniques, frogs and toads were used for pregnancy
tests in earliest stages of eon¢eptiong(3hapiro and%gﬁc
Ziwarenstain, 1933). Phenomena of differentiation and
cloning among vertebrates wasffirsi 1nyest;gatéd,in frogs
and toads. Frogs and toads are used freely in schools,
_Golieges,and research labpratories fof demonstration of
vertebrate anatomy and.basié experiments ih physﬁbiqu and
embryology.

Supply of frogs and teads for all these purposes
comes from nature. Indiscriminate collection of frogs and
toads from the£r~natura1.hab;tats_is,resuiting in rapid
depletion of their populations; and this'is a‘threatvto
their'Very survival. As such, necessity is béing-increa-
singly feit o cultureffrogs on commercial séale.. Priddy
and Culley €497%) reviewed the work on fiag.CUIture. Attempts
on frog culture have been_madé.in U@S,Aa, Japan, Itély;
Austria and England, In U.S.A. 'ampbibiaﬁ facilities' have
~ been developed and varieties of frogs are cultured in
¢losed set up underrconditlons'of_QOntrélled témperaturé,
mmidity and selected feeding. Keeping in view the high

costs of such programme, economic éonditions-and aifficulties



due tcgﬁnterﬁupted”ehectric pgwer*sﬁpply (due to power shortage)
in our country, it may not be feasible to develop technolegy for
frog culture in closed set up. We need a technology which may

be practiséd-in pQﬁds in open enviromment and may be acéeptable

to farmers.!

,Aitempfs havé been made in our country by Central
Inlénd Fishsries_ReseArgh Institute, Barrackpore, West Bengal,
at their Kalyani and Cuttack unitss Though results are encou=
raging,iwg~are still far from having evolved reliable methods of
frogs cuiturg;' It needs hardly be stated that for any attempt
in réspeetgcf any specieé, a kngwledge of its biology and ecology
must be known in detail. |

Rana cyanophlyctis Schneider, the skipper frog, is a
'common_aquaﬁic frog speeies avéi}able throughout Indian subcon-
tinent (Satyamurtdi, 1?67), Iﬁiﬁs also a common frog species
avaiiable at plains and hilis cf Neorth-Eastern Ind;a. Though
syétematies, biology and functional morphol@gy of tbig species
has been investigated by certain workerg ggoulenggr, 5929;
McCann, ﬂ933), its ec9logy, food and feeding habits and. breeding
) behaViour'héve to be properly ﬁn&erstood.in a particular biotope
to evolve its culture technique in that regton. It was with
this backgraund that the present investigation was carried outs



o444

Two study sites were selected, one at the plains
of Assam and the other at the hills of Meghalaya to
investigate the nature of variations in the populations of .
jggyg,- ohlyctis available at the two regions.. The |
thesis has been .divided into six. chapters dealing with
(1) description of study sites, (2) diagnostic -.c.haract.ers,

morphometry and annual breeding cycle, (3) relative abun-
dance, home range and moveﬁent,;(h) food and‘feedihg habifg,
(5)‘nonna£ table of deéelopment and (6) experimental bbeeding,
It;is.hqug,tha%.tbestudy will be helpful in mainxenance and
for‘undeﬁfak;ng cuiture programme for this species.
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CHAPTER- 7

STUDY SITES




Rana cyanophlyctis has wide distribution
(Boulenger, 1920; Satyamurti, 1967; Daniel, 1975) and is
abundantly available on the plains of Assam and hills of
Meghalaya, Thus, the work has been cartied out at two
selected sites - one at Gauhati (Assam) and the other at
Shillong (Meghalaya). Details of these sites are given

below,

1.0 State ?overnment Fish Farm, Ulubari, Gauhati
‘ Assam ' :
. (49,4 metre above sea level (m.a.S.l.),
26,05°N and 91.45°E) (Fig. 1.1.1)

The Ulubari fish farm is situated about 1% km,
south-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 0il
Refinary., It has low water level, but during fainy season
the water level increases tremendously, though it nevery®
overflows the bank of the river, In the west neighbourhood
of the farm there are agriculturé and food preservation
departments, The fish farm is surrounded on three éides,
East, West and South, by 1ow‘1ying ary afea. which get
filled up with 0.5 = 1.0 metre deep water during rainy
season. The fish farm has a total area 9f 19,375 sq metres.
It has 17 tanks of different sizes (20 x 18 metres to
90 x 65 metres). The intervening land area of thé farm



- Fig. 1.1t Map of North=-Eastern Region showing study

sites.
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"Fig., 1.1.1: Map of the study site, State Fish Farm,
Ulubari, Gauhati, Assam.
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Figo' 1.1428& 14143 ¢ A view of the State Fish Farm,
' Ulubari, Gauhati, Assam,
Study site No. 1.
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covers 6296 sq metres. At the nor th-east corner of the
farm there is one small labqratory-{ one pukka wétar tank
and some temporary hutments. At the northern side there
aré'some residential houses fon Assam State Government

employees (Pigs. 1.1.2 and T.1.3).

The location of Gauhati and so the fish farm is

077 at the tropic of cancer. 'Gauhati is surrovnded
‘on three sides by hills and experienoes south-east tropical
monsoon from April to October. The beginning of the rains
‘1s marked by strong winds, overcast skies, occasional
tbun&erstorm and.bail storm during Apil-May. The winter
season also experiences occasional showers. The atmospheric
and water temperature, rainfall and humidity have been
illustrated in Fig. 1.1.4 for 1978. The maximum rainfall,
about 375 mm per month,was recorded during May and June
and minimum during January, Fébruary, March, November and
December. Maximum atmospheric and water femperatures were
recorded during July and August and minimum during January.
The ennual humidity fluctuated between 44% to 100% being
maximum during June and July. High bumidity is the cause
of sweating one experiences for a large period of @be-year.

Correlations betweeﬁ different climatic factors have been

shown in Table 1.1.1.

The ponds had following floras algae belonging
to families Chlorophyceae, Euglendphyceae, Bacillariophyceae,



Fig.* 1.1, 4 3 Environmental conditions at Study Site
Co * No. during 1978,
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Fig. 1.1.5 : Limnological conditions at the Study Site
No. I during 1978.
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Myxophyceae and Euglenoidae; fungl like Aspergilus,

Peziza, Morticrella and.few‘unidentified\aSCOmycetie and

some aquatic weeds. The land area had predominant herbs
belonging to specieslPolzéonum hydropiper, ‘Cichlorna -

cracepus, gxpocbeeris\radioata,?Ambrosia ar timesifolies,

Eupatorium adencphoum, Canna indica and Artemisia species.

' Being almost a ngi ‘bur al habitat, & number of
aquatio end terreetrial inveruebrates and some ver tebrates

including pets and domesticated animals inbablt the areas

An analysis (technique described in cbapter III)
of tbe 1imnologica1 conditions, such as pH, conductivity,
dissolved bicarbonate cbloride, calcium,_magnesium and »
total hardness of the pond water has been illustrated in
Fig. 1.1.5. CorrelatIon anong the above nentioned
limnological conditions have also been derived and

presented in Table 1.1.2.

1.2 ,Pologround, adjoining Umkhrah river,Shillong
(MEGHALAYA) .

(1428 m.a.s.l..25.34°N and 91.56°E)(Pig.1.2.1)

- The Pologround site at Shillong has Iotic wa ter
system, surrounded b& hills having average slope of 30°
to 40° and is situated about 14 km north from State
Transport Bus stop and south of Unpling colony. The



Fig. 1.2.1 : Map of the study site No. II = Pologround
adjoining Umkhrah River, Shillong,
Meghalayas: '



s, , | 1‘

‘1416

©
c
2
o
A
o
s
&

7.2.7

Fr



Fige 1.2.2 (A) & (B) ¢ A view of the pond water of the
study site No. II - Pologround ®
adjoining UmkkPah river,
Shillong, Meghalaya.
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Unkharabh river flows fhrough the pologround area from
south-east to north-west. It is 4.0 to 6.0 m widé and

0.5 to;1;0\m deep, from late June to late August, during
reiny season the river overflows and floods the surrounding
-aress; The river hes muddy end foul water due to excessive
silting an& séwage drained frém the city (Fig;'1;2;é);'

The habifation and construction ére very féw, restricted

to some hutment. The Pologround is used mostiy for paddy

and potato cultivation.

Shillong situated 4L the north of cancer has
sub—tropical,elimatefﬂxnxmosbheric and water temperature,
humidity and rainfall are shown in PFig. 1.2.3 for the year
1978, The temperature varied between 1.3°C - 28.2°C. The
average maximum atmospheric teﬁperature was recorded‘to
be 25°C in August and average minimum 4.5°C during January.
The average water temperature at the site fluctuated
between 6.7°C ahd 20.0°C and hed minimum and maximum
record of 4.0°C and 22.5°C in January and August respectively.
The huﬁidity at the study site fluctuated between 37% and
' 90% and was meximum during rainy season. . Total rainfall
during the year. 1978 was recorded to be 1633.0 mm with a
maximum preclipitation of 460.1 mm during July. The winter
months were dry with no rains. Correlations between

different climatic factors have been shown in Table 1.1.1.



Fig. 1e2.3 ¢ Envirormental conditions at the Study
Site No, II during 1978.
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“ig.' 1.'2,4 ¢ Limnological conditions at the Study
Site No, IT during 1978,
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The vegetation at the site ais broadly divided
in four layers, trees, shrubs, herbs and ground layer..
The tﬁeeg and sbrubs are very few beélong to mainly Pinus

and Hypericum species. The herbs that predominate the

sites are Subrosia artimissifolia, Eupatorium adonopharum

Vol

and Hipdchae:is radicata, Ar timisria species frof the

family Asteraceae; Polygonum hydropiper, Fagopyrum .

esculen tum, Rumea nepalenses of family Polygonaceae;

Alternanthera sessilie of Amaranthaceae; Drymaria cordata

of Caryophylacease; Galingsoga ciliata of Asteraeeme; Cernna

indica of Cannaceae; lLantanna camara of Verbenaceae;

Paspalum dilatalum of Posecae and few Pouzolzia spp. -of

Ur ticaceae. At ground level the Aspergillus, Fusarium,

Merticrella and few other ascomycites are recorded at -

1ts‘bankment.

Being almost a natural habitat a number of
aquatic and terrestrial inver tebrates and some ver tebrates

including péys and domesticated animals inhabit the area.

An analysis (technique described in Chap ter 3@?)
of the limmnological condition suchAas pH; éonductivity; .
dissolved bicarbonate, chloride, calcium, magnesiun and
total hardness of the pond water has been illuétrated in
Fig. 1.2.4b Correlation among the above mentioned

limnological conditions have also been derived and

presented in Table 1.1.2.



Table 1.1.1

Correlation betﬁeen various climatic conditions at the two étudy sites

GAUHA TT
Rainfall Humidity Aquatic Atmospheric
Temp. Temp »
mm % O¢ ¢
* . *R ‘
* % . * *
0.8441 0.3149 - 0.8511
0.4077 - 0.3149  0.0817
* % . *
- 0.4077 0.8441  0.6541

Variables"

Atmospheric
Temperature

°c
Aquatic
Temperature
°¢c
Humidi ty
%

Rainfall
mm

. SHILLONG
Atmospheric Aquatic Humidity Rainfall
-Temp « Temp. '
L w% R
- 0.9217 ©  0.2704 * " 0.6062
EN W
0.9217 - 0.4990  0.6143
. . . * N
0.2704 0.4990 . - 0.6247
. % . ¥ . * 4
0.6062 0.6143  0.6247 -

* = Significant at 5% probability ( P < 0.05)
** = Significant at 1% probability ( 2 < 0.01)



Table 1.1.2

L

Correlation between various physico-chemical factors at the two study sites

GAUHATI -
Total ‘ '
hard- Chloride Bicar- E.C. pH
ness bonate ‘
‘ppm pPpm ppm micro-
mhos/mm

* % i .1 :
0.963 0.731. 0.844 - 0.282

**. * % K X 2 ’
0.911 0.780 - 0.844 0.092

. 2. T %% = g .
0.754 - - 0.911 0.731' 0.448

% # ¥ * K 2 2 '
- 0.754 0.911 0.962 0.268

ppm

SHILLONG |
o ' ' ' To tal
" Variables pH E,C. Bicer- Chloride hard-
' o . bonate . ness
migcro- ppm ppm ppm
mhos/mm
pH ' - 0.054 0.076 0.454 0.391
: 1 -~ o % %
Electrical 0.053 =35 0.856 0.575 . 0.573
conduc tivi ty : v
micromhos/mm
: : ' % 2" :
Bicarbonate 0.076 0.856 - 0.812  0+492
ppm o
4 . ..‘,.‘“ . **
Chloride 0.454 0.575 0.812 - 0+298
ppm
o . . _ .
Totel hardness 0,391 0.573 0+492 0.298 -

* = Significant at 5% probability ( P £ 0.05)
= Significant at 1% probability ( P € 0.01)

% %
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38 INTRODUCTION

(¥ig-2)
‘Rana czanogblzctis Schneider /is closely related

to Rana hexadectyla Lesson, tbough 1t is smaller in size

and possesses perfectly webbed‘toes. The Systematio

position of Rana czanophlzctis fs'as;fdilsWsz

’_ Phylum

- Chordata
Sub-Phylum - . Gnathostomata
Class . - Amphibia
Order - Anure
Sub-order - Phaneroglosse
Series - Firmisternia
Sub-family - Ramidae
Genus - Rana Linnaeus
Species -~ : :cyanqpblzctis Schneider

The first record of this species was made as'early
as 16th century when Emperor Babar, noticed that it skips
over the surface of water like ricocheting stone (Dsniel,
1975). Because of this peculiar habit it is popularly
called “water skipper" or "skipper frog" and due to its
aquatic habit it is also called "Pani Benga" or "water
frogh". 1t is a common and most easily available species
inhabi ting different biotopes throughout the Indian

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



Fi_g. 2 ¢ A female Rana cyanophlyctis Schneider.
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or eqoatting along the edges of many ponds, rain puddlers,
tanks, streams, temporery, perenniai, running or stagnant
clear or foul watertbdiee and'otherléucb stretchee.
Annandale (1917).recorded them at Quetta (Pakistao)
floating on-&a: water body whose edges were frozen. McCann
(1933) recorded them- from cisterns and open gutters where
the weterlwas very foul, full of refuses, often discoloured
with eaffron curry materials ‘He notieed'them'to move away
from the drains when hot water was poured and returned
when the reter’cooled, Daniel (1975) has reported them
from water bodies oering industrial effluente and brackish

water.,

Satyamur ti (1967) has provided a detailed
desoription of this spedies from South'India and has
mentioned it to be eewidely distributed{gpeoies from Malay
Peninsula,_up tolArabie including Nepal; India, Pakis tan,.
Afganistan, Iran, Iraq, and Bangledesh,l in the north
from Himalayae»to Sri Lanka 4w south. Boﬁlenger, Annandale
~Wa11‘end Regan (1907) recorded it at'an altitude of 4,500
to 6,400 feet above sea level (a.s.l.) at the hills from
Bhimtal and Nainital., Acharji-and Kriplani (1951) recorded
it at Kangra and Kulu valleys in Darjeeling District and
other parts of Eastern Himalayane at 6, 000 feet a.e.l..
Annandale (1909)\recorded it at Kotagin and Nilgiri hills

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



lavailable in Nortb-Eastern hills of India, Assam,
- Arunachal Pradesh and Manipur (Pillai and Chanda, 1976)

| In the present investigation, tbe frog bas been recorded
in abundance at Gauhati as well as at Shillong tbroughout
.fthe year. o | |
Although detalled contributions are availeble
~on the”biology,~systematies-and.distribution‘of the gggg
. cyanophlyectis (Boulenger, 1890 and 1920; Annandale, 1909

and 1917; Narayan Reo, 1915 and 1920; McCann, 1933 and
1119405 Satyamnrti, 1967 Daniel_ 1973 and 1975), information
-on morphometric analysis of the populations avalilable at
Gauhati end Shillong are lacking. More and more
informatien has been pouring in on morphometric analysis
of different enuran species (see BroWn‘and Boschung, 1954,
Duellman and Klass, 1964; Metter, 1964; Zweifel, 1964 and
1973;'Hyers‘and Peter, 1971; Tyler and Mar tin, 1975 and

: Clarke(} (1974) and

Tmsley( 1973 and 1975).
Mohanti—Hejmadi (1974) derived correlation between SV

1ength and tibia length in Rana tigrina and Bufo woodhoueig,
Schroeder's (1978) contribution on‘fbe relationship
between SY length and tympanum diameter at different age

groups of Rana cateebiana’Terentgev's (1960) observation

on relationship between SV length and fecundity,Koskela

and Pasanen'87(1975) contribution on regression relation-

ship bf differenf nody parts of Rana tengprarialare some
%Y

N
\53
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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 morpholqgical structures of the samples of

Rana cyanophlyctis populations collected at

Gauhati and Shillong has been presented. This includes
_the deséription of morphological features and
relationships biwy between snout-vent length (SVL)

T e

and body weight (BW) of the two samples of this
species% A 12-month analysis of its relative
eonditién has been worked out to know the size
availability and robustness of fhe frogs during
differenf 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 -

Boulenger (1882) classified and catalogued
the Batrachia; Sailentia and Bucaudata collected
at the British Museum on the basis 6f_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; GOVernﬁent Central
.Museum Madras. He compiled a concise book ehtitled
mCatalogue of the Batraohia; 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 bopk
is now out of print and also out of stock
(satyamurti, 1967). Boulenger's monumental
monograph "Reptiles and Amphibia" published in
1890 in the Fauna of British India is en record
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on the anurang of this contineﬁt. It is even
tadéy congidered 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 libraries and
museums are often so fragile that one cannot .

use them freely for reference.

Boulenger (1882, 1890 and 1920)‘; Thurston
(1888), AnnanZdale (1909 and 1917); Narayan Rao
(1915 and 1920), McCann (1933, 1940 and 1945),
Acharji and Kripalani (1951) and other earlier
worker%rcontributed mainly to the morphology;
taxonomy, distrmbution; hébits and behaviour
of the‘anurans, The morphology was often restricted
to provide the diagnostié characteristics
explained with the help of absolute measurements.
Workers 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 1in both
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sexes. later, Brown'aﬁd'Basébung (1954); Duellman and :
Klass (1964),.Metter (1964), Zweifel (1964), Tinsley °
(1973, 1975) used absolute measurements as well es ratio
study for tbeAmorphology. MO?Ph010818t 11ke&ﬁ£yer:§nd
Peters (1971), Zmeifel (1972), and Tgler and lMar ¢1n(1975)
uéed ab801uté meééurements aﬁd ratio analysis for the
study of races in pbpulatfoﬂ, collécted from different
ecological condltions and 1ast1y workers like Clarke
(1974) and Tehin et sl (1977) used correlation between
two different struéﬁgrée. Pasanen and Koskela’ (1974)

and.Koskelavand Pasanen (1975) investigated relationship

' betweenASV length and vafious biome tricsof Rana fegggraria
and thereaffer ﬁﬁovided regresqidn'equatioﬁs enabling

“to calculate the weight of ovaries, weight of oviduct,

egg number and egg eize, from the known measurements of

SV 1ength and bodyyﬁeight of the frbg.

The 1mportan1: remwﬁ!-hiewra‘mse for the past

two decades are as followsz

Bragg (1950) in Bufo congnatus, Tayiem"(1251)

in Bufo simus and”Broﬁn and Boschung (1954) in Rana

palustris, made morphological study and absolute morpho-
\'logicallmeasurgments to desoribe the morphologiecal
‘variationsin populations inhabiting at different
environmental conditions. Brown and) Alcala (1963) applied

the following three ratios (1) breadth of third finger
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diéc/;eugth 6§ third finger; (2) Head width/Snout-Vent :
length; aﬁdlﬁead Width/length-of Tibie along with absolute
morpbqlqgical,ﬁariations and degcription for the identi~-
ficétioﬁs{of.a new frog belong%ng,to genus Cornufer
(Ranidae). Qn tbeAmorphologibél analysis of the skin
structure colourations,7 absolute measurements, and 6

morphological ratios in hylid frog populations Duellman

and Klass (1964) recorded s new'species,Tnigrion‘getastus.
Deécribing tbe‘utility'bf the ratio study in animals
Cochran (1953)fremarked that morphological rétios'studies
providé a betfer understanding of the morphological
structure and variations, it also compensates the natural
variatibn of sizes. He noted that an average ratio, .
derived, by finding the specific ratio fer each individuals
‘and then dividing tbe total by the number of individuals
was less accurate than the ratio obtained by dividing the
sum of.ﬁumerators by tbe sum of denominetors. Metter
(1964) applied Cochran's technique to 8 ratios and 10
absolute measﬁrements for a.mqrphological coﬁparison of

the two populations of tailed frog Ascaphus truci.

Similarly,:Zweifééi‘(1964) in Rana viticaria and Mar tin

and Littlejohn (1966) in Hyls jervisiensis used ratio
study to desoribe the morphology of the frog. ' Heyer

" and Peters (1971) observed the synonyms in Leptodactylids
collected from Ecuador, and Zweifel (1972) review(ing

the available preserved specimens of genus Lechrides “used
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various indices of ratio and absolute measurements, for
morphological undefstanding. Similarly the population
studies in Bufo mexicanus (Webb, 1972) and Leptodactylids

| (Tyler and Martin, 1975) were made by analysing the

morphological ratios and ébsq;ute counts. Tinsley (1973
and 1975) used 9 indices; sbéﬁing ratios between various
body part and i8 absolute méasurements‘for'the s tudy of

the biology, systématic and synonyms in Xenopus laevis,

Xenopus yvestitus, Xenqpué bunYoniensis, Xenopus victorianus

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

‘the utility of the ratio in the systematic studies of

anuran larvae.

Some references on the morphology and measurements
of Indian anurans of the recent decades can be reviewed

as followss

Daniel (1963g,1963b, 1975) desoribed habit and
habitat, distribution and morphology of anurans from .
western India, (3%72Fi}) Satyamurtl (1967) from southern
India, Behura (1965) and Mohan t§-He jmadi (1974) from
Orissa. Pillai and Chanda (1973, 1976) described 40
amphibian speclies from Nor th-eastern India. The description

contained 3 anuran records namely Rana danieli, Rana

mowplangensis and Philautus shillongensis identified with

the help of 22 absolute and 6 ratio morpholvgical counts.

DuboFis (1976) collected anuran fauna from Nepal ‘and
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recorded the,presence.of two uncommon black eye :Rana
cyanophlyctis ;,’RecentlyuRoy (1979) made morphological
description”qflRana[iimnocharis:of Shillong population

with the help of absolute and ratio-morphoiogical :
measurements 'as described bysiinslgy (1913, 1975).

These days morpbological cbaxgdanare frequently
[ 3. VN
acoompanied by biometric studies. Among anurang i uissh. A+uclm$[

very few specially when compared to fisbes. Rao (1964)

frequency distribution i.e. the occurrence of more or
lesa same length group in different season. It also
‘ ,reflect;the size group of animals predominating the
habitat during_different months, (B) length weight
relationship,i.e. length group (cm)'plottedvagainst the
corresponding average weight (gm). In the above two
bivariates (length and weight) showed linear relationship
and has been eipresaed by W=a ‘+.bL3 (wbere W and L
being weight (gm) end length (cm) of the animal respectively
and & and b as equation constants) Similer length
frequency distribution and length weight relationship
have also been studied in Gizzart Shad (Babu Rao, 1965)
in Otolitboides microdon (Sinha and Rao, 1965); in

Stipinna godavariensia (Rao, 1967) and in Eilsa ilisha
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.~ LeCren (1951) derived a relationship between
.body length and weight K = Ig_ix 10° and noted that

" the relative conditions_of the_organism can be predicted
with the help of thelabové equation. - Following the above
techniqqe, the relation condition has been estimated in

various animal such as'Hilsa kangenta (Rao,w1964);

Otolithoides microdon (Sinba and Rao, 1965) and in Hilsa

ilisha (Rao, 1969) It is observed that in all the above
case;the maximum‘relation Qondition (constant)‘has been

observéd during'Spawning periode

Bayless (1969) plotted regression equations and
relationship between SV length and Tibia leﬁgfh of

Agcris crepitans and compared it with Bufo woodhousei

floweri . - TMnsley (1973) derived various biometric

relationship in body part of Xenopus kigesiensis Schrocder

(1974) in the body part and Tympanum length of adult

Rana catesbeiana . Clarke (1974) used Tibia measur emen ts

as a growth indicative in Bufos and noted that SV length
and Tibia'lengtb have significant correlation, with high

" correlation coefficient of ( r ='0.998)\.-Labanick-and
Schlucler (1976) observed that relationship between tibia
length and SV lengfﬁ éppeabed to be linear amd can - be.
expressed by least square regression lines y = 2.37 x

+ 5345, wheQ y and x  are Tibia and SV length respectively.
Koskela and Viro (1976) observed linear relationship in
body length witb animal weigbt:and with tail length in

haervest mouse.
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A method for rgcial analysis suggested by
Mahalonobis (1936) has been followed by certain workers.

He mentioned that the distance/difference between the two
population, Dg

comparison of the variables and means dffference of the

TIANEL =« LOVOVTIoN.S

can be estimatéﬁ‘by theyanalysis and

two.pophlations. Kesteven (19350) noticed that Qg analysis
on statistical 'F' test, if ylelds values, below or |
equal to 1%5 Pﬁaﬁability level (P = 0,01), indicates that
the populations inhabiting in two enviromments are morpho=-
metrically non distinct and indiscriminent functions can be
developed between thems Such population can be considered
as homogeneous stocks ‘Rao (1952) and Keeping (1964) |
further reﬁorted that covariance and mean difference in the
variables of the two populations can be used for the racial
studless Gupta (1970) applied the Dg'anaxysis (Mahalonsbis,
19363 Rao, 1952) in the meristic counts of different popula=-
tions of Polynernus paraliscus for the racial study. Simi=
larly, Pathak (1979) took help of the above described
technique for the reacial study in Cirghinus riba collected
from two different hydrographical and physico-chemical. condi~
tions, namely Ganga and Yamuna riverines and noted minor
structural difference in the two populations of the fish,
although not statistically significant on qg'analysis, to

assign them two different races,
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+f5) MATERIAL AND METHODS

“Adult Specimens of Rana cyanophlyctis were

| collected at tbe study sites at Gauhatl.and Shillong at
’regular 1ntegvalsvthroughout thg year, After collection
the Snout-Vent length (SVL) of each frog was recorded
 and ifs bodvaeight QBW)‘was taken af ter blotting_tbe 
body'surféce. 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 ealculated separately for samples of
two populations in various size groups of male and female

to compensate for the natural variations in sizes.

(a) Absolute measur emen t8 of the morphological character:

Por females, following 17 énd for males following
18 absolute measurements were recorded with the help of

divider to the order of O.1 mm accuracy.

(1) Snout-Vent Length(SVL) 3 The measurement between
‘tips of snout and vent of

the aninale.
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Measurement of the widest
part of the body.

(2) Body width (B.W.)

Measurement from the anterior
length of .the animel to
occipital_condyl.

(3) Head length(H.L.)

[ 4

(4) Head width (H.W.) : Measurement at the widest
- region of the head.

(S)VSnout length (S.L.) s Measurement'of’tbe'perpendicular
| | - distance from the tip of the nose
to the anterior most end i.e.
the anterior level of the
premaxillae bone.

(6) Snout width (S.W.) s The measurement.of the widest
' ‘ point of the snout lying just
below the noses:

(7) Eye diametef(E.D.) + The transverse distance across
the exposed eye orbit.

(8) Inter ocular The shortest distance between
distance (I.0.D.) s two eyes.

(9) Tympanum dismeter : The measurement between annudus
( ToDo ) !
tympanicus across tympanic
menmbrane.

The shortest distance across
head between two tympanie
membranes.

(10)Inter tympanal
dis tance ?I.T.D.)

The distance between the inner
margins of the flabs bordering
nostrils.

(11)Inter narial
dis tance (I.N.D.)



(12)Hind 1imb length
(H.L.L.)

(13)Tibia length (T.L.) 3

(14)4th toe length - 3

(4.t.1,.)
(15)Forelimb. length =
- (F'L'Lo)

(16)Badio-Ulna length
(RU.L.)

(17)1st finger length s
(P.L.)

'(18)Vocal slit's length 3
(V.St.L.)(only for
males)

(b) Morpbometric ratics:

27

 Total distance from the vent

to. the tip of the 4th toe.

Median measurement along the
dorsal surface of tibia.

Measurement of the outer

ventral surface of the 4 th
digit. |

Measurement from the origin
of forelimb to the tip of.
1st finger. -

Median measurement along the
dorsal surface of the radio-
ulna.

Measurement from the base to

the tip of the 1st digit.

Measurement from the anterior
edge to the posterior edge of
the slit.

Cochran's (1953) me thod has been applied for the

ratio count analysis of the frog. The ratio has been

‘obtained for each count by dividing the sum of the total

nunmerator by the sum of_total denominator.

Following the

ratio counts were estimated:
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(1) - SV length/Hind limb ength (SVL/HLL)

(2) SV length/Snout length (SVL/SL)

(3) . SV length/Snout width (SVL/SW)

(4) sV length/Tympanum dismeter (SVL/TD)

(5) SV length/Head width (SVL/HW)

~(6) ' SV length/Eye. diameter (SVL/ED)

(7) BHead léngth/Head width (HL/HW) |

(8) Tibia length/Hind limb length (TL/HLL)

(9) . 4th toe length/Total fore limb.length (4th L/FLL)
(10) Lower fore limb length/Total fore limb length(LF/PLL)
(11) Head.léhgth/lnternarial distance (HL/IND)

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

(13) Snout width/Snout length (SW/SL) "

(14) Internarial distance/Inter tympanum distance (IND/ITD)
(15) Head width/Inter tympanum distance (HW/IZTD)

(¢) Length-weight relationships Co

| For length and weight relationship, graphs were
plotted with length on 'X' axis and weight on 'Y' axis. ’
From the trend of the distribution §f the observations,.

the equation with the minimum sum of .the equared differences
between length and ﬁeigbfs were taken as the best fit,
regression expression. The correlations ( r-value )

between leﬂgtb and weight were calculated for males and
females separately as well as together. The length and
weight measuﬁements of both the sexes, were appliéd to -
LeBren's (1951)‘formula giveh below and subsequently the

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

W= an ' ~'wbe#e
log W = log c+nlogl W = weight
o L = lengtk
c = 1initial growth constant
n - = equilibrium constant

(a)- Relative‘conditions:
The relative condition veriations in the mixed
samples of frog population, collected at Shillong and -

}Gauhati_from January to Deeembe:, was calculated, with

the help of LeCren's (1951) formula

K W x 105
L
where . .
K = conditipn_factor
W = weight of frog
L = length of frog

The éondition factor so derived was also correlated
with environmental conditiong of thg sites such as
temperature, relation humidity and rainfall, separately

and jointly. Cortl P "~’3I-l/
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OBSERVATIONS

The observations include:

Diagnostic Features and Colour'péttern,'Distinégishing

" characters of male and female Rana cyanophkyctis,
Morphometric measurements, (Absolute measurements and
Morphometric ratios), of Gauhati and Shillong population
of Rana qyanoghlzctis, Length-Weight relationship and

Relative condition and Annual breeding cycle.

7671 Diagnostic Featuress

Rana czénophlxctig is characterised by
following features..
1. Snout blunt, more or less rounded, scarcely projec-.
ting beyond mouth (Figs. 2.1, 2:2y 2.9 & 2. ®),
2., Head flattened and compressed dorsoventrally
(Fig: 2.12).
3 Head, slightly broader than long in adults and as
long as broad among immature and juveniles (Figs,
215 2,2, 2,10 & 2, RR)., |



Fige 2.1

2.2
20‘3

Dorsal view of Rana cy anbghixctis - female
SNT = Snout; TYM = Tympariumi WIS = Warts;
FiLo% Fore limb; H.L = Hifid limb,

Dorsal view of Rana cyanophlyctis = male
Na = Narialg VS = Vocal sacy

Ventral view of Rana cyanophliyctis - female
Ab = Abdomen; Wb = Web,

Ventral view 4of‘Ra‘x@‘.czf anophlyctis ‘- male
V& = Vocal sac; -Ab = Abdomen,



20Cm.
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Nostrils at equai distancé from eyes and from the
tips of the snout (Figs. 2, 2 & 2.8).

Dis tance betweén nostrils approximately equal o

"the inner orbital-width -however,‘narrower than

the distance between . the upper eyelids (Figs. 2, 2

& 2. fa). _ R
Tympanum distinct and: approximately 3/4 of the .

‘total eyelid diameter (Figs. 2.2, 2.10 & 2.1).

Iﬁhér 6rbital sﬁace mucﬁ Smalier than ‘eyelids,

.?The vomer ine teeth are diSposed in small round or

oblique groups and situated at level with posterior

- border of the choanae, or just behind them.

Skin warty with small tubercles and with rows. of

pores dorsally, smooth'and[colourleas~ventra11y

- (Fige. 2.1, 2.4, 2.8% 2.9 & 2.13).

Flanks warty with pores arranged in single line

(Pigs. 2.3, 2.4 &'2.ﬁa).

Presence of a strong skinfold bétween the eye and
the shoulder (Figs. 2.1 & 2.2).

Subarticular tubercles sinall and- feebly. prominent.
The tarsal folds either absent or poorly developed
witﬂ small dermal fringes present on outer toe
(Figs. 2.5 & 2.14). |

Outer tubercles absént but pointed digitiform inner
metatarsal tubercies present (Pigs. 2.3 & 2.5).



Fig, 2,5 ¢ Hind limb of Rana cyanophlyctis ~ female
‘Wb = Web.,

256 s Fore 1imb of Rana czanoghlxgtisv-‘male
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.14, Fingers thin pointed and feebly developed
(Figs. 2.6 & 2.13). , |
.15, First and second fingers aimoat' equal in length -
© (Pigs. 2.6 & 2.13).
16  Toes completely Webbed'(Figs.-é.S & 2.14),
17 Toe tips swollen, rounded or dilated into very
-small,discs'haviné well developed-broad'web
- .reaching the. tips (Figs. 2.5 & 2;14?-. |
"18. The 4th toe moderately large then others
- (Pigs, 2.5 & 2.14)s
19. ..Ianer metatarsal_tubereles,'small elongated and -
- conical (Figs. 2.5 & 2.14). )
- 204 Oute:’metatarsalsvseparatE-up to their bases
(Pige 2.14)% o

2.4.1 (b). Colourations

‘ | Normally the codour pattern of ‘the animal seems
to be dependent on its surroundings. The riparian
4colleeted from ﬁoul and dirty place have duiiueolouratieﬂ
as compared'to those coliected from clean'runhing ﬁater.
The colouration of head and body on the dorsal side
varies from brownish to dir ty green, greyish or olive-
brown?‘spotted or marbled with numerous dark olive.

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



Fig. 2.3 : Fore limb 'of Rana cyanophlyctis.- male, % (.0

214 : Hind 1imb of Rana cyanophlyctis - male % |0
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On .the head, however, the number of black markings are

less, Colouratioh of limbs is like rest of fhe body e

Ventral aSpect of the limbs is creamy white or creamy
tene.(Figsf 2.4 & 2.9), . Incomplete dark brown cross bands
are present on the limbs (Pigs., 2.1, 2. 2, 2,828 2.10).

The ‘upper part of fore limbs are often ligbter in colour
then their lower parts.f Flanks have identical colour
11ke that of dorsum although bit lighter in shade. Of ten
one or two black etreaks with white margin are present

at the hinder _aspect of the thighe below the vent
(Fige.‘2 4& 2, 11). There are feebly distinct light
black edges and bands on each flanks and thighs, which
being more prominent 1n males and juveniles than females.
Chin, throat, bellyr(Fig, 2.13) and other ventral surfaces
are creamy white, pale yellowish or dirty white (Pigs.

2.4 & 2.9). The ventral surface of the juveniles are
without markings or spots . The large size adults often

have marbled spotted, dotted or vermiculated surface

‘with black colouration on the 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).

2.4.2) Distinguishing characteristics of the
. males and femeles:

Following are distinguishing: characteristics: of



Fig.’ 2‘;%71 ¢ A cmmpar'isoh of male and female adult
‘Rana cyamophlyctis % !0

2J8 : Lateral view of Rana cyanophlyctis ~ male. X 2-0



Fig. 2.7
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males and females.

(a) ‘Males (Figs. 2.2, 2. 4, 2. 9 & 2.10)

1.

2.

3.

.4.

6o

The males are identified by their amall sige

'(SVL from 440 em to 5.20 cm) and weight from

7.0 gm.to 19.0 gn (Pigs 2.7). -

$hey possese,promihent greyish or Blackisb
external vocal sacs on each 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
gize of slit approximately equal to the 18t
finger and larger than eye ball.

They produce "breeding c¢all", apart from
occasional "pain release call". The breeding{
call resumbles, scme what low pitched rattles
of bones kept up for a short while (McCann,

1933)

The 18t finger is slightly enlarged and
thickened than others. Thumb pads, as seen
in other frog species during breeding seasons

are not present in Rana czanophlyctis. .

The colouration of males is brighter than
that of female in the same population,

- Their black and dark oliver marking on
. back are more conspicuous than those on
. females.



Fig., 2,110 3 Dorsal 'view of Rana cxamphlzcti - E%male % -5

249" ¢ Ventral view of Rang cyanophlyctis - male X I'5



F/gf 2.70

F/'g". 2.9
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The black streaks with white granular bodies
found in females are elther absent or feebly
developed in males.

Their abdomen is slender, lesser in diameter

-than pectoral region. . ..

While sitting they keep their head above the

body line.

They are active swimmers and are of ten seen

floating on water surface.

Threy and their juveniles occupy the
territorial edges of the deep water bodies.

They.are active during day as well as night
almost throughout year.

(b) Pemales (Pigs. 2.1, 2.3 & 2.8%)

Te

2

4e

They are much larger and heavier than males.
SVL ranging from 5,10 cm to 7.20 em and
weight from 220 gm to 3805 gnm (Fig. 207).‘

They are not capable of producing any voice'

. except rare "pain or release call".

Their fingers do not show any difference at
any period.

Their skin possesses largef number of
tubercles, wear ts and pores than that of
males.



Fige 2,11 $ Ventral view of Rana cyanophlyctis - female x 066

2,12 3 Dorsal view of Rana cyanophlyctis - female X © ¢t



F:‘g‘, g v A

Fz‘g. 2.77



e
6

- Te

8.

100

11,

12,

B Ay
By

40

They are dull coloured when compared with
that of males in the same populations .

The black dark oliveAmarking.on their back.
are-elther feebly developed or absent.

Their black streak with numerous white
granular bodies on the veni is more conspicuous
and better developed than in males. -

Their abdomen is often .swollen and larger .
in diameter than pecitoral region.

They appear more shy and sit with body and
head approximately parallel to the substrete.

They are less agile and during leisure .are
found sitting on the edges of the water
bodies. On approach they skip and dive in .
water bodies for hiding.

They prefer middle core of the deep water
bodies.

They do not feed during breeding phase and
spawning,

Morpbomet:ic measurements:

The morphometric measurements were taken in

semples of mixed specimens collected sll around the year.



Table 2.1

Body dimensionshof‘Rgnawqyanopblxctis

(Shillong population)

S.Now -

Males (sample size 35).

Female (sample size 43)

Characters =~~~ TELERARSAPLR BLEE JI- -
Ran e Mean S.D. e Mean S.D.

