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Tadpoles of five specics of anuran amplhibianss namely Aufo stomaticus. Microlndo
oricdi, Bana cvanoplifveis. R svhadrensis and K tigerina: Tive svmpatrically i the
waters of Punab plains, They e a connmon feature of the pond Tile and e an important
part ol the food chain in pond ceasvstenm, They uialize conmon pend resourses. with no

indication of compention among them.

Iach species of tadpole difTers from s sympatrics in s external morphology as well
as oropharyngeal anatomy which reflects its habitat adaptability and tood preferences
Bufo and Rena tadpoles are macrophagous und dentic-benthic e habitse They have
keratinized mouth parts, cach species dilfers i the details of s beak and dentad
morpholoey which s related to its food type. Bufo stomaticus and Rans sylwadrensiy
tadpoles grave on the periphytons aad other concertions from submerged surfaces. K
cyanophivedis s detttivorous and R figerina s cannthahistic, kavivorous, preyimg on

tadpoles living sympatrically with it

Yecoohvda ornate tadpole tounigue dn s ing o transparent bodv 1 is microphagous.
without lird month pavts and s nektonic-lentic o Babits sscimming at midstream, never

resting at the bottom of water 1 feeds on plankton sospended 1 the water column,

Fhe orophanyngeal morphotogy of cach species of adpoles s tvpical of its Ly
Although the oropharvngeai morphology of the shree spoecies of Rana 15 typically ramd.
stulb i shows mnaspectine differences i detalss rellecting Tood preferences ol cacl

specles.

Indo-Gangetie plains took a long thme o become eccologieally suitable for invasion
by different anurm species. during Oligocene-NMiveene. Conditions in the upper Indus
valley became suitable muceh carher, since 1t received high annuad rainfall as compared 1o
the Tower Indus valley Punjab and Sindd, Predosminantly xerie conditions of the lower
Indus valley have recently been mande appropeiate for wide distribution of anurans due 1o
extensive canajization and nrbanization. Thoman oclivity has contributed immensely in
creation suitable habitat Tor wider distribution o anurans throughout the lower Indus

vallev.
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INTRODUCTION

Temperate riparion waters of Punjab. Pakistan, are inhabited by five sympatric
species of anuran tadpoles belonging to three familics: Bufonidac, Microhylidae and
Ranidac (Khan, 1982; Khan and Tasmm, 1987). Adults of these tadpoles are terrestrial
and carnivorous, feeding entirely on living prey. They fay cggs in water, far removed
from their usual natural habitat, in order to provide basic requiremcents to their ladpoles,
which are entirely aquatic and feed on vegetative matter, The larval period of frog’s life is
least understood, despite the fact that it is moesi crucial period during which selection
forces are strong and highly effective. The delicate and defenseless tadpole is at the
mercy of changes in cnvironments, which take place from time (o time within the
confines of a pond. However. despite fragile in structure. tadpoies tolerate  all
enviromnental (Tuctuations due o plasticity Tn their adaptations (Inger and Collweli
1997 Wasscrsug, 1971, 19740 19840 1989 Wassersug, et.als 19810 Wassersug and
Heyer, 1983 Dodd and Cupp. 1970: Teyer et al 19750 Nevo and Beiles, 1991).

 Early Palcozoic vertebrates were fiter feeders, both during adult and larval stapes
(Jolhie, 1982; Nothcutl and Gans. 1983; Mallutt. 1985). They fed on water-suspended.
microscopic food. Many of the present day verlebraies have evolved this mode ol feeding
both during adult and Tarval stages (Mallat, 1981, 1984, a. by, Different groups empioy
schilei'z,cd technigues for particulute food acquisition rony walder current hy processing
ihmugh its oropharvogeal passuge  (Rubemsdein and Kohl, 1977, Sanderson and
Wassersup. 1989 Viertel, 1984 a, b, 1985 1987, 1989). Amphibian larvae of Tvpe 1V
(Orton. 1953) have specialized keratinized rows ol teeth and sharp, cirrated, strong beaKs
o scrape and glean nuttitive material from sulunerped surfaces, while Type 11 Lrvae
(Orton. 1953y lack keratinized mouth pards, The cleaned particulate Tood is blown inlo
suspension and sucked 1 the oroplaryngeal cavity, constantly gulping-in the particulare
food which is carried 0 the current (Svale and Wissersug, 19793 This “sucking-in”
process mvolves complex mechanism whicl Wisscrsug {1975) and Wassersug, and TlofT
(1986) calied o “buceal pump™. The anterior displucemeat of Meckel's cartilage and s
suspensoriim allows o Torvard  expansion of the ceratchyal, The articulation of
ceratolival with the plitoquadrate, causes up and downward movements of the fToor of the
buccal cavity, which serves as a piston of the buceal pump. One way flow ol water is
ensured by velar valves present o the posteriar part ol the buecal cavity., The water

current carrving particuiate



food is processed with the heip of an elaborate system of papillace, glandular surfaces and
straining plates as it passes through the buccopharyngeal passage. Strained and ultimately
trapped particulate matter is pushed into the esophagus of the tadpole through specialized
ciliated grooves (Kenney, 1969 a,br Gradwell, 1970, 1971, 1975; Wassersug, 1972, 19706.
1980; Wasscrsug and Heyer, 1988; Seale and Beckwar, 198(); Sanderson and Wassersug,
1989; Wassersug and Rosenberg, 1979, Viertel, 1983; Wassersug and Murphy, 1987;
Khan and Malik, 1987 a).

Oropharyngeal morphology of sympatric anuran tadpoles shows distinct adaptive
radiations, The arrangement and the disposition of various oropharyngeal structures
reflect ccological adaptations of the tadpoles (Wassersug, [980; Inger, 1985; Altig and
Johnston, 1989). Tadpoles adapted to the benthic habitat of the shallow pools have smal!
bodies, weaker tails, suctorial oral discs and 2 (2} /3 dental formula. Their beaks are sharp
and finely cirrated. They also have wide buccal cavity, having few buccal ronf arcna
(BRA) and buccal floor arena (BI'A) papillac. The branchial baskets are shallow and
bowl-shaped, while the subvelar secretory surlace has ridged as well as pitted pattern,
These tadpoles mostly live on scrapped coarse [ood, and when planktonic food is
available they are able to cat that too. In the absence of pond vegetation, which take some
time to appear in a newly formed pool, these tadpeles live on planktonic organic matier.
This typc of tadpole 1s represented in plains of Punjab by genus Bufo. Tadpoles of
Microhyla ornata are adapted to deep ponds, which are rich in planktonic matter but with
little noun-planktonic pond vegelation. These tadpofes lack hard mouth parts. Ther
dorsoventrally flattened head, lateral eves, trajsparent body, long, muscular, delicate tail
produced posteriorly into @ vibratile [hanent. Hattened boceal cavity with few (Tattened
papillae with coalesced bases imto membranes, and hypertrophied pharyngeal region as
cotpared with shortened buccal part, make these tadpoles efficient tiftering machines,
capable of sieving 2 mu thick food particles [rom (he water current (Wassersug and
Rosenberg, 1979). One the other hand, local RZane tadpoles are all benthice, living among
submierged vegetation in temporary water bodies, where rain water accumulates, Their
oral discs arc provided with rows of teeth and strong cirrated beaks. They differ from
each other in the structure of their teeth and beaks (Khan, 1982a). Apparently
morphological differences 1 their oropharviecel morphology are reflected in thelr
adaptive radiations to different niches na symputne babitat, where they utailize difterent
parts of the common food base. This arrungement s to minimze, intra and interspecific
compctition among closcly allied animals, passing through similar physiological changes
(Starrett, 1973 Alting and Johnston, 1989},



e G UL I LA VE LOLIIICTCU 12T VAL INOTPhology very nnportant indetermination
of higher taxa in amphibian cassification (Gunther, in Boulenger, 1882; Boulenger and
Annandale,1918; Noble, 1927, Orton, 1953; Lynch, 1973;). Recently, feeding morphology of the
tadpole larva has also been included in classification criteria (Starrett, 1973; Wassersug, 1980,
1989; Wassersug, and Pyburn, 1987).

Larvae living in a common habitat develop similar oropharyngeal mophology by
convergent evolution, which obscures their phylogenetic affinities (Sanderson and Wassersug.
1990), and their basic familial orophuaryngeal morphology is drastically modified. Wassersug
and Heyer (1988) were not able to correlate oropharyngeal morphologies into a phylogenetic
continuum of larvac of ﬁ.cptodactylid frogs. Despite general acceptance of Orton’s ( 1953 )
definition of major groups of amphibians on the basis of larval characters, there are certain gencra
the phylogenetic position of which has jeopardized Orton's conceptions (Wassersug, 1989 ). For
example, South America genus Qrophryne  (Wassersug and Pyburmn, 1987) and genus
Pseudohemiscus from Malagasy (Wassersug, 1984), though, have tadpoles of the type IV by
Orton’s definition, yet adults and larvae tiave strong microhylid features (Blommer-Schlosser,
1975; Pyburn, 1980; Donnelly et al., 1990 ). Morcover, Ueck (1967 ) found cornified celis
present infront of the mouth of the larva of /{ymenochirus, a representative of Type I of Orton.

Apparently, these modifications in the struciure are due to the particular habitat in which these
forms of diverse affinities live. Morcover, microhylid frogs belong to suborder Ranoidei
(Dubois, 1987), they are phylogenctically related to hard-mouthpart-bearing ranoid tadpoles of
genus Rana and Bufo. Perhaps due to atavism, sometimes phylogenetic characters appear in
nature and are selected in particular circumstances of a habitat,

Habitat partitioning inreproductive strategies among adult amphibians has been described
by several workers (Goin, 1960; Harvey, 1963; Blair, 1964; Noble, 1931; Orton, 1951; Crump,
1974;Duellman, 1978; Khan and Malik, (Y87 b).Sympatric amphibians do not come in direct
competition with each other since they differ from each other in their choice of breeding time,
breeding sites, croaking sites, egg laying sites and egg laying modes (Nelson, 1973; Crump,
1974; Khan, 1982 b; Khan and Malik, 1987 b; Lamb, 1987, Alcala, 1962; Blair, 1961).
Moreover, sympatric amphibian tadpoles belonging to different genera and families differ in the
morphlogy of iheir body and oral region (Khan, 1982 a). Obviously, tadpoles, like their adults,
especially in temperate regions, have preferences in temporal sympatric habitatto avoid intra and

interspecific competion. Even studies on the gut contents reflect interspecific and site differences
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cog finving and their Tarvae develop sympatricaliy, 1he commoen food base in the temporal
sites fTactuates violenty from time 1o tme (Parshad, 19160 Al TORG a0 1969) ot of
cach specios of tudpoles e such unprdictable envivonments, 15 mainly centered . on
cathering as much food enerey as possible o hasten completion of s development. At
the same time competition Tor feod 1s avorded with the sympatrics. Thus, cach species
develops a special technology o utilize @ particular size range of the available food item
(Ineer, 19863 Fiacept opical microhylids, tadpoles ol genus Rana and Bifo are
cunyphagous, using o wide range of Tood tems availuble i the tamporal habitat. They
resort o carnivory when water evaporates apd Ludpoles come iy contact with cach other
frequentiv. Brage (19043 has found that Scaphiopus bombifrons tadpaeles develop more
rapidy in fast evaporating sites to avord predation by their sympatrics,

Amplibian fauna ol the plains of Pakistan has achicved ity present status as a result
of a complex mteraction of present and pust ceology, geographic accessibility, long term
phvsiographic events and the evolutionary history ol its fnilial umts. Genus Micro/nda
is essenually wopicale with primative, micrephingous fotie, Type 10 tadpole larva, The
microhylid frogs and several Himalayan forms nvaded Pakistan plains recently, chicliv
because of extensive canahization of the arca which has contributed significanty 1o
augment the habitat suitability of the amplibrans, resulting in their wide distribution in
Punjab and Sindh (Khan, 1980, 1990). Genus R and Brfo are most suceess{ul modemn
frogs, with advance microphagous, benthic, gencralized grazing Type 1V larvac, with
hard mouth parts. Thus the frogs of these genera are widely distributed throughout the
plains of Pakistan. There is a strong evidence which indicates that bufonid and ranid {rogs
invaded Lurasia during Cenozoie (Blaire 1972, Savape, 1973; Khano 1980, 1990). They
radiated out to different parts of Burasion mainland. Present day amphibian fauna
contains clenments from Oriental as well as Palenrctic regions (Khan, 1980, 1990). Teads.
being more terrestrial and xerophyviic than [rogs, are more widely distributed while frogs
are restricted to more aqguatic regions,

In plans of Punjab. genus Microfnvda and Bufo is represented by a single species
cach, while genus Rone by tiree forms (Rhan, 1982 a). No work exists on the
oropharyngea! morphology ol the tadpele arvae of these species. and so far no aticmp
has been made either o study their ccoloey ot adull or larval stages, Savage (195323

reported on oropharyvngeal morphol of Bufo hifo, Rana temporaria, Calluwella

guttulaic, Glyplogiossius molossus and Claperine fuse.



Though this pioncer work contained lot of ecological information pertaining to these species, but
the descriptive partand the diagrams of the oropharyngeal region are very inadequate. Wassersug
(1980) has described in detzail, oropharyngeal morphology of larvae of eight amphibian families,
namely Ascaphidae, Discoglossidac, Rhinophrynidae, Microhylidae, Pelobatidae, Hylidae,
Centrolenidae and Dend?obatidae. e has correlated morphology of these larvae to their
ccological adaptations. Inger (1985) has worked on the Borean tadpoles belonging to familics
Pelobatidae, Bufonidae, Microhylidae, Ranidac and Racophoredae, in a way filling gaps left by
Wasscrsug (1980). Recently, Wassersug and Heyer (1983, 1988) have surveyed oropharyngeal
morphology of the leptodactylid tadpoles to find phyllogenetic relationships between different
genera of this family. Apart from thesc major works, short reports on the oropharyngeal
morphological studies of exotic tadpoles have also uppeared in literature. Wassersug (1976) kas
made a study of the ontogenetic changes which take place in the oropharyngeal morphology of
Hyla regilla tadpole during its normal development, Wassersug (1984) has described the
morphology of the pccuIiE’r Pseudohemisus larva, while in 1989 he worked onits affinities. Inger
(1983) worked on larvae of Leptodtrechim  and Leptobatrachilla. Racophorid tadpoles
(Wassersug et al,, 1981), Otoprync robusta(Wassersug and Pyburn, 1987), Phyllomedusa trinitatis
(Kenny, 1969 ) and Osteopilus brunneus (Lannoo et al.,1987) have also been described .
However, except for short noté:on the eropharyngeal morphology Microhyla ornata tadpole by
Wassersug ( 1980), thereisnoin formation on the oropharyngeal morphology of anuran tadpoles
found in the plains of Punjab, Pakistan. Recenily, Khan and Malik ( 1987a) ha\é(; described the
oropharyngeal region of the mountain frog Rana hazarensis and correlated it its torrenticole
ecology.

External morphology of the amphibian tudpoles of Indo-Pakistan subcontinent is fairly
well known { Anderson, 1895; Annandale, 1905, 1906, {918; Rao, 1914, 1915, 1917; Smith,
1916 a, b ). Annandale and Rao { 1915 ) devised a key for identification of ranid and bufonid
tadpoles inhabiting th;; Indian plains, with Imu descriptions of various species. Kirtisinghe
(1957) has done concihdcrablc work on ‘:.+=1 Lunkan tadpoles., Khan (1965) worked in the
ontogenetic development of Bufo stomatic .!t. and later on Rana tigerina (1969). Identification
of Pakistani amphibian larvac has been the subject of Khan s (1982 a) study. However, uptil now
oropharyngeal morphology of Pakistani anurian tadpoles has not been deseribed.

The main aim of the present work is to describe the external as well as internal

oropharyngeal morphology of the species of tadpoies found in the plains of Punjab, Pakistan, and



Le wiupnial yUgedl LoLpLoIoRY UL e tadpoles belonging to ditterent species but to the same
genus, and to find how they live in a sympatric habitat.
Tadpole of Microhyla ornata described by Wassersug ( 1980 ) was collected from Bankok,
Thailand, which lies in tropics. This frog also cccurs in the plains of Punjab, in temperate habitat.
Do the tadpoles of this widely distributed specics differ in their oropharyngeal morphology, and
how far these differences can be accounted for in terms of differcnces in their ecologies ?
Ranid tadpoles inhabiting waters of the plains belong to three species. Another objective
was to find interspecific differences in thier oropharyngeal morphology and to correlate it to the
nichithey occupy in a sympatric habitat. Answers to these questions, it is hoped, will help us better
understand the organization of pond ccologicul system and the role played by the anuran
amphibians both atadult and larval stages. [twill alsohelpus undeist:md how fara biological form

can tolerate strains and stresses in a temporary, unp§tdictable habitat.



MATLERIALS AND METHODS

Tadpoles for the present study, were collected from various ponds and puddles lying
along the western suburbs of Rabwah city, falling V%\ithin a radius of approximately three
kilomerter of the norhwestren boundary of the city (Khan and Malik, 1987 b). The area presents
a typical country habitat of Punjab plains.

During summer, temperaturc of the pond water varied from 27-28.5 C, while pH
fluctuated from 6.8 to 7.5, apparently duc o changes in the volume of the pond water from
periodic rains. Tadpoles do not appear to be affected by temperature and pH wvariations.
Microhyla ornata tadpoles were collected from deep, calm, semipermanent ponds with lot of
planktonic bloom, after mid-monsoons. Ranid tadpoles prefer shallow seepage pools with

considerable vegetation, while larvie of Bufo stomaticus were collected from all situations.
Collection, Preservation and Storage of the tadpoles:

Tadpoles were collected from nature witlh the help of fine meshed handnet. Microhylid
tadpoles were netted at midstrearn, while thosc of Biufe were scooped from marginal water of the
pond. Ranid tadpeles were difficult to cotlect, since they retreat to the bottom of the pond when
distrubed, and were collected by dredging with the help of a handncet. A lot of mud comes along
with the tadpoles, the net was kept dipped in water and the swimming tadpoles in the net were
scooped up with the help of a teapot sieve. The tadpoles were kept for half an hour in clear water
to wash their body and buccopharyngenl region. Some of these tadpoles were preserved in
Bouin’s fixative following suggestion by ¥han ( 1965, 1982 a) and stored indiluted Bouin’s with
water (I: 1).

The shape as well as the dark piginent of the tadpole is idcally preserved by Bouin’s
fixative . The iridiocytes on the belly of Microlivla ornata tadpoles. however, are gradually lost
within one or two months. Moreover, Bouin's vellow colouration accentuates the location and
shape of various structures present on the oropharyngeal surfaces, thus making their study a lot
casier.

v

For the study of car[ilagénou.\‘ supporl ol the ventral velum , the tadpole was stained

following Wassersug (1976) and Henken and Wassarsug (1989):



Absolute alcohol = 60 ml
Glacial Acetic acid =40 ml
The cartilage was stained decp blue, while rest of the tissue light blue. The tadpoles so
staincd were rendered softand elastic, allowing free manipulation withoutdamage. The dull blue
dye accentuated visibility of various morphologicul structures,
Studydf the living tadpoles: Living tadpoles of Bufo and Rana were kept in glass aquaria (45
x 30 x 45 cm). Water plants like Flodea and Hydrifla were kept in water for aeration. The
tadpoles were fed on boiled lcttuce. The feeding behaviour of these tadpoles was studied . Inspite
of the fact that the tadpoles fed voraciously, still they remained weaker, as compaTed to those
collected from nature (Khan, 1965). Apparently some important nutritive element may be
missing from the aquarium water. Whe tae tadpoles were provided with meat in their feed, they
showed improvement . Rearing of Microhyla ornata tadpoles was a problem. It was difficult to
maintain enough planktonic growth in the laboratory to support them, Mixing of com or wheat
flour in aquarium water did not help, it actually poltted the water. -
Identification key for tadpoles from the plains of Punjab: The tradpoles collected from
nature and preserved were identified and alloted to their respective species by using following
key (Khan, 1982 b):

1. Oral disc with keratinized beak and rows of
teeth present .oveeooiceniiicenene 2
No oral disc with keratinized
PAITS et eemereserere e Microhyla ornata
2. Cloacal openining median; dental
formnula 2(2) /3. Bufo stomaticus
Cloacal opening dextral ................... 3
3. Anterior labium of oral disc with five rows of tecth
e Rana trigerina
Anterior labium of oral disc
with one to two rows of teeth.......... 4
4. T'wo rows of teeth on posterior

labium of oral disC......veeeveveeeeeieans Rana cyanophlyctis



— L 3
_'-/d-'-‘ -

—_—————

Stage 30

Stage 35

Fig. 1. Criteria used for identification of developmental stage of anuran tadpoles in present

study. Stages from Khan (1965). Dingramutic, for abbreviations see page 11.
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Posterior labium of oral disc

with three rows of tceth,

third very small.....oonne Rana syhadrensis
Choice of study material : Following developmental stages of the anuran amphibian tadpoles
represent critical periods tn their ontogeny ( Khan, 1965 ). These stages were studicd surgically
so as todecide at what stage the oropharyngeal merphology is typical for each species of tadpoie:

Stage 26; Hind-limb bud stage: The larva has atypical “tadpole” form, with.  oral disc
and spiracle. Feeding has started. At this stage the tadpole is very small so proper surgery is not
possible.

Stage 30: Hind-Tlimb stump stage; Though the tadpole is larger, but it is still small for
surgery.

5; Full tail-picce stage: The tadpole is large enough to allow accurate surgery.
The cropharyngeal morph(i@gy is maintained during ongogenic devlopment from stage 26 to 40,
after which metamorphic changes start taking place. Morphology, external as well internal, of
stage 35 was taken as typical for all species (Fig. [).

Study of the preserved material: For cach species, at least 10 specimens were studied
surgically. Fordifficult spemcs MOTE SPECIHTICIS WETS SAC nﬂlcd untilla satlsfacfory disscction was
obtained. Tadpoles of cah species were described per following parameters.

