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General Introduction



" The group Amphibia comprising of toads, frogs'and
their congeners, ‘18 one of the largest living orders among
the vertebrates. There are as ‘many as 2,600 species belonging
to 250 genera (Heuseer,‘1974) and these extend through all :
temperate and tropieal lands except perpetually snowecapped
mountains, waterless deserts and some islands of the Pacific.'
True fregs of the genus ‘Rana Linﬂbus are found all over North
America, Central America, Northern part of South America,
Euroge, Asia, Africa except its frozen and desert areas and

Northern Australia,

For reasons that hardly need enumeration here, frogs 7
have constituted as one of the most favourable animal types
for a wide range of biological studies for oenturies; ‘and
indeed in the current age ‘of standardization in every field,
numerous biomedical research projects are being conducted uith
amphibians that are not standardized for any of the basic
oharacters, such as age,; source, nutrition, species, physiology,
health or genetics (Nace, 1968) = evidently because of the
facility with which these animals are subjected to experimen-

tation.

Many astounding'concepts of‘DeveIOpmental Bioloéﬁ to;day
have come up as a result of studies on anurans and urédels.
Frogs and toads have been used'fof demonstrating many funda=-
mental concepts in animal physiolqu”:tissue tfansplentatiOQ,a
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regeneration mechanisms in 1imb development and in medical
studiee by gynaecologists for pregnancy tests. And now with
an increasing awareness of the value of frogs as food, fhey

ere considered as animals of considerable economic importance.

Frege'lege a;e novw eerved as gourmet dishes in many
paeﬁs of the'worié%rTe ensure. the desired supply of frogs for
”'this:purpoee. however, dependence on.nature has to be supple-
meheed with.iif‘net‘replaced by, frog culture which has thus.
‘resumed great significance in recent times, \

Priddy and Culley (1971) have reviewed ‘the work on frog
. ‘culture among reeent endeavours. In 1968, -at Loueiana State
Uhiversity in the United States of America, a research
programme was initiated with NeI.H. which supports to the cul=-
tﬁ?e of;gggg'ggtegg;gna. Shaw, Rana grylio Stejneger and iiii--
"gégggpggggg§.80hreber, Coneurrent;y at the University of
Miehigan"en*emphibian facility was started to culture
Bapa pipiens and 22 other selected species of amphibians
(Nace, 1968). Arizona State University have developed a.
ﬁanégement-eyetemlfor Ambystoma ggggggggg'ﬁhaW»aqd some other
aquatic amphibians, At the Instifute for the etudy of mihd,
drugs and behaviour at the layola Uhivereity. Illinoie.
euccessful maintenance teohniques far adult ranids. hylids
and bufonide pave been developed,;ln Japan, at the qniversity
'df'Hiroepima,‘renide; hylids and diecogloee;de have been



successfully ma;.ntained.\ Attempts on frog culturs have also
been made in Italy, Ausiria and England.

Indian frog-legs have attained a good international
market. In the past few yearé MPEDA (Marine Prodﬁcté}Export
béveloymeht Authority) have been eipbrting tons of frozen
»frogolégs.zln'1978, they exported 3570 toms worth ...
Rs,’8.42.51,900300;°Most'of this export is dependent upon
froge collected from the natural resources. Besides severely
disturbing the ecosystem, this practice vould lead to rapid
depleﬁion of our frog resources in the country. Therefore,
the need of developing efficient freg'oultuie practices cannot
be over emphasised. Although successful rearing of ranids,
like Rana tigrina Daudin, gggg crggsg'Jérdon. Rana gexadagtx;Q
Lesson and Rans gatesbiana Shaw, in frog/fish combination
ponds has been reported byécéniral Inlend Fisheries Research
Institute, Barrackbore\(Mondal. 1975); and work on the care
and maintenance of cértain Indian frog species has been
undertaken at Utkal University (Mohanty=Hejmadi, 1974); we
are still far from~hav1ng evolved reliable methods of frog
culture, It needs hardly be stated that for any such attempt
in respect of any species, é knowiedge qf its biplogy and -
.éoology must be knéwn in détail. | |

In a preliminary investigation on survey of frogs in
1975-76 (Sahu, unpublished) Rana limnocharis Wiggmann, the



streaked frog, was found to be. the éommbnest Speciéé availe-
able at Shillong and the neighbouring hills. It is used as

a food item among certain ﬁfibal o wmmities in the North;
Eaétern Hill States of India. It has also been reported to

be used as.food item in Korea (Heusser, 1974). It is with
'fhis viéw 1h background that investigations were undertaken
to evolve suitable breeding and culture technigues of this
frog. Thus, thé following éspects of the development and
ecology of gggg,limnocha;is,relevant-in this context, have
been investigated in the present work : (1) Morpholoéical
characters and annual cycle. (2) Normal Table of development.
(3) A 12-month analysis of fhe food and feeding habits. (4)
Pituitary - gonadal cycle comprising the study of éytdlogical
changes in the pituitary giland and gonads through an annual -
cycle. (5) Induced Breeding and (6) Certain ecological aspects
such as spawn size, fertility ratio, survival and mortality
and influence of limiting tempéerature on embryonic and post-
embryonic developmenf. It is hoped that studies on these
aspects on Rena limnocharls Wiegmann will ultimately help in-
formulating a technology for the maintenance and mass culture

of this species.
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Plate I « Rapa limnocharis Wiegmenn (female)



I °ield




Chapter 1

Morphological Charactérs and Annual Cycle



INTI

 Bena limnocharis Viegmann, the streaked frog (Plate I)
is closely related to the common Indian bullfrog; Rapa tiarina
Daudin, bt is much smaller in size and possesses imperfectly
vebbed toes. The systematic position of Rana limnocharig is

Phylum - Chordate
Subphylum <«  Gnathostomata
C;QSB - Amphibia
Order - Anﬁra _
Suborder - Diplasiocoela
Family o Ranidae
Subfamily - Raninae
Genus -~ ggggLLinﬁbus
Species - =« limnobhaiie Wiegmann

it 18 one of the widely distributed frog species in India and
has been reported from China, Burma, Ceylbn, Malay Peninsula,
Borneo and Lombok (Satyamurti, 1967). In Himalayas, it has been
reported by Acharji and Kirpalgni (1951) from Sikkim (2134

metre above sea leveli and Kangra and Kulu Valley. It is also

~ found in Nepal, Kumaon and Simla Hills, Boulenger (1920)

recorded it from Khosi end Garo Hills in Meghalaya (formerly ponl d|
Assam) and other parts of North-Eastern India. As stated earlier
it has been found to be the most common. species of. frog available
at Shillong (9057" E, 2490 ‘N) at an altitude of 1515 metres in
the Khasi Hills, During the active period of its annual cycle
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from April to October, it is foﬂnd mostl§'atvtﬁé edges of
eutrophic ponds, perennial streams and marshy places, It also
occurs in paddy fields in large numbers during peddy season
(May&Oq}Ober)i Although not very agile, on alarm it goes deep
into the water and reappears soon on the(surface‘agd swins
ashore to seek shelter in the shore vegetation, Magyla fime

it is seen to keep its snout above the surface of the‘waﬁer
and vhole body hanging below in the water. There 18. howvever,
no detailed account of its morphometry and ecOIOgy of its high
altitude populationsa

This chapter has been devoted to the amalysis of
morphologiéal ahd taxonomical chafa@teristiés and the study
of annual eycle of Rapa limnocharis found at Shillong, While
analysing the taxonomical characﬁéiistics;6éb501ute measurements
as vell as_ﬁorphometrienratios of4§ar10us body parts, the
criteria adopted by Tinsley (?975_énd 1975) ‘has been followed,
Investigations on the annual cycle dinclude its dreeding
activity and population fluétuationvin3relation to seasonal
changeg such as temperafuré and rainfall, o

y
REVIEY GF LITERATURE
A review of literature reveals that workers have mostly

concentrated on the study of natural history; taxzonomy,
distribution, heme range movement and population fluctuations
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of anurans in relation to environmental changes. Following

account deals with a review of contributions on-these aspects.

BEver since the yublicatxon of the "Biolbgy of Amphibia”
by Kingsley Noble (1931) who mcorporaﬁee early investigations
on the systematics and coology of amphibiané.- & number of
interdsting contridutions on anuran biology haée cCOme upe . .6
&ré Mpértant amoné these are those of Bragg (1941) on the
ecology and natural history of anurans of ‘Canadia-n ﬁver flooﬁ
plain; DBragg and Smith (1942) on breeding behaviour of
Oklahema anurans; Anon (1953) on the ecolegy of Rams gatoshiana
and Bang zrylio; Zweifel (1955) on the systemstics, ecology and
dtetribution of Rana boylei: Savage (1961) om the 1life history °
and ecology of Rapa temporavxia temporarias CGaranin (1961) on
the ecology of Baps terrestris in different biotopes; Burkett
(1969) on the ccology of cricket frog Acxis grepitans; Horris
and Tanner (1969) on the ecology of Western spotted frog
Bana pretioss pretiosa; Van Gelder and Uomen (1970) on the
ecology 35&%&% arvalis in The NHetherlands anad Blo‘oxﬁc‘are-

ose

Schlosser (1975) on certain ecological aspects of development
of somo lialagasy £xrogs.

There are a large nunbexr 0f repoxrts on the gystematiocs
and tazonomy of anurans but there are very few @etailed accounts
on their biometry. Berger (1966) furniched a detailed study of

the bdbiometry of various parts of Rana gsculentsa, Rans zidibunda
apnd Bans lepgonne. He used 14 various morphometric measurements
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and 5 index values in hie descriptions and discussed their
utility. He elso referred to Kauri's (1959) indices showing
relationship with eénvironmental parameters like temperature
and altitude, but felt that their application was difficult.
¥hile studying' the biology and systematics of‘zgggggg_and
Zenopus yestitus Tinsley (1973 and 1975) has used 9 indices

showing ratios between various body parts besides giving 18
absolute measurements, He has compiled data on veight, sex,
breeding, gut contents, colour patterns and péraaitic
infections. Van Dijk (1966) showed the utility of the ratios

in the systematic study of anuran larvae.

The distridbution of many anuran species of the world
has been given in "Amphibians and Reptiles of the World" by
Bogert (1954), "Living Amphibians of the World" by Cochran
(1967) and Grzimekb‘Animal'Life Encyclopedia b& Heusser (1974).
. The first good deseription oﬁ‘Reptilia and Batrachia of the
Indian subcontinent was given in the Fauna of British India by
Boulenger (1890). Other important contributions on the distri-
bution and systematics of Indfan anuran have been made by
Annandale (1918); Narayan Rao (1923); Smith (1935); Acharji
and KirpalTmni (1951); Satyamurti (1967); Moorthy (1968);
Roonvai (1963); Mansukhani (1970) and Pillai and Chanda (1976).
Satyamurti (1967) made a good compilation of the taxonomy and
biology of many‘Indian anurans, The distridbution pattern of the
anurans of North-Eastern India, has been.recently furnished by
Pillai and Chanda (1976). |



j2.

During ihe last two and half decades geveral investie
gations have been made on population ecology of'anuraﬁs. In
t@ia copneotion‘the work of Dole (1947, 1965, 1972); Trac&
and Dole (1969); Dole and Durant (1974); Martof (1953);
’Calef (1973);and Schroeder (1976) are worth mentioning. Dole
and,his‘grodpghave 1nvestigated the home range movemenfé of
dyla cadayerina, spatial relations and home range of natural
‘§0pu;ations of‘gggg,nag;ggg, homing and orientation of
Bufo amexicanus to thgir.home site and movement and seasonal
aqtivity’of Atelopus oxyrhynohus. Martof studied the dispersal
movement for homing respomse of Rana g;@g;&ggg. Van Dijk
studied the habitat and dispersal of certain South Africen
anura, Most of these workers have used toe olippigg method
for marking the frogs. . |

~ Among the work on f;uctuations of anuran populations
thése'of Ashbj (1969) on Rapa temporaria; Van Gelder and Gomen -
(1970) on Rana arvalis in The Netherlandsj Scott and'StaﬁBtt
31974) on Agzalychinis spux®elliiin Costa Ricaj Heym (1975)'on
Eang sseulente, Raps ridibunda snd fema lessopde; Zimkm (1971)
E&@ azvaelisg in Poland; Gﬁxther (¥974) on Rana ridibunds,
Rana lossopae and Rana eseulenta in German Democratic Republie
and Enoflacher (1975) .on a frog population in East Austria

Adeaerve mention., They have mostly concentrated on various
aspects df population dynamics such as its relation to
reproduction, growth and migration, pH, temperature and
hunidity, rainfall, food and specific biotope. Recently



Plate II A = Area 0f collection of froge at Pologrounﬂ
' Shilltmg ‘s ‘A camal,

Plate II B - Area of conection of frogs at Pologrouna ‘
g Shillong H Paddy fields.

Plate IX C - Area of oolleotion of froge at Pologround
: Shillong & A stream. ‘
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 Koskela (1973) and Koskela end Pasanen (1974) have worked
out in great detail the annual cycle and behaviour of
ngg'zgggggggég in Northegy 31nland in’rélatioq/ﬁO'épvirbh-
mental factors such as'temperature; rainfall and diurnel
.-Thythm, |

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

literature reveals that although a number of contributions
have been made on taionomy and distribution, very little
information is available of their ecology and developmental
biology. Although, Bana limnocharip is available throughout
eastern tropics, little is known about its bilology and
ecology of this highuraltitude populations. Its taxonomy and
distribution has bBeen described by Boulenger (1920) and
Safyamurti (1967). |

MATERIALS AND RETHODS

.. Live specimens of } jggg ;;ggogharig vere collected from
the Polo Ground arca in Shil g%gfeAgglﬁéis of)morphological
characteristics was_made aocording to the criteria followed
by Tinsley (1973 and 1975) on a sample of 25 meles and 25
femnles collected during their breeding pericd., During paddy
season they were available in large numbers in paddy.fielas.
After collection @he Specimens,ue:e b:onght to the laboratory
and preserved inflormalin. The colour pattern was studied in

v
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live speoimens. The welight of the froge was taken after . ” 

blotting their body eurfaoe with blotting paper. For mea;

surements dividers were used and an accuracy of the order;‘

of 0.1 nm was strivad at: For the study of the changes 1n'

fhe_pbpulation‘atrucfure, the epeoihensAwére collected at

regular in@eiva;s‘throughont the yeér, taking one hour as.

a unit fﬁr eéoh co;lqctiona,fhe numbér'of’méleg, females

and juvéniles wés‘recordeddafter each colleéfion. The obser-
 vations on the é.rinual oycle ,wezl»"e based on 'cl;s breeding beha=

viour-of the frog in relation to temperature and rainfall,

OBSERVATIONS

1. ANALYSIS OF MQRPHOLQGICALQAND TAXOROMICAL CHARACTERISTICH.

. Sex ggd reéroductiva condition
The 50 épeéimens studied comprised half males and

half fgmales; All the males were mature. Among the 25 |

femaleé. 5 were épeut (20%), 4 did no% have ripe ova (16%)

and the rest~16 (64%) were mature, containing ripe ova, Many
pairs werekﬁbunﬁmig~amplexus and spawning was observed ’

during the period of collections

,.".‘:t,..' '
Size and wggghg,

Body length of males ranged from 3 i - 4;i,cm. with
a mean length of 3.68 cm., In females, it ranged from 3.7 =

5 ,6 om, with a mean of 4:53 cm.

, .

The body weight of males ranged from 3.5 « 4.5 gm, with



Pig, 1 = Dorsal vievw of Bana LW Viegmann

showing vertebral band and longituﬂinal
ridge on the skin,

Fig, 2 = Lateral view of the head reogion of

%ﬁ %Mg%gg Wiegmann showing skin
ove panum,

Pig, 3 = 5.:: Figure showing tibiostarsal articulation
» relation to the position of the eyo and

snout,

- Abdreviationss | ‘
Vtbnd = Vortebral band Pd - Skin fold
Inrdg - Longitudinal ridge By - Eye .
ym = Tympanum ~ Snt - Snout
Helnmd = Hind 1imd Hot « Hostril

Thtra = Tibio«tarsal ayticulation
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Fige 4 = Pattern of fingers 1n the fore;ﬂmb*of
Bsaa'_&gasseasaa Wiegmann.

Fige 5 = Pattern of toee in the hindlimb of
Eah_.lége_shas&g uiegmann. )

Abbreviations:
Wb « Webd
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a mean weight of 4,06 gm. The weight of females ‘ranged from
8.1 = 13,8 gn, with a mean of 11,72 gm. o

Morphological characteristics | |
1. ‘The skin bears narrov longitddunal ridges on the

dorsal side. (Pig. 1).

"2, A £61d of skin is found above the tympanum and another

transverse fold is seen behind each eye. (Fig. 2).

. Vomerine teeth are arranged in two oblique series
between the choane, extending below the level of their

posterior border.

4. The head is as long as broad and moderétely depressed.
(Pig. 2).
5 The snout is pointed or rounded,  projecting more or

less beyond the mouth. (Fig. 2).

6. The nostrils are situated nearly midway between the
eye and tip of the snout, slightly towards the snout.
(Flg. 3)0

Te The tympanum is distinet and is apprqximgtely.1/2 or
2/3 as wide as the eye. (Fig. 2).

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

9 The first finger extends beyond the second. The sube
articular tubercles are well developed and prominent.

(Fig. ).
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io. The hind limbs are moderately long and the tibio-
tarsal articulation (heel) reaches the eye or beyond,
between the eye and the snout and sometimes even

beyond the snout. (Fig. 3).

11. The toes are obtuselyiﬁbinted and slightly swollen
at the end. (Fig, 5), '

12. Toes are imperfectly webbed. Fingers are not webbed.
(Figs. 4 and 5).

13, There is usually a small outer metatarsal tubercle

and a prominent inner metatarsal tubercle.

t4. | Theré is a variation in the relative length ofithe
hind 1limb.

Colour pattern

The ddrsai surface 18 dark‘bfown, or sometimes greyish
qlive, with large black spots on the back. These black spots
are intermingled with yellow and rarely orange markings which
are more distinct on the lateral 81des of the body. The
ventral surface of the body is pale, yellowish white, with
dark yellow on the sides bordering the belly wall and the
lining of the lower jaw. The lower jaw has narrow black bands
on its borders alternating with the yellow co;our,‘

There is a vertebral band on the mid dorsal region

varying in colour and thickness, being narrow in some and
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broad in others., The colour is yellow, yellowisheorange or
creamy wvhite (Plate 1). This band is found to continue up‘
the dorsal aspect of the thigh and inner aspect of the
ehaek upto the foot, Sometimes it is absent in the
posterior éegion of the shank. (Fig. 1).

The limbs have black markings. On the inner surface
Avof the toes and fingers there are hlack lines with intore
mediate creamy. white 5pots at the region of the subarticular
joints. The web between the toes is grey and the ventral

surface ef the toes specially the tips is dark grey.

There are distinct ridges on the back, formed of folds
of the ekin%.whieh may be dblack or dark brownish grey. The
tympanic region has black round spots surrounded by black
ridge on the upper boundary and the lower boundary creamy
vhite,

An analysis of the measurements of the following 15
morphological characters was carried out so as to compare

these'with the morphometric measurements given by other

workers,
1, Body length * 3 Snout to vent.,
2, Body width ¢ Measured at' the widest

point across abdomen,

3. Head width (minimum) At the tip of the snout,

" parallel to the nostrils..
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s 6..

7 '.‘

8. .

9.

104

2.

13,
14.

15.

Head width (maximum).

Snout length

Eye diameter

i Ihter-ocular distance

Nostril dismeter.

Inter-narial distance

Hind limdb length

"Tibia length

5th toe length

Total fore limdb
length

Lower fore limdb
length

18t finger length

L2 4

L 2 d
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Measured at the widest
point, across the eyes..

' Perpendicular distande from

below the nostrils to the
tip of the mouth.

Transverse distance acrose
exposed orbits,

Transverse\distanée between
inner bases of circum-orbital
plagues,

Measured across long axis of

nostril,

Distance b etween the inner
margins of nostril bordering
flaps.

Vent to tip of 5th toe.

Medial measurement along the
dorsal surface of tibia.

\

Measurement of outer ventral
surface of the digit.

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

Cuter angle of elbow to the
tip of the ist finger.

Base to the tip of 1st finger.

Medsurements of 50 living adult specimens were taken

and a summary of data is given in Table I. The relationship



TABLE I

Analysis of Characters of Rana 1imn6charis,w1egmann: 1. Dimensions

Measurements (cm.)

L

"FEMALES (25)

MALES (25)
_ Characters Mean Range  Standard Mean - Range Standard
, ) deviation deviation
" Body length 3.68 - 3.1 < 4.1 0.21 4.53 3.7 = 5.6 0.48
Body width 1.31 1.1 - 1.8 0.17 1.57 1ol = 2.1 0.27
. Head width (min.)  0.47 0.3 =0.6 .- -0.07 = 0.58. 0.3 = 0.85 0.12
‘Head width (max.)  1.17 0,8 - 1235 0.12 ° ° 1.28 1.0 = 1.6 ~  0.16
Snout length '0.44 0.3 = 0.85 - 015 0.49 - 0.3.-.0.8 . 0.1
Eye diameter. - L 0.57 0.4 = 0.75. . 0.08 . ' 0,60 0.5 = 0,85 0.08
Inter-oculer | ‘ : o _ . -
~ .. distance 0.40° - 0.3 = 0.5 '0.07 " 0.43 - 0.3 - 0.6 0.07.
Hostril width 0416 0.t = 0.3 0.0T  0.26 - 0.1 = 0.4 0.07 -
Inter-narial ‘ |
' distance - 0.39 0.25~ 0.5 0.05 0.51 0.4 - 0.6 0.06
Hind 1limb length  4.94 4.0 - 5.8 0.57 5.6 5.0 = 6.6 0.38
Tibia length 1.83 1.4 = 2.1 0.17 2.29 1.65- 2.7 0.23
5th toe length ' 0.68 0.5 - 0.9 0.10 0.76 0s6 = 0.95 0.t
Total fore limb - ‘ -
 length 2.06 1.4 = 2.7 0.40 2,25 1.9 - 3.1 0.24
Lower fore limd ‘ , : '
| " length 0,79 0.55= 1.0 = 0,11 0.84 0.6 - 1.0 0.11
1st finger length 0.53 0.3 = 0.8 0.16 0.66 0.5 - 1.0 0:10

¢¢¢¢¢
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TABLE - 11

Analysis of Charscters of Rana ;_Jggggg_ég Wiegmannz 2. Ratios

20

I

,FEMALES.(zé)f.

Hind limb 1ength

T mALBS (25) | "OVERALL (25425)= 50

3 Mean!  Rango Meanf = Range ¥Yean § Standard

‘8 » N t ) deviation
-7 Head width (min.) L oo :

. Head width (max. 0'40 _9'?7,- 0-59; 0.45 Q:3 - 0.6. A°°€25 0.44.
'nouf lenzth 2 0.70 o o e SEDRRPCH “ aR
Head vidtn (ma.y 0o O.78 - 1.5 0.8 0.6 - 1.0 0.89 0.93

N e _diamete . ;',, ! ‘- g . i e .
‘%%EEFZE%EE35%333¥EKEE 1.42 ,?‘0 - 2,17 1.39 °f?2“° 1.75 1.40 1.45
| stril amete . o - , :

* Inter-narial distance - 0.41 0'22' 1.2 0.51 0.25 0.89 0.46 0.51
Tibia lenath o b 5oh 36 3 oA - 44T o Can
5th toe length 2.69 2.22 - 3.6 3.01 194 = 4.17 2.85 2.92

st er lengt ' . % _ ; ? o147 .
Towor fore 1limb longthn 0.6? 0.33 0.89, 0.78 .0.56 117 0.72 0,75
Total fore limb . lengt 0.55 0.38 - . ' . .7 - 0. . .5
Body length 0.55 038 = 0.74. 050 0.40 - 0 70 0.525 0.54

dy le 0.74 0.62 = 0.90: 0.81 0.72 = 0.96 0.775 0.79




Plate III A - Vontral view of Rana limpogharis Wiegmann
- . (Male) | T T

Plate III B - Ventral vievw of gggg,;;ggggggg“g Wiegmann
_ (Pemale) ‘

Abbreviationss

Ve « Vocal sac  ~ ‘Tp « Thumd pad
Ab « Abdomen



Plate III
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between 8 of the above features was evaluated to define the
distinguishing characters of this species. These ratios are
_presented in Table II,

Digtingu;sh;gg gggracters of male agd geggle o

Rana léﬂﬁ__hﬁz_ﬁo
ﬁ Besides dimensions and ratios shown in Table I and II,
the sexes can be distinguished by the following diagnostic

characters :-

MALE (PlatelII-A)
14 Mature male frogs are smaller and lighter in comparison
to female ftogs.

24 1t has a relatively slender and streamlined body.

3s. It has a prominent thumb-~pad which become darker and

thicker in the breeding seasomn..

4. It has black markings on the vocal saés below the

throa‘%g;;

Se In the breediﬁg-season, the lateral vocal sacs ére
swollen and produce a distinct, low to high.guxtaral
- cro "king sound.,

FEMALE ‘(PlatelII—B)
1.. '.Mature female frogs are larger and much heavier in

comparison to the males..



2, Their abdomen .is much swdllen, depending upon the

maturity of the ovaries. = e

3; The skin of the abdomen in the region of groims is
thinner and translucent so. that the ripe ova in the

abdomen can be seen through it.

4; Females can be identified at any time by the absence
‘of the thumb=-pad, absence of lateral cheek pouches

* and inability to croak.

2. ANKUAL CYCLE.~

The annual cycle of Bana limnocharis can be divided
1nfo four phases (1) Emerging and bre~breeding perio§
(2) Spawning and'Breeding‘period (3) Entéiiﬁg and ‘Post~
breeding period and (4) Hibernation period. (Fig. 6). The
emergence of frogs from.theﬂhibernation period is observed
in late March when average minimum and maximum temperatures
are recorded to be 11.5°C and 22,49C. This is usually
assocliated with the first shovers of rains. The period since
the emergence of frogs to the start of amplexus and spawning
¢onstitutes the Pre-breoeding Period., From the first or second
week of April vhen the minimum and mzximum temperatures are~
recorded to be 13.8°C-and 24,6°C and rainfall increases
(average 214,05 mm), the frogs-show intensive feeding, active

movements, amplexing behaviour and start spawning. From this



_ m . |
Fige 6 = }nagmn%tic ropresentation of the annual
cycle of Bana limnocharis Wiegmann,
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tiﬁe to Augﬁst.tﬁe ffogs lead aptive life and breed, This
period is called the Breeding Period. During. breeding period
the spawns are seéﬁ in femporary'poan? ditches and very
‘slow mdving streaﬁé often attached to-submerged vegetation.
anrly larval stages are seen from the middle of: May when

the temperature fluctuates between 14,6°C (min,) and 22,7°C
(max. ) with an average monthly rainfall of 443,85 mm. The
temperature during June is recorded to be 16,7°C~(m§n;) and
2é.9°C (max,); during July 17.4°C (min,) and 24,%°C (max,);
and durihg August'17.7°C (min.) and 23.8°C (max.). The
reinfall during these months is recorded to be 556,76 mm,
387.45 mm and 355.35 mm respectively. The metamorphosed
 froglets are observed from early June. lLarvee hatched from
epawns laid during May and June start metamorphosing 5y.July
or August., From June ohwards and specially after August large
number of young froglets are observed., During middle of
Uctober when temperature is reduced to 15.0°C (min,) and
20.7°C (max.) and average monthly rainfall becomes 140.15 mm,
the number decréases indicating that they start entering
hibernation., The period from September to late Uctober can be
designatgd as Post«breeding Peribd;'The frogs remain in
hibernation from November to middle or late March, The
average atmospheric temperature during November is noted t6
be 6.5°C (min,) and 15.500 (max.); during December 5.7°C (min.)
and 18,3°C (max.); during January 4.9°C (min.) and 14 0°C (max.);

and durlng February 9.,5°C (min.) and 19, 4i9,(max.) Tha\
7 )



Fige 7 - Number of froge coneoted per unit tme
during different months of the year in
1976 and 1977,
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rainfall during these months is recorded to be 70 7 mm.
37,5 mm, Oy4 mm and 45,2 nm reSpectively. During hibernation
the frogs are found in burrovs, sometimes below stones and

rarely outside in the vicinity of ponds.

{

The population structureowas analyeed from the samples
collected at two regular intervals each month for one hour.
every time during 1976 and 1977. The datd for each month
has been illustrated in Fig. 7« The frogs vere eagily
'collected from April to Octoﬁer, Miniﬁum number was caught
- in March and November, It was very difficuit td find them
during December, January and February, During both the years
-the number of frogs collected went on increasing from April
to July/Augusf an@ then showed a gradual decline. From June
onwvards until the start of hibernation, the number of
Juveniles collectigmzﬁzf much more every month., The sex
ratio during 1976 was found to be approximately 9 females
for 7 males, In 1977 it was found to be approximately
7 females for 5 males, The females were always more than the

malesy In each cdllechion

DISCUSSION _

MORPHOMETRIC_AND ECOLOGICAL CONSIDERATIONS. |

Bana limnocharis is a widely distributed species
throughout the“eastérn tropics; it is found in warmer plains

as vell as subtropical high altitudes (Satyamurti, 1967).

Studies on the systematics of anurans are based mostly ou
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on specific mbrphologioal chafacters. Tinsley (1973 and
1975),while‘studying the Systematicé of zgggggg and vz
Xenogusixggggggg,reportea that’ there ﬁay be intraépecific
variations depending upon the ecology of a species and
- described many such variations. There are no such studies
‘available on the frog species found in India and neigh=
‘bouring countries. It was with this aim that besides the
description of the specific morphological characters,
fifteen absolute measurements, yiz., body length (snout
vent length or SVL), body width, head width (min.), head
width (max.), snout length, eye diameter, intefocular
distance, nostril width, 1ntérnarial distance, hind 1limd
distance, tibim length, 5th toe length, total fore limb
_ length, lower fore limb length, first finger length and
:éight ratios, viz,, Head width (min.)/Head widph (max.),

' Snout length/Head width (min,), Eye diameter/Interocular
‘distance, Nostril diameter/Internarial distance, Tibia
length/S5th toe lengthg st finger length/Lower fore limd
length, Fotal fore limb length/Body length, Body length/
Hind 1imb length, have been analysed in the present invest-
igation (Tables I and II) as per the criteria followed by
Tinsley. The general morphological character of |

Bana ;;ggochargslavailable at Shillong do not show any
important variatioﬁ in:comparison to the descriptions
available in the literature (Boulenger, 1920)+ The vertebral

band is said to be absent in some cases (personal
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communicatién, Zoological Sufvey of India’ Eastern Regional
Station, Shillong) but none of the Spwciméns,wereHObaerved
in'the'present-investiggtion without such bands.

Satyamﬁrti (1967) haé given body length, lengths of fore -
1imb and hind 1imb of Rana limnogharis collected from seven
differgnt localities in the Sou&h India. Most of them were
young ones, The SVL of full grown specimen from Yercalld was
53 mm. Boulenger (1920) gave SVI of full grown specimens

from various pleces in South~East Asia., They were : Japan 3
males 40 mm; Loo Choolds : males 48/49 mm and females 50 mm}
Sanghai': females 3G-46 mm; Formosa : females 46 mm; Hongkongs
. females 40«45 mm; Sikkin : males 43 mm,4£emales 45-64 mm;
Darjeeling : female 39 mm; Nilgiri : males 43 mm, females
45-64 mmy Malabar : females 45«47 mm; Trivandrum : females

33 mm; ‘Madras : females 35-37 mm; Ceylon : females 52 mm;
BangkoX : males 44/45 mm and females 51 mn; Siam : females

46 mm; Malaccs : females 57—674mm; Singapore s males 38 mm
and females 57-60 mm; Java : males 46 ém and females 42«50 mmj}
Lombok : females 42«50 mm; and Borneo : females 56=62 mm. In
the present investigation on Bana limnocharig the SVL of
malee was found to be 36 mm and of the females 45 mm. The
weight 6f males ranged from 3.5 to 4.5 gm and that of females
from 8.1 to 13.8 gm during breeding season. This supports
that there may be intraspecific variations. The utility of
ratios of various body parts has been increaéingly felt-in

the systematic analysis by recent workers (Berger, 19663
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Van Dijk, 1966 and 19773 Tinsley, 1973 and 1975) Berger
.(1966) quotee Terentiev (1950) who while argu;ng on the
utility of the retioe said, "as far as a definition of
'differehces beﬁween various forms is eoncerned various
well chosen ratios of different body parts provide much

. greeterzinformatiVe value"; The utility of these ratios

has further been elaborated by Van Dijk (1966) in the |
eyetematxc studies of anuran larvae, . Absolute meaeuremente
may vary but ratioe between varzoue body parts remain .
almost constant. This hee been tested in different anuranl
tadpolee in our laboratory also (Mr. A, K. Sahu, pereonal
communication). Linsley (1975) has also taken into a:nsider-
~ation the eelght, eex, breeding behaviour, gut contente,
'colour pattern and parasitic 1nfeetione in his eyetematic
‘analyeis of xgggggg. It is felt that these 1nfarmatione may
be relevant to ecological interactione and may aocount for
adaptatlen and distribution of different specles. Investiga-
. tions omn all aspects except paraeitic infectione of

Rapa _]_,imnochar;g haveb‘ included in the present thesis, but a
detailed study of all these eepects and morphometric ratioe
of various populations of thie species from different
localities would be required to understand the ecological

interactions in its adaptation and distribution.

