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- INTRODUCTION

The frog embryo emerges~frbm ite jelly capsule with exe
ternal gills for respiration.  The larve or tadpole will goon
replace the extérﬁ&l,gills with the protected internal gills,
The hyoid arch'gives-rise to a posterioriy directed flap-like
menbrane which covers the degenerating external gills, 'The
flap 1 called the 0percu1umﬁ On the left.side of the head
the 6percn1um remaing open at its posterior margin.td allow
~the egress of Watere: The opening is called the gpiracle,

. The operculer flaps from the two sides fuse ventrally to aﬁm'
velap the'gill or opercular chamber within (Rugh, 195%).

| The tadpole embryo begins to develop lungs when it is
ready to hatech. The lungs originate as a depression in the

floor of the pharynx. The depression is called the laryngo-

EARTY
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Aovtic
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Lavyngow

trachesl
rudiment

§

Figare 1. Frontal sectisn ofa tadpole in its early end latew

gtages.
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Pigure 2. Medizl cross section of voung tadpole. S, spinal
coxrd; W, notechord; L, lavyngotracheal groove; G, gllls:
H, heart. - v '
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trachesl rudiment (Figure 1 and 2). From its.more>ventra1
part arise two lateral diverticula. They are the primordia
of the paired bronchi and lungs. The>iungs grow to form sage
eular,stru&%ur@s§ and by the tiwme of metamofphwsi% the walls
have &ifferentiateﬁ into the highly vascularized epitheliumm
typical of adult lungs. |

The first guantitative stoudies of pulmomary aend cutan-

gous respiration in the amphibians were made on Rana esculenta

and: Rana temporaria by Krogh (1904). THe inserted a cannula
comnected to an alr pump into the traches and analyzed separe —
ately the air forced through the lungs by the pump and the air =

gurrounding the frog. He was able to show that in R. lLempore



aria the lungs and skin are both importaent in resplratory ex-
Ghangé but in somewhat differeat woys. Oxygen enters through
the lungs vhereas carbon dioxide is:excreted fhrough the skin.
Oxygen intake through the gkin is determined solely by physgie
cal limitetions while carbon dioxide excretion may vary with
environmental changes, Krogh concluded that 4in R. temporaria
the lungs dominate in oxygen congunption over the skin in a
ratio of 339, In R. esgulents the ratio was 1:1, This probae

bly correlated with the more aguatic habitat of R. espulents.

In the salamander, Anbystoma maculatumg.ﬁuﬁchison (1963) found

that not only:iS‘eighty percent of the carbon dioxide produced
released through the skinbut the skin is &lso responsible for
moxre than fifty percent of the total oxygen uptake at 15%
and below. '1

Strawingki (1955b) was the Ffirst to measure the numbey
of blood capillaries in the skiﬁ of an amphibisn., As the cape
illaries form throvgh the skin or any other organ they devele

op into a net work of anastomoses (Pigure %), Strowinski

Plgure %, Caplllary meshes in the lung of Rang catesbeians.,
(Drawing from observations by the avthor)




counted the number of these crossings perunit of a#ea@ Uging
the gkin from R. gsculente he found that on the back and thighs
which are normally well expoged to the aiyr, the meshes average
300 per mmgs while the average eeﬁn% for the entive skin ig

200 per mmza Czopek (19%5a, 1955b) has used the same measups
ving‘sy$%em and caleulated the percentage of the total capile
ldaries found in the three regpiratory surfaées9 the skin, lungs,
and buccal cavity. Most Rana species have an average of 6%

percent of the total capillaries in the lungs while Lelopelmer .

hochstetteri has 65 percent of the total capillaries in the

_skin, In Bombina V&fiegat% capillaries are equally distrie
,bufed between the skin and lungs. In no adult anuran or uree
déle does the buccal cavity have g gignificant Percentage of
capillaries. These figures represent percentages in the adult
animals and do not refer to embryonic or larval stages, Resge
piratéxyvexchaﬁg@ through the body surface of the enbrye ig
the only method during eariy_davelopmenta Later gills ang
luhgs develop with concommitant changes in the proportional
disﬁribuéinn of the caplllaries (Poxon, 1964), With metamors
phasisAchaﬁg@w in the degree of vasonlarization cease in anurans
but in urodeles they'may continue during growth and in response
to seasonal influences. |