External morphology: Shape and locution of vartous morphological characters were
noted. Mcasurements, in mun, wore takea with the help of a dial-incter to the nearest millimeter.,
Atleast 10 tadpoles pertaining to cach species were studied. Camera lucida drawings were made
to illustrate various morphological characters.

Internal morpholosy; The buccopharyngeal region was exposed by special surgical

procedures (Wassersug, 1976). Dcvuck“r’s angular special surgical irfedectomy scissors were
preferred over straight blades, b-eaq.m these made it easier to proceed with the operation on a
tadpole which comes wpto about 2 mm above the surface of the Petri dish., The surgical dish was
prepared as follows:

Four angular pieces of plastic were glued ia a large Petri dish (6 mm), at opposite sides,
50 as to prevent hardened wax from becoming loose. The dish was then filled with melted black
paraffin (two parts of black paint to six paris of meiled white wax). The black paint is used to
provide dark background to enhance visibility of structures on the semitransparent body of the

tadpole. On the other hand, if the tadpole has been stained by Alcian Blue there is no need for dark



Preparation for surgery: The tadpoles were prepared for surgery as follows:

The tadpoles were washed in running water for about 10-15 minutek;o as to remove as
much of the preservative as possible.

Surgical procedure; A groove, large and wide enough to contain the tadpole, was
excavated in the centre of the dissection dish . The tadpole was fixed, belly upward, in the groove
with the help of entomological needles. The Petri dish was filled with enough water to cover the
tadpole. The ventral body wall was cut so as to expose the intestinal coil, which was lifted and
removed, taking care not toremove the stomach, lungs and closely associated branchial region.
The tadpoie now was ready for buccopharyngeal surgery.

Often, mouth of the preserved tadpoles is closed. {t can be opened by gently pressing the
floor of the buccal cavity just behind the lower beak. The tip of one blade of the scissor was gently
inserted into the corner of the mouth in view, and the wall of the buccal cavity was cut back along
the lateral, side of the buccopharyngeal cavity ),rpitbﬂ‘l its postereior most end. Then the tadpole is
pinned left side up and a similar cut was made on the other side.  These cuts pass through
ceratohyal, dorsal and ventral vela, buccopharyngealmuscles, thus separating pressure cushions
and cilliary grooves from ventral pha.ryn;.cA third cut was made through the posterior ends of
the earlier two cuts, thus freeing buccopharyngeal floor from its roof.

At the time when tadpoles are put into fixative, their pharyngeal cavities get compressed
due to avoiding reflex. Thus, the tadpoles are preserved with tightly closed mouth and
compressed buccophryngeal cavity. Dunng :;urgc_fr\'ﬁ' therefore, the blade of the scissogmay peel
off the wall of the tightly compressed buccopharyngeal cavity, resulting into an unstisfactory
dissection. It is thus, quite difficuli to obtain a suitable dissection. This difficulty has also been
experienced by other workers (Wassersug, 1976 and personal communication, 1988 ).

During present work, it has been found that better results arc obtained, if the tadpole is
held in hand instead of pinning it in the dish. The tadpole in this way can casily be orientated at
desired angle during surgical procedure described above. Microhyla ornata tadpole has dorsally
disposed mouth, The dissection cuts must therefore pass through mideye backwards. The upper
bea:}:k of Bufo and Rana, except Rana tigerina, tadpoles overbite the lower beak, so here the cut
must firstrun obliquely dorsoid, smoothly hcuc:m@i ng lateral. Rana tigerinatadpoles were casiest
to dissect, since their anteriorly displaced mouth requires straight cuts on each side so as to

dovsal
separateAbuccaI from ventral.



For description of the buccopharyngeal morphology of the tadpoles in this work,
terminology by Wassersug (1976) and Khan and Malik (1987 a) has becn followed. For
description of external morphology of the 1adpoles, Altig (1970), Khan (1982 b) and Johnston
and Altig ( 1986 ) have been followed.

Description of the external morphology and that of the buccophryngeal region of Bufo
stomaticus may be taken as an introduction to undetrstand morphology of other amphibian

tadpoles studied in this work.

ABBR EVIATATIONS USED

AL Anterior labium LRP Lateral ridge papillae
AT Anal tube M Mouth opening

. L
B Buc c cwuxj o
BP Buccal pocket NS Nartal slit
BRA Buccal Aeerurcna NV Narial valve
BRP Buceal reol papillac oD Oral dis¢
%Ig Igc‘)r\ﬁlillﬁnﬂ\/ QReoVE PA Prenarial arcna
DV Dorsal velum PC Pressurce cushions
E Eye F1 Posterior labium
EAP Extra arcna papillac PNA Postnarial arena
EF Esophageal funnci FP Prepocket papillac
FC Filter cavitics PVM Posterior velar margin
FR Filter rows RR Rostral region
FT Food traps S Spiracle
G Glottis SC Secretory cells
HLB Hind limb bud SR Sectiory ridges
ILP Infralabial papillac T Tail
INP Intcrmarial papillac TO Torus
L Lingual analage TR Tooth row
LB Lower beak TRA Trachea
LP Lingual papiilac JFP Upper beak
LBA Labial papillac VE Ventral fin
LG Lung VAY Ventral velum



Iig. 2. Bufo stomaticus tadpole, lateral view. Scale 1 mm. For abbreviations sce page 11.



BUFO STOMATICUS  Lutken

It is the commonest toad found in Pakistan (Khan, 1972; Khan and Tasnim, [987), and
is most {requent chordate animal encountcred during sumnier evenings. It is seen swarming
under light-posts, even in most busy strcets feeding on photophiffic insects. It is the only
thoroughly terrest§rial amphibian and the only representative of its genus in the plains of Punjab.
It invades water bodies only during summer monsoons, for breeding. It is an opportunistic
breeder, calling males are very vocal, their guttural call could be heard from miles around (Khan
and Malik, 1987 b). Amplexus is axillary, eggs are strung in a double gelatinous string which is
wound round the submerged vegetation (Khan, 1965, 1982 b).

Dark brown larvae of Bufo stomaticus aggregate along water margin, feeding on
vegetation ctc., not venturing into deep water. Summer heat dries eff majority of the ephemeral
shallow puddles destroying lot of tadpoles (Khan and Malik, 1987b, Khan, 1990).

Morphological Description of the Tadpole

Matrerial: Bulk of the tadpoles of Bufo stomaticus |, for present study, was collected
during 1986-87, from different localitics along northwestern suburb of Rabwah City,

References: Khan (1965) has described stages in the normal development of Bufo
stomaticus. Its egg and larva is distinguished from those of other local amphibians (Annandale
and Rao, 1920, Kirtisinghe, 1957; Khan, 1932 a,b). Khan and Malik (1987 b) recorded brecding
and larval ecology of this toad. Khan (1969) has described morphogenesis of its digestive tract,

Description of tadpole: Weasurements of the tadpole (in mm), (Fig. 2). Following
description i1s based on 10 tadpoles at Stage 35 (Khaan, 1965):

Thetotal length of the tadpole ranges [rom 17.4 - 17.9. The body is ovoid, tail about twice
the length of body, and gradually tapers to posterior obtuse end. The snout is semicircular in
dorsal profile. The eyes arc dorsolateral, their wniéj(; diameter being 0.64, horizontal 0.92 and
are separated by a distance of 1.32. The nostrils are closer to eye than to the tip of snout, are
dorsolateral in position, internarial distance is 0.62-0.64. The spiracle is sinistral, near to
posterior end of the body than to the tip of snout. Anal tube is mesoid. Caudal muscles are widest
at base, gradually tapering posteriorly. The caudal fins are extending to the base of the tail as well

as on body dorsum and are broadest approximately at midtail.
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Fig. 3. Bufo stomaticus tadpole, oral disc. Scale 1 mm. For abbreviatio pag



Oral disc: (Fig. 3). The mouth is surrounded by keratinized and papillated structures
collectively calied the oral disc. Majorelements of the oral disc are preoral and postoral labia with
rows of keratinized spine like tiny teeth and o preoral and postoral, sharp cirrated edged broad
blades called as beak. There are rows of delicate filliform processes along the rim of the oral disc
called oral papillae. Lateral sides of the rim of the oral disc is somctimes free and is called labial
palp of flap. There is a pairof tooth rows on preoral labium, outer most extend from side to side,
across the oral disc while second is interrupted in the middle, The dential formula is indicated as
2 (2), /3 [total number of tooth rows (number of interrupted row in order of its arrangement on
the labium)]. Posterior labium is with threc complete rows of tecth,

The teeth range from 0.04 - 0.06 mm in length, each has a cylindrical thick base which
is fixed in a pad of tissue. Itsdistal halfis flattened, orally concave produced into five to six sharp
cusps (Fig. 4), threc on cach lateral side. The labia of the oral disc are capable of free movements.
The tecth are used to rasp the surface of the submerged vegetation, shredding it into small pieces,
while the sharp beak is used to cut large chunks Frem animal matter as well as vegetative matter
and to cut it into smaller pleces.

Description of the orophuryngeal region: Surgically exposed surfaces of the dorsal
buccal (roof of the buccopharyngeal cavity) and ventral buccal (the floor of the buccopharyngeal
cavity) were pinned exposed side up in the wax-dish and studied in order of ventral, anterior to
posterior; then dorsal, anterior to posterior. Relative positions of various features were noted and
their outlines were recorded by camera lucida drawings.

Ventral buccal: (Fig. 5). The shape of the buccal fioor is squarish, with sides slightly
bowed out and angles rounded off. The rutio of total width to total length of the oral cavity is 1: 172

A single “palm” like anteroposteriorly compressed infralabial papilla arises on each side of the
infralabial cartilage. The “palm” is produced along its free margin imto four well attenuated
fingers projecting farwards. The papilla ranges from being as high as wide to twice as long as
wide, Narrow prelingual arena has two to several small papillae arising from its lateral wall,
anterior to the infralabial papilla on cach side. The lingual anflage is a prominent median
transverse protruded area lying in the anterior half of the ventral buecal. Its surface is slightly
trilobed, a transverse row of four attenuated {iliformn lingual paptillae arise from its middle lobe.

The buccal floor arena (BFA) isroughly troughshaped, with mouth of the trough directed
anteriorly, where it is more open and 145 lirnits are il defined. The BFA narrows down posteriorly,

mesially it is deep, gradually rising towards lateral and posterolateral sides of the buccal floor,
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Fig. 4. Bufo stomaticus tudpale, teeth. Scale 0.25 mm.
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The BFA papillae arc arranged in two groups on each side. Outer group of 4-5 large attenuated
papillae are arranged in a semicircle laterally, the anterior most papilla is curved mesoid while
rest are orally directed. Second group of the papi lae are pustular, about half of the size of the
papillae of the first group. They occupy centre of BFA and extend on sides to continue with 5-
7 similar prepocket papillae, anterior most of which is very small, almost a pustule. None of the
BFA papillae show blunts or irregularities.

The buccal pockets are relatively large and prominent feature of the midventral buccal,
they extend mesially to the middle of the BFA, and are disposed transversely. The ventral velum
is distinct as a posterolateral arch. its posterior margin is irregular and jagged, with three
prominent peaks on each side mark the position of the underlying filter plates. The glottis is
poorly differentiated and completely urder the velum.

The subvelar surface of the Bufo stomaticus tadpole is peculier. Mesially it is covered
with fine pits of glandular openings, while laterally it is finely ridged. The ridges run transverse
to the lateral margin of the subvelur surface (Fig. 6).

Ventral pharynx: Branchial baskets are prominent posterolateral structures of the ventral
buccal. Each lies at an angle of 45 degree (o 50 degree to the longitudinal axis of the ventral
buccal. The first branchial cavity is distinct, while second and third are indistinct (Fig. 5). First
tilter plate 1s the longest, vertical and is supported by the first ceratobranchial. It has 10-12 filter
rows and is about 1/4 under the velum (see Table 1), Sceond filter plate is oblique, crescentric,
longer than deep, it is slightly under the velum and 1s atached to it. The IIT and IV filter plates
are deeper than long and both are horizontal.

The velumis supported by delicate spicules arising from the hypobranchial plate on each
side.

The filter mesh of Bufo stomaticus larvais rather loose. The full filter rows alternate with
partial filter rows, 3 degree filter ruffie is present. the filter rows are widely spaced with deeper
than wide noncanopied filter canals. The Esophagus is wide,

Dorsal buccal: (Fig. 7). The buccal cavity of Bufo stomaticus tadpole is narrow and
dorsoventrally depressed. Features on the buccal roof correspond to the complimentary struc-
tures on its floor.

Anieroventral disposition of the oral orifice of Bufo stomaticus tadpole causes a strong
overbite of the upper beak, so that the prenarial {rostral) region is narrow and strongly curved

ventrad. Its anterior border is a broad arch while posteriorly it continues with the narial region,



Fig. 5. Bufo stomaticus tadpole, buccophuryngenl [oor.scale | mm.lior abbreviations sce

page 11.



Table L. Branchial regionof Bufe stomaticus tadpole
at Stage 35 (data from 10 specimens)

Ceratobranchial {cb)

. Length of Breadth of filter Number of filter
supporting filter :
filter plate plate rows on filtre plate

plate

cbl 1.2-1.3 0.9-1 10-12

cb II 1.8-2 1-1.5 9-10

cb 111 09-14 1.5-1.7" 7-9

cb IV 0.5--0.6 1.2-1.9 6-8

Internal nares are prominent oblique slits, running anteromesoid to posterolateral, at an angle of
30 degree to the transverse plane of the dorsal buccal. Quter narrower, and inner broader narial
valve guards the narial opening. A slight postnarial ridge with thick four pustules curves mesially
in the internarial region to meet an internarial pustule. the ridge-papillae are small with
tuberculated tops, postnarial arena is narrow, without any special morphology.

The median ridge is broader than high, with sloping sides and narrower jagged top, which
is about half the length of its base. At the level of the median ridge, a single large lateral ridge
papilla arises from lateral wall of the dorsal buccal, which is laterally compressed and its palm
is produced into three fingers.

Buccalroof arena (BRA) is well marked, wide and trough-shaped, narrowing posteriorly,
with posterolateral comers rounded off. The ERA papillae are large and arranged in two groups:
outer of four long papiliae arranged in a row along laterum of BRA, the middle pair is bifurcated
at the tip. All the papillae are mesold directed. The second group consists of 15 to 20 smaller
pustular papillae which are scatiered all over BRA. T'wo to three lateral roof pustular papillae lie
on each side of penultimate pair of lurger papillae.

A distinct glandular strip extends along posterolateral side of BRA. The secretory pitsare
distributed evenly all over it. The dorsal velum is thin, delicate, bilaterally symmetrical flap of
epithelium, a slight transverse median ridge coancets right and left halves of it. Laterally it is
continuous with the ventral velum. Its free murgin is smiooth,

Dorsal pharynx: The posterodorsal pharyngeal epithelium, on each side, is loose,



Fig. 6. Bufo stomaticus tadpole, subvcluflccrcxm-y tissuc and attachment of filter plates,

diagramatic, For abbreviations sec page 11,



forming extensive folds known as pressure cushions. It is difficult to assess their shape and
proportion, however, they alimost confenm o the shape and extent of the underlying branchial
baskets, Ciliary grooves are dilficult to resolve in Bufo stomaticus tadpole.

Lungs: (Fig, 32, A). Atstage 35, the gloitis and lungs of Bufo stomaticus larva are poorly
differentiated. The glotis 1s completely blanketed by the ventral velum. The lungs are like

crumpled small sacs, completely nenfunctional.
General Morphology of Bufo Tadpole larva e

Cosmopolitan genus Bufe includes more than 200 species of toads (Blair, 1972).
Terrestrial mode of lifc and a gencralized type of short larval stage are the characters which have
coniributed for the success of toads and their wide distribution throughout the world. There are
fewreportson the description of orophasynucal morphology of the wad larva: Bufo bufo (Savage,
1952; Viertel, 1982), Bufo asper and Bufo divergens (Inger, 1985). Following generalizations
could be made from the present and the published work about the orophgaryngeal morphology
of Bufo larva (Table II): =

L gt

The Bufo larva ranges faem 18 mm o 25 mm in wtal size. Its body 1s oval to round,
moderately depressed, little shorter than the tal, which 1s weak with low fins, The larva is
lacvogyrinid with medioventral cloxcal gpesing; the cyes and nostrils are dorsal.

The oral disc 15 anteroventral wath o pair of emarginated lateral palps, fringed with
filiform labial papillic. The tudpole has typical universal bufonid dental formula 2 (2) /3. The
beaks arc thin, with fine cirrated cutting edges.

The oropharyngeal region of met fig/o larvais wriangular in outline. The prelingual arena
is distinet, squarish with 1-2 palmate inlralabind papitlae which are produced into several filiform
processes and 2-4 additional inlralabial simiple papiilae. The prenarial arenais broader than long,
with a low prenarial ridge whicli has dentated 1o jugged outline. Tongue arfdlage is distinct or
indistinct, with 2.4 simple lingual papiliue, the nares are perforate, simple, obliquely elongated,
posterior narial valve three times thicker than anterior, Distinct median ridge; a single lateral
ridge palmate papillg, produced mesially inio 3-4 short filiform processes. BFA and BRA wide,
trough-shaped, posteriorly concave with three types of papillae: 1-6 large filiform papillae which
are simple, may be curved or bifurcated at tps, medium sized papillae and pustular papillac

scatiered at mid BFA and BRA. Fow pupitlae and pustulations are in the prepocket region,



Fig. 7. Bufo stomaticus tadpole, buccophuarynpgenl roof. Scale 1 mm. For abbreviations see

page 11.
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Table I1. Comparison of external and oropharyngeal morphology of Bufo larvae. Data for Bufo asper and
B.divergens from Inger (1985) and Bufo bufo from Viertel (1982).

Character B. stomaticus B. asper B.divergens B. bufo
Body length 6.3-6.8 6.5-7.5 5.8-7.3 ?
Tail length 10.8-10.9 13-14 14-15 7
Lateral emargination of

oral disc palp +papiliae palp + papiliae palp + papillae !
No. of dental cusps 8-10 g-16 18-20 7
Dental formula 2(2)/3 2L /3 2(2) /3 2(1) /3
Infralabial papillae/side 1 palp + 2 papillac H_ﬁm:u 1 palp 1 palp
Tongue analage distinct irdistinct indistinct indistinct
Tongue papillae 4 4 2 3
Postnarial papilla + 4-5 pustules - + 2 pustules + 4 pustules
BFA Papillae/side Large 4-6+ pustules large 5-6+pustules large 4+ pustules large 4+ pustules
Filter ruffle 3° 3° 3° 3°
Median ridge broader than deep deeper than broad deeper than broad deeper than broad
Lateral ridge papillae/fside 1 1 1 1
Spicular support of velum + - - ?




Transverse buccal pockets are characteristic of the Bufo larva. Ventral velumbas spiculas
support, posteriorly it is distinetly jugged with 3-5 distinet peaks. A distinet glandular strip lies
along posterolateral border of BRA.

The branchiai region is posteroiateral-triangular, bowl-shaped. There is a single shallow
branchial cavity. The filter plates are horizontally placed, and line the base Ogthc branchial cavity.
There are 10-12 filter rows on the sccond filter plate. The filter ruffle has 3 filter mesh, which is
moderately loose, primary filter rows alternate with secondary rows. The filter canals are open,

pressure cushion are indistinct. The glotiis is obscure and Iuné,s are weakly developed.
Dragnosis of the Bufo stomaticus tadpole

Bufo stormaticus tadpole is medium sized as compared to that of B. asper and B. divergens
(Table II), with shorter tail, The teeth are with &- 10 sharp cusps. There are two distinct additional
infralabial papillae, the tongue anglage isdistinet, with four papillae. There is a postnarial papilla,
4-6 BFA papillae, second curved miesoid;, 4 BRA papillac, median two bifurcated at tips.

Prenarial ridge with chrated edge and 1 row of internarial pustules
Ecological adaptations ol the Bufo stomaticus tadpole

Dorsolateral eyes, depressed round globular body and short tail with low fins of B.
stomaticus tadpole are adaptations to shailow pond habitat. Delicate fine cirrated beak and rows
of sharp keratinized teeth with fine cusps, sngeest its zrazing habits on periphytons, microphytes
and detritus material. The wide and tough-shaped buccal cavity indicates its dependence on
water suspended food particles. presence of botl pitted and ridged pattern of glandular tissue and

well developed filter ruffle indicate that this tadpole has an cfficient filtering mechanism,
Behavioural adapuations of Bufo stomaticus tadpole

Bufo stomaticus tadpoles form {oose aggregates, fringing the marginal waters of ponds.
This behaviour appears to be universal among bufonid tadpoles (Allee, 1931; Bragg, 1965;
Beiswenger, 1972, 1975). Wassersug ( ‘)' 3) recopnizes this habit of Bufo mdpoles as “Bufo

mode”. Aggregation behaviour ndlsonum.m wedintadpolesofother dmphxbmns Bufomamms
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(Wassersug, 1971), B. americanus (Beiswenger, 1975), Rana calconota (Liem. 1959, R. aliicola
(Annandaie, quoted in Boulenger, 192(0), R. /?ﬂrora (Calef, 1973), Leptodactylus melanonotus
(Wassersug, 1973), Aubria subsigillata (Schigtz, 1963), Hyla geographica (Kenngy, 1969),
Hy[q(pseudopwna (Crump, 1984), Philautus gherrapunjiiae (Roonwal and Kirpalani, 1961), and
Rana heckscheri (Altig, and Christensen, 1981).

These aggregates make the tadpoles conspicuous and prone to attack by their potential
predators. However, it has been argued that the unpalatability of Bufo tadpoles not only protects
them, it also gives protection to the other palatable tadpoles mimicking Bufo tadpoles by forming
aggregates, since predators come to associate tadpole aggregations to unpalatability (Licht,
1968; Voris and Bacon, 1966; Wasscrsug, 1971, 1973; Heyeret al., 1975; Walter, 1975; Grubb,
1972).