ANNUAL CYCLE ,
Systematic records of the annual cycles of many frog

species found in Indiaare still not available. A detailed
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account of the life history and developmental table of
Rana g;ggggg from North India has been recently given by
Agarval end Niazi (1977). Fragmentary information is
available on the life cycles of Bgng gggggg.
nggHggggggggx;Q,and cyanophlyctis. Life cyclee of
many anurans found in North America has been compiled by
Rugh (1962),‘A detailed representation of the annual cycle
of Rana témporsria has béen recently given by Koskela (1975).
There are few reports available on Rana limnocharis.
Boulenger (1920) reported that they undergo prolonged
nibernation in mountainéus districts. Satyamurti (1967)
described that populations of Rana limnogharis in South
India spewn at the onset of monseon and aestivate during
dry season under stones or damp places. The present
investigation is the first 'complete' record of the annual
cycle of high altitude population of Rana limnocharig. It
has been divided in four distinct periods : (1)'Emérging”
andiPrebreeding’(Z) Spawning andfﬁreeding‘(3)Entering and
(Postbreeding and (4)(HibErnation‘perioééw-Prebreeding period
~is a very short,period, since emergence from the hibernation
in late March and the breeding period starts in April.
Emergence of the frogs from hibernation is usually associated
with the first shower of rain. By the first week of April
the frogs enter the breeding period, Mating cells are heard,
they go into amplexus and spawn. Breeding period continues

till August. The postbreeding period lasts during September
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and October Qhen the frogs do not spawn, juvenile stages
~are seen in large numbers. From November to late March
the frogs live in hibernation. The emergence of frogs
from hibernation and start of breeding period is clearly
associated with increased temperature and first shower

of raing. The onset of hibernation is associated clearly
with low temperature and reduced rainfall, Increase in
the numbér‘of the.frog population during active period is-
agsociated with the increase in temperature and high

rainfallq
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SUFHARY

This chapter deals with an analysis of morphological.
characters and morphometric ratios and study of the annual
breeding cycle of the streaked frog. gggg ;gggL_ngggg
Wiegmann found in Shillong and the neighbouring areas. The
size (snout-vent 1ength) of the males ranged from 3.1 to
4,1 cm and that of females from 3 7 to 5.6 cm, The body
weight of the males ranged from 3. 5 to 4.5 gm and that of
the females from 8,1 to 13,8 gm, While analyeing the more
phological characteristics. 15 absolute measurements along‘
with 8 morphometric ratios of various body parts weré taken
into consideration, since morphomatric ratios are known to ‘,
be constant for a given species. The males were identified
by emall slender body, presence of vocal sacs and thumb pads
‘during the breeding season;.whereas females lacked these

charaoteristiés and had larger bodies with swollen abdomen,

The ennual cycle has been divided in four periods:
Pro-broeding, Breeding, Post-broeding and Hibernation periods.
 With the atmospheric temperature_rangihg from 11.3 C to 22,2
C with an average rainfall of about 80.8 mm during the second
fortnight in March, the frogs come out of hibernation and
entered the pre-breeding period. By the midd;é of April with
temperature ranging from 13.8 C to 24.6 C and the average
monthly rainfall being 214.05 mm, the frogs entered into a
'period of psak breeding activity. The spavning commenced with
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the first shower of rains in April and the ybung metamor-
phosed froglet stages were commonly seen by June. By the
middle of Octobér when the témperature fluctusted between
159C and 20,79C with a rainfall of 140.1 mm, the £roge
Aidnéeuagéin:enéered into hibernation. As‘é-ieSult of 4%
durihg December and January which afe‘thé coldest months
 in Shillong/not even a_ single Specimen could be seen in
'the Open natural habitat, AU

“Ghenregular monthly saﬁple'colleotions from the field
shoved that the population was maximum during breeding
period; and the number of the females was more thanathe
" males in most of :the collections. Juveniles were more from -

dJune onwards, often much higher in number thah the adults.
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INTRODUCTION

The ‘study of development of anurans 1s considered
basic to éhé training of embryologists world over, and a:
table of developmental stages of thasesh33dsbcaqvv Lren
found ﬁo be the foremést necessity. Various developmental
tébles of anﬁréns déscribe& by différent developmental
| biologists have been included in practical laboratory
manuals such as Hamberger (1960) and Rugh (1962). Recent
laboratory manuals. such as New (1966) and Billet (1975) have
included the developmental table of genoggg laevis only, as
it has become one of the common 1aboratory animale in most
of the western’ laboratories, Tbey‘have described these
developmental stages after Nieuwkoop and Faber (1967).
Nieuwkoop and Faber have also compared %ha developmental
tables of various anuran species. In 1960, Gosner gave a
eimplifiad table for staging anuran embryog and larvae with
notes on identification. Despite so many developmental tables,
there appears to be some variation in the deseription of
later stagesof development, Based on exterhal criteria the
most exhaustive tables'éppear to be on Jana p;giens by |
Shumway (1940) on prefeeding period and by Taylor and Kallros
(1946) on postfeeding pericd. Somevwhat similar pattern of
description has been followed by Agarwal and Niazi (1977) in -
their normal table of developmental stages of an Indian frog
species Rana tigrina. Significant developmental events form
a basis while describing the normal tables of'development in
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urodela, Each new dévelopmental event charaéterizes a
 developmental stage, Seeing the utility of stages in the
experimental work the criteria for staging followed by
Nieuwkoop and Faber (1967) has been found to be moet
conwincing as it incorporatea both external and internal
morphological changes, lone of the Indian species studied

so far from the developmental point of view have béen
studied after induced breeding, The normal table of devel-
opment of Rana limnocharis VWiegmann, in the present
investigation, has been prepared after induced breeding.
An'earlier developmental table on Rang limnocharis Boie
found in Singapore described by Hock and VWen (1970) includes
the description onlfkupfo late tadﬁole stage, In the present
investigation, complete development from unfertilized egg to
froglet stage has been studied and described into 32 stages,
each based on a significant external morphological change.
The changes in the external morphology as described by
Hieuwkoop and Faber (1967) have been adopted as the main

€

criteria in this description;

REVIEW OF LITERATURE

The need for normal table of develcpmentadf amurans
appears to have been realised perhaps as early as their
importance for academic pursuits in late 19th century. Normal
tables of development have been described for different

gspecies of anurans dividing the development into a number of
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stages each based on a notable morphological change. Thus,
Alder (1901)‘while describing the development of

Bufo yulgarig divided the whole development in-15 stages,
Pollieter and Moore (1937) deecribed the development of
Bans sylvatica in 25 stages up to limb bud stage. Shumwvay -
(1940) described the development oflggggkgig;egs into 25
nsfages up %o oomplete-Operculum stege.of the tadpole. In

| 3942¢ he identified the stages with the help of seotioned
material, Bakin (1946) while studying the determination and
polarization of reéulerity in the retina of Hyla regillsz,
described its developmental stages also, In 1946!.Teylor

and Koll?oe described the pdet-embryoﬁic.development of

Ranpa pipiens larvae from Shumway stage 25 end divided the
larval stages into another 25 stages, In 1957, Gallien and
Houillon described the development of Discoglosgus pictusg
rin 32 stages up to. tadpole stage. when 1imb bud starts
appearing. In 1954, Michniewska-Predygier and Pigon described
the early developmental ‘stages of Rapa % ggoragig.

gggg ;gesgris,~§ég§ esculenta and Bufo bufo. Tahara (1959)
‘described the normal developmental etage of Rana Jjaponica.
Kopsech (1_952) described 30 developmental stages of Rana fuseca
op to metamorphosise During‘the same yeary Del Conte and
8irlin deseribed the development of Bufo areparum into 25
stages when operculum is completed in the tadpole. Cambar
and Marrot (1954) descridbed the development of Rama dalmggggg
in 54 etegee upto metamorphosis,'cembar and Gipouloux (1956)
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gave a chronological table 6f embryohic anﬁ larval deﬁeLOp—
mont of Bufg bufo. In 1959, Cambar and Martin desoribed the
development of Alytes obstetricans. In 1960, Gosner gave a
~simplif1ed table for'staging anuran embryos and larvae,
with hoteS'on identificafion.'Many developmental tables

have been described ifor Xemopus laeyig (Peter, 19313

Gasche, 1944; Bretscher, 1949 and Nieuwkoop and Faber, 1956)
A resume of all these descriptions has been given in“"Normal
-table of development of Xenopus laevisg" by Nieuwkoop and
Faber (1967), They have given a most exhaustive developmental
table ever described, They have divided the development up to
mefamorphcsis into tadpole stage in 66 stages, based on
external as well as internal anatomical features. As

zéggpgg daevis has proved to be a very favourable experimental
| material in many 1nternational laboratories, these stages have
proved to be of great help in performing transplantation
experiments at different stages, Khan (1965) has described
the developmental table of Bufo melanostictus into 43 stages
up to metamorphosisg Hock and Wen (1970) described 25 develw
opmental stages of Rana limnocharig Boie up to tadpole stage
from Singapore, but following the criteria of Shumway (1940),
Among Indian frogs, a normal table of Rana gyanophlyctis bas
been describded by Ramasvami ahd Lakshman (1959) covering
description only up to tadpole stag e. Among other tables
available, Limbaugh end Volpe (1957) on the development of
Bufo yallicens, Hing (1959) described fhe developmental
stages of Rang ghalcopeta, Jorquera and Izquierdo (1964) on
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the development of Rana chilena. Sedra and Michael (1961)
~ on the development of Bufo regularis and Siboulet (1970)
on the development of Bufo mauretanicus.

MATERIALS AND METHODS

Live speeimens-oftﬁggg,éggggggéggg were colleéted'
from the Polo Ground area, duringfgglzzt of the breeding
period. in late March and April, 1976 ‘and 1977. Egg laying
: ﬁas.inQuced,;n thé laboratory by injecting the gravid females
with homoplastic piltuitaries preserved in absolute ethyl
alcohol at a dosage of O.1 mg per gm of the bady weight.
(Dosage were detormined separately - See Chapter Vi). After
gbout 24 hours, egg masses from the females were stripped
direetly into the sperm suspension prepared by macerating
the testis obtained from mature meles in 100 cc of 10%
Holtfreter'y solution. Batches of each 20=50 eggs were kept
in 200 cc of culture medium. After hatching some algae and
water plants were added to the culture medium for food. For
metamorphcsis the tadpoles were transferred to aquaris, set.
with steep sand base immersed up to a certain level with .
pond vateri This arrangement helps the tadpoles to metamor-.
phose, similerly as in the natural environment. The labora-
tory temperature at which the development was studied ranged
from 1153°C at night to 20¢5°C during day time. Diagrams at
, eachfstagé vere made with thé help of camera lucida.

Photomicrographs were taken for émbryonic stages only.:



OBSERVATIONS

Morﬁiologicelichangee'were observed eh"the surface
of the egg soon after fertilization. Initiation of cleavage
. is soen after about 112 hours. The larva hatched on 5th or
sometimes on 6th day. The metamorphosis was completed by
33rd %0 36th day. In the following aocount. the development |
has been deseribed in 32 etagee eaoh based on a eignificant'
‘external morphological changeﬂ

STAGE 1: Age O Hours; Length V.46 mm.

Bgg at the time of. fertilization. One cell etage.
.Spherica; in shape., Pigmentation darker ventrally than
doreally. Egg diapeter 1.46 mm. (rig. t)e

- STAGE 23 Age 1y2 « 2 Hours; Length 1.46 mm.,.

"One cell etage" afcer fertilization. Spherical in
shape. Dark pigmentation at animal pole, 11gh$ pigmentation
at vegetative pole. Igg diameter 1.46 mm, Jelly 1ayer distinct
with thicknees of 0,08 mm. Dark pigmentation extending upto _
0,86 mn towards vegetative pole. Light pigmentation 0,43 mm.
towvards the equatorial region. In between the twvo pigmenta-
tion zomes there is a region of medium pigmeﬂtatioelof 0;57 mm

(Fige 2).

STAGE 31 Age 2 - 2¥2 Hoursj Length 1.46 mm.

"Mwo cell stage” The diameter of the embryo (eag has
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novw become an embryo), jelly thickness and measurement 6f
pigmented areas is almost same as in Stage 2. (Plate I5=A;
Fig, 3=7).

STAGE 43 Age 2¥/2 = 3 Hoursj Length 1.5 mm,

"Four cell stage", The cleavage furrov starts by 2y2
hours from animal _pole reachee.the-vegetative pole by 3 hours,
Embryonic diameter increased 1,5 mm, Measurement of dark
pigment same as in Stage 2, the med um pigment increased over
light pigment, the former 0.43 mm., latter-0.21 mm., Jelly
fhickneaé same as Stage 2. (Plate I+=B,C,5; Figs. 8=10).

STAGE 5% Age 3 -~ 3¥2 Hours; Length {.5 mm,

"Eight'cellosﬁage", The'cleaVage‘fﬁrrows start‘by 3 hour
and are complefed by 3Y2 hour, Four upber hicrumeres. smalier
and darker; four lowver macromeres,.larger aﬁd lighter.
Macromeres have all three types of pigmentation, dark, medium
and light. The embryonic diameter and pigmenf meaéurement
saume as g% Stage 4 and Jelly thickness same as at Stage 2.
(Plate 1:+=DP; and Figs, 11 and 12).

STAQE 63'Age 3y2 - 4 Hoursj Length approximately 1.5 mm.
"Sixteen cell stage". The upper dark micromeres are

first divided into eight cells, resulting in an intermediate

tvelve cell stage. By another 4 hours the cleavage furrow reach

the vegetative pele, dividing the four lower, light, latger

micromeres. The diameter of the embryo, pigment measurem nt

same as Stage 4, Jjelly thickness same as Stage 2. (Plate IEirF;
Figs. 13=16).
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- STAGB 7: Age 4 - 4Y2 Hour; Length approximately 1.5 mm.
| "Thirty two cell stage"; Imbryonic diameter, pigment
_ measurementzremaining seme as Stage 4, jelly thickness same

as Stage 2. (Plate 1r+G and H; Figs, 16 and 17). .

STAGE 8: Age 4Y2 - 5Y4 Hour; Length apprexzimately 1.5um.
 '"Sixty four cell or mid cleavage stage" also called
"Large cell blastula stage”. From this stage there is a clear

distinction between the micromeres and macromeres due to
gradual transition of cell size from animal to gegetative
pole. All measurements\aimpst siﬁilar as at Stage 4. (Figs.
18-20). - |

STAGE 9: age 5741— 12¥2 Hourj; Length 1.54 mm,
"Many‘cbllaor late cleavage stage™” also called "Fine~

coll blastuls stage". Surface of embryo not smooth by the |
early hour of this stage. The distinction between micromeres
disappeared., Embryo darkly pigmented:at animal pole and dark
pigment encroached over the area of medium pigment. The
diameter of the embryo increased, i,54 mme. Jelly thickness
almost similar as‘sfagé 2, Measurement of dark pigment increased
being 1.16 mm, light pigment 0.21 mm and medium pisment 0.17 mm.

By 10 hours the cells undergo epiboly, the whole egg surface
~smooth and no distinctionﬁggii’boundaries (Plate I>—Ij Figs.

21 and 22),

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

"Initial gastrula stage”". Appearance of dorsal 1lip by
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pigment ooneentration. Embryonic diameter 1 «59 mm, Measuree
ment of dark, medium and light pigment being 0,99 mm. O 17 om
and 0.43 am resyectively¢ Jelly thickness remaining similar
~’aﬂ at Stage 23 (Plate Il J and K; Fig. 23).

STAGE 11: Age 13 = 18?2 Hour; Length 1.59 mm,

"Blastopore stage . Active gastrulation indicated by
the formation of blastopo:e. At this site cells invaginate
into the interior of the embryo. The growing wargins of the
‘bdastopore, assume creseenf. horse;ehoe and wltimately circular
shape. By pigment concentration'it indicates the border of
fuﬁuﬁe}yolk plug, the egg diameter remaining similai as at
Stage 10 and jelly thickness same as Stage 2. (Figs. 24-~29).

STAGE 121 Age 18/2 - 23 Hour; Length approximately 1,59 mm.

"Yolk plug stage”. Blastopore groove closed ventrally,
Yolk plug large, ciréular having a diameter of 0.64 mm. the
diameter ofbthe embryo séme ags Stage 10. Jelly thickness samet.
The yolk plug with light pigment and the rest of the embryo,
having dark p;gment reasuring 1.07 mn. (?1ate I=K; Figs.
30-34). -

STAGE 13: Age' 23 = 30 Hour; Length approximately 1.59 mm.
"Disappearing yolk plug stage". Yolk plug circular,

- smell, more or less pigménted fields radiating from yolk plug.

Future position of the néural plate and groove indicated by

dark pigment lines. The diameter of the embryo remaining same

as Stage 10, Jelly thickness similar ;e at étage 2, (Plate IT=

M,N,0,P,0; Figs. 35-37). |
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STAGE 14§ Age 30 - 32 Hour; Length approzimately 1.7 mm.

“Néural'plate stage". Neural plate delimited. Lmbryo
' elongated, measuring 1.7.mm. Jolly thickness remaining
similar aéfah.Stage 2., (Piate IT-R; Figs. 38<40).

STAGE 15: Age 32 = 35 Eour; Length abproximateiy 1.72~2§Q6 nm,
"Neural fold stage”. The neural plate distinct and '
lighter 1n colour, than the rest of the embryo. The neural
folds‘gradually'approach each other from blastopore to |
gaterior fegion; Jdelly disfinct. (Plate II~S and T; Figs.41-44).

. STAGE: 16: Age 35 —I44 Hour; Lehgth 2. 06 - 2 36 mm.

'“Neural groove stage'., Neural folds touching eaoh other.
Considerable eatension of the anterior part of the neural plate.
Due'toﬁhe;elongation~of the embryo,raelly layer distinct,
having diam;tér of 2,36 to 2.59 mm. Lateral outline of the
embryo convex, (Plate IT~U; Figs. 45 and 46), - - *

STAGE 17£‘Age 44 - 50 Hour; Bength 2, 36v; 2. 70 mn, |

"Pail bud stage". Delimitatzon of the anteriorx region |
by pigmented 1ines. Initial motor reactions to exterhal
stimulation. Jelly diameter 2.59 - 2.66 mm. Lateral outline of
the embrye flat. (Plate IV-V and K; Fig. 47).

STAGE 18: Age 50 = 58 Hour; Length 2.70 = 3.01 mm.
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STAGE 193 Age 58 - 68 Hour; Length 3.0 - 3.22 mm,
"Heart beat stage" Beginning of tail fin formation.,ﬂ

:Myotomes more clearly distinct. For the first time clear
: separation between head and trunk regions. Tail not yet

separated from the urunk. Jelly dimameter 3.26 %o 3.31 mm.
(Fig, 50). - - |
STAGE 203 Age 68 = 91 Hour; Length 3.22 = 3.35 mm.

N | "1l circulation stage", Mouth region distinct. Dige
tinction between Jaw and gill area. Rudimentary Lprotruberance ;
and grooves at the gill area, Eye spot clear. Fin arca broade |
ened néar the caudal end of the trunk. Tail;fin divided into

outer tiansparent and inner %translucent band with muscles.

Jelly diameter 3.31 to 3.46 mm. (Fig. 513.

STAGE 21: Age 91 = 115 Hour;.length 3.35 = 5.16 mn.

| "Mouth open stage". Mouth distinet with rows of
keratodonte and orgl papillae. Gills distinét and nipple shaped.
Eyes clear, black with light coloured pupil in the middle,
Embryo with distinct head about 0.86 mm. long, trunk about 4.30
mmg_longg‘The embryo keeps its body folded inside vitelline
menbrane (PlatelN), és it measures more than the jelly diameter.
Jelly diameter measures about 4.12 mm. At the end of Stage 21
hatching occurss (Figs 52)«

. STAGE 223 Age 115 = 190 Hour; Length 5.16 = €.,23 mn,

"fail fin circulation stage". Distinct head about 1.07
mm., long, with eye, ear, mouth and gills. Trunk measuring 2.15 -

mm,, with gut and anal opening ciearly visible. Taii,about
3.01 mm. long, with broad fin8 and tail muscles. (Fig. 53)¢
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STAGE 231 Age 190 = 228 Hourj Length 6.23 = 6.45 mm.

. 4@"0pe£cuiar fola stage"; All the characters remaining
same as»ebeve. At this stage the’Opercular‘fold becomes
visible for. the first time, but it is not complete. G1lls

- projecting below operculum. Gill length shorter than earlier
etage, Embryo grown in length, hsad about O. 84 mm.. trunk

' ’about 2. 36 mn. and tail about 3. 44 mm. (Pig, 54).

- STAGE 243 Age 228 - 254 Hour;‘nengﬁh 6.45 = 7,51 mm,

Embryo showing its opercular fbld closed on right side.
'_All the characters similar as at Stage 23, only the operculim
"elosed’on right side of the body. Left gills still can be |
geéen but sméller than before: Head 1ehgth about 0,84 mme
trunk 1ength about 3.65 mm. and tail length about 4.21 mm.
(Figs 55)e - :

. STAGE és-'Age“zsa - 288 Hour; Length 7.15 = 10432 mms

| Embryo having operculum alsc called "Complete 0percu1um

%tage" Embryo with only trunk and tail. Distinction between

head and trunk disappeared. Operculum closed and external

gills disappeared. Bye with well developed lens and retina.

Appeatance~of melanOpho:eS*and distinct pigmentation. pattern.
:Ceilea Lﬁtestine and tadpole starts feeding on filaﬁenxous

| algae., Tail long, with tail fin and myotomes: Head -~ trunk

-length about 344 mm. and tail length about 688 mm, (Fig.

56 A and B)s
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STAGE 26 Age 288 = 336 Hour; Length 10.32 = 11.18 mm.
"Hind. 1imb bud stage". .Appearance of hind limb bud at

the groove between the base of the tail and belly wall. It

appearé as small whité bud like structure. Oral sucker

elevation completely disappeared. Two rows of postoral

1abial teeth present. Bye prominent. Lateral line .gystem

'present but not distinct. Tadpole having clear and equal

" pigmentation and not spotted. as in Stage 25, Head - Trunk

‘length about 3.87 mm. and tail length about 7.31 ma.

(Fig. 57 A and B),

STAGE 273 Agé 336 « 470 Houra}Length 11.18 « 19.955 nm,.
"Iadpole with developed hind 1limb", Pigment free -
patches appsar at the metatotorsophalangeal joints, where
the proximal toe pad will later develop. Cloacal tail piece
feduced, Ebre-limb not yet seen. Head -« Trunk ;ength_about :
. 7455 mm, and tail length about 12,00 mm. (Fig. 58 A éhd B).

STAGE 283 Age 470 = 674 Hour; Length 19.55 = é1.51 nm,
Tadpoleiwith forelimbs just sprung from under‘the
operculums Larvel mouth furnishings absent, by the shedding
‘of the horny beak and labial fringe. Hind limb well developed,
used for movementQ Head - Trunk length about 7.51 mm. and
tail length about. 14.00 mm. (Fig. 59 A and B). |

STAGE 29: Age 674 - 722 Hour; Length 21.51 = 18.00 mm.
Tadpole with both limbs developed. From this stage
tadpole undergoes metamorphosis. Angle of the mouth reached



Plate I A,
Plate I B anﬁAc

Plato I D

Plate X Band F

Plato I G and H

Plate I ¢

Plate I J and K

Plate I L
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Pirst cloavage showing twoe
colls (Stage 3). :

Second eleavage showing fdnra
cells (Stage 4). -

Third ocleavage ehoving eightu
colls (Stage 5)e

Fourth oleavage shoving sixzteen-
cells (8tage ).

. Fifth oleavage showing thirtytwo--

cells (Stage T)..
Late‘olegvage (Stage 9)e
Dotaal_lig (Stage 10).

- Yolk plug (Stage 12).






Plate 1XI M, N, O, = Disappearing yolk plug

Plate II R _ - Neural}?iate (Stage 14).
Plate II S and T =-Neural fold (Stage 15):
Plato II U = Neural groove (Stage 16).
Plate IIV - - Teil bud (Stage 17).

Plate II ¥ - Late tail bud (Stage 20).
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caudad, bolow the antorior margin of the eye ball, Tedl
assumes & darker and less transparent appearance than in

- previous Stages. The dorsal and ventral fins shrunken and
the tail length considerably reduced, although 6till longer
than the exteonded hind limbs. Head<Trunk length 7.0 mm. and
tail length 11,00 mn. (Fig. 60 A ard B).

STAGE 303 Ago 722 - 770 Hourj Length 16,00 = 11.50 mm,
Tail shortened. Anglo of the mouth reachad the posterior
rogion ¢of the eye ball Opercular patoh dark anﬂ rednced.
Head—?runk length about 7,00 mm, and tail‘length about 4.5 mm.
 (Fig. 6% A and B),

STAGE 313 Age 770 < 790 Hours Length 11.50 « 7.50 mm.

Tail only e emall triangle, no longer vieible from
vertral side. The triangular stub of tail is darker in colour
than the rest of the body. Tympanic cartilage ring prosent.
Head=Trunls length about 7.0 mm, and tail stub about 0,50 mn.
(Fig. 62 A and B),

STAGE 323 Age 790 « 900 Hourj Length 10,00 mm.
Fully metamorphosed young frog with all anuran
characters. (Fig, 63 A and B),

DISCUSSION

igpocharis Viegmann available at Shilleng 4o a
seasonal frog breeding nostly from the middle of April to
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August., This is the best period for 4its induced bréediﬁg
and study of its development. During this period at room
temperature (1400-2200) its development is completed within
33 to 36 days.‘ﬁatchipg occurs on the 4th/5th and sometimes
on 6ﬁh‘day. Opercﬁlum is formed on 10 to 12 days, hind limbs
| developf from: 12 to 19 days, forelimbs develop between 19
to 30 days. The longest size of tae tail is noted by about
19th day aand then it is resorbed, disappearing completely
by 33 to 36 days.'The time of develbpmbnt of diffbrent
stages is different £rom the timing of developmental stages
of other frog species Eg_g j;gg;gg described from this
country (Agarwal and Niazi, 1977). Bana tigrina embryo has
been described to hatch by about §7V2 hours, whereas

Rana ;;gggggg;gglemb:yoe hatcﬁ;;wgggiiflgi—;ﬁé g%iménd"\
sometimes on the 6th day at Shillong. The hatching time of
Rana limnocharis is very mmuch similar to Rapa pipiens

( Shumway,, 1340) ih which hatching occurs after about 6 days
at_18%c, The metamorphogis of Egggmngg;ggg is, however,
proloﬁged to about 90 dayé (Tayler and Kollroé, 1946 ) which
is a much longer time than that of Rena limnocharis observed
in the present investigation. The hat ching time of

Bana ;éggg~ggg;g inveatigated at Singapore at 27°C~29°C vas
wvas found by Hock and Wen (1970) to be about 24 hours. They
reported 7°C and 29°C as the lower and upper limiting
temperatures for_ggng ocharis which are comparadle to
the limiting temperatures (5°C and 28°C) investigated for
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Rans limnocharip for this study at Shillong (Chapter VI),.
Near the upper limiting temperature the'gmbryonio devele
opment of Rana limnocharis was found %o be very faet in-
the present investigation also. The difference between

thg atmospheric temperatures at the two piaces may account
for the difference in’the hatching time of Rana limmocharis
observed in the two investigations, The longer hatching
time of Rana limnocharis at the subtropical climate of
Shillong makes it more suitable matériél for the study of
the>embryonic’stages in this region, The higher temperature
(269C-28°C) at which Agarwal and Niazi (1977) studied the
development of Rana tigriva may account for its faster
developmental rate also during embryonic stages and slowey
developmental rate at post embryonic stages,

STAGING OF ENMBRYOS |

The staging of embryos and lervae is normally based
on a new davelopmental event. Although the criteria followed
by different authors is similar, yet there is lot of
veriation in the numbering of stéges.of different anurans,
The tables of Shumway (1940) &5 for embryonic development
and Taylor and Kollros (1946) for post embryonic developmeht
of Rana pipiens have been mostly used for reference by many
investigators andylaboratoiy manuals (Hamburger, 19603
‘Rugh,, 1962)@ Some variation is always nbted in the develope
‘mental patterns of body parts in different species and many
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a time it becomes difficult to follow any criteria very
figidly. Goener's (1960) table deseribing a criteria for
staging is also sometimes not applicable in different
species, There are very feu tables describing the complete
development of enurans. In this connection normal tables

of Bufo yulgaria (Alder, 1901), Bana fusca (Kopsch, 1952),
Bana dalmatina (Cambar and Marrot, 1954), Bufo melsnostictus
(Enan, 1965), Xenopus laevis {Nieuwkoop: and Faber, 1967),
Rana tizrina (Agarwel and Niazi, 1977) can be mentioned.

0f all these tables the normal table of Xenopus laevis

described by Nieuwkoop and Faber is most exhaustive. They
have adopted external as well as internal morphological
changes as the criteria for staging specially because
Zengopus laevis has been found to be one of the most suitable
material for developmental studies as well as expetimental
and transplantation work in wmany laboratories of Viestern
countries; In the present investigation the criteria adopted
by Nieuwkoop and Faber for external morphological changes
has been followed, The description of intermal changes was
not at present considered necessary. The development of

- Rapa limnocharis in the present investigation has been
dividqd into 20 embryonic and 12 post embryonic stages.“&he
preseht investigation on Rana limnocharisg reveals that

(1) it responds well to prescribed dosage of homoplastic
pituitaries preserved in absolute ethyl slcohol for inducing

ovulation in females during breeding seasons provided the
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specimens used are not spent; (2) its life cycle 18
compleéed 1n~approximatgly15 weeks;“(B) its embryonid"
pericd is comparatively longer and post embrybnic,beriod
i.® shorter; (4) it is easy;fo work with this species ‘due
to 1te handy size and (5) the 32 develogmentél stages
.described‘above can be-conveniently deﬁonstrated."lt is
therefore, hoped that this species can be.a conveniént

clasercom material for devéIOpmental studies in Indian

conditions.
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‘BUMMARY

The present chapter embodies the desoription of
normal table of development of Rana limnocharis Wiegmann
by rearing under laboratory condition through induced
breeding. The staging of the embryos has been based on
ma jor ohangeg'in the external morphological'featgres% '
The entire developnent from fertilized egg to metamorphosed
froglet has been divided into 32 distinct stages, fertili-
zation :~ stages 1 and 2; cleavage :~ stages 3 to 8; gas-
trulation :- stages 9 to 12; neurulation 3= stages 13 to
15; organogenesis :- stages 16 to 20; and post-emdbryonic
stages 21 to 32, Rana limnocharisg is a séasonal~frog
breeding from the middle of April to August in Shillong.

At the room temperature fluctuating 5etween'14°c (night)
and 22°C (@ay), during the early breeding period, the
development was completed:in 33 to 36 days. Hatching occured
on the 4th/5th day and sometimes on the 6th day. The larva
developed operculum between 10th and 12th day and subses
quently underyent metamorphosis. ﬁindiimﬁs‘develoPe& ﬂ@fﬁgg
the pertod, 12th to 19th day: Forelimbs were.formed between
the 19th and 30th day. The tail reached maxzimum size on
about 19th day after which it gradually resorbe&¢=disappearﬁ
ing completely between 33rd and 36th day..
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INTRODUCTIOR -

In recent yeare the need to evolve comvenient and

' economical technique for frog culture has been increasingly
feltiby workers all over the world., Une important prerequi-
siie in this éontext is to get acquainted with the food and
feeding habits of the frog specises to be cultured in a
particular locality, Tinsley'(1973) and Clarke (1974) stated
that'pattern of exploitation of prey is an important charac-
teristic of different groups of anura. Hedeen (1972) and
Brown (1974} analysed that, food consumed By anurans reflect
the abundance and availability of prey in its habitat.
Blackith and Speight (1G974) investigated that frog's gape

. and movement pattefn are responsible for determining the

diet in a particular habdbitat,.

In éomparison to the number of contributions on food
and feeding4habifs of anuran species found in the temperate
region, there are a few contributions from the trbpical
region (Durant and’Dole, 1974)-a£d ver& few from thg Indo=
Pak subcontinent (Knan, 1973).' | ‘

The subtropical climete of Shillohé and the neighbou-
ring hills provide a specialised cold end humid biotope in
the North~Zastern region of India. As stated earlier |

Rana limnocharis Wiegmann is a common species of frog in
this region and is eaten by some tribes of the Northe |

Eastern Hills States. It is therefore, a suitable species
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for culturing, both from academic as well as economic
point of view;fAdong earlier vorks there are'§ﬁq}¢ontri-
butions available on the food and feeding habits of this
‘specieé,’Liu and Chen (1932) investigated the percentage
composition of injurious and beneficial animals 15 the
food contents of Rapa Jimmocharis available in the
vicinity of Kashing (China) with special reference to
insects in relation to paddy cultivafion, Berr& (1965)
investigated the gut contents of Rana limnocharis from
Singaporeq‘ﬁe reported a high percentage of vegetable
matﬁer in their stomach contents, in addifion to animals
ranging from small to large sizes depending upon-thé mouth
gape and food availability in the habitat, The present
study 4is based on a 12-month analysis of the volume and
pércentage' composition of food taken by the adult and
jgveniles of liana limnocharis during the prebreeding.
breeding, postbreeding and hibernation peiioas.

REVIEYW OF LITERATURE

Gut content anéljsie ;eveals the food and feeding
habit of animals. Among anuréns. the first detailed analysis
of stomach contents was made by Liu and Chen (1932) on the
_I.two species of frogs, _Rg_na_ limnocharis and Rena nigromaculata
available in the vicinity of Kashing (China), situated just

above the sea level, with special reference to insects,

%
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Théy st;dieé the percentage composition of béﬁeficial

and injurious animals in the food contents and relation-
‘ship of these animals with the paddy cultivation. Smith
(1953) studied the feeding habits of Rama rididbunda
ridibunda and showed that, in their choice of food,they
vere extremely catholic and would not devour very fine
éreatures, Tyler (1958) worked in France on the diet,
feeding habits and preying behaviour of the edible frog
Bana esculenta. In 1961, Khonyakiha vorking in the vicie
nity of Makhachkala (Russis) on the feeding habits of
Bans xidibunda and gggg,xiggggg reported that, they fed
mainly on arthropods specially agricultural pests proving
their utility to agriculture, although they wvere non-
selective feeders, He also noted that Rana ridibunda causes
some damage to pisciculture'in shallow water reserviirs.
Berry (1965) worked on the diet of six anuran species.