The Inngless salamanders are peculiar among mogt amphie
bians. The lungless characteristic was studied by Lapicgue

and Petetin (1910). By gaaling the skin of the lungless sale

amander, Puproetus montanug, in vaseline they were able to

demonstrate that cutaneous respiratlon is more important than



\

buceal respivation. The efficiency'of cutancous resplration o §%44*
in increaged by an increase in the vascularisation of the epi- |
thelium either by the thinning of the epidermis over the supe
erficial caplllaries or an increase in. the penetration of caps
iliaries into the epidevmisg The efficlency of buccopharyrne
geal respiration is alsgo increased in some lungless salamanders.,
Ritter end Millew (@899)'coun%eé buccopharyngeal vibrationsg

of 120 to 180 per minute in Aneides lugubris,

Whether the lungs of water-dependent adult anuraﬁs and
urodeles function as hydrostatic organs i6 guestionable
(Foxon, 1964). Foxon believes that in lake-living urodeles
‘fhe'lungs do funcﬁién hydrostéticly, but Dﬁnn (1928) guestions
their use as such in amphibians which live in fast moving water.
The possession of Grganﬁ of flotation would be & disadvanﬁage
in faét moving streamso |

It has been shown by the aforementioned suthors that
cutaneous respiration is as important if not more so than buce 4fvﬂ~'
copharyngesl and lung respiration in most amphibians, and cue . |
taneous respiration replaces the lungs in the lungless urodeles,
It is génerally believed that the lunge are involved in respire
ation in adult anurans and urodeles, and in hydrosiasis in ae |
dult water dependent urodeles. Whexn comparing adult urodeles
and anuvrans with tedpoles, little information on respiration
and hydrmatasis is avallable. el

The anatomy of seversl species of anursn tadpoles was ' SR

studied by Marshall (1970), Of interest is the aunthorfs desge LT

cription of the lungs of Rawa caltesbeiana tadpoles, At stage.



XXI1 the Jungs are inflated,; becoming shorter and wilder with

~ prominent blood vessels, and blood no longer cirenlates through_

the gills. She could not pinpoint thé»stége at which the 1ungs
begin to fﬁnc’cionf but perhaps they assume some respiratory
function before the gills regress to the nomwfunctibnal (70342
dition.

The embryology of the tadpole lungs appears 4o be very

much related to the ailr bladders of the CroSsmpterygi&nlfiSh'

(Noble, 19%1). Both air bladders and lungs arise from endoe
dermal pockets of the pharynx. Engel (1962) considers the

respiratory system of the bullfrog, Rana catesbeiana, as a

replica of developments which are likely to have occurred in

the transition of fish Yo amphibians millions of years ago.

The evolvement of choanae in the Crossopteryglan fish cone

stitute the first step in the transition from gill to lung
regpiration., Pulmonary rudiments appear in the tadpole at an
early gill stage and the two systems exist side by side throughe
out the tadpole phase. '

| Metemorphosis has been studled comprehensively by Ftkin
(1932), He has‘observeﬁ that the mode of respiration in the
bullfrog hag besn seen to change during metamorphosis. By
placing the animal in water to a depth just covering the snout
an aly breather will keep the nostrils Just above the surface
while a water breathecr will not. Although there scems to be
a period of indefinite reagtion, this lasts less than one day
and & definite change to air breathing is found to oceur in

the Tirst or second day of tail resorpition.




The volume of tadpole Jungs has been studied by Bergerjk
(1957) . He.placed a tadpole in a vessel completely filled
with water, Through the stopper of the vessel a calibratea
capillary tube protruded which was approximately half filled
with water. The only free alr present in the system was the
alr in the lungs of the tadpole. mhe vessel was placed in a
thermo-insulated vaccum chamber and evacuated to a pre-set
pressure. The rise‘in'the water in the capillary tube repre-
sented the volume of the lungs., Using the'equation: V1P1 ==
V2P29 Bergerijk was able to calculate the exact volume of the

'1ﬁngs° He found that the mean volume for bullfrog tadpole lungs

2

was 0.28 em” or about 2.% percent of the totsl body volume.,

Taﬁpoles of Xenoous laovis bad a lung volume of 09026 cmz, or

about 3.7 percent of the total body volume. }‘ |
These and many othexr studies on tadpoles deal with re-

spivation as & whole and do not singie out the organs that'

wight be involved. Since lungs ave present in the tadpole,

a question remsins ag to what their function is in this équatia

stage.