Aggregation behaviour is short lived in Bufo stomaticus larvae. An ontogenetic change
takes place after Stage 33 (Khan, 1965). The tadpole becomes solitary, its dark colouration is
changedto grey spotty. It becomes bulky and very agile. When disturbed 1t quickly retreats under
the roots of the water plants, or buries itself under the gravel along pond bottom. Heyer et al.,
(1975) reported ontogenetic changes inthe palatability of Bigfo marinus tadpoles, whichis palatable
at Stage 20-26, becomffiing unpalatable at Stages 30-32. Similar ontogenetic changes have also
been reported in other amphibians (Crump, 1984; Brodie et al., 1978; Liem, 1961). The
behavioural change fromaggregate to nonaggregate in Bufo stomaticus may reflect unpalatability

W‘ -y
char;gmg to palatability.



Em. 8. Microlivla ornata tadpole, lateral view. Scale 1 mm.



miion LA UKNATA  Dumeril and Bibron

Microhyla ornata was first recorded from Pakistan by Khan (1974). Later it was found
to be widespread throughout Punjab, Sindh, N. W. FF. P. and Azad Kashmir (Khan, 1979, 1980
and Khan and Tasnim, 1987). Its rasping call is easily distinguished from that of rest of the local
amphibians (Khan and Malik, 1987 b). Itis the tinnest of the local amphibians. Taking advantage
of its sinall size, it hides under vegetation, leaf litter, stones, holes and fissures in the ground. At
midmonsoon it invadces large water bodics, which by this time are filled with water and have
sufficient growth of planktons. It chooscs a perch well away from water and calls in its
characteristic rasping call, solitarily.

Microhyla ornata is no@\g)gportunistic breederlike its sympatrics, it waitstill temperature,
vegetation, water level and planktonic growth has reached ceEain level in semi or permanent
ponds, by the midmonsoon (Khan and Mulik, 1987 k). The amplectic pair stays in water close
to the water margin, among emergent vegetation, Eggs are laid in groups enclosed in a jelly like
material, which floats at the surface of water as an “egg raft” (Khan, 1982 b).

Transparent delicate tadpole of Microhyla ornata is micro-phagils, lacking an oral disc
with hard mouth parts; instead the mouth is anterodorsal, with a U-shaped permanent mouth
opening. It swims at midstream in schools with 115 kins. The school of the tadpoles is difficult to

be made out due to the transparency of the tadpoles.
Morphological Description of the tadpole

Material: Tadpoles of Microhivla ornaia, for the present study, were collected during
1986-87 from different localities along northwestern border of Rabwah City (Khan and Malik,
1987 b). Tadpoles collected formn Ghakkhar, District Gujranwala (Khan, 1974). and Azad
Kashmir (Khan, 1979), were used as comparative material,

References: Flower (1869), Liu (1930) and Khan (1982 a) have given accounts of the
Microhyla ornata tadpole. Wessersug (1980) has given brief description of larval oropharyngeal
region and has illustrated it. Khan and Malik (1987 b) have studied breeding habits and larval
ecology of this frog. Parker (1935) and Khan (1979) have discussed taxonomy of this species.

Tadpole: (Fig. 8). Microhyla ornata tadpole is semitransparcnt with streamlined body.
Thehead is dorsoventrally depressed while body laterally compressed._ﬁlc body isovoid indorsal



Fig. 9. Microhyla ornata tadpole, oral disc. Scale 1T mm.



profile. The snout is countersunk displacing mouth opening anterodorsally. The tail is long, more
than twice the length of the body and is produced posteriorly into a long viberatile flagellum. The
caudal fins are broad, ﬁurowing abruptly in the posterior half of the tail.

The body is widest at a point at the level of eyes. The snout is narrower, eycs are lateral
and smaller as compared to the size of the body. Position of imperforate nostrils is marked by
anterolateral pits which are heavily pigmented. The spiracle is median ventral, lying at the
posterior ventral end of the abdomen. There is a prespiracular flap which may fit over the
spiracular opening. A typical oral disc with hard mouthparts is absent. The mouth opening is a
horizontal slit with a median U-shaped cleft in the lower (anterior) faw, which remains open even
if the mouth is closed. The belly wall of this larva has a silver sliine due to the presence of
iridiocytes, A median band of melanophores covers the brain extending onto the base of eyes and

the nasal pit.

Measurements (inmm): Body lengtl 5.2-5.8; tail length (including flagellum) 12.6-13.7;
total length 17.8-18.9; greatest breadth of body (at the level of eyes) 2.7-2.9; greatest depth of
body (at level of spiracle) 3.2-3.4; interorbital space 2.3-2.4; internarial space 1.5-1.95; tail
muscle height (at base) 1.7-2.0; tail fin height (at midtail) 4-4.4; length of tail flagellum 2.0-2.3.

Description of the oropharyngeal region

Dorsoventral compression of the head has correspondingly affected the form and shape
of the buccopharyngeal cavity. The buccal cavity is widened sideways with flattened floor and
roof. The buccal part 1s much reduced and the pharyngeal region is exaggerated and about twice
the length of the buccal cavity.

Ventral buccal (Fig. 10); the buccal floor of Microhyla ornata tadpole is produced
anteriorly into a narrow U-shaped prelingual chamber. A scries of three small infralabial papillae
line it on each side; first two are small while posterior most is longer with tip bent forward. Their
tips almost touch each other in the centre of the prelingual chamber, The buccal floor is
anterolatrally rounded, its cavity wideas posterolaterally.

The lingual anglage licsl;aum posterior o the prelingual chamber as a conical structure. Its
anterior end 1s broad while postrior pointed. There 1s no lingual papilla.

The buccal floor arena (BFA) is rectangular with several melanophores, it is raised
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Table I'V. Comparison of external morphology and oropharyngeal features of Microhyla tadpoles, data for
M. berdmorei, M. heymonsi from Wassersug (1980), for M. borneensis, M. petrigena and M. perparva from
Inger (1985); for M. ornata present study

Character ornata berdmorei heymonsi borneensis petrigena perparva
Body length 6-6.5 ? ? 5.9-6.8 4.0-58 2.3-4.1
Totai length 18-20 ? ? 224 16.2 10.3
Infralabial papillae/side 3 3 3 2 B 7
Prepocket papillae 3-8 ? K ? 7 !
Velar peaks/side 1 0 4] ! 2 K
Filter rows/filter plate/side

cb. 1 15-18 22 7 K ?
cb. 2 13-16/20-23 20 ? 20 to ? ?
ch. 3 16-17/13 18 ? 25 i 7
cb. 4 8-9 10 ? 7 ?
Filter mesh density very dense very dense medium very dense medium 7
Folding of filter ruffle 7 ¥ 2° 7 £} 3°
BRA papillae/side (Pustules) 4-5(12-18) 4 (0) ? 27 4 (7 ?




laterally allowing a median narrow passage. There are 12-14 large flat BFA papillae on cach side,
these are fine tipped and arranged in twao posterolateral rows, six papillae of the outer most row
being longest. A pair of medium sized papillae lies at the level of midpocket. The buccal pokect
is long and narrow, running antcroposteriorly on the sides of BFA. Each pocket is a longitudinal
slit, its anterior end is wider with 3-6 pre and 5-8 postpocket small conical papillae extending
across the pocket cavity touching opposite lip of it. Postertorly the buccal pockets narrow down
into a long passage and continue vvith the outer branchial pressure cushion (Fig. 10).

The trachea of Microhyla ornata tadpole is long cylindrical. It extends mesially through
the ventral buccal calfying the glottis far anterior to the posterior margin of the velum, dividing
itinlateral halves. A row of melanophores is present along the sides of the trachea. The laryngeal
disc is bulbous while the glottis is a sharp slit with thin lips. There is a single, long, attenuated
fine tipped preglottal papilla, tipped left, lies just anterior to the glottal opening.

The ventral velumis broad and covers considerable part of the branchial basket. Posterior
velar margin is smooth, not jagged and is regular. There is a single brood projection above third
filter plate. The velum has spicular support. Small secretory pits line the posterior velar edge.

Ventral pharynx, It is most prominant part of the ventral buccopharyngeal region of
Microhyla ornata tadpole. It is more then twice the length of the buccal cavity, The branchial
baskets are posterolaterally disposed, are triangular in shape, with broad side forward. The filter
plates are longer than broad, vcrIi{-:;:\]:@, enclosing decp filter cavities, the third filter plate is tilted
mesoid and is partially blanketing the fourth filter cavity. Threc filter chambers are visible in
dorsal vicw. A considerable part of the filter plates is under the velum, almost 1/2 to 1/3, making
the study of that part difficult, and necessitating cutting off of the ventral velum. In this operation
the branchial food traps are alsoexposed. The shape of the branchial food traps of. Microhylaybmata
1s round to oval forming distinct tori, well distinguished from the surrounding tissue. Each torus
1s concave with raised rim, covered with very [ine ridges. the branchial food traps are present in
first to third filter cavity (Fig. 11).

A tight filter ruffle covers the surface of the filter plates. The 3 degree dense filter ruffle
abuts across the filter canals which are fully canopied and are broader than high. The filter ruffle
covers both sides of the second and third filter plates (see table ).

The subvelar surface is covered with finc ridges running papallel to its transverse axis.
They are in line with the ridges of toni of e food raps.

Dorsal buccal (Fig. 12): 'The buccal roof 1s fattish and square like its floor. The prenarial



Fig. 11. Microhyla ornaie tadpole, subvelir seerctory tissue and attachment of filter plates,

diagramatic. For abbreviations sce page 11,
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Table III. Branchial region of Microhyla ernata tadpole
at Stage 35 (data from 10 specimens)

Filter rows on

Ceratobranchial (cb) Filter plate Food-trap filtre plate/side

supporting filter plate  length breadth  length breadth  Frweror posterior
cb. 1 3.5 1R 1.2 1.0 0 15-18
cb. 2 37 1.5 1.0 [.1 13-16 20-23
cb. 3 2.5 1.4 0.8 0.3 16-17 13
cb.4 1.9 1.2 0.8 1.2 8-9 0

arena is flat and rectangular also, with a small V-shaped anteriorly directed shallow depression,
just posterior to which there is a small prenarial papilla. The intemnal naris is a small shallow
depression, side of which is drawn into u follacious flat vertical process. At its base it curves
clockwise, hanging down into the buccal cavity. There are 3-4 slight zg\ﬁdentations along its inner
margin. A delicate low postnarial ridge extends ohliquely mesoid from side. Its free margin is
produced into 4-5 distinct papillae. There are 6-7 pustules in the internarial area. A postnarial
papilla, median ridge and lateral ridge papilla is absent.

The buccal roof arena (BRA) is broader than long and much spacious as compared to that
of the other tadpoles studied. A delicate membrane extends mesoid on cach side of BRA. Its free
margin is produced into flat papilla-like structures of various sizes. The membrane appears tobe -
formed by their flattened coalaced bases. The third of the inner most papilla-like structure is
largest with four low bluntings on its inner side, while first and fourth papillae are simple with
sharp tips. However, second and third BRA papillae are bifurcated at tips. The BRA membrane
gradually narrows down laterally tnto a wavy margin.

Few pustules are present in the posterior mid BRA, while several lie in the anterior half
of it, gradually increasing from inside to outside of this part of BRA, outer most almost the size
of a small papilla.

The buccal roof glandular zone is broad and divided il;tgfﬁ:ct;mgular halves which lie in
the posterior half of the BRA. The anterior and posterior marginEfeach half are straight. The areas

afe covered by dense pits all over.



Fig. 12. Microhyla ornata tadpolc, bucophuryngeal rool, Scale 1 .



The dorsal velum is broad narrowing mesoid gradually, at mid BRA it staggers narrowly
to continue with that of the other side.

Three pressure cushions are distinet. They have an claborate morphology (Fig. 13). First
(the outer most) and the second pressure cushions are four times longer than broad. The first is
continuous anteriorly with buccal pockets on cach side, while the third (inner most) is broadest
and has a median hook-like accessory app%dage. Along the posterior border of the pressure
cushions, a deep ciliary groove runs on each side.

Lungs (Fig 32, B): AtStage 35, Microhyla ornata tadpole has well developed long lungs
lying on the dorsal side of the abdominal cavity. The anterior half of each lung is broad, with well

developed air sacs, it gradually narrows down caudagly where it is darkly pigmented.
General morphology of Microhyla tadpole

Following characterization of Microhyla tadpoles is based on the descriptions given by
Wessersug (1980, Microhyla berdmorei and M. heymonsi and Inger (1985), M. borneensis, M.
petrigena and M. perparva. Data for Microhyla ornata pertaining to the present study il?ogiven
in Table IV.

The Microhyla tadpole has depressed head and compressed body; its tail long, with broad
fins produced posteriorly into a long tail fitament, The mouth is anterodorsal, without hard
mouthparts; the spiracle is medioventral with a distinct spiracular flap. The nares are imperforate;
the ventral body wall may have silver shine due to the iridiophores.

The pharyngeal region is characteristically exaggerated, it is about more than twice the
length of buccal arca. The infralabial cartilages are much reduced, with a corresponding
reduction in the prelingual arena. There are 0-3 peg-like infralabial papillae on each side;
generally the tongue analage is distinct, without lingual papillae. Buccal pockets are lateral,
narrow, long and more anteriorly placed in the oral cavity, posteriorly they are connected with
the pressure cusaions, The trachea is exceptionally long, extending forward through the middle
of the buccal cavity, dividing the velum into lateral halves. Laryngeal (‘:j{/_iilagc is bulbus, with
distinct glottis, 1-4 pregiottal papillae. The DR A papiliae are long, with broad bases and fine tips,
their bases coalace into a fine membrane. Velum is deep, smooth. The branchial basket is long
and broad, with three deep filtercavitics. The filter plates are decp and long, with 9-23 filter rows.
Tight filter mesh, 3 degree filter ruffle abuts over deep and narrow filter canals. There are three
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Fig. 13. Microhyla ornata 1adpole, right pressure cushion, diagramatic.
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food traps, on in each filtercavity in the form of distinct tori, with parallel ridges, running paralled

to their longitﬁainal axis. The velum has spicular support. Buccal glandular zone may or may
not be mesially divided. .

Nares are imperforate, produced into a free appf‘\mdage extending vertically down into the
buccal cavity. There is no postnarial arena. A prenarial papilla is always present. BFA and BRA
are broad with 0-18 pustules scattered at anterior as well as posterior half, 4-7 BRA papilles with

or without bluntings, bases of these papilac may or may not coalace to form a fine membrane.
Diagnosis of Microhyla ornata tadpole

The Microhyla ornata tadpole is longer in total length as compared with larvae described
by Wassersug (1980) and Inger (1985). It has silver shine on its abdomen. Distincttongue analage
is without lingual papillae; 4-7 BRA and BFA papiliae with bases coalased into membranes; three
filtercavities; 9-23 filterrowson tilter plates; no lingual, lateral ridge papillae and amedianridge;
rows of melanophores along tracheal sides and lateral sides of BFA are present.

M. ornataand M. berdmorei are similar in their oropharyngeal morphology (Wassersug,
1990). Both species of tadpoles were collected from pooled water in Thailand, Oropharyngeal
morpholgy of M. ornata tadpoles collected form Rabwah, and Ghakkhar, District Gujranwala,
differ from those reported from Thaitand by Wassersug (1980), in important respects: the
infralabial papillae are longer; filter plites are with more filter rows; BRA and BFA papillae are
indistinct since their bases are coalaced into membrane; postnarial papillae are represented by a
membrane; glandular zone mesially divided; single preglottal papilla. No silver shine is reported
on the belly of the tadpoles from Thailand: Flower (1899) reported differences in the adult and
larval morphology of Microhyla ornata {rom Malay peninsula and Siam. Liu (1950) reports
dextral anal tube in M. arnata tadpole, which is E-i]':]ighi—iﬂ the tadpoles collected from Pakistan.

Ecological and Behavioural Adaptations of Microhyla ornata tadpole

Microhyla ornata tadpoles were collected at midmonsoon rains from deep ponds with
heavy planktonic load. The environmental conditions at that time are favourable to allow rich
growth of zo0 and phytoplanktons, making the pond water light green in colour,

M. ornata tadpole is well adapted to fentic habitat. Its transparent body, with broad tail
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fins and long filament, lateral cycs, median ventral spiracie and abdominal silvershine, are
adaptations to nektic habits. A school of M. ornara tadpoles swiming at midstream, is almost
invisible from outside, while abdominal silvershine make them invisible from inside water since
the water surface when vicwed fromin side water, appears shiny due to the reflection of sunlight
from it. The vibrant tail filament and mcdian ventral spiracle help to support the midstrcam
position of the tadpole. The broad caudal fins help the tadpoles to rcact almost instantaneously
to any stimulus. Latifally placed eycs arc efficient receptors for a tadpole swiming at midstream.

M. ornata tadpole constantly gu_[p,\—in water through its anterodorsal mouth opening. Itis
never seen nimbling at the submerged surfaces or resting at the bottom like Bufo and Rana
tadpoles.
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Fig. 14. Rana cyanophiyctis tadpole, lateral view. scale 1 mum.



RANA CYANOPIILYCTIS Schneider

Rana cyanophiyctis 1s most frequent frog 10 be found around w;tte’)bodies throughout
most of the southeast Asia and also extends into Middle East (Khan, 1908, 1980). Its unique habit
of skittering on the water surface for considerable distances, fascinates cqually an amphibiologist
and a casual observer (Khanand Tasnim, 1987). [tis thoroughly aquatic, littoral and resident frog,
very rarely ventures out of water for foraging or 1o migrate from one drying pond to another
(McCaan, 1932; Khan, 1979).

[ts characteristic call heralds summer scason in the plains of Punjab, and its cessation after
monsoons indicates the onsct of winter, The male calls while afloat in water. Axillary amplexus
results in small batches of fixftilizcd cegs, which soon sink or udhcﬂr to the submerged plants
(Khan, 1982 b). Pruthi (1932) reports R, cyanophiverly from ponds where salinity varied from
0.12 to 9.5 along salt mines of Khewra, District Jhelum, Punjab, Pakistan. However, in the
localities from where prescnt collection was made, pH varies from (0.6 to 0.7,

Large robust tadpoles with drab spotty colouration, of Rana cyanophiyctis, are difficult
to be detected in the muddy pondwaicr, since they are solitary and confine to the roots of the pond
vegetation. These tadpoles feed on debris and occasionally on vegetable matter or carcasses of
water animals which have sunk down. Tadpoles kept in aquaria are seen attacking each other and
those of other species, often 1;1rvi\bf§_r')' results, However, this phenomenon In nature appears o
be rare, since escape chances for cach species of tudpoles are greater, mainly this tadpoles is
detrif\trt)rous.

Material: Tadpoles for present study were collected during 1986-1987 from different
localities along northwestern border of Rabwih City, The tadpoles were collected mostly 1n
premonsoonal period from March 1w Muy. Tadpoles from Ghakkhar District Gujranwala,
collected during 1967, and Manshera and Datta, Disteict Manshera (Khan, 1979) were used for
comparison.

References: Anderson (1985) described tadpole of Rana cyanophlyctis ehrenbergi from
Arabia. Annandale and Rao (1918, McCaan {1932), Kirtisinghe (1957) and Mohanty-Hejmadi
and Dutta (1975) have given briel{ description ol the tadpoles of K. cyanophlyctis, Daniel (1975),
Mohanty-Hejmadiand Dutta (1979) have commented on the breeding and the larval habits of this
frog. There is no work on the anatomy of the eropharyngeal region of the tadpole of this frog.

Tadpole (Fig. 14): The tadpole is large, with broad muscular body and tail, which is one



Fig. 15, Rana cyancphlycilys tudpole, oral disc. Scale I mm.
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and a half to twice the length of the body. The body is broadest at midpoint, its venter is flat. The
tail has a gradual taper, its pointed tip is turned upward. Tail muscle is broader than fins, dorsal
fin is broader than ventral, both are paralled to the tail.

The eyes are large, and are a part of the lateral profile of the body. Full eye is not visible
from dorsum, it is nearer to snout tip than to posterior end of body. The nostrils are small and are
anterclateral, are a little closer to eyes than to snout. The spiracular opening is round, located on
the left side of the mid-body, it is nearer to the posterior end of body than to the tip of snout. The
spiracletube s long, fused with lateral body wall atan angle ofBOoto the longitudinal axis of body.
The anal tube is wide, depressed, its dextral or sinistral position unclear. The oral disc is well
developed and antero-ventral in position.

The body dorsum is drab coloured, with distinct melanophores all over, tail and fins are
with dark blotches.

Measurements: (in mm) Body length 17.2-18.4; tail length 22.98-23.8; total length
40.18-42.2; greatcst breadth of the body $.9-9.3; greatest depth of body 29.2-31.6; intcrorbital
space 2.98-3.1; internarial space 1.99-2.3; tail muscle height at base 4:4-4.9; greatest breadth of
the dorsal fin 2.8-3.2 and of venural fin 1.6-1.8.

Oraldisc (Fig. 15): The oral disc is a prominent feature of the ventral profile of the body
of the tadpole. It is roundish, broader than long, with broad anterior and narrower posterior
labium. The anterior labium is arched and non papillated. A single row of keratinized dark brown
teeth line its outer border. There arc two rows of {ecth on the posterior labium. Dental formula
of Rana cyanophlyctis tadpoles is 1/2, Each tooth is a long structure , almost squarish in
transverse section and mesially curved, with blunt tip. The teeth are arranged in a single row., The
size of the tooth varies from 0.13 10 0.34 mm (Fig.16).

Beak is prominent part of the oral dise, anterior part of it is broadly arched dark brown
keratinized plate, with sharp fine cirrated cuiting edge, mesially it is produced into a cirrated low
tooth, Posterior part of the beak is similarly broad and V-shaped. There is a pair of distinct labial
palps on cach side of the oral disc. Posterior palp on each side is narrowly separated from its
fellow along posterior border of the oral disc. The free margin of the palps is cut into thick papillae
which are bent orally. A group of small pustulations is enclosed by the posterior labial palp on
each side of the oral disc (Fig. 15).



Fig. 16. Rana cyvanophiyctis tadpole, teeth. Scale 0.5 mm.

L
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Description of the oropharyngeal region

The roof of the buccal cavity extends far forwards over its floor due to the overbite of the
anterior beak, since the oral disc is anteroventral in position.