Rana limnocharis, Rhacophorus leucomystax, Microhyla bute
derd, Microhyla hymensii, Kaloula pulcra and

Leptobrachium nigrops available in Singapore and reported
various degrees of selectivity for particular type of prey.
He reported that availability of prey im the habitat, the
size of prey and of predators especially in relation to the
mouthgape determined in the diet. In 1966, he publiched
his findings on the food and feeding- habits of the torrent
frog, Amolops larutepsis in Kaulalumpur, and showed that

these frogs feed on a wide range of terrestrial and aguatic
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animals. They showed preference for prey animals within a
range'of 1.00 - 6,5 mm, He did not find any clear seasonal
 variation in the diet and suggested that rmonthly fluctua-
tions in the amount and type of prey ingested depended
largely on the activity of the prey., Jenssen and Klimstra
in the same year noted that food of Rapa clamitans 4is
affected by habitat. Jenssen (1967) reoported that

Bana glamitans larvae were indiscriminate feeder of food
available in their habitat. Guyetant, during the same yesar,
reportéd that there was var;ation in the diet of young and
adﬁlt Rapa fempo ia, Rana esculents and Bufo bufo conclu=-
ding that feeding habvilts probadbly continue to alter. i
Opatrny (1968) reported that the terrestrial insects and
animals living on water surface predominated as the food
items of Rana ridibunda and Bana esculenta found in central
Bohemia, South Slovakia and South Eastern Romania depending
on the biotope. He alSo recorded cannibalism. Chlodny (1969)
vorkqd on the food requirement of Rana arvalis in Poland
and showed that efficiency of assimilation is constant for
e given diet being 84.6% when fed on earthworms apd 73.3%
when fed on tnsects under laboratory conditions. Franz ~ .
(1970) found that the food of larval tailed frog, /fg /3
Aseaphus truei consisted mainly of algae. EGngiiiey (19?0)
worked on the food and some Australian anurans of Southern
Highlands of New South VWales, He examined the frequency and

percentage of food items taken out from stomachs of juvénile,
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eubadult-aqg‘adult of three species of genus Pseudophryne
and shoved that their diet consisted mainly of ants and’
termites. He found that the size of prey items vas assote
‘dated with the size of the predator and seasonal variations,
especially changes in temperature, influenced the feeding
activity of the adultse In 1972, Hedeen repoftédﬁthat

Rena geptentrionalis EBaird, the mink frog, available in
Minnesota fed on differert diets during different stages

of the development depending on secasonal food avallability
and changes in the habitat. Stevark and Sandison (1972)

made a cohparative study of food habits of sympatric mink
frog Rana septentrionalis, bull frog Rana catesbiana, green
frog Hapa glamitans and found that although major food
groups for both mink frog and green frog were éimilar, there
vere distinct differences in total diet. Bruggers (1973), as
a result of his work on food and feeding habits of bull frog
Bana cotesbiana of North-Western Ohic, found that they ate
everything that they couid svallov. Housten (1973) studied
the food of common frog, Rana tomporaria, on high moorland
of Northern England. He showed that there was a temporal
variation of food during different periods of growth of the
frog. Ho suggests that there is a qualitatiée correlation
‘betveen the size of the prey and predator. He also found
out that the animal is unspecizalised and opportunistic
feedor in its habitat. Kalusche (1973) worked on the diet
of Rana gsculenta ard noted that it snapped at and ate
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tadpole in shallow water ditches in terrarium. During the
same year, Khan 1nvestigated that Rana tigrina was an
indiscriminate feeder and its mouth-gape determined ma#imum
.size of the prey. Tinsley (1973) while studying the ecology
and systematice of zggggggi_;ggggggggg from Vestern Uganda |
took stomaeh contents aleo as a criteria forxr ﬁescribing
the species, Blackith and Speight (1974) reported

Rona temporaria as an effective predator of ground living
predatory and parasitic 1psects. Durant and Dole, during.
the same year reported tiat food of Atelopus exyrhynchus
consisted mainly of coleopterans (405), vhile hymenoptera
(mostky ants), larval diptera and acarina comprise (45%)
and other food items were (15%). They further descr1bed
that amplexing froge had much less food material in their
stomach. Cristea (1974) inwvestigated the food of’green frog.\
Bana ridibunda and Rana eseulenta. Living in Danube's delta »
and flooded land. He showed that larval stege was mainly
dependent on filahentous algae and‘végetal detritus. Up to _J
juvenile stage these frogs lived 6n submerged greeh planfe
and algae, copepoda, cladogara, rotifera and chironomus
larvae, Their adults lived on animal diet. Elliot and
Karunékaran (1974) investigated the diet of Rana cancrivora
in fresh and brackish water environments of Singapore and
showed that the gut content included all.small animal
species found in the respective enviromments., The diet of

frogs near brackish water consisted of predominantly
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crustaceans, vhile the diet of those collected néér fresh
water comprised mainly of insects. The choice of the prey

- limited only by ite size and the mouth=gape of the
predator. Tucker and Sullivan (1975) reported unsuccessful
attempts of BRapa catesbiana to eat Bufo as the latter
appeared unpalatable. Bailey (1976) recﬁrded that the main
food item of the;fqad Bufo marinus compriséd 80% snails
and ants. LabaniékA(1976) vhile working upon the prey
availability, consumption ard prey selection in the
cricket frog Acrig grepitang reported thet mean prey size
increased lihearly and mean number of items per stomach
decreased vith the increasing size of the frog. He analysed
by rank analysis that prey selection was not as important
as the prey availability. '

MATERIALS AND METHODS

The study of the food and foeding habits of
Rana limnocharis was based on the gut content analyeis of
280 specimens collected during 197677 from the Pologround
at regular intervals throughout the year, During hibernae
tion the frogs were collected from burrous and crevices
belov the stones. After collection, the frogs were immed-
iately killed dy chloroform and preserved in 70% alcohol
to check any furiher digestion of the food‘contents. Before

preservation a small incision was made in the abdomen of
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two groups: adults (males SVL above 3.10 cm and females
SVL above 4,15 “em) and juveniles having SVL less than that
of adults. They were weighed and dissecteﬁ. Size of warious
parts ofqthe alzmentary canal was recorded. The foocd
materials were’taken.outdseparately £rom the stomach,
intestine anrd rectum and transferred to a. graguated
cylinder;haﬁing‘ﬁébO:ml watery The volume of the £ood cone
teht vas determined‘by the aﬁount of water displaced, The
food items were next poured in a wateh glass and ezamined
under dissecting binocular mlcrosc0pe. At first a detailed
analysis of the food items was made during the bdbreeding
season and then percentage composition of eveyy item was
calculated every mqnth.fThe'observations vere made to check
complete as well as fragmented food 1teﬁs.i1n all 20 adults
and 20 juveniles vere examined during breeding periods For
investigating the annual changes of the foocd intake 20‘
adults weore examined every month. The animals taken as food
items were idehtifiedjﬁp to orders, most to families and’
some to species.: During breeding season analysis of the food
items present in'tﬁe intestine and rectum was also made with
a view to find out as. to vhich food items were completely

digested and which partly digested.
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OBSERVATIONS

Observations vere made on ‘body weight, enout vent
length, gut length. food volume and frequency and percen=

tage composition of food contents.

A ANAL§§IS DBRIgG THE.BREEDING RERIOD,
1, ' ot Ny

(a) E_QL£§ (Table x)
The 20 adult specimens stuﬁied, weighe& £rom 3,05 gn

to 13,90 gn. The males being 3.05 egn to 4485 gm. ‘whereas
females from 7.10 gm to 13.90 gm. The corresponding Se-V
length ranged frcm 3.10 em to 535 oms males being 3.0 cm
to 4,00 cm and females being 4.15 cm to 5.35 cm. The body
breadth ranged from f.60 cn to 2.35 cm; béing 135 em to
2,20 cm in males and 1.30 cm %o 2.35 em in females., The
head length ranged from 0,50 cm to 1.30 cm; being 0.50 em
ito 1.60 cm in males and 0,65 cm to 1,30 em in femaies. The
mouthegape ranged from 0.95 em to 1.75 cm; being 0.95 cm
%0 1,60 cm in males and 0,90 em to 1.75 cm 1n,females.

The gut length ranged from 9.20 em to 17.70 cm; being
9,80 cm to 14.70 cm in the males and 9,20 cm to 17.70 em in
the females. The length of the stomach ranged from 1.30 cm
to 2.55 cm; being 1.30 cm to 2.55 cm in the males and 1;65
em to 2,50 em in the females, The intestine length varied
from 5.,00 cem to 13,90 cmj being 6.95 em to 10,05 em in the
males and 5,00 cm to 13.90 cm in the females., The rectum

[
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TABLEI

'gggg‘_;ggg_ggggg w1egmann: Dimensions and volume of gut content of the adulzs during
4 < the breeﬁing period

' Measurcments . Male (9) “Female'(11) o Total adult (20)
L . Average (range). . .Aveyage (range) Avexage (range)
Body weight (gn) 4.68 (3.05- 4.85)  9.60 (7.00513.90)  7.39 (3.05=13.40)
Body length SVL (cm) - 3.60 (3.10- 4.00)  4.82 (4u15= 5.35)  4.50 (3.10= 5.35)
Body -breadth (em) .80 (1.35-:2.20) ':-2,02 (1.30--2.35) .1.92 (1.60~2.35)
Head length (cm) ‘ _f0;96 (0356;”3.30) ‘;;1.06 (0.65° 1.30) 4‘%,92 (o.$oe"t;30)
Houth-gape (cm) 1425 (0.95= 1.60)  1.40 (0.90~ 3.75) . $.34 (0.95= 1.75)
Total length of gut {(cm) 1t 46 (9. ao~e4.70) 13,74 (9.20-47.70) 12,71 (9.20-17.70)
Stomach length (cm) 1472 (1.30=" .55) '2,05 (1.65='2,50) ~ '1.90 (1.30- 2.55)
Intestino length (em) 8.43 (6.95-10.05)  10.14 (5.00-13.900  .9.37 (5.00=13.90)
Rectun length (em) 1,31 (0.75= 2.30) 1,65 (0.75= 2.70)  1.50 (0.75= 2.70)

Total volume of food ' _

contents in gut (ml) g 0441 (0.20~.0.60) 0463 (0.25~ .0.80) 0453 g0.20au0.80)
0.21 (0.05=0.04) ‘0632 (0:10= 0.70)  0.27 (0.05-0,70)
0.10 (0,05~ 0.20) 0.94 (0,05= 0.30)  0.12 (0.05=:0.30)

0.10 (0,05~ 0.30) 0.18 (0.05~ 0.40)  0.94 (0.05- 0.40)
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length ranged from 0.75 cm to 2,70 cm, the length of

rectum in the males being 0.75 cm to 2 10 om and in bhe
females 0,75 cm to 2.70 cm.

The total food taken by different individuals rangéd
from 0+20 ml to 0.80 ml by volume, being 0.20 ﬁl to 0.60
ol in the males and 0,25 ml to 0,80 ml in the femsles.
The volume of fpod'coptente,varied‘1nA§ifferent parts of
the gut in d1fferent specimens oxamined. In stomach 1t
ranged from 0,05 nl to 0,70 ml; 1nvintestine>1t*rangea
£rom 0.05 ml to 0,30 nl and in rectum 0,05 ml to 0,40 ml.
In the males the volume of: the stomach éontents measured
from 0.05 ml to 0.40 ml; in the: intestine o;os ml to° 0420
ml and in the rectun from 0,05°ml to 0.30'ml. In the
femalos the volnmeldfvthe»étemach contents measured from
0,10 m1 to 0.70 ml; in the intestine contents from:0,05 ml
to 0.30 ml and in the rectum from 0,05 ml to 0.40 ml.

JUVENIL: (Table II)

The weight of the 20 juveniles specimens examined
ranged from 1§70 gan to 4.8 O ga; the males being 170 gm to
310 gnm and the females 2.60 gm to 4.90 gm;rThe'cerreSpon-
ding body length (SVL) of these specimens being‘2.60 cm to
3.90 cm; males being 2,60 cm to 3,05 cm and females 3.00 ci
to 3.90 cm. The body breadth ranged from 0:85 cm to 2.00 om;
being 0.85 cm to 1,55 cm 4in males and 1400 co to 2.00 em in
females. The hsad length ranged from 0.60 cm to 1,00 cm:
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S TABLE II1

Rana limnocharis Uiegmann . Dimensions and volume of gut content of the juveniles dhring
: the breeding period

Measure&ente

. Male (11)
. Average (range)

Female (9)
Average‘(range)

Total young (20)

" Average (range)

Body veight (gm)

Body length SVL (cm)
Body breadth (cm)

Head length (em)
Mouthpgape (cm)

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

. Rectum length (cm)

fotal volume of food
contents in gut (ml)

Total volume of food -
contents in stomach (ml)

Total volume of food

contents in intestine (ml)

Total volume of food
contents in rectum (ml)

2- 95 ‘( 1 070"30 10)
o 3.01.(2.6o~3.05)"

0+77-(0.60-1,00)

1.14 (0.95-1.30)

8045 (7.40-9.35)
1.34 (1,10-1.40)

599 (4.90-6.75)

1.09 (0.85=1,35)

0.32 (0.15-0.60)

‘0.6 (0.05-0.30)

0.08 {0.05-0.10)

0.09 (0.05=0.20)

3,34 (2.60= 4.90)

1447 (1.00- 2.00)
. 081 (0.60= 1.00)
1.14 (1.00= 1.50)
9.95 (7.50-13.10)

1.51 (1.30- 1.96)

7.16 (4.80=10.50)
1.27 (0.95- $.60) .

0.35 (0.30= 0.40)

0,16 (0.10= 0.20)
0.09 (0.05= 0.10)

' 3.12(1.70- 4.90)

3.16 (260~ 2.00)
1.30 (0.85~ 2.00)
0.79 (0.60- 1.00)
1.127(0.95~ 1.50)

1 9.12 (7.40-13.10)°

1.42. (1.10< 1.90)
6.52 (4.80~10,50)
1.17 (0,85~ 1,60)

0. 33 (Oo'5° 0060)
0.16 (0,05~ 0.30)
0.08 (0,05= 0.10)
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being 0,60 c¢cm éo 1;90 cﬁ in males and 0,60 em to 1.00 ¢n
in females.fThe mouth-gape ranged from 0,95 cm to 1,50 cmj -
being 0.95.cm to 1. 30 cm in males and 1,00 cn to 1.50 cm

in females.:

The gut length in these specimens varied from 7.40
cn to 13,10 em: being 7.40 .cm to 9.35 cm in the males and
7450 om 0 13,10 cm in the females. The size of different
regions of the gut also varied in different specimens. The
stomach length of the juVenile ?aried from 1,10 cm to 1.96
em, in which the males measured 1.10 em to 1.40 cm and in
E the females {;30 cﬁ‘to 1.90 cm, The intestine length mease
ured from 4.80 cm to 10.50 cm, which in males was 4.90 cm 0
6.75 cu and in females 4.80 om to 10.50 om. The length of
‘the rectum varied from 0.85 cm to 1.60 cn; 0.85 em to 1.35 cm
in the males and 0,95 cm to 1.60 cm in the £ emales,

- The tofal food taken by different individuals ranged
from 0,15 ml to O, 60 mi by volume, being 0.15 ml to 0,60 ml
in the males and 0.30 ml to 0.40 ml in the females. The
volume of food contents varied in the Gifferent parts of
the gut. In the stomach, the volume of the food contents
varied from 0405 ml to 0,30 ml; in the intestine 0.05 ml to
0.10 11 and 4n the rectum 0.05 ml to 0.20 ml. In males, in
the stomach it measured to be 0.05 ml to 0.30,ml; in the
intestine 0,05 ml to Q.10 ml and in the rectum 0.05 ml to
0.20 nl. In the females the volume of the stomach contents



Pig. 1 = Poercentage composition of cbmplete food

items found in tho gut of adult and

Juvenile Rana limngchax

Abbreviaticnsa

EYH = Hymenoytera
COL -« Coleoptera
ARA = Arachnida
GRY = Gryllotalpidae
TE? - Tettigonidae
LEP = Lepidoptera
LAR - Inseot larvae

OLG = Oligochaecta
ONS = Oniscoidea

- PEN « Penacdea

DIC = Dictyoptera
DIP « Diptera
MOL « Mollusea
HEM -« Hemgptera
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Pig. 2 = Peroentagé,coﬁpoeiticn of fragmentary
food items found in the gut of adult
and juvenile Rana limmocharis,Wiegmann.

Abdbreviations:

" LAR - Inseot larvae
HYY - Hymenoptera
ARA -« Arachnide
DIC - Dictyoptera
HEM - Hemiptera
LEP « Lepidoptera
RSH «» Rotifer shell
GRY =« Gryllotalpidae

COL « Coleoptexa
ONS « Oniscoidea
0LG - Oligochaeta
PEN « Penaeden
S720 - Stones

MOL -~ Mollusea
DIP - Diptera

088 - Grass,
Straw, Stones
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varied from 0,10 pl to 0.20 ml, in the intestine from 0.05
0l to 0,10 ml and in the rectum from 0.05 ml o 0.20 ml.

26 }s é' e, fo temg 3

| Ebllowing food items were recorded from stomach,
1noest1ne and rectum during breedxng S€asth. {Tables III,
IV, V and VI; Figs. 1 and 2). '

(a) STOMACH
~ The anai&sis of the food items of stomach revealed
the nature of items taken as food. The content of the'stomach
comprised complete specimens of fragments of the oligochaetes,
arachnids, crustaceans, 1nseets, vegetable matter and smell
atones, in the adults as well as juveniles as desctibed
below, Identification up to species level could not be done
in certain cases, | |
1. Annelida
Oligochaeta
Earthworms
The Oligochagta were represented by
earthworme in the food contents. The earthworms were iden=
tified as vermiform, metamerically segmented animals, having
élitellum. In adult frogs, the complete specimens comprised
25.28% of the food content and the fragments 4% of the total
fragmentary contents of the stomache ) ) 3 ‘

In the juveniile frogs, the earthworms formed 5.39% of
the food content. Fragmentary parts were not found in the

juvenilee.



o TABLE IIX - . )
Bana limnochards Yiegmann: Complete food items obtained from the gut of the adults.
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--STOHMACH - - INTESTIRE ' RECTUM _
Food Items Percentage Frequency Percentage Frequency Percentage . Frequency
Composition  of composition of  _composition . of - .
occurence _ . occurence : occurence
Annelida ‘ - B |
Oligochacta 25.28 5 57.14 2
Arthropoda.' - ' o
Arachnida Arachnida 8.04 4 14.28 1.
Crustacea o l |
Isopoda Oniscoidea L8829 3
Decapoda Penaedea 3.44 2"
Insecta . _ ?
Orthoptera D - '
Gryllotalpidae 1.49 1
Tettigonidae 1.49 1
Dictyoptora Blattaria $.49 LI 14.28 LK
Hymenoptera 30,22 12 14.28 K " 2
Coleoptera 20.68 9 | 14 1
Inceet larvse 2.29 14 B}




TABLE IV
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Rana limnocharis Wiegmanns Fragnented food items obtained from the gut of the adults
o “:’Tauacu _ INTESTING RECFOM
Food Items - Percentage Frequency Percentage Frequency Percentage Frequency
composition of . compoe.ttion of .~ composition of
‘ occurence occurence occurence -
Annelida _ - o
Oligochaeta 4 4 i3 7
Arthropoda | ‘
Arachnida Araneae 5 4
Crustacea | ’
Isopode Oniscodidea 1 ] 2 1 1 1
Decapoda Ponaedea 2 2 ‘
Inscota S
Gryllotalpidae 4 4 .
Dictyoptera Blattaria 2 L] a 1
Hemiptera 1 1 L 1
Hymenoptera 19 8 40 10 4
Coleoptera 21 1 13 , as 7
Insect larvae 42 19 50 12 ' 48 14
Nematode 12 6 i3 10




TABLE V
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Rana limnocharis Wiegmann: Complete food items obtained from the gut of the juveniles.

~ RECTUM

I ~ STOMACH INTESTINE
Food Items . Percentage Frequency Percentage Frequency Percentage .Frequency.
composition of composition of composition . of :
occurence ~ eccurence . 0CCUrence.
' Annelida | 1 k
Oligochaeta 539 5
Arthropoda . -
Arachnida Araneae 1;47 15 . 50 1
Crustacea | . |
Isopoda OUniscoidea 11.76 8 50 1 . 20 |
Decapoda Penaedea 098 2 ‘ 20 - )
Insecta | .
Hemiptera 1.47 3 20 B |
Lepidoptera - 0449 3
Diptera 098 1
Hymenoptera 1 69.60 16
Coleoptera " T35 10 40 2
Molluseca 0.49 ]

A
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TABLE VI

Rana limnocharis Uiesmannz Dimensions and volume of gut contents of the adults during
. - . the breeding period.

, STOMACH ~ INIBSTINE ~ RECTUM
Food Items ....Percentage F:equency Percentage - Frequency . Percentage Frequency
composition of " composition. . of =  composition ~ of
o - ocecurence : occurence . . . | occurence -
Rotifer chell ' L 338 2 4,29 - 4
Annelida ’ ‘ - o TR
Oligochaeta , . . . 3.38 o2 3.38 3.
Arthropeda A | o | o - L
Arachnida Araneae 15.06 8 3.38 2 - 2469 -2
Crustacea , ' : B v
Isopoda Oniscoidea - 16.43 10 5.08 3 1.29 1
Decapoda Penaecdesn - 136 1 1.69 ] 2.59 1
Insecta . | : : , “ “ ' .
Hemiptera T 2473 2 1,69 1 2,59 2
Lepidoptera 2.73 1 3.38 . 2 2.59 2
Diptera o ‘ . 129 1
Hymenoptera 28,75 13 16.94 8 7.79 5
Coleoptera 9.50 3 5.08 1 14.28 8
Insect larvae 15,06 10 30.50 13 31.16 15
HMollusca | | 1.29 1

Grass, Strawv and .
Stones (taken as food) 8.20 6 16.88 13

Nematode | 8.47 5 1.9
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2. Arthropoda
. Arachnida
Araneae -
Spiders
| The Araneae includes spiders, -These
spiders formed a part of the diet of the frogf The gpidere
vere identified by. the presence of cephalothorax and
abdomen ccnnected to each other by a slender pedicel ‘and
six pairs of cephalothoracic appendages. of which the
first pair called the chelicerae vere prominent. The
spiders comprised B8.04% of the food content of the adult
frbgs; Nﬁmerous’fragmepts such as cephalothofax, abdomen,
eyes, cheiioerae and d ifferent parts of the appenﬁaées
cpmpr?ge& 5% of the total fragmentéd components obtained

from the stomach.

In the juveniles, the whole animal represented 1.47%
of the total stomach contents, while the fragments of the
spider body showed a greater percentage of 15.06% of the

total fragmentary components of the stomach.

3+ Crustacea
Isopoda
Uniscoidea
Uniscus

~ The Oniscoidea vas represented in the
diet of the frog by the oniscus, identified by dorsoven-
trally flatteped'bodyu having distinct segmentation, vesti=

geal antennules, absence of carapace, uniramous thoracic
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appendages and last abdominal Segment fused with the
telson, In the'adult frogs, Oniscus formed 6.89% of the
total food items, where as the fragmented parts of the

animal made up 1% of the total fragmented components.

‘fhe stomach content of the Jﬁvenilesthdwed‘that"
tﬁéy'had a botter preference for Uniscus than the.adqlts.
which formed 11.76% of the total stomach contents. The
fragmented parts of this animal made up 16.43% of the

tcfaihfragmentary stomach‘cdntent.

‘44 Crustacea
Decapoda
Penaeiden
Pravn

, The small prawns (lJagrobrachium
species) were identified dy a cephalothorax, with carapace
overhanging tho lateral sides to form 2 branchial chamber,
usually without a rostrum and three pairs of chelate legs,
They formed 3.447% of the complete food items found in the
adult. The fragmentery parts of the cephalothorax, legs or
the carapace comprised 2% of the total fragmentary compo=-

nents,

Whole specimens of the prawns were represented in the
juveniles by a small percentage of 0.98% of the total com=
ponents of the stomach and the kragments being 1.36% of
the total fragmentary components, |
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5« Insecta
Urthoptera
Cryllotalpidae
o . |
| Gryllotalps were identified.hyhthe

biting and cheving type of mouth parts snd large prothoraz,
legse modified for digging. The ggx;_ggg_gg formed 1.49% .of
the total food items and 4% of the fragmented pazts in the
stomach of the adult frogs. This groupe was not found in

the Jjuvenile frogs,

6. Insecta
Orthoptera
Tettigonidae
Grasshoppers

. Tettigonid grasshoppers were identi-
fied with lcng horns, long cvipositor, cegmented tarsi
and long antennae, They made up 1.49% of the total stomach
content in the adult frogs. They weré not found in the
Juvenilesy |

‘ T+« Insecta
Dictyoptera
Blattaria

Eexdplanecta
The common cockroaches (Rerinlaneta)
belonging to Blattaria, dark brown in colour, having
rudimentary vings formed 1449% of the stomach céntentsg
- Numerous small pieces of different parts of the body were
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found in the stomach which madeé up 2% of the total
fragmentary coﬁponents of the stomach. They were not

found in the juveniles,

. 8o Insecta
Hemiptera
Bugs and Aphids
In the stomach contehts, Hemiptera

is postly represented by the plante bugs, aphids and
vator bugs identified by piercing and sucking mouth parts
and typical hemipterous wings (or apterus condition in
aphids); In‘the adult frogs, the hemipteraps wore represe
ented by fragments, forming 1% of the total fragmentary

stomach contento.

In the juveniles, they were represented as complete

food item, forming 1.47% of the total stomach content.

9. Insecta
Lepidoptera
Butterflies and moths
The butterflies and moths, were iden-

tified by coiled proboscis and caterpillars or obtect
pupae either free or in cocoons. These vere not found in
stomach content of the adult-frogs@ They formed 0.49% of
the total complete components of the stomach in the
Juveniles. Fragmented parts of the lepidopterans make
2.73% of the total fragmented components. ‘



10. Insecta
Diptera
‘ The representati§es of the crder

Diptera were identified by one pair of memdbranous wings,
one pair of halteres and sponging or sucking or piercing
type of mouth parts, Typical dipteran larvae and obtect
oy oxarate pupae were also observed. The dipterans were
found only in the juvenile frcgs, ccmprising about 0+98%
of the complete food items.

11, Insecta
- Hymenoptera ‘
Ants, Bees and VYagps
7 The Hymenoptera were ropresented in
the stomach conténts by the ants, bees and wasps. They
wereo identified by membranous wings, the hind pair being
smalier and connected with the fore pair by hooklets and

36

reduced venation, biting and licking mouth parts, a saving

or piercing ovipositor, polypod or apodous larvae and
pupae genarally in cocoons. In the adult frogs the
Hymenoptera formed a great pexrcentage of food ditems., The
complete item formed 30.22% and the fragmentary parts
formed 19,0% of the total fragmentary stomach contents,

In the juveniles,fthe Hymenoptora was repreosemted

among the complete food items by 69.60% and among the
fragmentary components it formed 28.75%..
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12, Insecta
Coleoptera
The frogs shoved a great proforence
for coleoptera in their diet. Minﬁte %o large coleopterans
vere identified by fore wings modified 4into elytra,
membranous hind wings folded bensath the elytra, large
prothorax and biting type of mouth parts. Typical
coleopteran larvae were also found. Coleoptorans formed
20,68% of the total componménts found in the stomach.
Fragmsntg of the coleoptera alsc showed an abundance
repreSanting 2155 of the total fragmentary compqnents.

?

In the juveniles, cocmplete and fragments of
coleopterans formed 7.35% and 9.50% of the total food

itens respectively.:

13, Insect larvagq
' The stomach contents of the adult
frogs, insect larvae ccmprised-z.ZQ%'of the total complete
food items and 42% of t@e‘total fragmontary food items. In
the juveniles fragmentary parts of the larvae formed
15.06% of the total fragmontary foed contents.

(b) INTESTINE

The analysis of the food items in the intestine
reveals that the food items uhich wére being digested.’
The contents of the intestine comprised  the oligochaetes,

arachnids, crustaceans, insects, as complete items or in

N
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fragments. In the contents of the intestine rotifer
shells and nematoda were also fdentified. Tho mematoda
appeared to be parasites and they were found in majority
of frogs studied. As none of them wes found in the
stomach they could not bo identified. -

In the intestine of the adults, the earthyormg
comprised 57.14%, the spiders 14.28%, the cockroaches
14,28% and the anto 14.28% as the complete food items.
Améng’fragmentary‘eomponenﬁs of the food, the earthyorms
formed 137, oniscus 2%, ands 10%, beoetles 13% and insect
larvae 0%, About 12% fragmented items due the nematodes.

In fhe case of the juvenile specimens, spiders and
onisecus were seen 28 complete items, sharing the total
pexrcentage eomprising 505 each, Among the fragmehted parts,
shell of. rotifer and nematoda were also seen. Rotifers
comprieed 3.39%, earthvoxms 3.38%, spiders 3.38%, oniscus
5.08%, prawns1.69%, bugs and aphids 1.69%, butterflies and
moths 3,38%, ants 16,945%, beetles 5,08%, insect larvae
30,505 and nematodes 8.47%.

+ (6) RECIUYH
The énalysis of the intact or fragmented food items
of the rectum, revealed that theee-items vere not digested.
The contents of the rectum éomprised)the Oligochaetes,

Arachnids, Crustaceans, Insects, Insect larvae and Molluscss



| Pig. IB « Annual occurrence of food items found
' in the gut of ,_gg_d_%_aﬁ Yiegmann
during ufere nonths e year,
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Fig. 4 = Volume of food contents found in the gut

of adult male and female Rang &@%gm
- Wiegmann quring different monthe of. the
year.
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Ih the rectum of the’adulte. among the complete
epecimens identified, the hymenOptera formed the greatest
percentage being 71%3 the -beetles and insects larvae about
14% each. The fragments vere numerogs belonging to other
groups mentioned above which is not seen among the complete
items, Oniscus 1%, cockraaches 1%, bugs and aphide 1%,
hymenoptera 1%, beetles 25% and insect larvae 48%. Nematode

fragments comprised 13%.

A In the ‘Juveniles, among complete 1téms, oniscus
formed 20%, prawn 20%, bugs and @phids 20#% and beetles 40%
constituting the highest percentage. Fragmented parts of

the food items were numerous in the Juvenile frogs also;~
rotifer shell 1.29%, earthworms 3.38%, spiders 2.69%, oniscus
1.29%, prawn ZtSQ% bugs and aphids 2.59%, butterflies and
moths 2.59%, mosquito 1.29%, ants 7 78%, beetles 14.28% and
other insect larvae 31, ;16%. Molluscan shell formed about
1.29%. The stones which made ﬁp a 1argeAvolume, 16,.88% éigng
with the other fragmented items. They pass out along with
the othgr undigested material,

B. ANALYSIS DURING DIFFERENT MONTHS OF THE YEAR.
‘The volume of the food intake by adult frogs during

different months has been shown in Fig, Y. It vas maximm
“during breeding and minimum during hibernation period, The
{2-month data on the analysis of stomach contents has been
shown in Fig. 5. The .ocourrence of different food items

fluctuated as desoribed below,.
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1. Formicoldea

" Ants belonging to tho group Formicoidea formed
the higreet percontage of food itens taken throughout
- the years Their percentage ranged from 25% to 335
during Mazch to November and vent up to 57, 42% and
81% during December, Jénuary and February, showing
that the frogs take high quantity of these items as
fdoa auring wvinter hibernating moaths,

2+ Isopoda

Répresentativeslof Isépoda, ise. mostly oniscus
vere found to be the second preference food item fluc-
tuating from 13% to 40 during lMarch to Novembers They

vere not recorded in ﬁibefnating £rogss

B Gbleoptera

The third preference throughout the year was
recorﬂed for Coleopteran beetles; Their amount fluctuated
from 9% to 16% during larch to Gctobers They were not
recorded in samples coliected in November and December,
In January samples, there was 31% of these beetles: In

'February samplés, they wvere not found againe

4s Oligochasta

The earthworms vere recorded as fourth preference
food 1teme, occuring almost throughout the year except
Pebruary, fluctuating from 4% to 25% during different

months of the years



5. Apidae

Bees belonging to family Apidae formed the
£ifth preference food item flnctuating from 4% ta 18%
in the stomach contents. They were‘not found in the
sbecimens collected during April, August, November

| and December,

6. Hemiptera |

Hemipterans wvere recorded in-the gtomach contents
throughout the year except June, August, Septenber,
January and February fluctuating from 3% to 22%, The
highost perceﬁtage obsorved in Docember suggests that
frogs prefer dbugs during hibernation period.l

7. Arachnida

Spiders representing Arachnida were recorded in
the stomach contents throughout the year emcept Auvgusty,
- September, December, January and February £1uctuating

from 455 to 14% in different months.

8e Insect laxrvae :

The insect larvée,~cateryillars. grubs and éaggots
were present in the stomach contents almost throughout
the year except in the samples examined during Uctober

and December. Their percentage fluctuated from 2% to 16%.

9, Penaedae

Small prawns (Jagrobrachium species) formed 35
to 7% of the stomach contents during April, June, July,



Cctober and November.

10. Dictyoptera ‘ .
Cockroaches formed 4% to 8% of the stomach
contents during April, June, July, Aﬁgust, Septemdber

and Novembers,

i1, xettigonidae

Orthoptera repreeented by tettigonid grasshoppers
formed a very small percentage (2% %o 4%) of the food
items only during breeding season, ’

12;'Lépid0ptera
The butterflies amd moths aiso formed a very::
small percentage of the’atomach contents dufing breeding
' seasen, (2% to 3%) in Jﬁly-and August. |

13. Diptera ‘
The dipteran flies formed 1% to 2% of the stomach
contents during breéding éeason in May, June,and July
" and about 6% of the stomach contents in the samples

eﬁam&ned during Novembez,

4. Mollusca | '

Molluscan shells were recorded frem the samples
exanmined in July, August and Novemdber, During bréeding
geason they formed 2% %o 3% and during November they

formed 5% of the stomach contents.
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15. Gryllotalpidae
Parts of Gryllotalma were recorded forming 2% to
5% of the stomach contents in some samples during

breeding season.

16, Uhidentified itens
" Some fragments present during different months
remained unidentified due to their esmall size.

Important inferences nay be drawn from the study
of food and feeding habits of Rana ;;gggsbgg&g (1) It
feeds throughout the year‘including hibernation period
(Figse. 3 and 4). (2) It shows food preference in the
following order: Formicoideé, Isopoda, Colgopfera,
Uligochaeta, Apidae, Hemiptera and Insect larvae among
the food items available. (3) Although no data was collec=
ted on the size of food items but it was pormally observed
that lerger insects such as gryllotalpa, cockréaches,

. large gresshoppsrs were present only in‘the,adulteo {4)
During breeding season the amount of food taken was much
higher opecially in the‘fémaies (Pig. 4B) and during
hidbernation period the volume of food taken was lowest
both in males and as well as in females. (5) Although the
frogs choy preferencek. for different items as food, its
feeding nabits reflect that food items were taken
according to their availability, for exzample insect larvae
are more abundant in May, dJune and July and during this
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peiiod they formed a'higher percentage of food items
present in the stomach., Similarly Dictyopterans,
Tettigonids, Lepidopterans, Dipterans and lMolluscs weie
available in the food«contents.in the months when they
wers abundaltly available, Formicoidae, coleoptera,
155pods, oligechaetes, apidae, hemipterans. and arachnids
vere available almost throughout the year and they were
found in the stomach contents also, almost tﬁroughout

the year,

DISQUSSION .