METHODS AND MATERIALS

Rane catesbelana tadpeles were used in these experiments.

They were obtained from the Mokelumne River on Highway 88,

two mileg west: of Clements, California., The tadpoles were

taken from an ox bow in the river approximately 250 yards from

the highway. The water flow in the river was maintained nearly

constant throughout the year by a dam. The ox bow contained

large guantities of elodea, small fish, and insects, and proved

to be an exgellent breeding ground for the Wullfrog. Tadpoles

for this project were taken ffomrJanuary to Oetober, 1972.

The animals were collected with nets and transported in plastic

tubs back to fhe University 27 miles avay. Tadpoles were cale
_ leote&‘only'when'nﬁeded and were kept in the laboratory no
longer than a week before being used. _

In the laboratory a holding tank was built., It was a
galvanizéd metal. horse trough filled with approximately 36
gallons of tap water. Water éntefed-the ﬁank in a continual
gspray and drained through an opening ét the dther end of the
tank. Every two or three days debris from the bottom of the
tank were removed end periodically the tank wasg drained and
completely cleaned. To preveﬁt overflows in the tank a flush
valvé}and float were connected o the spray. J1f the'waterv
level were to rise too high the float wouvld shut off the
water., The tadpoles were supplied with boiled lettuce every

few days.




PART A | .

The lungs from 71 tadpoles were removed over the 10 month
period, The tadpoles were first anesthetized in 1.5 percent
urethane (ethyl carbamate). The urethane Left the tadpole ' o
quiescent during the time I needed to remove the lungs and
yet the recovery rate from this concentration was nearly 00
percent., R ' - | )

Both the left and right 1ungs were removed during the | |
same operation., All equipment such as iridectomy scissors,
forceps, thread, et¢c., was sterilized before use; As 1 became
familiar with the tadpoles I was able to see a bulge in the
skin wheré the 1unggm@x@ilocateag To remove the left lung
an inciéionw of 2 to 3 millimeters was made just dorsal and
caudal to the spiracle. The right lung was'removeﬁ on the
right sife in the same pqsitionev The lung was pulled from
the body éavity with tissue forceps. It was measuvred for lenthe
th and tied with thread as close to its point of origin asg
possible. The lung was cut off and fixed in 2 percent formalin.
Very little bleeding oceurred with this method. The stub was
theﬂ placed back into the body cabity and the right 1uﬁg was
removed. The hole made by the inecision was not sutured shut T
but allowed to heal by itselfl,

A number of sham operations were performed ii:which the
body wall was cut but the lungs not removed. These tadpoles
were used as controls to compare wlth the lungless tadpoles

for health and behavior.
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For the first couple of days, lungless tadpoles were

pléceﬁ individually in plastic tubs, 9 x ?2 %5 incheg, i

2 liters of water, After 3 days they were supplied with
boiled lettuce.  The water was changed daily for the fivst
week but only every 2 or 3 days after fthat. In the first
few months of research the mortality rate was nearly 60 per-
cent within one week after the operation. The deaths were
due nainly to fungus infection., A fungicide, FungiStop by ' B
Tetra Care, was found to reduce the fatality rate. FungiSﬁop> B
was placed in the water of all lungless tadpoles for the dura- B
tien of the experiment. vAt %3 week intervals lungless tadpoles -

of recorded stages were sacrificed and autopsied to seevif

lung regeneration had occurred. Several tadpoles were allowed

to live through metamorphosis.

PART B

At the enﬁ of 3 weeks lungless tddpoles that were about I
to be sacrificed were first studied physiologically. They were 7
piaced singly in a water filled cylindex 94 centiméters high
and 15 centimeters in diamé%er@ The height of the eyliunder
wag marked off in centimeters and the water in the eylindex
wa.s cOntinuaily aersted. Along with the lungless tadpole a
"normal tadpole of the same stage was placed in the c¢ylinder.
The height to which they would swim was measgured at one houy

intervals, : » ' o
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PART G

Normal tadpoles wefe placed in one liter Exrlemmeyer flasks
filled to the top with tap water, one tadpole to a Tlagk,
The top was screened off so thét the tadpole could not surface,
that is, they could not gulp air from the'atmosphefeg A11
the flasks were serated except.bnea The fadpoles were then
observed for 6 hours. The experiment was pun ﬁevéral times

vging different tedpoles,.