Ventral buccal (Fig. 17): Ventral buccal js longer than broad, with a distinct lateral bulge
at middle. A pair of palmate infralabiul papillmm lateral side of the prelingual chamb-er,/‘g'nc
behind the other. Each infralabial papilla is produced into 5-8 filiform processes, which extends
across the prelingual chamber, their tips.do not touch each other. In adition, there are many
pustules in the prelingual arena at the base of the lower jaw, The lingual analage is transversely
oval, with a2 median notch, a pair of lingual papillae with bifurcated tips arise from its middle, 2
similar pair of papillae lic at the antcriorside of the tongue analage, just at the orifice of the preoral
chamber into BFA. The lingual analage lics between prelingual and buccal floor arena, the
narrow passage goes round it to enter BFA,

The BFA (buccal floor arena) is longer than broad, mesially it bulges out. The postlingual
partofitisraised from its general floor. The BEA has many papillae of varing sizes which could
be sorted out as long, medium sized pustulations. The pustulations lie at the center of BFA and
extend mesially well to the anterior half of the BFA, while larger papillae lie on the sides of it
arranged in two to three rows. Most of lwhbu papillae are bifurcated at tips. Largest papillac form
theinner-mostrow along BFA Idm‘mémmtly have bifurcated tips. The bifurcated tips are mostly
unequal, usually outer branch is smaller than the inner. Four to six larger papillae lie in the
prepocket region which also have bifurcated (ips.

The buccal pockets are conspicuous transverse structures, lying on the lateral side of the
buccal floor, extending almost to [/4th of the breadth of the BFA. Their lips are thin, the anterior
lip almost flushed with the general surface of BEA, while posterior is little shallower, enclosing
a thin slit. The buccal pockets are imperforale,

Broad lateral part of ventral velum gradually narrows down mesially. Itis supported with
moderately soft spicules. [ts posterior border is jagged, with three equally placed peaks, adistinct
median cleft is present, The glottis is distinct and exposed, slightly under the velum., Glottal lips
are thin and the laryngeal disc 1s oval in shupe.

The buccal glandular zone is distinet, it is spread all along the length of ventral velum,
and it is 5-0 pit thick mesially and 2-3 rows thick laterally.

Ventral pharynx; The branchial region of Rana cyanophlyctis tadpole is triangular and



Fig. 17. Rana cyanophiyctis tadpole,buccopharvigenl Hoor. Scale 1 mm.
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ismore lateral than median. There are distinct three deep filtercavities, firstis longest and decpest
and broadened mesially, anterior one third is under velum. The second filter cavity is shallower,
mesially broad and about [/4th under velum. The third filter cavity is narrowest, squeezed
mesially due to mesial deflection of the third filter plate, which partially blankets it. The third
filter cavity is slightly under velun. The first filter plate forms the outermost border of the
branchial basket while the fourth plate the inner most. The first filter plate is longest and slightly
concave, notattached to the velumn, while second is straight and attached, the third is broadest and
almost horizontally disposed and is attached, mesially it is broadened and blankets the third filter
cavity. The filter plates bear 6-16 filter rows (see Table V). The filter rows of the second filter
plate continue with those of the third plate along the floor of the second filter cavity.

Filier rows are quite separated from cach ather, the filier ruffle shows 3 degree foldings.
The filter canals are open, and the adjacent filter rows do no abut over them. The filter canals are
decper than broad. There are no branchial food traps. Subvelar surface is covered with finc
paralied transverse secretory ridges, all over. W

The esophageal funnel 1s broad anteriorly, narrowing ibruptly posteriorly.

Dorsal buccal (Fig. 19): Dorsal Buaccal of Rana cyanophlyciis tadpole is longer and
spacious than ventral buccal. Tt is longer than wide, The prenarial arena is considerably enlarged
antriorly and has a deep roof, due 10 the overbile of this part of the dorsal buccal over ventral
buccal. A series of 4-5 hard pustules, on each side of the prenarial arena, extend forwards to

Table V., Branchial region of Rana cyanophlyctis tadpole
at Stage 35 (data from 10 specimens)

Ceratobranchial {cb) Length of Breadth of the Filter tows on the
supporting filter plate filter plate filter plate filter plates
ch. 1 2223 1.1-1.15 14-16
ch. 2 2.6-2.65 (0.85-0.9 12-14/10-11
chb. 3 2.3-2.5 1.0-1.12 13-14/10-12
ch. 4 1.4-1.9 0.7-0.8 6-7

become continuous with cach other in the roof of prenaral arena through a transversely placed



Fig. 18. Rana cyanophiyciis tadpole, subvelar seeretory tUssue and attachment of filter plates,

diagramatic.
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larger rostral pustule.

Internal nares are conspicuous structures of the anterior buccal, each is an oblique slit,.
lying at an angle of 30ot0 the longitudinal axis of the dorsal buccal. The nares are twice as long
as broad, with cqually developed narial valves. There arises a fine tipped long prenarial papilla
from the middle of the prenarial valve. The Prenarial papilla is covered all over with bluntings,
There are 15-20 pustules in the internarial region. The postnarial arcna is large, much broader
than long. A series of five postnarial papillae arise form just posterior to the inner nares, which
can be distinguished into an inner groupg of three larger fine tipped papillae with bluntings on
sides and a group of two outer smaller similar papiltae. Tips of the papillae of either side narrowly
miss each other mesially. The bases of all postnarial papillac are broad and have a gradual taper.

The median ridge is thrice as broad as deep, with gradually inclirfﬁ/;ides and tipped by
a long papillary process, some times a pair of such processes are prescntA. The median ridge is
covered with bluntings all over it. There is a large lateral ridge papilla extending mesially from
each side. Itis fine tipped, with bluntings on sides, its tip narrowly misses the sides of the median
ridge on each side.

The BRA in Rana cyanophlyctis (adpoles is wide bowgl-shaped, wider than long. BRA
papillae are few, threc on cach side arranged in a row on the lateral sides of BRA. Each papilla
is long, almost of the size of the lateral ridge papilla, with fine tip and bluntings on sides. A row
of 4-8 smaller fine tipped extra BRA papillae lie on their outside. Moreover, There are numerous
pustules scattercd ail over BRA, extending onto the extra BRA. The glandular area is distinct dark
strip due to concentration of melanophores, lining the base of velum. The melanophores are
scattered amoﬁf{he secretory pits. The glandular strip is 5-6 pitdeep all along dorsal velum. Dorsal
velum is broad on sides, it gradually narrows mesially where it continues with that of other side
through a low staggering ridge witlr papiilated broken border. The pressure cushion are
distinguishable, the outermostislarge and thick, while the inner one is inconspicuous. The ciliary
groove is not resolveable.

Lungs (Fig. 32, D). Lungs of Rana cyanophlyctis tadpole at Stage 35 are large, they
extend along the abdominal dorsum to the end of the abdominal cavity.Fhe laryngeotracheal
chamber is swollen on lateral sides inta baloon-shaped chambers, to which lung is attached on
its caudal end. Each lung is narrow, much narrower than the laryngeotracheal chamber. It
gadually tapers posteriorly. Each lung is dark, with distinct air chambers, which are well marked

on its surface.



Fig. 19. Rana cyanophiyctis tadpole, huceopharyngeal roof. Scale [ mm,
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Diagnosis of Rana cyanophlycits tadpole

R. cyanophlycits tadpole ts distinguished, from those of its congener ranid and of other

anuran specics, by the following featurcs:

1. The oral disc is anteroventral in position, with dental formula 1/2. A pair of well developed
lateral palps fringed with papillac arc present. "

2. The teeth arc long curved rods, squarish in transverse section with blunt tips. There are no
cusps.

3. The beaks are broad, with sharp eirrated edge.

4. The internal nares are oblique, with irregular orifice and swollen lips.

5. There is a single prenarial and five postnarial Jong fine tipped papillae, with bluntings all over.
6. The prenarial and narial arenas are large and spacious.

7. A row of hard pustules extends from internarial region to prenarial arena.

8. Two pairs of lingual papillae with bifurcated tipsare present at the midlingual ax‘@‘[age, while
other lies anterior to it.

9. There are 15-20 simple BFA papillae on cach side, longest, 8-10 papillae form the innermost
row, while smaller ones the outermost.

10. BRA papillae are three in number, longest in the buccal cavity. They have bluntings on sides,
and are arranged in a continuous row with a similar [ateral ridge papilla on each side.

11. The median ridge is broader than deep, produced in one or two median papilla like long
process.

12, There are pustules scattered primarily in the posterior half of the prenarial arena, all over the
narial, postnarial and BRA, extra BRA and BFA area,

13. The branchial basket is 45% of the oropharyngeal cavity. There are three filter cavities visible
in dorsal view, second is blanketting the third.

14, Full filter and partial filter rows form the filier mesh, which is moderately thick on the filter
plates. These filter rows alternate with each other. There are filter rows on both sides of second
and third filter plate.

15. Secretory region is quite ¢xtensive in the baccal cavity, running aloug dorsal and ventral
velum. It 1s 3-6 pit deep. The subvelar surface is covered with parallel transverse fine secretory

ridges.
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There is considerable confusion in literature regarding the morphology of the oral disc
of Rana cyanophlyctis tadpole. McCaan (1932) illustrates a typical R. tigerina tadpole as that
of R. cyanophlyctis in Fig. 1, Ab; while in Fig. 1, ¢ the shown oral disc in neither of the two
Spcficies. However, morphology of the beak and the palatine plate is typical of R, tigerina tadpole.
D¢niel (1975) largely dwells on McCaan’s work, inheriting its misleading informations conceming
these tadpoles. Annandale and Rao (1918) have shown anterior labial tooth row largely
interrupted mesially, while Altig and Johnston (1986) have quoted Kirtisinghge (1957) for dental
formula 1/2 (2) for R. cyanophlyctis tadpole from Sri Lanka. Perhaps these differences in the
morphology of this tadpole are due to gcographical races of this widely distributed southeast
Asian fittoral frog.

Ecological adaptations of Rana cyanophlyctis tadpole

Benthic thigmotactic tadpole of Rana cyanophiycits has been collected fyom a variety of
habitats. However, this tadpole prefers shallow pond habitat, with vegetation and detritus
accumulating at the bottom in the form of decaying plant and animal material, bacteria, infusoria
etc. This tadpole avoids main watcr stream by retiring to the ephemeral pools and puddles along
the course of water channals. the oropharyngeal morphology of this tadpole combines characters
of a pond as well as stream adapted tadpole. Benthic thigmotectic habits enable R. cyanophlyctis
tadpole to invade wide range of different types of water bodies. Its well developed Iungs which
deviop early in life, enable it to live in }EA ygen deficent benthic environs of decp pool habitat,
For respiration, the tadpole rises periodically to the surface of water. The ascending and
descending movements of the tadpole ace very quick, since during these movements it is exposed
to attack by its enemies. In the ephemeral shullow pond habitat which is rich in Oxygen and is
not rich in detritus, this tadpole lives on ph}-mp]mﬁbnic bloom seldom going to surface for
respiration.

Rana cyanophlyctis tadpole remaing solitary throughout its life. When concentrated, in
drying ponds, they are aggressive to each other, a habit primarily developed to avoid sharing the
potential grazing area at the bottom. Crowding tadpole lo§sc picces of their tails to siblings. On
disturbance they quickly hide thernselves under the debrds accumulated at the bottom of pond,

producing a dense suspension of particles which cloud the water to deter the enemy.
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Fig. 20. Rana syhadrensis tadpole, lateral view. Scale 1 mm
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RANA SYHADRENSF!S Annandale

Rana syhadrensis is a small inconspicuous frog. It frequents marshy grassland,
vegetation around irrigation channels, torrents, and permanent ponds (Khan, 1979; Khan and
Tasnim, 1987). It is rarely seen away from1 its 3quatic habitat. It readily jumps in water to escape
fromits criemies, but comes out quickly and hides in the vegetation around. Its small size (40 mm)
makes it inconspicuous and difficult to detect in the grass. However, during breeding season, at
midmonsoon, its characteristic call indicates its abundance in an area. the call is a repeated note,
giving an impression of clatter produced during tysing or telegraphy. The calling male perches
well away from water (Khan and Malik, 1987 b). The spawn floats for some time then sinks in
the deep water (Khan, 1982 b),

The tadpole of Rana syhadrensis is delicate, thin, light brown creature, with spotted tail,
It keeps well away from the marginal water, it does not go into the deep water. It feeds primarily
on vegetation, occasionally takes animal diet when available, This tadpole is quite active and
agile, making for the submerged vegetation when disturbed.

Material: Tadpole of Rana syhadrensis for the present study, were collected during
1986-1987 from different localities along northwestern border of Rabwah City. Tadpoles of this
frog which were collected in 1976 from Datta and Mansihga, N. W. F. P. were used for
compariso.

References: Short notes on the description and habits of this species in literature (Van
Kampen, 1909; Annandale and Rao, 1918; Liu, 1950; Khan, 1982 a). Khan and Malik (1987 b)
havereported on the breeding ecology and larval habits of the frog. So far no study has been made
on the oropharyngeal morphology of Rana syhadrensis tadpole.

Tadpole (Fig. 20): The tadpole is delicate, with long oval body which is broadest and
deepest at the middle. Its ventrumn is convex and anterior half of the body is flexed forwards and
upwards. The eyes are dorsolateral and are nearer to the snout than posterior border of the body,
are visible form dorsal and lateral sides, but not from ventral side. The nostrils are small and are
nearer to the tip of snout than to eye. They are dorsoiateral, visible from dorsal and lateral sides.
the snout is broadly obtuse, slightly projecting over the oral disc which is moved ventroanteriorly.

The spiracle tube is distinct, short zntl fused with lateral body wall. The spiracle opening
isoval lying at midleft of body. The tail is long, about one and half to twice the length of the body,
it is broadest at the base, has a gradual taper with an acote pointed tip. The dorsal fin is broader
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Fig, 21. Rana syhadrensis tadpole, oral disc. scale T mum,




with wavy outline, is broadest at middle. The ventral fin is less broad with a constant breadth
throughout its length, The anal tube is distinct, with a slight leftward flex.

Colouration: Specks of melanophores adomn the outer margin of the fins, are more
concentrated on the posterior half of it. The body is light brown on dorsum, white along ventrum.

Measurements (inmm): Body length 7.2-7.6; tail length 11.0-11.2; interorbital space 1.6-
1.8; internarial space 1.0-1.1; greatest breadth of body 4.6-4.8; depth vf body 3.8-3.9; tail muscle
height 2.4-2.5; dorsal fin height 1.3; ventral fin height 0.8-0.9.

Oral disc (Fig. 21): The ventro-anterior flexure of the buccal floor has pushed the oral
disc, so that it is more anterior than anteroventral. The oral disc is wider than long. Anterior
labium is narrower than the posterior. There are well developed papillated oral palps on the lateral
sides, without a distinct emargination. papillae on the posterior side of the posterior labium are
narrowly interrupted mestally. The papillac do not extend in the anterior of the anterior labium.
The papillae are thick, cyiindrical with blunt tips.

The anterior labium is with a continuous row of karetinized dark brown teeth, while the
second row is small on each side asitis broadly interrupted mesially. The posterior labiumis with
three complete rows, the third, which is the outermast, is very small, about onfthird of the size
of the first two. The teeth are uniserial in arrangement. Each tooth consists of three tiers of similar
pieces, one lying on the other, one at the top is in use. Each piece (the functional tooth) is less than
0.5 mm in length, with free flattened tip, which is orally curved and produced into three sharp
cuspsoneach lateral side. The base of the tooth is cylindrical and embeded in a muscular pad (Fig.
22). The dental formula for Rana syhadrensis tudpole is 2 (2) /3

The beak blades are thin and delicate. The anterior beak is broadly arched with fine
cirrated edge, while loweris V-shaped and has a cirrated sharp edge. The lateral flaps of the oral
disc are thick with no apparent emargination and are produced into thick filiform papillae. the
papillac along the posterior flap are arranged in a double row on each side of the oral disc. At the
commissure of the beaks, on each side, there are thick lobulations of this part of the oral disc,

alternating with deep furrows.
Description of the Oropharyngeal region

Ventral buccal (Fig. 23): The ventral buccal of Rana syhadrensis tadpole at Stage 35, is

triangular, It is narrower anteriorly and broader posteriorly with base bowed out. The prelingual



Fig. 22. Rana syhadrenyis 1adpole, eeth. Scale 1 mm.



arena is small and narrow, with a pair of short infralabial papillae on each side, of which the
anterior papilla is a narrow palm produced into short cirrations on its free margin. The posterior
infralabial papilla is also palmate with 4-5 longer cirrations.

The tongue analage is indistinct, is in the form of a slight thickning located at the anterior,
mesial part of the BFA. There are four a;t;nuatcd simple lingual papillac arising from the center
of the analage and are arranged in a transverse row.

The buccal floor arena (BFA) is bowl-shaped, it is wider anteriorly narrower posteriorly
with a deep floor. Its middle part is quite spaceous in the middie. Overall it is wider than long.
There are four BFA papillae arranged in a staggering row on each side of the BFA, and are all
mesially directed. The middle pair consists of longest papillae, each with one blunting at the
middle and a bifurcated tip, while first, third and fourth pairs are simple, smaller with fine tips.
The BFA papillae of Rana syhadrensis tadpole are fine, unlike those of other tadpoles studied.
About 30-35 pustules are scattered at the center of BFA and few extend on to the bases of BEA
papillae. There are about 8-10 prepocket pustules on cach side of BFA. A pair of mole like
tubercle lies at the midanterior region of BFA. The buccal pockets are oblique, narrow and form
an angle of 75 with the longitudinal axis of ventral buccal. The anterior lip of buccal pocket is
thick and its innertip curved inwards like a strong hook. The posterior lip is indistinct and flushed
with the general surface of the BFA, The perforation of the buccal pockets is difficult to ascertain.

Theventral velum is a distinct, uniformly broad strip. Its anterior border is indented at the
level of second filter plate, while posterior border is considerably irregular. There is a distinct
median notch over the glottis, which is half exposed.

Velarbuccal surfaceis covered over with secretory pits. The subvelar surface on the other
hand iscovered with fine, paralle! mansverse ridges, spreading across it. A distinct torus is present
between second and third filter plate under the ventral velum (Fig. 24).

Ventral pharynx: The pharyngeal basket is about half the size of the ventral buccal. Itis
more lateral than mesoid in disposition. Each branchial basket has a distinct Jateral bulge which
gradually narrows down mesoid. The bask-::?n:c broader than long,

Twobranchial cavities arg visitilein dgrsal view, firstlying between firstand second fgter
p.ates, is the longest and deeper, about 1/4th of itis under the velum, while second is transversﬁlly
enlarged, formed by the coalesce of the seccond and third filter cavities. It is shallower than the
first, Its about one third part is under the velum, The filter plates vary in length from 1.3-1.5 mm.
the first filter plate is vertig:l; and longest, not atiached to the velum, while second is narrower



Fig. 23. Rana syhadrensis tadpole, buccopharyngeal floor. Scale T mm,
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and vertical, slightly attached with the velum (Fig. 24). The third and fourth filter plates are
horizontal, they abut along their bases. Number of filter rows in the filter plates vary from 5-14
and are widely spaced (see Table VI). The filier rows are on one side of all the filter plates.
The filter ruffle is moderately developed with 2degree foldings. The filter canals are open
and are as wide as decp ordecperthan wide. Generaily the filtermesh is loose due to small number
of filter rows on the filter plates.
Theesophageal canal is moderately broad. The lungs at Stage 35 are well developed, with

Table VI. Branchial region of Rana syhadrensis tadpole
at Stage 35 (ddta from 10 specimens)

Ceratobranchial (cb) Filter plate Filter plate Filter rows on
supporting the filter plate length breadth filter plates
cb. 1 1.4-1.5 0.4-0.42 13-14
cb. 2 1.25 0.5-0.53 : 7-8
cb. 3 1.0 0.6-0.63 7-8
cb. 4 0.8 0.7-0.7 4-5

alveolar chambers, filled with air and have papery thin walls.

Dorsal buccal (Fig. 25): The dorsal buccal of Rana syhadrensis, at Stage 35, is pear
shaped. it is anteriorly narrow and widens posteriorly, and is longer th%{ wide. The prenarial
arena of this tadpole is dome-shaped, and is as broad as long, due to the overbitc of the upper beak.
Oneach side, a lateral row of 4-6 small tubercles converge mesially in the midprenarial arena and
become continuous witit each other.

The internal naries are prominent featurc of the narial arena. Each nare is a distinct
transverse slit. The anterior narial valve is narrowerthan posterior. The anterior valve is produced
into a distinct process with cirrated tip, in the middle, representing the prenarial papilla. The
postnarial papillaislonger, mesially directed, lying between postnarial valve and the lateral ridge
papilla. It is all over tuberculated. The midinternarial side of the narial valves is produced into
4-5 cirrated processes. The postnarial arena is inuch broader than long. The lateral ridge papilla

is longest, with cirrated anterior face and three cirrated bluntings. There are 8-10 pustules in the
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Fig. 24 Rana syhadrensis wadpole, subvelar secreiory tissue and attachment of filter plates,

diagramatic. For abbreviations sce page .
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midpestnarial arena. The median ridge 15 low, thrice as broad as deep, with cirrated frec edge.