: ? (om) (cnﬁ (cm)

-1,  Body length (SV length) 4.00 = 5 30j 4;830f 0.4985 - 5:15 = 7 15 6.337 - :0.6326
2., Body width 1445 = 2:35. 1.860 0.2158 ° 2:05 = 4420 3.091 - 0.7383
3., Head length 1,25 = 1.90  1.667 0.1608 - 1370 - 250 2.27% 0.1871

‘4. Head width . ___ 1.05 = 4.61 - 1.815 0.1826 ° * ~ 1:60 = 2:65  2.316° ~ 042647
5. Snout length 0.25 - 0,40 0.331 0.0403 ° 0930 - 0.55 0.436 0.0515
6. Snout wid'th 0.40 - 0.70 . 0.624 0.0547 0.65 = 0.35 0.795 0.0705
T+« Eye diameter 0.30 - 0.60 0.494 0.174% 0.50 - 080 0.640° - -0.0619
8. Inter orbital distance 0.20 - 0.25 0.222 0.0305 0.25 = 0.40 0.32% 0.0413
9. Tympanum diameter | 0.30 =.0.45  0.380 0.0502 0440 - 0.60 0.530 - 0.0513

“10., Inter tympanum diameter 1.00 - 1:35 1,181 0.0840 ° 1.20 = 1,80 1.591 - 0,1508
11 - Inter narial distance 0.25 = 0.40 0332 0.0382 0.35 = 0,50 0.408 - 0.0392
12, Hind 1limb length 6.05 - 8450 7.315 0.5852( 0.85 =11.05 9.857 0.8219
13, Tibia length 1.40 - 2,40 2.085 0.2832 2,00 - 3450 2.968 0.3472
14, 4th toe length 2,00 - 2,50 2:267 0.0954 2.25 - 3,60 3,006 - 0.3157
15 Total fore limb length 2.10 - 2.80 2:462 - 0.1554 2430 = 3.60 3.229 - | 0.3266
16. Lower fore limb length 1.45 - 1.85 1.644 0.1129 1.50 - 2;55 2.195 - 0.2235

~17. 18t finger length . 0.70. - 1,00 0.834 0.0591 0.70 - 1,25 ©.925 0.1411
18. Slit length 0.65 - 1.05 0.877 0.1352 .
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(a) Absolute measurements:

(1) .Shillqng;gpecimené

Measurements of 77 frogs (35 males and 43
females) were takén,: ihe'$V iéﬁéfh of the males ranges
from 4.0 to 5,2 cm ahd that of the females 5.}6 cm to
T7.19 cm.  The measurements of 18 body parts for males and

17 for females afe'illustrafe& 1ﬁ!Table_2.1,

(11) Guubati specimens

Measurements of 54 frogs (20 males and 34
females) were taken., The SV.length of . the male ranges
from 4.0 em to 5.0 cm and that of the females from 5.0 to
6.75 cm. The megsuréments of 18 body parts for males and

17 for females are illustrated in ?gble 220

A comparisoﬁ of the measureﬁénts of the two types
of samples reveal that on an average, the samples of frogs
examined, both males and females were larger in size at
Shillong than at Gauhati, But the males showed some
distinguishing features. The head of males collected at
Shill&ng, particularly snout length was smaller than
those of the Gauhati frog by about 0.01 cm. This is
reflected by other features, such as eye diameter: inter
narial distance and'tympanum d;ameter. The average
lower fore limb length was also less iﬁuthe male frogaz

of Gaubhati by about 0.04 om »



Table 2.2

Body dimensions of Rana cyanophlyctis

(Gauhati population)

Characters

Males gsample size 20)

_Pemale (sample size 34)

S.No. Range Mean S.D. Range Mean S.D.
(cm (cem) (pm) (em)

1. Body length (sv length) 4.00 - 5,10 4,530 0.3412 5.00 = 6.75 5.841 0.5285
2 Body width 130 - 2.00 1.6859 0.2306 1.70 = 3.30 2.541 0.4655
e Head length 1.30 = 2.00 1.592 0.2199 170 = 2.55. 2.097 0.,2097
4. Head width 1425 = 2.05 1.545 0.2350 1.70 = 2.70 2.107 0.2716
S5e Snout length 0.30 = 0.40 0.:347 0.0379 030 ~ 0.45 0.401 0.0398
6o Snout width 0.45 = 0.70 0.575 0.0697 0.60 - 0.80 0.702 0.0475
Te Eye diameter 0.40 - 0.60 0.507 0.0437 0.50 = 0.70 0.572 0.0495
8. Inter distance orbital 0.20 = 0.30 0.252 0.0302 0.25 - 035 C.263 0.0309
9. Tympanum diameter ' 0.30 - 0,50 0.410 0.0640 0.40 = 0.60 0.495 0.0450
10, Inter tympanum diameter 1.00 = 1,25 1. 130 0.0784 1.20 = 170 1.463 0.1388
117« Inter narial distance 0.30 - 0.40 0.327 0.0302 0.30 -~ 0.45 0.392 0.0304
12, Hind 1limb length 7«15 = T7.60 T7.215 0.3433 T.45 -10.65 9.233 10615
13, Tibia length 1.95 = 2435 2.07T 0.2061 215 = 3,25 2.714 0.3794
14. 4th toe length 180 ~ 2.40 1.932 0.4053 2.30 - 3,20 2.755 0.3081
15« Total fore limb length 240 - 2,80 2400 0.1898 260~ 3, 60 3.166 0.2886
16, Lower fore limb length 1.35 - 2.00 1.680 0.1969 175 = 2.40 ,2;132 0.1804
17. 18t finger length 0.65 - 1,05 0847 0.1105% 100 = 1425 1,123 0.093%1
18 S1it length 0.60 - 1,00 0.815 1.00 = 1.25 1.123 0.0931

0.1148
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(v) Mo;phometric ratios:,:

The morpbometric ratxos of varlous body parts
have been compiled in Table 2. 3.' The SV length of males
frogs from Shlllong population ranges 4,00 cm to 5.30 cm
and those of uauhati frogs ranged from 4 00 cm to 5.10 om
and’ female frqgs gpom,Shillong pqpulation'showgd SV length
rénges_from'ﬁq?S em to 7.15 cm and Gaﬁhati{frog population

from 5.00 cm to 6.75 cm.,

o Morﬁhometriq ratioa gﬁé#g Sp;llong(frdgs population
were more. than Gaubati. However few ratios such as
SVL/SW (7 87), LFL/FLL (0.70) and IND/ITD (0.29) of Gauhati
mgles were higher than tbose_observed in Shillong frog
population, ' Such measurements being 7.74, 0.67 and 0.28
respectively. Female frogs of Gauhati had higher SVL/SL
(14.55), SVL/SW (8.31), SVL/HW (2.77), SVL/ED (10.21),
HL/HW (1.00), BL/IND (5.36) and IND/ITD (0.27) that those
of Shillong females, These gatios in Shillong femsales
‘were 14.53, 7.96, 2.73, 9.89, 0,98, 5,16 and 0.26

respectively.

&r4-%(a)Length weight relationships

Length and weight relationship has been worked
out for a sample of 30 male and 30 female frogs. The

SV length of males varied from 4.05 cm to 4.90 cm and



‘Table 2.3

Morphometric ratio of Rana. gyanqpblyctis from two population (1) Sbillong (2) Gauhati

ga. Character's for ratio . §hilIon Gouhat
: SV_length(Range) m—m&s"m

1e Snout-vent lengtb/Hind limb length 0.6602 0.6278 0.6425 0.6326
2. Snout-vent length/Snout length 14,5732  13.0359 = 14.5253 14.5494
3 Snout-vent length/Snout width . T.7368 T7.8782 T7.9634 8.3096
4. Snout-vent length/Tympanum diameter 12,7105 11,0487 11.9451 11.7863"
5. Snout-vent length/Head width. . ‘ 2.9893 2.9320 27344 2.7718
‘6. Snout-vent length/Eye diameter 9.2377 849261  9.8856 10,2107
7. Head length/Head width | 1.0318 1.0307 0.9814 1.0006
8. Tibie length/Hind limb length | 0.2851 . 02879 043050 0.2984
9. 4th toe length/Fore limb length . 0.3099 0.2678 °  0.3050 0.2984
10. Lower fore limb length/Fore limb length : 0.6676 0.7000 0.6806 0.6734
11, Head length/Internarisl distance 4.8540 4.7175 5:1623  5.3630
12. Snout-vent length/Fore limb 1length © 1.9611 1.8875 ©1.9635  1.8448.
13. Snout-width/Snout length . = = . .~ 1.8836 - 1.6546 1.8240 ~ 1.7509
14. Inter nariel distance/Inter Tympanum distance 0.2817 0.2898  0.2563 0.2685

15. Head‘width/lnter Tympanum dis tance: : . 143675 - 1.3672 © 1.4550 - 1;44021
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- the weight from 6.44 gm to 13.40 gm. The SV length of
females varied S 45 cm to 7,15 cm and the weight from
18:17 gu to 49.02 gm (Table 2.4). e graph plotted
between SV length versus the corresponding weight of male
and female frog separately and jointly showed a linear
relationship LeCran (1951) expressed such relationship

by a regression equation.

WéCl:n

log W = logC +n log kL

where

W = weight of frog

L = length of frog

C = initial growth index
. n = equilibrium constant

The 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
Pigs. 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) method



Table 2.4

Comparison between body weight teken and standard weight
estimated as per the regression equation at given SV length
of Rana cyanopblyctis males and females

SV . ‘Weight. . .. SV.- .. VWeight -

S5 - length . 1gkén: estimated ~ length Taken esbimated
- (cm) - (em) (gn). (cm) (gm)  (gm)
1. . 4,05 742 6479 5.45 - 18,17 . 18.66
2, 2,05 6+44 679 5.50 18,61 . 19,22
3. 4410 7.60 7.13  5.55 18,78  19.80
4e 4410 6.86 T.13 5055 19,33  19.80
5e 4.10 T.46 = 7.13 | 5460 18.56 20,38
6. 4,15 7.10 7.49 5.60 22,54  20.38
Te 4415 6.96  7.49 5465  21.46 20499
8o 4415 7.00 7.49 5.65 21,47  20.99
9, 4.20 8472 7.86 5.70 23,88 21,60
10, 4420 7.20 ~ 7.86 5.70  20.89 21,60
1M, 4.20 6.70 7.86 5470 22,95  21.60

12, 4.20 8,00 7486 6.10 28,11  26.94
13, 4420 7.40 7.86 6.10  25.35  26.94
14, 4.25 8.36 . 8.24 6035 28.42 30,71
15, 4.30 11,70 8.64 . 6+50  36.28 33413
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 9.47 6460 34,92  34.82
19, 4,40 8.80 9.47 6,75  34.17  37.46
20. 4.45 - 9.19 9.91 . 6.75 36494  37.46
21, 4.45 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, 4445 10,20 9.91 6.95  35.48 41,02
25. 4.50 11,63  10.37 6.95  38.36  41.02

26, 4450 11,40 10.37 7.00 39.97 42,17



Table 2.4 continued

SV Weight sV - Weight

v.. length Taken  estimated length Taken estimated
A (em) - (gm)  (gm) - (em)  (em)  (am)

27, 4.50 12,00 10.37 7.05  47.25  43.16

28, 4.65 12,60 11,83 T.05  45.63  43.16

.....

30, 4590  12.90  14.61 7415 45453 45419

Equation for Male '*

@

* log W'= =1.6106 + 4.0214 log'L

W.= 0:024554+0214

Equation .for Female
log W = =1,1278 + 35,2375 log L
Ve 0074513375

where W = weight of the frog (gm)
l length of the frog (cm)

B
]



Fig. 2.115 ¢ Length-weight relationship in male
populations of Rana cx ;ghlxcti

2116 & Length=Weight relationship in female

population of Rana cyanophlvetis
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of calculafor‘programmingf' The inifial-grthb index 'C*
énd equilibrium constent - 'n" 'forymaies~were found to
55‘020245 and ¢§0214,'for‘fe¢ales 0.0745,and.5;2575 and
for males and femaies jointly:as 0.0422 and 3.125
respectively., Thus, the relationship between Weight and

lengtﬁ'of'ﬁhe frogs were found to be as follows.

214 for males

v = 0,024504°
WV = 0;0745L3?2575 for females .
W = 0.0422L°*1%  for combined frogs
(See Pigs. 2.15, 2.16 &
2417)

Applying Peaksonian Product Mqvement equation
the linear relationship and correlation cdeffioient bas
been calculated as under

S
r = em—mresmv
n 0X ., 0
AZ' (x_il-x) (Yi—Y) :
n 0X ., 0Y

£
. e
R5: 4

4
-~

where - D e .
'X& Y= two variebles (length and weight of the frog)
' r = correlation coefficient . | -
¥ = ' arthematic meen of Y
X = arthematic mean of X |
0X = standard deviation of variable 'X'
0Y = standard deviation of variable 'Y’



Fig, 2417 3 Lengtheweight relationship in male and
| female teken together.



- 50.01 »

Weight__Gm

 Logw=-1.0375+3.125 Log L

0o
35.0-
300¢

2507

200} .

! A

- T7=0.9138

w= 00422 L3f‘25

9 4

-r
i

i
L

- Fig. 217

&
&

Length_.Cm



45

' The bivariete‘disiributions-of length and weight
in maleiand Iemale frog separately snd,jeintly'were
assessed for the degree of mutual relationship. Tbe
eoefficient correlation of two variables, length:and
weigbt were found to be O, 8624, 0.9612 and 0.9138
respectively fo: male!Afemele and male-females . taken
,fogefbef respeefivelj,. The coefficient of correlations
thus calculated were cempsped with the tabulstedAvaiues
and were found tq'be significant at 1% asd.s% level of

confidence,

Tne length of male and female frogs (Table 2.4)
were applied‘to the derived "length and weight" relation-
ship for formulae above, of maie and female respectively,
and thereafter the standard length and weighf of'eacb
frog was calculated (Table 2.4). The measured weight
and standard weight calculated were compared to find out
the difference. The standard weight'oalculated represents
ideal weight at given SVL for the frogs of Gauhati and

Shillong population.'

(v) Relative conditions

' The relative condition, showing relationship
between size and weight of the frog has been worked out

for different seasons of the year. The adult frogs of



Table 205

Relative condition of Rana cyanophlyctis of Shillong and Gauhati make populations

Mon ths Length Weight Relative condition constant Meaﬁ(X) - Standard
deviation

Jan.  5.30 6400 16,20 — 23,40 0.1088 x 10° - 0.1178 x 107 0.1136x 10°  0.,0047 x 10°
Feb. 4.40 - 6430 1410 - 28,95  0.1132 x 10° = 0.1514 x 10 0.1265x 10° 040170 x 10°
uar. 5.20 = 6430 14.90 = 29.60  0.1001 x 105 - 01183 x 107 0.1111x 10°  0.00776x 10°
Apr; 5.20 = 5.90 16.35 - 24.52  0.1161 x 105 = 0.1307 x 10° 0;1182x 10°  0.00691x 10°
May 6.60 - 6.80 34494 - 37.45  0.1201 x 10° - 03349 x 107 0;1285x'105 0.00671x 10
Jun. 6.85 = 7.15 36042 = 49,02 0.1132 x 10° = 0.1372 x 105 0;12993 10°  0,0112 x 10°
Jule  6.60 - 6.95 30.16 - 3836 0.1078 x 105 - 0.1247 x 10° O41158x_105 0.00745x 10
Aug. 5.10 = 6470 16.90 - 41;50 01274 x 105 - 0;1379'x 105“. 0.1326x 10°  0.0054x 10°
Sep. 5.10 = 5.60 12.80 - 15045  0,0892 x 107 - 0.0965 x 107 0.0921x 105 0.003 x 16°
Octe  5.40 = 5.90 14,95 - 16,70 0.0813 x 10° - o§0949 x 10° 0,0869 x 10°  0,0059x 10°
Nov. 5.20 = 6410 15050 - 28.95  0.1086 x 10° = 0.1314 x 107 0.1197 x 10°  0,0117x 10°.
Dece . 4450 — 5485 10.34 - 22.65  0,1117 x 105 _ 0;1167 x 105 0;1138 x 10° 04002 x 10°
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mixed sex with snout-vent length varying from 4.40 cm
Yo 7.10 cm and weight 10.34 gm to 49.02 gm were used for
the study. .Thg‘gierége bégt relative condition during
Decemﬁer~wag‘fognd to be'0.1}26 X 105 1@ comparison to
smg%lest size 0,0869=x 505;avai;qble,during October. The
rénge,mean.gnd stagdérddeviatign of_:glative conditién
ofAfrogs for different,months:have_been shbwnlin Table
2s5¢ The collection during June were predominated by
large size and beavy;female with mature ova,.An,ascénding
trend in the relative condition from Mafoh onwards has
been recorded.whibb reached its peak during June. June
onward & decliné in length and'weigbt relationships have
~Abéen&notioéa;¢ﬁeaching to its minimum duriné Septémber;
and October. The second peak of robustness was observed '

P
L]

during December (Firc Zoit,s Table 2.6 shows correlation

2 23
coefficient value of the relative condition of the frogs
during different months with.environméntal-fact9rs'1iké
average aﬁmospbéric temperature, average aquatic '
température, humidity;and,rainfali of~the‘Sh1110hg site.
Multiplé eorréiatioﬁeof all the above factors and relative
condition of the frog have also been derived (Table 2.6).
On 'F' test the correlation and multige correlation

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

probabilities.
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Aﬁhﬁa}eﬁreeding-Cxcie |

The frog_dees,noﬁ bibernate and can be easily °
found in the vicinity of'the'water bedies throughout the
years ' Its annual breeding cycle does not show well
demarcated phases as observed in the other terrestrial
frogs. It has a prolonged breeding period. Based on
availability of spawns, larvae, froglets, Juveniles,
adults and gravid females the annual breeding cycle of this
species can be divided into 3 phases: (1) Pre breeding
'phase; (2) breeding phase and (3) post-breeding phase,

- (1) '_P're breedig"gph_aseg H

The early breeding phase extends from mid~February

t111 the end of April. ' The temperature during the period
ranges 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 haif period
whicb is’marked by an increase in atmospheric temperature
from (6.B°C to 20°C) and in rainfall from (20.0 mm to

40*0 mm), sths an increase in the adult population on
land,’ At the atmospheric.temperabure appreximately 18°Ceandiﬂ
rainfall around (40,0 to 50,0 mm): the activities of male
'frog population are enhanced earlier than the female.
.pepnlation;«‘ The'pepulatibn census of the frog on
land at this stage reflects equal proportions of
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male and-Juvénile'frogs. The activities in female frog-
enhances remarkably at the end of the phase, when temperature

reaches above 20°C and average rainfall around 100 mm,

_ During the tovetrbkase of this period (late April)
‘& population of the female frog with enlarged abdomen and
ma ture ovaery are often encountered. In pérménEnt»wéter
bodiésja@pleius cen éiso be récorded; Howevéf;:spéwns and
 embryonic stages are not recorded. The induced bfee&ing
wi th thé heip of'ﬁomoplasfic pituitériés during this;pefiod

is'aithougﬁ'ansuCOess, but Fﬁnﬂhlacssmall spawn sige..

(2) Breeding phases

Rana cyazioph_lyctis haswan acyclic, prolonged

breed;ng period. Its~aptivevbreedingﬁperiod extends from
Mey and last till the early September. The period is
marked by an increase'1n,temgenature_(17°c to 28°C) and
rainfall (120,Q_to 460.0 mﬁj,_-The noticeable feature of
this period is increase in activities and abundance in
frog population on land. The population structure assessed
'through_random :rog:colleCtion represents an almost equal
number of males, £emargs and juveniles. The large size
female frogs pftengencquntergd.iﬁ the period contain
abdomen ladden by méture,ové; however, theirAguiS remain
empty. Amplexus in nature are also observed in large

number. Spawns and tadpoles of various dévelopmental stages
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are recorded abundantly,- both in slow running and stagnant
permanent water bodies. In~the'preeentfobservation the
maximum number of amplexus.and spawns have been recorded
in June, indicating a period when they are most actively
envolved in breeding (temperature 22 0°C and average
rainfall above 450 mm) A large number of f‘roglete
population are observed during September (temperature
around 21°C and average rainfall around 250mm) probably

a reeult of July spawning. Under laboratory condition

the development from a fertilized ovum to & froglet requires
more than two months. The induced breeding experimente
performed were most successful and resulted into spawning

of large number of ova.-

(3) Post-breeding'phase:

During the post-breeding phase the environmental
condi tions are 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 o
abundanoe of frogson land also shows a decreasing trend.
This has been more marhed in adult frog populations. The
movement in adultvpopulation what so ever are restricted
within or around water bodies. The juvenilee and sub-
adultshowever remain active and are observed in abundance

on land. At this period amplexus are rarely observed.



Moreover large number:of tadpoles of different developmental
stages snd sizes are recorded in abundance from the
permanent water bodles. @be £emsles eneeuntered at this
stage qften show few or reduced numbers ofiove;"Their
guts}sre nostly filled with7§arious types of food items.
During4ﬁsrm evenlngs~soon‘a£ter rains,ys marked increase

in the ebundanee of tsrieus size group of frogs are recorded
on land. Indueed breeding at this stage altbough successful

results in small Spawn size.

Winter months at low temperatures (4 59¢ to 15. 0°C)
and negligible rain, frogs are observed mostly restricted
in the water bodies. Here adults and large size animals
occupy the middle core,and juvenlles, the shsllow edges
of deep water bodies. The abundance of verious size and
sex of the frog on lend has been marked at i1t lowest. The
movement during eold mon ths get‘reduced and restricted
near the water bodles. During sunny hours frogs are
observed basking and even floating in the water bodies
(Pig. 34). Pew 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 beve been recently metamorphosed.:
Records of the breeding of the frogs in nature as well as
with hemeplastic pituitaries injeetions could not be

achieved. No amplexus or spawn were observedzﬂumbnatkb'

eeo 0 Co*ﬂ'd, P~ 51!/_.



DISCUSSION

Rana czanophlzdiis has been described since
16 th centufy A.D. Daniel (1975) records that the ability
of this speclea to skip over the surface of water like a
ricocbefing 8 tone was remarkéd‘upon by the great Muéhal
Emperor Babar. The nomenclature, Rana cyanophlyctis was
giviend by Schneider (1799) in History Amphibian Part I
(see Boulenger, 1920). There are a number of réferehces
such as Thurston (1888); Boulenger (1890, 1920); Amnawvgale
(1904); Boulenger et al. (1907); McCann (1933, 1940,1945);
Nafayan Rao (1915); Acharji and Kriplani (1951); Satyamurti
(1967); Mohanty-Hejmadi (1974) and Daniel (1975). These
descriptions are based méinly on the population ayailable
in the ceﬁtrai, western and southern part of India. 1In
the present 1nvestigatiog'morpbometry ofkits population
available in the nor th-eastern part of India have been
enalyseds It would be noted thdt absolute measurements
may vary depending upon the size of the animal but

morphometric ratios are species specific.

(a) Absolute measurementss
(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. Boulenger
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(1920) recorded,largest males‘of Rana cyanophlyctis up to

6.6 cm from Aithelbim near Aden, 6.4 cm from South Arabis,
and 4.5 em from ‘l‘.r:avancore (India) In the present
'investigation the maximum SV length recorded for a male
wfrog from Shillong was 5 3 cm and 5 1 em from Gauhati.
.This size is larger than 4 4 cm recorded from western “
India (Daniel 1975) and 4s 2 cm recorded from South India
“(Satyamurti 1967) Boulenger (1920) reCOrded that at
:Quetta the size of Rana czanophlzctis collected in- hills
lwas larger than that of the plain ones. In the present
finding also the Shillong hill frogs (1428 m a.s, l ) were
found to be larger than Gaubati frogs(49 4 m &.s8, 1 )
though certain morphological parts such as snout length
1nter narial distance, tympanum and eye diameter were
larger in Gauba ti Specimens. The size of head was large

in Shillong frogs.

(11) Pemale o

}. Absolute measurements of 17 body parts of a
sample of 34 frogs from Gaubati and 43 frogs from Shillong
have been presented in Tables 2.1 & 2.2. The maximum
SV_length for female frogs from Shillong was 7.15 cm and
6.75 cm:from'Gauhati. HOWeter,‘Boulenger (1920) recorded
9.2 cm as maximum SV length of a female frog from Althalhim
near Aden. He reported largest SV length 6+5 cm from
Kashmir (India), whereas Daniel (1975) reported



approximately 6.0.cmlg:og wésterg_lodioﬂéﬁd.Sétyamurfi
(1967) recorded 6.2 ém from South.India.‘ A1L the

‘ measurementa of female frogs were recorded to be larger
for Shillong frogs than those of Gauhati froge. This 13
in accordance to the. Boulenger 's (1920) observation at
Quetta.i

AN

(b). Morphometric ratioss

- Brégg'(1965) Woilo.discussingvjhe impor tance of
rafio1count8‘of morpholog;cal structurés“in intrgspeoific
vériation quo tes @hat os fa:das a definition of difference
between various forms are conoerned, various well chosen
ratios of'differentdbodf“barts‘provides values of much
greater information. fbus, maﬁy_anuxanfbiologists of
recent past such a8 Brown end Boschung (1954); Duellmsn
and Klass (1964);‘Metter (1964); Heyer and Peters (1971);
Tyler and Mar tin (1975); Tinéléy (1973, 1975) and Roy .
(1979) béve laid more,emphasis:on various ratio count
studies than the absolute ﬁeasurements. In.fhé'present
inveétigation*techniQuesvof.Cochran (1953) and Metter
(1964) for estimating morphometrio ratios among. various
body parts were followed. - All. together 15 ratio counts
hawe‘been estimated for1sampies of frog populatioﬁs'oﬁ

 Geubati and Shillong at 0.5 cm class interval. The
table 2.3 contains the pooled data of the ratio counts



for males (SV lengtb range 543 to 4 0 cm for Shillong
frogs and 5.1 %o 4. 0 em for Gauhati frogs) and females
(sv lengtb.range 7.15 to 5.15 cm fon Shillong frogs and
6.75 to 5.00 cm for Gauha ti frogS) The data for male and
female frogs have been compiled in Tables 2 1 & 2.2.,The
ratio counts samples of the two population showed 1little
difference. nurtber, the values obtained were subjected
to student 't' test (see Chapter 8) and the differenoes
were found to be 1nsiginificant.1 Rodolfo (1957) reported

that Rana lelens collected from different latitudes and

altitudes of Florda, Mexico and South Wes tern United S ta tes
showed little variation 1n the morphological measurements.
However, they were not so major or significant to assign
them a new race. Similarly, the Rane cxanophlzctis
inhabiting Ganhati and Snillong do show little morphometric
variation but not so significantly %gé@ﬁ}?ﬁfi%(.Di and
Mean test analysis) so as to assign them a different race

or strain.

(e) Length-weight relationships

The length-weight relationsbips‘of Rana cyanopblyetis
of samples collected from Gauhati and Shillong show a
linear regression (Pigs. 2.15, 2.16, 2.17). The correlation
coefficient derived among the two variables of males and
females frogs separately and in pooleéed. conditions show
significant 'r' values at both 1% and 5% csAfidénco level.
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' Among anurans itwo types of the breedenshawe been
recognised (1) Explosive breeder or single night breeder
: (2) Prolonged breeder or whole year breeder (Maetof, 1953;

nBlair,%}968wand Wells, 1977). Rana cyanophlyctis shows

con tinuous 5reeding habif‘iﬁeenvircnmentally,favcurable

" localities (McCann, 1933; Rameswami and Lakshman, 1959

and chalakrishnan.and'Rajasekaresetty, 1978).Gopalakrishnan
- and Rajasekarasetty noticed continous acyclic breeding in
gggg czanophlzcti and cyclic and eeasonal ‘breeding in

- Rena t_;grina'a(.nd Rana hexadactyla. In an explosiwvie

breeder, the weigbf cfitbe frogs gete“greatly reduced |
after its single night oviposition. Thus the SV length,
and weight, in such frogs does not show significant
®correlation coefficient” in monthly samples or in the
.ccllection of whole year. It was noted that the weight
of ova in mature and larger female constitﬁte 1/5 of the
total animal weight. Minimum record weight of the ovacy
‘was 1.71 gm and maximum was 11.59 gm. PFurther, the
minimum number of ova was 1522 and the ‘maximum was 6695

in Rana ¢ fyanqphlyctia (see Table 7.10)s It has been noted

that Rana cyanophlyctis could be induoed bred from March

to October(see Chapter G&j) However, the egg released
'on 1nduced ovulation never exceeded 100 except dur ing
4peak rainy seasons, wben it was reCOrded maximum to be

667‘ova. FPur ther the spaewn laid in nature hardly contains
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over 200-eggé (rgcorded by Ramaswemi and Lakshman, 1959;

Gopalakrishnan and Rajasekarasetty, 1977 and 1978). Henoe,
the main tenance of linggr length-ﬁeiéht ré;atiohship in '
femg1e throughout the ‘year is attributed to & small spawn

size, '

S ‘Clﬁr,k.e.(1_.‘9.74);%4.@%‘994?3k,and Schlucter (1976)
obgerjéd‘linear‘rgggegsiqn ang_gpg;elatiqq between body
length énéqTibia_lgngth of anurans. However, the consteat
of tbe~régressicnlequation.§nd correlation coefficient
wbiqb showsufhe treﬁd;of dgpépdéneg and relationship was
fogpdﬁvarying. @his indicates that the frogs of different
gpeoiés anq‘diﬁfgregt.popu}atioqg vap;es in the.monpholo-
gical‘anﬁ mp:phqmetgical‘relat@qqghip.  Howevgr, the
calcu}afgdlweight and weigb; gctﬁal;yvtaken for samples

of two populationAin the p:eggnt'injestigatipn showed
little difference. This suggests that the animals are
ideﬁtical and 1deally placed at the two sites. From the
;egression_equatipns deriyed,'fhe lengph/weight ;elatioqsbips
of the frogs at Shillong or Gauhati can be estimated if

these meesurements are known for any of the two populations.

Relative conditionzy

The relative condition is a relation of total
length at a constant welght: The robustness, the bivariate

and multivariate correlationship with annual environmen tal
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condition_like atmOSpheric>énd_aguatie temﬁeratune,
bumidity snd rainfall did not showed much varistions and
had 1ns;gnifigant correlation.coeffibiehf (r = 0.29; |
0.36;>0.20; 0.40 respectively and P> 0.01). Although
annual fluctiaton in relativa condition of the frogs have
been -observed varying‘1ittle, the“mék;mum robus tness were
reccrded.during'Méy;‘Jgne and Juiy probably due to better
nigtur;itquf the gonéds_._ Dmng this peé’iod the random
cpilection of frogs frqm natufe éﬁbWed.méxiﬁumLﬂﬁmber of
1afge-sizéd.an& hegvy weight-fehaleifroéé; "Thé minimum
iélativé conditions were observed during October and at
fbis stage tﬁé random collection showed many light female
‘with spent ovaries. Fﬁom October’onwhrd an improvement'
in the relative condition (Fig. 2.18) seems to be associated
with gonadal growtb and post breeding ravenous feeding
activities. The knowledge of relative condition of any
frbg in an annuéi estimation will provide & information
of the robustness and subsequently the period when
availability»pf heav}'frogs of ény size group are moree.

In Rané cyanophlyqtis it is calculated to be May and June,
when the availability of heavy frog should be maximum. ‘
This has‘glso been reco:ded in population dynqmics
estimations (see Chapter 8{7!). Hence, May—June collection
of frog shall be an ideal for the procurement of heal thy
frogs for academic and economic purposes,. inctltuding export

to affluent countries as ealarbl items.
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Annual breeding cycles

Réprbauctiah_in'the‘énuran-can be.diviéed into
two caﬁegorieé (1);prqloné¢d and (2)'expiOSiVe, Wells
(1977) recorded tﬁét prolonged bréediné fs'probably more
common although information on tropical species is so
sketchy ﬁhat gene:a1ization is hard to make. Many frogs
in_#:opical region breed gvery'mgnth (see Church, 1960;
Inger and Greenburg, 1963; Bgrfy, 1964; Inger and Bacon,
1968; Brown and Alcala, 1970; Duellman, 1970; end Crump,
1974). The p:qlcnged bieeding activities in Indian enuran
has notAbeen’worked out in detail although Daniel (1963,
1975) and Satyamurti (1967) have described anuran from
‘western and southern parf of India. ‘McCann (1933) noted

that Rana cyanophlyctis can be heard croaking in the

permanent water bo@ies througbout the year, and undgr
favourable condition it cem also . breed during winter
months. . In the present investigation it has been noted
that the frog does not hibernate and can be easily.found
in the vieinity of permanentlwater bodies throughout the
year at Shillong and Gaubati. Koskela (1975) in Rana
temporap;g and Roy_(1979) in Rana limnocharis noted that

theirlannual life cycle are divisible in two distinct
phases (1) spawning, larval and active terrestrial phase
and (2) wintering and hibernating phase . Koskela (1975)
has fur ther noted fhat Rana temgg;ariavfouhd inhabiting

near water environment can bé seen throughout the year
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near or within water bodies.. In Rane cyanophiyctis, the

brecding
annual/cycle does not shows demarcated phases as noted

for terrestrial frogs. However, the annaal periodieity
can‘berbserved‘inpgrowth‘and bebayioar ofAfrog among its
biclogical functions and environmental reectione. Based
on the actirities of the frog population'and}breeding

pattern the annual eycle of Rana cyanophlyctis has been

divided in three pbaees (1) early breeding, (2) breeding
and (3) post breeding. mhe e x4 mum activ1ty 1n Rana

‘zanophlyctis population has been observed during breeding

phase wben temperature and rainfall botb are recorded
maximum. At low temperature and negligible rainfall the
activities in theApopulation gets greatly reduced. Fur ther,
the bivarrate correlat;on coefficient observed between
environmental cond'ition's(temperature and rainfall) and
activities also indicated higb signiflcant relationsbip

(Table 3.4 )

eee Conidh . P.G‘S-/ -



SUMMARY

This chapter deals with an analysis of morpholo-
gical characters, morphometric measurements (absolute as
well as ratio counts) and length-weight relationship and
annual breeding cycie of Gauhati and Shillong populations
of Rana cyanophlyctigs. This species is identified by
semewhat.broadér than long depressed head, equal size of
first and second fingers, sligntly dilated and completely
webbed toes and warty skin with pores and tubercles,
Males are smaller and lighter (SVL 4.0 = 5,30 cm and body
weight 7.0 - 19,0 gn) and females larger and heavier (SVL
5410 = 7,20 an and body weight 22,0 - 38,5 gm). -Among
- the two populations, the frogs of Shillong population are
larger and heavierpzthan those of Gauhati population.
However, the size of the head, internarial distance, dia=
meter of the eye and tympanum of male frogs of Shillong
were smaller than those of Gauhati frogs. Slight diffe-
rences in certain ratio counts have been attributed to
lentic and lotic habitats of the two placess There was a
linear relationship between {glength and weight in the
males (r = 0,863 w'=ro.0245 L”£021h); females (r = 0,963
W =‘@£0745'L3‘2575) as well asg males and females taken
together (r = 04913 W §>0£0422 L3'125)a The'relati@§§§§%

condition of the frog did not show any marked variation.!
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. The annual breeding cycle of the frogs is divisible
into. 3 phasess (i) Pre breeding (February te aApril), (ii)
ABreeding (May to September), (iii) Pbst breeding (October to
January) They do not hibernate and are most. active during
‘breeding perioda During»winters=the1r activity~1s at 1owest'
pitch and at close vicinity of water bodies and are often
seen basking 1n morning hours.
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INTRODUCTION

Clarke (1974) mentions that anurans have received
‘less attention from ecologists than the other class of
vertebrate, although they are extensively uéed;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 conditions. Hazlett et al. (1974) have also
recorded the importance of animal study in natural environ-
ment. Goin and Goin (1962) have noticed that anurans
exhiﬁit 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 few young in the
ocdult form. Cole (1954) recorded that the different repro-
ductive §éttern of anurans have specific population conse-
" quences all of which can be elucidated, with‘proper knowledge
of its environment and subsequent plastic behaviour of the

© animal;
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The relative abundance and fluctuation in the
anuran populatione have been investigated by a number of
workers (Jameson 1955, 19573 Ashby 19693 Zimka 19703
Koskela 1973 Pasenen and Koskela 1974; Koskela and Paeanen
1974). 'Tﬁej'beve cohoentrated‘on various éeéects ofl |
'population dynamics such as its relation to reproduction.
growth migration and climatic conditions. In past few
‘deoades 1ncreaeing attention has been: paid to bome site,
lvhome range and movement of .anurans (see Martof 1953; Dole
1965, 1972, 1974; Calif 1973; Dole andeDurant_197Q,. Dole
and Durant (1974) also mentioned that snursns of tropicsl
regions have not reoeived'tbaf attention as of temperate-

’ regions; It is also true for Rana ozanoghlzctis and other

Indlan anurane.

In the present chapter information on relative

abundence, home range, movement and activities of populations

of Rana gyanophlyct;slavailable.at Geuheti end Shillong

in relation to environmental condition has been provided.

(334 REVIEW OP LITERATURE

In past few years increasing attention is being

paid to a bette: understandihg of the population dynamics
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and behavioural responeee of animals, particnlarly anurans.,
A survey of 11terature reveals that 1nvestigatione on
population dynamice of anurane have been restricted mainly
to population fluctuation, relative density, movement and
bome range, and 1ts relation to the environmental factore,

euch as rainfall humidity and temperature.'

Ae EStimatibn of beiatiﬁe population densiﬁzi

Varioue methode bave been ueed to‘estimate tbe
'relative population density of insects. (eee Lleyd and
Jobnson, 1927; Potts, 1930; Gause, 1932; Pord &and Ford
1930; Nesh, 1933; Jackson, 1933, 1936, 1939, 1940, 1944-
19484 Williams, 1940; Davidson and Andrewartha, 1948a,b;
Johnson, 1950 1950 1952? 19553 Banks, 1954; Andrewartha
and Birch, 1954; Boowning, 1959 and Andrewar tha, 1957,
196 1) but - there are‘relatively few references on larger
animals, = Lincoln (1930) used 'Lincoln Iﬁdex' to estimate
the porulation in ducks. - Jackson (1936) modified the .
Lincoln'a technique and propounded e new technique mamely
eapture, markedfﬁelease and recapture technigue. This
technique has been assisted by various etetiqfieel
equations to compensate the small;eize'populefion, death,
birth survivalship immigration; migretion, mobility and
immobility in the population (see Haynes, 1949; Bailey,

e
et
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19515 Leslie and Chitty, 1951; Leslie, 7952; Cbapman,
1952; Boguslavaky, 1956; Dorrocb 1959; Jolly, 1965;
camack 1964 Manly, 19705 1971, 1973, 1974 and 1977;
Martin, 1970; Iwo, 1971; Ito, 1973; Carothers, 1973; Ito
et al. 1974; Hamada, 19763 Kundo, ?977) The Jackson 8
(1936) capture, merked release recapture methods have

been suceessfully used in wide range of animals such as

Lepidoptera Polyommatus iracus_(qu@qswell et al.. 1940;

Dowdeswell, 1952),'Mns muéoulus (Evéne, 19499, fishes

(Greking, 1952), birds (Manly, 1977), Dacus cuourbitae

(Ito ot al., 1974), rats (Leslie and Davis, 1939) water
volest rodents (Worrel, 1964; Zijda, 1971 1972; Stoddart
1970; Gaisler and Aejda, 1973 a,b; Holisova and Pelikan,
1974 and Airoldi, 1976) and frogs (Jameson, 1955, 1957).

Among amphibians the capture marked reléase and
recapture technique has been employed to study the home
range, seasonal actiﬁities, moﬁements'and pobulation
fluctuations in different frog populations (see Dole,
1965, 1974; Mar tof, 1953 a,b, 1956; Fiteh, 1956, 1958;
Dole and Durant, 1974; Clarke, 1974; Krikorizu, 1976,1977;
Berra and Gunning, 1972; and Currie and Bellis, 1969).
Dole and his group have investigated home rangé*mpvegepte

of Hyla c¢adaverina , spatial reletions and home range of

naturel population of Rana pipiens, -boming and orientation
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of Bufo americanus and home site.movement and seasonsal

activityrof'Atelopus exzrhzgcbusuq Other investigations
on- population dynamics of anurans have been made by Mattof

(1953).on:Rana clami tens, Koskela_and:Pasanen,(1974) on .

Rane temporariam, Clarke (1974) on Bufg; Bellis (1965) on

Réna sylvistica, Jameson.(1955) on Syrrhophus . manocke and

Currie and Bellis (1969) on Rana catesbéians . The technique
of catch per timé,_tp estimate the basolute density of the
populations at various sites hss been applied by Koskela

and Pasanen (1974, 1975) on Rena temporariz , Currie and

Bellis (1969) on Rana catesbeiana , Haz;ett 2t al. (1974)

on orayfish Orconectes virilis Zegada (1972) on water vole.

Home Range:

Home fange ecclogy of anurans may be elaborated in
detail. Burt (194§) defined home fange an area usually
around the home site over which the animal‘normally.yzavels
1n search of food and exeluding occasional movements
outside the area, perbaps of 1te exploratory nature. Kelby‘
(1945) discussed tpat competition for food bhas peen a major
factor for regulating bome renge ip anureans. In sgecies,
where competition are greater, the activity area and home

range are larger.
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The region of movehent during daily activity
around home site has been termed as "active range"
(Carpenter, 1952) and was observed to be varying with the
size 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, however,
the frbg collected from Budzinski's had no statistical
significant correlations between body length and home size
fprtber, he noted that anurén home range are dependent on .
factors 1like food, shelter énd enfironment condition,

acting singly or in continuation.

Commenting on the behaviour of Rana cyanophlyctis
McCann (1933) observed they are extremely adtive creature
and much at ease at land as well as water, During déy time
it rarely stayé far from the water bodies almost except
dur ing monsoon mon ths when it can be found almost anywhere.
There appears to be no doubt;that this species does under-
take long journey durihg night or else it would be difficult
to account for its sudden appearance in water holes 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 agnetic frog, Martof!(1953) found that juveniles
and small size ££og.occupied the shallow portion of water
and adult and large size.tbé'central deep water. The bome

range of Syrrhopbus marnock (ngeson 1955) was found to.be

dependent with the availability of the shelter area.
Jameson (1956) observed that spadefoot toad and st:eckef
chorus frog marked in previous year returned to their.:

home site during tb:ee~successivef§eans,anameson (1957)
mentioned that male frog and. toads reached the breeding -
site_finst and subadult and female followed afterwarde only
af ter summer rain. In Pacific tree frog he recofded_that
malés,~females and subadult moVe:apprqximately 1000 yards
to reach the home site. Willis et al. (1956) marked the
frogs to observe its movemeht, they recorded that the'fgoée
have affinity for home and returnipg'back af ter daily
routine activity. Based on marked, releaéé, recacpture‘
observation Bellis (1959) noted that the toad Bufo and Rana
sylvatica have home areaduring summer months. However, “
Poor recapture in successive years for the same site
indicates either high mortéiity or changing site every
year, VThrough capture, marked, release and recaptured

data Zejda (1971) noted that the size and sex ratios 1n'the
capture, numbers of 1nd1vidﬁa1 capturéd maximuﬁ timé,
correlation of enimel capture and its Bédy size, relation

between’size group and distance covered by the&ﬁhle and



female do not have any definite tren in water vole:

Clarke (1974) observed that after 7 months of dormancy

Bufo woodhousei starts its reproduction activity which
declined with lapse of time end noted that merked toad
use& the same home for 2-3 successive years and its home
‘range varied f;om 21.8 m to 32.3 m. Furtber, the

-activity'and movement of Bufo Woodhdusgi‘has been observed

as biquel type with maximum activity at dusky and dawn

hour i.e. morning sun rise and evening sun set bpur.

Contribution on the population dynamics in-
relation to environmental factors can be desoribed as

foll IOWS .

Humidity and rainfells

McCenn (1933) observed tﬁat_a larée number of
frogs and toads found in India are nocturnal, though during
raihy{séason and at wet loéalities they beéome diurnal and
nocturnal both. He described Rana cgaﬁoghlzctié as
~nocturnal frog cépable of long joﬁrnéy.depending upon the
rainfall and pumidity. Blaif (1953) observed an aggregation

. of }57.mex1can toad Bufo vellicaps of a varying sizes
- ranging from 10 mm to 55 mm and noted that the aggregeation
~ broke on rainy days, indicating that the rains excite the



toads to move away and'terhinate the hibernation.
DeSOribiﬁg ‘the movement of the pacific tree frog,dameeon
(1959).noted that rains of wérmer épring brihg'about
te:mihation'of winteriﬁg and movement of the female hylid
frogs and leads its movement telbreeding sites. Amoroho
and Marshall " (1960) mentioned that rainfall and temperature
and various otber external f&otors (etimuli) jointly

induce the reproductive behaviour in anurans. Dole (1963)
observea that the-moVement'ofrthe frog antelope depehd upon

sources bffﬁatep, soil moisture and dew more than food.