Host of the workers investigatihg the food and
foeding hadbite of anurans have concentrated their study_
on the percentage composition of the food items present
in the stomach and other parts of the alimentary canal,
Liu and Chen (1932).reported sponges, earthworms, .
mollusﬁéq shrimps, centipedes, spiders, scorpicms, ticks,
sowbugs and other crustéceans, Orthoptera, Ephemerids,
Odonata:!_ Hemiptera, Homoptera, Coleoptera, Trichoptera,
Lepidoptera, Diptera, Hymenoptera and other unidentified
insects in the stomach contents of Rana limnocharis and
Bana pigromaculata; They reported more affinity of these
frogs tc insects as compared to other invertebrates. Among

insects they reported high percentage of Hymemoptera,
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Coleoptera, Homoptera and Diptera. Inger and Marz (1961)
investigated extensively on the diet of anurans from
chéo, repo:ted that the.d;et of amphibians depends on.
the‘availabil;ty of the prey vhich varies according to
d#fférent altitudes and different seasons. The size of
the prey also limits ubat can be ingested. Berry (4965),
while in&estigating tﬁe food items of Rape limnocharis,
Bhacophorus leucomysiax, Micxohyla butleri, Microhyla hym-
ensii, Kajoula pulohxa, Leptobrachium nisrops found in
Singapore, also assorted that diet of anura is dependent
on the food items available in the vieinity, He reported
a high percentage of Hymenoptera in jlicxohyla hymongii,
Higxehyla butleri and Kaloula gulehra. In Leptobrachiun
aigrops, orthopterans formed a higher percentage of the
food items. Other food items except Dictyoptera were
present in lov or negligible quantity in the first four
species, In 1966, he studied the food items of ‘
Amolops Jarutoneis found fat Selangor (500-750 £t, above
sea level) and reported that ante formed highest percen-
tage of‘the food+ The Ephemeroptera and Coleoptera came
in the second category. Pengiliey (1970)'investigated the

food items of Australian anurans Pseudophryng corroboree,
Eseudophryne dendyi, Bseudophryne bibroni, Crinia gignifera

and Hyla verresuxi found in New South Vales (alt. 1040m).
He reported a high percentage of Hymenoptera, of which the
ants formed the largest proportion imn all the species



studied, The next important.ohoicé of these frogs was
Coleoptera. Houston (1973) iﬁvaétigétéd the £0od of |
Bans temporaria and reported Diptera (Tipulidae) and
Lepidoptera to form the hishest‘percentage,'whereae
phalangid Coleoptera and Castropoda ranked in the second
preference. Elliot and Karunakaran (1974)11&vestigéted"
the feeding habits of Rans gancrivora, which inhabits '
both dbrackish and fresh water swamps and ditoﬁes in
Singapore.. Ho reported great variation in food of this
species collected from the two sourcess (1) the diet of
the specimens collected near the brackish water hed &
high percentage of crustaceans and crabsg (2) frogs
‘collected near frech water showed high percentage of
‘insects, of which formicidae formed the highest percene-
tage. Coleoptera, Diptemand Hoteroptera ranked in the
second catégonyg Tinsley (1975) reports that diet of froge

can be species specific,

Thé present study an the food and feeding ﬁabite
of Rang limnochagxis during the active life and bréeding
period reveals some parallel to the genéraiised 1nferehces
dravn from the investigations described above. For exzample,
‘Hymenoptera formed the highest percentage approximately 30%
of the stomach contents of which ants (foimicoiqéa) formed
the main bulk, Cligochaeta formed the second highest
percentage approxzimately 26%, Coleoptera formed the third
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‘preferenco food items being aboutLZO%. arachnids and
isopods (6=8%) formed the fourth preference, and
Penaeéae and inseet larvae about (2-=3%) formed the f£ifth
preference food items, Other food items were present
only in small quantities, These findings éie somevwhat
different from those of Liu and Chen (1932) and Berry
(1965) who reported Coleoptera to form the highest
percentagé. These variationsmay be'dué to gifferent
high altitude hadbitat where the present investigation
has been,éarried out, The monthly anaiyeié throughout
the year reveals clightly different piétnre:(Fig, 3)e
Formicoidea formed the’highest percentage throughout
the year. ISOpodag Coleoptera, Oligochaefa. Apidae,
Insect larvae, Heﬁipterag Araéhnida and Peneadea wore
found to occur in varyiné'percentage 1# order of prefeib
enée'as shown hefe. Other food items were present only
in small yercenéage and that foo according to their
-availability in ditfereﬂtfmonths.“The study of foqd and
feeding hgbits through andnal<cycle of anurans have not
been described by any of the workers except Berry (1966)
who has shown seasonalrdistribution of seven selected
prey-typee 1nges€ed by Amolops larutensis (Formicidae,
Coleoptera, Orthoptera, LepidOpfera, Diptera, Trichoptera
larva and Ephimeroptera nymphs)g;ﬂe did not report any
clear.séasonalmvariation in the diet. The present stﬁdy

does reflect a seasonal variation according to



availability of food items. Labanick (1976) found by. .
rank analysis that, prey celection was mot as important
as prey avaiiabiiity.‘_ ' ' ' ‘

' Out of the fifteen types food ftems recorded from
the gut of gg_g_;&ggg_ggggg vig, Fbrmicoidea, Isopoda.
Coleoptera, Oligochaeta, Apidae.xﬂemiptera, Arachnida,
Insect larvae, Penaedae, DictyOptéga, Tettigohidaé.
Lopidoptera, Diptefa, Mollusea and Gryllotalpidae, only
four such as,Rogifer sholls, lMolluscans, shrimp prawans
and come imsect larvée.appear‘tb be aquﬁfic?whereas,all
other items were terrestrial in habit.‘This‘indiéatee
that this frog 15 mostly a terrestrial feeder. So far as
proy and rredator relationship is concerned, larger proys
were available in larger gpecimens examined such as
'ggx&%gggggg¢ grasshoppers anf cockroaches were not

recorded from juvenile specimens,

AMOUNT OF ¥@ TAKE

| The volume 0f the food intake in males also showa
'a fluctuation according to the breeding cycles Feeding
activity continues in males also during hibernmation bdut
food. volume reﬁains less, measuring 0403 to 0407 mlg.InA
_ March, April md May it was approximately Oyl to 0.3 ml
and aftervards it was 0.1 to 0316 ml up to November.
(Pige 4A). |



: :fhb“analyeia of the'voluhe of the total food
1ntake as calculated on the basis of stomach contents
reveals that food intake of femal es 1ncreases enormously
(4=4Y2 times) from hibernation to active breeding
period, Data on annual cycle (Fig. 4B) shows that the.
feeding activity continues during hibernation in |
December . and January also, although the qud voiume was
recorded to be lowest during this period. The volume of
the efomach'contenta during this period was measured to
be 0,05 to 0.01 ml, whereas in March and April it. was
measured to be 0,43 to 0,45 ml, From May onwards there
was reduction in the food intake and it remained approze
imately 0,25 to 0.35 ml up to August. From September
onwards. ifiwas measured to be 0.1 to 0,15 ml up to

November,

QOD_INTAKE AND DIGESTION
On comparing the food 1tems presentAin7thewthree
regions of the alimentary canal it is observed that
Oligochaetes, Arachnids. Uniscus, Shrimp prawns,
Hymenopterans, Coleopterans and Insect larvae form the
main bulk of the food contents in the stomache Mollusca.
Gxyllotalpa, Tettigonids, DletyOpterans. Hemipterans.

Lepidopterans and Dipterans formed a small percentage of

food items in the stomach contents., Hymenopterans were

present in very large quantity in the Juvenileeﬁ‘



300
In the_iﬁtestine.,Oligoehaetes.-Arachnids..Qniasga
and Insect larvae formed the main bulk,.: The percentage of
Hymenopterans and Coleopteorans was less in the intestine

‘and other items were present in still smaller percentage.

In the rectum, Hymenopterans, Coleopterans and
Insect larvae formed the main bulk, The percentage of
Oniscus and Shrimp prawns was much less. Other items

were present in traces.

' The presénce of food items in varying percentage
in Bfomach.intestine and'recfum shoved that soft animals
such as Oligockaetes and Arachnids are completely digested.
Those with hard chitinous exoskeleton Qpiscus, Shrimp -
provns, Hemipterans, Hymonopterans, Coleopterans and
Insect larvae are not fully dizesteds Their soft parts
appear to be partly digested but exoskeleton is not
affected. '

Froge have been reported as Biological Control
agents., Liu and Chen (1932) while studying tho & Somach
contents of Rans limnochaxis and Rana W@ in
China calculated the percentage of beneficialland injue
rious animals eaten and tried to correlate its effect

on paddy cultivation in the region from whore the £ro s

'a means for biological control and propose%nb_'edingiof
= LIZRAE "
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local epeoiee to centrol epecific typee of ‘erop peete. .
In the present investigation a emall percentage of paddy
pests euch as graeehoppere ané buge were recorded ap

food iteme of mg and it is felt that n

can be used ae biological control agent for paddy peete.
Bana figrina has also been reported to be a biological
control agent for harmful crop pests. (Khan, 1973).

The froge and fresh water fishee breed almost at
the same time. There are, however, very fow contributione
showing the damage caused by frogs to fishes or vice
versa. Khenyekina (1961 ) worked on the feeding habit of
Bapa xidibunda and Bufg viridis and reported that these
species cause damags to pisciculture, It is however, not
poeeible‘to comment upon the damage caused by
Rana limnocharis to pisciculture as it was not worked out
4dn the present investigation, In a preliminary survey the
percentage of these frogs vas found to bde much less 4in
Gevernmeﬁt Fish éonde at Shillong, however, none of the
specimens examined showed any fish eggs, fragments of

- friecs, fingerlings or adults.
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| The results in this chapter deal with 12—month
analyeis of the foou and feeding habits of Rana _gggh___ggg
Viegmann, The size (SVL) of the males ranged from 3.1 to ,
4,00 cm and the weight from 3,05 t0 4.85 gm. The sige (SVL)
of the femnles varied from 4.15 to 5. 35 cm and the weight
from 7.0 to 13.9 gm. The food intake was maximum during
the breeding period (males: 0.20 to 0.60 ml and females:
0,25 to 0,80 ml) and minimum during the period of hiberna-
tion (meles: 0,1 ml and;fémales: 0.8 ml). Gut content
analysis during the breeding period.revealed that hymenop-
terans formed about 30% of the stomach contents‘which was
the highest pércentage with the ants (Formicoidea) being the
main constituent of this group. The oligochaetes formed
approximately 26% of the contents being the second highest
percentage. The coleopterans (about 20%) formed third largest
item of food preference, insect larvae forming 11% were
fourth in ordei of preference, the arachnids and.isOpods
formed about 6% and 8%, being Sth and 6th preferred food
ifems, Other food items éuch as arthropoda, crustaceans,
orthopterans, hemipterans, dipterans, dictyoPterans,.
tettigonids, lepidopterans and miscellaneous insect larvae
were found in much less qugntiﬁies,-The monthly analysis
revealed Formicoidea forming the highest percentage of the

food items throughout the year; isopods, coleopterans,
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oligoehaetes; apidae, insect larvae, hemipterans, .
arachnids and peneadea were recorded in varying percen-
'tagee in that order of preference. ‘The mere presence of
food items in tho stomach of the frogs during the
hibernationa period suggests that they do feed during
the hibernation period although in very low quantities.

A5 most of the food items were found to be of tefreetrial
origin,.thisifrog species can be said t be ﬁoetly'a
terreefrialafeeder.ﬂLetge‘eizee ofuﬁfey items were present
in the gutS'ef larger froges while small sized items were
geen: in the guxe of smaller specimens. Oligochaetes, ;
’araehnids and soft parte of other 1tems were found fully
digested, while the hard chitinoue exoskeleton remaine&
undigeeted.wDuripg ‘paddy eeason a emall percentage of paddy
pests, eeehee graeeheppere and bugs were recorded in the

gut of this frog suggesting that it had possible role as

an agent for biological control.



REFERENCES

Bailey, P. 1976, Food of the marine toaa, Bufo marinus
and six other species of Skink[in a Cacao plantation
in New Britain, Papua New Guinea. Aust. Wildl. Res.;
3: 185-188, °

Berry, P.¥s 1965. The diet of some Singapore. anura.:
(Amphibia), Proc. Zool. Soc. Lond. 1443 163=174.

Berry, P,Y. 1966. The food amd fecding habité of the

Torrent frog, Amolops larutonsig. J. Zool. Lond.
1498 204=214.

Blackith, R.M, and M.C.D. Speight. 1974. Food and feedirg
hadits of the frog Bapa temporaxis in hogland:habitsi
in the West Of Irelando Jg ZOOIQ, Ilondo1723 67"790

Brown, R.l. 1974, Diet and habitat preferences of selected
anurans in Southeast Arkansas. Amer. lidl, Nat., |
913 468=473, - °

Bruggers, R.L. 1973, Food habits of bullfrogs in Northwest |
~ Ohio, Ohio, J. Sci. 73(3)s 185=188,

Chlodny, J, and T, Mazur. 1969. Food requirements and
utilization of food by Rana frvalds Nilss. Ekol,
Pol., Ser A. 17(38): T19-733. -

Clarke, ReDs 19T74. Food habits of Toads, Genus Bufo .
(Amphibin, Bufonidae)s Amer. Midl. Nati 91(1): 140147,



308,

Cristea, E., A. Cristea and B, Demetriue, 1?72. ..lesarva-'
 tions regarding the food of the green frogs
(Bapa ridibunda Pall, end Rapa esculenta L.) living
in the Danube's delta and f£looded land .. Bul..
Crecet. Piseis. 31(3/4): 19-24.

Durant, P, and J.'w; Dole., 1974, Food of Atelopus gxyrhyne
' ghus (Anura: Atelopodidae) in a Vonezuelan cloud
forest, Herpetologica. 30(2): 183—187.‘

Ell:lot, A.B, and L‘.l EKarunakaran, 1974, Diet qf
RBana cancrivora in freshwater and brackish water
environments., J. 2001, Lond. 1743 203=215,

. Frenz, R, 1970, Food of larval teiled frogs, Bulletin
| Maryland Herpetological Society. 6(3): 49-51.

Guyetant, R. 1967. Study of the 'feeding of young frogs
in sumner . Ann, Sci, Univ, Beeancon. Zool. Physiol.
Biol. Aﬂiﬂo 33 69"’78’

. Heeden, Se¢E. 1972, Food and feeding behaviour of the mink

frog_,, Bana geptentrionalis Baird, in Minnesota,
_ Amer, Midl. Natur. 88(2)1 291=300, ‘

. Houston, W.W.K. 1973. The food of the common frog, .

Rana temporaris, on high moorland in Nofthern *
England, J. Zool. Lond, 171(2): 153=165.



106

Inger. R.F., and H, Marx. 1961, The food of emphibdiams.
EXploration du Parc Nationsl de l'Upemba. Fascicule.'
641 1=86, ' o

J;neeen, T,A, 1967. Food habits of the groen frog,
Bona glamitans, before and after metamorphosis.
COpeia. (1)3 214~218¢

Jenssen. T.A. ana WeDs Klimgtra, 1966, Food hadits of the

green froso Bana glapitans, in Southern Illinios.
Aner. Midl, Natur. 76(1)3 169-182. |

Kalusche, D. 1973. Tadpoles as a preoy for,ggga g@gg&gg&g
 Salamandra. 9(3/4): 164-165.

Khan, m_'.s,y 1973, Food of tiger frog, Fana tiggina Doudin.
Biologia. 19(1/2): 93=107. | o

Rhonyakina, Z.P. 1961. Some Gata on foeding of Rana ridibunds
" and Bufo yixidig im the vicinity of the tovn
©  Makhachkala, Uch. 2Zap. Dagestansk. Univ. 7(2): 91=103,

Labanick, G.M. 1976, Prey availability, consumption and

 celection in the cricket frog, Acrhs cxepifans
(Amphibia, Anura, Hylidae). J, Herpetol. 10(4)3
293~298,

Liu, chioying and Kan-fan, Chen. 1932, Amalysis of stomach
contents of two species of frogs (Bgnz limpocharig
and Bapa pigromaculata) in the vicinity of Kashing



107

with special rei’erence to inscots. Yb. Bur. Em;.
Kangchow (1933)2: 183-*191. " ' o

Opatray, E.',. 1968, The food of our water frogs M g&gg-

bunda and Rang g,gm;gg_a o Acta, Univ, Palacki. .
Olomuc, Fac. Natur, Blol, 283 133-'39.

?enguiey, R.K. 197%. .The food of Australian anurana
(Amphibia). Jo Z°01q Londo 163(%)3 93°1°30

Smith, My 1953. The feeding habits ‘of the marsh ftogs

: (Béag'zééééggﬁé s&ﬁ&kans_) Brit- d, “Eerpot.. 1:
170=472;

Stowart, M. and P. Sandison, 1972, Comparative £0od
habits of sympatric mink frogs, bullfrogs and greenm
frogoe. J. Horpotold, 6(3/4): 241-244, '

mnsley, RQC. 1973, Studies on the ecology and systematics
" of a new. species of clawed toad, the genus Jenonug
from Westorn Uganda, J. Z00l, Lond. 9693 1=27, .

T4nsley, R.Ce. 1975, The morphology end distribution of
Zenopug yestitus (Anura: Pipidae) in Central Africa.
" J. Zool. Lond. 1753 473-492.

Tucker, J.K. and M.E. Sullivan, 1975. Unsuccessful attempts
by dullfrogs to eat toads. Tranp. Ill. State, Acad,
" Bei. 68(2): pp 167.



108

Tyler, M.d. 1958. On the diet and feeding habits of the
edible frog (Rahg opeulenta LinnTeus). d. 2001.:
. SOC(ov Lond, ‘3’3 583“5950

fNot.‘consﬁvlted in original.



108

Chapter 4

Pituitary - Gonadal cycle.
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IRTRODUCTION

The role of the pituitary hormones in controlling
the somatétrophic and gonadotrophic activities in the
vertebrates is now well known., Despite the fact that,
there is enormous literature on the amphibian pituitary,
there are fou contributions vhich provide: us with a clear
understanding on the structure and behaviour of the
different types of cells of the anterior pifuitary in
Anure, such as Vaﬁ,Oordt (}963) on Xenopus, Rana and
Bufo bufo; Lakehman {1965) on Bapa figrins, Rapa gyanoph-
loma; Rastogl and Chieffi (f979) on Rana gsculonta and
Zysk (1975) onwggggvgemé?;grggf Van bordt (1963) classi-
fied the oellsvin ﬁwp fyﬁesi ﬁhe,agidOphils and basophils,
He further classified aciﬁophils_in 2 types and basophils.
in 3 types, Laksh@én (1965) and Rastogi and Chieffi (1970) .
investigated the quantitagive changes in the cells of pars
distalis (énterior pituitafy)‘dur;ng annual cycle, They
.divided the acidophil ge;lslintq_vaﬁious'types.depending
upon their staining reactions, Zyak (1975)@ vhile investi=
gating the behaviour of cells of the pars distalis"of
Bang tomporaria, described 4 types:of cellss acidophils
(A cells), 2 types of 'basqphli'ls ( ﬁ cells and 8 cells)
and chramophoﬁesﬁ NMany workers attempted to correlate the
quanfitative cytological'chaggée with the physiological
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functions of the pituitary and the behaviour of targel
organs in the amphibians, The basophil cells of the pars
distalis have been attridbuted a direct relationship with
ovulation and spermatogencsis (Van Oordt, 1961 and 19653
 Lakehman, 1965; Rastogi and Chieffi, 1970). There is a
general agreement that the acidophil cells secrete
somatotrophins and bdasophils gonadofrOphins. No definite
function has been assigned to chromophobes although some
workers (2ysk, 1975) believe them to be precursors of
baSOphilic cells, |

" The presenx ohapter deals with the investigation on
the cytological ohanges of the pituitary gland and the
histomorphological c¢changes ig the testis and ovary of
Bana ;;gggggggig during 15 annual cycle, with a view %o .
understand the bohaviour of the pare distalis, and the
different cell types found in it, in relation to the
¢yelic changes in the gonads and its breeding aotivity,
The investigation on the pars distalis has been restricted
to the detailed study of behaviour of 3 major cell types:
aeidophils (X cell@s))Q basophils ( B cells) and chromopho-
bes Q91ng different phases of the annual cycle. The study
of sub-types of cells was not considered necessary during
the present investigations Histological changes in the
testis have also been studied in detail throughout the
year. As the changes in the ovary were well marked even in

the dissection of the females, the investigation on the
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ovary has been confined only to the gross morphological
and histolégical changes during different phases of the

annual cycle.
" REVIEY OF LITERATURE

Work on ths‘pttuitaxy gland in Vortebrates has
deen reviewed in the recent past by Harris and Donovan
(1966) and more recently perticularly in Amphibia by
Hanke (1974)s Among histological and cytologioal stuﬁies,
the classification and nomenclature of pituitary cell
types have been subjects much debated. o major typee of
cells, chromcphils and chromophobes have been described
by all workeraq There is etill some confusion over the
identification adogted by different investigators., The
important contriputionsl~in this connection are following.

As early as in 1892, Schonemann distinguished 2
types of chromophil cells in the pars distglis of human
pituitary by using ocsin and hasmatoxylin and named them
‘eosinophils' and 'cyanophils': Using his own formulated
staing Mallory, in 1900, described 2 types of.chromophils,
acidophils and basophils on the assumption that there wore
only two types of such cells in the pars distalisi Using
Kresofuchsin and Heidenhain's Azan stain, Romeis (1940)
did very exhaustive work on‘human pars. distalisy He used
the Greck nomenclature for different cell types and
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designated ordimary acidophils as alpha cells, those
etained«o:ange énd §resenﬁ.moetly during non-pregnent .
étafe aé épeilon,oelle. and those staining eimilarly as
epsilon cellé but preaent during pregnant state as eﬁa
cells, Mclanus (1946) prescribed PAS technique for
‘etaining glyeoproteins. Using this technique Herlant
(1960) identified serous cells and Pearse (1953) identi-
£564 mucoid. colls, Van Oordt (1961)/desoribed the' gonad-
otrophic and othor cells types in the distal 1obe 0f tho
pituitary of the . common frog, gggg gempoggr;g Purves
(1961) adopted the nomenclature. acidophil and basophil
for the 2 types of cells identified by PAS reaction. Due
to strong PAS reaction some 1nvest1gators preferred to
call basophils as pasophils. By acid trichrome method
Ortman (1956, 1960 and 1961) desoribed 5 chromophil types
in Rapa pipiems, Van Oordt (1963) worked on Raps, Hana fem-
gg;g£;g€|§ggglkgg§, nevts and Salamanders and gave a
tentativé 1deht1f1¢ation ofycell_typés in amphibians as

follous 3~

Carminophils’ =  Somatotrophs,

-,5drgang90phils = . Prolactin sactetora@
Basophils (in order ®f affinity for Aleian Blue)
1. Purely cyanophil = Thyrotroph .

&Cwmmn+au®wnimhawd= Folliculo-
trophs.

- 3o Amphophil = Interstitiotrophs,
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Reyrel (1967), whilé”working upon Pelobates cultrives
repo%ted by signalling colourations and histochemical
reactions 6 éellular types = '3 acidophilic and' 3 basophilic
types;”subéequently, besides histological and histochemical,
workers also followed flourescent and bioassay technigues.
Thus, Mira-Moser (1970)’¢escr1bea acidophil I and acidophil
© 1I, basophil I,'basophil II, basophil III and basophil IV,
Kerr (1965), Van Kemende,(i974) and'Béhlemann (1974) des-
cribed 2 types of aoidophils (adidOphii“I‘and:aoidOphil 11)
and 3 types of basophils (baSOphil I, baeophil IX and
baSOphil I111), Mira~Moser's basophil I and IX oorrespona to
the basophil II and basophil I respectively. Doerr-Schott
(1974) described aciﬂophils. basophils ard amphoyhils in
amphibians, He reported that acidophils seorete LTH as well
as STH; Barlier, Kerr (1965) roported that ac;dophils I,
secrote STH as well as LTH and soidophtls II secrete LTH,
fan Kemende (1974) attridbuted secretion of LTB to acidophil
Iq STH to acidophil II, TSH to basophil I, FSH and LH to
ba80phil II and ACTH to basoPhil III.

The morphology and develoPment of anuran gonads, has \
been described in great detail uith reference to .Rana g;gg_gg
by Rugh (1951)s There are fow detailed contributions on the
annual changes in the pituitary gland of Amphibia in relation
to gonadal changes&'Lakshmap,(tgesj described the structural
changes in the pituitary gland of female frogs and toads |
during different seasoné of‘the year and repérted that yhe
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number of acidophilic cells was smallest during the period
koffegg~1aying;'RaSﬁog1 and Chieffi (1970) reported similar
phenomena in- Rana esgulenta. Zysk (1975) gave'a detailed -
account of such changes in the males and fomales of

Rana gsculenta. He described 4 types‘of*pttuitary~cellsi-
baéeﬂ on morphological, as well as staining characteristics,
acidophil cells (X cells), 2 types of basophil cells (/3.
and ' cells) and chromophobe cells. He described that baso-
<pn111c ¢ells were numerous soon after hibernation in the.I
decade of March, acidophilic cells during active period
»fxom May to September and‘chromophobe cells during early
breeding period only, The number of chromOphobe cells
decreases gradually during active egg laying period in the
II1 decade of March,. He has correlated these observations
vith the presence of high level df,gonadotrophic hormone
during early breeding per;od and high level 6f somatotro~-
phic hormone during active land life,

MATERIALS AND METHODS

The pituitary gland and gqnads were processed for

histological study as followss

The froge were captured from the étreama during paddy
season, from the paddy fieids of Pbloground; Shillong at
regular monthly intervals. These animals were taken to the
laboratory, decapitated, and the anterior pituitary gland



was taken out and fixed immediately in Bouin's Picro-
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formol in order to avoid influence of diurnal physiolo-

gical rhythm 1n frogs on the reeult'(pach, 1970)

technique of diseection of the pituitary gland has been

described in Chapter v on Induced Breeding

"The pituitaries were’fixed 1n“BOuin'9'fiXat1ve,

dehydrated in Butanol (normal butyl alcohol) and ombedded

as per ‘the following procedure s—

3y
4,

5

*

6,
T
8.
9.

1,
120,;

j

1. Fization in Bonipis‘figatiQe
2,

Waehing”in‘?O%—albohol’ e
Dohydration in 70% alcohol

[ (3/4 part) + Butanol (1/4 part)

Dehydration in 70% aleohol '
(1/2 part) + Butanol (1/2 part)

Dehydration in 90% alcdhol
(1/4 part) + Butanol (3/4 part)

Dehydration in Butanol =
Dehy&ration in fresh Butanol
‘Embedding in Butanol |

(3/4 part) + Paraffin Wax (1/4 part)...

Embedding in Butanol

(1/2 part) + Paraffin Wax (1/2 part)... |

Embedding in Butanol

(1/4 part) + Paraffin Vax (3/4 part)eses .
Embedding.;n Molten.Papaffin Wax‘..

(XX}

0o
vee

oo

., eee

Embedding in fresh NMolten Paraffin wex

o006

sce

XKD

L 2 4

(XX

LK X

eee

T eee
o e's

A1 "

24 Hours

Over night
24 Hours

"The paraffin vax. blooks were made and microtome

sections were cut 1n eagittal plane of the anterior pituitary,
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at thickness of 4 P+ Sections were stained by 2 methods s
(1) With Aldehyde-Fuchsin; Orange-G, Haecmatoxylin, Fast.
Green and (2) Heidenhain's Azan Statn:from which- Azocars' .-
mine was eliminted. Slidder's method; Barrett's method: : -
anleAS tochniques described by Disbrey and Rack: (1970)

did not give satisfactory results. Other techniques could
not be d&ttempted :as. the specific stains could not be: " RN
obteinsd; By the use of these two methods the main cell .
types of the pituitary were differentially stained. By

the use of Aldehyde-Fuchsin mo thod, :the cytoplasm: of the:
acidoyhil cells was . stained orange and the nucleus reddish
violet. The cytoplasm of the baSOphil cells uas stained
brown and the nucleus reddish viclet. With the Azan stain
the cytoplasm of the acidophil cells was. stained orange

and the,nucleus bright orange. PFor bascphil cells, the
cytOplasm stained blue and. the. nucleus recdieh hlue. The
cytOplasm of the chromophobe cells remains unstalned or
stains very' l1ghtly with both’ the types of stain used. Its
nucleus however is stained brightly. The- size of the 3 cell
types and their nuclel were measured with the help of ocular
| and stage micrometers. The number of different types of -
cells per unit area (7<r = 2,113 8q. mm) has been calculated
on the basis of observation- in 5 unit fields under oil
immersion (x 1000) of. the microscope. Some -cells vhich could
not be clearly identified have not‘been taken into consider-

ation.
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itaining tech e &
(1) Aldehyde~Fuchein J |
1. The sections were deparaffinised in Xylol.

= “%8%‘;“88%?"303?"%%?%8? 2%28%“% 2%2 2%.?;‘}6312‘3{:28%@
1n water. . A Lt

3. washed the slides 1n running water for 2 minutes.,‘

4 Transferred the slidee to ?@% alcohol. 7

e Stained the sections 1n Aldehyde~Fuchsin for 2 hours.

6. ;ls!ashed in T0% aleohol.

Te Stained in Ehrlich's Acid- Haématoxylin for 5 minutes.

8§ Yashed in tap water, & ‘

9. Stained 1n‘1%,aquetuA0rangé G .for 2 ﬁinutes.«‘

10. Rinsed in tép vater,. ‘

t1, Dipped in Faet Green stain,

12; Dehydrated in ethyl alcohol,

134 Transferred to Xylol.,

14: Mounted in DgP,Xy

(2) geideggg g gggg Method .

1, Placed the slides 1n Zylol to deparaffiniee the sections.
2. Sections were hydrated.

3. Yashed in distilled water. | ,

4. Stained in Aniline Blueq Orange G mixture for 2 honrs.‘
5e Dehydrated the slides in ‘ethyl alcohol ‘and Xylol. -

6. Mounted in DeP. Xy

ZHE_GONADS

The gonads (testis and ovary) were disseeted out at
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different peéiods_gflﬁhe annual cycle from the féaahly
captured frogs, 2ixed in suall pieces in Bouin's Piero-
formol, dehydrated in Butanol in the seme wey ee the
pituitary gland, embedded in Paraffin Vax and sectioned
at 7 p thickness, The sections were stained in Haematoxylin
2aqd_Eosin,|Maa§urem§pt§ ofvthevgr;quscg;@ulér,atxncﬁuges
ﬁére téken,w;th the help of ocular and stage micrometers,
,Thaﬁﬁumber of sections ofwyhe sem;pitgrguswtubules,yére
counted gnder.iow~powe:'magnification;pf_thg'm;quSOOpe
(each unit area = 7,06 sq, mm). The histological elements
6£‘éach-semin;ferous tubule were’éognted.nnder,highvmagni- |
21,03,#10!1‘ (041 mmGrgion) of the microsecope (veach'un‘i't area
= 23113 sq. mm). Diagrams vere made with camera lucida and

vphoxpmicrographs vere takenVWheréver needed.

OBSERVATIORS

15 E_PITUITARY @ D f‘ _
(A) MORPHOLOGY OF THE PITUITARY IN THE V?RTEBRATES..
It wou}d be worthwhile to have an idea of gross
structure of the pituitary gland before describing its
structure in gégg iimnocharis. In vertedbrates, the pituitary
gland is located in a small bony'fosea,}the sella turcica,
in the floor of the ceranial cavity (-3 Fig. 1).-I§'is.
‘cqhneéted'by:a ptélk at the base of the brain. Although it
is joined to the brain, only part of the pituitary gland

develops from the neural ectoderm, as a downgrowth, from



Fig, 1 = Disgrammatic longitudinal section of
pituitary gland in a vertedrate

the

(mammal

Abbreviationss

- Ate
Pto

Inz

L4

Anterior tuber cinerscum,
Posterior tuber cinereum,
Infundibular recess.
In@fimdibular stem,
Hedian eminence,

Pars tuboeraslis,

- Pars distalis,

Pars intermedia;

Pars nervona,
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the floor of the diencephalon. This part is referred to as
neurohypophysis. The larger part of- the pituitary gland
develops from the lining of the future ora; ectoderm, the
Rathke's pouch, known as'tﬁéﬂédenohypophysis,'Thésadeno~
hjpdpﬂ&si@'ahd fhé neurohypophysis can be divided in 3 and

-2 subdivisions respectively as described below. .

Adenohypophysis. '

(a) Pa?s_distalis (ahterior lode),

(b) Pars tuberalis.

(c) Pars intermedis (intermediate lobe).
Neurohypophysis,

(a) . Pars nervosa (posterior lode).
(b) Infud‘ibulm,

(B) MORPHOLOGY OF THE PITUITARY GLAND IN gg__ IﬂﬂOCg&R; .
The morphology of the pituitary gland 1n Rana limno-
gharis, as cbserved from the ventral side of the ekull after .
removing the palatine bone which forms the floor of the
cranium is as follows: (Fige 2)@, |

Adenohypophysis
The adenohypophysis is situated ventro=caudal to the

neurohypophysise It is composed of the pars distalis, pars
intermedia and pars_tuberalis@

(a) Bars distalis (Figa 3)
' 1t formé the posterior lobe of the pituitary and is
broad, often broader than longg4bean Shapedﬁgpinkishﬁglocated



Fig. 2 = Ventral view of the byein of Rapa iine

docharisn Wiegmann showing the poeit:lon
of the pituitary.

Abbreviations:
01f, Buld « Clfactory bulb Nst = Nostril
7ol - Telencephalon Med - Medulla
Eyeb = Eye ball (bl - Cerebellum
Opte « Optic tectum Pty = Pituitary
Opch - Optic chiasma Dien=~ Diencepbae

1on
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'Fig. 3 - Ventral view of the brain showing the
- pituitary of Rans limnochards Viiegmann.

Abbreviations:

Prc = Prooptic rocess |
Opoh = Optic chiasma
Pdt = Pars distalis
Eyeb « Eye bdall

Ptb < Pars tuberalis
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transversely posterior to optic chiasma. It is continuous

with the-par§~1nxefmedia»along its antero-dorsal margin and
is attached b& means of conneotive tissue. It remains conne
ected to the median eminence with ite antero=ventral extre-

| mity. It is 6ommon1y referred to as anterio? pituitary gland,

(v) gags intermedia
It covers the postero=ventral aspect of the neural

lobe and the two together form a transverse bar, the ‘'neuro-

intermediate lodbe' which is broader than the pars distalis.

(c) Bars tuberalis ' - ! _

It devélops from the compact hypophyseal anlage, as a
pair of epithel;a; tdngup, whichAextenﬂ rostrally along the
surface of the hypothalqﬁusiaAs such, in the dissection of
. the brain it cannot_be distinctly marked out from the
~ hypothalamus,: | |

e 0 is
‘ The neurohypophysis ;e not ae well developed as the

adenohypophysis.the wide succus infundibuli grows out as a .
pair of primary Srancheslférming a transverse bar, situated
over the anterior part of the hypophysis.’The posterior wail
of this bar proliferates to form the neural lobe. It stores
a great amount_of_neuro~secretory-materialy'The median emih~
ence is situated anterq-veﬁtially t6 the neural lodbe, in

contact with the antero-ventfal end of the pars distalis.®



Fig. 4 A= 0ut11ne diagram of the pituitary
. gland of Rana Jimnochardg Wiegmann

Fig 4 B~ A ceatral portion of the CrO88e
section of the pituitary gland of

g_g@ W Wiiegmann.