The buceal roof arcna (BEA) ts spucious, and gradually broadens posteriorly. There are
three long aucnuvated BRA papillae, with fine tips arranged 1 a laeral staggering row. The
anterior two pairs of BRA papillac are longer than last pair, about twice their size. At mid BRA
there are 40-45 pustules, uniformiy scattered, concentrated in the posterior buccal. The dorsal
buccal glandular zone 1s a thick broad band, with many scattered melanophores, especially along
its latcral sides. The glandular strip bounds BRA along posterolateral sides. The dorsal velum is
wavy and gradually narrows mesiaily, where 1t is separated from that of the other side by a wide
gap equaliing the breadth of the median ridge. The outer pressiire cushion is thick and broad,
indistinct from second and third which are coalaced and transversely disposed. The ciliary

grooves ire not resolveable,
Diago(@sis of Rana svhadrensis tadpole
A

Characteristic features of oropharyngedd region of tadpole of R, syhadrensis arc as
follows:
1. The oral disc 1s ventro-anterior, with literal palp and a fringe of characteristically thick blunt
papillac along lateral sides.
2. The dental formula for this tadpole is 2 (2) /3. A woth consists of three ters of similar teoth-
pieces, the onc at the (op is functional,
3. The tooth piece has a cylindrical base, with spatulated free part produced on sides into three
sharp cusps.
4. The beaks are narrew plates with sharp cirrated edges.
5. There are two pairs of flat infrajfabial papillae with free sides finely cirrated.
6. The nares are small and transverse with well developed valves. The prenarial valve has a short
flat papilla with cirrated edge. The mesial border of the narial valves is produced into fine
cirrations.
7. There is a single postnarial papilla posterior 1o the postnaial valve, with bluntings all over it
8. There are four BFA papillae, on each side, which are long and simiple, the second papilla is
longest and fine with a pair of sharp bluntings on its anterior side.
9. There are three pairs of BRA papillae, which are simple and attenuated, and have fine tips.

10. A single lateral ridge papilla, on each side, is longest with three bluntings on its anterior side,
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The bluntings are cirrated, similar is the tip of the papilla.
11. The median ridge is low, about four times as broad as deep, with cirrated free margin.
12, The branchial basket is 25% of the length of the oropharyngeal region, with two filter cavities.
13. There are only primary filter rows, 4-14 on a filter plate. The filter ruftle has low density.
14, The buccal glandular zone extends along ventral and dorsal velum in the buccal cavity. It
consists of fine pits. The subvelar tissue consists of fine parallel secretory ridges, whichin second
filter cavity, formfa distict torus.
15. The buccal pockets are hook-shaped at inrer end, and are feeble. Posteriorly they are flushed
with the floor of BFA, '
16. The lingual analage is with four simple papillae.
17. The BFA and BRA arc broader than long and are wide trough-shaped.

Annandale and Rao (1918) gave dental formula for Rana syhadrensis tadpole as2 (2) /
13, apparently 13 is amisprint. Boulenger (1920) mentioned one pre and two postoral tooth rows,
while in another specimen he records five tooth rows.

The Fig. 78, in Liu {(1950) shows tadpole of Rana limnocharis in lateral view, it closely

resembles that of R. syhadrensis .
Ecological adaptations of Rana svhadrensis tadpole

Ranasyhadrensis tadpole were collected from shallow seepage pools and water channels
with standing water and rEFcIy from large pools and ponds. The tadpole is seen making up and
downward movements perigfddically in the waier, as if trying to stay for long period in the water
column. Moreover, the tadpole gulps-in water consiantly as Microhyla ornata tadpoles do. 1talso
feeds on the submerged vegetation. Apparently this tadpoles is capable of feeding on fine
planktonic particles which are suspended in water column, as well as coarse vegetative material
which it scraps from the submerged surfaces with the help of its keratinized mouthparts.

The buccopharyngeal processing of coarse as well as fine planktonic particles, is clearly
depicted by the oropharyngeal morphology of R. syhadrensis tadpole, There is reduction in BFA
and BRA papillation, fine cirrations on buccal papillae, low filter mesh on filter plates depicts
that the coarse food particles on which this tadpale feeds is of moderate size. On the other hand
efficiency of mucous entrapment system is depicted by the fine porocity of buccal glandular

surfaces, fine ridged pattern of subvelar secretory tissuc and specialization of subvelarridges into
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a distinct food trap in the form of a distinct torus, which indicates spccialization of this tadpoles
to feed on uitra fine particles. n

Rana syhadrensis tadpole is mainly adgpted to stream habitat, where a constant washout
of the planktonic nutrient takes place, and for some time the tadpolc had to live on scrappings
from submerged surfaces. Monsoon period is unperdicftable in the temperate environs of the
plains of Punjab, Pakistan. Some time rain comes in the form of continuous showers almost daily,
while at times it is intermittent, there being several dayes between two showers. Small pools and
puddles getdried before the next spell comes, killing all the tadpoles at the site. Rana syhadrensis
breeds in the p%’idy fields, where a constant level of water is ensured, and it is rich in planktons
(Khan and Malik, 1987 b).

Rana syhadrensis and its congeners (Dubois, 1984, recognizes 12 species) are widely

distributed in the peddy producing arcas throughout southeast Asia.



Fig. 26. Rana tigerina radpole, latral view. Scale 1 mm.
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RANA TIGERINA Daudin

The “tiger frog’ is the largest amphibian in the plains of Punjab. It frequents the marsh:
areas, grass around ponds and puddles (Khan and Tasnim, [987). It 1s reported from throughou
Pakistan and Azad Kashmir, except highltand of Balochistan (Khan, 1976, 1979, 1980). Its usua
habitat is marshy tand with occasional puddles and thick 1o moderite vegetation, supporting
various types of arthropod fauna, which forms its primary food. On slightest provocation, the frog
jumps into the deep water and burrics 1tsell in the debris at the bottom. This frog is voraciou:
feeder, feeding on a varicty of food items (Khan, 1973). |

Rana tigerina 1s a sporadic breeder. Breeding starts with first monsoon shower and last:
till midmonsoon {Khan and Malik 1987 b). Breeding males develop charac@cristic yellow body
colouration. They gatherin low lying arcas to which the rain water is fast receding, and croak in
chorus. Its characteristic nasal voluminous “cronk, cronk,” is a common noise around marshy
areas in Punjab, during monsoon rains. The cggs are laid in small loose patches, which float for
some time, soon to sink in the deep water (Khan, 1982 b).

The tadpole of Rana rigeriza has an clongated muscular nonbulging body. Its tail 1s very
muscular, almost round in cross section, with narrow weak {ins. The tadpoles are solitary,
primarily carnivorous and are voracious leeder. Their primary food consists of tadpoles which
may be of their own kind or of other amphibians, plus other creatures living in water (Mohnaty-
Hejmadi and Dutta, 1981). it is never observed feeding on vegetation, Breeding time of Rana
tigerina coincides with that of Bufo stomearicies, 1he larvae of which form the main food item of
its tadpoles.

Material: The tadpoles of R tizerinag veere collected lform different localities along
northwestern border of Rabwah City, during carly monsoon rains. comparative material was
available from Ghakkhar, District Gujramwala and Datta and Manshery, N, WoF. P, collected
during 1976.

References: Flower (1899) described and iilustrated tadpole and its mouthparts, while
Ferguson (1940) gave an account of the mouth paris supplementing that given by Flower, SE'}eml
short notes on eggs and larvae of this amphibian have been appearing in literature (Annandale
and Rao, 1917; McCaan, 1932; Minton, 1966; Duniel, 1975; Dutta and Mohnaty-Hejmadi, 1976;
Mohnaty-Hejmadiand Dutta, 1981; Khan, 1982 b). Khan (1969) has arranged carly development
of Rana tigerina into stages. Khan and Malik (1987 b) have described the breeding habits and
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Fig. 27. Rana tigerina tadpole, oral disc. Scale 1 mm,
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larval developmental ecology of this frog. Chako (1965) has reported in the mctamorphosis of
the hyolaryngeal apparatus of this tadpole, so far no work has been donc on the oropharyngeal
morphology of Rana tigerina tadpole.

Tadpole (Fig. 26): The tadpole of Rana tigerina at Stage 35 is a muscular creaturc, with
an almost cylindrical body and tail. The body is oblong, almost as broad as high, without lateral
abdominal bulge. the lateral abdominal walls of the sides are almost parallel to each other, while
the belly ventrum is flat, The infraocular region, on ¢ach side, is distinctly bulging out, due to
enormous development of the jaw musculature. At this point the body is widest. The snout is
nearly semicircular, o¢ccupied by the oral disc, which is well developed, without a fringe of
papillae. The teeth are biserial in arrangement, and the beak is quite strong. There are extra
keratinized structures in the buccal cavity, keratinized tipped lateral spurs lie at the angles of the
mouth, while there is a broad keratinized plate in the roof of the buccal cavity.

The eyes are large, dorsal in position, [ying in the anterior half of the body. Small external
nares are dorsolateral and arc nearer to eyes than to the tip of snout. The spiracle opening isround,
lying at the midleft of the body, nearer to the end of the body than to the oral disc. The spiracle
tube is small, its base about three times as broad as the diameter of the spiracle opening. It is
posterolaterally directed at an angle of450with the median axis of the body. The anal tube is mesial
and collapsed, its dextral or sinistral position is not clear,

Tail is long. about two and hall times longer than the body. The base of tail is almost as
high as the body, subcylindrical and has an even taper. the posterior onc fourth of the tail is much
narrower, and is heavily pigmented. Ihe tail is acutely pointed at the tip.

Colouration: The body is grey, meclanophores are concentrated below eye and along body
latrum. Dark specks are present on tail and tail fins, while the narrower posterior ori'founh part
of the tail is heavily pigmented.

Measurefents (in mm): Body leagth 12.5-13; wil length 24.5-25.9; total length 38.9-40;
greatest breadth of body (at the level of eyes) 7-7.13; laterorbital space 2.2, internarial space 1.6-
1.8; tail muscle height (at base) 4.8-4.95; tail height (at midtail) 6.5; body depth 6.1.

Oral disc (Fig. 27): The oral disc of Rana tigerina lies at the anterior end of the body.
Itencloses a large, distinct circular area. The oral papillae are absent, the disc is emarginated on
the sides. The anterior labium is broadly arched and has an outer complete and four inner broadly
interrupted rows of keratinized biserial teeth. The inner most, fourth row is irregular, and it is

about half the size of the outermost interrupted row, The posterior labium is with two outer most
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continuous rows while inner three are broadiy interrupted mesially. The second complete row is
longestextendingon to the full length of the labium. The dental formula for Rana tigerina tadpole
is 5 (4+4) /(3+3)5. atypical tooth is 0.4 mm long. Its basal part is cylindrical, gradually tapering
to the pointed tip.

The beak is prominent feature of the oral disc. It consists of anterior strongly arched
keratinized half which is mesially produced on the anterior side into a large cirrated tooth, and
posteriorly it encloses the anterior part of the prenarial arena. It is laterally produced into flattish
flanks which enclose the lateral processes of posterior half of the beak. The free edge of the
anterior beak is stronly cirrated. The posterior beak is thicker than anterior, it is mesially
excavated into a U-shaped concavity. Its outer edge is sharp noncirrated, when beak is closed the
median cirrated tooth of the anterior beak fits into concavity of the posterior part of the beak.

Extra keratinized surfaces are present in the buccal cavity of Rana tigerina tadpole. A
pair of cylindrical long papiliae lie on sides of the mouth opening. They are tipped with
keratinized plates. A keratinized shicld is present in the centre of prenarial arena (Fig. 31)

The oral disc 1s without papi[lae._ﬁwe rim of the disc is indistinct. The posterior labium is
broad and it is widened, when necessary, into & sucker (Fig. 27). In preserved material it is not

distinctly observeablc.
Pescription of Oropharyngeal region

Ventral buccal (Fig. 29):Yhe ventral buccal of Rana tigerina tadpole at Stage 35, islonger
than broad. The lateral walls of the buccal repion are hypertrophied due to buccal musculature.
The anterior half of the venural buccal 1s narrower than posterior, which is much broader. The
prelingual arena is elongate, separated from rest of the ventral buccal by a distinct lateral
constriction. & series of three infralubial papiliae are present on its sides, in its anterior half: the
anterior most papilla is a broad flat palm, it is orally produced into 2-4 long, thick, blunt fingers,
covered all over with tuberosities. The second and third papillae arc long atennuated with pointed
tips and overlap each other.

The tongue analage is distinct, transversely ovoid, with a pair of medium sized lingual
papillae arising from its middle. The surface of these papillae is covered with tuberosities.

Thebuccal floorarena (BFA) is broader than long. There is amedian longitudinal shallow

groove in BFA, it dialates sideways in iis posterior half. The BFA papillac are few and



Fig. 28. Rana tigerina wdpoleteeth. Scale 0.25 mm.
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inconspicuous. Each papilla is small, much thicker and columnar. BFA papillae are arranged in
astaggering lateral row on the sides of the median groove. Theirtips are blunt, flat, sides and tips
covered with tuberosities, The first BFA papilla is smallest, the second and fourth are slightly
bifurcated at the tips. There are 18-30 pustules scattered along lateral sides of BFA, few are
present in the prepocket region. Similarly pastules arc scattered all over the extra BFA and the
posterior border of BFA.

The buccal pockets are quite small as compared to the rest of the ventral buccal. Each
buccal pocket is transversely disposed in the buccal cavity, with equally developed thick lips, and
is imperforate. ' :

The ventral velum is indistinct, with indistinct anterior and straight posterior border,
showing no jagging or peaks. Its posterior border is thick, a mesial notch over glottis is absent,
instead, the mesial part of the velum is folded forwards to expose the glottis completely. The
velum has a strong spicular support,

Ventral pharynx! The branchial baskets of Rana tigerina tadpole is much abbreviated,
as compared with the buccal region, it is almost one third of it. The branchial baskets, on both
sidgf, lie posterior to the buccal region. Each branchial basket is triangular, broader than long,
enclosing abowl-shaped cavity. The filter plates are loose, ranging in size form 0.8-1.15 mm, and
are narrow, ranging in breadth from 0.17-(0.33 mm. The filter ruffle is loose, poorly developed,
2degree foldings are present, mostly with swollen tips. Number of filterrows on filter plates vary
from 8.10 (see Table VII).

The filtercanals are wide and open. The filter platesare free on their velar side, only feebly
covered by it. First and fourth plates are veriical while second and third are horizontal, and they
abut with gach other at the base of the filter chamber. The secretory pits are large, scattered all
over velar dorsum, are confined to velar margin along subvelar surface. The esophagus is broad,
gradually narrowing posteriorly.

Daorsal buccal (Fig. 31): Dorsal buccal confonms to the shape and size of the ventral
buccal, however there are some obvious differences: the prenarial arena is about twice as long
as broad, and itis not dome shaped, ratheritis flat, unlike that of otherranid tadpeles. The anterior
brak is straight and does not overbite. A kerutinized shield lies at the roof of midprenarial arena.
The peculiar lateral columnar narial papillais tipped with a keratinized plate and lies ateach angle
of the mouth. Internal nares are distinct and transverse with thick lips, they are much smaller as

compared to the width of dorsal buccal. The unterior narial valve is narrower than the posterior
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[able VIII. Oropharyngeal region of ranid larvae. Data for R. blythi (bly), R. finchi (fin), R. ibanorum (iba), R. ingeri (ing),
R. kuhli (kuh), R.laticeps (lat), R. luctuosa (luc). R. palavanensis (pal), R. chalconota (cha), R. signata (sig) from Inger
(1985), and for R. hazarensis (haz) from Khan and Malik (1987 a). Explanation: abbreviations in parenthesis denote

name as used in the table. d=deep, p=pustule, s=shallow, vs=very shallow.

aracter state Taxa
cya syh tig bly fin iba ing kuh lat luc pal cha sig  haz
ly length (average) 18 ¢ 7 11 8 10 10 9 § 6 8 18 14 25
it length (average) 42 19 40 36 23 26 28 26 747 24 48 41 71
tal formula
Anterior labium I 1 5@5 1 2@02@) 22 2@) 2@ (1) 7 4@4) 3(2-3) §(2+48)
Posterior labium 203 5(I-2() 2 3y 2y 2( 21 37 2y 2() 21
aber of papillae/side
Infralabial 2 2 3 2 1 ! 4 4 4 4 4 2 P 2
Lingual 2 4 2 4 4 4 4 4 4 4 4 2 4 2
BFA 17-20 7 34 6-7 7-8 10-14 7 1520 4-5 7-8 4-5 57 6-8  5-84p
BRA 6 3 0 6 5 68 5 1011 7 10 5 4-7 4-5  9-104p
Prepocket 46 1-10 0 12p 8 6 p 6p 7T 7 25 p §8-10
Postnarial 5 1 1 1 1 1 1 1 7 1 ? 7 2 2
ral ridge 1 1 0 3 | 1 ? 1 70 7 0 0 5
r peaks 3 0 0 2 0 6 46 6-8 1 5 1 5 4 8-10
“cavities 3 2 1 3 3 3 3 3 3 3 3 3 3 3
h of brancheal basket d s Vs ? 707 ? ? 77 7 ? ?
15 on teeth 0 6 1 5 ? 9 5 4 77 7 12-15 12-15  9-10
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Fig. 30. Rana tigerina tadpole, subvelar scerctory iissue and attachment of filter plates,

diagramatic. For abbreviations sce page 11,
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Table VIL Branchial region of Rana tigerina tadpole
at Stage 35 (data from 10 specimens)

Ceratobranchial (cb) Iilter plate Filter rows on
supporting the filter plate length breadih filtre plates
cb. 1 1.0 0.2 6-7
cb. 2 115 0.4 ' 9-10
cb. 3 0.8 0.4 9-10
cb. 4 0.8 0.6 8

which is about four times its breadth. There is a medium sized prenarial papilla, with tuberositics
all over, arising fron the middle of the prenarial valve, while the postnaral papilla is similar but
lenger in size, arising well posterior (o the posterior border of nartal valve. The postnarial arena
is distinct, broader than long, without any speeiad topography.

Themedianridge isdistinet, almostrectangular in shape. Itdelimits postnarial arena from
buccal roof arcna. The ridge is about twice as broad as high, with slightly sloping sides, without
jegging or any irregularity at its surfuce. A fueral ridge papilla is absent.

The buccal floorarena (BFA) is flat. L suddenly widens just posterior of the median ridge.
It is about twice as broad as long, BEFA parillae are absent, Pustulations are scattered in groups
at special parts of BFA. First group of 30-50 pustulations lie at the centre of BFA, running
mesially, front anterior to the posterior extent of BFA. The sccond group of 12-20 pustules is
arranged in staggernng double row on cach side of BRA. A transversc row, 2-3 pustules thick,
lines the posterior border of BRA, continuing with the other groups of pustulations. The dorsal
velum s a narrow strip, broader on sides, gradually narrowing mesially, where continuing as a
very low staggering ridge. The pressure cushions are not distinet from each other. The sides of
the pressure cusions are thick becoming narrower towards mesial axis of the body. The ciliary

grooves are broad and shallow.
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Diagnosis of Rana tigerina tadpole

Comparative oropharyngeal features of the Rana tigerina tadpole are as follows:
[, Tooth rows arc hypertrophied on both labia, and the dental formula 1s 5 (2-5) /(1-3) 5.
2. the oral disc is without palps and papillac.
3. A typical tooth is cylindrical, tapering at a pointed tip. Teeth are arranged in double rows
(biserial).
4. The beak is thick and broad frontally. Its antertor half has cirrated edge with a median tooth,
while the posterior half is sharp, with amedian concavity into which the tooth of the anterior part
of the beak fits when the beak is closed.
5. There are additional keratinized structures in the buccal cavity.
6. There are three infralabial papillae, first is palmate, produced into strong three fingers. All
papillae are covered with bluntings.
7. 'The internal narcs are small as compared to the breadth of buccal roof. They are transverse,
with thick valves and pre and postnarial papillac.
8. Buccal pockets are small, transvcerse, with thick lips. There are no prepocket papillae.
9. Lingual analage is with a pair of lingual papillae, which are tuberculated all over.
10. Both BFA and BRA are spacious, flattish and broader than long.
t1. There is general reduction in the numbcer of buccal papillation, BEA papillac are 4-6, are as
short stumpy structures with flat tuberculared tips.
12. The BRA is with pustules all over, papillae being absent.
13. Buccal musculature is hypertrophied.
14. The branchial basket is about 15% of Uhe oropbaryngeal region. There is a single filter cavity
on each side.
15. Buccal as well subvclar secreiory tssue is pitied, The pits are large and distinct. There are
no secretory ridges.
16. Filter plates are loose, with 6-10 filter rows. The filter ruffle is with 2 degree doldings. The
filter canals are wide and open. There is no food trap.
17. The lungs are large and functional.

inliterature there is considerabie cbﬁi"u:;h;n regarding the number and arrangement of the
tooth rows on the oral disc of Rana tigerina tadpole. Annandale and Rao (1918) recorded five

tooth rows on each labium in the tadpoles collected form castern Himalayas. Boulenger (1920)



Tabie I1X. Compurison of the buccal morphololgy of amphibian tadpoles from plains of 1
Pakistan (bi=bilfurcuicd; ex=cxposed; im=imperforate; kp=keratinized; lo= longin
me=membrane; nx=not cxposced; pe=perforate, pu=pustule, si=simple, sm=st.
musculian sp=serics of pustules; pm=paptllary membranc; . tr=trans
wm=weakly muscular; en=cntire; or=Microliyla ornata; si=Bufo siomaticus; cy-

cyanaphiveric; sy=R. syhadrensis; U=R_tigerina; +=presenty—=absent).