" PART D

The weight of each tadpole was recorded before the Jungs
were removed. As the lungs were removed their lengths were
measnred. A correlation coefficient analysis of tadpole weight

and lung length was made to see if a relsation did exist.
~ PART E

The'capillary anastomoses of.the operculum were counted
for normal and lungless tadpoles;' The operculum is a flap of
skin $hat cbvers the gi11$; and is highly vascularized. . Normal
and lungless tadpoles were anesthe%izeﬁ in 1.5 perceht urethane
aﬂd injected with india ink through the truncus arteriosus and
then fixed iny?O percent formalin., After fixetion the opere
cwlun was cut out, dehydrated with alcohol, and sealed in
Adams Histoclad. The density of the meshes (the junctions of

capillaries) was measured; The ocular of the microscope wag

- fitted with an ocular grid. The grid was then calibrated to



a length and width of one centimeter., ALl meshes lying along
the length were counted and all the meshes lying along the
width were counted. The counts for normal and lungless tadpoles

were applied to a two«factor factorial analysis of variance,
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RESULTS
PART A

The normal development of Rana catesbeiana tadpoles is

shown in Figure 4 as modified from Taylor and Kollros (1964),
The steges pictured include XI through XXI. | A

o Both lungs were removed from 71 tadpoles. - Three weeks
after lung removel 27 tadpoles were dead from fungus disease,
26 had been sacrificed, and 11 had died of unkﬁown reasong
(Peble 1). From the sham operations several tadpoles were dead
from disease. The remaining tadpoles were healthy,

The 26 1ung1ess tadpoles that were sacrificed ranged in

development from stages ¥I to XVII. These tadpoles were autop-

gled to see 1f any lung regeneration had accurfeao The epi-~
thelial stub or primary bronchus was examlined. No regeneras
tion of lung was found in any'bf these tadpoles. Tadpoles cole
lected between the stages of XVIIL and XXI died within 5 +to
10 days after lung removal. There were no pigns of disease
cand they were subjected %0 the same conditions as the other
iungless tadpoles. Their death may be linked with asphyxise .
tion. These tadpoles were antopsied for new lung tissue and
none was found. |

Graphed in Figure 5 1s the survival time of Tungless
tadpoles in daym. Tadpoles younger than stage XVII lived to
the third week but tddpoles operated on at stageé late& than
XVEL died., As the stege in development increased, the number

of days the tadpole lived after the operation deercased. Tade
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poles operated on at stage XVII lived an average of 17 days,
while tadpoles at stage XVIIT lived an average of 10 days,
stage XIX an average of 7 days, stage XX 6 days, and stage

X1 days. This suggests that the lungs hecome more essen-

5

tial for life as the tadpole approaches metamorphogis.

PART B

Wormal tadpoles were observed to be quiescent animélsy
normally lying s$i11 on the bottom»or'swimming‘slowly along
the bottom scavenging for food. Only when frightened did they
nove swiftly for cover undér debris or under other tadpoles.
Occagionally a tadpole would maneuver to the surface, open its
mouth to the atmosphere and gulp air. Sometives &b air budbble
:mighﬁi appear as 1if ailr waé also being release& back to the
atmosphere. The tadpole would spend no more than a few seconds
at the surface and then descend back to the bottom; On the
way down the tadpole may or may not release an air bubble.
Normal tadpoles were seen to surface 6 to 11 times per hourg

When lunglesgstadpolés»ﬁere placed in Shallow tubs with
% dnches of water_théy exhibited the same behsavior as normal
tadpoleso They swam to the surface opened their mouth to the
atmosphere and swam back to the bottom, usually releasing én
‘air bubble. Occagionally the ailr bubble would come not from
the mouth but from the incision where the lung was removed.