Abdreviationss

Chr = Chromophode cells
Sin = Sinusoids ‘
P <~ Basophil cells

& = Acidophil cells

-
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HISTOLOGICAL STRUCTURE -

In ﬁxe present investigation, the hietologiwl
changee in 'lhe pars dietalie (anterior pituitary) have
been studied, As observed in the cross eectionS(Fig. 4A
- and B), the cells of the pars dietalie are mainly arranged
in cords, more or less in radiating pe.ttern, betueen which
are 1arge bore of capiliaries. Some cells appear to. be in
clusters, other in twieted ccrds and still others form °
emll, well deﬁned follicles. the lumina of whidlcontam
collcid. ‘There 1s a very light meshwork of eonnective

tissue fibdre, entwined around the celle and capil_&eriee.’

There ie a clear distinction in the arrangement of
celle between the central and peripheral regions of the
anterior pituitary. At the peripheral region, the cell ccrde
are deneely packed separated by relatively thin connective
tieeue and a plexus of capillaries, In the central region.
the cells are less compact and larger, surrounded b& large
capillaries ‘and more loosely arranged‘ connective tissue.
Three ma jor types of cells were ee.eiiy identified by the
stains used : (a) Acidcphil or o cells (b) Basophil or f
cells and (3) Chromophobes.

(a) Acidophil orcells.

' The acidophil oro«{cells are spherical or ellipsoidal .
in shape with a centric nucleus o Cytoplasm is strongly acid=
ophilic and contains dense g‘anuie;e,v; These cells usually



Fig. 5 =

mtagranptic ropresontation of the !
distridbution ¢f acidophil, basophil
and chromophobe cells in the pitul~
tary gland of @ggg dmnocharis
Yiegmann, .

Distribution of cells during pre— Ny
breeding period.

Distrivution of cells during breeﬁing
p@ﬁo&.

Distribution of ecells during post-
breeding period.

D = Dietribution of cells during hibermae

tion period.
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occupy céntral place in the lobule and are said to be
reebonsible for ptoducingvsomatotrophic~hormone,(sxﬂ);,

(b) Baséghil-o; B gells. .o |

The basophii or p cells are tho largest cells found
in the glani, Théy are spherical, elongated, oval or angu-
lar in shape. Thely have eccentric nucleus. Cytoplasm is.
strongly basopbilic. Their arrangement in the. lobules is
' 1ike columnar epithelium. Granulation. varies depending
' upon the secretory phase of the cells, They are said to be
responsible for producing thyrotrophic hormone (TSH),
foiiicle-stimulatixig hormone (FSH) and luteinizing hormone
(LH), |

(e¢) C,hromo'phoyes-_ o

| The chyomophobes are small or large spherical cells,
with eccentric nucleus, The cytoplasm stains poorly with
both acidic and basic dyes., Thus, .the cytoplasm is either
poorly stained or not stained at all, It may or 'may not
possess granules in the cytoplasm depending upon the secre-
| ~ tory condition of the cell. They oécur singly or in
clusters and aré not clearly oréanize@ in the folliecles.
(C) CHANGES IN THE BEHAVIOUR OF DIFFERENT TYPE OF CELIS

DURING ANNUAL CYCLE.
The behaviour of acidophil cells, basophil cells and

chromophobes was studied during the following different

periods of their ammal cycle (Table I and II; -Fig. SA,
B, C and D). '
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‘MBLE o .
Average . number of .different types of cells per unit area (2,113 sq, mm)
observed in the pituitary gland of Rapa ;MM during annual cycle.. ‘

Month of Investigation Acidophil =~ Basophil  Chromophobe cell
S _ or«cell .. orpcell = = : o

Jemuary - 3.88 - 571 - 3,40
February - = ‘ | 6.43' " "9.65 o ‘2.,.-93
March . ‘ 3.21 - 1.3 - . 132 .
april. - :  13.90 - 29.05 -, 4.16 .
May 13.44° 23.28° . 1.60
June - 22019 24,04 - 18
July . o 2t.95 37.08 © . f . 1.98 .
fugust 1855 - 23.56 - 2.74
September 15.99 - . 23.89 3,02
October 8.51 7.19 2.65
November - 5.48 5.77 2.36

December : 4.63 . . 5.20' : 2.08 -




TABLE II

‘ 19’51

Average cell size and nuclear diameter (mm) of different types of cells in the pituitary gland
of Rana ;I_._xggochagig during annual cycle. .

Acidophil orxr - cell

- Basoph11

Month . ' or 2 cell __E ; Chromophobe coll
3;;3: Cell sizo E’u =i Cell sizo Nuc~ | Cell size . Nue~ .
gation Length Uidth; Length i%fzf'ﬁLength Widtpi_‘Léngthl'géigf iLength Uidth“ Length ,éig:
e 1 lfidth ' sfmeter:ff , ! mdth, imeter‘f ' :: @ath ime,t'er
, - —_— - e e ———
dan. 0,12 = 0,10 0.10-0.14 o 07 018 = 0117 o }gjg.fgfgdgds’”q.ez - o.ia:g:fgjg:ggjjq;lo"
Peb.  0.12-- 0,10 - O-12-0: :g'.b.bév'o.is-- 0.13 fg;}g:%.}g‘*o.ééuub;isn-ko;14 8.}3:8 P to.1o"
Mare. 0.13 - 012 0°1270-1% 0,08 0.13 - 0.10 $:19-0-12 o.08 0.1 - 0.10 3:0%0-19 o.07
apr.  0.16 - 0.15 9:15-0-20 0,08 0.25 - 013 9:29-0-28 0,11 0.10 - 0.10 $-19=0-12 o.08
May  0.13 = 0.12 0+197012 0.07 0.18 = 0.13 0°120°20 0.09 0.12 = 0.12 J=10012 0.08
dun.  0.12 ~'0.12 G18-0+1% 0.09 0.2 - 013 $+800-2 0.09 0.14 - 0.14 315011 011
Jul.  0.15 - 0.14 g.:gjg:;Z 0.08 0.22-% 0.13 8:33:81?2_0,07"6,10 - 0.09 :30-0.10 4 o9
Aug.  0.17 - 0.14“3:32:8 59 0.08 0.17 - 0.16’,3::233:;2 0.09 0.10 - 0.08 g;ég;g:gg 0.08
sep.  0.16-8,0313 0°14-0-18 .08 0,17 - 0.14 0:15-0-18 6,08 0.09 - 0.09 3:0570-99 ¢ o
Oet.  0.10 - 0.16 9.19-0.19 0,08 “0.18 - 0.10 J:18-0-22 0,08 o0.10 - 0.10 J=10°0+12 o.08
Nov. . 0.22 = 0.08 .g 58-0 24 0.06 0.22 = 0.10 9:29<0:26 0,08 0.12 - 0.10 J:43-0+12 0.08
Dec.  0.17 = 0.12 g 1220205 08 0.14°= 0,13 9+12-8-20 0,08 0.15 - 0.16 o+ (3=0- ;g 0.06

0.10-0.14



Plate I A

‘Plate I B

Plate I C

. Plete I D

A portion of the cross section of

the mtuitary gland of Rang limmoe
Viegmann during pre~

breeﬁing period. ( x 1000)

ﬁ portion of tgg :goas section of
he pituitary gland of, %@ %n%g O
gherin Viegmann dur:lng reecd ,
period. ( x 1000) R o

A portion of the cross é'edtion' of
the central region of the gituitaz'y

gland of Rmna cha 1egmann
during post«-b;'eedxz}g period. (" x'1000)

A portion of tho cross section of
the peripheral region of the
pituitary gland of Rana limnocharisg :
u(iegmann ;Suring pos?=5reeding pexriod.
x- 1000

Abbrev_iat:lons $
Chr - Chromophobe €ellS Sin - S1nusoids
« = Acidophil cells P = Easophil cellS






1. Pre;breeding Period (LaterMarch). )
' 2. Breeding Period (April, May, June, July and, Angust.f
3. Post=breeding ‘Period (September and Cctober). '

4. Hibernation Period (November, Decembér, January
and February)

1. Ero-breeding Pericd. N

| The pre-bresdéing period is the period starting from
the time of emergence frdm hibernation %o the time when

~ amplexus and spawning begin..Dﬁring the short duration of
the pre-breeding period the distinction between central
and peripheral regions as seen during post-breeding and
early hibermation periods, waSAnotIObsérveéi In comparisah
to the months of hibemation the célls werelgpgpact in
arrangement; and fev intarCe&iular.spaces were seen during
pre=breeding period, 7There wéS'distinct grénﬁlétion in the
cytoplasm of the ao}dbphil as well as thé basophil ¢ells
during this period (Platé IA), The description of the three
types of cells observed during pre-breeding period is as

follows

(a) Acidophil céllg : The average number‘of acidbphil cells
per unit area was 3.21. Their size was noted to be approxi-
mately O.13 X 0,12 mn, Their nuclear dismeter was measured

to be approximately 0,08 mm.

(b) Basophil cells : The average number of basophil cells
ﬁer unit area, approximate_cell sizé ahd_nuclear diameter
vere noted to be 11.35,.0.13 X 0,10 mm and 0;08 mm respeét-
ively.
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(@) 92!22222222_£Qll§ g‘rhe average number °f‘¢hrom6phohe
cells per unit area, approximate cell size and nuclear
diameter were noted to be 1.32, 0.11 X 0.10;um and 0,07 mm
r"5ft‘aJsJecx-'s.vgly.

24 ggeedigg P riod.

During breeding period the central region was observed
tofbe loosely.packed vith cells in comparison to-thg peri=-
pheral region., There wasiheévy graﬁulatidn‘inxfﬁé:ényplasm
_of the acidophil as well as the basophil cells, and their
nuclei had highly diSpersed chromatin 1ndicating apparently
_ the highly active phase of these cells, The chromophobe
cells. were fow in number and smaller in size indicating
that they were less active during this period (Plate IB),
The details of the behaviour of the three‘types cells .
observed during bdbreeding périod,is as follows

(a) Acidophil cells : Gradual increase was noted in the \

average number of -acidophil cells per unit area during diffe

erent months of the breeding period. It was recorded to be
13,9, 13,44, 22.19, 21.95 and 18.55 during April, Nay,

Jﬁne, July and August respectively. Increase-1n the cell

size was:notéd}in the months of April amd Angust; in May

and June, the size was‘lbss, the approximate cell size

being 0.16 X 0.15 mm, 0.13 X 0,12 mn, 0.12 X 0.12 mu, 0.15

X 0+14 mm, 0.7 X 0«14 mm in April, May, June, July and

August recpectively. The nuclear diameter also:incréaséd,

~
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being greatest in the month of June, It was meaeured to: be
approximately 0 08 mm, 0. 07 mm, O 09 mm, 0.08 mn and 0 08
mm in April, May, June, July and August reepeetively..

(b) ggsoBhil cells :.The pumber of the beeophil cells
during the breeding period vas large in comparieon to
that observed during other: periods of the annual oycle.,
"During the breeding periodethe largeet'numberwqf ‘these
 ee11e wes observed in July. From August'epwardefthere‘wae
'a decline in their number, the average number per unit
area being 29.05, 23.28, 24,04, 37.08 and 23.56 in the
menthslef April, May, June, July anﬁ‘August reepectively.
The cell size increased in the months‘ef April, May, June
and then showed a gradual increase during the zest of the
breeding season. The approximate cell size was noted to bde
0.23 X 0.13 mm, 0.18 X 0.13 mm, 0.24 X 0.13 mm, 0.22 X
0,13 mm; Of17 X‘O.15 mm 1n.April, May, June, July arnd
August respectively. The nuclear diameter was measured to
be approximately O.11 mm, 0.09 mm, 0,09 mm, 0.07 mm and
0.0é mm in the months of April, May,=Juhe, duly end August
respectively..

(5) Chromophobe cells : The npﬁber ef these cells was much
less in comparison'to that observed during other months of
the year. It started increasing from July and Auguet. Their
average number per unit area was obeerved as 4.16, .éo,
148, 1.93 and 2.74 during April, May. June, July and Auguet
regpectively. The cell size increased from April to June,
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and decreased during“July and August. It measured approxi=-
mately 0.10 X 0,10 mm, 0.12 X 0,12 mm, 0.14 X 0.14 mm,
0,10 X 0.09 mm, 0.10 X 0,08 ma in April, May, June, July
and.Anguét reSpectively, The nuclear diameter was found

to be greatest in June, in compar;son to the other months
of the year? It measured approximately 0.08 mm, 0.08 mm,
0,11 m, 0,07 mm and 0,08 nm in April, May, June, July and
Avgust respectively, “

3 gogt;breeding Period.

The'diséinétiap between- the cells of central and
peripheral reg%bn was more distinct during the post=breeding
geason; The cytoplasm was mbre dgﬁse in cémparison to the
earlier months of the year. The number and activity of the
agidOphil and basophil cells graduzlly decreased, Whereés,
that of chromophobe cells increased. (Plate I C and D).

,(é) Acidophil cellg : ihe.averaée number of acidophil cells
per unit area decreased to 15.99 in September and 8.51 in.
October. The size of celis also became smaller being 0.16 .
X 0,13 mm in‘Septeﬁbef and 6.10 X 0.16 mm in October., The
nuclear diameter remains approximately 0.08 mm during both

the months.‘

(b) Basophil cells : The average number of basophil cells
per unit area also decreased being 23.09 in September and
7.19 in October. The size of cells decreases in September
and October, being approximately 0.17 X 0.14 mm in September
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and 0,18 X 0,10 mn in October. The nuclear diameter remains

approximately 0.08 m for September and October.

U(c) Chromophobe cells :'The'average number of cells per
unit area in comparison to that of the breeding season was
observed to be more, being 3.02 in September and 2.65 in
October, Frdm this period onwards graduai increase'in the
nﬁmber Sf thgse cells'ﬁas observed reaching maximum during
hibemation pei-iod, The cell size also ‘showed similar
behaviour incréasiné apprdkimately to 0.09 ﬁ 0,99 nm in
September and 0,10 X 0.10 1in Ocﬁober.~Thernuolear diameter
remained similar during both the months, being 0.08 mm in

September as well as in October.

4. Hibernation Period. ‘ | o

In the early phase of the hiberné£ion peribd:ths
anterior pituitary showed a clear dieti?qﬁgén between ite
peripheral and central regibns. The cellé i£ the'peiipheral
region were more compactly arranged in cdmparisdn to thsée
_.+4n the central region. The cell boundaries were not vegy
distinct and few sections df the blbbd vessels we:g éhsexved
in'between them. During later phase of the ﬁibérnation
perlod, the sections of the anterior pitultary shoved a
;ompact cellular arrangement and distinction betﬁeen its
central and peripheral region was not so clearly observed.
Iptercellular spaces in between the cells were observed.

Blood vessels were large and chromophobe cells appeared to
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Plate II Be A portion of the cross section of
the pituitary gland of Rang
gharig Viegmann during early

--hibernation period. ( x 1000) -

Plate II P - A portion of the croso aection of
. the pituitary gland ef Aimmoe
charis Yiegmann during te
- hibernation period. ( x 1000)

Abbreviations :/i -
Chr - OhﬁomOphobercellS Jin -« B8inusoids
of = Acidophil cellS P - Basophil cells
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be  more aotivo'than acidophil and basophil cells.'The;
 details of %be behaviour of the three typés’of cells during
hibernation péiiod are given belovw. (Plate II E’and Fle -
(a) Acidophil oells :- The numberkof acid.Ophil stérted
'decreasing in the early months of hibernation. In the last
phase of the period of hibernation their number gradually
rises. In compa:ison to other months, the number of acido=-
phil cells during thé whole period of hibernation remained
less. Their number déofeased”from November.fo'Januéry. From
February their pumber again increased. The average number
of acidophils per unit area was 5.48, 4.63, 3.88 and‘6;43
during November, December, January and February re@peoxioely.
The acidophil cells were also larger during hibermation
period. From November onwards the cell size increased being
approximately 0.22 X 0.08 mm, 0.17 X 0,12 nmm, 0,12 X 0.10
mm end 0.12 X 0.10 mm in the months of November, December,
January and February respectively. The nuclear diameter of
the acidophil cells during hibernation period was measured
to be approximately 0.06 mm, 0.08 mn, 0,07 mm and 0.09 mm

during November, Docem'bez", January and February respectively.

(b) Basophil cells : The basophil cells like the acidophil
cells were less in number during the period of hibernation
as oompared to;otner months of the_annual'oycle. A decrease
in their number wao observed from November £5 February, the

average number pér unit area being 5.77, 5.20, 5,77 and 9.65
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during ﬁxe months of November. December, January and
February reSpectively. The cell eize was also emaller
during the period of hibernation 1n comparieon to other
months of the year. However, 1n oomparison to the acidoPhil
cell, the cell size of the basophil cell was ;arger, The
size of tasophil cells started deereasing fror November,
being approximately 0 22 X 0,10 nm, . O 14 X 0,13 mm, 0.18.
X 0.t1 mm, O, 16 X 0. 13 mm in the months of NoVember,
December, January and February respectively. There wms
hardly any fluctuation in the nuclear dismeter. It wms
measured to be approximately 0,08 mm,; 0,08 mm, 0,08 mm
and 0,09 mm in the months of Novemberiinecember, January

and Pebruary respectively.

(e) Qérggpphobe colls : The‘averege nnﬁber of chromophobe
cellsoper unit area was more than the number of acidophil
and basophil cells during the period of hibermation in com-
perisonzto the:other months of the year. The nﬁmber.gradﬁally
~increased from November and reached maximum in the month of
January and then a decline in their number was noted, being
2. 36 2.08, 3.40 and 12,93 in the months of November, Decem=
ber, January and February respectively. The cell size was -
ialeo maximum during the months of hibermnation. The size
‘increased from November onwards, reached maximum in January
being approximately 0.12 X 0,10 mm, 0.15 X 0,16 mm, 0,22 X
0.16 mm, 0.16 X 0,14 mm during the months of November,

December, January and February_reepectively.}The nuclear
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diameter showed fluctuation to some extent being more during
the months of January and Februéry;-lt vas measured approXi-
mately to be 0.08 mm, 0,06 mm, 0.10 mm and 0,10 mm from

November to February.

" The above observations reveals that the aﬁefaée
number and cellular size of the écidbphii md basbphii
cells was maximum during breeding period and minimum during
hibeihétioﬁ period, whereas, the average number and cellular
size for the chromophobe cells was maximum during hibernation
period and minimum during the breeding period. .

THE TESTIS . T
(A) MORPHOIOGY OF THE TESTIS. (Plate III G)

~ The testis of Bang limnocharis are paired, whitish
ovoid bodies, lying ventral to and near the anterior end
of each kidhey. They are suspended to the dorsally placed
kidney by a double fold of‘peritoneum knéwn as mesorchium.
The mesentry surrounds each testis amd is continuous with
the peritoneal epithelium which covers the ventral face of
eaoh kidney and lines the entire body cavity. The Spermato-
zoa are produoed in the seminiferous tubules, vhich in a
a@ction of the testis are observed as closely packed, oval-
shaped sacs, separated from each'other by the partitions of
supporting éﬁssue, known as 1nterstitia1 tissue. The inter-
Btitial tissue is continuous with the covering of the
testis known as tunica albuginea.



‘Plate III1 ¢ - Dissection of male Rana limnocharis
W:J.egmann' showing tostis. ‘

Plate III H = Dissecotion of female Rana 1immo-
: Hiegmann ahow&ng ovary and

‘oviduct., .
Abbreviations 3
Fb - Ea¢ :boay' ‘ T - Teatis
K - Kidnoy L - Iung

B - Egg 0d = Oviduct
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HISTOLOGICAL STRUCTURE.

 The detailed histological structure ‘of the semini-

ferous' tubules of Rang limmocharis is as follows 3 S

1. Seminiferous ggbg;e 3 The wall of the convoluted semi-

. niferous tubule consiets of (1) an outer capsule or tunica '
propria of £ibro elastic- connective tissue and flattened
_Pibroblasts, vhich closely invests the tubule (ii) a baee=
ment membrane and (111) a lining of complex stratified
epithelium which consists of two kinds of cells: (a) the

sertoli cells and (b) the spermatogenic cells.

(2) Sertoli cells : These 'are tall, irregularly arianged
columnar cells, that extend from the basal lamina to the
lumen. Their sides are marke@ by uneven showing pits and
-depressions, into which fit the adjoining cells. The loca=
tion of the nucleus varies in different sertoli cells, fram
the basal position‘to position located at a considerable
distance from the basal lamina. The nucleus is ovoid and
pale staining with fincly disgcrsed chromatin, and it

usually contains one or more nucleoli,
B rd

(b) Spermatogenic cells : They lie in between the sertoli
cells in an orderly manner, with 4 to 8 layers occupying the
Spacefgetween the'basgl lamina and the lumen, representing
all stages of differentiation viz., primitive germ cell or
Spermatogonia% primary spérmatccyte, secondary spermatocyte,

spermatids and spermtozoa according to the sexual maturity.
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Primitive germ cells ofwggermatogonia ¢ These cells are
located directlyfiheide the basal lamina. and give rise to

spermatozoa ultimately. They axre spherical or cuboidal in
shape. Nucleus is spherical with granular chromatin. They
divide so as to maintain their own number and to give rise

to the cells that differentiate into spermatocytes.

Erimary §germatocxte : These cells are formed‘from the
innermost layer of the spermatogonia. They are larger cells,
larger than the spermatogonia and have large vesicular
nucled showing variable appearance of chromatin dependlng
upon the functional state of the cell. It may be in the
form of either elongated spiremes or- eondensed chromosames,

preparatony to cell divisions,

Secondary spermatocytes : These cell arise from primary
spexmatocytes, each primary spermatocyte giving rise to 2
‘secondary spermatocytes. They are smalier‘thaﬁ the primary

spermatocytes and lie internal to thems

Spermtids : These cells'are'derived‘by the division of the
secondary spermatocytes and are located ad joining the lumen
of the tubule. They are easily recognized by their small
size and location, These cells form fhe'last generation in
the spermatogenic process. They undergo no fﬁrther division,
but by profound changes in their structure they become tran-
sformed into mature spermatozoa, Groups of maturing'spermatids ,

can be seen in close association with the sertoli cells.-
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B ggg 0203 ; The spermatozoa consist of a distinct head
and an elongated tail. These are slender, motile and
flzgellate bodies. Nearly mature spermatozoa are frequently
observed with their heads in close assooiapioh with the
cytoplasmic processes of the sertoli cells and their tails
extending out into the lumen of the tubules Mature\apenﬁmi

tozoa are seen in bundles at the centre of the lumen.

(B) CHANGES IN THE TESTIS DURING ANNUAL CYCLE.

| Histological sections of the testes prepared regu-.
larly at different periods of the annual cycle were studied..
The data on the measurements of various histological st:uoe
ture (mean of 5 observatiOno,in each case) hao been given
in Tables III and IV, Following major changes were obsexved
‘in the testes through different«poriods of the amnusl cycle.

1. Pre=breeding Period. |
Immed iately after the period of hibernmation, the

frogs entoer a short pre=breeding period 1# the month'of
March, Doring this pééiod the average nmumber of sections of
seminiferous tﬁbuloé under low power of’the microscopic
field was 9.40, The details of different structural elements
of the seminiferous tubules studied under high power of
microscopic field were as follows. (Fig. 6; Plate IV: L & K)

() Sertold cells : The average number of sertoli cells were
2,55 per unit area., The approximate cell and nuclear dismeter

of these cells was 0,67 mm and 0307 mm respectively,



Pig. 6 = A portion of the erose=section of the
testie during preobreedang period.

Fig. 7 - A portion of tho cross-sgsection of the
- Yostis during breeding pericd.

Abbreviationsi
| Ser = Sertoli cell.
Sptge - Spermatogonia
P.9ptc = Primary spormatocyte
S.8pte = Secondary spermatocyte
Sptd '~ - Spermatia |
Sptz = Spermatozoa



S.Sptc

’.I._"‘—Sptz

Sptd

P.Sptc
Sptg

—Ser

wil g

wal



~Plate IV I -

Platée TV J =
R " the testis of Ragg l1imnocharis .
'Wiegmann during early pre-braeding

A portion of the cross section of
the testis of Rana limnocharis
Wiegmann during late ‘hibernation -
period (~ x:450 o

;A portion of the Ccross’ section of

”?perlod, ( X 450)

Plate IV K -

Plate IV L = -
R - the testis of Rapa limnocharis
; Wiegmann during breeding period..

Abbreviations

;A portion :0f the cross sectlon of.

V‘the téstis .©f Rana limnocharis

‘ Wiegmann during late pre-breeding

;period. ( x 430

i

A portion of the crdsé section of

( x 450, ‘
3 o

'Séi’ - Sertoli celi

:Sptg -1 Spermatogonla

. P, Sptec - Primary spermatocyte

'S.Spté -  Secondary spermatocyte

Sptd Spermatid

Sp%z - Spermatozoé
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5 TABLE III

Average humber of Seminiferous tubules p.e‘x'-' unit area (7.06 sq. mm) and the 'éverage
nunber of different structural elements of the Seminiferous tubules per unit area’
(2,113 sq. mm) observed in the testes of Rama limnocharis during annual cycle.

Month of Seminiferous Sertoli Spermat- ' Primary Second- Sperma- - Sperma-

investigation tudules cel)l ogonial - gperma- ary sp- tids tozoa
‘ A : cell tocyte ermato- ST
. A cyte .
Jamuary 7.36 2,27 - 10.69-. 23,94 15.52  6.62 129
_ February 7.56 - 2.36 7.85- 14,86  16.75  8.51 203
March  9.40 2,55 6.62. 13,25 17.79 = 8.61  296.6
April 6.11 1.41 - 8.80. ~11.45  17.88 11,54  308.4
May = ' 5.69 1.79 8.32. 9.74 14.86 - 20.44  445.4
June 5.04 1.4 3.69. - 9.46 5,48 22.40 453.6
July 4.84 1.32 3.40. . 9.65 6,90 18,93  481,4
August . 4.27 132 9.46.°  9.74  11.73 16,63  424,5
September 4.53 - 1.04 . 19.87-  14.43 12.77 7.09 '302
October  4.58 1.32  19.97 14,67  13.06 6.55 298
- November - - 8,98 1.89 14,19 '16.3_7 . 13.62 4,63 - 75

December 11.81 - 1.98 13,72 17.41 14,67 6.53 99
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. TABLE IV
: Average cell and nuclear diameter (mm) of the structural elements of the seminiferous tubules
of gggg limnocharig during annual cyele.

‘ Y ) |
 Sertoli cell Spermatoéonial Primary - Secondary Spermatids
lMonth of ' cell spermatocyte spermatocyte
EE N
meter ter. meter ter = -  meter ter . meter ter ~_ meter ter
January© -0.68  0.10  1.03. 0,12 T 0.93 0.09 . 0.5 0.07  0.10 0.04
February © 0.80 0,26 ~ 0.64 0,10 0,90 0.0 060 0,07  0.12  0.04
March 0.67  0.07 .0.53  0.08 - 0.79 .0.08 0,60 fo!o7“? . 0,24 0.05
April 0.64  0.07  -0.51  0.07 - 0,60 0.08.  0.69 0.06. . 0.12° .'0.04
May 0.62 0.05  0.95° 0.08 0,58 0.07 ~ 0.58 0.06  0.11 0.04
June. 0,57  0.06 . - 0.56 0,07 - 0.48 0.07  0.25 0.04  0.08 0.04
July 0,50 - 0.05  0.54  0.08 0.62  0.08°  0.33 0.06  0.09 0.0
August 0.48 _ 0.07 0.51 0.10 . 0.79 0.08°  0.40 0.06 0,08 0.03
September 0,50 . 0,07 * 0.92  0.10,  0.80 0.08  0.80 .0.05  0.06 0,04
October  0.53  0.07  0.96  0.12 0.82- 0.07  0.44 0.06  0.07 0.05
November  0.60  0.07 1,46 0.13 ° 0.84 0.0 ~ 0.45 0.06  0.06 0.04

December  0.66  0.07 1.04  0.11 0.87 0.10  0.50 0.06 0;08 0,04




(b) Spermatogoninl cells i3 The average number of sporma-
togonial cells was 6.62 per unit area and the cell and
_nuclear diameter of these cells wag_noted to be approiie*

mately 0.53 mm and 0.08 mm xgspecyively.

“(b) Primary spermatocytes : The average number of primary
spermatocytes per unit areé vas 13.25 and théir ¢ell and
nuclear diametervwas approximately 0,79 mm and. 0.08 mm

| respectively. -

(d)‘Secoggarx spermatocytes : The average mumber was 17.70
per unit area and their cell and muclear diemeter was

approximately 0.90 mm and 0.07 mm respectively.

(e) .Spermatids : The average number per unit area was 8.61
and their cell and nuclear diameter was spprozimately 0.24

mn and 0.05 mm respectively.

(£) Spermatozoa : The average number of spermatozoa per
unit area was 296.6. o

2. Preeding Peri

The active breeding period was observed during- April,
May, June, Jul& and August. Tpe average number of sections}
of the seminiferous tubules per unit area was 6.11 in April;
5.69 in May, 5.04 4n June, 4.84 in July and 4.27 in kugust
Various cellular types of each tubule showed following
changes. (Fig. 7; Platesxszi,ﬂ.y.m,m@ &:P).



}
Plate V I,N,0 and P - Portione of the cross
; s:ctxon_of the tootis
! of Rana . chay
f ‘Wiegmann during different
! months of the bdreeding
- period. ( x 450)  °

\Abbreviations I .
Sér = Sertoll cell
'Sptg“-.-' Syermatogonia

PLSpto «- Prirary spermatocyte
SLSptb - . Secondary spermatocyte
Sptd - Spermatid

sbtz - gpormatozoa



Plate V
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(2) Sertold cells : The average nuqber.of'serf011 d3lls
per unitjggéa:qu observéd to be,1;41, 1'79"t’41',1’32"
end 1,32 in the months of May, Juhe; July and August res-
pectgﬁely@ The diameter of these cells during these months
wasfapproximaxely 0,64 mm, 0.62 mm, 0,57 mm, 0,50 mm and
0,48 mmj and their nuclearidiameter_was approx;matelyao.07
'mmg O;OB'mm? 0.06 ﬁm, 0,0S'mm ahd,0.07 pq'respecfiyeiy.

(b) Spermatogonial cells : The average nupber of spermato=-
gonial celis per unit area was 8.80, 8.32, 3.69, 3.40 and
9446;'their diameter was approximately 0.51 mm; 0.95 mm,

0.56 mm, 0354 mm and 0,51 mm; and their nuclear diemeter

was approximately 0,07 mm, 0.08 mm, 0.07 mm, 0.08 mn and

0,10 mm during Aprii; May,'qune,eJﬁly and AugusﬁAréépectively.

(e¢) Rrimary sgermatoéxtes : The average number of primary
spermatocytes per unit area waé 11.45, 9.74, 9.46, 9.65,
9;743'the1r diameter was approxiﬁatgly 0.60 mm, 0,58 mm,
0.48 mm, 0,62 mm éndu0@79 mm$ anq their nuclear diémete:
was approximately noted to be 0.08 mm, 0.07 mm, 0.07 mm,
0.08 mm and 0,08 mm during April, May, June, July and
August~respecfive1y, : | |

(a) Secondarx sgerggtocxteg : The average number of secondary
spermatocyte per unit area was 17, 88, 14.86, 5.48, 6. 90 and
11.73; their diameter was apprqxiqately 0.69 mm, 0,58 mm,
0.25 m@. 0.33 mm; 0.40 mm duriég'April, May, June, July and

August respectively; and their nuclear diameter was approx-
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1matelyA0ﬁ06 mm“thfoughout‘the:breeding peribd,'eiéébf'for
the month of June when it measﬁredfté‘be’appréiimgtéiy

0.043mm.;:

(e) §germgtid K The average number of spermatide per unit
area was it. 54, 20, 44, 22 40, 18 93 and 16, 63; their diame~
ter was approximately 0. 12 mm, O.11 mm. 0. 08 mm, 0. 09 mm.'
0. 08 mm and their nnclear diameter was approximately 0.04
may 0.04 nm, 0,04 -mm,. O. 04 mm and ‘0,03 mn for April, May,

A4 : ¥

June, July and August resPectlvelJ.

' (f)‘Sgermatozoglz The average number 'of spermatozoa per unit
area was observed to bé 308.4, 445.4, 453.6, 481.4 and 424.5
during April, May, June, July and August respectively. .

3+ Bost=breeding Pér;hd.

| During post-breeding period,. the average number of
the,secfions of seminiferous tubules pervunit éreauwas 4.53
aﬁd 4.59, in the months of September and October réspectively.
The following changes in the histological structures of each
tupuie vere observed during this period. (Fig. 8; Plate VI . Q)

(a) Sertolg cells : .The éverage number of sertoli cells was
1.04 and 1,32 per unit area during September and October,
their diameter being approximatelt 0.50 mm apd 0.53 mn res=
pectively. Their'nuclear‘diameter remained. approximately
0.07 mm for both xhe'months,,_ o



Fige 8 = A p&rtion of tho cross~soction of the
testis during post-breeding'perio&‘;

|

Fige 9 = A'poition of the cross=gection of the
testis during hibernation period., =

Abbreviations}

Ser |
Sptg .
P, Spte
S.Spﬁe
Sptd .
Sptz

Sertoll cell
Spermatogonia

Primary spermatocyte
Secondary spermatooyte
Spermatid

Spermatozoa
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Sptz
Sptg
Sptd
S.Sptc ¢

P.Sptc -
Ser

Fig 9




7 lls '3 The average number ' of spermto-

'gonial cells per unit area was 19, 87, 19,973 thedr diameter
approximately wvas 0,92 mm and 0. 96 mm, and their nuolear
diameter approx}matelyrwae 0.10 mm and 0.12"mm‘dur1ng the
momthe of Sepfember an& October reapectively.;?

(¢) Primary spermatooytes : The average number of primary
'spermafooytee per unit area vas 14.43 and 14.67; their
diameter was‘approximately’o.ao mm and 0,82 mm and their
nuclear diameter was approximately 0.08 mm and 0,07 mm

durimg September and October respectively.

(d) Secondary spermatocytes : The average number of secondary
epermatooytes per unit area. wvas 12,77 and 13.06; their dia-
meter was approximately O. 40 mn and 0.44 mm and their nuclear
diameter was approximately 0.065 mm and 0,06 mm during

September and October.

(e) Spermatide : The average.number of spermatids per unit
area was T.09 and 6,53; their diameter was approximately
0.06 mm and 0,07 mm and their nuclear diameter was approxi-
mately 0.04 mm and 0,05 mm for September and October

respectively,

(£) gg_ggg__g_g The average number.of spermatozoa per unit
area was 302 and 298 for the months of September and October

respectively. .



Plate VI Q = A portion of. the oross scction of
' the teotis of Rann. %’%
Viegnann during posi=bra period.