Character Or st cy Sy ti
Sucker - + + + +
preoral tooth rows (j 2(2) 1 2(2) 5(2-5
Post oral tooth rows 0 3 2 3 5 (3-5)
Number of cusps on a tooih . 10 () 0 ()
Aunterior beak cirrated - + o+ + +
Posterior beak cirrated - + + 1 _
Buccai wall W) Wm s wim sm

Length of buccal cavity percentage

of buccopharyngeal length == 27-30 0465 G1-62 72-73 80-82

Labial palps : -+ + + -
Labial papillae - + + + -

Lingual paptllac 0 4 s 2,2 bi 2,4 51 2, si
Prenar,.,, ) i pe e pe pe
Postnaria] papillae 2 0 i 1 [
Median ridge 3me 0 5 ] ]
Lateral ridge papillac - + + + +
Buccal pockers () ! ! 1 0
BRA papillac o i ir tr tr
BEA papillue O 4,2 bi 3 3 pu
Ventral velum O e 4 25-30, IS bi 4 4
Glottis ol cn en en en
Lung function Lx nx e ex ex
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Fig. 32. Lungs of anuran tadpoles at Stage 35(Khan, 1965). Scale 1 mm.
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and Boulenger and Annandale (1920) recorded dental formula for this tadpole as 3-4/4-5 rows,
and an entirely papillated oral disc. Liu (1961) recorded 4 (1-4)/4(1-3) in the tadpole of this frog
from China. While Fig. | and 2 in McCaan (1932) are sufficient to show that this author has
confused tadpoles of Rana cyanophlyctis with that of R. tigerina, and had produced a tadpole
which is like neither of the species. Minton (1966) has recorded the edges of the both halves of
the beak smooth, three long and two short rows of teeth on the anterior lip, while the posterior

labium is with two long and one short rows and has a lobulated margin.
Ecological adaptation of Rana tigering tadpole

Rana, tigerina breeds in ephemeral puddles and shallow parts of large water bodies in
the low lying areas. Later the tadpoles migrate to the deep water, where they confine to the
bottom. Dorsally placed eyes of this tadpole cnable it to sce the animal activity taking place in
the water column. As prey comes in its striking range, it at once darts and grabs it in its powerful
jaws and drags it to the bottom. The powerful muscular tail with low fins enables quick and agile
movements of this tadpole. Camivorous water creatyres like predatory fishes, niads, turtles ete.,
are avoided by the tadpole by conﬁningtto the l@ﬂfﬂ‘:ﬁatcr among the roots of the submerged
grasscs,

Insituations where larvaec of both R, evanophiyetis and R. tigerina are present, they avoid
each otherdue to their peculi@fecologicul adaptations. Tadpoles of R. cyanophlyctis take refuge
under the debris accumulated at the bottorn. Moreover, breeding time differs in both species
(Khan and Malik, (1987 b), so confrontation between the two Iawaeqﬁe quite rare.

Ranatigerina tadpole rises up to the water surface, periodically, since its benthic habits
1s low in Oxygen. Its ascending and descending movements are very quick, almost darting type,
since at midstrearn it 1s highly exposed to the attackof its enemies, In ephemeral shallow pools,
because of high xygen, these movemenis are off and on.

Ranatigerina tadpolcsisoblipate :rmcmpln@im carnivore, feeding on tadpoles of its own
kind and those of otheramphibians. Usually, tadpoles of Bufo stomaticus fall prey toit. Tadpoles
of R. syhadrensis, R. cyanophlyctis and Microhyia ornata form its rare food item. The food of
this tadpole also includes water beetles, bugs, niads, larvae of fishes, Cyclops and Daphnia. The
latter two forms are drawn in with the current of water, and are retained by the filter ruffle in the

filter cavity. It is the only planktonic food on which R. tigerina tadpole can feed.
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Table x. Comparison of morphology of pharyngeal region of anuran tadpoles studied.

(Figures in parenthesis represent number of filter cavities which have fused

together) ridged pattern =

; pitted pattern=.....; or= Microhyla ornata;y

st=Bufo stomatics, cy=Rana cyanophlyciis; sy=R . sylhadrensis; ti=R. tigerina; all

measurements in mn.)

Character

or

St

cy

8y

Li

length of branchial basket
in pereentage of
buccopharyngeal length

Largest branchial plate

Length of largest branchial
plate

Breadth of largest branchial
plate

No. of filter rows on largest
branchial plate

Nc. of filter cavities in
branchial basket

Composition of subvelar
SCCICLory Lssue

Branchial food trap

tori per side

he
)

)

34-36

9)

38-40
II

2.5

1.12

12-14

28-30)

0.4

13-14

1(2+3)=2

18-20
I1I

015

0.4

9-10

1(7)




Interspecific Comparison of the Oropharyngeal
Morphology of genus Rana

Taxonory of the frogs belonging to the cosmopolitan genus Rana, has always posed a
problem for the herpetologists (Boulenger, 1920; Pace, 1974; Afzal et al., 1988). Dubois (1984,
1986) has partitioned genus Rana into several genera and subgenera, rearranging various ranid
taxa. According to him present taxonomic posiiion of the frogs from the plains of Punjab is as
follow:

Rana cyanophlyctis=QOccidozyga (Euphlyciis) cyanophlyciis
Rana syhadrensis=Rana (Fejrvarva) syhadrensis
Rana tigerina=Limnonectis (Holobatrachus} tigerina

Tadpolcs of frogs of closely allicd species are difficult to be 1dentified from each other.
Speciesof Ranapipiens complex have alimost similartadpoles (Wassersug, 1976) TiokdadF3 06k
The three frogs found in the plains of Punjab are quite different in their adult as well as in tadpole
morphology and are casily distinguishable form cach other (Khan, 1976; Khan and Tasnim,
1987: Khan, 1982 a).

So far few works are known conccrnirn'g the oropharyngeal morphology of ranid tadpoles.
Savage’s (1952) account of Rana teinporaria dosc not contain details of the oropharyngeal
structures. However, Inger (1985) has desceribed and illustrated in details the oropharyngeal
anatomy of Rana blythi, R. finchi, K. ihanorion, R. ingeri, R. kuhbli, R. laticeps, R. luctuosa, R.
palavanensis, R. chalconota and R, signata, tadpoles from Borneo. Recently, Khan and Malik
(1987 a) have described the oropharyngeal morphology of R. hazarensis, atorrenticole tadpole
from western Himalayas.

Inthe following scetion a comparison is made of these known oropharyngeal morphologies

with those described in the present work, und general characters of a ranid tadpole are described.
Oropharyngeal Morphology of 4 ranid tadpole

Table VIII compares the know morphologies of ranid tadpoles. The ranid tadpoles are
large, ranging in size from 13-71 mm, whilc tiilless body measures from 8-25 mm. The tail fins
are narrow to broad. The tail muscles are very thick. The oral disc is well developed, anterior or

anteroventral in position. The anterior lubiwm is with 1-8 and posterior with 2-5 rows of



keratinized tecth, most of the inner rows are mesially broadly interrupted. The tecth are cusped,
rarely simple. The beak is strong, sharp edged, cirrated. Morhology of oral disc and its
components reflects adaptive radiations of the tadpoles, and the nature of tadpole’s food. In
carnivorous tadpoles there are additional keratinized surfaces in the buccal cavity.

The infralabial papillae are usuallgf‘;pa]matc, 1-4 in number; lingual analage is distinet
with 2-4 papillae; BFA papillae are 3-20, while BRA papillac are 0-11 per side. The buccal arenae
are with several pustules. The prepocket papillae vary from (- 10 plus several pustules. Postnarial
papillae are 1-5, the median ridge is well developed and broader than long. There is a single to
several lateral ridge papillac which are simpie or ornamented. The ventral velum is well
developed, always supported by strong spicules, the posterior border of the velum has 0- 10 peaks.
The branchial basket is distinctly reduced in size as compared to the buccal region. The filter
cavities are [-3, shallow, with a tendency of mergence of i filter cavitiesdﬁﬁh each other. The
secretory tissue is composed of secretory pits and secrctory ridges, even branchial food traps are
presentin the form of distinet tori, according to the feeding habits of the tadpoles, which vary from
periphyton grazing type to specialized macrophagus carnivorous. Several species are specialized

. Q. o - .
microphagus and some are dtritus fecders. Rana tadpoles are primarily benthic in habits.
et

Intergeneric Differences in the Oropharyngeal
Morphology ol the Tadpoles.

Tables VIII and IX summarise the intergeneric differences in the oropharyngeal mor-
phology of tadpoles belonging to genera Bufo, Microhyla and Rana. Bufo and Rana tadpoles
share certain characters; however, there are saveral features in their morphology which

W}
distinguish them from each other, Wile Microhyla tadpole is typical.t differs distinctly from

Bufo and Rana tadpoles. Important intergeneric oropharyngeal differences are as follows:-

Oral disc: Microhyla tadpole lacks a typical oral dise with keratinized tooth rows, beaks and

palps, while a typical oral disc is present in both Bifo and Rana tadpoles.

Buccal region: Buccal region of Microhyla is less than 30% of the oropharyngeal cavity, while
it is more than 50% in Bufo and Rana tadpoles.



Lingual papillae: There is no lingual papilla in Microhyla tadpole while 2-4 lingual papillae

are present in Bufo and Rana .

Buccal pockets: The buccal pockets are longitudinal and without lips in Microhyla, while they

are transverse and lipped in Bufo and Rana tadpole.

[nternal nares: The nares are imperforate in Microhyla, While these arc perforate and valvular

in Bufo and Rana tadpoles. Bufo does not have nanal papillae, which are present in Rana.

Median ndge: There is no median ridge and lateral ridge papilla in Microhyla, while both are

present in Bufo and Rana.

BRA papillac: Bases of BRA papillae are coalesced to form a fine membrane in Microhyla,
while in Bufo and Rana these papillae are distincet and lie on the lateral sides of the buccal roof
arena.

A
Ventral velum: The ventral velum in Microhyla is mesially divided by the anterior cxten}\ion
of prolonged trachea, while in Bufo and Kana tadpoles it is entire, since these tadpoles do not

have a trachea,

Glottis: The glottis in Microhyla tadpolc lies in the buccal cavity, well anterior to the ventral
velum. The glottis of this tadpole is large, withj{ large glottal disc. In Bufo and Rana tadpoles,
glottis is small with smaller glottal cartilage and it lies ventral to the ventral velum, between the

branchial baskets. In Microhyla thereis a preglottal papilla, while thisis absent in Bufo and Rana

Lungs: The lungs in Bufo tadpoles are poorly developed and are non functional at Stage 35

(Khan, 1965). In Microhyla and Rana,]uﬁé\;"ull developed and functional.

Subvelar secreiory tissue: The subvelar surfuce in Bufo tadpole is covered mesially with pitted
secretory surface, while on lateral sides the sccretory tissue is ridged. The fine ridges are
transversely parallel to each other. while whole of the subvelar surface of Microhyla tadpole is

ridged, the ridges arc finest. In macrophagus Rana tadpoles (R. rigerina) pitted tissue is present,
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the pits are largest, scattered along the velar margin, while in Rana tadpoles feeding on smaller

food paticles (R. syhadrensis, R. cyanophlyctis) ridged pattern is present.

4
Buccal musculature: The buccal musculature of Rana tadpoles tcnsto be hypertrophied,

extreme conditions are seen in camnivorous tadpoles, while Microhyla and Bufe have normal

buccal musculature.

Branchial baskets: Branchial baskets arc more extensive in Microhyla, and are more than 70%

of the buccopharyngeal region, while they are less than 50% in Bufo and Rana tadpoles.

Filter cavities: The tadpole of Microhyla has most extensive three filter cavities, while Bufo
tadpole has predominantly one cavity formed due to coalescence of three filter cavities. Number

of filter cavities in Rana tadpoles vary according to the feeding habits of the tadpole.

Filter plates: Microhyla tadpole has largest filter plates, while in Bufo and Rana they tend to
be smaller with loose filter ruffle.

Filter mesh: Microhyla has tight filter mesh, while it is loose and simplified in Bufo and Rana

tadpoles.

The above stated points pertaining to the tadpole’s oropharyngeal morphology well
differentiate the tadpoles of genus Microhyla, Bufo and Rana from each other.,
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DISCUSSITION

In the following section, morphlogy of the five amphibian tadpoles described in the first
part of the present study, is correlated to its functional role. Though considerable work exists on
the external as well as internal morphology of the amphibian tadpoles, however, little work is
available on its tunctional aspect.

Wassersug (1973) defined an anuran tadpole, as an independent, free living, nonbreeding
vertebrate, facing all environmental processes confronting any aquatic animal. Tadpoles differ
from each other in body shape, tail morphology, buccopharyngeal region, locomotion, feeding
habits, disposition of eyes and spiracle, and in general habits and ecology. Most of these tadpoles
are sympairic, the morphological differences among syntopic larvae can be explained on the
basis of larval habitat and dietary preferences (Ilills, 1982). Mostly the interprctation of
functional autecology of the amphibian tadpole is speculative and hypothetical (Wassersug,
1980). However, the functional correlites presented here are mostly based on my observations

on tadpoles in nature and in Jaboratory.

Functional Correlates of the External Morphology
of the Amphibian Tadpoles

Body shape and form: Body shape and form is correlated with the micro and macrohabitat
of 3 tadpole. The body of Bufo and most of the Rana tadpoles bulges sideways. this indicates
their benthic type of habitat. The heavy globose body of the tadpole does not allow it to swim for
long distances. After a sprint, the tadpole SIIltt[Ci down, due to strong drag forces on this type of
body form (Wassersug, 1989). On the other hand, Microhyla ornata tadpole has a swreamlined
body, with dorsoventrally depressed head and laterally compressed abdomen, like the common
dogfish Scoliodon sorrakowah. This tadpoles is lentic-nektic in habits; it neverrests at the bottom
of water while constantly swims at midwater (Khan, 1982 a). Body of R. tigerina, unlike its
sympatric ranid tadpoles, is cylindrical, almost round in cross section, a foym suited to stream
adapted tadpoles (Wassersug and Heyer, 1983). Cylindrical muscular body of this tadpole, is an
adaptation for fast swimming. Thts tadpole typically darts from gne place to another, resting
for short periods only. Such a swimming behaviour Lp&;}tﬁ)}b{ carnivorous habits. It can

out swim all its sympatric tadpoles.
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Position of eye: Eye is an important photoreceptor organ. A tadpole is able to detect its prey or
enemy f@n a considerable distance in clear water. Microhyla ornata larva has laterally directed
eyes, situated at the lateral most margins of the depressed head, as in Scoliodon sorrokowah.
Their pccuIiE; lateral position on the head cnables this tadpole a constant surveillance of its
surrounding water during its constant lentic midstream swiimnming, On the other hand, the eye of
R._syhadrensis, R. tigerina and B. stomaticus arc dorsally placed, while those of R, cyanophlyctis
are dorsolaterally disposed. Variations in the disposition of eyes in these tadpoles indicate their
normal resting position in natural environments. The slopping sides of a pond presents a varicty
of niches (Loschenkohl, 1986). When a tadpole is lying at the bottom of a pond, its dorsally
located eyes enable it to survey the animal activity taking place above in the water column. This
is the case with R. tigerina tadpole, which is benthic and lolls at the bottom most of the times.
The detritivorous tadpole of R. cyanophiyctis has dorsolateral cyes. It rests at higher level

at the pond bottom, so as to be at the look out for it predacious encinies, and surveys other graziug
sites.

Bufo stomaticus tadpole is mostly littoral, usually confining itsclf 10 the shallow marginal
waters, Its dorsal eyes move to dorsolateral side as it advances in age and moves to more deeper
water, feeding on submerged vegetation, On ¢he other hand, eyes of Rana syhadrensis tadpole
ar¢ more dorsal than lateral. It swims up and down along the sloping sides of pond, fecding on
the vegetation as well as planktonic bloom. Its dorsal eycs enable it to locate plankton rich strata
in the water column.

Dorsal and dorsolateral position of eyes does not allow a tadpole to sce what it is eating.
In these tadpoles, detection of the position of the food takes place by the circum-oral structures,
like nares, oral papillae and oral palps (Altig und Brodie, 1972), Eyes, in the detritus eating and
herbivorous tadpoles, donot play importantrole in feeding. Incarnivorous tadpole of Rana tigerina,
eyes play importantrole. The tadpolc detects its prey with the help of sight, and while it is feeding,
the jaws work according to the cues received from brain guided by the sense of sight.

Position of oral disc: Employment of similar food gathering system by the amphibian tadpoles,
may reflect morphological constraints imposed by phylogeny or it may indicate specializations
of tadpole mouth parts to exploit the same food resource in different ways (Lynch, 1973). Same
morphological structures of the oral region are modified in different ways in different species of
tadpoles, so that each morphotype represents a particular niche (Thibaudeau and Altig, 1988).
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Even the ori\’:cntation of the oral disc of a tadpole reflects its ecological preferences (Altig and
Johnston, 1989).

Microhylaornatatadpole lacks atypical oral discand its associated organs. Its anterodorsal
mouth constantly remains open, and gulps-in pond water. This tadpole has to cycle enormous
amount of water to get its dietary requirements. On the other hand, Bufo and Rana tadpoles have
typical oral disc surrounding oral orifice. The oral discs are armed with keratinized cirrated sharp
beaks and rows of teeth. The orientation of the oral disc in Bufo stomaticus, R. cyanophlyctis and
R. syhadrensis is anteroventral, not visible to the tadpole, since the eyes in these tadpoles are
dorsal or dorsolateral. These tadpoles depend on the labial palps and papillae in orientation of the
oral discduring feeding process, sense of sight playing norole init. Rana tigerinatadpoleis unique
in having anteriorly orientated disc, which is visible to the tadpole when itis feeding. The tadpole
is able to keep in view its prey while feeding. The struggling prey necessitates vigilance on the
part of the predator to orient its oral armature to subdue its prey as quickly as possible.

The oral papillae are important character whichﬁu%ually used in the identification of
tadpoles. Various functions are assigned to the oral papillae as chemosensory, tactile, flow and
water content monitors, substrate manipulation and modification of mouth shape during feeding.
Khan (1982 a) reports two pairs of pustular oral papillae, a pair on each later side and two pairs
in the anterior middle part of the lower (anterior) lip of M. ornata tadpole at Stage 25. These
papillae are lost by Stage 30. During earlier stages, this tadpole stays close to the marginal
vegetation where these oral papillae perhaps help in anchorage of the tadpole.

Ranatigerina tadpole totally lacks orai papillae, howeverits infralabial papillae are long,
columnar and help in orientation of the food material. The anteroventral mouth of B. stomaticus,
R.cyanophlyctis and R. syhadrensis is positioned according to the sensory cues received through
oral papillae; sense of sight dose not play a role in food detection. The oral papillae also help in
the anchorage of the tadpole to the substratum in flowing water (Altig and Johnston, 1989), for
which R. tigerina has a postoral sucker.

Absence of oral disc (Microhyla) is regard as primitive by several workers (Orton, 1953;
Hecht, 1963; Starrett, 1973), while other workers (Tihen, 1965; Kluge and Farris, 1969) regard
it as a derived state. Savage (1973) thinks that microhylid tadpoles were first to invade southeast
Asian waters during Miocene, followed much later by the ranoid tadpoles.
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Morphology of the oral disc: The circumoral structures of amphibian tadpole differ in the
morphology and arrangement, from species to species and from genera to genera. They have
extensively been used in the taxonomy of the tadpoles (Altig, 1970; Khan, 1982 a; Altig and
Johnston, 1986, 1989).

B.stomaticus and R. cyanophlyctis have a pair of oral palps on each side, with papillated
margin, while in R. syhadrensis the palps are not distinguishable, still the papillae are largeg' :énd '
thicker than those of other tadpoles studied. R. tigerina tadpole does not have palps as wclL oral
papillae. The posterior lip of oral disc dialates to form a cup like sucker when needed.

The palps and the labia of the oral disc are capable of free movements. The anterior and
posterior movements (oral hitching of Altig and Brodies, 1972) of the labia, which take place
while the oral disc is closely applied to a surface, allow the tooth rows to scratch the substratum
repeatedly, shredding it in pieces. At the same time the beak is also working, cutting the
vegetative material into pieces. In flowing water, together with the labia, the oral disc acts as an
effective sucker, giving a firm hold tothe tadpole against considerable forceof  flowing water.

Morphology of teeth: Larval teeth are arranged in definite rows on anterior and posterior labia
of the oral disc. fhe tooth rows arise from thick tooth pads. A typical tooth has a cylindrical base
and a_spatulated crown which is lateraily cusped on both sides. However, in R. tigerina the
cylindrical base gradually tapers to the pointed §ip, while the teeth of R. cyanophlyctis arc peculier.
They are longest observed in the tadpoles studied and are, in the form of quadrangular rods with
blunt tips. They have a slight bend in the middle towards mouth. In R. tigerina the teeth are
biserially arranged, while in other species they are uniserial.

The outermost row of teeth on the anterior labium is complete in all tadpoles. It extend .4
from one side of the labium to the other across the oral disc. It is followed by one (B. stomaticus,
R. syhadrensis) or four (R. tigerina) broadly interrupted tooth rows. On the other hand R.
cyanophlyctis tadpole has only one complete row on the anterior labium. On the posterior labium,
there are three uninterrupted rows in B. stomaticus, and R. syhadrensis, two in R. cyanophlyctis,
while one entire and four broadly mesially interrupted rows are prescntin R, tigerina. The dental
formula of R. tigerina with five rows on each labium, is balanced, while 1/2 of R. cyanophlyctis,
2/3 of B. stomaticus and R. syhadrensis are negatively imbalanced (Altig and Jonston, 1989).
Cuspidate teeth are recorded in Bufo, Scaphiopus, Pelobates, Hyla and several other genera, and
they are mostly uniserial in arrangement (Gosner, 1959). In genus Rana extreme tooth forms have
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been reported within « single genus, as has been observed during present study (Altig and
Johnston, 1989).

Cusped teeth of B. stornaticus and R, svhadrensis are adapted for rasping and scratching
the organic concretions from the submerged surfaces, while peculier teeth of R, cyanophlyetis
shovel detritus into the mouth of the tadpole. The fine tipped pike-like teeth of R. tigerina hold
the body of the prey by piercing it, while the strong inws of the tadpole are working on it. Similar
cuspless teeth have been reported in larvivorous leptodactylid tadpoles (Starrett, 1973) and
tadpoles of Scaphiopus (halbrooki, hammodi, hrieri) and Ascaphus (Gosner, 1959).

Typical Bufonidae tooth formula 2 (2)/3 18 most common in anuran larvae and isregarded
primitive, while increase or reduciion in 100ih rows as shown by Rana tadpoles is an advanced
state (Altig and Johnston, 1989). The alterations from normal typical oral disc morphology,
usually reported during oniogenetic studies represent teratological abberations with no ecologi-
cal significance (Khan, 1965; Grillitsch and Grillitsch, 1989),

Morphology of Tail: Tail is an important part of the body of a tadpole, and it is characteristically
and universally present in all the umphibian tadpoles. [tis the organ of the body which helpsin
swimming, moving the tadpole from place to place in search of food, or flee from its enemies.
The movements are brought about by the sinusoidal movements of the tail, Tadpole's tail differs
fromthat of fishes in having no skeleton, less musculature and has simpler myotonies (Nishikawa
and Wassersug, [988, 1989; Wassersug, 1989). Presence of notochord, as the only skeletil
element, gives tadpole’s tail high flexibitity. This helps in the propulsion and great maneuver-
ability during swimming. However, amphibian tadpoles cannot swim at a constant speed for long
times (Wassersug, 1989, Dudley et al., 1991).