A few of the tadpoles even became bloated and floated on top

of the water. This shows that the tadpoles do draw air into
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the buccal cavity and into the lungs. Air passing into the
body cavity of lungless tadpoles was due to a loose ligature SR
around the bronchus from which the lungs was removed.
Ligbted in Table 2 ave the‘surfacing abilities of normal

and lungless tadpoles. In each of the five sample rﬁns,
2 tadpolew, one normal and one lungleség were allowed to swim
freely in a 90 em éylindéro It was observed that normal tade
poles ascend to a height of 85 to 90 em. Tadpolew from the
stages AVI and XVIL ascended higher on the everage than the ‘ T
younger stage XV did. The reasgon wes not explored further butb
may be related to the size of the tadpole tail and/or the ade
vanced development of the hind appendageso” Lungless tadpoles
ascended on the average to & héight between 25 and 55 cme
The climb wag one-third to one~half that of normal_tadpoles@
Thevnumber‘of ascenta-pér'hour wag nearly the same for both
normal and lungleSSVtadpoleﬁw but lungless {adpoles-tend@& to
be somewnat sluggish9 making en average of 6.1 ascents Der houfy
while normal tadpoles.ascended_7o7 times. From this test it
-appears that thé lungs play an important role ih the vertical
migratioﬁ ofvthe tadpole. Removing the lungs, though, éeemg
to have little effect on the ﬁumber Qf agcents attempled.

| A graphic reprusenﬁation of the surfacing abilities is
presented in Figuve 6. Plotting average height of climb G
‘gaingt stage shows the definiﬁe advantege that normal tadpoles
hove in swlimming to the surface. Normal tadpoles in evéry

test made higher average ascents than lungless tadpoles. _ S
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PART C

Twelve normal tadpoleg were placed separatély in Eflenw
myer flasks, 8 in aerated water and 4 in unacrated water., A
screen in the neck of the flasks kept the tadpoles under the
surface of the walter and prevented them from reaching the ate
mosphere, All 8 tadpoles in the aerated water lived. They
showed no signs of stress and exhibited the same behavior as
other normal tadpoles in the holding tonk. The 4 badpoles
in unaerated water dlied within an hour.  Lf ﬁormal tadpoleg
- are kept from reaching the atmosphere To gulp ai:é9 they will.

'xemain,ali?e if the water is continually aerated{Table 3),

PART D

The relation of tadpole:luﬂg length to tadpole weight

is presented in Table 4. The average length of the lungs ranged

from 7.5 mm at stege XI to 9.2 mm at stage XVIII. The lungs
deeréased in>1ength after stage XVIIL to & Jow of 8.2 mm at
stage XXI. The average welght of the tadpoleé ranged from a
low of 9.3 g at stage XI to a high of 16,1 g at stage XVII.
Aféer gtage XVIi the average tadp&le}weight decreased to 14.6
g at stage XXI., The coelficlent of correlation was calculated
"o be 0.11. Pven though the cqefficient'ig positive; it is
too small o say that any real correlation does exist, Only
'1.21 percent of the variation in the average length of the
lungs, 58 measured by the sum of the squares was due to the

linear regression of lung 1ength to weighte

24




TABLE 3

NORMAL TADPOLES LIVING IN A CLOSED WATER BATH -
WITHOUT ACCESS TO THE ATMOSPHERE . ' -

WATER AERATED

STAGE TESTING CONDITION OF

XX o 4 hrs. normal
XII 4‘ | normal
XI11 . 6 | | normal
XIv : 4 L  normal
XV ' _ 4 o normal
XV ' ‘ 8 normal
XVI a 8 normal

XVI 8. v ' normal

VATER NOT AERATED

XI : 1 ' dead
XIV 1 | dead .
Xv 1 - ’ dead
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When thig test was run the tadpoles from which the lungs e
were yemoved and measured were kept alive for other experiments, S

If the tadpoles had been welghed without the gut, more meanw

L WL

ingful results might have been found, A tadpole's welght will
vary with enviroomental counditions, due to the avallabllity
of food., Also, tadpoles cease to feed once they enter meta-

morphosig.
PART o SR -

The da%é collected by countiﬁg the capillary meshes are
presented in Tables 5 and 6, and in Figufe T. Table 5 shows
“the number of meshes counted per animal per stage. The three
stages used were XIT, XTIV, and XVI, and 5 tadpoles were counted
at each stage, h | |

| Beginning with'normal tadpoles at stage XII the capil~
lary density ranged from 215 to 254 meshes pervcmz.(Table 5) 0
At‘étage AV the range was 220 tov251g and at stage XVI the
range was 224 to 255. Thg number of caplillary meshes for
lungless. tadpoles wanged at stage XIT from 207 t0.252 meshes
per'emgg At stage XVI the range was 239 to 262, In both |
normal and lungless tadpoles the average number of meshes ine
creased with development. ‘ |