( x 450)
Plate VIR « A portion of the cross section of
and S the testis. of R oc

, dimnocharis
‘Wiegmann during different monthe -
of the hibermation period. (. x 450)

Abdreviations s | |
Ser: - Sertoli cell
Spté - Spermatogonia
P.Sptc = Primary spexmatocyte
S.Spétc -" Secondary spermatocyte
Sptd « Spermatid
Sptz - Spormtozos

!
|
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4, he on Feriod. °

During thie period the average number of seetione
of seminiferous tubules per unit area was 8. 98, 11 81, 7 36,
~j7 56 in the months of November, December, January and -
February. reepeotively..The following changes were observed .
in the s%mturee of the tubules. (Fig. 9; Plate \IV ,I,-, IR
anduﬁ)

(éj'gégto;i”éells : The auerage number of sertoli cells’
per unit area was 1.89, 1,98, 2.27,and 2.36; the diameter
of the cells was approximately-O.Gszm. 0.66 -mm, 0,68 mm
| and 0,80 mm eud their nuclear diameter was approximately
0.07 mm, 0,07 mm, O, 10 mm and 0.26 mm during/November,

December, January and February respectively.

(b) ggegggtogonial cells : The auerage number of spermato- |
gonial cells per unit area was 14.19, 13,72, 10.69 and 7.85,
 their diameter was approximately 1.46 mm, 1.04 mm, 1.03 mn
and 0,64 mm’and thelr nuclear diameter was approiiuately
0.3 mm, 0,11 mm, 0,12 mm and 0.10 mm during November,

December, January and February respeotively.

(c) grimagxrsgermatocxtee_: The average number of primary
epermatocytes'per unit area}was 16.37; 17.41, 23.94 and
14.863 their approximate diesmeter was 0.84 mm, 0.87 mm,

0.93 mm and 0,90 mm and their nuclear diameter Wes approxi-
mately 0.09 mm, 0.10 mm, 0.09 mm and 0.10 mn respectively.
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(é) Secondary sgegmatooxtesva Tﬁe average nnmber,per unit
ares for these cells was 13.62, 14.67, 15.52, 16.75, their
cellular diameter vas approximately 0.54 mm, 0 50 mm, 0. 54
- mm and 0,60 mm and their nuclear diameter vas approximately
| 0 06 mm, 0,06 mm, 0.07 mm and O 07 mm during November,i

December, January and February respectively.

(e) Sgegggtidg s The average number of spermatids per unit
area was 4. 63, 6.53, 6.62 and 8. 513 their diameter'wae
approximately 0. 06 mm, O. 08 mm, 0.10 mm and O. 12 mm and

. their nnclear diameter wae approximately O. 04 mm during

November, Deeember, Jannary and February.

(£) Sge;ggtogoa,s The number of. Spermatozoa per unit area
was observed to be 75, 99, 129 and 203 during November,

December, January and February respectively.

The above observations reveal that the number of
cross sections of the seminiferoue’tubulee per unit‘area
vas maximum during the hibernating period and minimum during
the breeding period; their size being largest during breeding
period and emallest during hibernation peried%.The number of
sertoli cells was maximum during early bdreeding period and
minimum during postebreeding period; their cellular size ‘
being maximum in late hibernating period and minimum during
late breeding periody The number of spermatogonial cells
wae greatest during post-breeding period and lowest during
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: 1ate<breediﬁg perioaé théi:\céilular_size being maximum
during early hibernation pefiodﬁénd'minimum in breeding
period. ?ﬁe nuhber df primary spermatqcytes vas mazimum
during hibernating period and lowest in the active bree-
ding period; their size was also maximum during hibernation
and lowest in the breeding period. The number of secondary
spermatocyte was maximum and ﬁheir,size 1argeét during pre=-
breeding and early breeding period; while ﬂﬂring late
breeding period, their number as well as the size both
were minimﬁm, The number -0f spermatids was maximum during -
" breeding period‘and minimum in the post ahd early hiberna-
:ting months; their cellular size being 1argest during and
.early breeding period, The number of spermatozoa was |
observed to be largest during'breediqg period and smallest
in the early hibernating period. ,

THE OVARY |
(A) MORPHOLOGY OF THE GVARY, - (Plate III H)

The ovaries of the frog are paired, multi-lobed
organs, attached to the dorsal body wall by a doubie 1ayéréd
extension of the peritoneum; knovn as mesorchium., This
peritoneum continues around the entire ovary as the theca
externa. BEach lobe of the ovary\is hallow and its cavity
is continuous with the other lobes. Thé'SiZe of the ovary
varies with the seasons, During early bfeedinghpefiod. the
paired ovaries £ill the whole of the body cavity and dise
tend the abdomen, The mature eggs are highly pigmeﬁted on
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the surface ‘of the animal pole, 80 that the oVary hae a ?‘7
speckled appearance of black pigment and white yolk, |

J repreeenting *he animal and vegetal poles of the mature ;

egg.

HISTOLOGICAL STRUCTURE.(Fig 10 &3 & C)

As seen in a section, the ovary is surrounded by
peritoneal covering the thece externa, from which arise
internally a number of individual sacs, each.made up of
another membrane known as_the thecajinterha or cyetwell,
in vhich smooth muscle fibres can be obServed.tTheetheea
interna surrounds each egg except for the limited area
bulgiﬁé towards the body cavity, where it is covered by
(only the theca externa. This region rupturee during ovuls )
ation to allow the egg to escape from its follicle into:
the body cavity, The*thece externa and the follicle cells
tégether comprises the ovarian foilicle. This hee the
supply of both blood vessels as well as nerves. Within
each follicle are found follicle cells, with their oval
and granular nuclei, derived orignally from oogonia. These
follicle cells surround the_de#eioping oocyte and are
" found in close association with it throughout the process
of maturation which ocours within the follele, Enclosed
within each fbllic%e eel;s, and closely applied te each
mature egg, is the non-cellular transparent vitelline
membrane, probably derived from both the ovum and follicle
cells. This membrane is developed and applied to the egg



_Dl Yo.rnmaac rcﬁreser\l‘ath\,

¢
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during the maturation process 80 that it 1s not seen around
‘the _younger oogonia. As the oocyte enlargel and matures,
-the follicle cells hnd membranes are so stretohed and flat-
tened that they are not eaeily dietinguiehed.

The mature egg, as seen in the sections of the ovary
is a lafge sac 6f yolk, the heavier and larger granulés of
which are concentrated at the vegetal pole. It has & thin
outer lager of oytOplasm, which is. more concentrated towarde '
the animal hemisphere and in the region surrounding the
entir;T?é'covered by a pigmented coat which has beeh.desa

cribed -in text books as ngn—living'boat.

(B) CHANGES IN THE OVARY DURING AN&UAL CYCLE."

During early'breeding season in April, the ovary was -
observed full of mosfly mature ova. As soon as the spawning
started, different developing stages of the ovum were ’
observed., Arising from the germinal epithelium large number
of oogonia with or without pigment and devoid of any yolk
were observed in the sections of the ovary, anh'oogonium
was observed to be surrounded with a mumber of follicle
cells. The growing oogog;a wéré distinguished by'the.accum-
ulation of yolk and the displacement of nucleus to one side,
- towards the animal pole. Tha chromatin mateiial becomeé
achromatic and large yiumber of nucleoli are seen in the
nucleus. Nucleus become germinal vesicle with vavy out

line., Varying sizes of primary oocyte were seen according”
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to the ameunt of yolk accumilated. Seeondafy'bocyte were
distinguished as fully grown oocyte with normal micleus.
Maturation of secondary oocyte vas not studied but as
described by’ other woskers such ap’ Rugh (1951) ocours Just
at the time of ovulation. Groes changes in the ovary during
different periods of annual cycle were observed as described |

VIII
below. (Table V; Plate VII T, U,V,¥ and Plate/X,y & 2)

1,0 Ege-bgeedi_gg 2 ;:iogo
The ovaries were observed to contain large nnmber

of fully grown oocyte £illing the whole of the body cavity. .

[T A
N sdwi \

é, ;reed;gg Period. ,

During early breeding period the ovaries were observed
5\ still océupying the whole of the body cavity. As spawning
occured, the size of the ovary was seen to have become smaller;
and by the end of the breeding period im August, the ovaries
were much reduced in size, Females were spent and histologie
cal sections of thervaries showed very few well develobed
oocytes. Large number of developing oogonia were observed
in the sections of the ovary during April when the spawning

1'o|'own\

starts and in theLaetive breeding period suizi &3 O ik

3o 208t=broeding g g; .
During postabreeding period the sections of the
ovaries showgda vory large number of primary oocytes in

different stages of growth. Mature oocytes wore rarely seen.



Plate VII T = A portion of the cross section of

the ovary of ;;g%ﬁgggggg
Yiogmann showing grov oocyte.
( x 60)

Plate VII U - A;portion of the cross seotion of
| the ovary of Bana limnocharis

Vicgmann showing growing oocyte B
_ anﬂ pigment cell. ( x 60)

Plate VIIV = A portion of the crosg seotion of

the ovary of hoyis
Viegmann showi pr mazy oocyte.
(ix 60)

" Plate VIIV « A portion of the cross section of
| the ovary of Rama limmoghardg
Yiegmann showing secondary oocytoe.
( x 60)
Adbbroviations 3

Te = Theéa ezterna Nlel = Nucleus

P4 < Theca intorna Pgm - Pigment cell
Gdo - Groving cocyte Nolo- Nucleolus

Po = Primary oocyte ¥ic - Fbliicle celdl
So « Socondary cocyte Ap =~ Animal pole
Ykg « Yolk glodules Vp = Vegetal pole
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Plate VIII X « A portion of the cross section of
the ovary of Rana o

dimnookrarin
tdogmann showing growing oocyte
and peripheral region of mature

oo‘cy €s ( x 100)

Plate VIIX Y = A.portion of the cross eeoticn of

tho ovary of jJama W
" Wiegmann shoving p cell and
primary oocyte. ( x 100) . B

_Plate VIII 2 -~ A portion of tho cross section of
\ - the ovary of . Jﬂ__n;é_:‘)gzzgm

w:legmann showing secondary oooyte:

- ('x 100) R

Abbreviations: :

Go = Growx‘ng aooyte el « Nucleus

Po = Primary oocoyte  Neclo - Nucleolus

So - Secomdary cocyte Flc « Follicle cell
74 = Theca interna Pgn e« Pigment cell



Plate VIII
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TABLE V

Size of Oocytes in the ovéry of Rang limnocharis Wiegmann
during different periods of annual cycle.

Period .  Month Size;fange (Diamefer)vof OQocytes

Bibermation Febxuar& : : 0.0B,f 0:43 mm.
_ Pre-breeding  HMarch 0,08 - 0,93 mm
Breeding april © 0.15 = 0,90 mn
| Breedingif. May o 0.10 = 0.93 mn
-Post=breeding .October _ 0.03 - 0.05 mm
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-

4. g;bernation Period.
During early hibernation period large number of -

wgll grown primary oocytes were observed. Dissection of
females revealed gradual increase in size of the ovaries
during‘November. December, Janua:y and Eabiuary. Study_

of the sections of ‘the ovary at the end of the hibermtion -
period revealed the presence of 1arge nunber of mature

oocytes and several oocytes in different maturing stagee.

DISC USSION

ﬁﬁhe pituitary gland ﬁla&s é ke& rble’in fhe‘life
proceséee of‘the'véftebrates. The Qifferent cell types of
anterior pituitary (pars distalis) secrete various hormomes
which play an important #ole in the growth, regulation and
maintenance of the vertebrate body. Althouéh the pituitary
gland is a most important endocrine glamd, there are still
controversies regarding the nomenclature and functioning
of the different cell types in the pituitary gland Since
1892, when Schonemann for the first time deseribed.two
chrpmophil cell types, eésingphile and cyanbphils.~several
workers tried to diétinguish the different cell types by\
the use of various staining techniques. Not only their '
nomenclature but also the hormones they secrete is still
'aomewhét controversial especially in Amphibia, In twe recemt
exhaustive reviews, one bvaurves (1966) on "The cytology of
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the adenohypoppysis"fand another by Hanke (1976) on'Frog
@Neufqendpcrinéiogy".‘6n1y three major cell types = the
-ag;QOphilé, basqphiig and chromophobes havé'been.deecr;be&
as cormonly accepfed by many workers. And now sub-types of
the acidOphils and baSOphils (Kerr, 19653 Mira-Moeer. 1970;
Ven Kemende, 19743 Pehlemann, 1974) have also been described.,
In the present 1nyestigation, behaviour of only three major
types~of'eells has beeq studied duripg‘&iffegent.périods of
the’annual cycle of Rang limnocharis.

_ The histological study of the testis and ovary of
Bana limnocharis shows distinct phases of spermatogenesis
and oogenesis in relation to the different periods of the
annual cycle., The spermatogenic activity was maximmm during
breeding period from April to August when 1argest number of
spermatozoa ranging from About 308.4 to 424,.5 per un%t
area were observed in each section of the seminiferous
tubule in-contrast to hibernation.period from October o
Jahuary when their number in each éection.ranged,fgom 298
to 129 per unit area, It wzs obsérved to increase froﬁ
February (203'pef unit area) which is the last month of
hibernation. The ovary also showed shanges having lergest
number of mature ova:during early breeding seasbn. Their
number decreased during active breeding,period obvious;j
due to spawning.‘During late breeding and post=breeding |
period, active oogenesis vas observed. The growth of these
oocytes was observed during the hibernation period, so that
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i‘the;ovaxy'waS'fnil of maturesova in February during the ’
last phase of the hibgrnafion period. Detailéd:iistological
. changes in the ovary could notdbé,sfudieﬁ as. 1t was d1£f-
fcult to get the: frogs regularly during this period, ‘The
‘role of pars distalis of the pituitary of Bapa limnocharis
in cqntrollingithese different phases of gametogenesis

and breeding activity are clearly'corrolated‘vith;the
activity of the three cell types (acidophii cells,

basophil cells and chromOphoBes) fo@nd in it,‘

The acidophil ( X ) cells charcterized. by their
- spherical to ellipsoidal shape, centric nucleus and acido=-

-: philic .cytoplasm were observed to be maximum in number

(22,19 per unit area) during theuegg laying period in Jume,
. After the breeding or egg laying period is over, it grads
ually decreased and bécame minimum—(3.88~per unit area)
during the hibernating period in January. Immediately
after the period of hibermation, the number started increa-
sing again at the pre-breeding period reaching maximum
during the breeding season.. The size of the;aéidophil célls 2
vas also maximum (0.16 = 0.45. mm) during the breeding period
and minimun at hibernation (012 = 0.40 mm), These findings
conform those of Zysk (1975), who also describes increase

in the number of acidophil cells in treeding period and
decrease after the egg laying period up'to hibernation.-

The present f£indings, however, do not corroborate wiéh the

observations of Lakshman (1965) and Rastogi and Chieffi (1970),
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who ieported smallest number of these cells during the
period of egg laying in amphibians; The inéreasé in the -
number of acidOphil-cells-during late breeding seasén of
Bana limnochards correlates with its active 1ife and active
feeding activity. ‘Juszezyk et al (1966) and Krawczyk (i9705“
have reported increased weight of intestingl mucosa and -
high lipid content in the walls of gastrointestinal tiact
of frogs during such active periods: High ievel 6f;STH'”
(Somatotrophic hormone) required for synthesis dﬁfdng
active gametogenesis.:This app ears to be a reaqon’why'
acidophil cells weieobse;véd to. be in the a9t1y9 phase .

in Hans liqnbchargs'durihg latéi half qf'ﬁhe.breedihg.period.

The basophilic ( B ) cells, identified by their sph-
erical or elongated shape, eccentrid nucleus and Easoﬁhilic
cytoplasm, show an increase in their nﬁﬁbér_énd hﬂgh secre=
tory granules in their c&toplasm!during'thé most active
phase of the gonads. The number of basophilic cells'starfed'
as soon as they come out of hibernétion ih March énd becamé
maxgimum (37.08 per unit area) in July during breeding '__
period. Soon after the breeding period, when egg layiné and
active phase of spermatogenesis was 6ver; the number sfarted
_deoreasing both in males and females becoming minimum (5;26
per unit area) in the hibermation périoddelbng with the
increase in number, the size of the colls was. also observed
to be largest during the hréeding period, reaching the
. maximum (0+24 - 0.13 mm) in June and again becoming minimum
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"05.14'-'0.13~mm)'in December., These observations support
Zuber=Vogeli (1953), Ognbum(1960{‘1961) and ‘Zysk (1975)

" who reported that the basophilic cells are actively
"'involved in the production of gonadotrophins, such as FSH

: (Foilicle—étimnlatihg’horﬁone? and LH (Iuteinizing hormone)
‘cbntrolliﬁg the gOnadél-function aé well as the development
‘of secondary sex characters. Increzse in the activity of

" the bQSOphilic'éeliS‘&ur;ﬁg breeding season show high

" 'level of gbnadbtrophins. This correlates wiyh the breeding
activity including the release of egge in females and |
“gpermatozoa in'malés, The basophilic delta ( § ) cells are
supposed to be the source of TSH (Thyreotrophic hormone)
and ACTH (Adrenocorticotrophic hormone). As the preséht
investigation was not aimed to find out the relationships
of pituitary cells with thyroid activity, the investigation
on the basophilic delta ( & ) colls was not carried out.

The third type of cells, the chromophobic cells,
characteriged by a centric nucleus, pooriy stainihg cyto=
plasm having no definite shape, showed greatest reduction
in number (1.98 per unit area), when the number of the
baSOphiiic cell was maximum in the breeding period. The
size of these cells was observed to be maximum during
hibernation (022 = Ong mm) and minimum during the breeding
period (0,10 = 0.08). Similar observations have been made by
2ysk (1975). Ackermann, Nowicki and Sarneka-Kellar (1971)
suggeéted these cells to be precursors giving rise to other
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cell types. These workers have also reported that their
’éecretion stimulates the thyroid and they also produce
'ACTH. Rastogi and chieffi (1970) folt that the chromOphobe
are degranulated baSOphil cells, which produce gonadotro-
phins. The function of chromophobe 1s thus. still not
"clear as also reported by Zysk (1975).

. On f£ingal ana:;ysie, it was seen that the three types
of cells, 2 chromophil types (acidophils ard basophils)
‘and chromophobes.in the 'pafs.distglia of Rana limnocharip
. showing distinct phases Qf activity throughout its amual
cycle. The acidoppils cells did not show much fluctuation
in comparison to the number of basophil cells. The nuﬁber
of acidophil cells increased from pre-breeding to breeding
season and started decreasing by the time the frogs started
undergoing,hibernation.'Qhe number of the basophil cells
wags always found to be more than acidophil cells except -
during post=breeding period. They were almost double in
pumber than the acidophil célls during pre-breeding period;
and about 1% times more than acidophil cells during
breeding season. The cyclic ‘behaviour of the acidophils,
basophils ‘and chromophobes correlates well with the Pre=-
breeding, Breeding, Post-breeding and Hibernation periods
of the annual cycle of the animal,
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SUMMARY

The, changes in the three main types ‘of celle of the o
pars distalis’ of the pituitary,. v;z., acidOphils, baSOphilS
and chromophobhes and the corresponding histomorphological -
changes in the testis and ovary of gggg-iimnocharie Viegmann
- during different periods of the annual cycle have'been inve-
stigated. The number and size of acidophil ee’lleiricx‘eaéed :
during pre-breeding and bpreeding periods and decreased when
the frogs entered hibernation. The basoPhil cells were
alwvaye more in number than the aeldOphi; cells except;during
the post-breeding period. Their sige was also larger dﬁring '
the pre-breeding peried. The sige of the basophil cells was..
larger and their number was almost double than that of the
acidophil cells and it reduced to 1% times during the breedihgl‘
periocd, The number of chromephobe cells was maximum auiiﬁg the,‘
hibernation poeriod and minimum during the breeding period.
These cyclic changes in the cells of the pars distalis were
distinctly correlated with the cyclic changes in thevgonade.
The spermatogenic activity in the testis was magimun during
breeding period from April to August when the 1argest number
of spernatozoa were observed in the seminiferous tubules. The
ovary contained the largest number of mature ova during early
breeding period although this number decreased during‘the

breeding period due to spawning. Active oogenesis was observed

during the late breeding and post-breedingz periods. Large
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number of the basophilic cells (gonadotrophic) during pre-
breeding and breeding periods indicates high level of
gonadotrophic hormoné and correlates well with the oﬁset
and progress of breeding activity; and large number of
acid0ph111c cells (somatoﬁrophic) during the late breeding
period and post-breeding pericd indicates high level of
somatotrophic hormbnes and correlates well with high

Eémetogenetic activity.
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Chapter 5

Induced - Breeding
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INTRODUCDION

First pioneeiing experiments demonstrating the
inductibn‘of ovulation in anurans by injeoting or implan-
ting homoplastic pituitary glands were performed by Qolf '
(1929) on BRana pipiens, and Houssay et al (1929) on
ngg,ggg;ngg. Since then many subsequent Developmental :
Biologists sﬁch as Adams (19}1). wglis g;!g; (1933), Rugh
(1934, 1§35a, 19§5b; 1939 anﬂ:1962),'0reaser and Gorbman
(i935). Adams and CGranger (1938), Ramaswami and Lakshman'
(1958 end 1959), Vright (1945 and 1950), Yright and Hisew
(1946). Wright and Flathers (1961), Nieuwkoop and Faber
(1967) and Hock and Wem (1970) have confirmed the indubtipn '
of ovulation in anurans by the injection pf{pituitary
bormones; They have desciibed_diffeféht techniques which
have become laboratory procedures in many countries, In
United States of America certain companies® supply
pituitary kits for demonstrating of induced dbreeding for
classroom experiments, Most Indian laboratories, however,
still depend upon the frog spawns collected from the matural
resources for developmental studies: In 1959, Ramaswami and

Lakshman observed, "in most Indian Universities demonstration

ﬁ‘e;g. 1. Caroliha Bioiogical Supply Company, Burlingtonm,
N.C. 27215 ’ |
2, Turtox, General Biological Supply Co. Inc. 8200,
Hoyne Avenue, Chicago ILI~60620, U.S.A.
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of frog embryolegy‘has not been undertaken.es the technique
of spawning and fertilizing the eggs umnder 1aboratogy con=
ditions to follow up their further fate is not edequately
developed". They also outlined a technique for induced
breeding?inzgggg_ ano hlrcti » but ehe situation hae‘not
much changed. Use of theefreeh'hbm091ast;c pituitaries or
mammalian hormones or a combination of the:twe‘hae-beeh
prescribed by}different wonﬁe:e in differeet;enurane; It
has. been'experienced that the'females of certain common
frog species found in India, for example, ggg_,_;ggggg

Rana hexadactyla do not reSpond to mammalian gonadotrophine
available in local market. gggg cxagoghlxctie hae, however,'
responded to androgens, progesterone and deoxycorticosterone
acetate (Ramaswami and Lakshman, 1959). Collection and
injection of the fresh frog pituitaries has hot been found
convenient at every plaee.eue to inadequate supply of |

mature frogs or other technical reasons.

The technique of induced breeding evolved during the
course of the present investigation on.ggggegggggggg;ig
Wiegmann can be conéeniently and eﬁeceesfully“followed.iﬂ
anyalaboratory._It is a modification of Rugh's (1934)
technique based on the techniques of Osche (1948) and
Jhingran (1975). According to this technique a steek ofﬁ;
the anterior pituitaries pieserved in absolute efhyl a;cohol
has to be built upi and at the time of‘experimeht in;ectioh
of the homogenate of these pituitariee is given\
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to the females in presoribed dosage. Eggs are normelly
obtained by sﬁripping on the next day. They are 1mmed—
iately fertilizedg and culture of developing embryos

is maintained, This technigque has been found to yield‘-

more successful results than other techniques,

REVIEW OF LITERATURE

In 1929, Yolg. studied the effect of transplantation

of pituitary on reproduction of gggg nig;ega. He removed

its anterior lobe of pituitary and ingerted it into the
lateral or femoral lymph sinus of another female receip-
ient and observed that, it induced sa#ual,maturity and
ovulation in the female, 'Houséay, Guisti and Lascano-
Gonzalez (1929) confirmed it wiph‘éimilar results in
Bufo meripnug,: Yills, Riley and Stubbs (1933) ghowed ovu-
lation in toads can be induced by fish pituitary. Rugh
(1934 and 1935a) performed similar exzperiments with homo-
plastic pituitaries on various species of froge and toads
found in North America, He showed that it induces amplexus
and ovulation and such eggs cam be artificially inseminated.
In 1935a, he prescribed dosage for inducing ovulation and
method to seeure fertilized eggs. He demonstrated that
extracts of the mammalian anterior pituitary (sheep gland
or antuﬂ@rin « S from pregnéncy urine) are offective in’
toads but not tiniformly effective in frogs. In his another
publication during the same year (1935b) he preseribed
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injcotion of anterior pituitary in distilled water or

0% ethyl aloohol and conoluded that the degroe to which
the ovaries are emptied, depends upon the dose of the
hormone injected and the time of ovulatien depends upon
temperature. He investigated the breeding behaviour of
different frogs found in North America and stated that
anuran eggs’eéé Jarvae can be obtained in all months.
Adams and Granger (1938) ‘shoved that 1;;_gggg,z;g;§gggggg
pituitariee induce ovulation 4n ggga'g;n;ggg and felt that
the:e wvas no zoo;ogical‘speeificity ef goned etimuleting
hermone. In 1939.'Rugh described in detail the technique
for obtaining the anterior pituitary gland and demonetra-
ted that gggg g;g;_gg collected frem hibernation can be
1nduced te_ovulate by anterior pituitary injection muca
before ite aetual breeding poriod. In 1941, Landgrebe and
Purser deeoribed the technique of breeding xegonug in the
laboratory, In 1942, Robinson and Hill studied the induced
ovulation in Rana pipions, In the same year, Creaser .
demonstrated the.inducﬁion of ovulation in Bana pipiens by
bird pituijary preparations., In 1943, Wrightfdemeestrated ’
in vitro ovulation from the ovariee.ﬁy placing them in the )
culture eedigp to which anferiorvpituitaiy.hefmmne was
already added. In 1950, he showee that.length of exposure
of ovariesmto the hormone solution was respomsible for
"4p'v1tro“ ovulation, In 1946, Uright and Hisaw stﬁdied
the effect of mammalian pituitaries oe the'ovulation of
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Repa pipiens. In 1961, Uright and Flatheré showed that
althbdgh Rana 3gn;g§§_were insensitive to ovulatory
1hfluenees. injection of frog pituitary gland in assoc-
iation with progesterone induces complete ovulation in
it. Barr and Hobson (1967) formulated the method of

| estimating the number of eggs laid by Jemopus lagvig -
by injecting gonadotrophin, While-studying‘the experi~
mental ovulation and fertilization of Rana zidibunda,
Alonso-Bedate and Serrano (1970) described that,
'keeping females at room temperature detoriates the
ovaries. During the same.yéar Hock agd Wen.inguced' ﬁ
artificial breeding in Rana limnocharis Boie according
to the Rughk (1935) method and traced its early develop-

ment up to tadpole stage.

Among the frog species available in India, the
induced breeding has been attempted by Remaswami and
Lakshman (1959) on Raps tigrinpa, Rena gyanophlyctis and
Rana heoxadactyla. They reported that many mammslian
hormones, such as, follicle-stimulating hormone (FSH),
luteiniéing hermone (LH), pregnant mare serum, chorionic
gonadotrophin, estrogen, adrenocoiticot:oPhic hormone
(ACTH), cortisone, somatotrophic hormone (STﬁ), thyroid
stimulating hormone (TSH), stimulate ovulation in these
frogs only in combination with_a.th:eshold pituitary
gland dose. They reported that Rans cyanophlyctis can be
induced to breed almost throughout the year. They furthe r



189

~demonstratedythat Hetoropneusteg pituitai& glands also
induces ovulation in Rana gvanophlyctig.

Duri#g the lést two degédes 1nteres§1ng advances
have been made in the techniques of induoed‘ breeding T LE
£ishes by Alikunhi et a1 (1960) and Choushuri (1960 and
1963) (for review see Jhingran, 1975); Theée‘fechniqqee
include preservation of fich pituitary in absolute ethyl
alcohol and determining the dosages of pitﬁitagy ih fermé
of per gram of the bbdy veight of the female‘to bé
injected. This technique is being successfully followed
by fish farmers{throughout India and many other countries.

MATERIALS AND METHODS

TECHNIQUE OF INDUCED BREEDING.

Colloction of the frogs.

For induced breeding alive specimens of Rana limno-
shaxis were collected from the Pologround, Shillong from
July to middle of October in 1975 and from late March to
middle of October in 1976 and 1977 during their active
breediné periodg,The eﬁperiments vere repeated in 1978
alsog.Soon é:ter’colleotion théy were removed to the
laboratory and maintaineé in glass aquaria (75.5 cm X
45,5 em X 45;5 om) and covered with 1 inch sq. vwire mesh
coverning; Each aquarium was filled 1/6 with water and
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set with stonee, water plante and steep sand base on one
eide of the aquarium to form & sort of natural environ-

ment for the frogs.

Collection of the ggﬁer;'g p;tg;tarieg.

Anterior pituitary glands vere dissected out from
the mature male and female frogs according to the method
prescribed by Rugh (1934 and 1962) and preserved in
absolute ethyl alcohol,: Eacia donor was pithed and decap-
itated by sharp scissors just posterior to the angle of
‘the jawe, The head was dissected upside down and the
anterior pifuitary’gland was exposed through the roof of
the buceal cavity., The parasphenoid was cut along its two
sides with the tips of sharp scissors imnserted posterior
to the position of the gland through the foramen magnum
and deflected forward to expose’the ventral region of
the brains The anterior pituitary can be easily located
as a cream coloured bean shaped structure situated
transversely posterior to the optic ohiéeme and hypophysis.
(Figse See Chapter IV). In the breeding season it is much
enlarged. It wvas removed with forceps and transferred to
absolute ethyl aleoholeAeetone preserved pituitaries did
net induce ovulations Viels containing pteeerved pitﬁita~
ries in the absolute ethyl'alcohol were_cerked,:seeled
with wax and kept in the refrigeraten, (See Egﬁerimente and
Results)s
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;g;ggtion tecgg;ggg. ‘

Corning glasswares (veakers, petridishes, watch
glasses, specimen_tubes) and surgical steel ianstruments
were properly sterilized in autoclave or pressure cooker
at a pressure of 15 lbs. for 5 minutes. Pressure cooker
was found convenient for sterilization. Mature females
froge were collected from storage aquaria for induction
of ovulation. The maturity of the frogs was tested by
gently pressing fheiabdomen and feéiing-thefpresehcelof-
ova specially in its lower pelvic region, In
Bapa limnogharig mature ova can be observed in the pelvic
region through the translucent integument at the fegion
of groin. In some pilot experiments receipient female was
wveighed and dosage of pituitaries per gram of the body
weight of the female was calculated. The preserved pitui-
taries were thep taken out from the alcchol and weighed
on a Keroy}s electric chemical bdalance asfper the
calculation.

The weighed pituiteries were rimsed by a dip in the
sterile water (glass distilled water was boiled in flesk ‘
apd sealed by aluminium odil) in a wateh glass and
immediately transferred to another watch glass containing
0.5 ml of sterile water and homogenzated. Keeping pituita&(
ries for a longer time in water, either at the time of
excising them from the donor frogs defore preservation ”

absolute‘ethyl aleohol or ad the time of rinsing, -



Plate ) ¢ A= Injection teohnique.

- Plate I B = Stripping of egge from the. 1njected
female.

Plate I C and D'= Stripping of ogge in tho sperm
suspension for fertilization.



Plate 1
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found - to reduoe their potency. The host female vas now
hold in the left hand and the homogenate was 1njected
shrough No; 21 injgotion needle in its doreal femoral
lymph sac by the right hand. (Plate IA) as _per ‘the
technique of Osche (1968), The injected female vas kept
ina clear jar, ?ontact-of_the injected frog with water
‘ﬁasfévoided.as it mey cause gwel@%ﬁé'of jelionf“the‘
egga‘in cloaca which prevents fertilization, '
Strignigg g eggg;‘;,b } . , .

. The egga from 1njeeted female were obtained bv
stripping on the next day (Plate IB). In case the .
experiment wvas not successful and eggs vere not obtained
the female wvas again injected.with apotherhdoge and the

- stripping vas again attempted on the third day. After

experiment the feomales were roleased in the pond.

- At the time of stripping as soon as some eggs were
. Seeéen coming out of the cloaca of tha'injeoted :emaléa it
‘was immediately kept back in ﬁhe Jar and.a.sperm suspene
sion was quickly prepared by macerating 2 testis of a
mature mele frog in 100 ml of 10%\Holtfreter's solutién.
A drop of sperm suspension was examined on a slide and
-under a microscope to test the viability of the sperma=-
tozoa. Normally it takes 4-5 minutes for é_spermatozoa to

become active in this oulture medium. As soon as active
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spermatozoé were observed the eggs from the injected
female were strippéd directly in the sperm suspension
(Plate I C and D). Initiation of the 1st cleavage
confirmed that the eggs were fertilized. Sometimes it

1s better to inject the male frog to emsure getting active
sperms at the time of the experiment, Soon after cleavage,
the culture medium was changed with a view to rinse the
spawn, After hatching the oulture"medium was replaced by

pond water.

The experimental data were carefully recorded and

photbgraphs~wefe taken wherevér noeded. ‘

EXPERIMENTS AND RESULTS

Four types of experiménts were performed on the
inudction of ovulation in Bana limnocharis from 1975 to
1978, (1) With fresh homoplastic pituitaries. (2) Vith
heteroplastic pitﬁiﬁaries from Bufo melanostictus
preserved in absolute ethyl alcohol. (3) With homoplastic
pituitaries preserved in absolute ethyl alcohol. (4) With
. mammalian hormones, such as goat pituitary, sheep pitui-
‘ tary powder, human chorionic gonadotrophins (Physex Leo),
antuiFrin-S (Parkep Davis and Company).,

1. EXPERIMENTS PERFORMED WITH FRESH HOMOPLASTIC RITUITARIES.,
Experiments with fresh homoplastic pituitaries

_were performed in 1975. In some pilot experiments it was
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folt that four female pituitariecs msy induce ovulation.
As such, the first’experiment"Was performed on July 18,
1975, Four pituitaries wore dissccted out from mature
females and 1njected into the abdomen of the female with
9.0 m distilled water\ae .pexr’ technique devised by Rugh
(1962). Next day tho female laid egg by itself. In the
2nd, 3rd, 4th, 5th, 6th and Tth experiments, performed
8imilarly, no egge could be obtained by stripping on.
the next day as well as the third day. Data has been
corpiled in Table 1. On aieeection of theee 1nsected
females, very few mature ova could be observed in the
ovary. It was felt that, the dosage of pitﬁitaries injected

may not have been sufficient to release the ova.

The eggs obtainéd in the first experiment were

fortilized by releasing them in the sperm suSpension and

culture of the developing embryos vas maintained for
further studies.