'Wbiie investigé@ing the behaviour of self maintaining
popuietibn of Rana temporaris Ashby (1969) and Koskela (1973)

noted that heavy rains during warm weathers activate the
frogs movements and_breeding. Koskela attributed ‘this
moveﬁent to rains-more;thah sunshine (x 225 P 0 001)
Heyer and Bellin.(1973) observed significant correlation
between heavy rain and mating successj heavy rain and larval
success and heavy rain and mating easlls in leptodactylid
frogs and recorded that leptodactylids are probably the
best colonizer speclies and are well adepted to changing
environmental conditions. Koskela (1973) observed that

Rana temporaria becomes in active for two hours during mid

day and at bright sunshine. He reported maximum breeding
migration of the frog at 84% mean air humidity: Mar tof

(1953) in Rana clamitans and Currie and Bellis (1974) in
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Rana catesbeiana recorded maximum activity in the population
during warm, rainy night then on any other climatic

condition.

Temperatare:.

So far as temperature is COheerﬂed Stuart (1951)
described two types of temperature thresbolds effecting ‘the

availability and behaviour of anuransig

(1) Critical minimum - The temperature at which animals
becomes- helpless to escape enemies or to
remedy their thermel impass.

(2) Critical maximum - .The thermal point at which

’ - locomotary activities become disorgenized
and the animal cannot escape and'tﬁis'
promptly leads to death in animal.

Discue'sing the role of temperetiire ahd the aﬁailabiiity of
Bufo at different elevations Stuart feperted»that Bufo
marinus was not found above 1500 mgp however, its critical
minimum temperature (15°C) was recorded 3.5°C below than

any other  toad evailable at lower elevations. The difference
in the critical maximumliemperature of B.bocusta and B.

marinus has been noted as an effecti#e reason for the
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restniétiqn §£AtbeAabove toads at di{ferent_elefatxons and
localities. He,-furtber'remarkedAﬁhatuzoogeograpbic
distributions of.any'énuran species wi th respiratory intake
or haemoglobin counting or temperature have no carrelation.
McCann (1933) noted that on sudden fluctuatione in the -
environmental temperature anuren species found 19 Indiav

including Rana cyanophlyctis move to the middle core of

water bodies, Mullally (1952) observed that the toad Bufo
bopeas WaS.found to be gctive througgout the yé&r at‘nighf
t1ll the temperature was recorded above 3°C below which
itlgolidifies and dies. HMany enuran species are acti&e,‘
at high temperéture.(Martof, 19533 Hensen, 1957; Jameson,
1957; Ashby, 1969; Currie and Bellis, 1969,(75). At
extreme hot or cold period they hide in hples under stone
or in moist soil or migrate &gép 1ﬁt6 Watef'bodieé (see
Currie and Bellis, 1969,'1974; Koskela, 1973; Koskela and
Pasanen, 1975; Bohﬁsack,‘1961,and;Dole and Durant, 1974).

‘Commenting upon the impprtanée of temperatufe in
diurnel behaviour Fitch (1956) and Hadfield (1966) mentioned
that actqdermal~basking, in anurapg,‘up;to‘certa;n optimum

temperature enhances metabolic activitiegxand help in

digestion and facilitation. Martof (1953) in Rana clamitans,

.Hansen (1955) in Rana heckschoni have also recorded

basking at the edges of water bodies having moist surface.



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 Pasanen reported that the
change in weight of females was inversely.proportional to
' fhe 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-
internal hypophysio-gonadal rythm in‘ﬂggg hexadactyla
and Rang 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; Ruibal (1955) and Rubin ‘(195"9)
in Rana piplens; Metter (1961) én Bufo boreas; Fingal and
Kaplan (1963) in Xenopus; Crooke (1975) én Bufo bufo
and Rana temporarig\Beebee and Graffin (1977) én Bufo

colamita° Bufo bufo and Rana clamitans and Saber and



30

Dunson (1978) én Rana catesbgiana, have analysed factp;s
such as pH; conductivity;-phqsphate;»calcium; carbonate;
bicarbonate; chlo:ide; tofgl solid papticles; dissolve
solid particie; suspended solid particles, salinitj and
iron and carbon minerals to find out the relétionship in
limnological conditions with reproductive behaviour and

developmental rate of anufan'tadpoles and_adulta;

354, MATERIALD AND METHODS

The relative ‘abundanoce, bome range,movement and

behaviour of the populations of Rana cxanophlxctis (Schneider)
bave been investigated at Gauhati. At Sbillong relative

abundance was es timated Wluh a view to compare it w1th that

of Gauheti.

At Gauhatl, the collections were made during Qusky
hours of evening_or at night, fortnightly throughout the:

year 1978,

The collection at Umkhrah river'site'ét Shillong
were made fortnightly'throughout the year'1978, during
'day time', gs it was not safe to visit the remote gite

area at night due to difficult hilly terraine. In view of
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the limitations at the eites Gauhat1 and &bllleng the
searcbea during day hours and night hours respeotively were
made only when it was believed that information not otherwise

obtainable migbt be secured.

The availability of theimales, femalee-endljuveﬁilee
and their numbers of catch per hour wes_eetipafad monthly on
the numbers ofefgqg cql}ected‘in 3 hours th:oughout the
year 1978, ihe_number of catches of malee, females, and
juveniles per hour, wae'correlated with”bh&sical and chemical

conditions of the sites.

. For the behavioural study a census was made by
walking slowly‘back'and forth across the site area systema-
tically covering all the area, The intensive search was
made at the vli:cini_fcy‘ of water bodies, as the animals mostly
confined themself near these except on tbe oeoasien'of
feeding'and'breeding, when they»travel at large to meet
the requirement. During census, the froge'were collected
by hand or by an 1neect net, made of stﬁong thread net

attached to an iron road,

o The slow and cautious walking at the Gaubati 8 tudy
site, at dark nights, does not seem to dia*urb tbe anurans.
They were readily seen by a torchllght Wbich dazed and
rendered them immobile, and easily captured. At Shillong
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animal werc approacbed from behind and tben caught by
sudden, quick, swinging flush of net. The esoaped and
biding frogs were collected by digging and aieving the mud

of the'hlding area by an insect net.

A The“fechnicue of Krekorian (1976) to use nail

. polish and oil—painte did not prcve:successful:fér mafking
the animals ee'the colours eiﬁcer faded or were washed out
al ter sometime. As Such marking and recegnition by toe

: .clipping tecbnique of Martof (1953) was followed.- The toes
of each frog were Ollpped. Such frogs mostly confined
themselves in water and avoided skipping or floating on

' surface, These difficﬁlties were over come by,ihéfuse%df
different coloured threads which were tied round the thighs.
‘The vabious eclour COmbinaticns and numbers of folds of the

thread ensured identification of the animal. on recap ture.

The population of tbe’égiﬁal'at lubari Fish Parm
Gauhati wes.estimated by Jackscn's (1939) technique of
capture, marked, released and recapture at monthly intervals
thrcughcut tne year 1975. The‘following.formula to

estimate their density bave been used

Number marked individual . Humber individuals unmarked

recorded in census - ‘'N' obtained in census
. Number individual merked 'P' Total number of marked
in pre-census *'X! individual at end of

precensus (:.¢ - . coesaci G0
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(It has also been used by Jameson (1957) for the estimation
of population structure and boming-in pacific tree frog).

Hence,

Total number = P + X

To tal population (Population estimated + Individual
marked in precensus)

The animals were oaptured, mostly by hand or by net, during
night hdura. The animals thus captured were .marked and
released always at the junction of the nursery pond No.1,

2, 7 eand 8 (Pig. No. 1.1.1). The frogs were oaptured

marked and released again 20-24 hours after the previous
release, For every set of exberiment the frogs were captured
two times and released four times. After each capture the
frogs_were marked with différent colour toreads. Data on
each frog was recorded at each captures the colouration,

tbe place of capture, numbers of frogs caught per houf,

sex ratio, size group behaviour their movements from the
release site were routinely recorded. [The presence ér
absence of the vocal sac.was‘noted to distinguish males

from females. The male frogs of snouf'vent lengfh beldﬁ\

3.8 cm and females of SV length below 5.70 cm were considered

as sub-adult and juveniles. Records of the abundance of
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various size group, at 1,0.cm clase.interval and tbevtotal
members of juveniles, males andufemale‘im.a population'at |
each such forays were made. Mode of frog size (SV length)
in e population that occurs most frequent and around which
size group maximum number of observations anme concentrated
and median i.e. the location of the medien value that
divides the population etructure in:tonegual half were

found out during each census.

‘ The m eoxd mum and minimum eir temperature, water
temperature humidity, rainfall were regularly recorded.
Climatic data were also cross checked from the data - *
collected from the Meteorological Centres at Shillong and
AGaubati. The pH, conductivity, carbonate bicarbonates,
chlorides, calcium and magnesium of water ‘semples of the
8 tudy eites were analysed once in the middle every month.
The pH of the samples was determimed by E.Lico, pH meter
model 4-10, at the sample temperature. The sensitivity of
the instrumeht was adjasted by using known buffer of 4+00,
7.~OO, 9.20 pH value. The least count of the instrument
was 0.05. The other-cbemical factors were analysed as

per the technique desocribed by APWA (1as5) 5 Welen (1as2)
and H0n4¢0%74).
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"C'on(iuc tivity - " The conductivity of the samples

were measured, monthly by systronic direct reading
ccnductivity me ter- 303 Sl.Nc.109. For standardization
0.01N KOE solution was used. The instrument wes set at

the sample ‘temperature and equicalénc‘stAhdacd value
(calculated through standard graph) to obtain ‘the conductivity
of the samplés directly in micromhos per M.

| Carbonate - The carbonate of the samples were
analysed by Acid—Bgse titration techmique. The samples
having less than'8,3 pH ere repor ted to have car bona te
beyond estimation, that means there is no free carbonate
in water sample..The carbonate from the water éamples ha%ing
pH more than 8.3 were oalculated by titrating 20 ml samples
with N/SOQHZSO4 3 2-3 drops of phenolpthalelin was used as
an indicator, the end point being a point where the sample
solution become colourless. The volume of the acid consumed
was noted and multiplied by 30 equivalent weight of

carbonate to know the carbonate in the samples'in pPpm.

Bicarbonate - The bicarbonate was cstimated by
titrating 20 sample water with N/50 H,S0, solutions. MNixed
solution (0.2 gm methylred and 0.01 gm Bfomcc;esol‘green in
1000 ml of 95% Ethyl alcohal) was used as mixed indicator.
The end point was taken at the point where 20 ml sample



solution turned light pink. The bicarbonate was calculated

in ppm by multiplying thé end point (Volume of N/50 H,50,
consumed) to 61.01 (equivalent weight of bicarbonate).

Chloride -~ The chlorides were calculated by Mohr's
method. To é‘QOiml water sample‘4_drops.of'K20r04 as
indicator solution (5.0 gm, dissolved in 100 ml chlorine
vfreg water)awere_added and then titratedkwith_ﬂ/so silver-
n@trate_soiution, till the solution turned pink red, The
volume of N/50 AgNO3 consumed for titration was recorded,
and have mul tiplied by equivalent weight cf thoride.35¢46

to estimate the chloride in the sample water, in ppm.

Total hardness - Totél hardness of the water

samples'was>ca1culated by t;tratiog,” Tq a8 20 -ml of each
water sample 2-3 ml of émmonia buffers were added till the
solution gave smell of NH3 « To this 5 drops of E.B.T.
indicator (E;iocprome blacke T ) were added, finally the
above solution was titrated with N/50 standard solution of
E.D.T.Af (Etha;ine, diamine, titracitic acid solution) till
the golgtiog gayé”blqe colour, wbich is the end pointf The
volume of E.D.T.A. solutions consumed during titration was
equivalent to the ions for total hardness and hence was
multiplied by 50 (factop for total hardness) to know the

total hardness of the water samplés. NH3 buffer was
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_prepared by dissolving 35.0.gm of NH,Cl in 284 ml of NH,,OH
of.specifig grgvity 0.88.and then tbefsdlution-was diluted
to 500 ml. . E.B.T. indicator was prepared by dissolving
0.05 gm of E.B.T. in 90 ml of Triethonal anine to the
solutions added 10 ml of methanol so that the solution

become less viscuss. .

. Calcium - E,D,T. solution was prepared by dissolving
A3;72 gn sodium ethyl diemine tetra accetate (dried already
at 80°C or Q#er H,80, in a dissicatorrfot one night) in
100 ml deionized water. The calcium of the water was
estimated by adding 3 ml of N sodium hydroxide solution in
20.m1 of water samplgs and 0.01 gm of pattern and reader
reagen? as_igdicator,A,The abo;e solutions was titrated with
N/50 E.D.T.A. solution till & violet colour was reached,
which is the end point. The value of E.D:T.A. consumed
(multiplied by equivélent weight 20.04) gives the calcium

in ppm.

‘Magnesium ~ The,magnesium from water samples,was ,
'caléulated_by differenae. Prom the measured total hardness
(ppm) of water the analysed ppm value of calcium-is substracted
to achieve pbe magngsigm of the water sample in ppm

A multiple correlation of the abovg mention factors
was also calculated in the juvenile male and fémale population

at the two sites.
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5.4 OBSERVATIONS

12 months reldtive abundance by catch per hour,
and capture, marked release and recapture techniques and

home range movement were investlgated.

Rela tive abundance:

The relative abundance of the Rana cyanophlyctis

on land, at two sites have been investigated from January

to December 1978.

(a) Catch unit hour

The availability end fluctuation in the

population of Rana cyenophlyetis was estimated at montnly

1ntervale during 1978g> The frogs were.cqlleeted at random,
every time for a minimnm of three hours or nore; and then
number, of frog per hour was estimatedf To maintain the
unfonmity and minimize the error following precautions were

takens

- (1) In all census the procedure described were strictly
adhered to, and the collection were made by visiting through-

out the study site.

(2) Dawn and dusky hoﬁr_wene kept as the time for

collection during every census.
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GAUHATI POPULATION

' The’mdnthly relative abundenee through catch/hour
from January to December 1978 was estimated as follows,
The data’ has been compiled and presented in Table 3.1
Fig.‘3 o1

January - Census was made on 12.1.1978. The atmospheric

' temperature was: 12,0°C and humidity 82%, 21 frogs
(3 males, 1 females and 17 juveniles) were collected
in 4.0 hour. The SVL of the . frogs in the sample
ranged from 3.3 cm to 5.5 cm. The median SVL being
4.5 cm and showed. the mode of 4.2 cm, showing the
predominance of juveniles. Aggregation of the
frog population in pond water and basking on sunny
days were also observed.

Februa;z -~ Census vas:made on 9.2.1978. The atmospheric
temperature was.15.5°C and humidity 71%. 20 frogs
(7 males, 6 female and 7 Juﬁeniles) we:e.colleoted
in 3.00 hours. The SVL of the.frogs in the sample
ranged from 4.00 cm to 6.2 cme The median SVL
being 5.1 cm and showed 2 mode of 5.5 cm. The
frog population was restricted mainly near the
water bodies.

Ma:eh - Cehsus was made on 10.3;1978; The atmospheric

1 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 from 3.5 em to 6.2 cm. The median SVL being
4.8 cm and had two modes of 4.4 and 4.8 cm.. The
telative abundance of male has been maximum.The.
movement and activa range has fur ther increased.



Table 3 1

Catch/hour density of frogs at Ulubari, Gauhati

Snout vent' lengtb ‘sige group . ' Catch

Date ~  Temp Humidity §?m?§§ge 2555}399. 555" 039309?2980}?;?gga1_700 Medien Mode per =~ Sex -
o¢ % collected hr min, 2. 90 3:90q 4:90 .5:90 'aﬁove hqur ﬁfgfg
2. 1.78 12,0 82 21 4 0 1 5 9 6 - 4.5 4.2 5 311317
9. 2.78 15.5 71 20 3 0o . - '~ 9 g 2 5.1 5.5 6.5 T3637
10. 3.78 22,0 69 40 5 0o - 2 - 24 10 4 4.8 4.4 8 935437
Te 4.78 24,5 81 40 4 0 - 4 20 10 .6 40T 4T 10 73637
10, 5.78 25,5 15 40 3 0 =~ 6 16 12 6 4.6 4.6 13 91516
11. 6,78 29.0 95 42 3 30 - - 12 22 8 5.4 5.5 12 531036
160 T.78 30.5 83 40 3 10 - 2 20 10 8 - 4¢T . . 442 13 53312
10, 8.78 31.0 98 52 4 0o - 2 16 22 12 5.3 5.9 12s5 11311134
19. 9.78 31.0 81 26 3 0 - - 14 16 5 4.6 4.6 9 51434
6.10.78 3043 82 40 5 0o = 2 18 14 6 4.9 4.6 8 63737
8.10.78 23.0 87 38 5 0 - 8 14 12 4 4.6 4.3 Ts5 533311
8.12.78 18.0 86 21 3 0 1 8 5 6 1 4¢7 4.2 T 353515
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Census'was made on 7.4.1978. The atmospheric
temperature was 24.5%C and humidi ty 81%. 40 frogs

(14 males, 12 female and 14 juveniles) were
collected in 4.0 bhours. The SVL of the frogs in

the sample rangéd from 3.5 cm to 6.2 cm. The
median SVL being 4.7 cm_and showed the mode of
4.7 cm. The relative abundance of the female frog
has increased in the populatiqn,

Census was made on. 10.5.1978. The a tmospheric
temperature was 25,5°C and humidity 75%. 40 frogs .
(18 males, 10 femsles and 12 juveniles) were
collected in 3.0 hours. The SVL of.the frogs in
the sample ranged from 3.6 om to 6.2 cm..The

‘median .SVL being 4.6 cm and showed the mode of

4,6 cm. The relative abundence of the different
size group. (SVL). in. the population has been high.
It further, increased on rains.

Census was umade on 11.6.1978. The atmospheric
temperature was 29°C and humidity 95%. 42 frogs
(10 maies, 20 females and 12 juveniles) were
collected in 3 hours 30 minutes. The SVL of the
frogs in the sample ranged from 4g0 cm to 6.5 cm.
The medien SVL being 5.4 cm and showed the mode
of 5.5 om. The abundance of the frog population
on dark rainy night which also had some drizzles
showed maximum and subsequently maximum catch/hr
can be mades The relative abundance of the female
frog has been maximum.



dJuly -

Census was made on.16.7.1978. The atmospheric
temperature was 30.5°C. and humidity 83%. 40 frogs
(20 males, 12 femeles and 8 juveni1és) were
collected in 3 hours 10 minutes. The SVL of the

-frogs in the sample ranged from 3.9 cm to 6.2 cm.

The median SVL being 4.7 cm and showed the mode
of 9.2 ce. The relative abundgnce on land has

‘been predominated by adult frog.

August - Census was made on 10.8.1978. The atmospheric

temperature was 319C and humidity 98%, 52 frogs
(22lmales, 22 females and 8 juveniles) were .
collected in 4.0 hours. The SVL.of the frogs in
the sample ranged from 3.9 cm to 6.7 cm. The
median SVL being 4.6 cm. and showed the mode of
4.6 cm. The relative abundance of the adult frog
were recorded maximum. |

September - Census was made on 19.9.1978. The atmospheric

Qctober

temperature was 31°C and humidity 81%. 26 frogs
(10 meles, 8 females and 8 juveniles) were
collected in 3.00 hours. The SVL of the frogs in
sample ranged from 3.9 cm to 6.7 cm The median
SVL being 4.6 cm and showed the mode.of 4.6 cm.
The relative abundance of the frog on. land
showed a decreasing trend than August,

-~ Censug.was made on 6,10.1978. The atmospheric
temperature was 30,3°C and humidity 82%. 40 frogs
{12 males, 14 females and 14 juveniles) were
collected in 5.0 hours, The SVL of . the frogs in
the sample ranged from 3.7 cm to 6.3 cm. The
median SVL being 4.9 cm and showed the mode of

406 Cli.

QD



Fig. 3.1 : Availability of Rana cyanophlyctis in
relation to envirommental conditions
during different months of 1978 at
Gauhati Site.
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November - Census was made on 8.11.1978. The,étmospberic
' temperature was 23.0°C and humidity 87%. 38 frogs

(10 males, 6 females and 22 juveniles) were
collected in 5.0 hours. The SVL of the frogs in
the sample ranged from 3.4 cm to 6,3 cm. The
median SVL being 4.6 cm and showed the mode of
4.3 cm. The relative abundance of the adult frog
population on land has decreased. The junveniles
proddmiﬁame‘movement and availability on land.

December - Census was made on 8.12.1978. . The atmospheric
temperature was 17°C and humidity 86%..21 frogs
(3 males, 3 females and 15 juveniles) were
collectsd in 3.0 hours. The SVL of the frogs in
the sample raﬁged‘from 344 cm to 6.0 cm. The
median SVL being 4.7 cm and showed the mode of
4.2 cm. The frog populations are found more in
water bodies, than on land. Adult occupying
central deep portion and junveniles and subadult
the shallow edgeé. The movement and active range
reduced and restricted near the water bodies.

SHILLONG POPULA TION

The monthly relative abundance, tbrqugh ca tch/hour
was estimated from Janyary to December 1978. The data has
been compiled and presented in Table 3.2 ; Fig.3.2 . . The

estimation were as follows:
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January - Cemsus was made on 5.1.78. The atmospheric
temperature was '80°C and humidity 70%. 20 frogs
(1 male, O female and 19 juveniles) were
collected in 5 hours. The SVL of the frogs in
the samfe ranged from 2.0 cm.to 5.4 cme. The
median SVL being 2.8 cm and showed a'mode'of
2.8 cm, showing the predominance of juveniles.

February - Census was made on 24.2.78. The atmospheric
temperature was 11,5°C and humidity 65%. 22 frogs
(2 males, 1 .female and 19 juveniles) were
collected in 4 hours. The SVL of the frogs in
the sample ranged from 2.6 cm to 5.9 em. The
median SVL being 3.7 cm and showed two modes
of 3.1, 3.4 cm, showing the 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 cm
to 56 cm. The median SVL being 3.4 cm and
showed two modes of 3.4 and 4.0, showing the
predominance of jJjuveniles. Males were, however,
more in number in this collection then in
previous collection=ze.

Aprii - Census was made on.12.4.78. The atmospheric
temperature was 21.0°C and humidity 70%. 26
frogs (7 males, 5 females and 14 juveniles)
were collected in 3 hours 45 minutés. The SVL
of the frogs in the sample ranged from 3.2 cm
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- 'to 646 cin. The median SVL being 4.5 cm and

“‘showed modes of 3.5 and 4. 5 cm, showing marked

1

increase in adult population. h

Census was made on.7.5.78. The atmOSbheric
temperature was 18,0°C and bumidi ty 85%. 50
frogs (22 males, .8 females and 20 juveniles)

. were collecteéd in' 5 bours 20 minutes. The SVL

-of the frogs in" the sample ranged from 3.3 cm

't0 6.2 cm. The median SVL being 4. 5 cm and

showed & mode of 4.1 cm, showing the large‘
abundance of frog on land predominated by
males. ;

Census was made -on. 17 6.78. The atmospheric
temperature was 21.5° °¢ and humidity 93%. 25
frogs (3 males, 3 females and 19 juveniles) -
were collected in 3 hours 30 minutés. The SVL
of the frogs in the sample ranged from 2.5 cm
to 6.0 cm. The median SVL being 4.0 cm end
showed a mnode of 3.6 cmy The Umkhrah river’

‘has flooded the site, making the eatcb difficult

and oatcb/bour poor.

Census was made on 8.7.78. The atmospheric
temperature was 20.5°C and humidity 92%. 22
frogs (11 males, 2 females ‘and 9 juveniles)
were collected in 5 hours. The SVL of the frogs
in the sample ranged from 3.7 cm to 5,9 om.

The median SVL being 4.2 cm and showed & mode
of 4.0 cm , showing poor catch/hour due to
flooding and increased water level at Umkhrah
site,



Figst 342 ¢ Availability of Rana cyanophlyctis in
relation to envirormmental conditions
during differeént months of 1978 at
Shillong site. |
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August - Census wes. made on.20.8.78. The atmospberic

temperature was 23 ,0°C and. humid ity 75%. 21
frogs (7. males, 6 females end. 8 juveniles)

were collected. in 6: hours. The SVL of the frogs
in the sample ranged from: 3.5 cm to 6. 7 cm. ::The
median SVL being 4.7 cm and showed a mode of -

4.6 cm, sbowing the population on land with. .

almost equal number of male, female and
juveniles, however, the catch/hour was very low
due‘tq.floqd at the sites

,§§R§2§E§£ -  census was made on 16.9.78. Theiatmospherié

temper@ture<was-19.5oc and humidity 74%,>20
frogs (6 males, 6 females and 8 juveniles)‘were
collected in 3,boﬁrs «: The:-SVL of :the frogs in
the sample ranged from 3.2 cm to 6.8 cm. The
median.SVL being 4.7 cm and showed & mode: of
4.3 cm,. showing almost equal numbers: of male,
female and juvenile.

October - Census was made on 9.10.78. The atmospherio

Novenber

temperature was 18.0°C and humidity 84%. 21
frogs (7 males, 3 females and 11 juveniles)
were collected in 3 hours 20 minutes. The SVL

of the frogs in the sample ranged from 2.8 cm

to 6.2 om. The median SVL being 4.4 cm and
showed a mode of 4.2 om, The population showed
increase in juveniles number. and decrease in
adult number, |

~ Census was made on 28.11.78. The atmospheric
temperature was 13.4%%C and humidity 86%. 22
froge (3 meles, 1 female and 18 juveniles) were



Fig. 3.3 : Percentage abundance of various size group
SVL, in a population of B_a;_r_l_a cyanophlyctis
-during different months at Gauhati and
Shillong sites.
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_collected in 3 hours 45 minutes. The SVL of
the frogs in .the sample ranged from 2 8 em. to
548 cm..The median SVL being 3.7 -cm and showed
a mode of 3.5 cmy’ showing the predominance of
juveniles., ‘

Decembér —?Cenéusiwaslmade onﬂ18.12.78. The;atmoébherio
temperature was 10,2°C and humidity 70%. 20
frogs. (1 male, O female and 19 juveniles) were
collected in 4.0 .hours. The SVL of -the frogs
in the sample ranged from 2.4 cm to 4.2 cm.

- The median SVL being 2.8 cm and.showed a mode
of 2.8 cm, showing the disappearance of adult
specially female in water bodies. Catcb '

- predominated by juvenilese |

Terrestial.aﬁailability and rélative abundance
of various SVL size group at the two sites during different
months of 1978 ‘have been estimated. Ebe data has been
compiled and presented in Fig. 33 During poﬁulation
census it has been observed that predominance of the
juveniles and small size frogs bave been more than adult
and large size frogs during winter'montbgf ';p summe;
mox;ths and'on ;"'air‘_x the population of large size frogs
increased't:emgndqgéiy. The»most active SVL éize group
at two sites and subsequently mqst.cqught were frogs

of SVL varying from 4.0 - 4.9 cm. ‘The percentage of
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various size group in the terreetial population of Rana

Ayanoghlzctis have also been estimated during different

month of Gauhati and Shillong eite. The,data has been
compiled and presented in Fig. 3 4. 1t has been observed
that at both the sitee, the frogs of SVL varying from
4,0 - 4.9 cm.predominated the population census.’ Pur ther,
frogs with: SVL 3.0 = 3. 9 cm and 5.0 -~ 54 9 cm also sbowed
higher percentage of occurrence at Shillong and Gauhati

site respeqtively.;.

(v) Captu:e,-mark“release and recagtune technique

(Site;r State CGovernment Fish Farm Ulubari
S Gauhati, Assem ) -

| The principle of the capture, marked release and
ieeapture technique is based en“the'anaIYSis of re~
occurrance of a knewn (marked) pepulation Within an
unknown population inhabiting the same area (Jackson,.
1936, Jameson 1957).n The teceptu;e analysis of the
known members wi th uninown members reveals the abundance
of the total ponulation of the species inbhabiting a
particular site. Taking into consideration the limitations
of the technical diffioulties ‘in the the metbodology it

is presumed that:
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e _Marked animals, once released in the etudy si te
become distributed homogeneously with the unmarked
individuals of the population. There after the

;-chances of recapture stand ae good as the ohanee
of . oapture of unmarked individuals in that populations
- (50% probability) . | o |

2. T minimiae;the:biae,;the frogaainieaoh catch were

‘collected at random, throughout the site area.

3¢ The merked'frogs would neither die nor cross out
the s tudy eite'area'and the total population density
'of the epecies would remain unaffeocted as, suppoeedly

there is no migration or immigration

4. Inxcase of any migraﬁionpit is believed that equal

number might have come in from neighbourhood.

Initially, marking of the froée with the help
of toe- clipping, paints and polish have been attempted
,bu? it did not prove eucoeesﬁul. Later, marking by
banding coloured thread around thighs were ueed with
success and ,eubs,equentl_;y during every census, the frogs.
were marked and released at a middle point of the study-
site. After a lapse of 24 hr (a period allowed for |

homogenous mixing of the marked and releaeedﬁ?ibge,
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mith the unknown; unmarked population of the frog at

_the g tudy site) the frogs were collected at random,
covering tbe whole area of the study site. The frogs
‘thus collected contained marked as well as unmarked
individuals Tbe number of marked and released frogs,
captured marked and unmarked frogs was deduced in Jameson
(1957) formula (eee material and metbod) to find out the
numbers of unmarked individuals in the population
'occupying the stady area. The estimated number of
unmarked rrogs_with“the total number of marked snd released
frog was' combined -to estimate the abundance of:frogs in
that area, Since all collection, were restricted to land
and not to the;water.bodiee;.tbe present estimation

gives us an:'idea of the relative abundance of the frog

population on the land only.

The investigation at Gauhati were oarried out
from January to December 1978.t A ‘minimum of 4 es tima tions
of tbe relative abundanoe of frog, in a montb, were made.
Tbe average of the 4 such estimates, represented tbe
ayerage abundance of'tbe frog on the land during that
partieular month. In September'and Deoember 5 estimates
of the relative abundance were made. Thus, during 12
months of investigation altogether 50 eetimates were
nade. The data hae been compiled and preaented in

Table 3.3. Of the relative density, on precensus daye



110

(Jameeon,'1957: the day ef’marking and release) frogs
were.collected for Q.b hours marked and released. On
censue;day (Jamesoh,'ﬁé???ksecond day for recapture
analysis).fregs‘were'ce1leeted-et randomly (as described
instecbnidueQ and tﬁe.numberyof marked frogs recap tured

end unmarked frog oap ture were known. 'Tbe numbers of marked
and unmarked froge were subjected to Jackson's formulae

and subeequently the relative-abundance was~celcu1ated,

The data bas been compiled 1n Table 3 3. The“month~ﬁise

observations are described below.

Jdanuary - During investigation period. the
atmospheric tempereture ranged betweeh 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
reocaptured on the subsequent days were 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 fregs collected during census
were approximately'1s1. -Tbe eatimated-relative abundance

of the frog on land varied between 46 to 47 (i 3 53)e

February - During investigation atmospheric
temperature ranged between 10.6 to 26.5°C and total monthly

rainfall was 3.6 mm. At precensus 15, 31, 44‘ﬁhd‘47'frogs
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were marked end releeeed.: The number of frOgs recap tured

on the subsequent daye were 2/18 5/18, 7/20 and 9/22,

The ratio between tbe total ma.rked and unmarked frogs
collected during census was, epproximately 1:2. The estimated
relative abundance of tbe frog on land varied between 104

to 135 (2 $ 120)

Marcb ~: Durlng investigation atmospheric temperature
ranged between 14 e°c to 31, o°c and total mon thly rainfall
wasg 15 1 mm. At brecensus 24, 41 10 and 80 frogs were marked
and releesed, The number of froge recaptured on the
subsequent days were 5/30- 7/28, 10/30 and 15/34. The ratio
between the total marked and unmarked frogs collected during
census was appnoximately 1: 25, Tbe es tima ted relative
abundance of the frog on lend varied between 144 to 210
(X ; 189) . At the warm night of 5.3.1978 the population

estimated were maximum.

April - Puring inveetlgatlon atmospheric temperature
ranged between 19;1°g\anq 31,0°C and total monthly rainfall
was 6?.4_mm, At preceneus_24, 56, 70 and 80 frogs were
marked and released. The number of frogs recaptured on the
subsequent days were 4/34, 8/22 9/25 and 14/38. The ratio
between tbe total marked and unmarked frogs collected during

census was approximately 1:25. The estimated relative



Table §.§

Estimation of relative abundence in Rana cyanopblyctis by capture, nurked
released and recapture method (Jackson 1936) at Ulubari Gauhati

Date of Ata. o Proge Number Duration Un-
experiment Temp aﬁ::i ::: ed ::lglt:red of collec- Marked Unmarked mrked- To tal Range Mean
° g tion captured captured popula- popula-
c f:;l released census he ain . tion tion

10. 1.78 9.3 " 10 2 20 2 8 4 55 46

1. t.78 to s 19 10 2 30 4 6 27 46 to -
12. 1.78 22.8 t 25 15 3 00 8 7 28 53 57 33
13, 1.78 32 16 3 00 9 7 25 57 ’

. nT8 10,6 15 18, 3 00 2 16 120 135 104

15. 2.78 to 3.6 3 18 3 00 5 13 72 104 LIPS
6. 2.78 26.5 4 20 3 00 7 13 72 116 135

17. 2.18 47 22 320 9 12 69 125 4

7. 3.78 14,8 2 30 3 00 5 25 120 - 144 144

8. 3.78 to 181 4 28 3 00 7 21 . 147 196 o g9
9. 3.78 31.0 70 30 3 00 10 20 140 210 210°

10. 3.78 80 34 3 00 15 19 114 204

4. 4.78 19.1 24 34 2 40 4 30 195 229 154

5. 4.78 to oo, 56 22 2 00 8 14 98 154 to 201
6. 4.78 31.0 70 5 2 20 9 16 124 194 233

7. 4.78 86 38 3 15 14 24 147 233

6. 5.78 22.3 28 36 3 00 3 30 280 308 156

7. 5.78 to 243.8 58 35 3 00 13 22 98 156 to opy
8. 5.78 31.2 i 80 31 3 00 14 17 97 17 308

9. 5.78 o9 50 330 20 30 146 243

8. 6,78 24.2 24 25 2 00 3 21 168 192 124

9. 6,78  t0 454 45 30 2 30 " 19 79 124 to gy
10. 6.78 31.7 64 32 2 30 14 18 81 145 205

1. 6.718 82 45 3 20 18 27 123 205

2. 7.18 24.7 15 16 1 00 1 15 2% 240 177
3.7.98  to 3054 23 " 1 00 2 12 180 193 to o0
4. 1.78 31.9 42 42 3 10 10 32 135 177 296

5. 7.78 74 48 3 00 12 36 222 296

8. 8.78 241 - 24 28 2 20 3 25 200 227 227

9. 8.78 to 2377 49 2 2 00 4 22 269 318 to 291
10. 8.78  33.09 7 32 2 30 8 24 213 284 337
D11, 8.78 95 39 2 50 1 28 242 337

14. 9.78  42.2 30 24 2 30 4 20 150 174 125

15. 9.78 to 50 10 1 20 4 6 75 125 to .

16. 9.78 32.30 270.5 56 22 2 30 8 - 14 98 154 180 . 160
17. 9.78 70 - 18 2 00 7 1 110 180

18. 9.78 81 20 2 00 10 10 81 162

9.10.78 21.8 20 18 2 10 3 15 100 120 103
10.10.78 to 3.2 35 17 2 00° 5 12 -8 M3 o gy
11.10.78 31.45 47 23 2 30 9 1" 56 103 134
12.10.78 61 22 > 2 30 10 12 73 134 134
26.11.78 16.73 15 7 : 2 2 3 4 70 85 69
27.11.78 to 42.7 19 19 2 30 7 12 50 69 to 91
28.11.78 26.21 41 25 300 1" 14 53 94 14
29.11.78 - 45 7 3 00 13 14 59 114

:8.12.78 10.23 s 13 .2 oo 1 12 60 65 65
10.12.78 to . 17 14 2 00 2 12 02 19 to
11.12.78 23.21 't 19 17 2 00 5 12 69 88 119 89
12.12.78 “ 13 2 00 6 7 48 89

13.12.78 . % . 2 2 00 7 5 3¢ 82
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abundance of the frog on land varied between 154 to 233
(X s 201).

-ng - During investigétion atmospheric temperature
ranged between 22.300 and 31.2é0‘§nd total month}y rainfall
was 243.8 mm. At precensus .28, 58, 80 and 97 frogs wgne‘
marked and released. The number of frogs recaptured on the
subsequent days were 3/36, 13/35, 14/31 and 20/50. The
ratio between the totel merked snd unmarked frogs collected
| during census was approximately 132, ‘The es tima ted rélative
abundance of the frogs on land varied between 156 to 308
(X 3 221). The relative abundance was meximum soon af ter

rains (243 and 308).

June - During investigation atmospheric temperature
ranged between 24.2°C and 31.,7°C and total monthly rainfall
recorded were 364.8 mm. At precehsus 24, 45, 64 and 82
frogs were marked and released. The number of frogs re-
captured on the subsequent days were 3/25, 11/30, 14/32 and
18/45. Te ratio between the total marked and‘unmarke¢
frogs collected during census approximately 132. The |
estimated relative abundance of the frog on land varied

between 124 to 205 (X 1 167).
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. ,-43;1 ~ During investdgation atmospheric temperature
ranged between 24.7°C and'3129°c and total monthly rainfall
recorded were 308 8 mm.' At precensue 15, 23 42 and 74
':frogs were marked and released. The number of frogs re-:
L‘captured on tbe subsequent days were 1/16 2/14, 10/42 ‘and
12/48., Tbe ratio between tbe total marked and unmarked
ifrogs collected during census was approximately 1:3 5. The
_estimated relative abundance of the frog on land varied

.between 177 to 296 (X : 226).

’ Augg - During investigation atmospheric temperature
,ranged between 24. 1°c to 33.09°C and total monthly rainfall
' recorded were 237. 7 mm. At precensus 24, 49, 71 and 95 frogs
were marked and released. The number of frogs recaptured
on tbe'subsequent'days were 3/28, 4/26,18/32.and 11/39. The
ratio between the total marked and unmerked frogs collected
during census was apﬁroximateiy 134. The estimated relative
abundance of the frog on land varied between 224 to 337

(x 3 291) “ o

Segtember - During investigation atmoepheric
temperature ranged .between 24,?°C and 32.30°C and “total
monthly rainfall was 270.5. At precensus 30, 50;\56, 70

and 81 frogs were marked and released. The number of frogs
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recaptured on the aubsequent;daya were»4/24,‘4/10, 8/22,
7/18. and 10/20.. ‘'The ratio between.the total marked and
unmar ked frogSicollectéd'Quringucensustwas:appzoximatély
132, The estimated relative. abundance of the frog on land

varied:between 125-to»1éos(§i:?160).4x‘

‘October - During igveatigation atmosﬁhérié”:
témﬁerafﬁ:e :angéd,b?tween“2138°C”énd 31,45°C and totel
rainféll'recofded'were‘33.2;ﬁm.';The’relative-abundanoe of
the frogs decreased further. At ppeoenéus_ZOlJBS,,47 and
61, frogs were marked and relessed. The number of frogs
recaptured on tbejéﬁbsequent déys were 3/18, 5/17, 9/23
and 10/22. The rétio between the total marked and unmarked
frogs c°11écted during census was approximately 132, The
estimated relative abundance of tbe=froé on land varied

between 103 to 134'(2 s 119),

November -~ DBuring invéétigation atmOSpher;d
te@perature ranged between 16.73°C and 5 26.27°C and total
mon thly rainfall recorded were 42.7 mm. A% precensus 15,
19, 4i and. 45 frogs were mabked and released. The number
.of frogs receptured on the subsequent days were 3/17, 1/19,
11/25 and 13/27. The ratic between total marked -and
unmarked frogs collected during cénsus was apprbximately
131.5. The éstimated':elative abundance of the frog on

land varied between 69 to 114 (X : 91).



Fig. 3J9 ¢ Availability of various size group (sVL) in

Rans cyanophlyctis population during diffe-
rent months at Gauhati and Shilleng,
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December - During investigation atmospheric .
.temperature ranged between 10, 23°C and 23. 27°C and total
-monthly rainfall.was nil. At precensus 5, 17,‘19,|41, 48
.frogs were marked and released.; The number of frogs re-~
. oaptured on the subsequent days were 1/13, 2/14, 5/17, 6/13
.and 7/12 . The ratio be tween the total marked and unmarked
frogs collected, during census was approximately 132+ The
‘ estimated relative abundance of the frog on land varied -

between 65 to 119 (X 3 89).

It has been observed that the relative abundance
of the frog: showed an increasing trend from January till
'August and later a downward trend, 4111 it reaoches to a
minimum‘during December and January. It was estimated

that'during January the relative abundance were minimum
46 |
(x

57 (X = 53) and during August it was maximum 224 - 337

291)} "1t has also been noted that relative abundance

ofvfrogs on land increased enormously during monsoons.,

o The changes in the relative density of the frogs
can be correlated with temperature, humidity and rainfall.