The tadpoles studied so far, differ from species to species in detail morphology of rails,
Weak muscled short tail, with moderate fins, is characteristic of pond inhabiting tadpole of 8.
stomaticus, It swims sluggishly with sideways Inzhing movements of its tail. The globose body

is pushed forward in water bv tml movements. Raaa tadpoles on the other hand are fast swimmers.
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tadpole can swimn faster than all its congeners.

M. ornata tadpole is unique among the tadpoles studied. The tail of this tadpole is much
longer as compared to its body. Moreover, the taii tip is prolonged into a long flagellum. Dorsal
and ventral fins are exceptionally broad. Similar tail has been reported in other midstream
swimmers {Wassersug, [980. 1989; Wassersug and Sperry, 1977; Nishikawa and Wassérsug,
1988, 1989; Hoff, 198G). Midstream swimming and its maintenance is made possible by
independent movements of the tail flagellum (Khan, 1982 a; Altig and Johnston, 1989).
Microhylid and ranoid tadpoles differ in their tail morphologics, as well as that of their
notochords, caudal spinal nerves and mechanisin of swimming. Like Xenopus, M. ornata larvae
swim by rapid vibrations of the tail filament, while ranoid tadpole gencrates propulsive waves
form the base of the tail (Hoff, 1986).

Tail tip functions as a steer during swirnming. Tail tip morphology differs in different
tadpoles, rcflecting their swimming abiliry":;nd ecology of their habitat (Diaz-Paniagua, 1985,
Altig and Johnston, 1989). Lotic tadpole of B. stomaticus, lives in smaller water pools and had
rounded tail tips, while midstream M. ornata tadpole has long sedeader tail with broad fins and
a very gradual taper merzing into the tail flagellum. Benthic tadpoles of R. cyanoplyctis, R.
syhadrensis and R. tigerina have gradually t:lp.'u?'ring long tails with parallel fins and pointed tips.
These tadpoles live indcep ponds. They asccndh:s nd descend periodically in the water column for
air, during which they are quite exposed to the atlack of enemies. These vertical movements are
made with great agility, and are made possible by the strong caudal muscles and pointed tail tips

steering the tadpole in a rectilinear passage.

Disposition of spiracle: Position of spiracle, on the body of a tadpole, is an important character
in the taxonomy of amphibian tadpoles (Orton, 1949; Kluge and Farris, 1969; Starrett, 1973,
Lynch, 1973). Orton (1953) described and clussified the anuran tadpoles in four morphotypes
according to the position of the spiracle, which are now regarded to be in a phylogenetic order
(Orton, 1957; Hecht, 1963; Starrett, 1973). Microhyla tadpole is Type Il of Orton (1953) with
amedian ventral single spiracle, a symmetrical arrangement necessary forcontinuous midstream
swimming (Wassersug, 1973; Khan, 1982 a) while Bufo and Rana tadpoles are Type 1V, with
a single, asymmetrical posterodorsally directed sinistral spiracle. These tadpoles are benthic.
Obviously, they do not need balanced buoyancy, since they keep resting most of the time at the

suostratum.
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The jet of water, issuing from the spiracular opening, might affect the drag on swimming
tadpole (Starrett, 1973). The median position of the spiracle in Microhyla is of an important
adaptive value. The tail filament together with the inflated lungs keeps the tadpole afloat. The jet
ol water from the median ventral spiracle, gives the body of tadpole the necessary upward push.
Altig and Johnston (1989) have reported similar obscrvations in the Gastrophryne tadpole. Bufo
and Rana tadpoles, when disturbed, rush to the deep water. The posterodorsal jet of water from
the spiracle help the tadpole in such spontaneous movements, In squids, the phenomenon of jet
propulsionis quite well understood. The jet of water fromn mantle cavity issues through the funnel.
It helps the animal to move in water. When it is following a prey, it can move very fast. The squid
can changes its direction by twisting the funnel (Gosline and De Mont, 1985). Though the push,
from the sinistrally located spiracle, is asymmetrical in Bufo and Rana tadpoles, it is compen-
sated by corresponding movements of the tail, so as to move the tadpole straight in water as
desired. The route of the tadpole, during ascent and descent in the water column, is oblique, as
expected from the dorso-ventral push from the posterodorsal jet of water from the spiracular
opening. Starrett (1973) believes that jet of water from Bufo and Rana tadpoles helps to disturb
the food particles which are later sucked in by the tadpole. This does not secem plausible, because
the jet is directed posterodorsally, well above the tadpole, and does not strike the substratum.

Body size of the tadpole: Extreme variability in the body size of the anuran tadpoles is
exhibited, during ontogeny as well among gerer. Predator avoidance and escape ability are
correlated 1o the body size and developmental stage of the tadpole (Heyer et al., 1957: Caldwell
et al,, 1980; Huey, 1980; Smith, 1983; Formanowicz, 1986, Semitsch and Gibbons, 1988;
Richards and Bull, 1990)

Bufo stomaticus tadpole is smallest of the tadpoles studied, and it is most preyed upon
by the sympatric Rana tadpoles and other aquatic predators (niads, fishes, turtles etc.). However,
Rana tadpoles are large and agile, so are able to avoid predators easily. Midstream Microhyla
tadpole is seldom preyed upon, due to its pcmll;gf position in water and agility. Its transparent
body is hardly visible to the potential predators.

In temperate Punjab plains, tadpoles interact closely with each other and with their
potential predators. Usually in such situations, 8. stomaticus and R. tigerina larvac are found
together. Soon the Bufo larvae succumb to the R, tigering larvae, which are last to die off as a

resultof drying of the site or fall prey to the water birds. Itisrare that tadpoles of all the five species



6H3

of amphibians occur sympatrically, except in lurge ponds, which can hold water throughout or
most of the summer. Even here, despite the fact that hiding places are available, B. stomaticus
are largely preyed upon, so are R. syhadrensis, The large sized tadpoles of R. cyanophlyctis and
R. tigerina rarcly fall prey to the potential predators.

Altig and Brodie (1972) and Wasscrsug and Heyer (1983), have shown that body profile
of a tadpole reduces the drag force in the flowing water. Long body of a the tadpole is flexed
according to the currents and eddies produced i water, and it reduces chances of being swept
downstream. Bufo and Rana tadpoles, huve depressed head and body. They adhere closely to
supports at the sides and bottom of the water current, with the help of the oral sucker, and often

are successful in holding on against moderately fast flow of water,

Colouration of tadpole: Lactate and pyruvate level in the amphibian tadpole’s tail vary little
during intense swimming (Gatten et al., 1984), The energy deficit is an important constraint on
the swimming ability of the tadpole. They cannot out swim their predators as fishes do. So the
amphibian tadpoles rely on reduced conspicuovsness to their predators (Feder, 1983), Drab
inconspicuous colouration of a tadpole reflect open type of pond habitat with little vegetation,
wiere tadpole’s colour blends against background spotty patiern is found in tadpoles living in
ponds with much vegetation, where light and shade pattern blends with pattern of the tadpole.
Darker tails may serve to dcflect attuck of predator from vitally important part, the body
(Caldwell, 1952, 1986; Kehr and Basso, 1990).

Microliyla ornata tadpole is almost transparent, with silvery abdominal colouration. fhe
transparency of the tadpole reduccs shadow and makes it invisible form outside, while the
silvershine of the abdomen, blends it against shiny surface, as it appears to the predators from
inside pond. Neither a predator from outside nor from inside water can detect Microhyla tadpole
easily.

Melanistic tadpoles of Bufo are distusteful during early ontogeny, becoming palatable
only later. During early life this tadpole is dirk and forms schools which are conspicuous. Later,
during ontogeny, the tadpole becomes solitary, agile and light coloured, matching well with the
debris accumulated at the bottom of the shallow pond. Those Bufo tadpoles living in ponds with
vegetation, develop spots on their tail and tins. R. syvhadrensis tadpolc is more melanistic than
its congeners. It has conspicuous dark spots on its body and tail. This tadpole inhabits ponds and

puddles along the side of water courses, where light and shade pattern during day camouflages
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the tadpole effectively. However, R. cyanophiyctis tadpole 1s more melanistic than that of R.
tigerina. The former confines itself to the roots of the pond vegetation, while the latter changes
itAplacc constantly along the pond bottom in Seir/ch of prey.

From the above discussion it becomes clear that the variations in shape, location and
morphology of different parts of the body of the tadpoles reflect variations in the functions of
these parts. Each species of tadpole thus occupics a unique nich in a sympatric habitat so as to
avoid competition. Present study of the autccology of anuran tadpoles has shown that conver-
gence and divergence in adaptations has praiuced lot of variations in the morphology of its body,

so that each species fits in its microhabitat for which its morphology is designed.

Functional Correlates of Larval
Oropharyngeal Morpology

In the descriptive part of the present work, the buccal and pharyngeal structures are
described from the surgically exposed surfaces, in order of their arrangement, from anterior to
posterior and mesial to lateral. For discussion of ecological correlates of the oropharyngeal
organs, they are being considered according io their natural position in the oropharyngeal
passage, and their relation io each other.

Oropharyngeal region of the anuran tadpole is functionally distinguished in oral and
pharyngeal cavities. These parts are morphologically as well as functionally different from each
other. For this reason they arc being discussed separately in this part of the discussion.

-

Oral Cavity

Table IX, compares the buccal morphology of the five anuran tadpoles described in the
first part of this study. Relative length of the buccal cavity to branchial cavity varies in different
species of tadpoles. This buccopharyageal relutionship is correlated to the mode of feeding of the
tadpole. In mirophag%s M. ornata tuadpole, buccal cavity 1s smallest (27-30% of the total
buccopharyngeal Icngt\h) of the five tadpoles, while itis largest(72-82%) incarnivorous R. tigering
and detritivorous R. cyanophlyctis tadpoles. Coarse particle eating tadpoles of B. stomaticus has
a buccal length which is intermediate between the two extremes. The buccal musculature is

hypertrophied in R. tigerina, less so in R. cyanaphlycris, due to which the buccal cavity of these
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tadpolesin much narrower ventrally as compared to its breadth. The buccal cavity of B. stomaticus
and R. syhadrensis is broad and trough-shaped, since these tadpoles have normal buccal
musculature, Flattest and broadest buccal cavity is observed in M. ornata, it has weakest buccal
musculature, Wassersug and Hoff (1979) have shown that macrophagus (here R. tigerina and R.
cyanophlyctis ) and microphagus (M. ornata) have large buccal volumes, while coarse particulate
food cating tadpoles (R, syhadrensis and B. stomaticus) have an intermediate buccal volume.

Functionally, buccal cavity is divisible in two parts, anterior food glcaning and posterior
food processing part. To understand the functional correlates of these parts they are being taken
one by one in the following discussion. '

1. Food gleaning part of the buccal cavity: It is the anterior most part of the buccal cavity,
overhanging the prelingual and lingual arena of the ventral buccal. Its size and shape depends on
the rostral curvature, size of the internal nares and the breadth of the upper beak. It is dorsally
enlarged in suctorial mouthed tadpoles of génus Bufo and Rana , but its floor is much reduced.
M. ornata lacks anoral disc and has a dorsal mouth. The floor of the buccal cavity, of this tadpole,
is produced anterodorsally, reducing its roof. Here it is deep and ventrodorsally enlarged.
Wasscrsug (1980) has treated this part together with buccal arena, but these two parts are
morphologically and functionally different fromeach other. Prebuccal arena part of buccal cavity
is food gathering while buccal arena part is concerned with food retrieval from the water current.

In Bufo and Rana tadpoles, the food gleaning part is morphologically composed of
prenarial, narial and postnarial arenae. Iis floor consists of prelingual and lingual arenae.
Anteriorly it opens to outside through mouth, dorsally through internal nares and posteriorly it
opens into the buccal cavity through a narrow opening. Microhyla tadpole has imperforate nares,
so here food gleaning part of the buccal opens anteroposteriorly only. The food gleaning part of
the Bufo and Rana tadpoles is anterodorsally enlarged and ventrally reduced, while in Microhyla
ornata it is reverse, dorsally reduced and anteroventrally enlarged.

The prenarial ridges, pustules and keratinized plates and other irregularities help in
handling and cutting the food to appropriate size which can pass through the infralabial sieve. R.
tigerina tadpolc has a pair of strong spurs which are tipped with keraiﬁif,zed plates, which help
in conjunction with the jaws of the tadpole, in tearing and shearing of the fleshy food of the
tadpole. The palmate structure of the infralabial papillae in Bufo and Rana tadpoles, produced
into long filiform processes extending across the opening between food gleaning cavity and the
food retriving cavity, regulates food particle size entering the main buccal cavity. Reduced
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fingers of infralabial papillae in R. syhadrcr;s}x and of M. ornata reflect the microscopic size of
the food particles of these tadpoles. From time to time these tadpoles are seen coughing out large
food particles which are not allowed to enter the buccal cavity by the infralabial sieve.

The tongue analage, lingual, circumnarial papillac and pustules are obviously sensory in
function. Primarily they are chemoreceptors and thigmotectic organs, sensitive to the pressure
in the oral cavity and chemistry of food and water entring the buccal cavity. Respiratory sole of
these organs is not supported by evidence (Gradwell, 1972 a). During feeding of Bufo and Rana
tadpoles, the food particles accumulate 1n this part of the buccal cavity for some time, the
respiratory current moves through the narial passage. Periodically, the accumulated food is
released in the current entering the main buccal cavity, at this time the narial valves close the
nares, preventing the loss of food particies through them. The palmate prenarial papilla of R.
syhadrensis indicates its role in preventing the food particies through the nares. Bufo larva does
not have circumnarial papillae, instead, its nares are long with a small anterior recess, which
indicates that nares can partially be closed, while the food is passing into the buccal cavity.

Microphagils M. ornata larva lacks an oral disc, has imperforate nares and feeds on
planktonic particles. The food current passes into the buccal cavity without hindrance except the
infralabial sieve.

A medianridge is a universal phenomenon of Bufo and Ranaoral region, while itis absent
in Microhyla tadpoles (Wassersug, 1980; Inger, 1985; Viertel, 1982). The median ridge of B,
stomaticus and R. syhadrensis is a narrow ridge with dentated free edge, while that of R.
cyanophlyctis is produced into one orrarely two long fine papillac. R. tigerina has a rectangular
ridge with smooth edges. Apparently, this posterior most featurc of the anterior buccal is sensory
aswellas mechanical in function. Its pcculigfrmtdinn dorsal hanging position in the buccal vavity
indicates that together with the lateral ridge papilla, it may scnse the concentration of food
par.icles in the water current. Moreover, it deflects the water current to sides towards the buccal
papillary mesh and over the secretory surfaces.

In food gleaning part of the buccal cavity, the food 1s broken, cut, torn and sheared to
appropriate size, by the action of teeth, jaws, prenarial ridges and keratinized surtfaces. Moreover,
quality of focd relative toitschemical nature, food vaiue, palatability and particle size is assessed

by various papillae and ridges in this part of the buccal cavity.,
Y pap g p Y
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2. Food processing part of the buccal cavity: It is the main and posterior part of the buccal
passage. Its shape and omamentation differs in different species, depicting their feeding habits
and ecology. In pond tadpoles, B. stomaticus and R. syhadrensis, itis wide and trough-shapcd,
while in benthic camivorous tadpole of R. tigerina it is squarish, whereas in detritivorous R.
cyanophlyctis it is oval in shape. In microphagus M. ornata this part of the buccal cavity is
strongly dorsoventrally depressed. Posteriorly, it is bounded by the velum, which separates it
from the branchial cavity. Laterally, BFA and BRA are lined by papillae, which are arranged in
rows, except in carnivorous and pipid tadpoles, where they are either absent or reduced in size
(Wassersug, 1980; Inger, 1985; Wassersug and Heyer, 1988). The buccal papillae are numerous
in stream adapted tadpoles as in R. hazarensis (Khan and Malik, 1987 a), and fewer in pond
tadpoles, while they are rudimentary and almost none in carnivorous tadpoles as in R. tigerina.
Detritivorous R. cyanophlyctis has thick papillary meshwork, like stream adapted tadpoles; it
strictly confines itsclf to larger water bodies where water s calm most of the time. Here thick
papillae form a fine meshwork to intercept hetcrogencous particles contained in the detritus.
However, fewer BRA and BFA papillac of B. stomaticus and R. syhadrensis aretypical of a pond
adapted tadpolc. Wide spaces between these papillae allow coarser particulate food to pass freely
over the secretory tissue, which play leading role in food entrapment. The membranous
papillation BRA and BFA of M. ornata ischaracteristic of microphagus tadpoles, they actas food
guiding organs rather than food sieving structures. Rudimentary and few BFA papillac and
totally absent BRA papillae in R. rigerina are typical of a carivorous tadpole, where papillae
are not appropriate organs to handle large chunks of {lesh.

Apart from BRA and BFA papillae, there are other important structures in food retrieving
part of the buccal cavity, like buccal pockets, secretory tissue and velum. These are functionally

important features which necessitate scparate treatment, onc by one.
Buccul pockets

Buccal pockets are almost universally present in the anuran tadpoles (Wassersug, 1980;
Inger, 1985; Viertel, 1982; Wassersug and Heyer, 1988; Khan and Malik, 1987 a). The buccal
pockets differ in shape, disposition and omamentation from specics to species. microphagus M.
ornata tadpole the buccal pockets are longitudinal, open and with few papillae. They are lipless.

Posteriorly, they are continuous with the pressure cushion. In Bufo and Rana tadpoles they are
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are transverse, longer and mesially orally curved, while R tigerina has sinallest transverse pockets
with thickest lips. Wasscrsug (1980) does not assign any function to these universally present
structures, however, Gradwell and Paztor (1968) regard these structures as pharyngeal bypass,
opening into pharyngeal cavity on the ventral side, while Khan and Malik (1987 a) have
suggested that they act as pressurc releasers during pumping action of the buccal cavity. Volume
of water, filling the buccal cavity, is much larger than the capacity of the branchial basket.
Excessive water escapes through the buccal pockets, ensuring moderate pressure on delicate
velum and the filter ruffle, preventing damage to these important structures. The buccal pockets
in M. ornata arc connected to the pressure cushion posteriorly, indicating important role it plays
to ensure turgidity in the pressuce cushions. The water, which is pumped in the pressure cushions,
ensures required turgidity due to which they fit on the branchial baskets. There are three distinct
pressure cushions in M. ornata corresponding Lo the threc filter cavities, InR. cyanophlyciis the
first cushion is distinct, while second and third are confluent with each other. B. stomaricus and
R.syhadrensis have first two distinet, while in R, tigerina there is a single transversely enlarged
inconspicuous pressure cushion,

Number of filter cavities and their distinctiveness from each other, number, shape
distinctiveness of pressure cushions and the branchial basket, reflect efficiency of the filtering

systemn of a tadpole.
Buccai Sccretory tissuc

Tadpoles differ in the position, configuration, extent and pit size of the buccal secretory
tissue, from species to species. Contrary to the view of Wassersug (1980), the morphology of the
secretory tissue reflects the type of food a tadpole normally takes. In most cases food particle size
alsois depicted from  morphology of scretory tissue, In Microhyla ornata the secretory tissue
is composed of broad lateral strips, extending on the posterior lateral sides of BRA, and are
mesially narrowly interrupted and is covercd with finest pits. Fine planktonic food particles are
efficiently entangled by the fine sheet of mucous secreted by these glands. The secretory
glandular strip of B. stomaticus and R. syliadrenyis is narrow, continuous across the roof of the
buccal cavity as well as the floor of it. The pore size is larger than recorded for M. ornata, where

the tissue is confined to the roof of the buccal cavity only, The pore size of the secrctory tissue
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of R. syhadrensis and Bufo is intennediate, while largest is recorgded in R. cyanophlyctis and
R.tigerina, where the secretory tissuc is mainly confined to the margins of the dorsal and ventral
vela. The secretery tissue in R. cyanophlyctis is much thicker than that of R. tigerina. The pore
size of the secretory tissue is clearly correldtéd to the food particle size. The secretory pits are
largestin R. tigerina, since the fleshy food of this tadpole consists of large chunks. The secretory
tissue is broader in R. cyanophiyctis, since the detritus food of this tadpole consists of particles

of various sizes, needing broader mucous surface and copious secretion of mucous forentanglement.
Ventral Velum

It 1s the delicate curtain-like membrance hanging from the posterior border of the buccal
cavity, separating the buccal from the branchial cavity. Ventrally it covers the anterior past of the
pharyngeal cavities. The ventral velum is supported by cartilaginous spicules and forms stiffer
part of posterior buccal, playing important role in regulating the passage of water through the
buccopharyngeal region. Dorsal velum is more or less similar in all the tadpoles. It is mesially
interrupted, exceptin R. cyanophlyctis where it continues staggeringly with that of the other side.

Tadpoles differin  form and structure of their ventral velum. M. ornata has mesially
divided velum in lateral halves, while Bufo and Rana tadpoles have an entire ventral velum, that
of R, tigerina 1is peculi&{in being narrower and {olded forwards. Posterior margin of ventral
velum in M. ornata is smooth, while it is crenulated in Bufo and Rana tadpoles, with several
peaks and irregularities, strong ventral velum is present in M. ornata, while it is weakest
in B. stomaticus. It is broadest in M, ornata and narrowest is recorded for R. tigerina.

Dorsal and ventral vela differ in function. Herpetologists have two views about the
function of dorsal velum. Kratochwill (1933) and Kenny (1969 a) believe that dorsal velum
together with pressure cushions seal off the branchial chamber form the buccal cavity,
preventing regurgitation, while Gradwell (1974), Savage (1961) and Wassersug (1980) suggest
thatit helps indeflecting the current water to the filter cavities on sides. De Jongh (1968) believes
that is prevents the flow of water from displucing the mucous cords laden with entraped food
particles from the ciliary grooves, where they are on their way to esophagus.