Stage XII, as seen in Table 5, had the greatest varia-

bility in the pumber of meshes for both normal and lungless —

tadpoles. The distridbutlion of capillaries was seen to vary E T

fron tadpole to tadpole. It was impossgible to establish a
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- steandard pattern within the capillary bed of the operculum

which might be the reason for the'variébility in thernumbef

of meshes counted. Another reason for the #&riahilityT is that
many of the capillaries did not carry the dye and as a result
did not appesr.

The data were applied to a two~factor factorial analysis
of variance. The nuvll hypothesis wags made that the numberr of
capillariés per cm2 doeg not diffex bétween normal and lunge
less tadpoles. The F test was applied to the analysis with
the levels of Significance at 0.01 and 0.05, |

In the analysisg of variance the T wvalue faf normal versus
Junglessness (anatomj) wag 0023 (Table 6), The standard values
for ¥ at 0.0% and 0,08 are 4.% and 7.8, respectively. For
g signiflicant difference in the number of capillary meshes to

exist the experimental number must be greater than 4.%; to be

highly significant the number must be greater then 7.8, The

number is much smaller and so little or no difference was found
in the number of capillaries in normal and lungless tadpoles
as a group. The F value for individnal stages was 1.1. This

compares with the standard T value forVOGOS and 0,01 of 3.4

and 5.6, respectively. DThe experimental is less then the

standsrd velues. There is no difference in capillary density
hetween the stages of normal and lungless tadpoles.

The final test was for interaction between anatomy‘and
stage. As wlth the first 2 éomparisonsg no significant dif«

ference was found., The experimental value was 0,02 while the

gtandard valuves for 0,05 and 0,01 weve 3.4 and 5.6, respectively.



TARBLE 6

TAG-FACTOR FACTORIAL ANALYSIS OF VARIANCE OF THE NUMBER OF CAPILLARY MESHES

IN THE CPERCULUM OF NORMAL AND LUNGLESS TADPCLES
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SOURCE CF DEGREES OF SUM OF MEAN EXPERIMENTAL  STANDARD F VALUE
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The results of the count are plotted as a graph (Figure 7).
Note that there is a small increase in the number of capillare
les with advanced stage for hoth normal and 1ung1ess'tadpoles,
and that lungless tadpoles did not develop more cépillaries

in their operculum due to the loss of their langs.
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DISCUBSION

This investigation attempts to establish the function

]

of lungs in Rana catesbeians tadpoles. Are they involved in .

regpiration and/or hydrostasis? To see just how important the

lungs are to the tadpole I removed them, This approach has o

not been taken by‘other researchers making éomparisions'difm

ficult. |
Savage (1952) observed that "The Rana tadpoles haﬁe lungs

which become functional at an early age, becaunge the surface

of the water above colonies ls often covered by the bubbles

produced by the animals". Noble (1931) on the other hand ob-

served that in Bufo this type of behavior does not osceur, I

found through my own observations that Savage's description

of tadpole behavior is the éame fof R, catesbeiaua; but sure
facing does nct‘appear to be a function of respiration. Iung-
lesg tadpoles in shallow tubs continued to show the surfacing
behavior. When a lungless tadpole did surface to the atmos-
phere they imhaled air because in some lungless tadpoles the
ligatare had loosened and the air passed into the body cavity
causing the tadpole to float. |

Tedpoles at different stages reacted Yo lunglessnegs ".7'{vaw
differently, Tadpoles between the stages of‘XII and XVI with
thelr lungs removed Llived through the % week testing period.
Tadooles between the stages of XVIIT and XXI died within 5 %o

10 days. Stage XVII was the period of transition becausge gome



tidae family to indicate whelher changes in the bull frog tade
y ‘ v g
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of the tadpoles could live without lungs while others died.