. Temperature:
The atmospheric and aquatic temperatures are in-

. interdependent on each other (Table 1.1.1) and correlation
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coefficient between the two'va.rie.ble ﬁras found: to be

highly significant (P<0.01 sf*r = 0.85)

Tbe relative density of frogs on land wvas lowest
(53) in Jannary and maximum (271) in August. This trend of
fluctuation is similar as that of atmospheric temperature
(January 9 3° ; August 24_,1 ¢ ; December 10.‘2_3-‘,).‘ o

\The cogi:e]_[ation bétwe‘e}n ‘the two: j,rariables'depeity
and tempe:ei:u;e h'as'b.:ee.h repres'ented by Vll_in'e_ar“ relationship
(‘i‘able 3.4 3 Fig. 3 5)' tbe bive.riate OQr;'elai:ion coefﬁieient
showed bigb coefficient constant ( r = 0.83 ) and was found ~'
si@ifica.nt on 'P' test (P(0.0j). ,

Humidi ty:

| Th_e.‘ humidity at the study site fluctuated between
69% (minimum) during March end 91% (maximum) during June,
with an annual average of 82,5%. The high humidity has
been attributed Brahmaputra and Bharlu rivers_(Ke.runka:e.ri
1974) at the close vicinity of the study site. The -
reletiveﬂ e.buxiglanc_e (Table 3.4) and humidity at the study .
site do not show aiiy correlation. There was also no
sig__nif,iea,.ntw c‘oi'relation be tween the humidi ty and temperature
(£ =0.31) and also between humidity and rainfall |
((r:=0.41 ), |



Correlation of relative abundance of

F ig.r‘ 346 :
: ' Rana cyanophlyctis with temperature

337‘:'Cbrrelationlof.rélatﬁve‘abund?nce of
L “Rana'cxanQQMIZétis with pH

3.8

Correlation of relative abundance of
Rana ¢yanophlyctis with rainfall.
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Rainfellz -

| At Gauhati fhe nenimnm.preoipit;tions (243.8 mm,
364 8 mm and. 270 5 mm) occurred from May. to September
when the athSpberic temperature was also recorded to be
maximunz-~The;co:relation coefficient:derived be tween the
fempesetune :end.r‘ainfe‘ll- has been found eig,nif icant on 'F'
test (r =3 0. 84, P{O 01-) The trend in the obangee in the
rainfall hes been fonnd similar witn the relative ebundance
of tbe frog populatlons . The relationship shows a 1inear
expression (Table 3 4 ; Fig. 3 ’7) ”he oorrelation B
coefficlent derived between the two variables have also

found to be signif‘cant on 'p tes t (r= 0463 3 P< 0. 05).

Chemioai factors:

' Chemical factors analysed have been shown in

Figs. 1.1.5 and 1. 2 4.

PH - Throughout the period of -investigation the.
pH of the site water was'found alkeline.l Theumaximum pH
8.3 was recorded during January and was found decreasing
'ti11 it reached almost neutral (7.0) during rainy season,
end then it fnzther'1noreeeed{t111'it reached‘maximum

7.9 during December (Fig. 1.1.5).  Rain and pH have been
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_“found‘tO‘be-inversely,relatedt The correlation coefficient
celculated between the'rainfail and pH end rainfall and
temperature have found to be significant ( r = O.%\ and
r =0, 65 ; P<.0 05) Maximum relative abundance of ‘the

:frogs was observed during the months when pH was neutral
| (7 0). The correlation coefficient between the two |

| variables have also been found significant ( r= = Oe 85 3

P(O oo1) on bl test. ' . I

During tbe period of every population oensus,
conductivity, chloride bicarbonate, calcium, magnesium and
totalnhardneesgof ‘the pond water have also been analysed..
The annual fluctuations.of theee factors showed no definite
trend (FPig. 1¢1+2). The periodical manuring of the ponds
by the fish department resulta in the sudden hike in the
dissolved ionic content, including the conduetivity of
the water bodiee. This accoun ts for high conduc tivity
-(378 0, micromhos/mm), hardness (150 ppm) end other iomic
presenoe. The fluctuation of chemical factors in January,
August. and December was : conductivity 181.0, 335.0 and
316,80 micromhos/mm ; chloride 3.20, 44.0 and 28.0 ppm ;

" bicarbonate 70.0, 162.0 and 171.0 pgm ; calcium 11 0, |
128.0 and 25.0 ppm ; magaesium 5.50, 13.00 and 19.00 ppm ;
total hardness 50.0,”12530 and 140.0 ppm-reSpeotivelyf

" The correldation coefficient between various biveriate



Table 3.4

Values of correlation coeffioient der ived between terrestial availability of Rana
cyanophlyctis and- environmental condition at Gauhati & Shillong study site

Juvenile Pemale Male Catch/ -iCatch/ Male * Femele .Juvenile

population population population hour. ~Varigbles . hour population ‘population population

5 - T -~&§T e : R A 2 ' -

0.7332  0.6056 0.7210 = .0.7855 Temperature 0.2318  O. 7743- ~ 0.8524 0.8119
: : : o . f oo o ‘ .' S - o

0.3238 0.0407 0.1329 0.0177" . Humidity 0.2349 0.}898 " 0.6295 ’.‘Qq5519
L . e | I o . L o |

0.5143 0.4665 0.5800 *  0.7977 Rainfall. 0.2236 = 0.4125 0.5461 004045

% * * e , . ‘ L % S e *

008900 006719 006775 007211 pH :002982 g 0&7048 '007673 006309
, #* : S L j ' . f: T . .

0.1533 0;6276 0.0460 0.3665 Conductivity 0.1336 0.2238 0.1263 . 0.0088

0.0924 06140 0.1280 0.2988 Total 0.3528 0.0263 0.2585 0.0156

' ' ~ Hardness | |

0.8119 0.6001 0.6024 0.7388 Multiple 0.6077 0.6893 0.7162 0.7888

Correlation ' : o

* Significant at 5% probability level
#* Sionificant at 1% probability level
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limnological combinations conductivity, bicarbonate,
chloride, calcium, magnesium and total hardness have been
found: to be significant (P'(O 01) on 'F' test (Table 1. 1 2).
These factors may be helpful for the growth and maintenance |
of larval popula*ion and indirectly to- the frog population.
Direct relationehip ef these with adult frogs cannot be

established.

"i394.35,HomeaRange.and'movementz

The investigation on frog abundance also reveals

that Rsna Ayanophlyctis maintains a home range. Following

account deale with home range and movement during 3 pheses '

of annual breeding cycles of this frog. - s

Pre—breeding_nhaseg-

. Following an analysis on home range movement of
this frog at Gauhati, in addition to abundance of frogs
by catch per hour the analvsis of relative abundance;by
capture recapture method and the distanceﬁup to which
frogs moved awayhfrom the release1point:was‘reoorded.'
During prebreeding‘phase in February, March, April and
first fortnight of Mav.,.lhe averagewatmospheric temperature
ranged from 7.3°C to 22.6°C snd.rainf;all 3.6 mm to 62:4 mm .
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In winter months due tb the lowering of water level in
most of the nursery ponds, the frogs lived in éggregat;on
in a breeding pondQ During February they are seen
dispersing. The random bap%ure sample of frogs on land - .
in Pebruary represented a ratio of 8 juveniles, 3 males
and 1 female indicatiﬁg the préddminance of juvenile frdgs,
This indicates movement of the juveniles frogs was more
tban the adults one. With the 1ncrease in atmospheric
temperature during March the frog particularly males become
more active as out of 41 frogs collected in March there
were 16 juveniles; 17 ﬁaléa and 8 females. The atmospheric
temperature further increased to appeaamatély 26.§°c in
April and May and the rainfall was over 60.0 mm. These
factors seem to be favourable aé increased number of frogs
 were found mdving on land. In May, out of 51 fﬁoge
collected the ratio was 19 juveniles, 17 males and 15
females, The%minimum‘distance travelled by any frog from
'1ts release. point was 19 m, during February,land maximum
34,0 m during May. So far as size is concerned, predominantly
smaller size frogs (SVL 4.0 ~ 5. 6 cm) were freqnently
.obser.vd in Februaxy ‘and large size ones (3.5 - 644 cm)
in April. This 1nuicates that frogs of allsize and and

sex become active by this time and start moving on land.
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- Breeding phase:

7 During middle of May, June, July and August
temperature was 22 3°C - 31.9°C ‘and rainfall was 243, 8 -

364 8 mm. The population of Rana gyanophlyctis was most

Lactive during this period. The SVL of the frogs collected

“during this period renged from 3.5 cm to. 6.7 cme The
accessibility and collection of the frogs was also fairly
bigh as 11 to 14 frogs were oolleoted per hour,. The~

| Amovement range of the frogs was much larger as marked

. frogs were captured ‘as far as 128 m from the release point.
2 marked frogs were observed to bave orossed the s tudy
site territory and moving in the: eastward low lying area.
A relative density oensus ® made at warm night (1.5, 78),
soon after~heavy downpour showedﬁexoeptionally~bigh

capture, as 50 frogs were captured in 2 hours 20 minutes.

Eost—breedingrphase:

. During September,QOotober,‘November,"December and
January, the atmospheric temperature -varied from 9. 3°C
-to 32, 0 C and rainfall deécreased from 270.5 mm to 0,0 min.
A decline in the movement and activities of the frogs
was noted during this period. Their movements was‘graduéily
restrioted near the vicinity of water bodies, A higher



Figs 3.4t ¢+ Basking of frogs during winter

345 t A view of home site and movement in the

population of Rana cyanophiyetis. .. .-
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rainfall was usually recorded on warm evening inducing
_iﬁcreaéed movehent and activities of frog population.
During winter rains‘tbe:activities'of frog population‘
remain restricted at close %icﬁnity of water bodies. During
August and September the ratio of melesd.snd females and |
juvéniles was almost equal a8 out of 46 frogé-collected

16 Were males, 15 were females and 15 juvenilés. However,
in November the predominance of juveniles was increased.

The adults were observed to zeméin-restricted“in water
bodies. The SV léngth‘of'thg frogs collected varied from
3.7 cm to 6.6 cm. During winter large size adults occupied
central deep portion of the water bodies wpereaa~the sub~
adult'and immature;frogs‘periphe:a1 shallow portion of the
water bodies close to the éldgés. The frogs do not inhabit
those ponds which dry'up during this period. Whenever

there was slight rain or warm weather, the movemént of
Juveniles and adult males were observed. Female rarely
moved out. The maximum distance travelled by a marked
frog from its release point during winter was 14.0 m. The
frogs sifting on edges and basking.are often observed
during winter monthe (Fig.3.4 ). On approach or disturbanoe

quick disappearance, in water bodies are noticed.
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DISCUSSION

Marking of anurans

' The’fbeielipping techniqne'fpr marking‘anurans
désériﬁed b& Mertof'(1953)HWae suceessfully used b& Dole
(1965) Dole and Durant (1965, 1974), however, in the
present investigations it did not prove helpful. It did
not cause death to the animal but certainly affected the
skipping and free swimming. The frogs with clipped toes
which includes a portion of welb also, preferred to remain
buried in the mud, Clarke (1974) also recorded that toads
wifn'clipped toes remain less active and showed reduced
novementflﬂe pfeferredtinjecfipn of radio active isotopes,

manganese=52 at the dorsal side beneath skin and observed
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that euch frogs'could be.deteoted in the field by Thyae
I1I survey meter, equipped with a 3 18 x 3.18 Na-71
cryatal gamma scintillation probe. 1t was not possible

to try suoh technique here due to non—availability of
equipment and ieotopee. The techniquea preferred by
Andrewartba (1961) and ﬁrekorian (1976) to mark the animal
with paint and nail polish did not work with Rana

czanoghlzctie as it fades out very fast.‘ The use of
different colour thread as bends followed by Lincohn

(1930) and Andrewartha (1961) around thigb of the animal,
proved very oonvenient and euocessful and henee was followed
in~tbe present investigation. The other teohnique of
marking anurans with the help of copper wires and- iron
ringe (Riehter 1973; Dougherty 1976 and Krekorian 1976)

was not attempted. _

RéiativoAABﬁndancé:: ”

. Although various methods have been deaoribed for
the estimation of relative deneity of a popnlations among. .
1n§ect5and inver tebrate (see Lincoln 13303 Gause 1932;
Jackson 1936,1939,1940,1944,1948; Willien 1940; Jobnson
1959&1952,1954; Bapk8_1954g43rownlng 1959,1963; - Andrewar tha
1957,1961) very fem techniques are available for vertehratee.



The capture, marked released and reoapture method
profunﬂédd by Jackson (1936) have been successfully used
for various anigal'Speeies, speh.es, duck (Ligeoln 1930),
Tse-tse fly (Jackson 1936,1939,1940,1944) and 1948),
Polyomma tus iraeus (Dgwdeswell 2&»2%,11940; Doydeswe!v952),

Mus musculus (Evans 1949) in‘fieldApats'(Leslic and Davis

1939), Dacus cucurbitae (Ito et al. 1974), fidhes (GrJeking
1952); Watervoles iodeﬁts (Worral 1964, Zejda 1972; Holisova
and Pelikaﬁ 1§74§ Airoldi 1977), hy;id ffegs (Jamespn 1957)
and in buds (Manly 1977).‘ In the present investigation,
it bas been used to know‘relative density and abundance of

Rane eyanoghlyctis population_available on land, adjoining

ponds et‘the study‘site.' The frqgs were col;ected at random
in a homogeneuslymixe@ population of the marked individuals
releeseq ea;lier eqd unmarke@, individual present in the
habitat. The retie of’the animels, marked and released
earlier (known population) and recaptured with unmarked
(the:pepulation dynamics in the s tudy site) reveals a
trend’enebling for the calculation of relative density of

the frog..

_ The relative density during different months has
also,beep_est%matedfﬁyéanalysing the number 6f~eatcb per
unitftime,,_Lowest number of#%?bg were available in Januarys
The number went on increasing till“August and then there

was decline in their availability. Thisi™method for the
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estimation of relative density has been followed by .
earlier worker such as Currie and Bellls (1969) for Rana '

catesbeiana ,. Zejada»(1972) for water voles; Hazlett et al.

(1974) for Cray fish Orconectis virilis- Koskela and

Pasanen (1974 1975) for Rana temporaria, Roy (.1979) for

,Rapa‘limdochanis, :

Both the teohniques (1) Jackons 8 metbod (2).
iNumber catches per unit time, revealed similar trend. Tbe
poor density of frogs during winter montbs When temperature
| and rainfall were minimum and high den81ty during summer

months when rainfall was also high was reoorded.‘

‘Home range, movement and environmental factorss

Home range and movement:)

- The area of daily activity and movement of animals
around the home site has been defined as home range (Bert
1943; Carpenter 1952), Dole and Durant (1965) consideri

home range as an area where animal return again and again

after its daily or routined~activity. Rana cyanophyletis
ih the present investigation retuPn again and again to
same place and Were‘hecaptured elea:l§ﬁ3ustifies that the
frog has a home range. ‘The ‘home rangel or ‘activity

range' have been observed in various tropical and sub-

tropical anurans (See Mar tof 1953; Turner 1960; Bellis
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1965 Dole 1965, Jameson 1955, 1957; Carpenter 1954;
Sexton 1960; Fitch 1956 and Pearson 1955) and have been
reported to vary, subgect to dependence on food (Kilby 1945);
‘body size (Carpenter 1952); Shelter 31tes (Jameeon 1956
1957) or on various factor together, such as shelter, food
and environmental conditlons (Grobman 1950, Dole 1965)
.Since, smudy stie Gauha ti 1is well managed by the fisheries
‘depar tment none‘of theme factors may have any role in
home rahgemovement'oflfrogs:ahd is fohhd to be related
mostly with the environmental condition. ' This is fur ther
supported by high correlation coefficient between abundance,

movement and envirénmen tal condi tion of the site (Table 3¢4)e

During cold<months the frogs were observed restricted
to the weter bodies, female and large size frogs occupying
the deep central core of the water bodies and male and

small size the shallow edges. Rana clamitens (Mar tof 1953,

1956) have also been reported behaving in the similar way

during winter months. Rapa ¢cyanophlyctis often basks

duriﬁg WLnter at Gaubatl and Shillong sites. Mar tof

(1953) in Rana clamita.ns," Hansen (1955) in Rana heckscherii

Hadfield (1966) in Bufo woodhousi and Fiten (1956) in

Gastrophryne olivaceae have observed ectodermal basking

and found that it enhances body tempereture, metabolic

activities and digestion in anurens. The basking in Rana

~
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may . be
'.cyanonblyctis-@Eléheo[aﬁtributed to the above faotors.

On the termlnation of winter and witb gradual
1ncrease in atmospherlc temperature these frogs showed
increased movement from the released site or water bodies.
Maximum movement or home range have been observed during
~ summer months sPe01ally durlng rains.McCann (1933) has

‘ also recorded that during monsoon months Rana cyanophlyctis

become.more sotdve and cen be found elmost anywhere.

There _appears to beAno doubt that 1h1§“5pecies under taken
long journey during night or else it would be difficult to
account for its sudden appearance in the water holes

wnieh has been reoently exeavated,"In the present
1nveetigat;ons first the male :rogs were found_to enhance
their activity_zoneV(nome‘range) and then during summer
eSpec;ally afyer_radns tne fems;e frogsexﬁend ?neir home
range..  The spade footltosdk(Jemeeon 1956), chorus frog

(Jameson 1957) and Rana temporaria (Koskeie and Pasanen

1974) were recorded to behaving in the similar pattern

as Rana ¢ 41anoph1yctis._ The 'home range' and movement
-during present 1nvestigation had no relations witb body
size or sex of tpe animal . This has_elso been reported‘
in water vole (Zejdi:1971),§é5§ Q;Q;ens (bole'1965),.
AtelOpus oxzrbynenus (Do}e and Durant 1974) and Bufo

woodhousei (Clarke 1974).
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Temperatures

During the present investigation at Geauhati and

Shillong, it was noted that Rana cyanophlyctis does not

hibernate. This appears to be characteristic of aquatic
frog (Wells 1§77). They were active and moving on the
land at a temperature ranging from 2°C to '36°C. Though
oritical minimm snd oritical meximum (Stuart 1951) has
not been Worked out in Rana cianoghlzctis. This range
shows high range of temperature tolerance. Boulenger
(1320) has recorded the animal‘fibm hottest ares of Rajasthan
when temperature of ten shoot up ébove,45°C and also from
_Srinagar,‘Quatta and Kullu Valley, floating, skitting and
moving over water bodies having icy and frozen edges,

- confirming the high range of thermal tolegance; The
movements and activities of the frogs were observed to be
directly related with changing atmospheric temperature.
The meximum movement and abundance in all the size group
and population was observed during June, July, August and
Sep tember when athSpheric temperature and rainfall were
high (Pigs. 1.1.2 and 1.2.2). This movement on land may
be related to higb hoisture 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 not
been worked out. During winter months with minimum rainfall
they are seen restricted, near water bodieé., Ashby (1969)
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* has made similar observation in the self maintaining

population of Rana temporaria.. Increased activity during

 Mullally (1952) in Bufo boreas. Commenting upon enhanced

activities of anuren during summer months. Martof (1952)
. Willis gt al, (1956), Tait (1969).and Clarke.(1374)
' mentioned that high-air temperature increasesthe substrate

radiation, which govern:the activitiesein‘anurans.~ In

Rana CyanOpblyotie enhance activities’witb ine:eased;
atmospheric temperature and rainfall were found significantly
correlated at both the sites The qbservaxion.of Bohnsack's

(1957) in‘Rana'temporaria and Dole andiDurant'e (1974) in

" Antilopes that the temperature has little or.no correlation
"with the abundance and movement of the above described frogs,

cduld not be substantiated in Rana cyanophlyctis.

During winter large size Rana gyanophiyctié were
observed oocupying the central deep.poftion of'tbe water
~and juveniles the sballow edges as also recorded by earlier

worker Martof (1953) in Rana clamitans, Currie and Bellis

(1969 1974) in Rana catesbeiana.
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 Humidi ty andirainfallg‘

| McCann (1933) observed that anurans’ are basically
| nocturnal but becomej diurnal and noéturnal. both during
ralny seaeon end in wet localities. ‘Koskela (1973)"
recorded increased activities and availability of Rana

'temporaria on rainy ‘day then any other day (X = 225;

0.001) Blair (1953) and Jemeson (1957) termination of -
aggregation, bibernation and increaeed movement of Bufo
vallicags and Pacific tree 2 frog respectively; soon after
rains, Me’:tter" (‘1'964) desoribed tbet}’r‘ain increases tbel
ouantity of fooditypee in ambhibieﬁs’envirOnment that
accelerate the activ1ty and movement of the frog, Dole
(1964) consider soil moisture as en important factor for
'the movement of Antelo] e, than the temperature ‘and foods
aner (1973) noted that breeding activities in the tropical:
anurans are governed by numerous of which rainfall
econstitute an important conditions; Hayer and Bellis
(1973) have also recorded eignificance correlation in
heavy rains with mating call, mating succeee‘and larval

success in_leptodactylid.frogeg -In the present inveetigation

on Rana cyanophlyctis an increased activity of the frog
with-increaeing rainfall and humidity all around the
year has been observed. The maximum activities have been

noted soon after summer rains. Similar observations have
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been made in;Ranafclamitans (Martof 1953), Rana temporaria

(Ashby 1969), scaphiopus holbrooki (Rubin 196 ) and Rana
catesbeiana (Currie and Bellis 1974) Moreover significant

correlation (P'<0 01) have also been observed between

relative abundance of varioue eize and sex of Rana

0Van0ph1yctie and rainfall. :ﬁ

Metter (1964) end Koskela (1973) ,mentioned that
relative humidity at and above 84% is en important factor

in the movement and activitiee of Rana tengoraria, Amorono

and Marsball (1960) recorded that. combinatlons of rainfall
and temperature ae predominant external factor in movement
and breeding euccees of enurans. In the present inveetigation
it ie believed tbat rainfall and temperature jointly affect
the movement and activity of Rana czanophlxctis . The
correlation wimjtemperature has also been observed to-
significantly high (P4 0.01) idicating that the two factors

acts jointly at two sites (Table 1o1.1).

Limnological‘conditionsx

In the presentAinvestigation limnological condition
of the pond water at Gauhati and Umkhera river water at.

Shillong showed 1ittle correlation (P<0.05) with the
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behaviour &ﬁd,afﬁiVQFY:ijtbe frog. It has been observed
tbathbillpng_site_hg@_ac@dié;pHanleaﬁbati site alkeline
H during most part of the year, and 1t become neutral
duriﬁé réiny_montbﬂ(Sge Figs;_j.j;j_an&:1.2{3).},Du:igg
this neutral;phaée,imgx;mﬁmAéctivity and abnndénqe in Rana

~ gxanophlyctis-popuiation has been observed. Blager (1950)

1in spade foot toad; Fingal and Kaplan (1963) in Rana

catesbeiéna;ZjCooke‘(1975) 13.9222 §§£§ gnd Rana temporaria
‘ndtéd véﬁyiﬁg;rahge of tolerance in anura§é‘witb“limﬁblogical
cénditiohé‘and'obSérved't&at‘maximum activitiéé-in'the'“
above frog‘pgpgiatiOnsiéié observed during faihy season at
pH éroﬁnd 7.0 « In Rana cian§phlzc£is the significan£0
cofrélétion coeffiéiénf (P €0.01) between pH and relative
abuﬁéance of the fpog'pééﬁlétidd indicates that the pH

along with other environmen tal facto;S'plaﬁs an effective

role in abundance of_ffog popula tion.
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SUMMARY

This choptor deals with relative abundance and
home range movoment of Rana cyanopblyetis, and relation
ghip of those with envirommental conditiong. Fron
fiovenber 411 Pebruary (winter months) when temperature
is low, the sopulations of Rang gyamvnhlyctis remaln
regirictod o water bodies, uhe-ée adults and large size
juveniles occwpy the middle care and goall Juveniles,
the shallow water areas on embaniments The movenent of
£rogs during this pericd is restricted to the water bodies,
except juveniics which are often observed moving around
thedr odges algo, maintaining a smaller 'home range'.
During pro-brecding phase, with an facrease in atmospheric
¢emperature (18°C « 28°C), the males and juveniles become
active and thefr relative abundance on land increases.
During brecding phase, at an atnospheric temperature
25°C - 33°L; uith the onset of rains females also come on
the land, At this stage relative abundance of males,
fenales ond juveniles on land becomes eguals An extended
movement of thogse frogs is observed &n summer evenings
especially after rain, During breeding phase,, abdosen
¢f Zemales aFo scen distended and dus %0 enlarged ovaries
anit occosfonally guts are completely empty. Spawns snd




larval stages can be observed in nature from April to
October at Gauhati and for some what shorter period from
May to SeptemberAat;Sbillong. They are abundantly
avallable during peak rainy months: During breeding
phase, in July at Gauhati, a marked frog was observed to
move as far as 128 m. from its release point and sometimes
beyond the study site. The marked released frogs in
April were récaptureduin December also showing a definite

home range. .
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CHAPTER — 4

FOOD & FEEDING HA




INTRODUCTION

Various workers have investigated the food and
feeding habits of anurans from~d1ffereﬁt parts of the
world. More important of these; particularly on genus
Rana, are Liu and Chen (1932); Smith (1951); Turner
(1959); Berry (1965); Itamics and Koskela (1970);
Haapanen (1970); [iKramck (1972); Khan (1973) Blackith
and Speight (197&)31 Main thrust of these contributions
has been to find out the percentage composition of food
items taken by different Rana species, seasonal variations
and food habits, volume and quality of food intake in
different months, prey composition in relation to collec=-
tion sites, frog food and its abundance in the vicinity
and frog's gape in relation to its feeding habit,! Many
workers ha#e reported frogs as non-selection feeders.
Importance-of'ﬁﬁrogs_as biological control agents of
insect pests o} crops is also well known (Liu and Chen,
1932 and Khan, 1973).

.In the present chapter food and feeding habits
of Rana cyanophlyctis, investigated for its two popula-
tions one at Gauhati and another at Shillong have been
pre;énted._ The investigation deals with percentage
compositionjdf'fhe food ;tems present in the gut during
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breeding season in in detail, a comparison of food
volume and percentage composition of food intake
during annual breéding cycle and a percentage analysis
of food intake during 12 months to find out food per-
formance, and food intake in relation to environmental
factors. The information may be useful as prefered
.&temé\may be cultﬁred:on;mags scale for maintenance and

culture of this species.

REVIEW OF LITERATURE

"A survey of literature reveals that fbilowing
aspeCts»of'fobd and feeding habits ef anurans have been
investigated by different workers.

Various workers such as Jarnefelt (1915);
Smith (1951);H51mes (1959); Goin and Goin (1962);
Korschgen and Moyle (1962); Korschgen and Bgskettr(1963);
Janseen and .Kl-mstr:a (1966)3 Dickerson (1969) and

Hedeen (1970) have described anurans as opportunistic
feeders., They noted that the frogs have a tendency to
snap and would eat any object that meves and the can

swallow., Itamics and Koskela (197@$_Bla¢k£th»and»Speight
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(1974) explained the presence of large quantity of
vegetable materials in the gut content of Rana tempora=
ria; The frogs engulf vegetable material as mistake

- rather than as routined food. .Brugger (1972); Brown

| (1974), Tucker and Michael (1975) attributed their
unsuccessful attempt of swallowing unpalatable venomous
toads, to its opportunistic feeding behaviour, Vhile
vorking on Rana tigrima, Khan (1973) noted that it eats
inorganic an@?argén$c,£ood items and exhibits ravenous
and opportunistic feeding habit., Southwood (1966) noted
that the rélativé abundance. of organic matter'caught by
anuran to a large extent dictates the large mobility of
ground 11ving erganism, ‘the one most active being are
most frequenxly caught. Lescure (1964) observed that ,
gggg‘gggg prefer fast prey than slow m&#ing oéé-and preys
that s@uéry raﬁher,glidesfsueb‘as slug andeaxthworm.
However, Metter (1964) noticed the variation of diets in
the frog collected ﬁromwdiffgrent localities. The varta=-
t;on,-hﬁwever,~has\béan~thé,réflectien-of the predominance
of the food observed in such localities, Similarly,
gnalygiagtthe gut contents of the anurans collected from
diffeﬁhnt'localities,$n~America,KIimstra and Myers (1965)
observed that food contents in frogs and tﬁads gut'
reflected the abundance of taxon of the localities.

Berry (1965) analysed the gut contents of Bufo asper, and
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compared the contents with the availability of téxon in

the surrounding, she noted varying percentage of food

types in the gut and in the surrounding and concluded

that this could be evident of selection of prey, it could

have also been due to the difference between the sizes of

the toads 1nvolved or due to difference between habitat.

In 1970 she observed that Bufo{ggggg~collected from diffe-
rent localities showed different food items in their gut

| content analysis, indicating unselective feeding behaviour,

Kramck (1972) derived a relationship between different size
group and food preference for fast and slow moving preysa:

The contingency test of association for different size

groups showed no significant difference (P) 0,01) whereas,

the numbers of fast and slow moving prey taken by the frog
showed a significant difference (P< 0,02). Ink_ggg temporaria

Blackith and Speight noted that the 1imit of prey consumption
has been fixed by its own relative 1mmob111ty and the size of

 the month gape and the food supply depends on the mobility of

the invertebrate species. Theyhave also recorded noxious

emperor moth, feox moth,?caterpilleqs the food of the bull frog

reflecting its non selective feeding habit. (larke (1974)

made an exhaustive study on the food and feeding type of genus

Bufe and recorded that the large size toads sit and wait to

consume the passing prey,whi}e.the small ones and Jjuveniles

search for their prey he also mentioned that the abflity of
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toads to eat noxious and armored inseot which are abundant
has been partly because of their immunity from other
predaters, ensuring an adequate food supply to the toads
for which there is little competition. This ability to
"utilize the uniquitous taxas alongwith other available
arthcpods and unpalatability of toad by mest of their potenr
, ,tial predators has been accountable for the world wide
succers of the-toad. Labanick (1976) compared the food
consumed by the cricket frog to the availability of inver-
tebrates at ground and above ground level and recorded a
significant positive correlations which indicated that the
prey seleetion has not been as important as prey ‘availabili-
ty. He, further neticed that food in the cricket foog =
(Acris creptiang ans) contained BBA ftems belonging from above
ground, 45% from ‘ground and 2.3% fromjaquatic.level. |

Eckert (1934) in toads and Sweetman (1944) in hylids
showed preferemce for arthopod food, whereas Smith and -
Bragg'(1949)'AGtieed that frogs:do not have any food prefe-

rence and the food content reflects the abundance of the
taxas of the 1ocality. Bragg (1957) felt that the nature of
mQVement of prey has been an important factor for its
"capture-and belteved that it was by this mean that adult
toads discriminate between toadlets and vertebrate of same

size'group to,réstrict cannibalism, Kaesss and Kaess. (1960)
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noted that apparent motion of the prey has been an
essential stimulus to elicit the feeding strike in
_gg;g terfestr1s; Commenting on the food preference
-andggg;gpéti&i;om?fbﬁrift, Inger and Marx (1961) recorded
“that %ﬁé“éizéfoffpréyilater has little reiaticn to the
size of predator, and significent gprgeil_fat;onsifc‘;efﬁ-
-f'éiéht.ﬁé?etbeén.ésﬁimétéa&Bﬁ'in%eerécifié céﬁpafisonw
of predater. snd prey size. They cbncihdéd‘that'eaCh
‘species has an inherent size range tn&ﬁwhich 1tvresponds.
over. a wide range ‘0f body sizes -and further believed
that, this would reinforce niche separation, since smal;lfer
individualswould‘ compete with the adult of their own
‘speécies rather than those of ‘the different species with a
s&alief'adulf size., Berry and Bullock (1962) recorded
predcminancetéf;the arfhropods-in the food items of the
toad Bufo melanbstictug-eolléeted'from different lecali=
tiés;, They hbticed that the toad has preference of
ground dwelling forms of size ranging from 5.0 mm 20,0 mm
-and observed that the diet'Va?iéd-in.toads collected from
different localities, ' Further, they .r'eeorded‘ Bufo
melangstictng‘as an gnselectiVe*raveAOus.eatéry found
eating”unpéletabté éniﬁals with pboteétive"and offensive
mechanism 1like scorpion,. centripedes and millipedes&

Cole (1962) in Bufo alvaris and Browsrand Brewer (1962)
in commonnEuropean fr¢g¢ recorded’wtde~var1ety*of food

" and noticed the abundance of the inseét,
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As far as anuran food is concerned, workers

have reported following food types consumed by thems

Arthrqpodéz The gut content analysis of frogs and toads
of different localities invariably showed the predomi=
nance.of Arthropods specially the class Insecta. 4
Brugger (1972) observed 35 families of Insect from the
April, May collection: 2§ families from July and-@ngust
_collection and 27 families from September and October
:collection of frogs., Blackith and1Spe1ght-(1974)
observed eleven orders of Insecta and Clerke (1974)
‘found twelve orders of Insecta frbm 108 gut content ana=-
1fsis-of toads.. Khan-(1973) analysing the gut content
of Rana tigrina observed the predominance of Arthropods
- and noted it to be 60% of total volume measureds] The
major food 1tem~not§d during post and pre-breeding
periods were coleoptera (Scarabaidae = 14% Tgnabroiondae-—
12%) orthoptera (AQridae =~ 24% Grylhdae - 19%)3 The
insect ordera»commonly'recerded‘in food were coleoptera
(adult and larvae); lepidoptera (larvae); Trichoptera
(adult and larvae);Placoptera; Hymnoptera; Ordonata;,
Orthoptera; Hemiptera; Diptera; Neuroptera (larvae)
Mecoptera (larvae); Dermoptera and Trichoptera. The
other Arthropods often seen are Isopoda; Decapodaj
Chilopodas Dipidpeda;and Archnidae.  Metter (1964)
observed Gastropoda, Spider; Pseudoscropion, ticks and
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mites, Chilopoda; Diplopoda; Placopteran (adult and
nymph); Co¥embells; Diptera (adult and larvae); colecptera
(adult and larvae); Tricoptera (adult and larvae); Lepidop-
tera (adult and larvae); Homoptera; Hemiptera;’ Epheuroptera;
Ortheptera; Neuroptem ‘and Inorgariic miscellancous items in
food of Aseaphus truci. B L

Eiggggr'rFrog using fish or its deﬁelopmental"stage as food
ts not a frequent phenomens, Bruggers (1972); KOrschgen7énd
Baskett (1963) have’neportéd small quantify Of‘fish7food in
stream dwelling frogs, Schomberger (1945) and Aliva and
Eyre5(1977) in few aquatic anurans, Harold and Bacon,(1966)
observed that fish were found eating tadpoles of frogs more
frequently than. tadpoles of toads, may be because of smell
or taste. Grubb (1972) observed fish Gamugia affins eating
eggs and tadpoles of Biifonoidae, Ranidae and'hyliéaéﬂ
Similarly Kurse and Francis (1977) observed that the fish
like large molithbass (Micropterus salmoides): érgéh sunfish
(Lapomis cyanellus) and the black bull head (Letalurus
meles) ate larvae of the striped chorus frbgf(?sgudéorié

triscriata); plain leopard frog (Rana blairi),nafthern -
leopard frog (Rana gigienS) and spodifoot toad (SCaghibpus
bombifrous). They demonstrated that brass prefers Rana
blairi larvae more than Rana catesbeiana.lafvaeﬁ 'Thef also
noticed that if fishes were provided by sufficient numbers
of Rana blairi larvae, they totaly refuse bull frog's &dil
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-tadpole, an.d recorded an inverse relationship between
.larval freg habitat and larval frog palatability.* o
- Werschkul and Christensen (1977) observed that the fish
blue gill sunfish at significantly more tadpoles than
eggs of Rana §ghenocggha;a and Rana arcolata hand have
. no discriminatien feeding pattern for the two: anurans
'tadpeles.er their developing embryonic stages. The
‘large amounts of eggs as fish foed confirm$ th.at the
blue gill sunfish do not have preference for mobile or
imnobile foods.

Cannibalism: Cannibalism are often reported in anuransi
lyctis consuming large
quantity of tadpolessd He attributed this to pressing cire

.McCa‘nn' (1’933) observed Ranaéano )

‘cumstances due to shortage of food. Khan (1973) observed
- Rana tigrina eating Yarvae, Jjuveniles and adults Bufo
stomaticus, small Rana iSiigrina and Rana cyanopi

. further observed that although Rana cyanophlyctis popula-
tions were largest, Rama /tigrina could rarely caught them
_.due to their agility, Bruggers (1972) observed toads and
froglets in the diet of bull frog Berry (1970), Berry -and

. Bullock (1962), Inger and Marx (1961), 6bsjerve_d froglets

. and toads in diet of American frog. .My-mé. {1920) and McCoy
(1969) observed Bufo in the gut content of Rana catesbeiana,



167

1ndicating Bufo, as the-frogs food. However, Don Fulk and

- Whitaker (1968) and Lewis (1962) observed no Bufo in stomachs
content of Rana cgtesbeiana, although Bufo woodhousei were
very common in the area from where _ggg catesbeiggg had been
oolleeted for the gut‘content analysasq

. ReE?ii?S‘ . Reptiles as a food of frogs has been -rarely
recofded¢\McCaﬁn (1933) observed a large size Rana tigring
eating Bull stiped keel béck~snakev(Trophodoggtus,stocapus).
Korschgen and Moyle (1955) recorded coral snakes, alligator
ond.salﬁénder-in the diet of American'bull‘frogs. Similarly
Briggers (19?2)}observed representative from the family
Ambystomtdoe as food of a Ohio bﬁll.f;og&

Birdst McCann (1933) observed a small water bird in the
£ood- of Indian bull frog. ' Grey (1954) noticed a Rana tigrina
attacking and overpowering Kinger fish. -Dharmraju (1960)
AfOund a large bull frog attacking Poultry. Dhashpande (1965)
noticed & sma11 sparrow 1n the food of Rana tigrina, Khan
(1973) from Pakistan reported chick, and nestling sparrow in
the foodvofxindianibull £rog. Howard (1950) in American bull
frog“RénaoaﬁésBéi§na observed brown towhee Pipilo fuscus, and |

Geothlypisd (

Mgmmalss Thus Grey (1954) recorded small mice in Rana tigrina.
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Banerji (1954) observed Rana tigriha attacking squirell.
Cohen and Howard (1958) observed Rabbit pellets on the gut
content analysis of American bull frog. Creel (1963) noted

- Bats in the gut content analysis of Rana pipiens. Bruggers
(1972) recorded few rodentia (common rat) in the food of
American bull frog. Khenv(i973) obgerved Croei&ora éergrigea
(common male), young rat and Rattus novregicug in the food of
Rana tigrina from Pakistan. |

WPiggx-mggerialsf Apart from animal fOOd numerous vegetative
materials have been observed in the gut content analysis of
anurans. Witson (1955) obgerved Polygonum flowers and leaves
of Marinda lucida in the food of Bufo regular §. Tyler (1959)

_ observed Polygonum flowers and glass blades in the food of
‘ fggyg esculanta. Berry and Bullock (1962) obgerved buds, seeds,
leaves and twig, apart from large quantity of conifer needles
in the gut of Bufo melanostictus. He believed that the large
quantity could not have been due to misidentification but
because of 1ts feeding habit, Befry>(1965) in Surgapon toads,
Turner (1959) in Rana pipien pretiosa, Korschgen and Baskett
(1953).1nfstream'dWelling bull frog, Hedeen (1970) in mink
frog and Stewart and Sandison (1972) in mink frogs, green
féog and bull fndg.recorded large qoantity of ﬁlant materialss

Sfahley (1972)'ﬁoticed that 90.5% frogs of the‘tofal frog

- examined for gut content in Rana §ggzgg§g;gg§;;§ showed the



169

presence of vegebtative materials. Out of total food intake
Itamics: and: Koskeba (1970) reported 15% &f total. food as
plant material in Rana temporaria and Khan (1973) noticed
t3%~ina5§ggA?iggina;:.The,VegetatiVe materials constituted
mainly Ellodea leaves, dry and green glass blades; filaments
-of4spiﬁbg£ra\aﬁd=£eweunident1fied‘1eevesiand budg, Itamics
and Koskela (1970) and Blackith and Speignt-(197b) explained
.<that the- presenee of the vegetative material is due to the
opportunistic feeding habit and 1n3esting falling leaves in
mistake of foods Korschgen and Baskett (1963) and Hedeen
(i970):feltfthat?windvcaused floating of plant:materials
which‘must.haveatriggered.the feeding response in frogs.