Jhingran (1975) described the induced breeding
in fishes vith pituitaries preserved in absolute ethyl
alcohol. Following this technique some pilot experiments
were performed in 1976. It was felt that alcohol preser-
ved pituitaries yield better results in comparison to



Brperiments on Induced breeding in Rana lipnogcharis with fresh

TABLE I

17§

homoplastic pitultaries.

I‘}Jq:oeri.menﬁJ Room HumberodHf Anount of] Time of] Result of stri-
Date Number. Temper<4 pituitariesiy distilled| inject- '
ature. | injected. water ion
injected.| (Hours)|
July 18, 1975 _ 75-1 20.3°C 4 (Q) 1.0 14.00  +
August 6, 1975 75=2 19.4°¢ 5 (0 ) 1.0 15.00 - -
August 8, 1975 75=3 $9.80¢ 4 ( 0 ) 1.0 12.00 - -
August 12, 1975 754 18.5°C 4 ( Q) 1.00 12.00 - -
~ August 14, 1975 75-5 19.00c 3 (8 ) 1.00 12,00 - -
' | B 1 (9Q)
September 13, 1975  75-6 17.10C (6) 1.0 12,00 - -
September 17, 1975  75~7 17.00C (6) 1.0 12,00 = -
()

+ obtained the eggs

- no egg could be obtained.
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ey

the fresh piyuitgries. Acetone preserved pituitaries

aid not.,;ihduce ovulation in Bana M&s |
Bufo melsnostictug were obtailned from'Gauhati as they
were available in large numbers there at the time of
experimentation 1n'1975. Experiments were performed on
Bana limnocharig soon after they came out from hibernaw
tion in March/April at Shillong. The condition of the
- female was pzoperly examined and only these females
vhich had mature ova. ae detected by a ’feea' by -gently
pressing the abdomen, were selected for experimentation,
The mature ova could also be seen in mapy cases in the
region of_grbin through the translucent integument. The
pituitaries wére.dissected out from Bufo melanostictus
and preserved in abeolute ethyl alcohol. The data has
been presehtéd in Tablé iI. Iﬁ the £irst four experiments
(76=1, 76-2, T6=3, 76=4) a higher dosage i.e. the six
preserved pituitaries were used and in the last two
ezperiments (76=5, 76=6) five and four preserved pituie
taries vere used respectively. The females to bo injected
were weighed; The pituilteries were taken out from the
ébsolute alcopol, weighed, homogenised in 0.5 ml glass
distilled uater and injected in the dorsal lymph sac of.
' the females as per the technique followed in the South
African toad, Xenopus laevig (Nieuvkoop and Faber, 1967).
The stripping of eggs was attempted on tho next day in
each experiment. It was obserﬁed that the females weighing
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TABLE II
&periments on Induced breeding in Rena limnocharis with pituitaries of Bufa W

preserved In ahsolute ethyl a&cohol.

177

Experi~l Room Ueight Number. | Amount | Total -"\\Iéi_ght - {74m¢ of|{ Time of {Number
_ ment Tempe=jof in=} of pit-] .of dis- jveig~| 0f pit- | ‘1n:]eet- stripp~- [of eggd
Date Number { rature] jected] uitaries] ¢tilled jht of] uitariss| fon - ing strip-
female] injected! water |pitu=~| mg per (Hours) next dayj ped
- {gm) | . : . 4njec~ [itar-{ gm of | (Hours) | - -
ted (ml)g ies §{ the body
(mg) | weight |-
.{ of the _ 8
1 receip~
April 26, 1976 76-1 22,0°C_15.2 6 ( Q) 0.5 1.8, 0.12 12,30 -13.00 - 178
" T6-2  22,0°C_12.1 6 ( Q) 0.5 1.9 . 0.15  13.00 13.10 - 189
" 76-3 22.0°C 12,5 6 ( Q) 0.5 1.8  0.45  13.15 13.20 182
May 5, 1976. . 76-4 - 239000' 15,7 6(8) 0.5 1.6~ 0,10 13,00  13.45 341
n  76=5 23, ooc"ta.t 5(8) 0.5 0.8  0.06 13.20 14,00  Fil
o 4 (8) 0.5. 0.05 13.40  14.10 ml

76=6

23.0"0

40.2

" 045
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above 12 gms responded to the pituitary injection and a‘
dosage of Bufo melspostictus pituitaries above 0.10 mg
per gm of the body weight of the females induced them to
rolease the eggs. Thus experimenﬁ Nos, T6=1, 76=2, T6=3,
76=4 were successful. In experiments Nos, 76«5 and 76=6
the.dosage appeared to be lonc and eo.the'females were

not induced to release tho eggs.

Eggé vyere ferfilized by stripping them in the spemm

suspension in each exzperiment end then culture was maine
tained,

I ,COHOL,
§eg§eg‘1¢ (wg Lh g ophly Qgegerveg giguitagiea).

As aggg,;;gg_ggg;;g vag alailable in plenty at
Shillong in April and onuarﬂsf the 1st Series of these
egperimente were.performed with thelr homoplastic
pituitaries, Keeping in mind the results of oxperimenta=
tion with heteroplastic pituitaries of Bufg melandgtictus,
the dosage of alcéohol preserved pituitaries were kept
higher than 0,10 mg per gm of the body weight of the
females in four out of oight experiments and lower than
it ih the other four_equrimentsigTheAdata has been
tabulateé in Tabie I1I. Ezperiments 76«7, 76=8,. 76=9:
76=14 were successful. Bxperiments 76=10, 76=11, 76«12,
76-13 did not yield successful resultsﬁ'fhese’reeults
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TABLE IIX

Ihperiments on Inducea bree&ing in m dimnooharis with homoplaoctic pituitaries prescrved freshly
., in absolute ethyl alcohol.
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- , _ — ot _ P
' § Exper-! Room | Ueight]Number § Amount | Total |lUeight ]Time of | Time of|] Number of
iment | Tempes] 0f in=~fof pit-{ of di- juwecight{of pi- {inject- |} stripp=} eggs
Date 1 Bunmbe ratureﬂ joectedjuitar- | stilledjof pi-=jtuite- {ion ing atripped.
‘ ! female]ies in-| water [tuita-jries  [(Hours) | next , |
- (am) | jected | injec- jries {mg por day
ted (ng) ]em of (Hours)|
(ml) { the bodyi |
fweight
Jof the - o
i f receip~ ~
—LL " N ) . ient. , . J ,
May 5, 1976 7T6=T 23.1°C . 12.1 1§ (B) 0.5: 1.4  0.11 13,95  11.45 265 -
Hay 11, 1976 768 20.0°C. 12.8 6 (Q) 0.5 T 1.2 0410 13.45 ~ 11.30 - 289
June 16,1976 76=9 19.2°c 10.9 6 (Q) 0.5 1.2 0.2 11.45 11.30 - 167 .
Juns 30,1976 76=10 20.3°c- 4.0 449) 0.5  1.% -0.07  11.45  11.30 .. N4l
" 76-11 20.3°C '10.1 3 (@} 05, 0.6 0,06 11,30 11.45 - ¥l
July 1, 1976 76~12 20. 0°C 14.2 6 (86) 0.5 1.0 - 0.07 12,40 . 12,20  Nil
July 3, 1976 76-13 10,29 12.4 6 (§) 0.5 0.8  0.06  17.30  16.00 N1
July $2,1976 76-14 18.1°C 14.9 5 (Q) 0.5 1.7 0.12. 15.35 Eggs laid

by itself
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indicate that during May, June and-July a dosage of the
homoplastic pituitaries above 0,10 mg per gm of the
body veight of the females caused induction of ovulation
in the females without any difficulty.

The 2nd Series of exzperimente were performed soon
after the periocd of hibermation in 1977 with homoplastic
pituitaries of Rana limmocharis preserved freshly in

absolute ethyl alcohol after hibermation periocd. A dosage
of the jituiﬁaries,per gram of the body veight of females
lover then that determined in the 1st and 2nd Series of
ezperimenﬁs was atfemptéd? as the level of gonadotrophic
hormone was expected to be higher in the females soon»
after hibernation was over. The data has been ¢ompiled in
Tadble IV; Experiments 7761; T7=2, 17=3 were not successful.
The expefiments TT=43. TT=5, T7=6 were successful, The
rosults indlcate that dosages of tho pituitaries 0,06,
0,07, 0.08 mg per gm of tho body weight of the females
in experiment Nosy 77=4y T7-54 77=6 induced ovulation in
the females weoighing above 16 gmse

E&ss obtained were stripped into sperm suspension,
foertilized and alloved to develop in each ekperiment for
further study. ’ |
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PABLE IV .

Experiments on Induced breeding in'gggg”;hggg_ggggg vith hamnplaetic pitultaries preserved 1n

abeolute ethyl alcohol soon after the higpernatien period.

- T T NP PPN S T EETTUS TN
| Exper— Room | Weight ;Number'Amount Tgtal | Veight | Time of] Time of}lumber
' iment | Tempe~| of in= | of pi=jof dis-fjueight{ of pit- | inject-] stripp~{of egge
bate Number}] rature] jected | tuita~jtilled Jof pi-] uitaries | ion. ing stripp~
' i ‘female | ries jwater |{tuita-| mg per (Hours) next ed. -
{(gm) | injec-f{injec- }ries. | em of day.
ted. |ted. ] (mg) | the body . | (Hours)} -
- (m) -} ‘weight - .
' .Qf the
receips
L dent.. i
March 30,1977 T7=1 23.5°C 15.2 4 (Q) 1.0, 0.8 _ 0.05 13.10  14.15 M1
o 772 [ 23.5°C. 12.4 5 (Q). 1.0- 0.92 0.07 14,50  15.20 - Nl
ApFil 19,1977 77=3 . 20,0°C. 13.0 6 (Q). 1.0°.° 1.0 .- 0.07 . 15.15 . 15,00  Na1
Hay 3, 1977  T7-4 : 22.5°C: 17.0- 5 (Q)- - 1.0 ' 1.1 - - 0,06 12,00 11.45 590
May 10, 1977  77=5 © 25.8°C° 16,5 5 (Q)' 1.0 1.2 0.07 12.00 © 11.00 840
- T7=6  25.8°C 17.0 6 (Q) 1.0 1.4  0.08 12,20  11.30 780

-
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The 3rd Series of emperiments were performed during
the.secohd half of April, 1977 and onwards witﬁ‘hombylaso
tic pituitaries of Bapg lLimnocharig preséfved'in absolute
ethyl alcohol for {1 year. It was obéérved'thét the
potency of the pituitaries was retained for 1 year and
the homOplastic pituitaries so preserved acted as effec-
tively as the freshly preeerved pituttaries, The data
has been compiled in Table V. Experiments 774, 77-B,
77=Cy T1=By 77=F, T7=0, 77-H vere successful and experi=
nments 77+D, 77«1 were mot successful. In experiment 77-D
the dosage of pituitaries 0.05 mg por gm of tho body
veight was two lone and in ezperiment 77-1 the experi-
nented fermale, when'dissected, was found to contaih very

few mature ova.

Eggs obtaimd were stripped into sperm suspemsion,
fertilized and allowed to develops

The 4th Series of expeoriments were performed in‘
1977 with homoplastic pituitaries of Rena limnocharis
preserved in absolute ethyl alcohol for 2 years, In this
Series also, és in Serdies 3, the potency was seen to have
been retained for 2 years and acted as effectively as

freshly preserved pituitaries, The data has been compiled
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TABLE V
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. limnocharis with homoplastic pituitariee preserved in
absolute ethyl alecohol for one year.

: Ikp erai

Roenm

Yeight

'Nﬁmber

o

{
Weight of .

‘Tims of}

amcunt . Total Time of | Number
iment | Temper] of in~-| of pi-} of dis~| weight | pituitar- jinjecte{ stripp-} of
Date - | Number] -ature] jected| tuita-] tilled | of pi- | ies mg. per]ion. ing - | emas
» i female | ries vater tuife~ | gn of the: (Hours) next | strip-
(em) | injec-| injec~ | ries. | body weig- day. ped.
.ted.. ) ted. | (mg) ht of the | ‘ (chra)
o {m1) _ _recoipienti ;
AprFel 13,1977 T7-A  16.0°C 16.00 .6 (§) 0.5 1.4 £0.08 1245 9.30 472
April 14,1977 77=B  17.0°C 14.30. 6 (0) 0.5 1.2 0.08  11.55  10.30 1462
o q7-¢  17.0°¢ 12,00 7 (8) 0.5 1.0 0.08 - 12,05  11.30 110
April 19,1977 77=D 20.0°C 15.40 5 b)) 0.5 . 0.8 0.05 . 11,55 = 12,00 Nil
" 77-8 20.0°¢ 17,00 6 (8) 0.5 1.2 0.07 - 12,25 _ 14.00 1362
' 77-F  20. ooc 15,00 7 () ' 0.5 1.4 0.07  14.45.  14.10 840
April 26,1977 T71-0 23.500 ‘20,50 6 (0) © 0.5 1.4 0.06 $1.55  19.95 1457
SRS T7-H - 23.590 16.00 7 (8) - 0.5 1.6 - 0.1 12,15  11.35 973
v TI-I  23.50C 13.20 8 (8) . 0.5 . .1 . 0.08 12.45 12,00 11
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in Table Vi;'ﬁive experimehté out ef:séven,iiz.;77sb.
TT=c, TT=£, 77§g.'774h'bere successful. In each experi-
nent egge obtained were stripped 1nto sperm solution.
fortilized and allowed to develop. ' '

In this Series, six experiments Werelpérformed;

out of vhich two experiments 78-1, 78=2 were performed
with the22 year'old pituitaries,and‘thé réSt‘A-eSpéria
ments 78+3, 78=4, 78+5 and 786 were performéd’wiﬁh :
freehly preserved pituitaries, These experiments were
performed in the second half of April and ¥ay, The aété
has been compiled in Table VII, All the experiments
gave positive result and the dosage being 0.07, 0.08,
0.10 mg per gm of the body veight.

In all experiments, the eggs obtained by stripping

5

vere fertilized in sperm sugpension and allowed to

~ develop for further observations.

4. EXPERIMENTS PER
EXTRACTS [ GOA UITARY R
VVIlﬂﬂﬁfﬁﬂiﬁlﬂﬁﬂlﬂﬂﬁﬁﬁiﬁlﬂﬂ!IEKEEE@E!@EEIEBE '

FE [ PITUILARY EXTRACTS.

15 experiments were performed (2 with goat pituie
‘tary, 2 with sheep pituitary powaér, 2 vith hupan
chorionic gonadotrophin, 8 with antuilrin~9 and ¥ vwith
fish pituitary extract) at different dosages in the



TABLE VI

Experiments on Induced bdbreeding in Rans limnochar;s with homoplastic pituitatiesrpreserved in
absolute ethyl alcohol for tuo yeare. '

_ Exper-| Room v‘weight Number} Amount jTotalA‘ Weight of | Time of} Pime of | Number
’ iment { Tempe~| of in-] of pi=| of dis~| weight] pituitar- injeot— - stripp= { of eggs
Date { Number{ rature| jecoted| tuita={ tilled | of pi-}§ ies mg per ion. ing | etrip-
. - : - -} female}j ries | water tuita=~] gn of the (Hours) next ped.
(gm) | injec=} injec- |'ries, | body veig= day.
, : “ted. | ted.. - (mg) | ht of the § - (Hours) |
K o Amd) | receipient :
~ April 1, 1977 T7=a 18.5°C 15,1 6 (9) - 0.5 1.0 0.06 12015 . 12 30§ N
C® . T=b.oq8.5°C. 450 5 (Q) 0.5 1.0 0,06 . 12,55 12,00 490
Apral 9, 1977 - T7=¢  17.0°C 17.8 5 Q) 0.5 1.8 " 0.1 13.30 - - 3,30 1059
“ . TT=-4  17.0°C 15.0 4 Q). 0.5 t.4 | 0.09 * 15.30 - 14,00 -  ©il
| ni . | TT=e . ?7._000' 42,0 6 (9) '00’5.' 1.2 :. . 0.4 - ‘6‘00 15.00" ‘ 13 &
ApF1l 12,1977 77 16.0°C 18.80 "6 () . 0.5 1237 0,06 11,35  11.00° 91 -
" T7-g  16.00C 21.00 7 (Q) 0.5 2,0  0.09 12.45  9.00 860
ApFil 19,1977 77-h . 20.0°C 20.00 6 (9). 0.5 1.9 0.09 12.00 12,00 960
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TABLE VIX
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Experlments on Inﬁueed breeding in Rana limnocharigs with homoplastic pituitaries preserved in
, " absolute ethyl alcohol. - . _

May 25,1978

- 24.0°C

0.10

| Exper~] Room } Veight] Number Amounfﬁr;otal Weight of | Time of | Time of | Jumber
s iment | Tempe={ of in-} of pi-| of dis=|weight| pituitar- | inject-|] stripp~ | of cggs
Date Number | rature| jected| tuita=-| tilled {of pi-| $eoc mg per| ion. ing strip-
: : 1 fomale] ries | water |tuita-| em of the | (Hours) | nezt ped..
(gm) injec-| injec~ }ries. | body weig- day. -
ted. ted. (ng) . | bt of the | - -} (BEours)
(m1)" '} receipient ’

April 23,1978 781  20.09C . 13.1 #6 (g)' 0.5 1ol 0.08 ~  14.00 11,00 358
April 27,1978 782 - 21.0°C 1.1 *6 (Q) 0.5 1.2 0.10 L 14,30 11,45 263
ay 5, 4978 783 23.0°C 15.0 *#6 (Q) 0.5 1.2 °  0.08 19,30 11.20 730
Hay 7, 1978  78~4 22.0°C  14.0 %% (Q) 0.5 1.1 0.07 14.00  11.45 ~ 670
diay 8, 1978 TS5 24.0°C  16.0 *¥6 (9) 0.5 1.3 0,08 .  13.00 11,30 179

78-6 10.0 ##6 .(Q) 0.5 1.0 16,00  11.00 30
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‘months o0f March and April. 1978. None of the e=zperiments
gave positive result. showing that Rana limmocharis does
|  not respond to the mammalian and fish pituitary extracta

_ -  From the rosults of the ezperiments described'
.above, it can be concluded that soon after the hiberna=-
tion pefigd.fthe;frbgsiweighing-abdvé‘16;00vgm rospon=
ded to the dosage of 0;07vor‘0.08 mg.of.the'pituitary
per gram of the body weighpaibgt later mostlyfo.io ng
of the pituitary per gram éf’the boﬁy:weighf (roughly
6 .%0 7 male or 5 to 6 females Pituitaries) yielded

successful results.

DISCUSSION

The induction of ovulation by~thé iﬁjeétion of
the pituitary glands in anurans was first experimented
by Wolf (1929) on §§g§‘933$92§ Houesay, CGuitsi and
Lascano - Gonzalez (1929) confirmed this in
Bufo marinus. Rugh (1934 and 1935a) performéd gsimilar
experiments on the anurans of North America and he
prescridbed specific dosage as, number of pitpitariee to
be injected for different.species and the technique to
secure fertilized eggs, He demonstrated that mammalian
pituitary extracte were offective on toads but not on
frogs. In 1939, he described a technique for dissecting
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gﬁd eollecting the anterior pituitary &n‘agga,ggggggg'
and other anuraus, He reported that frogs collected from
hibeinatioﬁ could be induced to ovulate by anterior
pituitary injection much before its actusl breeding
period, Adams and Granger (1938) described that there
vas no zoological specificity of'gonad stimulating
hormone., Ramaswvami and Lakehmen (i959) while working
upon three frogs species found in India, viz,

Rana tiegrina, Rana cyanophlyctis and Rana hezadactyla
showed that mammalian hormones suech as folliéle stimu-
lating hormone, luteinizing hormone, pregnant mare
serum, chorionic gonadotrophin, estrogen, a&reno~
corticotrophic hormons, cortisone and somatotrophic
hormone, stimulate ovulation in combinztion with threge
hold homoplastic pituitary gland dose. Alikunhi gt al
(1960) and Choudhuri (19602 and 1963), while working on
the induced breeding in fishes, prescribed a technigue
of preservation for fish pltuitaries im absolute ethyl
alcohol and determination of dosage of pituitary in
terms of per gram of the body weight of the fish to be
induced. This technique is being followed by £ish farmers
in India and abroad (Jhingran, 1975). |

The experiments in the present investigation onm
the induced breeding of Eggg 1imm moe ggg; 8 with homoplastic
pituitaries preserved in absolute e%hyl aleohol (freshly
preserved in experiment Nos.: 76«6, 76«7, T76-8, T6-8, T76-10,
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7611, 76-12. 76-13 and 76~143 preserved for one’ year 1n
experiment_ﬂoe. 7-A. 77=B, 77=Cy T7=Dy T7-F, 77-6.117~B
and 77@1{ preserved for two-yeareAin.experiment Nos.. 77-a,
77=b, T7=c, T7=d, T7-6, 77-f, T7-g and T7-h) as well as
the hete:epiaeﬁicApiteiteriee oflggggzgg;gggggigﬁgg‘
preeervedlie ebsolutelethyl alcohol (expe:imept Nee. T6=1,
.76-2, 76ﬁ3'and 76-4) yielded succeaeful results, It is
poseible that pituitariee preserved in abeolute ethyl C
alcohol for three yeare or more may also 1nduoe ovulation
suecesefully in frogs. Experiments with fresh pituitaries
wore not as convenient as with preeerved pituiteries.
Acetoneo preeerved pituitariee dld not yield successful

results,

The procedure followed in the present 1nvestigation'
is modified as compared to that prescribedﬂbyfnngh (1934)
and 1962). According to this technique 'the homoplastic
pituitaries are dissected and preserved in absolute
ethyl alcohol. A homogenate of these preserved pituitaries
as per the calculated dosage (in terms of ber gram of the
body vweight of the female) in 0.5 ml &f aistilled watery
is injected in the dorsal lymph sac of the female,
According to Rugh's (1962) technique one has tevcollect a
number of frogs,decapitate some of them to collect
required number of pituitaries and then injeetfﬁg<them
along with some distilled water in the abdomen 6f the



female. This technigge‘ié somewhat cumbersome in compa=
rison to the technique evqlvéé in the present investi-
gation as desoribed above, According to the present
tochnique, a stock of preserved pituitaries is built
up and used és and when required. Tﬁe dissection of
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the pituitaries should be done in abdbsolute ethyl alcohol

rather than in water which reduces the clmnces of the
hormone diffusing out at the time of the dissection.
I£ homoplastic pituitaries are not available, hetero-
plastic pituitaries can also be used. Their dosage may
be higher as demonstrated by Rugh (1962) and also in

the present investigation. So far as dosage is concerned,

in the present investigation 0.07mand 0.08 mg of the
alcohol preserved homoplastic pituitary pér gram of the
body weight of the female Rapa limnochkaris yielded
successful results at the beginning of the breeding
season, whereas a dosage of 0.10 mg per gm (roughly 6

to 7 male or 5 to 6 female preserved pituitaries) of
the body weight of the femeles induced ovulation suce~-
essfully throughout the breeding season in the females
weighing mostly above 12 gms provided they had mature

ova.

Rugh (1934 and 1935a). found that mammalian pit-
uitary extracts were not effective in frogs. In 1961,
Uright and Flathers showed that injection of the frog
pituitary in association with progesterone induced
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complefé ovulation in Repa p_i;_g;l_e_gg Ramsswami and
Lakshman (1959) demcnstrated that M wm
reaponde& to mammalian hormones in association with
homOplaatic pituitaries. In L_gp,gg 1t is a commcn
praetiee to induce ovulation by mammalian hormones
(Nieuwkoo,p and I‘aber, 1967). In the present investie
gation, &_n_g W did not respond to mammalden
normones. Earlier Wms, ‘Riley and Stubbs (1933)
obtained ovulation in toads by fish pituitaries.
Bamaswami and Lakshman (1959) roported that

Rana Wﬁ responds to Heteropneustes pituita=
ries. In the present investigation, Bana limn ocharis
did not respond to majpr carp pituitary extract supplied
by the Central Inland Fisheries Research Imstitute,
Barrackpore alth_oﬁgh it is commonly used in Pishes.,

The technique of induced breeding evolved in the
present investigation suggests building up of a stock
. 0f frog pituitaries (preferably homoplastic) preserved
in absolute ethyl alcohol and injecting the homogenate
of these preserved pituitaries as per the previosuly
determined dosage (0.10 mg por gn of the body weight of
the femmle in Rana limnocharisg), in the female frogs
during their bdbreeding périod as described above. The
findings reported in Chapter IV showed that gonadotropic
activity of; the pituitary of Rana limmocharis is at 1tspeak
from late March upto August. This period (April to



August) is the active b’ree&ing period ‘of the frog and
it 4o during this period that induced breeﬁing is: most
effective. In our laboratory this teohnique has been -
ifounﬂ to be successful in Rena gyanophlyetis also. The
technique can be conveniently adopted for mauced
‘breeding in froga in any laboxatoyy 1n India or abroad.

192
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SUMMARY

The experiments on the induced breeding of
Rana imnochgri Wiegmann showed that this ppeoies
responds nnly to hom0p1astio or heterOplastic pituitary
| jands; and does not respond to major oarp or mammalain
pituitary. The technique of induced breeding, developed
during the eourse of presént’investigatidn, involves
buklding up of a stock of homoplastic pituitary glands
upreserved in, absolute ethyl alcohol which are used in
required dosage for inducing ovulation. Such preserved
pituitaries were found to retain their potency up to 3
.years and were as effective as the fresh ones. 0 ,07 =
0.08 mg of these preserved‘pltuitaries/mg ‘'weight of the
female gave successful results during early breeding

period in the females of 16‘00 or 17'00 gms size, whereas
a dosage of 0.10 mg gave successful results throughout

".the breeding period in ‘the females abové 12 gms provided -

:\they had mature ova. The eggs were stripped on the sub-
sequent day~infa sperm suspension in 10% Holtfreteré
solution for fertilization and the developing embryos

were maintained in culture for further studies.
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_ INTRODUCTION

- The present bhaéter deals with the following
ecological aspects related to embryonic and postembryonic
development of ggggl;ggg_;ggggg wiegmann studied unaer
laboratory condition, (1) Spawg size (2)~Fert;11ty rat;o,ﬁf,
(3).Survival énd moértality. (4) Influence of temperature
~ on deveiOpment, comparative statement of the spawn slze
of many frog species has been given by Rugh (1962). There
i appears to be nolspecific.data on spawn/clutch size for
frog species availgble iﬁ our coun@ry. Hoéever. the; ‘
fecundity bf,three;lndiaﬁ frog s§é§ies haé been deséribeda
Bena tisxina 3.660¢20.006.eggs, gégg‘ggggég 2,000%6;000 |
eggs and Rang g:xagactg;g-1.000~9.000 eggs depenﬂiné upon f
the body size (Mondal. 1975). In the present inveatigation:
data on the spawn size of induced bred gggg,;gggggggg;g
\has been-colleeted during the breeding seasoms (1976, 1977
and 1978). During the course of investigation on experio
mental breeding and preparation of developmental table of
this frog species, it was experienced that a small number
of eggs (20-50 egge per 200 ml of sperm suspension) can
be easily fertilized and developed. In this chapter an
analysis of the six experiments on fortility percentage
of complete spawns in the same amcunt of sperm suspension
have been iancluded and percentage of sﬁrVival and mortality

of experimentally bred embryos has been worked out. There
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are very few oontributions available on these aspects
(Woodrufe, . 1976) as it 19 diffioculs to make such ine
vestigations in the natural condition. Temperature has
been found to be another 1mportant faotor governing the
development, growth and.biogeographic distribution of
anurans (Zweifel,. 1968, Brown, 1975a. and 1975b), In the
present 1nvestigat;on, therefore, lower and upper limia'
ting temperatures.of Rana limnocharis were‘worked out

- during early embryonic. stages and their influence on

the development and growth of the embryonic as well as
post-aembryonic. stages has been investigated., A fundamen-
tal tnowledge of all these aspects,iviz, spawn size,
fertility ratio of the eggs, survival and mortality of
developing embryos and influence of limiting temperatuies ‘
on develcpment is required for sucéessful'ihﬁuced breedo.‘
ing and culture not only of Rana limnocharis but aiao of .

-other anurans,

REVIEW OF LITERATURE
A, Spawn sige, Fertility rat Survival and MNortali

As Calef (1973) observed, "Although the <4adpoles
of froge and toads are among the most common inhabitante
of lakes, ponds and streams, little is known about taeir

population dynamics or otheyr ecological roles in these



202

communities” holds true for fertiiity ratio, survival

and mortality of all early developmental stages of :
aﬁnrans.AThere areifew‘cdntributions on these aspects.
Bragg and Breseler (1951) appear to dbe the first workers
to have investigated the viability of eggs of Bufo gog=
patug. It lays 20,000 oﬁa. 66% of thegbva either were

not fertilized or failed during the embryonic develop-
ment, Khoepffler (1962) veported Disgoglossus pictus

lays 800 eggs'af a time and stated that the speed with
which the eggs were released and low motility of the
‘sperms were responsible for low fqrt;lity percen?age;
Herreid and Kinney (1966) investisated the survival of
the larvae of Alaskan vwoodfrog, Rana sylvatica and
obtained the average fertilization success of 86% énd
embryonic mortality through gastrulation of 4%, Inger
and Bacon (1968), vhile working on the six Bornean species
of rain forest frogs from Sarawak, described that the
clutcch size of Rana species (Rana blythi, Rans ibanorum,
Bapa macrodop and Rana hosei) were smaller than those of
temporate zone species, In Bufo asper there was no
difference in clutech size. Bogert (1969) reported the
eggs and hatchlings of tle Mexican leptodactylid frog,
Eleutherodactylus decoratus. Three clutches contained 20
to 32 eggs. The batches had survivorship of 100%, 0% and
60%. Van Gelder and Oomen (1970) working in Netherlands
on Rang arvalis reported fungal infestations among the
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spawns in natural condition. Kozlovska (1971) while .,
studying the reproductive bielogy of mountain and lowland
common frege. __% ..9_1119_._.15 from Poland moted that the .
amount of Spawn was lower. the number of eggs lower and
the size of the eggs larger in frogs in mountain habits
in comparison to'those of the lowland. In 1972, Izvanova .
' studied the groﬁthiand development of Anura under exper-
imental conditions, He reported that the larvae of
ge;opateg ggscug in aquarium‘(10 larvae in 10 litre of
water) merkedly decreased the larval deveIOpmental
period. accelerated metamorphosis which reduced the eize
of the tadpoles in comparison to the larvel development
in lakes and ponds under natural conditions. Calef (1973)
investigated in detail the survivorshipf distribution,
“growth rates7aﬁd normal predation ratee.en theApoéulation
of Rane aurora tadpoles in British Colﬁmbia and reported
95% mortality. Licht (1974) vorked on the survival of |
embryos;,; tadpoles and adults of Rana aurora aurors end
Rona pretigss pretioss. He reported that predators, food
and climatic conditions, such as excessive cold or |
dryness were respoheibievfef the mortality. Cooke in 1975
while working upon the spawn site selcéction end-colony
size of the frog Rana femporaria and the toadegggg bufo
reported that fungus was responsible for the low percens
tage of hatchability., In 1975, Koskela and Pasanen vorking
in Finland, on the reproductive bioiogy of the eommon‘frog



Rapa $emporaria noted that the total volume of spawns,
size and number of the eggs were dependent on the size
of the female. The production of spawn decreases as,a
result of the shorter eating period. Recently in 1976,
Wocdruff seems to have investigated the problem of
embryonic mortality thoroughly for RPseudophryne (Anuras
Leptodactylidae). He recorded Pseudophryne bibroni,

gseugogg;xgg'gendx; and Pgsudophryne semimarmorata laid
batches 0f 70 to 90 ova. Of these 98-100% ove were

fertilized but moriality less than 5% occurred due to
fungal infestations and most failures occurred during
gastrulation. Commenting on the fertilization of immature
egsgs of Rana piplens, Flinson (1977) reported that they
can be fertilized to a low frequency when eggs were
inseminated by high cuncentration of eperuis in the

presence of water extract of jellied eggs.

Crowding scems tc affect growth, development and
mortality of anuran embryos and larvac. Lynnvand Edolman
(1936) showed that crowding not only affects the rate of

- development bﬁz the success ¢f achieving metamorphosise.
They established a ratio at the pre-feeding stage, as 1
fadpole per 2 cc of medium in & total of 50 cc per
finger bowl. At feeding stage this would result in
orowding and development retarded. Guyetant (1970) gave
an evidence of group effect upon the growth and metamor-
phosis of the midwife toad, Alytes obstetricans, There is
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a recent report ty Shvarfs and Pyastolova (1970) on thé
effecte of metab uties of tadpoles of Rana w

and ngg,gggg;;g showed that, the metabolities excrevted
are not 1nhibitors. as commonly considered, but regula-
tors of development for the organiam and at population "

level,

" B, Ingluence of temperature on development,

Among various ecological factors, temperature
adaptation appears to be one of the ;mportant charécterv
istics of amphibians and related directly to their geogra-
phic distribution breeding habifs and developmental rates
as reviewed by Zweifel (1968), Bachmann (1969) and
Mclaren and Cooley (1972). At3as in 1935, demonstrated
that Rana pipiens embryos become increasingly tolerant
with age to high temperatures, While studying this factor
on certain North American frogs, Moére (1939 and 1942)
found that temperature adaptation of embfyos correlates
well with their distribution, DuShanei and Hutchinson
(1941) felt that génetic differenéeS'may be responsibdble
for the distribution of a species, Ivanova and Vinogradov
(1955) found that temperature adaptation may account fér
metamorphosis also, Herfﬁd and Kinney .(1967) did not
observe any difference in development of Rana gylvatica
émbryos at fluctuating or constant temperaturés,
Ballinger and McKinney (1966) and Licht (1971) investigae

ted lover and upper lethal temperatures of certain species
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of frogé. ZWéifel,(19§8) ezhaustively‘inveét;gatedlthe ,
reproductive biolcgy‘anﬁ ém§tycq1q temberature tolerance,.
in ﬁinelahﬁfén>speéie§ inkabiting desert grasslards and -
arid uplanés and ndjacent New Mexico. He defined lethal
temperatuies as these below which (lower lethal) or

above ﬁhi;h (upper lethal) fewer than 50% of the embryos
develop normal ezternal morphology. He stﬁdied:only
embryonic temperature tolerance on the bellef that it

vas reasonable %o aesume»that"embryog atfaining Stage 20
in normal condition will continue to déveIOp‘normaliy;
Cross and Hoyt (1927) worked on the effect of combined
temperature and phctoperiod on early development rate of

* Bana pipiens eggs. He shoved that the effect of temperae

" ture on early development of eggs, appeafs to be directly
and linearly related and not markedly effected by photo=- |
period. While working upon the embryonic temperature '
adaptation and genetic compatibility of two allOpétrio
populations of Scaphiopus ondi, Brown (1967) reported
that high temperature tolerance is influenced by the
stage of development. In 19752, he investigated that
Agcaphug truei have narrov temperature tolerance range
and slovw rate of development. In the same year, he inves-
tigated the embryonic temperature adaptations and distri-
bution of two widely separated pbpulations of Hyls regilla
in relatioﬁ to their environment. Besides his own findings,

he has summarised the limiting temperatures of many anuran
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epeoies and discueeed their geographic and ecOIOgical
Adietribution. McLaren .and Cooley . (1972) analyeed the

~ embryonic temperature adaptaticn-of.t4uranid epeoiee :
~ from North America, Durope and Japan, by applying -
Belehradek's (1935) temperature function. Kuramoto.
(1975) whiie working'en 12 anuran species in Japan,
also attacked the problem by applying Belehradek's .
temperature function and showed that embryOS'of %rogs
which breed and hatch in sumer or varm waters are
smaller and consume less oxysen than these which breed
in winter or cold water. HMetabolic rate is higher and
diesolved.oxygep is less in warn water than in cold.