Valvular action of ventral veluin, on the other hand, 1s universally acknowledged by the
herpetologists (Kenny, 1969 a; Gradwecll, [974; Delongh, 1968; Khan and Malik, 1987 a). The

posterior margin of the ventral velum presses against buccal floor preventing regurgitation of
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water. Moreover, the velar surfaces support sectetory tissue, branchial food traps and hold the
filter plates in position, which are attached to them.

Intadpoles specialized to trap fine particles, all filter plates are attached with the subvelar
side of the ventral velum, so that there arc three distinct filter cavities, as in M. ornata and R,
cyanophlyctis. Tadpoles of B. stomaticus and R. syhadrensis feed on intermediate sized food
particles, and here first two plates cb |, ¢b 2 are attached, while ¢b 3 and c¢b 4 are free. The first
filter cavity is distinct while third and fourth arc confluent with cach other. In R. tigerina none

of the filter plates is attached, and the filter cavity is single and bowl-shaped.
Pharyngeal region

All the five specics of tadpoies differ in the morphology of their pharyngeal region
(Table X). Pharyngeal region of a tadpole is attached to the posterolateral sides of its buccal
region. It is mainly concerned with the eatrapment of fine food material, retrieval of food laden
mucous cords by filtering them from watcr curreni on the filter ruffle of the filter cavities and
directing them to the esophageal orifice. Primarily pharyngeal region is concerned with
respiration.

The part of the branchial baskets lying under the ventral velum (branchial food trap of
Wassersug and Rosenberg, 1979) is a region of specialized secretory tissue concerned with the
entrapment of food particles in muc@us. In microphagus tadpoles it is particularly specialized to
trap fine food particles, since here it is in the form of thickened tori which are capable of secreting
copious amountof muc@us. Such an arrangementis lacking in mm‘i@phagj{ls tadpoles (Wassersug,
1972. 1980; Kenny, 1969 a; Viertel, 1984, 1989).

Table X summarizes the differences in some morphological criteria of the pharyngeal
region of the tadpoles studied. M. ornaia hazmost enlarged branchial basket, about 70-73% of
the buccopharyngeal cavity. It has ihree deep, most extensive filter cavities and largest branchial
plates (length 1.97-3.7, breadth 1.2-1-8), with dense filter rows, 8-23. Branchial food traps are
very well developed, deep with distinct three tori, one in each branchial food trap, covered with
fine secretory ridges, all over. Ultramicroscopical food matedal entangled in mucous atmost
cloggs the three filter cavities in the form of floccular material,  whole of the brancial basket
is filled with it.

Both B. stomaticus and R. syhadrensis tadpoles have second largest branchial cavity
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(28-36% of the buccopharyngeal region). B. stomaticus tadpole has larger branchial plates than
that of R. syhadrensis, but the number of the filter rows are higher in R. syhadrensis, and this
tadpole has a distinct torus with fine secretory ridges associated with its first filter cavity, on each
side. It has made filtering systcm of R. syhadrensis more efficient than that of B. stomaticus. First
filter cavity of R. syhadrensis is always clogged with floccular material. Moreover, these
tadpoles differ in the morphology of their subvelar secretory tissue. B. stomaticus tadpole has
both ridged as well as pitted pattern. Ridges lic on the first filter cavity, while pitted secretory
tissue is mesially located on the subvelar surface. R, syhadrensis tadpole has only the ridged
pattern (Figs. 6, 24), '

R. cyanophlyctis tadpole has relatively larger branchial basket, which is about 28-30%
of the total buccopharyngeal region. Morcover, unlike other ranid tadpoles, its branchial basket
has three distinct filter cavities. Its filicr plates are larger (length 2.5, breadth 1.12) and have more
filterrows (12-14). Detritus food of this tadpole is composed of heterogenous particles, including

- sand and earth particles. The subvelar secretory tissue has ridged pattern. This tadpole has to
ingest large quantity of detritus to get required food, since most of the stuff it eats contains
inorganic material having no food value. On the other hand, carnivorous tadpole of R. tigerina,
despite its large size, has smallest branchial basket (18-20%), and has poorly organized filter
plates due to loose filter ruffle. This tadpole is capable of filtering only large food particles,
smaller particles pass easily through its loose branchial filter. It has been observed that smallest
plankton which this tadpole is able to filier is of the size of Daphnia or Cyclops, common
crustaceans in the pond water. lts buccal as well as subvelar secretory tissue consists of large pits,
arranged 1n 2-5 rows along the velar margin. The secretory pits arc elevated from the general
surface of the velum and are largest observed in the tadpoles studied. Entrapment of large sized
food is done by secretion of coptous mucous. There are no ridges in the secretory tissue.

The five anuran tadpoles, which have been studied, are morphologically differentin their
buccal and branchial organization and filier grid, with different filtering capabilities, thus each
species is able to feed on a particular part of the common food base available in the sympatric

habitat.
Pressure cushions

The part of the dorsal buccal, lying over the branchial baskets, plays an important role in
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regulation of the passage of water current through the branchial basket. The pressure cushions
are in the form of a delicate loose membrane. Kenny (1969 a) reported that the pressure cushions
were composed of alveolar tissue. Present study, like other studies (Gradwell and Paztor, 1969;
Gradwell, 1972 a, 1975 b; Wassersug, 1980), has shown that buccal cavity has connection with
the pressure cushions, through which the water 1s pumped into the pressure cushions at the time
of the buccal contraction. Turgid pressure cushions push the velum forwards which shuts the
buccopharyngeal orifice, while the pressure cushions fit tightly on the branchial basket. In this
way the brancial basket is tightly scaled from the buccal cavity.

To maintain appropriate pressure in the cushions, buccal pockets of Bufo and Rana
tadpoles are thick-lipped, which keep their oral orifices closed in low pressure. In microphagus
M. ornata tadpole, the buccal pockets are without valves and remain open. However, the pressure
cushionofthis tadpoles has complicated morphology, indicating some complicated arrangement

which maintains a constant pressure in the pressure cushions (Fig. 13).
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Physiographic Background of the Amphibian
[Fauna of Pakistan

Present and past ecological conditions, geographical accessibility, and long term physi-
ographic events have shaped out  preseni day fauna of Pakistan. All these factors as well as
recent human activity have played key role in creating habitat suitability and have affected the
evolutionary history of each amphibian familial unit. Cosmopolitan amphibian genera Bufo,
Microhyla and Rana are represented in Pakistan by few species (Khan, 1980, 1990; Khan and
Tasnim, 1987). The historical phystographic events which have been taking place in the
subcontinent are documented in fossil and {loral history of Miocene (Axelrod, 1960). The Indian
plate broke off from Africa during Cretaceous, due to fragmentation 6fGondwana1and (Holmes,
1965; King, 1967; Courtillot and Vink, 1983). It drifted northwards and collided with Eurasia
during Eocene, resulting in the uplift of Himalayas (Buffetaut and Ingawat, 1985; Jacger et al,,
1989).

The deep trench which appeared between Himalayas and the peninsular part of the Indian
plate under Eurasian plate, was filled by the detrital deposits washed down from the Himalayan
heights by the ancient rivers, By Miocene the trench was replaced by vast tracts of plain land the
Indo-gangetic plains (Wadia, 1966; Khan, 1980). Himalayan heights had far reaching effects on
the geology, geography, hydrology and climatology of Indo-Pakistan subcontinent. The original
wetter and warmer climate, evenly distributed rainfall throughout the year and the ever green and
warm deciduous forests were gone from the subcontinent. These ecophysiographic changes were
mainly due to entrapment of water in polar ice caps, which had already started 2 wave of dryness
throughout the continents. By the Oligocene extreme regions of temperature and precipitation
developed, and the dryness prevaling at this time in western Eurasia extended on to the
subcontinent. Vast grassiands appecared with subtropical temperate climate and low rainfall.
Aridity resulted in the establishment of Cholistin and Thar deserts and 1t is main Margeiue feature
of the climates of Pakistan eventoday (Ahmed, 1951). East-west strike of the Himalayan ranges,
overlooking the Indo-Gangetic plains, has profound effect on the annual rainfall of the area, by
creating barometric vacuum and attracting water vapour laden winds from the sea in the South.
It started the monsoons, the main annual feature of the subcontinent, By the Pliocene, the
physiographic conditions of the plains were right for colonization by amphibians and other
groups of animals, which by this time had invaded Eurasia fromdifferent sources (Savage, 1973).
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Patterns and correlates of genctic diversity inamphibians strongly implicate environmental
selection as an unportant evolukionary force cuusing divergence of heterozygosity (Nevo, 1976
a, b; 1988; Nevo and Yang, 1979; Nevo ayd Beiles, 1988, 1989, 1991; Nevo and Filippuccui,
1988). The tropical species are morc heterozygous with much divesified habitats available.
World tropics have played important role in the evolution of main amphibian genetic lines
(Savage, 1973; Nevo and Bailes, 1991). The three main familial units, constituting main stock
of amphibian fauna of Indo-Pakistan subcontinent, are most diversified in tropics.

The Cretaccous fauna of the India plate was probably similar to that of Africa, but it soon
became extinet without leaving any trace. Family Microhylidae most probably had already
separated from family Ranidae before the breaking off of the Indian plate from Africa. It was the
only amphtbian which was transported and survived on the Indian plate (Savage, 1973;
Rabinowitz et al., 1983; Wasscrsug, 1984). Now-ua-days the microhylids occur throughout most
ofthe world, with the greatestdiversity in the tropics and subtropics (Vanzoliniand Heyer, 1985).
These frogs are now represented in the peninsular India by four genera and ten species (Parker,
1934, Savage, 1973). These small anurans have radiated out from India to nearby landmasses
(Savage, 1973). One species Microhyla ornata has extended in the temperate environs of
northern Punjab, Pakistan (Khan, 1974). Darlington (1957, Figs. 23:139) and favage (1973, Figs.
13.8:366) do not include Pakistan in the distribution maps of Family Microhylidae. Khan (1974)
discovered M. ornata from Punjab and subscquently has shown that this frog has a wide
distribution in the subHimalayan ranges and Punjab, Pakistan (Khan, 1980; Khan and Tasnim,
1987).

The bufonid frogs ase distributed throughout the world except Australia, Papua and New
Guinea (excluding Bufo marinus which has been recently introduced in Australia). Evolution of
family Bufonidae has taken place in tropical South America, during upper Cretaceous, from
where these toads radiated out to North America (Blair, 1968, 1972, Reig, 1972; Maxon, 1984).
American toads invaded Eurasian landmass in two waves through Bering land bridge. First
invasion took place in Upper Cretaccous by tropical South American broad-skulled toads. They
mainly colonized the southeasi Asian tropics, iowever, one line invaded western Himalayas, and
now 1s represented in Pakistan by two specics Bufo himalayanus and B.melanostictus. The later
toad though is wide spread in southeast Asia but do not extends in the plains of Punjab. The
second mnvasion was by narrow-skulled temperate North American toads, during Oligocene.

They established in temperate Burasia, from where they radiated out. Four of
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these toads are represented in fauna of Pakistan, Bufo olivaceous, B, viridis, B. surdus and B.
stomaticus. Of these toads anly B. stomaticus 1s represented in Punjab plains (Mertens, 1969,
1970; Khan, 1972, 1976; 1980, 1990).

View differamong herpetologists about the origin of frogs of the family Ranidae.
Savage (1973) has evidenced from present distribution pattern that they originated in tropical
Africa, while Darlington (1957) believes southeast Asian tropics. Present day data favours the
former view. From Africa, ranid frogs radiated out northwards during Cenozoic, and by
Oligocene they had established a sccondary evolutionary center in southeastern tropical Asia. In
Asia, they underwent extensive differentiation and radiated out to surrounding areas (Boulenger,
1920; Dubois, 1984, 1986). By the mid Tertiary the physiographic conditions in the subtropical
North became habitable; ranid as well as microhylid frogs invaded peninsular Indo-China,
nearby islands and Indo-Pakistan subconunent (Savage, 1973). Present day ranid fauna of
Pakistan mainly belongs to two subgenera Rana, und Paa of genus Rana. Frogs of subgenus Paa
colonized the torrents of northern and western highlands (Dubois and Khan, 1979; Khan 1990;
Khan and Tasnim, 1989), whilc frogs ot subgenus Rana: R. cyanophlyctis, R. syhadrensis and
R.tigeriia, arc widely distributed throughout the Indo-Gangetie plains (Khan, 1980; Khan and
Tasnim, 1987).

Punjab plain was invaded by the amphibians from northern highland through tadpoles
washed down by the rain water. In mid-Tertiary, while metamorphic changes were taking place
in the extra peninsular part of Indian plate, ranid and microhylid frogs had already established
themselves in the waters of the foothills of Flimalayas. At this time the Punjab plain was land of
swamps. Courses of the rivers were not yet determined. The streams of the run-off water from
Himalayan heights, meader through the plains. They had rush of water only during short
torrential monsoon rains. During rest of the year the plains remained in the form of swamps with
water trapped 1n lakes, ponds and puddles. The wuter had heavy planktonic bloom, the emergent
vegetation was in the form of aigae and pond grasses. The scenario provided ideal situation to
the amphibian larvae from Himalayas to develop and metamorphose. Soon Punjab plain was
colonized by audlt amphibians. Khan (1984, 1985) hus shown that Himalayan river system has
played important role in carrying down and distribution of different mountain species of

amphibians and snakes in the plains of Punjab. Annual flooding of the plains has also contributed
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activity, in the plains, has made conditions suitable for this small frog, which is relatively recent
entrant in our amphibian fauna (Khan and Tasnim, 1987, Khan, 1990).

Starrett (1973) has emphasized the importance of basic morphological features of the
anuran tadpole as a key toourunderstanding of frog’s evolution. The xenoanurans (rhinophrynids,
pipids) and scoptanuran (microhylids) frogs have mid-streamn filter fecding microphagus nektic
larvae. Several authors like Orton (1953, 1957), Starrett (1973) and Savage (1973) have argued
that xenoanuran and scoptanuran tadpoles radiated out in the tropical waters and occupied most
of the filter feeding niches, long before the arrival of acosmanuran {bufonid and ranid) larvae.
Late arriving acosmanuran larvae radiated intodifferent tropical adaptive larval types, except the
midstream filter feeding, due to its pre-emptive occupancy by microphagus tadpoles. Though
acosmanuran larva is more advanced than midstream f{ilter feeding one, but the presence of a
specially adapted primitive stock prevented invasion of its adaptive zone by a more advanced line
{Savage, 1969).

Species rich fauna of scoptanuran and xenoanuran frogs coexist with acosmanuran frogs
in the tropics, species do not come in direct competition with cach other at any stage of their life
(Toft, 1981, 1985; tieyer et al., 1990). In the plains of Punjab, same harmony exists between
species of these two groups atadultas well iarval stages. The acosmanuran frogs, Bufo stomaticus,
Rana cyanophlyctis, R. syhadrensis, R, iigerinag and scoptanuran Microhyla ornaia are sym-
patric both at feeding as well as at breeding sites. Their reproductive activity is triggered by the
presence of different ccological conditions which prevail ar different times of breeding season.

They call from different positions, deposit theic eggs in different ways and at different sites ina

common habitat. Their eggs and larvae differ morphologically, ecologically and in feeding
habits. They occupy different niches in a sympatric habitat (Khan, 1982 a,b; Khan and Malik,
1987 b, and present study). Ananuran larva isan important constituent of the food chain in a pond
ecosystem in the plain of Punjab, and plays important role in the regulation of the pond
vegetation. Except carnivorous larva of R. tigerina all other four larvae are primary consumers,

feeding on different parts of the common available food base.
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GUILD STRUCTURE

In this concluding pant of the discussion, ecological adaptations of the anuran larvae
inhabiting plains of Punjab arc being ecologically categorized. Each species of the larvae is
distinct from the other, not only in its morphology but also in its microhabitat.
the ecomorphs, have recently been

Ecologically similar anuran larval assembluges
categorized into ecological guilds (Lannooctal,, 1987; Wassersug, 1980; Toft, 1981; Wassersug
and Heyer, 1983, 1988; Heyer et al., 1990). Allig and Johnston (1989) have developed a
generalized scheme of anuran tadpole guilds, taking into account their mode of feeding.
Sufficient data now has accumulited for the Nve anoran tadpoles inhabiting waters of Punjab, to
allow to categorize them following Altig and Johnsion's (1989) scheme.

None of the five tadpoles is endotrophic and lotic. All of them are exotrophs and lentic.
They fall in Section {I of the schemc of the guilds. These tadpoles inhabit non-flowing lakes,

ponds, puddles and secpage pools.

A. Lentic-benthic tadpoles; dorsolateral eyes, suctorial mouth; globular, drab coloured
spotty body; narrow parallct tail-fins.
1. Benthic-littoral in early stages, confined to shallow water along soil-water
interface; becomes profundal in Luer stages; macrophag%s ¢t 015 PR
......................................................................................... Bufo stomaticus.,
2. Lentic-littoral, confined to scepuge pools with moderate emncrgent vegetation and
moderate planktonic growth; mjcranu@?J.L: FASPCTacnene.. Rana syhadrensis.
3. Lentic-profundal, inhabit permanent ponds with little orno vegetation; macrophagus
QRATIIVOTOUS oottt e e e Rana cyanophlyciis. |
4. Lentic-profundal, inhabiis ephcmeral puddles with little or no vegetation;
macrophagus, CArNIVOTOUS. ... .coeciicnririrse e Rana tigerina.

B. Lentic-nektic tadpoles, with anterodorsul non-suctorial mouth, lateral eyes; dorso-
ventrally depresscd head and laterally compressed transparent body; long tail, broad
fins, long terminal tail flagelium; microphagus suspension feeder.........ccoiiis

.................................................................................... Microhyla ornata.
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SUMMARY AND CONCLUSIONS
Following is the summary and conclusions drawn from the ecomorphological studics of

the anuran tadpoles from Punjab, Pakistan.

1. The tadpoles studied belong to five taxa, Bufo stomaticus, Microhylaornata, Ranacyanophlyctis,
R.syhadrensis and R. tigerina. They differ from each other in external as well as in their internal

buccopharyngeal morphology.

2. The morphological differcnces among five species of tadpoles can be sorted out at familial,

generic and specific lavels.

3. Interfamilial and intergeneric differcnces in morphology of tadpoles are of prime importance,
since the tadpoles belong to three families and three gencra. microhylid tadpoles have reduced
buccal and hypertrophied pharyngeal region, while conditions in Bufo- and Rana tadpoles are

TeVeEerse.

4. Differences among three species of genus Kana are sigrificant and are sufficient to differ-

entiate them from each other.

5. Once a tadpole has devel@)ped specific external as well as internal oropharyngeal features,
ontogenetic variations in its morphology are slight from Stage 26 to Stage 38, beyond which
metamorphic changes take place.

6. Morphological features which vary Jittle within a species but vary considerably among species
are of great systematic value. Thesc characters arc:

Number, size, shape and position of the infralabial, lingual, buccal, lateral ridge and
postnarial papillae; shape and size of buccal pockets, ventral velum and presence, shape and size
of median ridge; morphology of buccal and subvelar secretory tissue, and of branchial food traps;
size and shape of the filter plates, number of filter cavities, number and density of filter rows; the

ratio between buccal and pharyngeal cavitics and extent of the lung development.
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7. The external morphology of a tadpole categorizes its ecological preferences. the peculier
transparent, broad-finned tadpole with long viberatile terminal tail filament, anterodorsal non-
suctorial mouth with median ventral spiracle of Microhyla ornata, is lentic-nektic. Tadpoles of

Bufo and Rana are lentic-benthic in habits, and have suctorial mouth, muscular tail with low fins.

8. Feeding ecology of the tadpole is best reflected from its oropharyngeal morphology.
Imperforate nares, membranous BRA and BEFA papillae, broad flattened BRA and BFA, absence
of latcral ridge papilla and median ridge, H-};ﬂpertrophicd pharyngeal and abbreviated buccal
region of Microhyla ornata tadpole indicate its obligate microphagus suspension feeding habits.
Broad BFA and BRA and rudimeniry papillae, hypertrophied buccal and abbreviated pharyngeal
regionof Rana tigerina tadpole indicate obligatory muacrophagus carnivorous habits. Few simple
BRA and BF A papillae, almostequally developed buccal and pharyngealregions of Bufo stomaticus
and R. syhadrensis tadpoles, suggest gencralized, macrophagus, suspension feeding habits.
However, presence of distinct torus in branchial food trap reflects that R. syhadrensis tadpole
can filter much finer food particles than B. stomaticus. Long and narrow-BRA and BFA withrich
papillation, three distinet filter cavitics and peculier teeth of R, cyanophlyctis tadpole indicate its

detritivorous macrophagus habits.

9. Microphagus tadpole of M. ornata prefers 1o live in calm ponds, with little or no emergent
vegetation but rich in planktonic bloom. R. cyanophlyetis tadpole prefers permanent ponds with
_rich detritus accumulated at the bottom. Bufo stomaticus, R. syhadrensis and R. tigerina breed
in shallow water pools, with little vegetation. The larvivorous tadpole of R. tigerina feeds on

sympatric tadpoles.
10. All tadpoles in“habiting plains of Punjab are voracious feeders, as if wishing to complete
development as quickly as possible, which is another adaptation to the temperate and unpredictable

environs.

11.The physiographic data, when vicwed in prespective of the idea of continental drift, indicates

that peninsular India was first colonized by microhylids and later by bufonids and ranids.

12. Punjab plains werc colonized through the bufonid and ranid larvae washed down from
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Himalayan heights, while microhylids invaded through their adults.

13. Recent and past human activity has played a key role in creating suitable habitat for wide
distribution of frogs in the plain of Punjab and throughout Indo-Pakistan subcontinent.

14. Differences in the morphological accounts int literature pertaining to the tadpoles of the same
species, described from different parts of subcontinent, are due mainly to misidentifications of
tadpoles.

15. Ecological changes during tadpole’s ontogeny do not affect its oropharyngeal morphology.
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