Inor‘anicAahd Misceilaneous: Miscellaneous substance like

~Pebbles (Ezekel 1931); Feathers stones, and hairs (Cohen and
Howard (1955) Debris, stone and muvd (Berry and Bullock (1962)
and small pieces of rope, small pieces of brick, rolls. of
human hair; rollsg of cattle dung are recorded in gut content
analysis of various anurans.: Khan (1973) measured it to be

9% .of total food of Rana tigrima. -

Diet in relations to Size Variatfon and Seasonal Changes:
Berry and Bullock, (1962) in Malayan toads; Metter, (1964)
in tatled frogs; Linzey, (1967). in Rana pipiens; Hedeen

(1970) in Rana septentricnalis and Blackith and Speight -
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(1974) in Rana temgoraria observed different diets in

anuran pOpulations collected from di fferent 1ecalities,'

and noted 1t in accordance to the availability of taxa at
different sites. ‘ Smith, (1947), Savage, (1961); Itamics:

and Koskela (1970) and Blackith and Speight, (1974). in Rana
temporaria observed little 1f at all, feeding during their .
breeding months end active feeding during the pre: and post
spawning periods.. Khan (1973) divided annual breeding. periods

of;Ra_r.’e
from late FEbbfeﬁf

ti;rina in four type (1) Pre breeding period ranging
to June, and noticed food to be predomina=

ted by coleopteran and orthopterar (2) Breeding period, rang-
1ng ‘rom July to mid September which is marked by the rise in
atmospheric temperature, humidity and rainfall and subsequently
,increase 1n various insect fauna, ‘however, shows low feeding
intensity (3) Post Breeding Deriod ranging from late Septem-.
ber te 1atelNevembep_wherezthe etmespheric conditions. are.
sexee» with little fhuctuations, showed ravenous feeding .
behaeieﬁé;.’Aietngs stegevthevegrrounding contained varieties
-ofwieeectpfauna, (4) Hibernation period ranging from late
eNovemberlte eapIy'Februa;y'ﬁarkeq»by low insect fauna and
low feeding. At this stage the site and food mainly show
coleopt#an and erthoptern; Herfurther'observed that rise in
temperatugeiiesreaeed the £eedieg~activity oiAthe frog and
max;mﬁm @eedinglwae reeorded en.eleer moon nights;;-During
repf?ductive ﬁhaee the male steps feeding first and croaks
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followed by female fasting for reproduction., Brooks (1964)

felt that the difference in diet of Rana catesbeiana is

due to different size, sex and habitat of the frogs. Berry

(1965) mentioned that feeding in anurans has been related

to the ecological conditions.. Khan (1973) felt Physiological

factors“to;be~more:responsible than ecological one, in'gggg
oraria, Blackith and Speight (1974) observed‘maximum'fdod

intake during June and recorded 127 items/animat. He further
observed that anuren feeding is correlated with seasonal
ﬁiuctuatlon:and the availability of insects. 60% of. the
‘Rana temporaria collected during winter months had empty
stomach., Commenting on the nutritive value of food, Berry
and Bullock (1962) observed that the food value depends on
the percentage which had @een‘digested and utilized by the
-toéds@ A rough indication of ‘the useful food ¢an be obtalned
by knowing the amount of prey recovered from the rectum. ‘He
fuﬁthemw nentioned that the food parts usually not utilized
are head, ‘Elytra and other such exoskeleton. In Diptera,
spiracle and caphalo-pheryngeal.skelatons had been two iagor
indigestiverparts recovered from rectum, Itamies:and Koégela
(1970)'meﬁtioned that molluscan can be caughtvmore,easily or
preferred more than beetles because ofvits»siOW'motion.and‘
more food values Blackith and Speight (1974) nbted that the .
mést.abundantAprey were coleopterans however interms of

wet body mass moluscans are the most important.
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- Specialized feeding behaviour has been reported ‘
in various anuran. McCann (1933) noted. that Rana cyamophlyc-
tis secure prey from both above and water surfaoes.v The
food mainly consist of Insect, little frogs and large amount,
of tadpoles; and are reported as,impo:tant_animel'fog‘the
destruction of tadpoles.- CommenzingAen @he:feod4ngghabit o£
metemorpheeing froglets, he mentioned that young fregs)eoon
after meta~ﬁophoss leave the water and set under .rock and
stone for 3 = 4 days without feeding after which they eat
ravenouslys He also recorded in adult frogs the use of fore-
legs to hasten large size meals. Schulerer (1961) and Livezey
(1961) observed that the toad Bufo boreas of the deep spring
valley in California are diurnally active and showed preference
for the aguatic food., Aliva.and Fyre (1977) have also noted
that the aquatic feeding behaviour in anurans are hypothesized
to be highly specialized mechanism.

Holmes (1959) mentioned that the frogs and toads have
the power of egecting out 1ndigestab1e bodies from their
)etomachs end small grass plece or moss accidentelly ‘swallowed
with the fooa were vomitted out. Nigam (1977) observed the
~vomitting capabilities 1n__ggg tigri and‘gggg cxanoghlxctig.
Blackith and Speight (1974) observed that Rang teggorarig
‘adepts an exoeedingly sedentary habit while feeding i.e. why
predominance ofuground living organism were noticed in its

- food. Moreever; the frog does not predate on aquatic organism
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(except at timés~wheh encounter out cf water) as it is
incapable of capturing prey‘in‘water&- He also observed:
thatﬁit@helps $n determining the relative abuhdanoe of
different organism in the frog gut and it acts independently
'of'the‘ecolbgiéal factors, indicating the relative abundance
of these organism in the ecosystem. He noted that Rana
'@;ggoraria'consﬁme=a di'sproportionately high mumbers of
invertebrates predators and thereby exerts major influence
‘on energy flow in the ecosystem: Ashby (1969) remarked
.Poikilothermy is also advantageous in anurans, because the
frog metabatic activity becomes lowest at a time of year
when prey is both less active and less common. Cochran (1968)
noticed that the American toad in captivity ate 9,936 insects
in 3 months; a marfne toad 53 mosquitoes in 1 min; Rana
catésbrianai én‘enormous amount of insects in few hours.

He further recorded this being why  large import of anuféns
speclally Bufé marinug is made to various North American
agricultural countries and recorded that thé'value of single
one to North American farmer, in controlling the inrpads of
harmful insects has been variously estimated and found
varying from 20 to 50 dollars a’yeanﬁ He also remarked that
its economical value would be mﬁch gfeater in inéect ri&den

tropical cauntﬁiQSQ
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MATERIAL AND METHODS

The gut contents of Rana cyanophlyctis were analysed
every month for one year. Altogether 87 males, 55 females
and 92 juveniles of this species from Shillong site, and 78
males, 45 females and 125'3UVéniles from Gauhati site were
then sacrificed for gut content analysis. They were preserved
in 10% formalin solution. The body wall of the animals was
siit £o'a116w,quick penetration of the formalin in the inter-
nal organs. For examination of food items, the whole gut of
the animal was cut open and divided inte 3 parts, stomach,
',intést;neqand rectum and cohxents of each part‘gf the alimen~-
tary canal were placed in a petridish. The various food
items were sorted out with or without the aid of a binocular

microscope.!

. Before analeiné.tbe gut contents, the S.V, length,
maximum width, the animal weight, total weight of alimentary
canal, the weight of empty alimentary canal (the difference
of twé weights give the weight of gut contemt). Its head
length, total hind limb and rectun length were recorded. The



volume of the food content in the various parts of the
alimentary canal were poured in 5 ml of 50% ethenol in
graduated cylinder. The amount of liquid displacement

was noted as volume of the fodd content.

Gggtrofsomgtiq index

The gut of each frog including the food content
was weighed and then cut open longitudinally all along
its length. Its contents were removed and then the
empty guts were also weighed, From the difference between
the weight of total gut and empty gut, weight of food
content was found out, The gastro-somatic index for each
frog was calculated by taking the ratio of the weight of .
its food bulk and body weight. The formula used was

w g' [0Qd

content

Gastro=somatic index = P A e il , x 100
Weight of animal

The coefficient correlation between gastrosomatic
index and S.V, length/weight of freg and between. gastro-
somatic index and weight of food bulk have been calculated.

The bivariate and multivariate correlation coeffi-

cient between various types of food consumed by Rana
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cyanophlyctis and envirommental conditions such as

étmospheric:temperature, aquatic temperature, humidity

rainfall and limnological conditions have also been derived

for technique (see Chapter II),

 OBSERVATIONS

-Every month 19 to 21 fregs were=col}ected at random

at Gauhati and Shillong. They were sacrificed and preserved

in 10% formalin and their gut contents were analysed.

Following agpects were investigated ¢

14
2 .-i

3¢

by

Se

Nature of food items

Percentage composition

Annual feeding intensity

(a) Volume of food intake

(b) 12 months percentage analysis

Food and féeding habits in relation to the
envirommental conditions. .

Gagtro somatic index.
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(1) Nature of Food items

The food items were taken out from the entire gut.
Majority of identifiable 1tems were retrived from the
stomaqhm In the 1ntenstine and rectum, the food items
were seen distorted and semi~digested. The following

items were recorded in the gut contents.

(1) Animalg s Insects belonging to order Homoptera,

" Diptera, Coleoptera, Formisoidea, Hymenoptera,

- Orthoptera, Odonata, Dictyoptera, Trichoptera,
Neuroptera and other items belonging to Arachnida,
Oligocheata, Chilopoda, Mellusca, Pisces and

- Amura., In the Shillong frogs, few additional items, -
- belonging to Plecoptera, Phasmida, Dermaptera,
Isoptéra, Aphididae and small crabs were also
recordeds In one case a small lizard was also

(11) R;antg_t Algae, twigs, leaves (gvass blades) seed
and fiowers. In Shillong specimens, coni fer

needles ware also recorded.

(1i1) Migcellaneous ¢t Mud, stone, coal pieces, cowdung,
pebbels, thread feathers and hairs.



178

There was no difficulty in identifying complete or
partially broken items. The difficulty was faced in
identifying semidigested items of intestine and réetum :
ArthOpods, m011050 shell and bony remains of vertebrates
were identified with the help of. hard parts foods The
insects predominated the food items and were identified
Amainiy‘wath the help of head structure, wings, ovipositors
and legs or other exoskeletal structures. The beetles
 were 1den£1f1éa with the ‘help of leathéry elytra; dipterans
by mouth parts and halteres, odonates by wing marking and
reticulation; Hymnepterans by first pair of abdomen pubes~
cence and hind tarsi, Homoptera and Heteroptera by mouth
parts and wings, orthoptera by hind leg, prothorax and
typical wings, Formicoidea by meso and metathorax and
thoracic smrueture-Dietyoptera by head structure and wings
oclour,}Trichopﬁera and»Neuroptera by antenna, head shape,
body and wing‘Stiucture; Phasmida with the help of walking
legs and bbdj shape, Dermaptera by cerc¢i (Scleroitised in
forcep shape) and semi circular hind wing, Spiders were
identified'by;chelicefae, 6 par1s.of cephalothoracic appen~
- dages and pedicels; Molluscs by hard shell; Miilipedes and
centipedes by head, abdemen and number of walklng legs;
‘Oligecheata by metamerically segmented vermiform—body or ﬁy
chitellum; Crustacea (small crabs) by typical caqpace,

rostrun and chellte legs. Various vertebrate orders by hard



Fig, 458 '+ Adult female eating adult male, A meximum
' prey size record in gut content af;alysis_'.‘



F/'g'. 4.8
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exoskeleton and bony structures. The plant{mate;ials were
characterized in the Bgoad group_like, aigal parts, twigs,
leaves, seed and flowers, The famidentified semidigested
1norganic_and:organievparts<and,debr£s were placed under

miscellaneous items.

Occasionally in field and in captivity both while
swallowing Rana cyanophlyctis were observed pushing large
size food items with fore limb, In-the.pond waters of state
fish farm Gauhati; during rainy seasom the tadpoles of
Rana cyanophlyctis were observed clinging and chewing dead

fish frys and spawns,

Among Gauhati frog dﬁrihé'January 7 insect types and
1§-0therltypee of foed items were'recorded. During summeb
months they were 10 and 14 respectively. -In’ December again
the number of food types went down to 6 and 12 respectively.
(Fig.é 7)

In Shillong frogs during Jenuaryh5 insect types and
l8 other food types were recorded. Durihg.summerumonths they
ware 10 and 13 respectively. Buring December again the
number went down to 6 and 8 respectively like that of
| Jannary{(Figd hi@) o
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(2) Percentage composition

The average percentage composition of different
food items taken by Gauhati frogs was found in following
order. Homoptera, 12.47%; Insect larvae and Nymph, 11.66%;
Formicoidae, 9.83% Arachnidae, 8.65%; Coleoptera, 8,42%;
Diptera, 6.25%; Mites, 3.76%., The other food itéms were

present 1n-mudh smaller quantity.

The average annual percentage of food items taken
by.Shillogg frogs was in following order: Insect larvae,
28,42%6; Diptera, 16.32%; Homoptera, 11.25%; Coleoptera,
'9.42%3 Arachnida, 7.00%3 Formicoidea, 6.561’Hymnoptera,‘
2.39%3 Mites, 3.34% and legves 1.73%. Thé average annual

percentage of other food items was very low,

Compérison'btheen the percdentage composition of
major groups of food items of the two populations has been
illustrated in histograms (Fig. 4.1)s The major groups of
food items were Arthropods, vegetable matters invertebrates
and vérebratesﬁ‘ Out of Arthropods, insect formed very high
percentage ranging from above 45% of the totéi'food content
in January at Shillong to about 70% in May. From June
onward their percentage fluctuated between 37% to about 60%
in November,i In December they formed‘hardlyy25%.4 In these



Table 4.7V

Percentnge compoeltlcn of various food types in Rana cyanophllﬂtla
. of Gauha ti ‘population

v " - . Months Annual
. Food Iten Jan, Feb. Mar . Apr. Nay Jun.  Jul. Aug. Sep. Oct. Nov. Dec 1£:::°“)
Homop tera : 14.89 18.75 13.82 17.02 12.93 9.00 6.69 8.20 T7.14 11,93 14,20 18.58 12,47
Hymnoptera . 1.06 - 1.59 2.65 0.86 2.00. 1.23 2.07 - 2.55 2.05 2.84 0.64 1.83
Heteroptera 2.65 1.78 2.12 3.3 4.31 2.50 3.08 2.05 3.57 2.05 1.70 1.92 2.54
Diptera 3.19  6.25 8.5! 12.76 4.31 4.50 6.79 8.20 7.4 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 4.48 B.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 - - - - 0.18
Formicidae 2.65 11.66 4.78  2.65 13.79 21.50 7.40 14.80 9.69 13.16 ~8.52 7.05 9.8}
Dictyoptera - - - 1.59 - 0.50 - 0.51° - - - - 0.23
Tricoptera & i
Neuroptera - - ~ . 1.06 0,86 1.00 1.23 1.53 - - - - 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
Mites 4.25 .1 78 2.65 5.31  7.75 - 2.46 1.53 3,06 6.58 1.70 8.97 3.76
Algae - - 2.12 4.3 1,00 7.40 4.10 7.65 2.88 1,13, - 2.58
Twig 1.06 0.89 4.25 1.06 0.86 1.50 4.32 2.05 3.06 0.82 5.1 4.48 2.44
Leaves 2.65 4.46 5.85 1.59 1.72 3.50 8.02 8.20 10.71 2.88 18.18 5.76 6.21
Seed - - 0.53 - 1.13 1.00 0.86 - 1.02 1.02 2.46 - 0.84
Flower “ - - - - - 1.00 2.58 0.61 1,02 - 0.41 - 0.42
Mud .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 5.85 5.31 1.72 1.00 1.85 2.05° 3.57 0.82 4.54 3.84 2.0
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
Chilopods 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 - S 1.28 2.82
Anuran Subadults 1.06 - 10.10 4.25 - 0.50 0.61 1.53 - - 1.23  0.56 3.20 3.29
InBects larvae 13.82 5.35 10.63 1.06 1.72 6.00 -3.70 4.10 3,57 5.76 1.13  9.61 5.64
Insecte 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 - - 1,000 1.23 0.51 - 0.41 - 0.64 0.61°
Mollueea - Co- 0.53 - Co- 0.50 3.08 2.05 7.14 - 0.41 5,11 0.64 2.61
Miscellaneous - Co- 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 Rena cyanophlyctls
of Shillong population
- Annual
Food Item ! Monthaes food
Jan, Feb. Mar. Apr. HMay Jun.  Jul. Kug. ©Sep. 0Oct. Nov. Dec. intake(s)
Homop tera ) 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 .
Heteroptera 0.84 1.43 3.93 4.84 6.79 1.91 2.53  1.57 1.09 - - 2.98 0.5t 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  0.71 10.62 11,01 35,43 5,09- 10.14 17.36 . 2.47 1.96  4.47 1.53 9.,12:
Formicidae 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
Hymnop tera C- - 4.33 6.16 2.42 0.95 2.53 3.15 1.64 0.98 2.98 0.5t 2.39
Dictyoptera - - - 0.44 0.97 - - - 0.21 .0.49 0.49 - 0.23
Or thop tera - 0.71 = =~ 0.88 2.91 0.63 0.72 0.52 - C - - - 0.55
Odonata - - 0.78 0.44 0.97 0.95 1.81 - 0.52 - - 0.49 - 0.59
Placoptera - - - - - 0.31 0.36 - - - - - 0.07
Phasmida - - - 0.44 - - 0.36 1.7 = = - - - 0.19
Dermoptera - - - - - - - 1.05 - - - - 0.03
Isoptera - - 1.18 - 0.97 - - - - - - - 0.19
Neuroptera - - - - L- - 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 33.33 5.97 48146 23.21
Inaects 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 4.3 1.96 3.52 0.97 5.09 1.08 1.57 3.57 2.45° 7.46 2.04 3.34
Arachmidae 5.08 21.58 6.29 8.81 4.85 1.91 4.34 5.78 10.04 6.86 9.95 5.61 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.?3
Twig X 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 - S1.32 - 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 - ~é.;g g.Z;A - 0.51 0.51 8.12
- .- 10.79 - - - - . .2 - - - .
g::ﬁ prece. o= - - - - - = - - 0.21 -0.49 - - 0.15
Miscellaneous - = - - _ - - - 0.27 - . 0.99 - 0.11
é?:::;featber etc.) _ ] _ _ _ _ _ 0. 21 _ _ 0.49 - 0.07
. - 3 - - - - 0.39
Annelida - - 0.78 0.44 1.94 0.32 0.5 5
Ar thropods To- 4‘-4} 1.13 0-44 1.45 0.64 - 0.53 0-27 - - - O'ég
Chilopods .- : . . - T T, 7 =< : 2 .
Apbide 15.93. -< 1.96  1.76 - - - - g-” - .96 0.49 2.5 (')}2
Anuran tadpoles.— - = 0—72 - 0.97 _ 1—.27 - .33 : e - 0:19_
o z : Z 0.49 0.32 0.3 0.27 - - - 0.1

lollueca_ -
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months when their percentage was very low i.e. 25% in Jume,
35% in July and 25% in December, the percentage of their
larval stages intake was very high, bring about 60%, 50%
and 50% respectively during the same months, Though the
insect larvae were,gresent'through-out the year their high-
est percentages in January, July and December coicides
with their high breeding aeiivitieS»of insect in these
monthss: It is well known £hat_June and July are the breed=-
ing months of all kinds of 1nsect, the high percentage in |
December included mostly Chironomus and other aquatic

Dipteran larvae,!

In Gauhati populations the percentage of insect

. went wp to 60% in June, upto 7@% 1n August about 50% in
October, but percentage of insect larvae doe never as high
as in Shillong population. Availabilityiof higher percen-
tage of insect during these months coincides with monsoon
an&,pest~monseon.menths, when the insect population in
nature was also very high. Low accurrence of insect larvae
in the food items in compariseh to that of Shillong popula-
tion may be attributed to periodically cleaning and 1nsec—
ticides sgpraying of the fisherf ponds.

Other items, seems to form very low percentage
through out the year both in Gauhati as well as Shillong
populations. ’ |



Fig, 441 + Percentage composition of various foodg
types recorded in the gut content
analysis, during 1978 in Rana cyanophlyctis
from Gauhati’ and Shillong populations.
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Bataren bodj dimensiens, g&t length and food
volume of Rana cxanoghlxgtig has been presented in Tables |
4e3, 4&5 and 4;7 (for Shillong frogs) and 4.4, 4.6, and 4.8
( for Gaubati frogs) . Following account deals with a
desc?iptidnnéf these aspects in juveniles, and adult males
andw£emalesmduping.pre breeding, breeding and post breeding

periods.

( Tokle &'3)

Juvenile ¢+ The S.V.L. of juveniles ranged from 3.4 o 5.1
em (X = 4,0 cm); body weight 4.0 = 16,0 gm (X = 8.38 gn);
total gut length 1030 = 13.5 cm (% = 10,73 cm); and food
volume O.4 = 3,0 ml (i = 6;521m1).~: |

Maleg ¢ The SV L.,varied from 4.0 to 4.5 cm (2 4, 25 cm),
body weight 7d2 = 11.2 gn (X = 9.2 ém) 3 total gut length
1.5 = 127 gn (x = 12.10 gn); and food volume 0,95 = 1.5
ml (X = 1,23 m1)J



Dimension and Volume of Gut Content of Rang

site ( Sample size = 20 ).

Table 4:3

cyanop! ;x;ggg collected during March from the Shillong

{MALE4‘

JUVENILES

f‘i_, a TOTAL |

'MEASUREMENTS
e jAverage

 Renge

Average

. Range

| Average

Rangé

; Average ,

Range

SV length'(cm)~ ﬁ;25
Body weight (cm)

Body breadth (cm)

Head length (cm)

T. Hind limb length(cm)
Total gut length (cm)
Stomach length (cm)
Intestine length (cm)
Rectum length (cm)
Total Food Vbl,(ml)
Stomach Food Vol,(ml)
Intesting Fbod Vol.(ml)
‘Rectum Food Vol.(ml)

1.45

1,40
10, 20
0,60
1.23
0.55

0‘. 06

e

9,20

12. 10

04375

(4,04.5)
(7.211.2)
(1s4=1.8)

(teli=1.5)

(6.2=6,7)

(1%.5%12.7)

(9.7%10.5)

(045=0.7)

(0:95=1.5)
" (0,50-0,60)
(0,35-0.4)

(0.06)

615
30.15
2.75
2,45
10.75
19.75
2.30
16.70
0,75
2,15
0.75
1.275
0.125

(28.5-31.8)
- (204=~3,1)

(2.4=2.5)

(10.3=11.2)
(18, 1=21.4)

(2.252.4)

(15, 1=18. 3)
(0, 7-~0.8)

(2.0-2.3)
(0.7~0.8)

(1:15=1.4)

(0. 1=0.15)

4.00

84375
h ’1062

1433 .

6.63
10.73
145
8:77
Q.42

0.834

0.52
0,26
0.142

(3. 45, 1)

(4.8-16.0)

(1]3‘2@4)

(544=8,2)

(10.0-13.5)

(1.2-2:3)
(0¥3;Q;5)

(0§5;3¢0)7

(0.2=2.4)
( 0 . 2"005)
(0,1=0,2)

14,80
15,90
1,99

YT

7+ 9k
14.49
1.71
1189
0,59
1,40
0.61
0466

0,109

5(3 4~64)

(4.8-31.8)
(1.3f3 7
(1.2+2.5)

(5.4-11:2)
£ 10.0-21.4)

(402=2.4)
(6. 3-18.3)
(0,3=0. 8)
(0s4=3.0)
(Q€242Q4)
(052;1;4)
(0.06=0.2)
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F -aieg' s The SVL 6f ‘the ‘f'e'm'al"es 'varie'd from‘5ﬂ9 to 6.4 cm
(X = 6, 15 cm), body weight, 28.5 - 31 8 gn (X = 30 15 gm)

. “'. ;_,_(m_.‘., ws)

Juvéﬁilé”{‘ Thé’éanof'ju&éhizé-vaiied from 244 t0 5.1 .
(X = 3 89 cm), body weight 547 = 20,7 gn (X =10, 7% gm),.
total gut length 11 6 = 17,8 cm (X = 14494 cm), and food . .
volme_Q.éﬁ % 0495 ml(X = 0,68 ml)s . .

_Male s The SVL of malesg varied from '3 7 to 4.0 cm ()'E = 3,86
cm) body weight 9.0 = 10.0 gm (x = 9.5 gm), total gut length

(X = o 75 m1).

Eemale g“ The SVL of female Varied from 5.6 to 6.0 cm (X =
5.8 cm), ‘body weight 24.8 ~.36:0 gn (X = 29:20 gm), total

gut length 19,0~ 20.9 em (X' = 19:83 cm); and, food volume

1o 15 - 3.0 ml (x = 2.10 m1)., * o L

3> .Po's?:_’br‘éeding' g"eriféd (Tab|§~4‘7 )

.

Juvenile : The SVL of the juveniles varied from 3.2 to 5.35 cm



Dimension and Vélume of Gut Content of the

site ( Sam size = 21 ).

-Téble h;&

z ghlxcti collected during March from the Gauhati

MEASUREMENTS

FEMALE

JUVENILES

'ftf;aépg?.vA.A

AVerage '

Range

?Aweragé |

Range

gi ,  TOTAL o
Range

‘:gAwerage f

SV Length (cm)

Body weight (cm)

Body breadth (cm)

Head length (cm)

T. hind limb length(cm)
Total gut length (cm)
Stomach length (cm)
Intestine length (cm)

Rectum length (cm)

Total Food Vol.(ml)
Stomach Vol.(il)

- Intestine Vol,.(ml)
'Rectumé}VOIQ(ml)

7.125
0.35
0.86
0.55

0.34 (0
.. {0405=0,1)

0,06

(4s0-4.6)

(8:2-13.4)
(1:8=2.0)

(1,4§f1_8)

R (6@1?799)

(7.3=1240)
(1eb=1.6)

(5.5=10.2)
- (0.1=0.4)

(0,2-067)
(0.2-0.6)

5.78
23490
2.83
2.13
9:70
4.3
1.96
12423 .
0,46
0:93
0,46
0.36
0.10

(5,65-5b9)

(22,1-27.0)

(2.6-3.2)
(2,0-2.2)
(8.4=10,7)

(11,0-16.0)
(1;6;262)'0

(8.9=14.4)
(0.4-0.5)
(0.6=1.45)

(0.28=0,45)

(0.05=0415)

3.03
17042"
’2515

8. 53

2,00
11.53 "
0.43

0.72
0.48
0,13

(4 6=5.4)

(12.3=22.7)

(1.8=2.7)

(1o 7=2:4)
(7fh§9;1).
13.98= (13,3=15.6)

(1o4<245)

(10,7=12,6)
(0:4=045)

(0.9<2,0)

(0.4=047)

(0.1=0,2)

5404
16.99
2.18
1,86
8:3%
12445
1.81

. 10,30
ePUI% }
105
058
0,39

~ 9.09

(400‘539)
(8b292700)

(1:8=3.,2)

(Tiﬁ5‘262)

(641=1047)

(T.A*255)

(5565=14:k4)

6051*005)
(0:45=240)
(042-0.85)
(0,240,7)
(0.05’0€2)
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(X = 4315 em), body weight 4.7 = 18.76 gn (X = 8.64 gnm),
total gut length 10,2 = 1443 cm (X = 11:.47 cm) and food Vo=
lume 0:9 = 1.7 ml (X = 1,52 ml).,

Male ¢ The SVL of male varied from 3:9 to 4,7 cm (X = 4,35

- ‘em), body weight 7.6 = 11.9 gn (X = 10,10 gn), ‘total gut length
116-129cm (X=1280 cm) andfood volmne09-16m1

(i = 4,20 ml).- | | L

 Female t - The SVL of female varied from 6.0 to 6.4 cu (X =
642 cm). body weight 28, 60 - 32.80 gn (X = 30,70 gm), total
gut length 19,50 = 20, 3 em (X = 19,90 cm) and food volume
2.4h - 2,38 m2 (X = 2,26 m). o .

) N Alefe,._.breedIg_lg‘g‘ eriod. _(Tc.!o\e ‘-v‘*) _

.;T'uvenilesb 3 :'Tkxe; ‘SVL'oi;’ the ;juvénil-es \iai‘.ied from 4.6 = 5.4
cn (X = 5.03 ¢m), body weight 12.3 ~ 22.7 @gn (X = 17.42 gn)
and total gut iength 13.3 - 15.6 .cn (x = 13,98 cm), and food
volumeO9-2.0m1 (X=136 ml) ‘

o Males ¢ The SVL of the males gut content. varied from 4.0
to 4.6 cm (X = 4.3 cm), body weignt 8. 2-#713 4 gm'(i = 9,84
gn), total gut length 7.3 = 12.0 cu (X = 9.07 cm) and food
content. from 0.45 = %,1.ml (X = p.86 ml).



Dimension and Volume of Gut Content of’ the Rang gxgggphlxcgig collected during June from the Shillong

site (Sample size = 20)-

MEASUREMENTS

| MALE

FEMALE

JUVENILES

TOTAL

Average

‘Range

v ;ﬂLAverage

.Range

-Average

._Réngé

==

Verage ‘

Rangehm 

S.V.: ‘length (cm) 3486
Body weight (cm) 9.50
Body breadth. (cm). 1.85
Head length (em). 140

T, Hind 1imb length (em) 5.825
12,95

Total gut length (cm)
Stomach 1ength (om) .
Intestine léngth (cm)
Rectum length (cm) . 0.85
Total food Vol .(ml) 0.725
Stomach Fdod Vol.(ml) 0.i30
Intestine Food Vol.(ml)
Rectun Fdod Vol.(ml)

1.425

0“10

10,675

0.225

(3!7*“20)'
(9,0-10,0) -

(7:7+2.0)
(4e3=1.5)
(5¢Qé5¢3)
(10,9-14,8)
(1e2=1.6)
(9.2=12.5)
(045=1.2)

(0.5=0.95)

(0.25<0.4)

( 0 0\05-10 .3)

(0.05-0.1)

5. 77
29,20
2,93
2,0
9.13
19.83
2.73
16.30
0.80
2.10
1.27
0.65
0.183

(5, 6-6 ,0)

(24, 8-36.0)

(2.7-3,2)
(1.8~2.3)
(8.9-9.3)

(19.0-20.9)

(2.1=3.1)

(0,6-1,0)

(7.15-3.0)
(0.65=1.6)
(0, 4=1.1)
(0.1-0.3)

3,89

1,82

1,62

0,27

(2.4=5.1)
(5.7-20.%)
(1o a-z.s)
(1.2-2,0)
(5. 0’399)
(11.,6-17,8)
(1.2-2.3)
(9.5-16.9)
(0. 5-1 1)
(0. 35-0 95)
(0.15-0, 35)
(0.15<0,4)
(0.05-0,2)

4@5@

46&@0]
22
1.6
1549=

1.52

13.2

10482

0.38

0&13‘

(3m7’6 0)

»(9*9-56,0)

(1@4‘3?2) :
(133*2’3)
(5.0-9+3)

(10.9-20.9)

(1,2‘9@1}

' (942=1649)

(Ogﬁ*ﬁma) ,
(0@35?5@0),
(0.115=1.6)
(O@0§§43ﬂ)
(0,05-0.3)
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Females :  The SVL of the female varied from 5. 65 to 5.9 ¢cm
(X = 5,78 cm), body weight 22.1 = 27.0 gn (X = 23.90 gnm), -
total .gut length 41,0 = 16.0 c» (X = 14.3 cm) and food volume
from 0,6 = 1,45 ml (X = 0,93 ml)"

2 (Table 46)

;Juveniles'z'.Thé SVL of juvenile varied from 4.8 to 5.4 cm
(X = 5,18 cm) body weight 16.4 - 18.8 gn (X = 18,02 gm),
total gut length 42, 2 - 16,3 cm (X = 13,90 cm) and food .
volume .0.5 = 0.7 ml (% = 0:61 ml). '

Egigér aihe SVL ef'malé'VQrigd from 4,0 %0 4.3-cm‘(2“; 4,13
cm), body welght 8.95 - 10.1 gn (X = 9,66 gu), total gut
length 10.1 = 11,2 cm (X = 10.88 cm), and food volume O.4 -
055m1(X=049m1). | -

Female : The sviqu:feméie'varied from 5.6 to 6;45'cm-(x =
5.89 cm), ‘body weight 22,0 = 33.8 gn (X = 27.23 gn), total
gut length 15.1 - 22,0 ca (% = 17,47 cm), and food volume.
Oibk = 2,45 ml (X = 0,86 ml), ' ‘

3)

Juveniles : ‘The SVL varied from 4.3.to 5.2.cm (X = 4.6 cn),



Téblé,4gé

Dimension and Volume of Gut Content of the Rana gxgggghlxctis collected during June frem the
Gauhati site ( Sample size - 21) S

,’ MALE

FEMALE

JUVENILES -

TOTAL

=uAverage

Range

 Average

' Range

!

verage

Range |

=

verage

Range

S.V. length (cm)
Body weight (cm)
Body breadth (cm) -
Head length (cm)

4,425

9.66

1,74
169

T. Hind limb length (cm) 6.95

Total gut length (cm)
Stomach length (em)
Intestine length (cm)

Rectun length (cm)

Total food Vol.{ml)
Stomach food Voli(ml)
Intestine food Vol,(ml)

Rectum food Vol.(ml)

101$85

1465
8465
9.375
0.49
0,24
0.475
0.625

(“60‘403)

(8.95-10.1)
:(1;65;157)

(6$8¢7§7)

(10, 1=11.2)

(Q;A—iaQ)

(0.3+0.4)
(0.4=0.55)

" (0,2-0.3)

(0,05=0,1)

5-89

27,23

2.37
2,45
9. 4
17.17
2,37

19927
0.64
0.86"

0,41
0,32
0.13

(5466 4,45)
(22;0f33§8):
(2.15~2:6)
(4.8-2.18)

(8.9-10,05) 8.62

(15i?‘22p0%

(2.0-2.7) .
(42.4=45,2)
(0.5+1.0)

(0 b4=2.45)

_(Oo 2=1 020)
(0, 95-0,85)
(0~5fooﬁ)'

5.8
18,02

1.67
1,90

13.90
2.08
11.30
0.55
0.6%
0. 34
0.24
0.07

(4e8=5.4)
(16 4=18,8)
(1.35-2:2)
(1.8=2,0)
(709‘9@3)
(12.,2-16.3)
(1.8=2.,2)
(9.5=43.7)
(0.4=0,7) -
(0.5-947)
(0.25=0,55)
(0.2=04.25)
(0;5'0;1)

5&06

18430

1,96
1.9%

'86:36
10;65

2,00

11.40

0.55
065
0:33
0,265

"04007

(# 86, &5’
(8m95“3908)

. (1635=2,6)

" (6.8~10.08)

(1041=22,0)
(Tohe2s 7)
(8+4=15,2)
(043=1.0)
(0eli=2,45)
(042-1.20)
(04 15=0.85)
(045<0,4)
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~body. weight 9.85 - 25.8 gm (X'= 20.4 gn), total gut length
8.95-= 14,45 cm (X = 13.98 cm), -and food volume 0.95 - 2,05
ml (X = 1.45 ml). .

Male ¢ The SVL of male varied from 4.2 o 4,9 om (% =
4.6 cm), body weight 9. 1 - 11.35. gn (X = 10.68 gm), total
gut length 8,45 = 10, 75 ‘cm (X = 9.7 cm), and food volume
049 =.1.05 ml (X = 0,95 ml).

«;Femalev& The SVL of fenale varied from 5.6 to 6.05 cm

(X = 5.95 -cm), body weight 2.6 = 33.05 gn (%X = 30.05 gn),
total gut_length 13,8 = 17.15 cm (X = 15.25 cm), and food
. volu&e‘0.9 e~1.35»ml-(i]=‘1.20‘m1).;

_ _ .A comparison of the food volume of juveniles.
imales and females has been illustrated in Fig, h 2. In‘an
aVerage the food volume of Gauhati frOgs was larger than in
Shillong frogs. It is somewhat low 1n both pOpulations 1n
‘the breeding perioﬂ in comparison to other periods. - It may
| be due to somewhat larger size of the ovary Few females
.were observed with empty stomaohs. This phase of empty
may be very short duration. As soon as spawning occur ‘the
:siée=of_ovary@iscredﬁeed-and frogs again start eating

_varaceously.



Dimension and Volume of Gut Content of Rana QX pg;zqtig collected during October from the
Shillong site (oample size - 20).. ' :

| TOTAL

NESERERE -H~AMM$4  FEMALE mwmnmm
MEASUREMENTS A _ ., B
..Average'-‘ Range.d..‘ Average Range AVerage Range Average Range

S.V. length (cm) 4,35 (3 9-4 7) §a2 (6 O~6 4) Lo15 I(3iga§ﬁ§5) .4&38 (3@52?6.4¥®
Bédy weight (cm) 10 ‘1'0 (7 6-11 9) 30.70 (28.60—32 80) 8.64 (9.7*1;8',;76) 16.70 (b 7-'-’32.80)
Body width (cm) 4,700 (1.4551.9) 2,90  (2.5-3.2)  1.80 (1.50-2,0)  2.08  (4:45<3.2)
Head length (c¢m) 1050 (1.4-1.6) 2050 (2.35-2.6) 1,50  (1.30-1,50)  1.76  (1.30-2.6)
T Hind limb. 1ength(cm) ,6 35 (6. 1~7.0) 10,90 (19,9,12,1) 6.90  (5.9-8,7) 7.89 (5:9%12,1)
,Tetal gut length (cm) 12 80 (11.6-12 9) 19qgo (19 50~20,30) 11,47  (8.2-14:3)  12.52 (10 26-20, 30)
Stomach length (cm) 185 (1,3-1.6) 2,30 (2.2-2.4) 1150 (0.5-0.4) 110 (0.5-2.4)
Intestine length (cm)  10.40  (9.2-10,9) 17,10 (16, 1_19‘0) 0.9 (7.0-10,2) 9,21 (7.0-19.1)
Rectum length (cm) 0:65  (0.55=0.8) 0.8 (0,7+0.9)  0.45  (0.3=0.55)  0.65  (0.3=0.9)
Total food Vol,(ml) .20 (0.,9~1.6) 2.25  (2.14-2.38) 1.32  (0.9-1.7) 0.88 (0,9-2.38)
Stomach food Vol.(ml) 0,65 (0.6=0.75) 0.8  (0.7-0.9) 0.9  (0.4=%.1) 0u54  (Quh=1,1)
Intestine food Vol.(nl) 0.45  (0.4-0.6) .32 (0.92-1.7) 0.4  §0.35-0.55) 0433  (0.35=1.7)
Rectal food Vol.(ml)  Ou4 (0, 88-0.14) Q;14 (O 15-0 15) 0.16 ‘(Q.i_gfgg) 0407  (048=0.25)




Fig. 4,2 ¢ Volyme of food intake during annual
breeding cycle of Rana cyanophlyctig
©0f Gauhati and Shillong populations
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Tgbl‘e. 4,8

‘Dimension and Volume of Gut Content of Rana cyano ghlzgtig collected during October from:théiGauhati

|site (Sample size = 20)

- . MALE - FRMALE - JUVENILES % Tom.

MEASUREMENTS N — — , . ,

‘ ']AV¢3§5§ ~ Range AVerage Range }-Average Range f Average = Range
S.V. length (cm) 4i6 (442649) 595 (5.6-6.05) 4.6 (4.3-5.2) 4,96 (4.2%6.05)
‘Body weight (cm) 10,68  (9.1-11:35)  3BEOTEY(24.6-33.1) 20.4  (9.89-25.8) 19.98  (9,1=33.15)
'Body width (em) 1.8 (1.7-2,0) 2,95 (2.5-3.3) 2,0 (1.7-2.45) 2,16 (157-3.3)
|Head length (cm) 165 (he3=1.7) 2.5 (2.0-2.4) 1.7 (1.5-2.1) 1.50 . (1.3=2.4)
'T. Hind limb length(cm) 643  (5.9-7.7) 9:9  (8.7=10:9) - 8.8  (7.6-9.i) 8,20 (5.,9=1049)
Total gut length (em) 9.7 (8.45%10.75) 15.25 (13.8-17:15) 13.98 . (8.93-14.45) 13.59 (8.45=17415)
‘Stomacn length (em) 1.55 (1.5~1.6) 2.4 (1.7=2.6) 24 (1.40<2,3) 1.87  (1.4-2.6)
Intestine length (cm) 795 (647=10.5) 12,65 (8.7=15.1) 10.08  (8.9-11.4) 11,00 (6.7=15,1)
'Rectum length (ém) 0.3 (0.15-0,5) 0.5% (0.4-10,7) 043 (041-0,6) 0.51 (0+1=0.7)
'Total food VoV, (ml) 0445  (0.9«1.05) 1.20  (0.9-1.35) t.45 (O, 95-2,05)  1.10  (0,9-2.05)
| Stomach food Vol,(ml) 0.6 (0.4=0.8) 0.52 (0.4-0.65) 0.75 (0.5=1.35) 0,58 (0s4=1.35)
Intestine f’ood Vol.(ml) 0.45 (0.4~0.5) 0.l -~ (0.4=0,5) 0.52 (0.,4=0,75) Oulis  (0,4-0,75)
‘Rectal £60d Vol. (m1) 04 (0,05=0,15) 0.15 (0.1-0,2) 0,14  (0.1=0425) 0466  (045-0,25)




B.. . 12 months xsis '

The pattern of annual fluctuation of different
> Ad
types of food items i‘“ fbllowing.

_G~uﬁa£i 6'ulaf19n_.(Fig-.heﬁ3 4.3).

Gauhati freg"peﬁﬁlatien.shOWedie‘bigher percenta=
ge of insects in their food items throughout the year. The

1

percentage 6f major food items was recorded as follows.

,Hoﬁogter It cons%ituted-highest percentegeiof food items
throughout the year, varying from 14.89% in January, 6.79%
in July to 35.5&%‘in December with an average annual intake
of 12,47%.

Formicidae: The percentage composition of the formicidae?
varied from 2.65% in January, 21.50% in July to 7.05% in
December with an average annual inteke 6f 9.83%,

Arachmidas The\percentage éomposition‘of Arachnida varied
£rom 20 21% in January, 4 00% in June to 2.17% in December
with an average annual tntake of 8.65%.

Coleogtera: 'The percentage composition~of Coleoptera varied
from T.78% in February, 16. 50% in June to 4.48% in December
with an average annual intake of 8.42%. |



Fig, 4.3¢ Percentage variation of Insect food types
recorded in the gut content analy;r,is of
Rana cy anbg, hlyctis from Gauhati population
during 1978. |
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Fig. 44 3 Percentage variations in other food types
-~ (except insects) recorded during gut
content analysis of Rana cyanophlyctis
. from Gauhati populations during 1978.
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Diptera} " The percentage composition of Diptera varied
from 3.19% in Januaryo 12.76% in April to 2,56% in December
with an average annual 1ntake of 6,25%. R

Leaves: The percentage composition of leaves varied from
2.65% in January, 1.72% in May to 18.18% in November with

an average annuél.intake_bf 6.421%, -

:Insect nxgéh: The'percehtége composifioh‘of insect nymph
varied from 12, 76A in January, 6.5% in June to 1. 70% in

November with an average annual intake of 6. 02%.

Insect 1arvae: The—percentage composition of insect larvae
varied from 13.82% in January, 1.06% in-April to 9.61% in

December'with an annual average of 5,64%.

The bercentage coﬁpositioh of Hymnoptera,
Heteroptera, Myriapoda, Annehida, Anura, Twigs and other
miscellaneous items was very low (0. 53% to 4.3%) and showed
little ﬁluctuation in 12 month analysis.

Shillong pooulation (Fig. 4.6 & -4.5)

Shillong population also showed a~higﬁer;§er-
centage of insect in their food items throughout the year.

The percentage of major food items were recorded as follows.