Among Indian frog species. the only report on

' embryonic temperature tolerance is on.gggg{gxgggpg;xgggg
(Dasgupta and Grewal, 1968 and 1970). Thoy reported that
1te'population from Northern India has lover and upyei'
limiting temperature of 229C and 31.5°C respectively,
but a population from Souﬁhern India has a lovyer limi-
ting temperature of 17°C to 1890.

MATERIALS AND METHODS

The study on spawn size, fertility, survival and
‘mortality and influence of temperature on‘development'

Wae made together with experiments on induced breeding
}) :
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of Rana limnocharxds. On a few occusions the natural
spawn eize was studied,. buﬁ mostly nunber of eggo 1n

each spawn stripped during induced broeding experimenta
vas counted for investigating the fertility ratio. Each
female was stripped in the eame amount of Sperm suspens
sion, prepared by macerating 2 tesﬁis from mature males

in 200 ml of Holtfreter's sglgtion and the number of

eggs undergoing firstveieavage-Was;recérde&&_The eggs

" which did not show any cleavage vere taken,aa nnferti-'>
1ized‘and rémoveds For studying the survival and more
tality the cleaving egge were transferred‘in different
culture dishes, The culture medium was not changed Llike
earlier experimeﬁts (where culture‘medium vas qhanged'
regularly and 100% survival waé'obtained) as such'change
is not always possible in the naturalpend condition. For
investigating the embryonic fémpefatﬁiéetolerancét-groups-
of 20 embryos at the first cleavage stage were transferred
to finger bowls con%aining 200 ml 6fb10% Holtfreter's -
solution in eachy In some~preliminary_pilot’expefimants
embryonic temperature tolerance Wés:détermined by |
exposing the ferﬁilized eggs at first cleaving stage to-
constant high and low temperatﬁr99¢ The-ipWer limitihé
temperature was found to be (500). room temperature

(1400 to 22°C) and the upper limiting -temperature (28°C)..
Lethal temperatures are defined as those below which .
(lower lethal) or above which,(upper lethal) fewver than
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50% of the embryos devéizp normal external moxrphology
(Zweifel, 1968; Brown, ?975). At various stages, sizes
of the lervae and the time required for their develop=
ment vore reeorded. Observations were made on 5 repli-
cates in each ease. At the time of hatching some algae
vas added to the culture medium in all bowls as :ood
~for the larvae. |

OBSERVATIONS

1. 8 Awn
- More than 40 successful induced ‘breeding experi-

ments were carried out during the course of present
investigation, Out of these the number of eggs were
counted only in 28 eXpefiments, The data have been
presented in Tadble I. The smallest number of eggs
Obtaiped were 30 and the largest numbexr of eggs obtained
were 1,462. In 14 cases, the number of eggs per spawn
ranged from 30 to 500; 9 cases.from 500 to 1,000; and

in 5 cases from 1.060 to 1,462, On 3 occasions (July,
19753 August, 1975; April, 1976) the spawne w,ére-'
collected from ponds.‘The number of eggs in these spawns
was 700, 500, 600 respectively. From females weighing

§2 gn or less number of eggs obtained in.all experiments
vas below 300; and from females weighing adove 12 gm
more than 300 eggs were obtained in every experiment.



Spaun size of Rana limnocharis Viegmann (after induced breeding)

TABLE I
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Weigbt 5 4

Yeight of-

Pate - famale (gnm) --““?Siﬁaﬁﬁa?va« 3??9 female (em) Huggggiggao?a

April 26, 1976 15.0 - 178 April 14, 1977 12.0 110,
o e 12.0 189 April 19, 1977 15.0 840
e 12,0 182 "o 15.0 1362
liay 5, 1976 12,0 265 " 20.0 960
o 15.0 82 April 26, 1977 20.5 1457
Nay 11, 1976 © 12.0 269 May 3, 1977 17.0 590

June 16, 1976 10.0 167 May 5, 1977 17.0 780
April 1, 1977 15.0 780 "o 1645 840
April 5, 1977 17.8 490 april 23, 1978 - 13.1 358
0 15.0 1059 ugy 6, 1978 15.0 730
April 12, 1977 18.8 91 May 7, 1978 14.0 670
o 16.0 472 May 8, 1978 16.0 1119
o 21.0 860 May 25, 1978 - 10.0 *,30
April 14, 1977 14.3 1462 July 24, 1978 TR 263

)
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Out of 8 cases, where the weight‘of»feméle wvas 12 gm or
leés.»egga'obtained vere légs than 200 in 5 cases and
more than 250 in' % cases. From females weighing above
14 gms eggs obtained mostly were between 500 to 1,000
-in cach experiment. The number of eggs so obtained
during each experiment was always more in the month of
April than in later ﬁontha» |

thile sﬁudying experimental breeding and artificial
1nsemination and develoPmental table it was expertenced
1that batehes of 20 to 50 eggs were easily fortilized in |
sperm suspension prepared by macerating 2 testis;fgom
mature males in 200;ml of Holtfreter's solutions. In the
present investigation, 6 experiments were‘performed.to
see the fertility éf(ratié'of esgs, vhen all egge from -
one female was stripped iﬁ the same amount (200 ml) of
sperm suspension prepared as desoribed above., In these
experiments the number of ova fertilized were 58¢47%,
T7.61%, 35.74%, 93:57%, 99.23% and 100.00%. The data has
beon compiled in Table II. It was noted that, &f the
stripping was done very fast as in ezperiment Nos. 1, 2
and 3, the fertility ratio was found to be very low. Im
experiment No. 3.'the number of eggs stripped was i.1i9 .
but only 400 eggs were fertilized. This shows that all
egge vere not fully exposed to spermatozoa, In contrast

to these experiments, the experiment No. 4 shows higher



TABLE II

Fertility ratio in Rana limhocharis Wiegmann
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Experiment"?

Number of

Numbet of

Amount of sperm ”Perﬁentage Method
number. suspension (ml) ' ova stripped ova fer- of fortili- of str-
. ’ tilized.. zed egge. ipping.
t 200 171 100 5847 quick
2 200 . 670 520 1761 quick
3 200 1119 400 35474 quick
4 1200 358 335 93,57 ~ slow
5 200 263 261 99.23 very slow
6 200 320 320 100,00 very slow.
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fertility ratio, where ﬁhe rate of stripping was compa-
ratively slower. In experiment Nos. 5 and 6, the
stripping vas done very slowly so as to allow eaoh egg
sufficient time for exposure to spermatozoa in the
sperm suspension and in both the cases fertility ratio
_ was- above 98%., These experiments show that the eges
should be stripped in the viable sperm suspension

| sldwly in order to get higher fortility mmtio.

3, SURVIVAL AND MORTALITY OF THE FNB

The survival and-mortality of the embryos of
Bana limnochaxig was worked out both im 10% Holtfreter's
solution and in pond'water up to the stage of hatching
The same culture medium was maintained up to hatching in

each oxperiment unlike the earlier experimentg where it
vas changed regularly, The data has been tabulated in
Table III,

5 sets of experiments were performed to £ind out
the survival and mortality of the embryos in this‘culture
medium, In every case embryos were transferred at "Two

- cell Stage".

er L _Set Nog 1.
The embryos were képt in 3 dishes. In dish No. 1a,
out of 52 embryos 22 died and 30 hatched. In dish No. 10,
out of 55 embryos 23 died and 32 hatched. In dish No, te,
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Survival and MNortality of Rans limnocharis Wiegmann embryos under laboratory conditions

. Number of

Culture

6c .

36.98

Experi- Culture Room Number Number Percent- Remarks
ment Set dish tenmp=- embryos at of em= of em~ age of medium, T
Rumber. Number erat- I cleavage bryos bryos  mortali- '
ure. transferred hatched died = ‘ty. —
(°C) . in each S . o e
| a dish. . - n SR
A. ta . 14-22 52 7 30 22 42 30  10% Holt- Culture ‘medium
L 4 : o freter's remained clean.
ib » 55 32 23 ’ 41 81‘ solution
1o " 63 34 29 . 146,03 " ,"
2 2a » 63 ~.49 14 22,22 " L
2p " 92 9 .- 83 90.21 o Fungal infection
Lo - o was observed.
3 3 " 100 ~ 55 45 - - 45,00 " Culture medium
A became turdbid.
4 4a " T0 63 7 10.00 w . Culture medium
' ' - : remained clean.
' 4b " T2 54 18 25.00 . " "o
4c v 80 61 19 23.75 " "
44 u 84 67 7 20.23 "w ¥
4e b 200 21 179 -89.5 " Culture medium
; : ‘ ' became turbid.
4f " 301 - 37 264 - 8T7.70 " "
5 5 " 51 14 37 72.54 " Fungal infection
vas observed.
B. 6 6a v 56 34 22 390,28 Pond water. . Culture medium
, remained clean.
6b " 59 30 29 49.15 - "
v 61 34 27 ° "
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out of 63 embryos 29 died and 34 hatched. The culture
medium remained clear for-all 6 days and there wvas no
apperent contamination.

ggaggggegt Set No, 2. .

In this’eXperimqht the embryos were‘divided in 2
culture dishes 63 in one and 92 in other. In dish No.
2a, out of 63 ehb:yos 14 died aud 49 hatched. In dish
Noe 2b, out of 92 emdryos 83 died and 9 hatched. In
this dish fungal infection was observed. |

.Experiment Set No, 3.

In this experiment a1l 100 embryos in the "Two
cell Stage" were transferred in the same dish No. 3.
Out of 100 embryos 45 died and 55 hatched. The culture

medium was obsserved to ha#é beqome'turbid,

eriment Sot No;. 
In experiment Set No, 4 the cleaving embryos at
"Two cell Stage” were kept-imn 6 culture dishes in.inere
easing numbers from 70 to 301, In dish No. Aa,'ouﬁ of
70 embryos, 7 died and 63 hatched. In dish No. 4b,out
of 72 embryos 18 died and 54 hatched, In dish No. 4¢,
out of 80 embryos 19 died and 61 hatched. In dish No.
4d, out of 84 embryos 17 died and 67 hatched. In dish
No. 4e, out of 200 embryos 179 died and Zi hatcheds In . .
dish No. 4£, out of 301 embryos 264 died and 37 hatched,
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In culture dishes 49 and 4%, the culture medium was
’observed to have becoms turbid.

‘Experiment Set No, 3.

In this experiment, 51 cleaving embryos at "Two
cell Stage" were kept in dish No. 5, out .of these 37
died and 14 hatched. The culture was 1nfected with
fungal infection. l |

B. o in Po texs

| One set of éxperiment in 3 culturc dishes was
performed in pond water; In dishes No. 6a, 6b éhd‘6c,
out of 56 embryos 22 died and 34 hatched; out of 59
embryos 29 died and 30 hétched; out of 73 embryos 27
ied and 34 hatched respectively. The culture medium
femained clear till the %ime of hatching.

Average percentage of mortality'of embryos in 10%
Holtfreter®s solution was 47;40% and pond water 31.80%.
The percentage of mortality was observed to be very high
vhenever the culture medium was infected as in culture
dishes No: 2b, 3, 4€, 4f and 5.

4. INFLUENCE OF TEMPERATURE ON DEVELOBMENT.

A . In this investigation effect of lowef (5°C) and
upper (2800) embryonic iimiting temperature and. éoom
tempemature (14°C to 2200) bhas been studied on the |
development of embryonic and post embryonic developmental



217

| etagee of gagg limnocharis. In the natural condition the
lowest water temperature during the breeding season wae
10°C and higheet temperature vas 24°0. The obsorvations
were made under two headings s

1. Temperature and Development (Table IV).

2. Tempera‘lmre and Size (Table Vs Fig. 1).

1. Temperature and Developm
Before starting this investigation it vas detere
nined that, emeryenic mortality below 5°C and above 28°€
was about 50%. As sucn theee temﬁeraturee were taken as
lover and upper embryonic temperature tdlerance limits
.'(ae'prescribed by Zweifel, 1968) for the deVeloyment of
Bang lirmogharis. At these temperature more than 50%
| embryos developed normal external morphology. Table Iv,
ehowe influence ot 3 selected ranges of temperature on

development,

(1) Room temperature incubation (14°C to 22°Cz;:”

If "Two cell Stage" taken as repreeenfing 0 Hour
development'time. then the embdbryos hatch at about 76
Hours,’ The hatched larvae measure about 0,85 em in length
of which trunk length wae 0.35 om and tail length was
050 cm, The hind limdb bdbuds appeared at 464 Hours. beecame
fully developed by about 672 Hours and metamorphoeie'was
completed by 864 Hours. Some mortality was obeerved
after Stage 19 but 80% cmbryos reach the froglee stage.
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TABLE IV ’

Time iequired (Hours) to reach specific developmental stage andzﬁera
centage of survival of Rana limnocharis Viegmann embryos and larvae.

. |Low temperature Ro_oﬁz'temperamre High temperature
Developmental Stage 5¢C . | 14°C=220C 1 28°C

o | time = sSurv-| Time - Surv- | Time  Surv-
| (Hours) ival | (Hours) ival | (Hours) 4val

EMBRYONIC STAGES | |
100% 0 - 400%

3 2-cell o 0 100%
5 8ecell 2.25 100% 1.00 100% 0.75 100%
6 16=-cell 4,25  100% 1.75 100% “1.25  100%
7 32=cell . T.50  100% 2,00  100% - 1.75 100%
8 Mid=-cleavage 12.00 100% . 2.75 - 100%. 2,25 100%
9 Late cleavage - 17.25 100% .T.50 - 100% 4.25 100%
10 Dorsal lip " 26,75  100% 13,00 100% 5.75 100%
11 Mid gastrula 45.75 100% 17.25 100% 7.50 100%
12 Late gastrula 5%.25  100% 21,25 100% 9.25 100%
13 Neural plate 119.75 100% 2575 1005 13.00 100%
14 Neural fold 142,00 100% 28.75 100% 17.25  100%
15 ‘Rotation 165,00 100%  34.25 100% 19.50 100%
16 Neural tube 194,00  75% 44475 100% - 21.25 100%
17 Tail bud 216,00 5% 49425 - 100% 24.25  100%
18 Muscular response 248.00 75% 54.75 100% 32,00 100%
19 Heart beat n 284.00 64% 62.25 98% 39.75 90%
20 Gill ciroculation 332,00 64 76.00 98% - 46,75  90%
LARVAL STAGES
. 21 Mouth open 396,00 64% 91.00 - 98% 120,00 90%
22 Tail fin _
cirewlation 504,00 50% 120,00 =~ 98% 216,00 90%
23 Opercular fold 625,00 25% - 144,00 98% 288,00 84%
24 Operculum part- ' ’
ially closed ,
on right 698,00 25% 216,00 98% 456 .00 84%
25 Operculum closed 768,00 16% 312,00 96% 624.00 84%
26 Hindlimb bud All dded 464.00 96% 864,00 68%
27 Hindlimb developed . 672,00 92%  1248.00 68%
28 Porelimd protru- : _ :
sion . 720000 929’% 1 296 +00 68%
29 Forelimb developed g 768,00 92% $392,00 685
30 Beginning of ,
metamorphosis 778,00 88% 1468.00 64%
31 Tail studb remained 840,00 80% 1566.00 64%

32 Young frog 864,00 80% 1672.00 50%
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The low témyerature retards fhe develbpment of
the embryos fronm the'very=beginning in comparison to
the rate of growth at room temperature. The embryos
batched at 332 Hours, end measured about 0.6 cm in
length (the trunk length 0.45 cm and the tail length
0.15 cm). The embryos were enaller in size in comparie
son to the embryos hatched at the other temperatures.
(Room temperature and High temperature). About 20% of
the embryos‘shpwéd stunted growth and looked morpholo-
‘gically abnormal by the timé.fhey réaehéd Stage 16 and‘
died. About 14.7% of the survivors dled at Stage 21.
More mortality-ooourred at successive stages. The
hindlimb buds appéared in 16% of the survivors at about
768 Hours but the larvae appeared abnormal and died

goon after this étage.

(441) High temperature incubstion (28°C).

High temperature incubation‘ind&ced faster rate
of development in comparison to the other 2 aetg; About
10% mortality was observed at Stage 19, The embryos
hatched at about 46.75 Hours and measured about 0.95 cm.
The trunk length &as 0.35 cm and the tail length was
0.60 cm, They were therefore larger than the embryocs
hatched at lower temperatures. Although higher tempero-
ture exerted an accelerating effect up to hatehing bub
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Influence of temperature on size of Rana limnocharig tadpoles.

~At low temperature

At room temperature

At high temperzture

_ . 5°C - 14°C « 22°C 280¢"

Developmental Stage | —Total Tremk il | Mtal Trunh il | Totel Trak Tail
length length 1length{ length length léngth{ length 1langth length

(em) (cm) (cm) (em) (em) (em) | (cm) (em) (em) -

%20 G411 circulation 0s60 0445 0.5 0,85 = 0435 :'0,50 0.95, 0.35 0460
21 Mouth open 0.90 065  0:25 1425  0.50 0,75  1428- 0450 0478

22 Tail fin circu~ o | - | | ‘

. 1ation: 0.95 0465 0.30 1445 0,60 085 1,40 0,60  0.80
m'23 Opercular folad .05 - 0455 0.50 157 0.62 0295 1;55. 0.65 0.70
24 Operculum partially o S o o |

~ -closed. 1525 060 0.65 1570 0475 0495  1.70 0470 1,00
25 Operculum closed 1:46  0:68 Q;7s 1595  0:85 1410 170 070 1,00
26 Hindlimb bud A11 died 300 © 1425 1475 2,80 1410 .70
27 Hindlimb developed 3.50  1:50 200  3.18 1,30  1.88
28 Forelimd Profrusion 3:65 155 2410 3:25  1.35 1,90
29 Forelimb developed 3:80  1:65 2415 3,50  1:50  2.00
3°‘£§§;§§§2§.°f metas 2.55 155 1400  2:25 .25 1,00
31 Tail stub remained 1.55 1.00 0.55 1.50 1.00 0.50
32 Young frog 1,00 1,00 0.00 0.80  0.80  0.00

* Stages correspond to deveiopmental stages of ROY and KHARE (1978)



Pig. 1 « Influonce of temperature on sige of the

tadpolee of Reons W Wiegmann



LENGHT IN ¢m.

B oS
|
— 0

C_— 1 Low temp.
[HiGUEY Room temp.
s High temp.

ik )T

31

| — T

L e b A U A — T

N
A

O A R EE

........

Py
—1

L v v N

il

g RS — o

P bl bl b U A A B P — T

SR AT R

GG R GHER —=

T

:

||II|||||IIIHHHIIIIII|IIIIHIIlI|IIHIHIIHHHHHHIHJUH%U_UIl N

N

“||HH|IH|II'H_|UIHHHIHIIIIH |

B IHIHUHI
g
sjemjs]

1

O
w

3

o
o MM T
%

24

N
N B I
w) ey

2 2

Developmental Stage




agter this etage the. develoymental rate wane found to
slov dovn. The total length of the larve at this etage
vas about 1.7 cm (the trunk length was 0 7 cm and the

" tail lemgth was 1.0 cm) at Stage 25. There was a ‘marked
slowing of development after 456 Hours. The hind limb
buds appeared by about 864 Hours and became fully .
deveIOped by 1248 Hours. Metamorphosis wae completed
by 1672 Hours, About 10a mortality occurred at Stege 19
and it gradually increased so that only of the 50% |
larvae reached the froglet etage.

2-'Esees£e£use_eeé_e;eeq

Table V and Fig. 1 shows size of tadpole at differ-
ent temperatures, Embryos hatched at 5°C are smaller than
those hatohed»at;higher~temperaturee; The'tail'length ih
proportion to the body varies at the 3 temperature rangee.
At 5°C the tail length of Stage 20 is 33% of the trunk
length, whereae at room temperatures 150% and at 28°C it
is 175% of the trunk length. The totel size of the
metamorphoeed frog, however, is greatest at room temperae

ture and leee at high temperature._

 DISCUSSION

EMBRYON;C DEMOGRAPHY. ,
~ Our understanding of many bioecological aspects of

earliest stages of development of anurans such as spavn
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’ . L ¥
" pize, fertility ratio and survival and mortality is still

fragmen

This is partly because of the paucity of reliabdble
quantitative tecliniques for investigation in matural
conditioné, There are many factors which govern these
aspects such as predatioﬂ qf eggs apd larvae by other
animals, bacterial and’fungal 1n§eetion§ or inherant
genetic and chromosomal abnormalities. Environmental
factors such as temperature, light, rainfall and avéiia-
bility of food may also be responsibdle for controlling
earliest stages of development. It is therefore folt that,
if embryos can be deveIOped upto larvalﬁstages or even
upto froglet stage in the laboratory condition and then
released in the ponds of'naturai habitaf. the survival
percentage of the frogs can be highly 1ncréé§ed. These
facts can be better understood by citing some.important
references in this cdnnection. Bragg and Bréésler l1951)
found 882 unhatched eggs in a batoh of 1331 capsules of
Bufo gggggﬁgg, 66% of these ova were wither not fertili-
zed or failed during embryonie stage of development.,
Enoepffler (1962) in&éetigated that, inig;scogloesﬂg p;gﬁgg
60% of the eggs may not be fertilized. Although he did not
give any data to support his statement but he did cite on |
instance where 41 out of 86 ova were fertilized and started
to develop in an aquarium, He attributed the low proportion
of fertilized eggs to the high speed with which the eggs
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are released and low motility of the spermatozoa. Bogert
(1969) observed'E clutches of Eleutherodactylus decoratus
containing 20 to 32 eggs. He recorded 100%, 0% and 60% em=-
bryonic survival. Calef (1973) recorded fingal infesta-
tions in the eggs Qf Bana aurora in Btritish Columbia. Van
Gelder and Oomen (1970) also noted fungal infestations
among batches-éf eggs in nature. First careful experimen-
fal observation with a view to £i1l this gap tovards |
understaﬁdiﬂé'ahuran deﬁbgraphy has béen made by Woodruff
(1976). He infesfigated'the embryonic mortality of
Pseudophryne ibgbg; Pscudophryne denyi and Pseudophryne
ggg;ggggg;_ﬁa He investigated embryonic mortality in 50
batches of eggs collected from the field, each batch had
70«90 ‘ova, The fertilization vas 98-100%, embryonic morta=
lity was less than 5%, Commenting upon the sufvivorship of
Bana sylvaties larvae, Her;Ed and Kihney_(1967) reported a
mean mortality rate of 86%. Looking to such a high embryo~ .
nic and larval mortality rate in the naturé. it would
perhaps be Justified iffembryos and larvae can be reared
| in clean laboratory conditions where there is no danger

of predation and by careful manipulation'bactérial énﬂ
| fungal 1nfections can also be checked. In the present
investigation as a result of 1nduced breeding number of
eggs obtained ranged from 30 to 1,462. In many cases females
veighing above 13 ems produced eggs ranging from 500 to 1000.
‘The experiments on their fertility ratio indicate that if
the eggs are stripped slowly in the sperm suspension
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allowing eaoh egg euffioient time and exposure to
Spermatozoa 100% fertilization can be obtained, The
experimente on survival and mortality show that the
percentage of mortality 1n 10% Holtfreter's solution
(47.40%) or in pond water (31 80%) remains almost eimie
iaie When the dulture medium was charged everydey en@.
number.of embfyos'in eéeh culture dieh wes less (20—50/ -
v200 ml of culture medium) QSo survival of embryos and
80% eurvivel up to froglet etage at room temperatu:e_

vas noted (Table IV).

TEMPERATURE AND DEVELOPMENT ,

ggL_,_égg__ggg;_ is distributed in the Iastern

trOpics in areas with both warm humid as well as cold
olimates. Stuaies on its embryonic temperature tolerance
and adaptation may help in understanding its biogeogra-
phic:distribution. Zweifel (1968) gave the first very
exhaustive account of adaptetion of anuran embryos to
tempersture and correlated his findings with the distrie
bution. According to the criteria established by Zweifel
(1968) and Brown (1975a and 1975b) lethal teméeratures
are defined as those below which (lower lethal) or above
vhich (upper lethal) fewer than 50% of.the embryos
develop normal external-morphology. Zﬁeifel (1968) says,
"It is reasonable to assume that eobryos attaining Stage
20 in normal condition will continue to develop normally".
The Stage 20 which he took as end point corresponds to



223

Stage 20 in'the present investigation. According to this

" oriteria the lower and gpper‘limiting;temperatures'of ‘
embrybnic deVeiopment.forlthis speciés.cﬁggg ;;ggggggggg)
available at Shillong have been found to be 59C and 28°C,
Since conditions being similar_in all the experiments
performed at 3 ranges of temperatures in the present
1nvestigation.“the'findings that the tadpoles werevunabie
to survive beyond Stage 26 at 5°C suggésts that, limiting
 temperatures should not be based only on embryonic tempe-
eraturss tolerance limits, rather they should be worked
out for complete devolopment including posteembryonic
stages taking metamorphosis.to young froglet stége;ae the
end point. Brown (1975a and'1975b),conéluded that cold

| adapted species have widertembryonic'temperaturé-toleranee
range than warm adaptea species. For-Indian species of
frogs the limiting temperatures have been worked out for
the skipper froé! Rana gyanophiyctis by Dasgupta and
Grewal( 1968 and 1970), The authors found that the limiting
temperaturés of its North Indian populations was 22°C to |
' 310C; whereas for a population of Rana cyanophlyctis found
in South India they were 17°C to 319C. The limiting temp=-
eratures fbr Northern population appear unusual as the
species is presﬁmably warm adapted. In other species of
frog studied¢ very low temperature incubation appears to
slov down developmental rates (Olson, 1942; Brown, 1975a

and 1976b). In Bana limnocharis this is also the case and
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results in developmental abnormalities so that larvae

do not survive long after hatching (Table IV). High
limiting tempegatﬁres.accelerate development during
embryonic stages but inhibit development during post
embryonic stages, so that the larva takes almost doudble
the time to metamorphose into froglet stege when compared
to those incubated at room temperature. Work on

Bufo punctatus by Zweifel (1968) showed that high temp=

erature have an inhibitory effect on development;

While working upon Aacaghg ____3 Brown (1975a)
ahowed that a narrow temperature tolerance range (13. 500
to 18.5°C) correlates with Species.dlstribution and
appears‘to'be an adaptation for éur#ival in fela#ively
constant and low stream teﬁperature. As a result of
observations on Washington and Californian population
of Hyla regilla Brown (1975b) showed that its embryonic
temperature tolerance corrélates with 1ts abundance and
wide ranging geographic and ecological disfribution.
Rana limnocharis is fHound both in cold climates at high
altitudes and in the hotter plains of the Eastern tropics.
This indicates that it may also have different thermal
groups, that is, cold adapted and warm adapted speciese
gggg _gggh_ggggg available at Shillong has very large
embryonic temperature tolerance range. Kuramoto (1975)
studied the breeding habits of 12 species of frogs and

reported that species which breed in summer or in warm
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vater are smaller than those uhich breed in wxnter or '\
cold water. Lovtrup (1961) studied the embryonic devel-
opment end enzyme synthesis of __gg‘g__gxg;g;gg at :
.different temperatures and Somero (1969) showed a sharp
'decrease in enzyme suhstrate affinity. This frequenoy

‘ occure at extremes of an organisms habitat temperature
-and may be 1mportant in establishing thermal tolerence
limits for an arganiem. in the_present investigation.
although the aevelepment of ggg_ imnocharis was found
to be normal at 1400 to 2200. its lover (5°C) and upper
(28°C) limiting temperaturee may account for its better
adaptive capacity and be responsible for its varied

| distribution pattern. It may, however, be 1nteresting to-
study the embryonic temperature tolerance of its warm

adapted pOpuiation in ordef'to confirm this conclusion.
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SUMMARY

Observations and results on the spawn size, fertility
ratio of the eggs, surviValnand mortality and influence of
limiting temperaturcs on the development of Rana limnocharig
Yiegmann investigated under laboratory conditions have been
included in this chapter.. The study reveals that from 500
up to 1000 oggs can be obtained by induced breeding from
femaies weighing above 13 gms. The experiments showed thet
. vhen the eggs wers slowly etripped im a sperm suspension
allowing each egg sufficient exposure to the spermatozoa
a very high percentége (more than 97%) fertilization could
be obtained. The percentage of survival and mortality in
10% Holtfreter's sslution and pomd water remained almost
similar, When the number of embryos in each culture dish
vas maintsined lo& (20-50 cggs/406C ml of culture medium)
with the cultupe medium changed everyday 985 survival of
embryos and 80% survival up to froglet stage was obiained
at room temperature (14°C tc 22°C). The range of tempera=
- ture dolerance for this species was found to be between
50C (lower limiting temperature) and 28¢C (upper limiting
temperature) for embryonic as well as post-enbrycnic stages.
With below 50C and above 28°C, normal external morphelogical
features were seen only in less than 50% embryos, as at very
lov temperatures the development slowed down resulting in

developmental abncrmalitiés; and the larvae did not survive
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for long after hatching. High temperature éccelerated
development during embryonic stages but inhibited |
development during postéembryonie»stagesé thﬁs~the larvae
took double the time to metamorphose into froglet'stage,‘
as compared to those ;néﬁﬁatéd at room temperature. The

- wide tempsrature tolerance of Rana limnoéharig probabdly
explains its abundance and the vide ranging geographic
and ecological distribution in both cold, sub-trop:.éél
climate at‘hiéﬁ-altituﬂes and in the hotter plains of

eastern tropics..
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CONCLUDING BEMARKS. s000e :o‘o oe

This thesis embodies: the results of a detailed in-
vestigation on certain fundamental aspects of the Ecology
and Development of gggg,;;ggg_ggg;_ wiegmann found in
Shillong and the neighbouring hills of the NortheEastern
India vhich enjoys a sub=tropical climate, The fundamental
aspects investigated are expected ultimately to have a diréct
or indirect bearing on the techniques to be evolved for the |
massa culture of_this species. For over hundred jea?s, anurans
have beenAemplqyed as material for classical experiments in
academic institutions, while a few species have also been .
used as food items in Burope and other Western countries. The
sﬁpply for the latter purpose still comes from nature and
not from culture., Disturbance of thé ecological balance due
to fact urbanization and the indiscriminate use of insecticie
des have caused indirect threats to anuran populations all
over the world by destruction of habitats and spawning sites.
Such drastic landscape changes-sadly affect their survival.
IWhile this may be true at the global level we do not have
any data on frog census from tpe Indign sub=continent, though
the census ﬁ%ecordsfof other countries do provide some basie
information on these éspects. In Bngland, the entire toad
population had been known to be wiped out by automobiles as
they oross roads, while on their spawning migrations. In
Miss;ssippi Valiey, the usée of DDT exterminated large portion
of £rog populations. There is, therefore, a great neccessity
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the declining numbere 1n natural habitatse.

_Except £or the few'attenpte‘mentioned befone;iggigjf
Supra) we have not=yet»evolve&'a eound“teohnoioéﬁ'6n'frog'3
culture particularly 1n the Indian. contemt. The first 1mpor-
tant aspeet to be understood in this connection 18 the _" |
knowledge. 0f the annual cycle and breeding habits of varioue,“
species in a partioular locality as the environmental oonﬂi-{ :
tions do vary ‘from plaee to plaoe. Intraepeoifio variatione |
have also. been reported to- be dependent on 1ooa1 mioro-z ‘
envlrenmental conﬂitione as seen epeoially among high and
lov altitude populations of the same epeciee. The seeond
crucial requirement is the knowleﬂge on the life cyele and |

preparation of developmental table for eaoh epeeiee, whioh

is indispensable for conduoting experimental 1nvestigationsl, '

to asgess the mortality and survival rates and to evolve
remedial measuress; The knowledge of food and feeding habite~
of frogs forms another 1mportant aepect ueeful in oulture .
praetioee, Feeding of frogs 1n oonfined environments has ‘
‘been ‘found to be arduous task. Cemented ponds eurrounded

by (1 to 1.5 m) high fenoing fitted with eleot:io bulbs have
been found to be conducive for maintaining froge.'Tneee
electric buldbs act as light traps and attract inseofe at
night which are effectively used by froge as food., Besides,
the insects which form the high percentage of the;food of a
particular frog species can even be reared individually and
supplied to then.



Acc, Mo, 2895 ],
Acz. oy
Cliss by e
S fE::'r‘: “ byl

Covm e 239

- Traascrivad by,
d‘;’c--:.-’---i’.?‘.& ....... (Y]

The study of the c¢ytological chengee in the pitui-
tary glahds and gonads reveals' the eequential changee in the
reproduotive cycle- in a given speciee of frog and baeed on
this information the indused breeding can be attempted. The
induced breeding technique as described in the present theeis
has been proved to be- very convenient and euoceseful. The ‘
pituitary glande can be stored in abeolute ethyl alcohol for
many years with' no loee of potency. At timee.jwhen epecific :
hcrmonee~are not evaiieble, iu becomes-difficult‘to a&tempt
induoed hreeding ekperiments; It. ieiSuggested thet-scienti-
fic laboratories or pharmaceutical firms could. take up the
preparation of vials of marketable eize having epeoific ' ,
dosage of the frog pituitary hormone. A fundamental know—
ledge of- ‘spavn eize, fertility ratio, mortality and eurvival

at early developmental stagee and temperature toleranoe is
another important prerequieite for taking up the oulture
work,. Itnie felt that the findinge_reported in thie«theeie
provide adequate data to evolve‘in~couree of time & euiteble
;;ggggggggg. By employing the
induced breeding technique, the eggs can be grown up to the

culture technique for -Rana

tadpole stage and then released in the ponds for further
growth and maturity. While evolving a cultume technique-,'f low
costs and econonic coneiderations have to. be kept in view.
The findings reported in the present vork can be profitably
used for the culture of Bapa ;;ggocharie wvhich will Open,up

fresh avenues for further research to be undertaken in future.
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