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INTRODUCTION

Within the class Amphibiz are found forms which exhibit varying degrees of
transition fram an aquatic to a terrestrial habitat. The axygen carrying capa=-
city of the bloed is cme of the facters which may influence these animals in
their envirommental distribution as well as it does their metabolic activity.

It might be expected, therefore, that blood axygen capacity values would be
somewhat different in the various species of frogse Considerable variation

in blood oxygen capacity has teen fcund in the other veterbrate groups(Prosser
ete 8l. 1950; Hoar ete ale 19513 and Burke, 1953)s It is also true that
poikilothermic animals generally have lower blood oxygen capacitics than homoio=
therms,

Blood oxygen capacity may be measwred quantitatively and is usually ex-
presged in volumes per cente In the present investigation this value is ex-
pressed as the number of milliliters of oxygen that combines with 100 mle of
blcod when fully saturated with atmospheric oxygen and corrected to standard
texperature and pressure.

Several reports regarding blood oxygen capacity in amphibians have been
made previous to this investigation. Wolvekamp and Lodewijks (193L) found mean
blood oxygen capacity values of 7.65 vole % for nine aquatic frogs (Rana escu-
lenta) and 12.05 vol. § for three semi-terrestrial ones (Re terporaria).
McCutcheon (1936) reported a mean valus of 10,21 vol. $ for three adult bullfrogs
(R. catesbeiana) and 7.80 vol. § for two tadpoles. The anly other amphibian
study revealed in available literature was by Scott (1931), who found that blood
axygen capacity in seven Congo eels (Amphiuma tridactyla) ranged fram 2.5 to 8.}
with a mean value of 5.3 vol. %,




Blood oxygen capacities in other vertebrate groups are summarigzed by
Prosser et. als (1950). Mammalian studies are also sumarised by Albritton
(1952) and Burke (1953). Very recent studies have been made in white rats
(Burke, 1957), fish (Burke and Woolcott, 1957), and turtles (Payne, 1957).

These investigations were primarily concerned with the relation of blood
oxygen capacity to body weight and to sex. Burke and Woolcott campared two
species with approximately the same habitat, whereas Payne compared aquatic
and terrestrial forms.

The present investigation is a compariaog of the blood oxygen capacity
in three species of frogs: a semi-terrestrial form, R. pipiens, the meadow
frog; and two aquatic forms, R. clemitans, the green frog; and R. catesbeians,
the bullfroge The habitats of these frogs are described by Wright and Wright
(1949) as follows: R. pipiens inhabits swampy marsh lands, upland backwaters,
overflows, and ponds in the- springe In sumer it is found in swamp lends,
grasgy woodlands, or in cultivated hay and grain fields. In winter it hibernates
in pools or marshes. It has been found as far as 200 yards from any permanent
body of water. R. clamitans is strictly aquatic, living in lerge, deep ponds
and resevoirs as well as in smaller ponds and pools. R. catesbeiana is also
strictly aquatic and inhabits millponds, hydraulic lakes, reesevoirs, and kindred
bodies of water. ‘

The primary concern of this study was to cowpare blood oxygen capacity in
the aforementioned three species of frogs in regard to the following parameterss
body weight, habitat and sex. Two other parameters were studied as the investi-
gation progresaed: (1) hemoglobin concentrations were determined since the
oxygen capacity of the blood is directly proportional to its hemoglobin content,
and (2) erythrocyte counts were made to further substantiate blood oxygen capa=
city datae.



METEODS AND MATERIALS

A total of 145 frogs, including 50 Re pipiens, 43 Re clamitans and 52
Re catesbeiana were used in this investigation. Specimens of R. clemitans

and R. catesbeliana ﬁere collected in Chesterfield and Henrico Counties,
Virginia from June wntil Septembér, 1957, The frogs were captured by hand
at nigh£ m.th the aid of a flashlighte 5- clai:dtana were found along small
creeks, drainage ditches and along the shoreline of small pouds. R. cabes-
m were found in several deep ponds, with the exception of several of
the larger épecimens which were obtained commercially from Mimnesotas® A1l
specimens of R. pipiens were obtained commercially from Wisconsing

In the laboratory the frogs vwere retained in deep sinks with a source
of rmming tap water. Whenever possible, blood samples were taken within L8
hours after collection. Body we'lghts were recorded to the nearest Odd of a
gram, and standard length, (from tip of snout to cleacal aperture, as expfessed
by ﬁright and Wright, 1949) was recérde_d in millimeters for each froge.

Blood oxygen capacities were determined by the microgasametric syringe
method described by Roughton and Scholander (1943) and modified by Grant
(1547)e Determinations were made on frogs as small as two grams, as only
39.3 emme of blood are requiredes

Blood samples were drawn directly into a heparinized pipette from sn
incision made in the ventricle, and transferred immediately to the syringe
for oxygen analysis. S:Imiiar blood samples were taken from the same incision
for erythrocyte counts and for hemoglobin concentration determinations. Feor

#* J. Re Schettle Frog Farm, Stillwater, Minnesota
#% The Lemberger Co., Oshkosh, Wisconsin



the latter procedure, the acid-hematin method was used employing the Fisher
Eleictro-ﬁmnanater, (Kolmer and Boerner, 1945).