Fig, 45 s P-ercentage '\}ariations in insect food only
recorded during gut content analysis of
. Rana cyanophly ctig from Shillong popula=
" tion during 1978, . |
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Ingect larvaez It~constituted the highest percentage and
was recorded as major food item throughout the year, . The e
percentage Varying from 19 49% 1n January, 53.18% in June
and 48,46% in’ December with an average annual intake of
23 21% '

Dipteraz The percentage composition of Diptera in food
varied from 30, 50% 1n January, Te O% in June to 12, 75% in
December with an average annual inxake of 16.32%.

Homopteras The'percenﬁage'combosltion~of,Homoptera in food
varied from 14.86% in January, 4.34% in July to 14.42% in
November with an average annual intake of 11.25%,

Cbleogterat The percentage composition of Coleoptera in
food varied from 0. 71% in February, 39.43% in May to 1.53%

in December with an average annual intake of 9.:12%. .

Arachmidai The pereentage composition of Arachmida in food
varied from 21. 58% in February, 1. 91% in June to 5.61% in
December with an average annual fntake of 7+ 00%.,

_Formicidae; The percentage‘composit@oa of Formicidae in
food varied from 1.68% in January, 11.41% in March to 4.59%

in December with an average ammual intake of 6.56%.

Inseotanxggh: 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'ngg cyanophlyctis
from Shillong population during 1978.
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food.yapie&’ffom»4369% in.Jahuaryg 6.68% in June to 3,06%

in ,De;;émber‘.with anfamgge ‘annual irtake of 5,03%.

Mifes:"The—peréentage~éompositioh of mites in food varied
from 4. 23% in January, O. 97% in May to 7.46% in NoVember
with an average annual intake of 3 34%.

' Tne'peroentage compositiOh'ofuofber food items
were réecorded low and the average annual intake varied from

@,."1'{21;% tO _2_;’59'9

On comparison it1wou1d-be'aeeﬁgfﬁat consumption
.of inseo$fIa§vae'is.ﬁeny‘high‘thfoughout the year in Shillong
frogs thah in‘Gauhati fﬁogSe’ VegetatiVe materials were in
Avery high percentage in Gauhati frogs. Cannibalism and £ish
.as food was'prominently reoorded_in»Gauhati ‘frogs only.’ in
both populations'bipterané Homopterans, Coieoﬁferao'formed'
“the- 1arge'bulk; From fhe'group Insecta Homop%era~was highest

- in Gauhati frogs though the percentage Dlpterans was hlghest

1n Shillong frogso

4) Food and feed;gg_in correlg ;ion to environmental

conditions

The,abundance of Rana cyano ghlzctis on land, at

. Sttt o teeansnd
»AGauhatl and Shillong study sites “and subseqantly its movement



and actﬁv&t&es-wére found to be governed by various factors
" (see Chapter 3 )& In the following description,. correla-
tion between envirommental conditions and food and feeding

habit of the frog at the two sites, Shillong and Gauhati

have been derived.:

Llimatic conditig

3 ’The‘cornelation and correlgtion coeffi-
cient of aquatic temperature, atmospheric temperature, rela=-
tive humidity and total rainfall havé been worked out separate-
1y for diffeféﬁt,food ttemss The multiple correlation have
also been derived., The data has been compiled and presented
in Table 4,9,

Significant ccrrelétion-coefficient'was derived for
molluscan food items with aquatic ten_;pérature (r = 0,63,
P { 0,05), with atmospheric temperature (r = 0.71,. P < 0,05),
with hmidity (r = 0,74, 'p'(o.os-_), with rainfall (r = 0,87,
P < 0,0%). Alﬁhough Mollusca constitute‘only 2.6% of total
food intake the analysis suggests that it is also a preferred
food item at optimwn'environmental conditions, ° The other sig=-
nificant correlation coefficient have been found for fish with
rainfall (r = 0.66, P‘(Q‘.@ﬁ); The correlation coefficient (r)
of total f&od sfitake in d;fferent months with atmospheric
temperature was 0,69 (P< 0,03), and with rainfall 0,73,
(P¢ 0405) . | |



Fig, 4.7 ¢ Quahtitative records of different
types of food in the gut content
zana]:ysiS'-of B_g_r_l_a;_ glzg;_rp_phlxctis. N

during difﬂe:e‘eht montihs of 1978

from Gauhati and Shillong popula-

tions.
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Among Shillong frog population the significant
correlation eoefficient found between insect food items
and atmospheric temperature (r = 0,61, P < 0,03), and
aquatic temperature {r = 0,64, P £ 0,05); anuran food with
rainfall (r = 0,56, P 0,05) and total food intake in
different month with temperature (r = @éﬁa, P L 0,05).

At both the sites, Shillong as well as Gauhati the
temperature has been found te 1nf1uence the feeding activi—

ties of Rana cyanophlyctis as during summer months largest

variety of feodr§tems were quantitative and qualiﬁative
recorded frpm-its gut (see Fig. 4.5). During rainy months
number of spawn and fish fry increase tremendouély at
Gauhati fish dales leading to larger consymbtion-of fish by
the frogs, that at any other period, ?hﬁs}éccoﬁntq for
signﬁicant~cbrreﬁatioﬁceoefficient for fish food with rain-
£all (r = 0466, P<0,05).

Among Gauhati frogs, the'slgnificant Eorrelation
coefficieﬂt;in‘the following bivariates have been observed.
pH and insect food (r = 0.60, P(0.0ﬁ). .pH-énd earthropod
food (r = 0473, EWCOQQS), pH and total food consumed (r =
0.78, P {0, @5); .The oéher'correlationcceefficient derived
were found to be 1nsign1f1cant and showed no relationship
with the food types of the :ffrogf NI t) '

i "\ s’



Table‘hgg

The values of correlation coefficient derived between environmental condtions and foed types
consumed by Rana cyanophlyctis at Gauhati and Shillong sites.

SHILLONG DEPENDENT 'GvA UHATTI

MULTIPLE 'R' | RAINFALL TRELATIVE | TEVMPERATURE 'z VARTABLE TomeriTURE 'r) | RELATIVE | RAINFALL | MULTIPLE
CORRELATION { HUMIDITY { AQUATIC ATMOS~ ATMOSSH:HAQUATIG HUMIDITY YRYCOR= _
b | | PHERIC PHERIC R :\RELATION
» —_ - B . \ . * —— . , o - ]
0,15545 Y0, 3249 0 hhhh 0.,6417 © 6085 IggggT 0.55016 0,4629 01810 041456 0.3569
043536  0,4499 00,3236  0.5262 0.3355 VEG.FOOD 0.4298 0.5016 - 0.1336  0,0360 - =
0.5116 0.2174 045352  0,4095 0,4500 ARTHOPOD 0,1087 0.0603 0.1527  0.0806 -
08145 0.5641% 00,4934 0.1188 0,2305 ANURANS O.4464 0,5177 0.4121 043289 -
043328 0.1702  0,0999  0.3039 0.1138 FISH 0.0159 0,0081 0,2312  0.6621*% 0,7633
» 0.,0374  0,2906  0,3883 0,3451 LARXAE 0.1783 0,0136 04,2665 045859  0,7515
4 . - NYMPH - - -
- © 0.4502 09,3430  0,3936 042066 MOLLUSC 0,6357* O0.7139% O.T498%* 0,8736%* 0.8877
, - \ S .
- 0.5374 042715 0 3393 0.3321 Sg%go—~1@9.1521 0.0696 0.3594  0,0835 -
0,6770 0.3670  0.0216  0.5201% 0.3979 TOTAL  0.6884% 0.4818 OIT35  0.7296* 087661
0D

# « at 5% level
** - gt 1% level
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Ameng Shillong frogs the~signiiicant‘cqrrglation
coefficient in the following bivariates have been observed,
‘pH and insect food (r = 0,52, owofOB),'pH and mol}usc
food (r = 0,58, PH(O.OS)?'QH;gnd total food intake (r = 0,72,
‘P<0,01), Total hardness and insect food (r = 0,59, P<0.05).

”
°

Gagtrosomatic Index

Total food intake (Quantitative) 1n Rana cyanophlyctis
and 1ts relationship with S.V. 1ength and body weight of the
frog has been derived. The data has been compiled and
presented in Table 4,19, It would be noted that in both sexes
there is no correlation between the gastro somatic index and/
or foed and S.V. Iength and/or body weight, The frogs of the
same size‘had<differént types-aé wéll aswpércentage and showed
gastro somatic index. The correlation coefficient derived
between S.V. length/weight of the frog and gastro somatic
index have been found insignificant egntirﬁing no felationship
in two varieties and supporting the frog as opportunistic
feeder, However, the correlation coefficient derived between
gasttoSomatic”index and total food intake has been found
significant at 1% probability level (P {(0.01),



Table 4.10

L5 ¢ Body length (SVL), weight of frogs and its food and Gastrosomatic Indexn

M oA L E | F E M 4 L E

, Frog's 'Wéight of Gagtro ‘ Frog's Weight of Gastro
S.V.Ls W ig?t food items somatic S.V.L. weight foo? items somatic
A (gn) index (em) (gm) - 1ndeg -

3,95 bbb 01956 4,2235 5.20 20,34  0.0481 0,2364
bet0 7436 0,1639 2,2255 = 5.20 17.68 046174 344960
Lyi25 8436 0.3491 4,1768 5,30  18.87  0.0056 0.02968
Lib5 - 12452 . 0.2620 . 2.0927 . 5.50 . 18,61, 0.0199 0.,11069
45 - 943 . 0,1618 . 1.6322 .50 . 18,50,  0,4006 241646
450 - 12,00 - 0,5309 . bok242 550 . 19,40 .  0.2126 140959
4J50 - 1rd62 . 10,0132 . 0..1136 5,50 .  17.66 .  0.$3393 109211
4,60 - 10,80 . .0,2243 . 2,0768 5.55 . 17.89 .  0.5710 . 341905
4,60 12.60 0. 2006 145920 5.55 18,43 046069 33071
480 14020 0,6976 449127 5,60 22,54  0,0746 - 0.3310
4,80 13,40 - 0,2890 21567 5,60 18,46  0.4131 2.2379
4o95 . 165095 0,0141 0.2851 5.65 21,46  0.us6k 12,2660
5400 - 12,80 - 0,0080 . 0,0648 5.70 . 23,83, 0:j1654 0.6928
5,00 - 16417 0,0596 . 0.3685 5,70 . 19.99.  0.4860 24315
3410 153200,  0,2893 1.9033 5,90 24,60 045710 23218
5410 17452 0,2969 1/6940 6,25 2T.42°  0,8162 209761
5,20 18,36 0.2970 1.6177 6,30 26,50  0.7345 2.7715
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A comparative analysis of food and feeding of the
two populations reveals that :

1§..In~an annual gut content analysis, the insect belonging
40 13 orders were consumed in Shillong frog population and
10 in Gauhati frog population, though in monthly analysis
insects belonging to more than 10 orders were ne?er observed

at both the places.

2y The percentage of insect food items (adult and developing)
was.higher in Shillong frog population that at Gauhati frog
populations A noticeable high percentage of Dipterans (adult
and larvae), prédominated by Chironomous larvae, has been
observed in Shillong frogs (16.32% and 23.21% respectively) in
comparison to that of 6.35% and 5.64%- respectively) of Gauhati

3. The percentage composition of Annelid, Arthropoda,
Mollusca, other iﬁvgrt?byat?, Ve?tgbrata, Yegetation‘and mi g~
cellaneous items was higher in Gauhati frogs than in Shillong
gfrggs.

A4¢ A high consumption. of molluscan food and its significant
correlation coefficient (P¢ 0.03) with environmental conditions
has been observed in Gauhati frogs and not in Shillong frog
population,(Table:§59).
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54 High camnnibalistic incidence was recorded in Gauhati
froge than in Shillong frogs (Table 4.1 & 4,2)

6. The food volume was higher in Shillong frogs than in
Gauhati frogse

DISCUSSION

The predominance ef arthropods, partfcularly insects
as food items of anurans has been reported by all workers.

The 65% of food items of Rana cyanophlyctis in the present

work also was found to comprise () insects, belonging to 10
orders in Gauhati population and 13 orders. in Shillong.
Various other aspects of their food and feeding habits can be

discussed as follows $

Frogs have been described as opportunistic feeder
i.Je. they eat whatever living and moving materials are
available and they can catch and swallow (Harnefelt, 1950;
Smith, 19513 Holmes, 1950 Goin and Goin, 1962; Koschgen and
Moyle,'~9623 Koschgen apd Bagkett, 1963; Janseen and Klimstra,
19663 Dickerson, 196?;*$edeen, 19703A1tamics and Koskela, 19703



Bruggers, 1972; Brown, 19743 Blackith and Speight, 1974
and Tucker and Michael, 1975). The food analysis of Rana
ilyctis also indlcates that it eats whatever is

aVailable in the habitat. Some leaves, mud stones, etc.
were also recorded from the gut perhaps because they are
swallowed with main food items. Vegetable matter in the
diet of anurans has been reported by‘Witséh (1955), Tylér
(1958), Berry and Bullock (1962), Berry (1965), Turner
(9959), Korschgen and Baskett (1963), Hedeen (1970),

Itamics ahd Koskela (1970), Stewart and Sandison (1972},
Stantey (1972), Khan (1973) and Blackith and Speight (1974).
Korschgen and Baskett (1963) and Hedeen (1970) felt that the
win@,cansed floating of plant material and ﬁhuswits-mOVement
may trigger a feeding response in the frog. This shows that
,frqgsvdp.hctﬁhave diseriminative power. ' This may be the
-reagog-ﬁf the presence of litter pebbles, cattle dung, stone
brick, mud, thread, rope pleces, feather and human-hair in
Rena evanoot
Cohen and Howard,. 1958; Berry and Bullock, 1962; and.Khan,
_'19'73). ) |

hlyctis as ‘also recorded earlier by Ezakil, 1931;

' Frogs are also unselective feeders.. To -méntion a
few 1mportant references, Berry and Bullock (1962) noticed

that Bufo melanostictus are unseleqtive ravenous eater and

devour unpa;atable“agimals.Sucn~as scorpion, centipedes and
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nillipedes. Clarke (1974) roted that Bufo eats noxious and
afmoured 1nsects also; which are otherwise believed to be
tmmuned: to predators. Similarly Rana temporaria (Blackith
Spetght, 1974) and Réna tizrina (Khan, 1973) have béen
reported to devour unpalatable noxicdus animals. The abun-
dance 6£QRaha; yonophlyctis throughout Indian Subcontinent
ng success on a wide variety of
animals. gimilarly as Clanked {1974) has remarked for world
wide d¥stribution of toad on same grounds, ‘

(2) Ecod preforencer

Preference of food in relation to size has been
observed in various anurans (see Eckert, 1934; Sweetman,
194h; Inger and Marx, 19613 Cole, 1962;- Berry, 1965
Greenslade, 19643 Lescure, 19643 Southwood, 19663 Blackith
and Spetight, 1974).. 4 typical example of anuran food pre=
ference has been given by Berry ( 197), who found that:

Bufo agpef living in eaves-fed.freeiy}on-ants.aSSoéiated with
baﬁiggano;but ate few or none ef’the?mitee, epiders‘and
Collembola also occurring in the same cave, Further, while
studying 5 species of Anura, she found that certain species
devoured a much'narrower range of food items than others.
showing food preference. They may be due to predator
.habitat and - size group. Food habits of skipper frog pOpula-
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‘tion at Gauhati and Shillong do show that they are
dependent on available insect fauna, prey size and mobility
in the vicinity, though prey size has_not been thoroughly.
 worked out in the present investigation. Further, a food

. preference for insect larvae and Dipteran (25 1//)

" in Shlllong frog and Homepteran and Coleopteran in
.'Gauhati frog are recorded. McCann (1933) noted that._ggg |
cxanophlzctis secures prey from both ahove and below

water surface, During the present investigation, slow as
well as fast moving food items such as mites; dlpteran
larvae or flying ;nseets-weref;ecorded from its gut.

Saygage (1961);,Ashby‘(3969); Blagkith and Speight (1974)
reported that terrestial frogs comes to land for zeedzng.
Hamilton (1948); Tyler (1958) and Turner (1959) noted that
agnatic -frogs feed both on land and water preys. The use
of fore limb to. hasten the 1arge size mealiﬁside ‘the buccal
cavity was observed 1n the present investigation. Earlier
McCann (1933) has also reported the use of fore limb in
Rana cyanophlyctis, for swallowing large size prey; assisted
byvmuscﬁlar-ceﬁtraction thax‘pulls the eyélball.dewn into
thevroof gffthe:mouth;'giviag convulsiverink'

Frog eating small fishes and their developing
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stages is not a frequent phenomena, Schonberger (1945);
Korschgen and Baskett (1963)_andlBruggers (1972)fhave
recorded small quantity of £ish in the food items of frogs
dwelling in stream or other water bodies. In the present
investigation of fish fry and its developing stages formed
0.19% to 0.61% of food items in Gauhati and Shillong
populations of Rana cyanophlyctis. 'McCann,(1933) reported
similar 5ehaviour in the skipper-frog/tadpoleS'in Western
Indias

Cannibalic nature of anurans has been reported by
MeCann (1933); Munz (1920); Inger and Marx (196%1); Berry
and Bullock. (1962); Lewis (1962); McCoy (1969); Don Iulk
and Wnitaker. (1968); Berry (1970); Burger (1972) and
Clarke (9974). Cannibalism has been regorded in the present
work also. 640% of total annual food intake were pieces of
frogs/tadpoles etc whereas monthly analysis showed it to
be 10.10% in the food items analysed for March 1978, In
Shillong frog population, it was very low, 0.61% of the
total food consumed with a maximum of 0.97%. during May.
Khan (1973) noted cannibalism in,gggg tigrina, but discussed
that it devours fhosé ahuran forms which are less agile and

can be caught easily. In the present work high frequency
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ef cannibalism was observed at Gauhati site than at
sShillong site presumably because of restricted habitat
and availability of its different stages on a large scale,

(5) Seasonal changes and diet:

'Théréwaré number of reﬁdrté 6n diet vériations'in
arurans due to changes of seasons (Smith, 1951; Tﬁrnef!' |
?959;~Savage; 1961;lBerry;'19653 Itamics and'Késkéla,'197d;
Bruggers, 1972; Clarke, 1974; Blackith and Speight, 1974),
While working on the annual cycle of Rana tigrina Khan
(1973) obsér&éd-definite variation in feeding types during
its &4 annual phases ( pre-breeding, breeding, post-breeding
and hibernation) and correlated it with the changes in fauna
and climatic condiﬁions; He further mentioned that the
frogs consume larger smount of food material during pre and
post breedingﬁphases than during hibernating and breeding
phases,' ?hFignnual cycle of Rana cyanophlyctis does not
show well demarcated phases although on the basis of its
breéd;ngvpattarn its annual breeding cycle is divisible in
3 phases ( pre breeding, breeding and post breeding). These
frogs de net-hibernate'and are available in ponds throyghout
the year. The gut content analysis of male, female and
Juvenile for all the 12 months in a year showed the presence
of ﬁarious‘food'items indicating active feeding in the
pOpuiation all around the year. Ashby (1969), Savage (1§69),
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Blackith and Speight (197#) have reported Variatlon in
feeding. intensiﬁy of the explosive breeder__ggg,“eiiﬁ{ric

 during different morths. Khan (1973). reported ‘that in.

., _ggg»ti e;inaf"SOOn'after hibernatians.ahd with the Fise:

in atmospheric -tex;;p'era{ufé; it gtarts feeding actively,

and feeding activity ismaximumﬁn clear moon ni.g'ti-’éa@
However, on the;arrivalﬂdf.monsgon‘the;@gle s§ops_fee§ihg1
and divebts its concentration and energy on croaking, - The
female later stops feeding and gets prepared for crouchment.
Saon.after:ﬁhe:seXUal activities get over; the two sexes
restart eating ravenously till hibernation.. Berry (1965)

has -also recorded reduced feeding in Rana temporaria dquring

breeding phase and explained it as physiological and psyco-
logical preparation for its reproductive‘assignment; Rana
cyano ghlxctis has a prolonged breeding period (April to
October) and breeds with small clutch size (see chapter 6/7).
In the present investigation the feeding intensity does not
Yary much in different annual phases as ment;oned above for
explosive breeding type Rana tigrina and Rana temporaria..
A maximum feeding in Rana cyanophlyctis is observed during
‘summer night soon afteﬁ rain. The food intake‘ig‘relaxiqn,
4o SV lgngthvbas.been-obsarved to be high ;n_the'juveniles
ofvﬁggg,czanoghgzct;s,than 1n—édult_£EQgs. ‘Cia:ke (ro74)
ha$ made similar/obaer§at£on~in toads that food consumed

by juveniles is more thah at adult stages probably because
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of more energy demands for its growth, The juvenile
Rana oysnophlyctis feed ravemously all around the year
frgtreating only for a short duration during extremeAcold

.land hot pericd@,

Berry (1965) recorded thet feeding in anurans are
related %0 i‘ts ecological conditions. Khan (1943), Blackith
and Speigh* (197&), Koskela and Pasanen’ (1974) noted that
climatic factors like temperature, rainfall and humidity R
do play an important role 1n governing the food and feeding
of anurans. In the present 1nyest1gatlon correlation |
coefficient in the climatic and environmental condition’
with various=fbed types énd total food intake hes beeﬁ
found out (Table 4.9; b 1-6) As Rana cz"@ phlyctis 1s
active all the year round and has prolonged breedxng habit,
its food and feeding habits are not that much dependent on
climatic or envlmnmental co,ndltions. queve-r;, with .
.innreased rainfall anditemperetﬁreva signifieant increase
in total food oonsumptien hnas been observed, and the correla-
tion coexflcxent derived of food intake with temperature,
pH and rainfall ( r = O. 85, p.85; and 0.63 respectlvely)
were found signiflcant ? C O o1 . _A-high Mollusc popular
tion at the Gauhati study site has been observed ddring
rainy‘eeason; Their presehce in food items is statistically
signifieent (P ¢ 0.05) with high temperature; rainfall and
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humidity of rainy séason; At both the sites, a neutral
pH are reeggde¢ during rainy months when thé frogs
population are most active (see Chapter 3). Significant
correlation coefficient (P £ 0.03) was observed between
the total foo&‘items, insect as food items and arthropods
as food items with the pH of the water bodles atfthe‘tﬁo
sites. Blackith and Speight (1974) recorded. that the
relative abundance of different organism in the. gut of
frogs acts ipdependently‘éf,the ccological factofs,: dicta=
ting the relative abundance of these organisms in the
ecosystem« The food habits of ﬁggg_Qxaneghlxcﬁig]reflect:'
the presence of those food types in the ecosystem which it
eats corrcborating the fact that changes in diet are also

dependent on the seasonal variation..

Changes in Length and Weight of Gut and Gastro-somatic Indexs

DiscuSS;ng food types and inmtensity of feeding in
various types of toads of Ynited States, Clarke (1974)
records Wit might be expected that the range of suitable :
food items would be greater for larger toads and that théy
would thus consume a greater diversity of items. It might:
also be expected that females, because of the greater energy
demands, would differ from males in the diversity and amount
of ingested prey (Schoener, 1969) and the juveniles which
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are rapidly growing might similarly differ from adult
males", In the present investigation a relationship be-
tween the weight of different sexes and size groups of

, fnog with corresponding weight of the food consumed has
been calculated as gastro somatic index (Table 3). The
correlation between the gastro somatic index and weight;

and gastro somatic index and SV length both in males. and
females was found invariably insignificant *r* = 0.25 at

416 degree of freedom-), indigating that there is no corre-

_ lation'between the two. However; correlation coefficient
between gastro somatic index and weight of food items was
found significant at probability lebel ( P { 0.0%). Further,
gastro sbmafic;index varied in the same sex, size and weight
groups of the frog have presumably been due to its épportu-
nistic feeding behavicur. Clarke (1974) while working on
american toads and Blackith and Speight (1976) on Rana
Yemporaria derived simflar conclusion with Mann-Whitney

*U* test and alalysis.

 Juszezyk (1950, 1959, 1966) Juszczyk et al. (1966)
and Zamachowski (1970) noted marked changes in weight and
‘length of alimeqtry canal of the explosive breeding types
such as Rang esculanta and;gggg temporaria during their
annual cycles, Iﬁ the present investigation little varia-
tion was noted in the weight and length of alimentry canal
of Rana cyanophlyctis during different phases of the annual
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breeding cycle presumably because it has prolonged
breeding habits

So far as consumption of a disproportionately |
higher number of 1nvertebrates, predominantly 1nsects is
concerned it is likely taat through the consumption of these
animals the anurans exert further that poikilothenny is -
»advantageous to anuran as the frog metabolism and aotivity
'is-at lowest at the time of the year when prey is both less

| _ active and 1ess common ‘as also investigated in this work.

rative analysis at Gauhati and Shilleng sites:

Analysing the .gut contents of‘BQSp’gggeé from
different localities and environmmental conditioanerry g

(1965, 1970) recorded remarkable differences in the dieh
of toads from £wo population, Simixarly Blaokith and

5L

Spelght (1974) have. also Fecorded differences in diet
compositiopa-of gggg,—emgorargg:from different habitats in
the west.of,Ireland; In the present investigat;on.the,gut
‘content analYSisﬁdfjthe two frog populatiops“ehowethat.
the feédiggfihtensity (food intake in ml) and percentage

| of food items in Gauhati. and Shillong f_vrog‘s, has little

» variatiens; ‘Blackith and Speight (1974) remarked that. the

-fgbgwwill ingest‘almost.311~moving-opjeot.thatﬂapproaehes
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within fts reach and the list &f prey identified on the
gut content analysis indicates the availability and rela=-
tive mobility of the prey in the locality.
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SUMMARY

This chapter deals with gut content analysis,
percentage composition of various food 1téms and amount
of food intake thropgh annual breeding cycle of Rang
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 envirormen-
tal conditionss 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, Avachmida, 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
much variationsd The food volume which indicates the food
intake ranged from 0,49 ml to 2.25 ml, during different

months,!

The food content reflected the food abundance iq
the ecosystém, 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 0405) was estimated during summer rainy
period., The length and weight of alimentary canal did not
show mugh variation and gastro somatic index did not show
any significant correlation with SV length or weight of
the frog.'
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&% INTRODUCTION

Normal table qf development is a foﬁemost‘
necessity for embryological investigation of any speciles.
Agarwal‘and Niazi (1977) commented that they facilitate
exact determination qf specific stage(s) At which any
investigatidn is carried out, ﬁithout whiqh it is Very
difficult to properly evaluate.and varify the ;esults of
different investigations and meaningful conclusibns,

Among ver tebrates, amphibians have been found to
be convenient ma terial for analysis of development. Normsal
tables are now available for & number of amphibians and
many of these have been included in laboratory guides and
manuals (e.g. Hamburger, 1947; Rugh, 1962). Certain
recent laboratory manuals such as New (1966) and Billett
and Wild (1975) include normal table of Xenopus laevis

of Nieuwkoop and PFaber (1967) as it is used as a common

laboratory material in mahy wes tern laboratories. This

description has been based on external as well as internal

morphological changes.

Among snuran species available in India,

developmental tables have been prepared for Rana tigrina

by Agarwal and Niazi (1977), Rana limnocharis by Roy and



Khare (1978), Bufg anderoni by Satyalal and Niazi (1977)

and Rhacophorus nigropelmatus by Sahu (1981, unpublished).

Though Rana 4yanoph1yctis hal a very wide drstribution

(satyamurti, 1967) there is no complete normal table on
its development. The table by Ramaswami and Laksbman
(1959) described its development up to.tadpole etage only.
This‘table'inltbe breeent inieetigatioﬁ-ﬁas.been prepared
af ter induced breeding. While deeoribing the etages help
has’ been taken from Gosner (1960), Nieuwkoop and Faber
(1967) and Agarwal and Niazi (1978). Each new signifioent
morphological change .characterizes a new development stage.
The development from the time of fertilization' to the

time of metamophosed froglet stage has been divided into
40 distinct stages, 1 to 22 embryonic and 23 to 40 post-
embryonic. As this frog species is available throughout
Indian sub-continent this table can be profitably used in

laboratories all over the country.

~os . REVIEW OF LITERATURE

The knowledge of successive ontogenetic stages
in esnurans is considered a formost necessi ty, besic o
training of embryologist world over. Normal tables of

development have been described for a number of anuran
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Spebieé dividing~the;dé#élopment into stages, each based
on nbt&ble-mbrphologiCal change. Following are more
importaht-referenbes on .normal tables. Adlerf(1901).

‘described the complete development of Bufo vulgaris into

15 stages. Pollister and Moore (1937) explained. the

" development of Rana sylvatica, up to the development of
1imb bud in 25 stagess Sbumway‘(1340)‘deaqribed the

 development of Rana pipiené“into‘25 stages up to ‘the : |

complete opeculum stage of the tadpoli. In 1942, he refined
hiSVearlier descripti6n withAtbe-belp'of histoldgicél'
studies. Taylor and'Kollros.(1946) described the post-—
embrynic development of Rane pipiens larvae’ from Shumway
étage 25 onward and divided the larval stages into another
25 stages. Kopsch (1952) desocribed the development'of

Rana fusca, from fertilization to metamorphosis in 30

stages. During the same year. Del conte and Sirlin-

described the development of Bufo arenarum up to the
operculum complete stage tadpoles, in 25 stages. Michnecwska
. Predygier and Pigun; (1954) described the early developmental

stages of Rana temporaria, Bana terrestris, Rana esculanta

and Bufo bufo. Cambar and Marrot (1954) described the
development of Rana dalmatina into 54 stages up to

metamorphosis. Cambar and Gipoulous (1956) gave a chrono-
logical table of embryonic and larvel development of

Bufo bufo. In 1957 Gallien and Houillon deser ibed the
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development of Diecogloesus piotus into 32 stages till

the 1imb bud starts appearing. Cambar and Mertin (3959)
described the normal development table of Alztee :
obstetricans and: Tahara (1959) the development stege of

Rana iapomioa. In 1950 Gosner gave a simplified table for
etaglng‘anurane‘embryoe and larvae up to 46 stages with

notes on its identification., Knan (1965) has described

complete development of Bufo melanos#iotas into 43 stages,
Many developmental tables'bave been provided'for'Xenogus
laevie (Peter 1931- Gasche 1944; Bretscher 1949 and

Nieuwkoop and Faber 1957), of theee most exhaustive develop-

mental:taple for Xenopus laevis has been provided. by
Nieuwkoop and Faber (1957). They have divided complete
development of this species into 66 stages, baeed on

external ss well as internal ans tomical structures. Since,

Xenopus laevie_hae.proved to be very_favoureble exper imental
material in many_laboratoriee world over, these spages have
proved to be of great help in performimg various experimente
at different stages of development. In past two deoades-
many more developmental tablee have appeared e.g. Limbaugh

and Volpe (1957) on Bufo valliceps, Hing (1959) on Rana

chalconata, Jorquera and Iazquierdo (1964) on Rana chilena,

Sedra and Michael (1961) on Bufo regularis, Pugin and

Goicoechera (1974) on Rhinoderma darwani, Jorquera and

Pugin (1975) on Rana chilena and Anstis (1976) on the



development of larvae of Litona verreauxi.

Contributions on dévelopmént of frog Specieé
available in India are comparatively few. Ramaswami and

Lékshman‘(1959) gave a normal devélopmeht table of Rana

qianqﬁhlyctisf(without description) up to embryonic
(hatching) stage only, Agarwal and Niazi (1977) described

the normal development of Rana tigrina, up to the formation

of froglet in 55 stages. Roy and Khare (1978) have provided

a c‘oinpléte normal table of Rana limnpcharis ‘divi'ding its
development from fertilization to froglet stage in 32 stages.
Ambng Indian anuran speciés this being first description

of developmental stages formed after induced breeding.

&7% MATERIAL AND VE THODS

- The frogs were induced bred (for technique see
Chapter VI) and development was obéérved under stereoscopic
binocular miéroscope. Fertilization was confifméd by 1ét
cleavage:: Uhfertilized and abnorméllgmbryos were pefiodi—
célly removed. VClgavaging egg§ weﬁe plaéed-in crystailyziﬂg
disches, about 30 each in 200 ml of cuitﬁné medium. The
staging of tbe'embryos'and'larvae was based on the criteria

prescribed by other workers (such as Gosaner 1960; Nieuwkoop



and Faber, 1967; Agrawal and N_ié_zi 1977). At each stage
the embrjoe and larvee wefe'fiied in Bouin's fluid.During
embryonic'étage, jelly was removed before fixation. At
early stages the embryos wereirolled on paper with fine
foréép till jeily:was removed, at 1ater‘stages_it was easlly
removed by forceps"ﬁftgr’hatcbing,‘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 trough, -
partly'filled with stream water and set with hydrophy tes,
sloping sand base on one side and stones were kept to
provide amphibious environment for their me tamorphosis.
Diagrams were made with camera lueida and photomicfographs

were taken with Ashahi Pentex set up.

@E3  OBSERVATIONS

The eggs were stripped from the females injected
with pituitary extract and inseminated artificially in
freshly prepared sperm suspensibng‘ The'morphologcal.changes
were observed soon after fertilization. The fértilized
eggs were trgnsferred to stream water in a glass container

(pH 5340 - 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 completed in 68 days at 17°¢c - 23°C (room

temperaturé), 1t has been divided into 40 stages. Each

notable morphological change, characterises a new

developmental stage.

Stage 1..

Age O hr . Length 1.5 mm . Egg spherical in
shape. One cell stage before fertilization.

' . Pigmentation darker dorsally (upper side) than

Stage 2..

Stage 3.

vintrally (lower). The egg surrounded by thin

transparent vitelline'membrane,

Age 1 br 15 min - 1 br 45 min . Length 1.5 mm
"One cell stage” af ter fgrtilizat;on, spherical
in shape. Dark pigmented animal‘pple points
upwards and lightly piguented vegetal poles
downwerds. The jelly capsule swells. The lightly
plgmen ted grey q?esent can be notice@ at one side

between the animal and vegetal hemisphere.Fiq.5-!!

Age 1 br, 45 min - 2 br, 15 min . Length 1.5 mm

' "Dwo cell stage", A furrow originated at the

animal pple developing 1ntq two equa@}blastome:es,
formed by a meridional cleavage furrow. The grey

crescent is more pronounced. Fig. 5.1.2



Fig.' 5.1 ¢ Developmental stages of Rana cyanophlyctis from
stage % to stage 5.
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Stage 4. "Age 2 hr 15 min - 2 br 30 min . Length 1.5 mm

Stage 5.

Stage 69

Stage T,

"Four cellyétage“. The second cleavage‘furrow
extends meridionally, from animal pole to vegetal
pole at fight angle to the first, giving rise to

four blastomeres., Fvgq 513 and S 14

Age 2 br 30 min - 3 br . Length 1.5 mm "Eight
cell stage". The third Qieavage fu;rbw is>
longitudinélAand slightly above equator. The four
cell (micéomeres) at the animal hemisphere are

smalief and highly pigmented. The four larger cell

(macromeres) at the vegetal pole are less pigmented.

Feq - 5~l.-5’

Age 3 hr - 3 br 15 min . Length 1.5 mm "Sixteen
cell stage". The four micromeres and four macro-
meres divide by vertical cleavage furrows into

16 cells, 8 micromeres and 8 macromeres. Rg- 5%

Age 3 br 15 min - 3 br 30 min . Length 1.5 mm
"Thirty two cell stage" 32 blastomomeres are

formed by the division of 8 micromeres and 8

" macromereé,“Except in-thé»increase of the numbers

of blastomeres,.the external feature of the

embryo remains same &8s above stagee Fig- 517



Stage 8.

Stage 9.

Stage 10.
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.Age 3 hr 30 min - 4 hr 30 min.. Length 1.5 mm

"Sixty four cell $tage' or mid cleavage stage or
large cell blastula stage®™. The blastomgres on
the embryo looks 1ike a mulbérry7 Micromeres are
more in numbers  than macromeres, indiéating a
synchronous nature of division. The cleavage
furrow in the vegetal hﬁmisphere¢not sharp. The
distinction between the mieromgreé an& macromeres
due to gradual transition of cells from animal

to vegetal pole becomes more appa.::ent.!5'1'5'5"'8

Age~4 br 30 min -~ 8 br . Length 1.5 mm "Medium ‘
cell blastule stage", The blastomere cells
increase in number but become redpded in size.
There is no; chh distinction between micromeres

and macromeres, Fvq-5-!9

Age 8 hr - 11 hr 45 min o Length 1.5 mm “Mahy
cell or late cleavage stage" also called. "Fine
cell blastula stage". The cells become smaller
and smaller and the surface of embryo tegds to
become smooth. The size of émbryo gets some
what 1ncreaséd7 The distinétion between micro-
meres and macromeres vanishes gradually. The
darkly pigmented part of the animal pole
enchoaches over the area of medium pigment

across the equator to the vegetal hemisphere.

Saq. §-V\10



Fig.' 5.2 & Developmental stages of Rana cyanophlyctis from
stage (3 to stage 20 -
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Stage 11.

Stage 12.

Stage 13.

299

Age 11 br 45 min - 14 hr . Length 1.55 mm

"Initiallggstrula stage“.ﬂIt is marked by the
beginning of_invagination.in the middle of,

the future dorsel lip of blastopore. The dorsal
;ip‘appearglas;crescent_snapg, The unpigmented
zone of the yegetal.bemispbgre_gets fur ther
redu@ed'due,péAtbe con#inued migﬁation of fbe
Plgmented micromeres towards, the vegetal poles.
Fvg. 5.1 ‘

Age 14 hr - 24 br 30 min . Length 1.55 mm
"Blastopore or mid gestrula stage”. The crescent
_sbépe,\blastoPOre has been added by lateral lips

ag@ which is now,in_semicigcular ghapem Active

 gastulation is indicated by blastopore forma-

tion and continuous migration (1nvag;nation)
6f the blgstopore‘cells into the interior of
the embryp,_Ipe vagitel hemisphere greatly
reduces the exposed areayof_unpigmen#e@
macrpperésQ The semicircular blastopore yolky
ultimately gets into circuler stage. Fvq. S-1-1>
omd 5.1.13

Age 24 br 30 min - 29 br . Length 1.55 mm
*Yolk plug stage™. Blastopore closas<#entrallya
The uninvaginated macrémere surrounded by the
blastopgral 1ips protrude out a little end
coﬁstitute yolk plug. Yolk plug fairly large..
g &tk & 58




Stage 14..

Stage 15:

Stage 16,

Stage 17.
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Age 29 hr - 33 br . Length 1.55 mm "Disappearing
yolk plug stage®. Diameter of the blastopore'
bgcomes_reduced,py‘constriction; The size of
yolk.plug becomes-reduced though it is more
Su;rounding through blaétopoze than at previous
stage. Purther position of the neural plate and
grdpve becom¢ inaication by da;k.pigmented lines

extending from blastopore dorsally over,trg-s*l“f

Age 33 hr - 36 hr . Length 1.65 - 1.75 mm
”Neggal plate stagg", Neural_platglde;imited.
embryo bgcomes elongated anterio posteriorly.

The dorsal surface slightly flattened forming
neural (medullary) plate. With high pigmentation.
Frgq- 5114

Age 36 hr - 41 hr . Length 1375 - 2.10 mm

"Neural fold stage". The neural folds are
prominent on the edges of the neural plate. At
anterior region, the prominent neural fold extends
ventrally towards caudal region to surround the
small blastopore slit. Embryo looks pear shape.
~og. 5117

Age 41 br - 51 hr . Length 2:10 - 2:40 mm

"Neural grocove stage®. Embryo oblong in shape.

~The elevated neurallfolds grow towards each

other in anterior than in the posterior region



Stage 18,

Stage 19.

-pigmented conical protuberance, Fg. 5§.2°2%
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forming & shallow groove, - the neural or
medulla:y'grogvel Head and trunk region can be
distinguished. Lateral outline of the embryo

. .1 - an d 5.1-19
convex, ~s- 51 ’8.v< ; :

Age 51 hr'-‘60 hr .'Lepgth.2a4‘4.2.65 mm
"Neugal:tube stagQV; Embryo 1sggtﬁ increased
up to 2.65 mm. Néural folds completely fused to
form the neugalitube which stands out as a mid
dorsal ridge. Head and trunik diétin¢t1y demer -
cated, Blastopore closed completely. Two faintly
plgmented spots on the ventral side of the head

merks the rudiments of oral sucker. Fvg. 5.2-29 3 5-2-2)

Age 60 hr - 75 br . Length 2.65 - 2.9 mm
"fail and stage®. Tail bud prominent at the

poste;ior end of the embryo. The optic bulges on

- the head are some what posteriorly placed. The

bulges of gillvplates prom;nent on each side.
Anterior to the optic bulge a pigmented spot
marks the area of the future olfactory pit.

S tomodaeal groove preeent 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 & slightly
2 5"1\-2.3



Fig.' 5.3 t Developmental stages of Rana cyanophlyctis from
stage 2! to stage 25
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Stage 20.

Stage 21.

Stage 22.
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Age 75 br - 80 hr . Length 2.9 - 3.4 mm
"Muscular response stage". Distinct eye. Tail
bud enlarges. Small pigmented depressions in
front of each optic bulges mark the position
of Olfactory pit.'oral sucker prominent.

S tomodeal groove deeper and anterior fo'smali‘

pits. Myotomes are visible., Fug- §-2-2us 5225

Age 80 hr - 90 hr . Length 3.4 - 4.5 mm -

"Heart beat stage". Tail fin fohméfion clearly
dis tincte. Darsgl and ventral fins prominent.
Myotomes distinct and extends approximately half
the length of téil. Oral sucker' becomes more
prominent. The head and trunk cleérly separated.
Fug. S 3.2 omd 5-2.27

Age 90 bhr - 110 hr , Length 4.5 -~ 5.3 mm

"Gill circulation stage". Tail bud elongates
into distinct tail. The onterior part of the
stomodoeal<groove depends. Distinction between
Jew and gill area well marked. Opal sucker
enlarges. Eye spot clear. Tail fin are outer
transparent and inner translucent. Muscles with
hands can now be observed in the tail fins.
Broadest fin area behind middle of the cendal

half. The embryo hatches at the stagee. Fg.5-3-28

oo 5.3-29,



Stage 23.