Lungs become vital for respiration &uring this stage. SR
Normal bullirog tadpoles could 1ive.without stress 1ﬁ

water when they were not allowed to reach the éurfacee' Ir ;f

normal ﬁédpoles could live without surfacing (without aerating =

the 1uﬁgé) and lungless tadpoleg could also live, then the lungs

mist not be necessary for‘respiration'to maiﬁtain life. They

could be functlional in respiration, but are not essentual.

This is true only up to stage XVIIL when it becomés apparent : =

~that lungs are necessary.

The only amphibians that occur naturally'without lungs

are the family of salamanders, Plethodontidae. The majority

of Americén urodeles are included in this family. Tn the adult

sfage cutaneons respiration is increased by the penetration

of capillaries into the'epidermis'or~thevﬁhinning of the @ple

dermis over the superficial capiliaries (Noble, 19%1)., Ine

formation was found on larval respiration in the Plethodon-

pole following iunglesshess were similar. L

heeording to Mapshall the lungs of R. catesbeiana tad=

pole are partially inflated at stage XXIL. From my own Obw

servations the lungs of the tadpoles were inflated and had

extensive capillary beds as early as stage XI. The length of

the Jungs venged frowm 7.5 mn at stage XI to 9.3 mm at stage
XVITI.
Gradwell (1969) hes shown that the operculum has a large po=

capillary bed. He found thet the capillary density of the op-
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erculum is comparable to and even greater than that of the

skin in the seven species of frogé and toads investigated by
Czopek (195%a). The shape of the capillary meshes in the bulle
frog tadpoles was similar also to the cutaneous samples examined

by Czopek. Gradwell concluded that the caplllary density and

the area of the operculum of the R. categbelana tadpole is
gignificantly important to respiratory gas exchaﬁgee

I found that the average number of capillary meshes in
the operculum of normal tadpoles ranged from 236 %o 242 for
" the stages: ¥XIT, leg and XVI.  For the corresponding stages
in lungless tadpoles the meshes averaged 276 to 257°‘ Statig-
tically there is no difference. If the 1ﬁﬂgs are involved in
respiration the skiﬁ doeg not take over their function. If
time permitted it would be usefuvl to count the capillary meshes
.of the.gills émﬁ'buccal cavity in riormal and 1ungless-tadpoleée

Tungless tadpoles in shallow tubs exhibited the'same
behavior az aormal tadpoles. _When_a 1ungleés tadpole was moved
to a deep cylindey (90 cm) a striking difference appeared from-
normal tadpoles. TLungless tadpoles could not surface. In
fact they ﬁera resticted to the lower half of the eylinder.
They had lost their hydrostatic ability to elimb. Both Foxon
(1964), fﬁd Dunn (1928) suggesﬁe& a hydrostatic function of
lungs in amphibisns that live in lakes, In lake dwelling species
hydrostatic organs would helb the tadpole in vertical mdvementa
The only defense mechanisms that the tadpole hag is its colorw
ation and speed. Hydrostatic organs would be useful in moving

the tadpole out of the vange of predators,



The‘first stage in the evolubion of respiratory~organs
is ﬁhe transition from gills to saceular lungs. The bullfrog
tadpole, which-exists today in the same or similar form as
1t did millions of years ago, ig fitted with 2 primitive sag~-
cular lung (Engel, 1962)9 Thus’ﬁhe resplratory system of the
tadpole can be considered as’a replica of developments which
were likely to have oceurred in ‘the transition‘of Figh to émm
vhiblansg millions of years ago. The lungs, like the choanae
of the.primitiva fish, Crossopterygian, probablykserve not in

respiration but as hydrostatic orgens.
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SUMMARY

The function of the lungé in Rana catesbelens tadpoles

wag gtudlied,.

A, Tadpoles younger than stage XVII were able t0 1ive withe

B,

C.

De

out their lungs. Tadpoles older than stage XVII died
without their Jungs.

Tungless tadpoles were unable to ascend to the sucface
from depths of 90 cm.

Normal tadpoles were able to live without access to the
atmosphere as long as the water wag aerated.

Removing lungs from tadpoles does not result in an in-
creage ln the number of blood capillary meshes in the
“operculun,

The author comncludeg that the lungs of Rana catesbhbelana

tadpoles funciion largely as hydrostatic organs..
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