Stage, 24

Stage 25.

Age 110 hr = 130 hr . Length 5.3 - 3.8 mm
PMqufh ofen stage“;.Mouth distinct,open and
consists of whitish break. Three _pairs of _
external gills well mar ked with fingers like
£11amen§s, Pigments visible at head trunk and
tail; Cornea transparégt égdlleﬁé,fiaible as -
white spot. A rudiment of skin fold visible

at the base of the external gills. Larvae show
swimming. Qccasiongl Jumps and mov?ments by

muscle contraction, in culture mediasf%$'54330

Age 2,3(5 br - 155 hr -"Leng.th'G.‘S - 8.0 mm
?T@i;-fin circulation stage". The head, eye,
ears, mouth and gills prominent. The epidermis
becomes transparent. Mouth opening Surroﬁnded
by upper and lower }abial frigges..ﬁlackish
brown kerqtodonts and orgl papillae visiblg iﬁ
the mouth. Upper folds develops over the gills
at each side. Tail has broad tail fins and

tail myotomes can be seen. Fwq- 533!

Age 155 bhr - 210 hr . Length 8.0 - 8.5 mm

“Oper cular fold_stége", G111 filaments thin

and transparent. Larvé; mouth.surroﬁnded by

pre gnd post oral labial fringgs. Larvel beaks
has black keratinized sheath with cutting edges.



Fig. 544 3 Developmental stages of Rana cyanophlyctis
from stage 25 to stage 2| |
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Transparency of the skin increases. Sumérous
melanophores at dorsal or latersl side of the

animal. The operculum groiws positively, Rq- 533>

Stage 26, Age 210 br - 2601pr;;*Lengtn 8.5 - 942 rim
ﬁRight_side operculum closed stage", The
operculun fused with anterior Belly skin on
the right side covering the external gills,
Gille &t the left side still visible éltbough
smaller in size. Oral sucker reduced. Mouth
structure more clear and shows dark brown‘horny

teeth on pre and post oral labial fringes.Fvq: 5:3'33

Stage 27. Age 260 br - 285 hr . Length 9.2 - 10.5 mm
"Cémplete‘operculum’stage"s'The operculum fused
with-the.SKin of anterio-ventral billey on both
sides. In small ventro lateral area, however, a
por tion of gills still visible, on the left
side through a ventro lateral e@ges of oper culum.
Oral suckers much reduced. Two coils of intes tine
visible through ventral skin. Todpole start
feeding on filaments algge. Demarcation between
head and trunk diSappeér, thus: embryo has only
trunk and tail. Eyes well developed and lens
with retina. Wwg4. 5§ 2-34



Stage 28. Agg‘285 hfa—-384_hr ..Length 105 .= 1845 mm

"Hind limb as long as wide stage®, -Hind - 1imb
‘buds as long as wide and appear at the groove
betweenAthe bése of tbe'tail and beily.
Elevatiqn of oral sucker disappeafs,vEye
prqminent~lateral,1ine<system present&Pigmepté—
tion distributed throughout the body surface
of the tadpoles Intestine has 4 — 4% collaw

Fuog 5""'35—.

Stage 29. Age 384 br - 576 br . Leagth 20,0 -.26.5 mm
"Foot paddle stage". Distal end of the hind
limb,bud becomes flattened medio-laterally=to

form a foot paddle. Hiﬁd'limb approximately

twice long as wide and extends beyond :the cloacal
opening. The ventral depression in the middlé

of hind limb delimits the proximal segments or
thigh gnd’it indicates the position of the

knee band. Intemtine shows 6 - 63 coils, =g -5 43X

Stage 30. Age 576 .br - 912 hr . Lengih 28 ~ 34.5 mm
| "Fourth interdigital indentation". The morgun
of the foot paddle indented between all four. -
toi}s, which are now separated from each other
Mclonophons patches visible on thigh, shank

ankle and foot region. The number of horn teeth



Fig. 5.5 3 Deve10pmentél' stages of Rana cyanophlyctis from
Stage 22 to stage 1> '
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Stage 31,

Stage 32.
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increases 'on_ pre and post 11ps. The margin of

the. 5th toe web directed towards the tip of

third toe. The distinct half of the hind 1limb

extgn@s beyond‘the opening of the cloacal tail
piece. %4 gj“'37 |

Age 912 br,f 1008 b;‘,lLength 345 ~ 44,0 mm
"Demarcation between -tarsal andlmetatarsal region",
Tarsal and_metata:galiregion;can be recognized
sepazatelyf A# éngle of 90° can be noted between
the‘tbighs,.Base‘of&the”cloacal piece narrbwer

than pneyious{stageg. WebS'wgll developed.and:_
hndividual phgrengeals recognizable externally.

Two ankles almost parallel to .each other. Rg-5- “-38

Age 1008 bhr ~ 1200 br . Length 45.0 - 58.0 mm,
WPhallanggal differentiation".‘Phallanges
phallangeal out gfowths distinct and can be made
out externally. The nasolaerineal duct visible
as a white 1ine-between the nostfil and eye.
Bases o:‘the two tb;gbs have come closer to each
other madially reducing ghe proximel part of the
clogqal fail pieoe to a narrow etrips Thigh
mekes acute engle with the shanke. M9 5§34



Stage 33.

S tage 34 °

Stage 35.

Stage 364

Age 1200 hr - 1392 hr . Leggth 58¢6 ~ 63.5 mm
WPelvio Symphysis".>3a§es_of_thé two thighs
ahmost fused with each other; madially indicating
the formation of pelvic symphysis, however, small
distal part of the‘cloacal tail plece remains
dorsallto~fhigs. Fog- §-6 47

Age 1392 hr - 1464 hr. Length 60,0~ 65.0 mm

"Fore limb visible". The fore limb visible through
tbe.tran8parent skin at the ventral side. Elbqws
found jutting against the body wall laterally.
Cloacal piece disappearing. Dissolution of the
skin bélow the left elbow begins and forms-a
window for subseéupnt emergence of the left fore

limbe. e - §. ¢ 40

Age 1464 hr - 1476 hr . Length 6560 = 63,0 mm
"One fore limb stage". Only one fore limb
emergess The left fore limb emerged first in the
three cases observed. It emerges through a window
formed by the enlargemenf.of the spirécuiar
openings Simul taneously fin resorption begings.
Intestine length reducess fvg. 5-6-%/

Age 1476 hr - 1482 br + Length approximately 60.0

mm "Two forelimb stage"sBoth fore limbs have now



Fig. 5.6 t Developmental stages of Rana cysnophlyctis from
stage >Yto stage U°






Stage 37.

Stage 38.

Stage 39.

238

emprged. The right fon 1limb emerges from the

window formed by the dissolution of the skin

‘below its elbow. Head broader than trunk,

Tadpole size reduces approximately 3 mm.

Intestine length further reduces and is smaller

 than stage 35. Rows of teeth and horny beak still

presents ¥Fog-5-6-4l

Age 1512’hr + Length 54.0 - 50.0 mm "Mouth gape
widening.‘iabial fringes disappeared and horny
teeth and’ beaks have been shed. Mouth gape
widegs, Small tongue.deﬁglopes,»Hiptitating
membrane'perceptible, Trunk:gets_na;rowe: than
tbé headf'Adult ty?eslpigmenfed patepes appear
on the body and limbs, Tail and the size of the

animal further gets reducing, ~g -  &-L-42

Age 1548 hr . Length 26,0 - 31.0 mm "Reduced
tail stage". Tail resorbed and reduced té about

$ of ite 1engtb; Dorsal fin either greatly reduced
or absent. Mouth gape widens. Snout assumes adult

form. Eyes prominent and buldging. 5 5 642

Age 1584 hr . Length 22,0 - 26,0 mm "Tail stub
stage”. Tail reduced to-a stub corner of the

mouth reaches the level of the posterior margin
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of the eye. General body shape like that of
adult. At this stage frogiets are observed often

_sitting on stones close to roater. ¥rg S &' 4%

Stage 40. Age 1632 hr . Length 22.0 - 18.0 mm “Froglet
stage", Fully me'tamorphosed fboglets. Tail
.complétely’dieappeg:s. Patches of pigments are
seen on the body surface like those of adults.
Me tamorphosed froglefslshows éll anuran
cﬁa;actgrs and are miniature image of'italt
épecies, without any external. distinguishable

sexual characters. ‘Yvg- S 6 45"

(=%, DISCUSSION

Generals: B

 McCann (1933)‘and Ramaswami and Lakshman (1959)
mentioned that Rena cyanophlyctis can breed throughout the
year, at suitable localities. During present study, Rana
czanopgxct1S'waé found active and available.ali around
_year at Shillong (1425 m.a.8.l.) as well és at Gaubati
(49.4 m.a.s.l.)s On the basis of the availabilify of large

number of females with uterine eggs. Ramaswami and

Lakshman (1959) reported that Rana cyanophlyctis breeds
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actively during egrlytﬁart‘of Augus t. Basgd on the
relative conditions .Zand.number of eggs in the ovary during
different months, its active b:eeding éppéaré £6 be during
monsoon season buf induced breeding can be successfully
achiéved ‘in this frog almost every ‘month from March till
October (see Chaﬁﬁér'VIi). | '

Duration of development:

The present developmental table of Rana cyanophlyctis

has been prepsred in the months of June, July and August

at room temperature from 17°C - 22°C. Its development from
fertilization to froglet sfageAwaa completed in 1632

hours. The chronological timing of development are

followings

Embryonic - 8-12 hr; gastrulation 14-24 br 30 min;
neurulation 51-60 hr; batching 90-110 hr.

Post—embryonic ~ Formation of external gplls:

110-140 br; Operculum fold stage: 155—210 hr; hind limb
stage: 260~ 285 br; five toes stage: 576-912 hr~ bind 1imb
enlarged stage/phallangeal differentiation stagez 1008-1 200
hr; large size active feeding tadpolez 139?—1464 hr; fore
limb stage: 1482 hr; and total disappearance of tail and

me tamorphosis to froglet:s 68 days i.e. 1632 hr,
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So far as hatching time is concerned Ramaswami and

Lakshman (1959) deseribed hatching of Rena cyanophlyctis

at 116 br of fertilization at 18°c - 20°C, Agarwsl and
Niazi (1977) reported 174 hr for Rana tigrina at 28%¢C -

32°C.‘ Roy and Khare (1978) reported 120 hr as hatching  time

for Rana limnocharis at |7 °c 21.6°C.. The same species from

Singapore hae been reported to hatch 24 nr after fertilization
at temperature 27°C - 29°C. Roy and Khare (1978) discussed

in the batching period of the frog at Sbillong and at
Singapore. They further disoussﬁthat high temperature
(26°C ~ 30°C) at which Agarwal and Niszi (1977) studied the

development of Rana tigrina is accountable fori*its fas ter

developmental rate during embryonie stages and elower
developmental rate at post embryonic stages. The hatching
period of'Rana‘cyanophlyctis at Shillong at 17 C to 21°C in

the present investigation and at Bangalore at 18°¢ - 20°%
as reported bj Ramaswami and Lakshman (1959) were noted to

be almost same,

N Aithougb in our laboratory, at Shillong, the'hatching
time of Rana czanophlzotis (in tba preaent 1nveetigation) and

Rana limnocbaris (Roy and Khare 1978) were obeerved to be

almost same, the duration the pOSt-hatcbing s tages and

metamophosis_were found to Eﬁ)Ver greatly. Rana limnocharis

(Roy and Khare 1978) completes its development and metamophosis
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on its 33rd to 36th day of fextilization but Rana

cyanophlyctis requires a pnelonged period of approximately
68 days. Earlier Taylor and Kallors reported 90 days for
the completion of metamorphosis in Rana pipiens ,

Nieuwkoop and Faber (1967) reported 58 days for Xenopus

laevis and Agarwal and Niazi (1977) 52 days for Rana'tigrina,
Though development appears temperature dependent inherént

genetic factors may also be operating in a species,

The growth though slow during embryogenesis

. becomes faster after hatching particularly after stage 27
(hind 1imb 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
me tamorphic 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 Rana cyanophlyctis forming the basis

for a new stage. Although the criteria followed'by
different authors are similar, yet there have been lot of
variation in the numbering of stages of different anurans.
Shumway's (1940) developmental table for embryonic and
Tglor and Kollras's (1946) developmental table for the

larval period of Rana piplens have been invariably used for

reference by many investigators and laboratory manuals.

(Humburger, 1960; Rugh, 1962; Witschi, 1953,1956,1962).
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Gosner (1960) proposed criteria for the staging of frog
embryos. Though tbeée criteria are immensly helpful but
sometimes it becomes difficult to rigidly stick to eny.

one of these'dua to differential developmental pattern of
different species and due .to 1nhe£;nt genetic variability.
Jorquera, Pugin and Goicoechea (1974) observed that embryonic

structures, stages and developmental time varied in the

different populetion of Rhionoderma darwini probably due .
to their adapfibility at different requirements and
conditioné of the sites. Among=all.normal.tabléé ava;laple
the developmental table of Xenopus lasevis descr ibed by .

Nieuwkoop and Faber (1967) is the most exhaustive. They
have followed external and internal morphological bbanges

as a criteria for staging, specially because Xenopus laevis

\has.been found to be one of the most suitable material for
the developmental studies in many western leboratories. In
the present investigation help'hae been taken from Gosner
(1960), Nieuwkoop ‘and Faber (1967), Agarwal and Niazi (1977)
and Roy and Khére'(i978). The ‘development has been divided

into 22 embfyonic and 18 post embryonic stages.

In the last, a wof@d cean be added on its habit.
(- *

It is an aquatic frog. Carr (1940) commented that for ﬁi)
A.ave

biological studies aquatic frogstroved to be ideal species
as they remain relaxed when held .in hand and hangs their
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limbs, rarely resorting to vigorous kick and contusive
behaviour, unlike terrestial anurans., Rana cyanophlyctis
being of handy size;, aquatic in nature, abuhdantly
available throughout the year in the Indian subcontinent,
.can be used as é convenient class room material for
development studies undef Indian conditionss It doesvnot
undergo hibernation. .It has prolonged breeding period.
Attempts can be made to use it as aquarium frog in the

laboratory.



* The present chapter déalazthe dgaqriptién 6£
normal table of,gggg czanoghl1qt1s quneidepj gThe o
development has been studied aftar,tnduéed bﬁegding. The
rearing of embryos aqd=larvae-has béen paxriéd on in fhe‘
laboratory in-tbe pond wéter ( Temp.. 17°¢ ;~21°C~; pH 6546 3
conduc tivity 19.2 x 10 midrhomos/ﬁm-; oxygen 8413 ppm).
Hatching occurs on.4th/5th day and metamorphosié into
froglet stage is completed on 68th day. The §faging of the
embryos has been based'on.major changes in the external
morphological features The entire development from fertilized
egg qgvtill me tamorphosis has bgen diviﬁed 1ntpf4Q 8 tages;
fertilizatidn stages 1-2 ; cleavage stages 3-9 ; gastrulation
stages 10-12 j neurulation stages 12-18 organogensis
stages 18-24 and post embryonic development stagesv2444OQ

Rana cyanophlyctis is a prolonged breeder and can be induced

to breed thrdﬁghéut the year under ideal conditionss



246

REFERENCES -

Adler,VW, 1901. Die. Entwicklung der aussesen Kbrperform

und des Mesoderms be ano vulgarie.

fInternatl. Monatschr. Anat. Physiol. 18:
19-410

Agarwal S.A. and I. A Niazi, 1977. Normal table of
' developmental stages of the Indian Bull

frog Rana_tigrina Dauds (Ranidae, Anura,

Amphibis). Proc. Nat. Acad. Sei. 47(B)11:
79-92,

Anstis,M. 1976. Breeding Biology and larval development .

of Litoria verreauxi (Anuras Hylidae)Irans.

R. Socs Auste 100(4): 193-202,

Billat,F.S. and A.E.Wild. 1975. Practical studies on animal

development, Chapmen and Hall London. .



247

Bretscher,A. 1949. Die..Hinterbeinen'wicklung von. Xenopus
laevis Daud - Und. ihre Bocinflussung durch,
Colchicin. Rev, Suisse Zool. 563 34-96. ‘

Cambar,R. and B.R.Marrot. 1954. Table. chronologique due -
. developpement de la grenonille agile (Rana
dolmatina Bon) Bull. Biol. EranéofBelg.
883 168—177. T

Cambar,R,. and J;D,Gipnuloux. 1956. Table chronoloqique du,
development embiyonnaire et lorvaire due
crapaud commun Bufo bufo L, Bull. biol, Fr.
Belg, 90s 198-217.

Cambar,R. and S.Martin. 1959, Table chronologique due
developpement embryonnaire et larvaire due.
crapand accoucheur. Alytes obstctricans Laur.)
Act. Soc. Linn. Bordeaux. 98: 1-20.

Carr,A.P.(Jr). 1940; A contribution to the herpetology of
Florida University, Florida, Fubl. Biole Soi.
Ser. (1): 1-118,,

Del Conte,E. and J.L.Sirlin. 1952. Pattern series of the
first embryonary stages in Bufo arenarum
Anat. Rec. 112: 125=135. ’

Eakin,R{M.‘19i6." Detérminatioh and regdlation of polarity'
in the retina of z 51113 Univ. California.
Publ. Zool. 513 PP '

Gallien,L. and Ch.Houillon. 1951. Table chronologique due
developpment chez Discoglossus pictus..
Bull. Biol. Franco - Belg. 853 373-375.




248

Gasche, P. 1944.. Beginn Und. Verlauf der Metamorpose bei
Xenopus laevis Daud., Fes tlegung Von
Umwadbingsstadion. Helvetica Pbysiol. et.
pha.rmacol. Acta. 2: 607-626. -

Gosnef;K,L; 1950; Asimplified table for staging Anuran
Embryos and larvae Witb notes on identification.
Herpetologiea. 163 183—190.

Gosner K. L. and I.H, Black. 1958. Notes. on larval toad 1o .
the. eastern United States with Special reference
~ to natural hybridization. Herpatologica, 143
133-140.

Ramburger,V. 1947, ,A'mgnuai of experimental embryology.
(2na impr.) Chicago Univ. Press.

Hing,L K. 1959. Tbe breeding habits and development of .
Rana ckhalconata (Schlag) Amphibia Treubisa.
250 890

Hock,L.S. and C. T Wen.i1970. Artifici&l breeding and early
development of the todpoles of Rana limnocharis
Boie. J. Singapore National Academy of Science.
2(2): 59-67.

Jorquera, B. and,L;Izquierdo. f964e Table¢ de: desarrollo
normal de calyptocephallellagayi (Rana chilena)
.Biologica (Santiago) 363 43-53,

Jorquera,B.Es Pugin and 0.Goicoechea. 1974. Tabla de
Desarrollo Normel de Rhinoderma darwini
(cencepeion) Bol. Soc. Biol. De. concepcion
Tome XLVIIIs 127-146.




249

Jorquérs,B. and E.Pugin. 1975.. Organogenesis de la Rana
chilena (Caliptocephallella candiverbera) .
Amphibia. Leptodactylidae. M.N.H.N.Publicacion
Ocasional 20s 3-29.

Khan,M.S. 1965.[ A norha1 tabIe of Bufo melanostictus
Schneider;'Biologia (Labhore) 113 1-39,

Kopscb F. 1952, . Dic. Intwicklung des braunén grasfrosches
Rana fusca Rossel. (dargestellt in der Art.
der Normentafeln. Zur., Entwicklungs gesohichte
der Wirbeltblere) Stuttgert.

Limbaugh,B.A, and E.P. Volpe. 1957. ZEarly development of
"~ the Gulf coast. toad, Bufo vallicaps wiegmann.

Mar tin,A.A.M.J.Little Jobn end P.A.Rawlinson. 1966. A key
to the Anuran eggs of the Melbourne Area. and
an addition to a Anuran Fauna. Vict. Nat. 83
313—315. | |

Miller,D.C. 1940. Normal teble of Rena pipiens ns. Proc.
Indiana. Acad. Sci. 495 209~214.

Micbneewska - Predygier Z and A.Pigun. 1957. Early developmenta
stages of Rana temporaria L., Rana terristris,
Rana escunlanta L., and Bufo bufo L. Studia.
Soc. Sci. Torun, 33 147-15T.

New D.A.T. 1966. The culture of vertebrate embyos 1o0gos.
London. .



250

Nieuwkoop,P D. and J. Faber. 1967. Normal table of Xenopus
laevie (Daudd) 2nd - editlon. North-Holland
Publlshing Company, Amsterdom.

Pete;,K, 1931. The development of the external features of
' Xenopus laevis based on the material collected
by the late E.J.Bales, Jour. Linn. boc. Zool.

Pollieter A W and J.e A Moore. 1937. Tables for the normal
~ development of Rana eylvatica."Anat, Rec.
583 489s . | |

Ramaswami L.S. and A B, Lakahman. 1959. The skipper frog
.as.a suitable embyologicel animal and an
account .of the action of mammalian harmones
on Spawning the same. Proc. nat; Inst. Sci,

India 25(B): 60-79. .

Rossi,A; 1959. Tavole ecronologiche dello'suiluppo emlrienale
e larvale del Bufo bufo (L.) Moniton Zool.
1tal.,66: 17 pp.

Roy,D. and M. K. Khare. 1978. Normal table . of aevelopment of:
Rana limnocbarie Weigman. Proc. Nat. Acad.
Scl. Indie 48(B) 13 551§.

Rugh,Rs 1951. The frogs its reproductien and development
Blackiston Co. 195@0 Experimental embyology
Burgen Publ. Co, |

Rugh,R. 1951. The frog, its reproduction and development
(Rana pipiens) Philadalphia. 1951.




201

Rugh,R. 1962. Experimental embyology, a manual of techniques
' "and procedures Burgess Publishing Co.
M1nneopoli (2nd editlon).

Satyemurti,s T. 1967. Sysfematic'teet of the south Indien
| amphibians represented in the collection of
the Madras uovernment luseumn. Hatura; History
Section. VII (2) Govt. Madras. Publ.

Satyapal, and I.A.Niazi. 1977.‘The.table~of normal
' development of the toad Bufo andersonii
Boulenger. Rajas than University Studies in
Zoologj Jaipur India.

Sedra,S.N. and M.I.Michael. 1961, Normal table of the
Egyptian toad Bufo regularis Reus . with an
eddendum on the standardisation of stages
considered in previous publications
ceskoslovenski Morf. 93 333-351.

Sibonle, R..1970. Table chronologique du developpement
embryonnaire et Larvaira due crappaud de
M&nretanic Bufo mauretanicus Schlegel. 1841.
& differentss—temparatures vie. Millien.
Ser. Ce 213 179-198,

Shumway,W. 1940. Stages in ithe normal development.of Rana
' pipiéns 1. External Form. Anat. Rec. 783
139-144.

Shumway,W. .- 1942. Stages in the normal development of Rana
pipiens 11. Identification of the stages from
sectional material. Anat. Rec.. 83: 309-315.



202

Taylor,A.C. and J.J.Kollros. 1946.. Stages in the normal
development of Rana pipiens larvae.
Anat. Rec. 94: 7-23.

Tahara,Y. 1959. Table of the normal development stages of
the frog Rana japonica 1. Early. development
(Stages 1~25) Jap. J. exp. Morph. 13s 49-60.
(Japanese with English summary).

Volpe,E.P. 1959, Thé,larval of the Oak toad Bufo quercicus
Holbrook. Tulane stud. Zool. 7(4)s 145-152,

Veisz,P.B. 1945. The normal stages in the development of
' the South.African clawed toad. Xenopus laevis
Anat. Rec. 93: 161-169,

Witschi,E. 1953. Proposals for an international agreement
on normal stages in.ver tebrate embryology XIV
Intern. Zool. Congr. Copenhagen: I.P.

Witschi,E. 1956. Standard stages of frog development Rana
pipiens . In: "Development of ver tebrates"
Philadelphia. W.B.Squnders 79-81.

Witsch,E. 1962. Equivalent numerical designations for
staging systems: amphibians and fishes
In: growth including reproduction and
merphological development (Ph.L.Altman and
Dor. S.Dottmer Eds) Washington,D.C.
Fed. of Am. Soc. fer. Exp. Biol. 272—273.



CHAPTrER 6

Experimental Breeding




7>% INTRODUGTION

In recent years induced breeding has been profitably
used for aquacul ture programmes. But ite standerdization is
an important prerequisite for any species. The role of
pituitary in the reproduction of vertebrates was first
understaad from the experiments of Aschheium and Zordek
(1927), when they 1nvést1gated that pituitér& 1mﬁlapts
accelerate sexual develobmént in mice (for details see
Allen, 1939 and Pickford and Atz, 1957). In the year 1929,
Wolf on Rana pipiens and Houssey et al. (1929) on Bufo
marinus, performed pioneering experiments demons trating
the induced ovulation in anurans by injecting or implanting
bhomoplastic pituitary glands. Subsequently, maﬁy bioldgista
such as, Adams (1931); Wills et al. (1933); Shapiro (1936);
Bellerby (1933); Rugh (1934, 1935a, b, 1939, 1962);

Creaser and Gorbman (1935); Gallian (1937)# Ramaswamy and
Lakshmaﬁ (1958, 1959); Wright (1945, 1950); ¥Wright and
Hisaw (1946); Wright and Flathers (1961); Nieuwkoop and
Faber (1967); Hock and Wen (1970); confirmed ovulation in
anurans by pituitary hormones and steriod injections. Bésed
on this principle certain biological companies in U.S.A.
(such as Carolina, Buriington NC and Tur tox Chicago) supply
pituitary kits for induced breeding in frogs.



While working on Rana tigrina, Rana hexadectyla

and Rana cyanophlyctis Ramaswamy and Lakshman (1959)

expressed concern -that in Indda techniques of induced
breediné;are not adeguateiy:deyeloped.and prescribed a
more favourable technique dsing_the-homopiaetieas.weil as
fish pituitaries, in combination with threshold dosage of

. mamalian hormones for inducedvovulation in these -species.
But even now induced breeding-isvnot conveniently practiced

in many Indian laboratories. -

| Rugh (1948) proposed that tbe pituitaries can be
stored in absolute ethyl alcohol without losing tbeir
potency. Use of preserve pituitaries is now a routine for
induced breeding in fishes (see Jhingran, 1975) Khare,
Roy and 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 frogs. The procedure followed in tbe present

investigation for Rana cyanophlyctie is baeed on tbe

combination of techniquee prescribed by Rugh (1934) Osche,
(3968)and Jhingran (1975} . According to this technique, &
. 8tock of anterior pituitaries of male and female frogs
- preferably of same speciles preeerved in absolute etbyl
alcohol is built up and a measured quentity of these
~pituitaries is used at the time of induced breeding

experiment. Rana cyanophlyctis has a prolonged breeding



period - March to October at Sbillong and still longer
at Gaubhati, This. chapter describes how these preeerved
: pituitaries are sucoessfully used for induced breeding of

this species under laboratory conditions.

_ Induced breeding\teobniqne ean'be used for
ekperimental breeding'of the animai'on*large scale. . As
gonado somatic’ index and fecundity may be helpful in'
experimental breeding programmes they have 6180 been

\included 1n the present cbapter.

'”7‘REVIEW OF LITERATURE

The concept of the use of pituitary injecbion_
for saeceesful spawning in frogs came up in 1929 bhrough
the work of Wolf on Eggg pipiens and Houaeay.gi al. on
ano marinuea ‘The following year 1930, Honseay demonstra_

ted spawning by pituitaries in fishes also. Wolf (1929)
.observed that.continuous transplantation of a’pituitary

for 3 - 4 successive days.in female Rana pipiens either
lead to ovulation or gorging of egg in uterusfn He also
experimented and found that the transylantation of brain
or neural tiseue had noleffect on gonads or epawning.
Wills et al. (1933) observed that toad can be induced
ovulated by fish pituitaries. Rugh (1934, 1935)



‘demonstrated that injection of homoplastic pituitary glads
directly in‘the abdominal cavity breuéht about amplexes

and o%r"ulatiqn. The egg thus obtained were artificially
meemmaté'd‘. With the help of Homoplastic and Heteroplastic
pituitaries, Rugh (1935) successfully induced ovulation in

Rana clami tans, Rana catesbeina, Rana palustrietand Befq

floweri during different months and noted that the dosage
of pitultaries varied during different months, He also
noted that the pituitary of Eufo floweri'wae-smallest in -

size and least potent for other Speeies and that of Rana

catesbeiana was largest and strongly effective in other

species. He further demonetrated-that extract of mamalian
anterior pituitary (sheep gland and antuirlan - 5 from
urine of ‘pregnant individuals are effective in all species

of frogs. % Rugb (1934) used meshed pituitary

extract in dietilled water or. 10% ethyl alcohol for
induction of gvulation in anurans, and observed that
homogenate enhanced pituitary action by 300-400%. He .
observed thaf hypophysectomizat;on in frog showed of gonads
but on injecting 1ts,own-pituitapy later enhanced some . |
gonadel.maturation and ovuletion, 4While eoncludipg he

also mentioned that the degree to which ovaries, are emptied
depends upon the temperature. Subsequently he 1nveetigated
the breeding behevieur of different_sgecies of frogs found
in Nor th America, and statedetbat anuran eggs and larvae

can be obtained in all months of a jear. Rugh (1935)
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fur ther observed thatvinter end intra-specific amplexes
can be achieved in frogs, but not among frogs. and toads.
He believed that the warts and poisonous ekin of toad had
. been the plansible reason for the failure of amplexes..
Rugh in the yeer 1939 described in detail the technique of
' obtaining anuran eggs by anterior petuitary during breeding
‘period of frogs(for details of tecbnique see Rugh, 1962).
| Landgrebi and Pusser (1941) described the .technique of
breeding Xenogue'inllaboratory, ln‘l942; Robinson and.
.Hill made some‘modifioation'in the injection technique
proposed by Rugh (1934), for euoeessful induced ovulation

of Rana pigiens in the laboratoryvconditions, Adams and -

Granger (1938) showed that Triturus viridesoens~pituitary

induces ovulation in Rana pipiens and,felt that there was

no zoological specificity of gonads stimulating hormones."

Creaser and Gorbman (1939) recorded that f£ish
pituitaries are capable of 8pawning prawn. Further,
Wills, Riley and Stubb (1933); Stroganor and Alpatov (1951),
and Picford and Atz (1957) and Chaudhuri (1960, 1963)
have also repor ted that spawning in fiebes can be indueed
by frog‘pituitariee:‘ In the year T94é,40reaser}acbieved
ovulation in Rana pipiens by bird pituitary preparation.‘

On placing the ovaries "in vitro" in the cul tural medium
having pituitary hormones. Wrights (1945) demons trated
growth and maturation of ova. 1In the year 1950, he

demons trated that the length of the exposure of ovaries in
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cul tural medium bhaving pituitary hormones leads to
"iglvitro" ovulation. Barr and HObsoh"(1967)'fegulated '

dosage of ' the gonodotrbphin'injectioﬁ”iﬁ Xenopus laevis

'so as to obtain desirable number of egg. They also
_formulated‘almethod‘fOr the estimation of numbers of egg °
laid by any species. Alonso-Bedata and Serrano (1970)

described a technique for experimental ‘ovulation and

fertilization in Rana ridibqﬁda'énd notéd~that keeping
femalelof'the species at room témperatﬁ:effbr iarger period
detéfioratesAﬁhe ovaries and qiulatiqn capabilities. Hook
and Wen (1970) demonstrated artificial breeding in Rana
liﬁnocbasié fpllowing‘Rugh's technique and described its

eérlj:dévélopment up to tgdpole~étaggs, ' Though' there is
no'20016gica1 specificity, earlier worker, Barth (1933);
Creaser and Grobman (ﬂ935); Rugh (1933, 1935) mentioned
that sheep or other cattle pituitaries extract and/or
pr‘e_gnar_lt_mare gserum and/qr 'humaz; pg_eggancx uxfi?ne anu
chorionic gonodotropin do not induce ovulation in mature

Rena pipiens. But subsequently many workers_hgvelSpccessfully

induced ovulation using hetréplgstic pitu;ta;ies'ingluding
‘mammalian pituitaries and various gonodotropic steriods,

such as Rugh (1935) in Bufo floweri and Rana cgtesbéiang;

Creaser end Grobmen (1935) in Hyla gurea; Ballerby (1933)
in Cunnigham and Smart (1934) and Ga;lian‘(1937) in Rena
temporaria and Shapino (1933), Shapiro and Zwarqpstein

(1939) in Xenopus laevis. Wright and Hisaw (1946) in
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ovulating Rana pipiéens With_ajmixtu;e made up of mammalian

pituitary and gonodotropincusteriods. .In the year 1961
Wright and Fleather .observed that injection of homoplastic
anterior pituitary gland in'combination. with progesterone

compels complete ovulation‘in‘Rane pipiens.

Contribution on 1nduced breeding on frog speclies
available in India are relatively few. Ramaswamy and
Lakshman (1958 1959) presented injection of homoplastic
pituitaries in combination with threshold mammalian hormones

for successful induced breeding in Rana ;tigrina, Rana

hexadactyla and Rana czanophlgctis.' They also noted that

pituitary collected from females,haying regressed ovaries
showed‘indifferent'resnlt and.the frog.freshly collectedA
give better result then those s tored forté to 10 days.
Fur ther they mentioned that by altering the dosage the
ovulation could also be achieved during winter month in

Rana cyanophlvctis as gravid females could be procured

throughout the year.

Gangadhara and Ramiah (1968) observed that .
Bypophysec tomy end'ovariectomy in Rana cyanophlyctis
resulted in the atrophy of theloviduct aqd.deoreese in
alkaline phosphate,ectivitiesrA Methallibure a non sterioid
pituitary inhibitor reduced the oviducal alkaline phosphate
activity. Further, starvation destroyed the mature

follicle in the ovary and caused depletion of ovarian
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cholestrol and oviducal alksaline pb08phate activity.
Hence they concluded that repfoduc@ion in female skipper
frog is under hormonal and nutritional control as in
memmals. ‘Kasinath and Basu (1977) investigated that
différént dosage of stertid had significant role on

spermatogensis of the frog Rana hexadactyla.

Gopalkrishnan and Rajasekharsetty (1977) observed

that Rana cyanophlyctis is a unique frog which maintains
the gravity of ovary round the year. However, its activé
breeding*season 16 recorded to be a prolonged. one extending
from July till the end of September in South India. Further
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”throﬁgh the
oviduct causing spawning. They also noted that pituitary
homogenate induces spawning better than steroids. While
the steroids acts as en effective agent for oocyte

ma turation (Roy, 1979) induced ovulated Rana limnocharis

at Shillong under iaboratory'conditions using homoplastioc
and heteroplastic pifuitaries 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 hybernating phase. During
later months the frogs act indifferently due to spent



ovaries. Hence she has recommended April and May for

successful induce ovulation in Rana,iimndchanis of Shillong.

The dosage calculation and preservation of tbe
pituitaries have been attempted by . tbe biologiets world
over. Strogonov and Alpatov (1951) prepqsed frog unit as
the udit quantity of'goaadotrobih.taat weuid-bring about .
appearance of sperm in cloaca of 50% of male frogs and
toads and/or that exhibit mature spermatozoa in their |
spermduct. However, this -technique was not found suitable
due to indifferent behaviour in anuran‘pepdlafIOn during
differant months and from different ecological conditions.
Jhingran (1975) mentioned that this has been the reason
for not deriving“any‘chemical etandardizatidn'of pituitary

gonadotropin which insures successful spawning -in animals.

~ Alikunhi et al. (1960); Choudhuri (1960, 1963)
described'preservatiQAS of fish pituitary in_alcohol and
acetone ahd eeserved that such pituitarj retaid_ite pofency
hence cen be conveniently used later when and where required.
Ibtabim and Cboudhuri (1966) devised a technique for '
'preservation of pitultary extract Ln glycerine and there
by previding radymade suspension fer induce ovulation in
animals. The technique, however, wae found to Be not so
effective as its potency deminishes after the sdorage of
9 to 61 days (see Jhingran, 1975). |
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G omodo SO_Moj‘w s nelex

Body length and its relationship witb gonadial
condition/weight have little been worked out amongs t

| anuran. Liu (1950) estimated the number of egg masses and

clutcbes size in Amolqgs chunganesis per ovulation per

female and noted that an average female of 54 O mm lays

an approximately 2180 ova. Among temperate Ranids,
Terentjev (1960) developed relationsbip between clutch

size and tbe size of female and noted a 1inear relationsbip

that can be expressed by a linear expression :
log F = =1.7428 + 2.1670 log L
where' F = Fecundity, L = SV length of female in cm

Inger and Greenberg (1966) and Inger end Bacon
(1968) derived relationship between body length andlclutcbes
sizes among.temperate snuran and 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 show similar
annual seasonal and behavioural pattern throughout the
year. Moreover the changes in their seasonal pattern
can be known by Kruskal Wallis analysis (Seigel, 1956).
Schrocder (1974) derived correlations of weight and size
of tistis with the body size of msle Rana catesé%ana,

throughout its reproductive cycle, to find out the period
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for its active breeding. Koskala and Pasanen (1975)

derived correlation cbefficient and‘regieseion1equations

in Rana tempéra;ia among following stucturess

Bqdyllength‘and~wéight.of ovary
Y = 0,01766 X + 1,28563
(P 0,001 s N = 18)

Body length and weight of oviduct

Y = 0.02954 X + 0.64478
(r= 0.912; P 0.001;§=29)

Body length and numbers of egg

Y = 33,394 X -1480,498

He.noted that volﬁmerpf spawn size and numbers of
eggs are dependable on the size of femgle andAobserved that
female of SVL 78.0 mm would produce 13.5 - 14.0 gm of
spawn comprising ab@ut 1369 eggs of size 2.07 mm containing
about 1.0 mg of magnesium $ 0.2 mg of zine and 0.04 gn of

Copper.
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{3, MATERIAL AND METHODS

¥

qulectidn of frog:

N

The specimens.of Réna‘qyanéphlyctis-collected

both at Gauhati and Shillong were used for induced breeding
~experiments. It ﬁas easier tb'get ma ture frog:more
abundantly at Gauhati than at Shillong (see Chapter III

and Fig. 3.3). "The frdgs~ffom'Gaubéti‘were transpor ted

to the laboratory in 5 and 10 litre plastic jar half-
filled with pond water and covered with perferated 1id or
cheese éloth. It was observed that over crowing, more

than 15 frogs in small and more than 30 in large contalner,
resulted in some mortality. ,Ibg pond water was replenished
thrice during 101 km journey from Gauhatl to Shillong,

by draining out about 2/3 of water at a time.

At the laboratory they wefe maintained in large
glass aquaria (13" x 18" x 18") covered with win mesh 1id
(Pig.Ct‘4). The aqueria were filled up to 6" pond water
and were set with steep sand base at one side,;and 8 tones
to maintain amphibious environment, Algae and aquatic
plants were placed in the aquarium. Insects and ear thworms
were given to the frogs as food. . Diseased frog, specially
those with red leg disease (Mohanty-Hymedi, 1974), were

removed periodically, as soon as such symptom was first
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obServed. The water of the aquarium was replenisbed at
weekly intervals and temperature was maintained at

approximately 20°C.by electric bulb,

Removal of pituitariesz

The frogs were pithed 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 followss

- Head with upper jaws were cut transversely behind
the angle of Jaw and placed upside-down, in amphibian
ringer solution, if experiments are to be performed with.
freShjbituitaries, otherwise in absolute ethyl alcohol. .
The parasphenoid bones were cleared and with a tip of fine
8cissors inserted in foramen magnum, the parasphenoid were
cut longitudiually along its lateral edges and deflected
gently, teking ea.r'e every time not to injure uuderlying
organs. The pituitary is located behind optic cbiasma,
‘as a transﬁerged kidney shaped pinkish structure surrounded
by some endolymphatic tissue (Fige6'5 ). The pituitaries
were carefully removed and placed in‘ampbibian ringer |

solution or absolute ethyl alcohol, as the case may be.



Fig, 644 $ Maintenance of frog in the laboratory
condition (Aquarium) before experimental
breeding.

645 s Position of pitultary.
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Preparation of pituitaries homogenate and injection technigue:

Mature healthy female (SVL 5.8 cm weight more
than 25.0 gm) with enlarged abdomen were selected for
experiment and placed sépafately in 2 litre clean and
sterilized corning beakers, with some pond water. Required
amount of pituitaries were homogenized in 0.5 ml distilled
water in a sterilized crucible or glass homogenizer and
fbe homogenate was injected with sterilized 2.0 ml
hypodermic syrige fitted with number 21 needle in the
dorsal femoral lymph sac of the frog (Fig.tL). The
needle was withdramn slowly using cotton swab dipped in
70% alcohol, with a finger tip and at the point of
injection to prevent loss of injected bomOgénate from the
lymph sac. The injected females were replaced in the
beaker, ( Fa-6'7)

Stripping of ova and fertilization:

The stripping was attempted about 20 hours of the
injection. The frog was held in left hand and gentle
pressure and backward movement ﬁas 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 macergting 4
testis of mature males in 200 ml of pond water in finger

bowls. The sperm suspension was checked under microscope
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‘and as soon &s the sperms regain tbe,mobi1ity, eggs fronm
the tested femele'were stfipped into the sperm suspension.
First cleavage was taken as the test for the suocessful
fertilization. ’ A ‘ o

Pecundity and_ gonado eomatio index:
For fecundity estimations, both. ovaries, of the
frogs; collected and preserved during different mon ths
were taken out, washed and blotted on the £ilter: papers
to remove the excessive moisture. Extraneous, tissues were
removed from éach ovary under binocular microscope. The
volume of the ovaries was measured with the belp of measuring
cylinder, througb water diSplacement tecbnique. Thereaf ter
the ovaries were divided into four aliquots and numbers of
ova in each were counted, to £find out ‘the ‘total numbers of
ova in the ovaries of each frog. Numbers ofiesgs.in the
ovaries of each frog and its total length/weight were.
plotted to prepare scatter graph and regression was worked
out to find out the fecundity. Similarly, with the
help of scatter diagram and regression equation the
relationship between the SV length and weight of the
ova has also been calculated. Terentjét'e (1960) emperical
formula for the calculation of fecundity has also been
‘applied on its log 'n' and 1log ‘'e' bases.

The gonado-sometic index for each frog nes been
calculated as:

: Weight of ova. o
Gonado-soma tic Index = ~yorors—FFrog £ 100
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- ({x) EXPERIMENTS AND RESULTS

" In 1977, some pilot experiments ﬁefe performed .
‘to find out the approximate dosage (see Table 6,1), in
which, 3 - 8 pituitaries were homogenated in 0.5.ml.
distilled water and were administered in the frogs weighing
from 29. SO g to 32.50 g (SV length 5 85 cm ~ 6.10 om)
It was observed tbat a doage of about 0 08 mg/g weight of
the female caused successful induction of ovulation and

spawning.

Subsequently it was confirmed that females
having SV length 5.8 cm or abo#e and weightJmAre than -
5.0 g responds to pituitary injeétion and ofbers do not.
A general observations) was that less agile fepales with
enlarged aﬁdomen and while at rest keeping hinq limbs
extended widely, show better response to pituitary injection

than others.

Based on the preliminary findings, following

experiments were petformed:

1) Experiments with fresh bomoplastic pituitaries.

2) Experiments with homoplastic pituitaries
_ preserved in absolute ethyl alcohol.

3) Experiments with homoplastic pituitaries
' preserved for one to two years.



Table $.1

Pilot experiments to calculate the dosage of’ homoplastic pituitaries for induced
ovulation in Rana cyanophlvctis .

‘ f;éf‘;g:?ry Volume_ Condition o

' Exp. _Injeotion _ B P1tui tary welgnt of , Of .~ of femsle - Stripplag — Bumber
 No. ﬁE?%‘“‘fTIEE " Pe  Fex Rumber Weight fnjedted” in egted SV Weight Tate TIMe o toined
. G = femalechig/g 3 em K 4
1, 8.6.77  11.30 21.5 M 4 0.0126 o.as 0.5 5.45 23,40 - - -

i 846,77 12,00 215 P 3 0.0148 o"os oo 5.85 29.50 = - -
1, 8.6.77  12.20 21.5 F 4 0.0204 0. Qé“; .. "o 6410 32.10 - - -

1, 8.6.77 12.4021.5 F 6  0.0313 0.0 5.90 31420  9.6.77 6.00 193

1, B8.6.77 16.40 21.5 F 8 0.0431 0.15 " 6405 32.20  9.6.77 6.40 79
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4) Experiments with heteroplastic pituitaries.

5) Experiments with homoplastic pituitaries
collected from immediately dead frogs.

6) Experiments to see induction' of ovulation
: second. times

Experiments with fresb homoplastic pituitaries.

°

o The female frogs of SV length varying from 5. 80 cm
to 6 20 cm and weight 26 OO gn-~ 32. 90 &, were 1njected
W}tp tpe‘pomogenate’made‘up of 5 to B freshly collected
bomoplastic_males and'female pituitariee, of the weight
varying from 0.0296 gm to 0.15 gm ‘-d‘uring_'June_‘, and July
mcntbe, at laberatofy temperature varying between 20.89%
to 21.5°C. The data has been compiled in Table §.2

_ On the next day, after a lapse of 14 24 hours
stripping were actieved in all tbe experiments frogs. The
number of ova released varied from 23 to 196 in different
experiments;’ It was noted that male and female freshly
collected homoplastic pituitaries are capabie of inducing
ovulation in frogs and a dosage of 0.1 mg/gm body weight

leads to successful spawning during rainy season.

Experiments wi th homoglastic pituitaries freshly preserved

in absolute ethyl alcohol.

The female frogs having SV length 4.9 cm to 6.2 cn
and weight between 11:70 gm and 32:00 were injected with



Table $.2

Experimental breeding witb fresh pituitaries in Rana cyanophlyctis

Pituitary Volume Condition

| .
b L o c ... weight/ .,  of" o , Number
| Expe _Injection %:E. . Pituitagz - Weight’of homogena te 3: female ' Stripping of ova
. Nos  Date e Pe Tex Number Weight female injected SVL Weight Date Time - obtained
o o °c ... . . e  frog mg/gm ml om  gm T ,,
(20 2146477 19410 21,5 F 5 0.0%84 0.1 0.5 j6 10 31 .00 22.6.77 12,10 78
*2, '21.3.77 20,00 21.5 F 6  0.0391 0o 0.5 6420 32 70 22.6;77f.v9;00 -
*2, 6.7.78 11,00 20,8 F 6  0.0343 . 0.1 0.5 6:10 32.90 7.1.78 g.10 176
*2a 6.7.78 11,30 20.8 F 5  0.,0386 0415 045 5,80 26,00 7.7.78 10,20 171
*2, ﬁ551Q78 14410 21,2 F 5 . 0.0361 . 0e1 045 6+20 32,60 1647+ 78' 10.40 196
2, 15.7.7¢8 14,25 21.2 M 8  0.0298 0.1 0.5 5.85 30.00 16.7.78 13.00 67

vy

* Frogs subjected to homoplastic injection for second time.
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the bomogenafe made up of 3 to 8 male and female preserved
'homoplaetic éituitaries’oflthe Weight‘verying'fhom 0.0138

to 0.0397 gm, du:innguly‘at an app:oximately;21}0°0 to
22;090 laboratory femperetube, The dosage of pituitary
homogenate of approximately 0.1 mg/gm body weight were
successful to induce ovulate the mature‘frog.l The data

‘bas been tabulated in Teb;e $.6. Out of the six

experiments berfermed Exp. No.6, ; beaﬁd 6¢ were successful,

whereas experiments No.76°; 64 and Gé wére unsuccessful.

These results indicate that Rana cyanophlyctis of size
" group 5.9 cm and above and weight 30,0 gm and above,
could be induced breed upon freshly preserved homoplastic

pituitaries.

Experiments with homoplastic pituitaries preserved for
one yvear in absolute ethyl alcohol:

. These seriee of experiments were performed during
June and July (Laboratory temperature 21.5 - 22. 59¢C). with
bomoplastlc pituitaries preserved for one year in absoluts
ethyl alcobol. It was observed thet the pituitaries of

Rana cyanophlyctis remain potent in absolute ethyl alcohol

for one year. The pituitary dosage .of 0.1 mg/em weight
of the female were found to be effective. The data has

been compiled in Table 6;7. It is fur ther noted that

the skipper frog having SV length 5.8 cm in length and



Table §.6

Experiments performed witb the freshly preserved homoplastic
pituitariea in Rana qyanophlyctis

""" T 'Pituitary Volume '--‘VConditiou of

| . welght/ of © female . Stripping g?mgig
Expe _Injection Atm . Pituitary. - weight of bomogenate .SVL Weight Date Time obtained
No. ate  Time- Tem. Sex Number %eIgEE female injeoted o S T
N p P . -
| o gm frog mg/gm ml =~  cm gm
C S
6a 21.7.77 16,00 22.0 P 5 0.0296 0.09 065 5490 30,00 22.7.T7 12,30 79
6b 21777 16,30 22,0 F 6 0.0309 0.1 0.5 6.10 32.00 22.7.77 11.00 28
6e 2107677 16445 22,0 M 5 0.0138 0.1 0.5 4,90 11,70 224777 - -
6d 21.7.77 17.10 22.0 F 3 0.0148 0.1 0e5 5¢20. 15650 22.Te77T -~ ‘“”
6e 217677 17,35 22.0 M 8 0.0338 = 0415 0.5 5060 20450 224777 - - |
6 21.7.,77 18,00 22,0 M = 8 0.0397 0.1 0e5 6620 31,90 22.7.77 12.10 112




Table (.7

Experiments of induced breeding with homoplastic pituitaries préserved
for one year in Rane cyanophlyctis .

 (Pitu1tar1es preservéd-on 19;6.7i)

Pituitary — '
olume Condition of
I : - weigbt/ of female Stripping N%mber
njection Atm. Pituitary weight of | enate o - ol ova
Date me Temp. ex Number eig female in e%ted“ SVL Weight Date Time obtain-
¢ ‘ frog - 1jec : ‘ ed
. m__ me/em ml_____om  gm
166,78 17.00 21.5 F 7 0.0313 0.1 0e5 . 6400 29420 17.6.78 15.10 66
16.6.78 17.20 21.5 P 6 0.0288 0.1 045 5.80 28,00 17.6.78 15.30 47
10.7.78 18,00 22.5 M&F. 6 0.0294 Oe1 ' 065 | "6¢25 29.10 11.,7.78 18,10 209
10778 18415 22,5 M. 8 0.0312  "0.15 0.5 5455 22,20 - - -

10,778 18.40 22.5 M 8  0.0301 0.15 045 5410 22440 - - =
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29.20 gm in weight have only responded to one year
preeerved pituitariee, the experimente;Ta and 7e (eee-
. Table 6,7) were found uneuceessful, due to immeturelsize

and under weight of the experimental frogs.

Experiments ‘with bomqplasticepituitariee preserved for
two _years in absolute ethyl alcohals

The present series of experiments were performed
in the mon thse. of May and June 1979 (laboratory temperature
20 6-22 0°C) with the pituitaries of Rana cyanophlyctis
preeerved 'in absolute ethyl alcohol since July 1977 ( two
yeers). During preeeryetion_the por tion of absolute
ethyl'a100501 evaporated was replaced by fresh one. The
required dosage of such pituitaries were homogenised in
0.5 ml glass distilled water and injected in the dorsal

\ lymp sac of tbe femele ergSt lihe data has been compiled
in Table §.8. It was observed that the pituitaries
preserved }n.abeolute etby; elcobel retained ite'poteeoy
for a minimum of 2 years and act aelefficientl& as fresh
or one year'eld preserved pituitaries,l in th;e series,
all the six experimente were found successful. The |

- dosages during tee experiments was observed varying

between 0.08 mg/gm to 0.09 mg/gm weight of the female.



Table. $.8

Experimental breeding with homoplastic pituitaries preserved
for two years,in.Rana,cyanqgh;yotis

(Pituitaries preserved on 8.5.77)

| ‘. o f;éf;;,ﬁ?‘y Volune Condition =~ Number
Exp. _Injeotion _ Atm.’ 2ituitary welght of homogenate OF female Stripping — of ov8 &
No. ate " " Time Temp. ©Sex . Number: Weight female.. . injected _SVL Weight Date  Time

g gm frog mg/gm ml cm gm S

8, 19.5.79 17.30 22.0 M 8 0.0316 0,09 0.5 6.30 34,40 20.5.79 9.00 ° 167 =
8y 19.5.79 17.50 22.0 M 9 0.0343 0.1 0s5 6420 33435 20.5.79 11.30 269
8, 19.5.79. 18.10 22,0 P 6 0.0309 0409 045 5695 32,00 20.5.79 12,20 = 121
8y 19.5.79 18.25 22.0 F 6 0.0314 0.1 0.5 6.15 32,16 20.5.79 9.40 197
8, 19.6.79° 18.00 20.6 M&F 7 . 0.032 0,09 0.5 6425 34.60 5.6.79 10,30 345

8, 4.6,79 19.10 20.6 MF 6 0.0268 0.09 O,S 5.30 23.80 5.6.79 9410 205




Experiments wlth tke belp_of preserved homoglastic
pitul taries in different months:

Induoed breeing was<attempted in Rana cyagqphlxctis

for'14"éontinuous méntbs, from June 1977 to Julj 1978.
In all the 43 experiments performed, the preserved
homoplas tic pituitaries‘were used. Daté has been compiled

in Table 6.9¢  The observation made are as followss. .

1. Induction of ovulation was achieved in the
frogs having a measurement SV length 5.8 cm
or over and weigbt 25.0 gm and over. Female
frogs smaller in size and weight did not
respand to pituitary injection.

2. A dosage of o.os - 0,2 mg/gm weight of the
female was found effective'to achieve |
ovulation in Rana cyanophlyctis. A slightly
increased dosage of 0.15 mg/gm - 0.2 mg/em
was found to be effective during March/April
and September/October months (Pre 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 [33).

3. Although the frogs could be induced ovulated
in each.month from March till October, but
the amounts of egg lald ovulated were found
varying in different months. The maximum
numbers of 667 ova were achieved in the frog
from May month and minimum of 27 ova from the
frog in March month. The frogs collected and
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Sxperimental breeding {n danu cyunophl ctis with Ehe help af
homoplastic pltuitaries during every month from

June 1977 111l Auuat 1478

Pitultary Volune . Condition
Egp. 1nfec . Ata, Pituitar :::ggzlﬁ hozgseﬂ“" o,f {'e!{nalfz ’ Sll'lw\r.\s :‘;ngi
No. Tate {ne  Temp. mm female  injected SVL #elght Dute Tiae |\ .0yoq0q
o am frog ma/gm ml 41 &L ’
1. W%,6.77 16,30 21.5 F 6 0.0331 6.2 - 0.5  sa0 om0 - - -
2. 20111 13.10 22,8 P 5 0.0296 0.1 5.0 30.00 22.7.77 15.30. 79
e P 130 228 w1 0.0309 0.1 " 6.0 32.00 22.7.77.1245' 28
;. 21.7.1T1 13.55 22.e ™ 4 . 0.0138 0.1 "o 4.90 11.70 - - -
5. 21.7.77 14.20 2%.4 K 5 - 0.0148 0.1 " 5.20 15.50 - =0 -
6. 2.7.77 1445 230 P T 5 0.0338 0.5 . 5.60 20.50 - - -
T. .87 12,30 254 ? 1 0.0425 0.2 " 5.40 19.70 - - -
8, 14.8.77 13.10 234 P 7 0.0412 0.2 - . 5.55 21.70 o~ - -
9. 14.8.7T .00 B4 W B 0.0312 015 v 5.35 17.50 - - -
0. 14.8.77 .30 g w 8 0.0432  0.15 . 5.85 27.50 15.8.77 17.10 .29
11, 8.9.77 16.20 22.0 P 5 0.0310-  0.15 . 5.45 20.60 - - -
12, 8.9.77 16.40 22.0 M & 0.0260 0.1 . '5.75 26.00 - - -
13, 8,9:77 17.10 22.0 F 7 0.0430 Q.15 " 5.80 26,00 9.3.77 13.30 65
14, 8.9.77 17.3% 22.0 @ 5 0.0382 0.t L 6.05 29.50 9.9.77 12.45 32
15, 4.10.77 10.40 21.5 P 7 0.0406  0.15 » 5.85 27.80 .5.1097 12.10 29
15, 4.10.77 11,10 21.5 8 0.0316 0.2 L 5.25 15.00 - - K -
7. 4.10.77 11,35 215 8 0.0%4  0.15 . 5.80 26.50 - - -
18, 4.10.77 12.10 21.5 8 0.0386 0.1 " 6.00 23.70 - - -
19, 11,1177 10:40 - 18e@e—mp——5-' ~0.0316 0.1 " 5.90 28.40 - - -
POttt 4a I 14,00 18,2 § 5 0.0338  0.15 . 5.50 21.60 - - -
21, 18,1277 12,10 17.8 ¢ 6 0.0356  -0.1 " " 630 29.90 - - -
22. 18,1277 17.30..17.8 _ ¥ . 7 0.0297 0.1 " 5.75 26.35 - - -
SR 1AT8 1130 2 ¥ 6§  0.0342  0.v~ . 5.80 28.60 - - -
24, 7.1.78 11.55 15.2. M 7 0.0237 0.3 " 5.45 20.65 .- - -
2. 9.2.78 10.40 6.8 p 5 0.0284 0.1 " 5.60 24.60  ~ - -
2. 9.2.78 11.20 16.8 P 6 0.0311  0.15 " 5.30 20.35 - - -
27. 9.2.78 11,40 16.8 P 5 - 0.0278 0.1 " 5.55 2¢.70 - - -
28. 19.3.78 10.40 18.0 M 6 0.0212  0.09 " 5.95 30.20 20.3.78 16.10- 34
29. 19.3.78 11.10 18.0 P 6 0.0370 0.1 . 5.90 28.50 20.3.78 16.40 27
30, 19.3.78 11.30 1.0 p 5 0.0341  0.15 . " 5.30 20.40 - - -
31. 14.4.78 10.20 18,7 P 6 0.0314 0.1 L 5.90 27.40 15.4.78 12.30 82
32. M.4.78 10.50 8.7 F 8  0.0544 0.2 " 6.05 29,10 15.4.78 10.45 32
3%.. 3.5.78 12.10 18.8 P 6 0.0322 0.1 . 5.85 26.10 4.5.78 14.15 4T
3. 3.5.78 12.40 18.8 @ 8 0.0601 0.2 . 6.05 29.00 - - -
35. 12.5.76 12,15 20,4 M 7 . 0.0338 0.1 " 6.15 3350 - - -
36, 12,5.78 12.30 20.4 P 7 0.0398 0.1 . 6.40 34.50 12.5.78 10.20 27)
37. 12.5.78 13.00 20.4 N 7 0.0261 0,08 S 6.20 29.50 12.5.78 11.10 181
38. 19.5.78 13,40 19.6 A 6 0.0261  0.08 e 5.90 28.60 20.5.78 9.10 667 -
39+ 19.5.78 14,10 19,6 M 6 0.0251 0.09 . . 5.90 26.90 20.5.78 17.30 133
40, 6.6.78 15.30 21.7 P 3 0.0358 0.1 . 6.10 32,70 7.6.78 9.45 170
41, 6.6.78 16.05 21.7 P 6 0.0312  o.1 . 5.95 27.40 7.6.78 10.05 120
42. 16.6.78 15,10 2.9 14 ] 0.0313. 0.1 hd - 6.00 29.20 17.6.78 10.40 66 .
43, 16.6.78 15.40 2.9 X 7 0.0289 0.1 » | 5.80 25.00 17.6.78 11.55 47
44, 10.7.78 14.70 20.8 X 7 0.029¢ 0.1 . .20 23.C0 11.7.78 14.15 209
45. 10.7.78 15.05 20.8 M 8 0.0312  0.15 K 5.55 22.20 - - -
46. 10.7.78 15,%0 20.8 v 5 0.0301 0.15 " 5.60 25.40 - - R
A7, 4.7.18 10.3%0 2.1 ¥ 7 0.0262  ©.1 . 5.1 23.80 15.7.76 12.30 31
8. 14.1.78 11,05 221 ¥ 5 0.0M5 Q.1 S PR R P - -
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'induccd breed dﬁring May and June months were
the best in obtaining number of ova and the
percentage of success 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, , No ovulation could be achieved during winter
months from 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 fbr a week, and then were subJected to
induced breeding. Out of 5 frogs only one
(serial No. A?) could ovulate with a poor spawn
of 31, Hence, it can be concluded that the
fnogc stored for over one week without proper
feeding in the 1aborgtory cannct be induced
ovulated, |

Experiments with heteroplastic pituitaries of Rana limnocharis:

This series of experiments, were performed with

freshly collected and absolute ethyl alcohol preserved



|
l

{
1

4
|

” : Atm;“ - ﬁiﬁgﬁﬁi‘y YQ%?@9HMA. céﬁdifiéﬁ Strioping  Number
Tor Tatritas T Ser Werber WeTZT injooteq nomogenate %wfILfngiZ;ltéﬁf T pp‘ﬂ'}%ﬁé of ova_
 Bo. . - Tim vox  THmbER NE BN remale mg/g injected . o= TECERE RS EHS obteined
4, 28.5.77 9.00 2.4 F 9 0.0219 0.1 0.5 5.50 20.8 - - -
4, 28I5.77 9.30 21:4 P 12 - 0:0219  Of " 5.80 26.6 29.5.77 12,20 98
40 28:5:T7 9+55 21.4 F 7 0.,0186 0,08 . " 5.40 22.4 = - = <
o 2-6.78 9,30 20.8 M 14  0.0305  0.09 o 6.25 32,0 3.6.77 11.45 100
_ 2.6.78 9.30 20.8 M 15  0.0335  0.08 " 6.40 40.0 3.6.77 12,30 109
4, 2.6.78 9.30 208 M 13 0.0295  0.08 " 6.35 35,0 ' 3.6.77 14:30 88
4, 26178 9.30 208 WF 13 0.0431  0u1 " | 6.60 40.0 3.6.77 16,20 36
4,  2.6.78 9.30 28,7 MWF 9 0.0388 0.1 " 6.30 38.0 3.6.77 14.05 43
4, 14.6.77 205  20.6 F 19 0.0865 0.2 . 6.45 41,0 - - -
4,  14.6.77 20.5 F 13 0.0783 0.3 " 5.30 21.5 - - -

Experimental bréeding in Rana czanophizc‘tié with "the help of heteroplastic pituitaries
A of Rana limnocharis

Table §.4

20.6
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pituitariea Qf Rana limnocharis. Data has beén compiled

in Table $.4. It was observed that a dosage of 0.1 mg/gm
to 0.15 mg/gnweight of the females of Rena cyanophyctis
were fpund effecfive to achieve ovulation in the frogs.

In the experimental frogs 6.4i and 6.'4J did not respond

to ovulation and died. The failuré is attributed to
higher dosage of pituitary injéction. However, in the
above series of experiments a minimum of 36 ova and a
meximum of 109 ova (see Exp. No.@A and 6'4 of Table 6 4)

were procured,

- Experiments of induce ovulations with the homoplastic
pituitaries collected from dead Rana cyanophlyctis .

In the present series of experiments the pituitaries
collected from the frogs (male and female) died for 12
bours to 18 hours were homogenated and injected with 0.5 ml
of distilled water. _The data has been compiled and
presented in Table G.3. 4 out of such 6 experiments
performed were found successful. It was observed that 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.



Experiments of induced breeding in Rana
pituitaries collected from the frog died 4 to

Table §.3

cyanophlyctis witb the help of homoplastic

? % b

efore of experimentation

: - Pituitary Volume i R

. Atm, s A weight/ ‘of © ' Condition Strippi Number

' Expe Injection Temp. Pituitar% welght of homogena te ef female , LPPINg ¢ gva

' No. Date” Time - - Sex Number Weight injected = injected elg Date Time obtained

°c g female mg/g cm g ,

3 24.5.78 18.40 20.4 M 6 0.0235 0.09 045 5.80 30,50 - = - -
3b 24.5.78 19.10 20.4 M N 0.0299 01 " 5.35 22.80 - - -

;' 3'd 6.6.78 15.45 19.8 P 4 0.0198 0.07 " 6.15 29.40 7.6.78 11.30 120
3f 10.6.78 14.00 21.6 P 7 0.0199 0.07 " 5.70 26,00 11.6.67 11.30 147
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Experiments of induce. ovulations in the frogs which
has already ovulated once: .

v

The frogs which has already 6vu}.’ated.witb the: .
belp.”o'f momoplastic fresh pitultaries, once (Table G.2)
- have been sgbjected to' the "experimeﬁ‘tal breeding' for the
se‘é‘qnd time, with the help ’of .;;J‘reserve\d homoplastic
pituitaries. The data of the experiments have been compiled
end presented in Table §.5. Only the asterisk marked
exp'eriméntal' frogs (Table 6 +2) which haée‘ once ovhlate.d"'
with the help of fresh homoplastic g;tuitarigé extract
were found to be reovuiafing with preserved Homoplastic
pituitary extract, end it is noted that the frog No.é.ab
which ovulated 29 ova on 22.6.1977 r'e—ovu_lé.teq- 100 ova
on 25 .-7.6."1977 (see.Exp.vfrog N;a..'é.ASIV)). The eiperimental
frog Nos 2 (Table 6.2) which ovulated 176 ova on 7.7.1978,
‘on 'iriductionire-ovul‘a'ted 68 6va.on 9.7.1978 (see Exp.
frog No. Sc); the experimental frog Ng.'- 24 (Tabie'(f'.z)“
‘which -ovulated 71 ova on 7.7.1978 induction re;-ovulated
49 ova on 9.7.1978 (s€ée Bxp. frog Nb.'(]'.Sd) and finally
eXpérimental frog No. 2 (Table §.2) which ovulated 196 ova
on 16.7.1978 on induction _re-—o,vuiated 72 ova on 18.7.1978
(see Exp. fr'og No. 6.‘58'). Hence, it cen be concluded
that the frogs, that has already .induced 'b:éd once can
‘be induced to breed for the second time, with a short

gap for second injection.




Table G5

already induced once

Experiments of induced breeding in Rena cyanophlyctis for the second time, that has

| S —— ' PR o "
ggpQ Di%eQQ?%iﬁe g:ﬁ;;" SeX"thberag%eiéhfr ggg%EEZéf héggééﬁate’ ggnggééigb'. 3§:§1p9;:ie 'ggmgsg
) . o - g female mg/g indected om gg ‘ ne obta}ned
5, 23.6:77 18.10 20 0:0329‘ 0.1, 0;5 6;20 32;70- 24;6;77 18.40 100
5, 2326477 17420 20° 0;0337 0.1 " 6. 20 31;00 R
50 18;7}78 13.10 20}6 o;é3i3 o;1t " 6;10 32;96 19.7.78 5}10. 58
54 18,7,78 1;;40 20.6 0;9261 0;10 n 5,50' 25;56' ié:7;?é 12.%o' 4§’
56 1747478 14;30 19;2 0;0298-' o;oé“ " 6;20 32;60 18;3;78 19.50 72
%? 1T.7.78 20,40 1942 0.0267 o;oé J 5.85 29.85 18.7.78 = -
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Gonado sometic 1ndex:

The Gonado somatic 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 cm to 7.15 cm and 18,17 gn to 49.02 gm
respectively (Table §.10).

‘The graph plotted between SV length versus weight
of ova (Table §.10; Pig. 6.2 ) showed a linear.rélation-

ship and is expressed as:

wherp

Y & X - represent variables,

X & Y represent weight of ova
and SV length respectively.

‘'m'& ¢ - constants of the equation.

The relationship between weight of ova and SV
. length of frog has been calculated,applying the sum of

least square me thod and was noted as followss

log W, = =4.506 + 64369 log L =
: (See'Fig.6.2 )
where

W, = weight of ova

Ly

SV length of frog



Fig.: 6.1 (4)
642 (B) |

Relationship between Body weight of
female Rana cyanophlyctis and
gonadosomatic index,

Relationship between ova weight of
female Rana cyanophlyctis and

gonado somatic index

Relationship between SV length of
female and gonadosomatic index.
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Table 6.10

Relationship of SV length and weight of frog ‘with number, weight
- of ova and gonado somatic index in Rana cxanoghlxctis

0 V A o ‘
: — —— ; - . Gonado
Body's : Weight = _Number , , :
Length 'nggbf Measured Calculatéa By~ By Térentjev -equation ~iﬁ§2;10
_ counts regression $1 et 1
cm . &m . gnm gm equation &V 198 o8&,
—— : . _derived

. 5.45 18417 1.6291 1.7119 - 1262: 1159 6900 - 713 8.9649
5.70  22.96 30121 2, 2856 1846 1522 7604 - 786 13,1205
6.10 24,35 3.4355 3.5343 1955 2300 8088e 910 14.1088

6410 28,10 22871 3.5343 1531 2300 8088 , 310 8,1390
6,50  36.82 5¢2712  5.3198 4118 3386 10108 1042 14,3138
6.55 37045 57211 5.5873 4236 3548 10277 1061 15.4228
6460 33,92 644286 5¢8667 3366 3716 10448 1079 - 18,9522
6+60 33.96 642982 7.1138 3921 3716 10448 1079 1845437
6475 36494 6.2516 6.7842 3985 4260 10931 . 1133 1609236
6.75  34.16 748954 647842 5197 4260 10931 1133 23,1072
6.80 37045 T.1418 . 7.1138 4187 4456 11147 1157 19,0702
6.80 3717 647456 71138 4231 4456 11147 1157 1841483
6.85 . 46.08 869653 744593 4745 4659 11325 1167 19.4540
6+95 35443 8.5835 8.1884 5580 5089 .. 11686 1207 24,2263
6.95 38436 - 8.0763  8.,1884 5275 5089 11686t 1207 21.0530

7,00 ' 38.96  8,1263 845743 5561 5316 -~ 11869 1226 © 20.8542
T.05 45.63 ! - 9.1762 = B.9764 4982 5551 12054 1245 20.1081
705 47.271 - 849985 8.9764 6695 5551 12054 1245 19,0345
T.15 43,53 8+1276 9.8265 4465 6048 12427 1283 18.66993
7415

49,02 11.5879 9.8265 5808 6048 12427 1283 23.6374




The'weight of- ‘each frog has been calculated in
relation to its SV length with the help of above derived
relationship. The frog of SV length measuring Te 15 cm
showed maximum weight of ovary 9 8265 gn and the frog,

. with SV length 5. 45 cm showed minimum weight of ovary .
1,7119: gmn (Table 6.19),: qowever? the weight of ova
measured through aliQuots Showea- the minimum ovary weight
(1 6291 gm) female frog of SV length 5045 cm.end maximum
ovary weight(11 5879 gm) in female frog of SV length
Te 15 cm: The correlation coefficient drived between SV
length and weight of ovary was ‘found O. 9581 (Fig. G.2 )
highly significant at 1% and 5% levels.

“Table 6.10 also show the comparison between the
measured and calculated weight of ova (see'Fig."6,3 ) and
measured and calculated members of ova (See.Fié,6.3 e
The comparison reveals littlelvarietion in observed ané
calculated values. The scatter diagram plotted be tween
gonado somatic index, and the body weight of the frogsj
gonedo somatic index and oVary‘weight of the frog and
gonado somatic index and snont vent length of the frog
have been best expressed by linear regression (Fig.(§.1
A,B,C)s The correlation coefficient between gonado somatic
index and body weight; gonado somatic index and, ovary
weight and gonado somatic index and snout-vent length of
female frogs have also been calculated and were found to

be 0470503 049092 and 0:8431, respectively.



Fecunditgz

-~ .The. graph plotted between log of SV.length and
log, numbers of ova, female frogs (Table 6,10) showed a

linear rélatiohsb;p and can be expressed by the formulas

Y_A=. mX + ¢

where

Y& X

i

represent variables
namely ova number and
SVL respectively.

mé&c = equétibn cons tants

The relationship between fecundity and SV-length -
of the frog has been found out applying the sum of least

square,method,f:om~the‘above linear expressions

log F = -1.4169 + 6,0851 log L

where

P = number of eggs in thousand

o | L = SV length in cm

The fecundity in each frog has been calculated

with the help of the above equation. A maximum number of



Figq_6é3 ¢ Correlation coefficient and relationship

between weight of frog and number of ova.
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6048 eggs Were caléﬁlated from the frog of SV length |

T+15 cm and minimum of 1159 eggs from the frog of SV length
5.45 cm (Table 6 10). Howevg:, the fecundi ty noted

through gravimetric method showed the minimim count of |
1262 eggs from the frog of SV length and weighf of 5.45 cm
and 18,17 gm reépeotively andimakimum 6695 count af 7.65 cm
and 47.27 g#lpeﬂpectiir‘ely (Tabl.e '6.10), The cobrelation
coefficient between the two variates length and fecundity
was found to be 0.9432 (Fig. §.24) and was significant at
1%‘and.5% level of confidence. -

The greph plotted between weight of ové 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 betweeh
' @,and'

the weight of ova ocalculated w—‘ =
number of ova ('r = 0.9180) and was also fquhd to be

significant at 1% and 5% probability level.

Terent;]ev 8 (1960) emperical equation for the
calculation of fecundity and clutch size for temperate
,frogs, bas also begn applied at‘loge and logn bases in
Rana cyanophlyctis. The fecundity observed by gravimetric
measufements, calculation by derived linear regression
formula and by Terentjev's equétions at loge and logn

bases have been tabulated and cdmpared' in the Table 67.10,



Fig.

642 ()
642 (B)
642 (C)

6./23(D)

K.

Linear relationship and regression equations

between SV length and number of ova of Rana
cxanqghlxctis. o '

Regression equation, and linear relationship '
between sV length and weight of ova of Rana
x phlxtis.

Regression equation drawn at logS)in accor=
dance to Terentgev s formula at given SVL of

Rana cy ghlxctigd

i Regression equation drawn at log, in accor=-

dance to Terentjev's formula at given SVL of

Rana cyanophlyctis. |
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and Fig.7.2 C and D. " It is noted that fecundity

calculated throughiTefentje%'s'éqﬁation.does not hold

good for Rgna.qyandbhlyctiS’ana:Qéries greatly with the
fecundity calculdted by linear regnessibﬁ and gravimetric
me thod..

¥y DISCUSSION

Induced breéding by pituitary injeofion‘is'ndw
a routiné procedure in many 1ab6rgtoriesfall over the
world. ﬁversince, Ascheium and Zordek'demonstration'that
pifuitafy implant ephances sexual defelopment in mice

(Allen, 1939) and Wolfs (1929) experiment- that pituitary

glands cause induction of ovulation in Rana pipiens,
different techniques have been evolved for induced breeding
(see Rugh, 1962; Nieuwkoop and Faber, 1967; Jhingren,1975).
Nieuwkoop and Faber (1967) and Roy (1379) respectively
described detailed technique of induce ovulation in

Xenopus laevis and Rana 1imnocbar1s, following Rugh (1962)

technique. The experiments in the present investigation
on the induced breeding of Rana cyanophlyctis has been
followed in accordance to the technique prescribed by
Nieuwkoop and Faber (1967) and Roy (1979). Though Rugh
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(1962) prescribed use of fresh pituitary, he did mention
that pituitaries preserved 1n'ethaooltcan be used for
this purpose.A.HoweverglRoghls_(1962).technique wee'found
to be somewhat cumbersome. as in'everyzset of experiment
one has to collect a number of frogs7decapitate some of
them to collect required numbers of pituitaries,and then
inject it along with some distilled water in the abdomen

of the experimental femals.

In fishes acefoﬁe presersed'pituitaries are used
(Alikunhi et als, 1960; Choudhuri 1960, 1963\and Ibrahih
and quudhuri, 1966), but in frogs pituitaries preserved
in absolute ethyl alcohol yield suocessful results. It is
difficult to explain sucb 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 repor ted earlier (Roy 1979;
Khare, Roy and Kumar, 1981) the use of frog pituitaries
preserved in absolute ethyl alcohol was found very
convenient as they can be effeotively used even after 2-3

years of preservation. This investigatioh reveal that 3

(1) The frog can be induced breed for eight
continuous months, namely March, April, May,
June, July, August, September and October.

(2) The frog of-miniﬁum meesdrements'of SV length
5.8 cm and weight 25,0 gm is required for
successful induced spawning.



(3) The pituitary dosege of approximately. 0.08.
- mg/g body weight. for fully mature and slightly
_for somewhat immature female frogs can be
'effectively used for induced ovulation.

- (4)  The number of ova obtained by induced'breeding
.during rainy Season are more, maximum being
667, than at the beginning or end of rainy
~season, minimum being 24,

(5) At cold weather of Shillong induction of
ovulation ococurs in 20 to 24 hours.

' (6) The pituitaries preserved 'in absolute ethyl
' alcohol remain equally potent for over two
- years as fresh -ones.

(7)  The frogs kept in ceptivity for a larger
duration show more failure and indifferent
.results than those freshly collected.

(8) The frogs do not show zoological specificity
-+ and can be induced bred by heteroplastic
pituitaries.

(9) The pituitaries of dying or.just dead frogs
‘ . also maintain their potency.

A large number of frog in the tropical regions
are repor ted to breed throughout the year (see Chruch,

1960 a,b; Zeller, 1960; Inger and Greenberg, 1963; Berry,
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1964; Inger and Baoéon,_1968; Brown and Alcala, 1970;
aﬁd'menm‘an, 1970). Berk (1930); Eragg (1950 end
Ballinsky (1969) have repor ted that many tropical anurans
breed 1n:tbe nature at any timeiéf tbe'jegr aAdAat places
were temperature and reinfall are sufficienfly high.
McCann (1933) and Ramaswamni and Lakshman (1959) mentioned
that the aduatic frog, Rana ciaﬁoéhlchié is capable of
breeding throdghout the year‘if suitable conditions are
provided to them. Thus in the present ihvestigétion’
induced bféédihg:of Rana czanoghigctié:was‘attempted every
mon th from Januaryfto December, énd successful response
was recorded from March to October. The failure of breeding
durihngoveﬁber, Dedemﬁer, Janﬁary and February may be

attributed to very low atmospheric temperature (Fige 1e2¢3 )

Heusser. (1961); Gunther (1969); Smith (1969);
Wahl (1969) and Van Gelder and Hoedemackers (1971) repor ted
that in warmér'regions, a population of frogs, abdding in

permanent water bodies, may have several short period of

peak breeding activity. Rana cyanophlyctis seems to belong
to the same categoryy and has prologged breeding season

at Shillong, which coincide with the rainy months.

The failure to achieve induced spawning in Rana

cyanophlyctis weighing less than 5.8 cm and 25.0 gm, is
attributed to its immature age having small immature oocyte

which are not competent to respond to the gonadotropin
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stimulus as also repor ted earlier by Schuetz (1969),
Evennett and Thornton (1971, Gangadbara and Ramiah .

‘(1968)'observed'thet starvation in the Rana cyanophlyctis

destroyed the mature follicle in the ovary. 'Jorgensen '
(1976) noted degeneration of non-ovulated egg rapidly due
to starvation. Failure‘in'the induced'ovulation of the
stored frog, during present 1nvestigation may - be due . to

tbe poor feeding in captivity.

. Fcc.l.&\r\dnlf‘a
Terentjev (1960) observed linear relationship

between fecundity and SV length in certain Russian frogs
and subsequently derived a regression ‘equation to calculate

fecundity of the available frogs from its know SV length.

log P = -1,7428 + '2+1670 log L

where
F = Fecundity
L = SV length of frog

Inger and Greenberg (1966); Inger snd,Baccon(1968)
noticed that fecundity observed in the natursl conditions
and fecundity calculated in accordance to Terentjev's

regression equation, showed little variation in rain forest



vfrogé, In t§e present 1nVestigation a8 linear relationship
betwegn;fecundity'gnd SY leggth,of female frogs have been
obéervéd‘(Fig.L“l); Fur ther,  the bivariate correlation
coéﬁficieﬁt derived between the two variables desoribed
above have also been found to high ( r = 0,94 at 19 degree
of freedom,'df"). The_relatioﬁsbip btheén'fecundity‘and

SV length (Fig, ¢->) in Rena cysnophlyctis is found to be
expressed by log F = -1,4169 + 6,0851 log Le

App}ying SV length of the Rana gyanqphlxctis’

measuredrdurigg4presént investigatidn to the Terentjev's
eguatién at log base 'e' and log base 'n' the fecunditj

in the various size grogp‘of the_frqg has bgeﬁ calculated
(Tqble}ﬁ;19). fhe fecundi ty palculated»gcqgrdingly‘shdwed“
great variations from the observed and calculated fecundity
in the frog derived in accordance to the regression

equation calculated earlier for the Rana cyanophlyctis.

Howevér, in both the caaeé of frogs_frqm different populations,
the linear relationship and linear regression in bivariates
have been observed. ~The reiationsbip 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 correiation coefficient

(r = 0.96 at 19 df.) o

log W = =4,506 + 6.4369 log L
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‘ . Fur ther, significant correlation coefficient and
linear relationship between, weight of the frog and weight
of ova observed (r = 0.86; 19 df. ) weight of the frog and
- the weight of ova calculated (r = O. 92; D) has been
observed,kftﬁg i) Koskela and Pasanen (1975) Working on

Rana teggoraria observed a linear regression and high

correlation coefficient be tween (1) SV length of the frog
and weight of ova (2) SV length and weight of oviductr

(3) SV length and number of egg; (4) SV length and size

of egglr = 0.8 to 0.9} < 0.01). Tiey also concluded that
the value”of~9pawn size and number of eggs depend on the

size of female frog and calculated that Rana temporaria

of SVL 78 mm would produce 13.5't0'14.0 gm' of spawn,
consisting of7about 1360 eggs of a size of 2.01 mm.
Sinilarly, with the'helb'of equation derived for Rana

cy a.noghlzctie it is noted that a femalé measuring 7.15 cm
would produce 9;84gm of spawn comprising of 6048 of size
1.5 mn each. However, aliquots analysis end gravimetric
' measurement at the same SV length it was observed that -
i$mha§.§e327¢o‘x1.58 gm of ova, consisting of 4465 to

5808 eggs of an approximate size of 1.5 mn.

QE;EEE& linear relationship in the bivariatee
(1) gonedo somatic index and weight of ova (2) gonado -
somatic index and weight of frog (3) gonado somatic index

and SV length of frog, bave been observed. The correlation



coefficient of the three relationship desecribed above
have been 0,91 ;3 0.71 and'0.84 respectively which 1s
recorded to be significantly high at 1% and 5% probability
level. Hence, with‘the help of these derived equations,
ove size, ova weight, ova number can be known at a given
SV length or body weight of frqg; without sacrificing

- the enimals,
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SUMARY

Th&s emytar deals vith induced breem and
1o 4 fj;ex.‘ Hnmoplastic pzmwzes preserved

ity alcohol were used for induced hreedings-
wnd 6 retain umzr potancy for a period of 3
yeats and the fmg,s responded to tm as affeeuvely as to
£resh ones, Induced breeding could be performed for 8 _
months, fyom Harch to October, The femalos having SVL 5.8
cm and above and wotght 25,0 gn and above, 're‘smnded succegom
fully to the pitultary infection., 0,08 ng/gn wt of the
fmalemseffeet&vembreedmgseam Duringpreand |
post breeding period a larger doge 0,15 mg/gn = 0.2 mg/@_ wt
of the females vas found to be offective, The maximun mumber
867 ova wers o statned during May and mindmum, 27 ova &ur&ng
March, In some éxperiments, induced brea . for the gecond
time, was also successfully pet;fomed on the same ﬁ'a'gs.‘
tgnificant correlation coeffictent (P< 0,01) and linear relas
tionship has Boen olitained botwesn SVE and number of ova, SVL
and weight of ova; body weight and mumber of ova, body

ight and sifo of ova, gonadosomatic index and body wex.ght.
gnnaansomatle index and SVL; and @mwatic index and
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