Erythrocyte counts were made in all of the specimens of R, pipiens and
in several representative frogs of each of the other two specieé following
the procedure as described by Kolmer and Boerner (1915)s Each frog was
sexed by gonadal examination (Noble, 195h)e

Data were collected snd analyzed statistically by the methods of Simpsen
and Roe (1939), and Arkin and Colton (1950). Tests of significance, employing
the standard error of the difference between two means, were applied to the
nean blocd oxygen capacity values of the three species as well as to males
and females within each specieé » Other statistical analyses were made on the
relation of blood oxygen capacity to body -aeight, on hemoglobiﬁ concentrations,

and on erythrocyte countse



RESULTS

The relation of blood oxygen capacity in volumes per cent per gram of
body weight to an increase in body weight is represented in Graphs 1, 2,and
3 for R. pipiens, R. clamitans, and Re catesbeiana, respectively. Other

data pertinent to the investigation are presented in tabular form.

Data for 50 specimens of R. pipiens, L3 specimens of R. clamitans, and
52 specimens of R, catesbeiana arve presented in Tables 1, 2, and 3, respec-
tively. The data are arranged so that body weights are in increasing order.
The frogs had a mean body weight of 33.1, 30.L, and 132.8 gm.; a mean standard
length of 72,7, 68.9, and 98,1 m.; a mean blood axygen capacity of 10.3, 6.0,
and 6.9 vole £3 and a mean hemoglobin concentration of 9.9, 6.5, and 6.5 gme
per 100 nl. of blood, respectively, Mean erythrocyte comnts of 0,379 x 10°,
04320 x 106, and 0,280 x 106 per cam, of blood were found for all specimens
of R. pipiens, 15 specimens of R. clamitans, and 9 specimens of R catesbeiana,
respectively. The standard deviatiom and the standard error of the mean blood
axygen capacities were as follows: R. pipiens-1.68 and 0,16 vol. %3 R. clamitans=
1.95 and 0,32 vol. %3 R. catesbeiana-2.31 and 0,34 vol. %.

In regard to the total sample as presented in Table L, there was a signif-
icant difference between the mean blood oxygen capacities when one species was
compared with another, When the mean blood oxygen capacity of R. clamitans
wag compared with that of R. pipiens, an aritimetic difference of 4.28 vol. %
was founde When the mean blood oxygen capacities of R. catesbeiana and R.
pipiens were coampared, the aritimetic difference was 3.46 vol. #. These dif-
ferences were significant as each is greater than three times the standard
errcr of the difference between the means: (3 x 0,054 = 0.162) and (3 x 0.052
= 0,156). V¥hen R. clamitans was compared with R. catesbeisna a difference of



only 0482 vole # was found between the mean blood oxygen capacities of these
two aquatic forms. However, this difference was also found to be significant
(3 x 0.067 = 0,201),
When treated statistically, it was found that the difference between
mean blood oxygen capacities of males and females in Re clamitans and R.
catesbeiana was significant as shown in Tables 3 and L, respectively.
Reference to» Table 1 shows that this characteristic was not found in R. pipiens.
Table 5 presents blood oxygen capacity values fram this investigation
and from avallable literature for varicus amphibianse



GRAPH 1

The relation of blmdmygen capacity
in volumes per cent per gram of body
weight to an increase in body weight

for Rana pipiens
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GRAFH 2

The relation of blood oxygen capacity
in volumes per cent per gram of body
weight to an increase in body weight
for Rana clamitans
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CRAPH 3

The relation of blood axygen eapacity
in volumes per cent per gram of body
weight to an increase in bedy weight
for Rana catesbelana
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KEY TO ABBREVIATIONS

Table 1
Wte in gme @ Weight in grans
Lge in mnu = Length from tip of snout to cloacal aperture
in millimeters
BuOoCe = Blood cxygen capacity in volumes per cent

(VOl 0% )

Hbe in gm./ = Hemoglobin concentration in grams per 100 ml.
100 ml, blood of blood

ReBuCe x 20® = Red blood cell count in million cells per
e cubic millimeter

Mex, = Maximum value in rance

Min. = Minimm value in range

S¢Ds « Standard deviation of the mean blood
oxygen capacity

S =a Standard error of the mean -of the blood
oxygen capacity

AJDam = Arithmetic difference of the mean blood

oxygen capacity between males and females

SeEed » Standara error of the difference between
the mean blood- oxygen capacities of males
and females



Table 1

Rana pipiens
¥, in Tge in BaOaCs Hb,. in
Sex e T, (vole %) 2¢/100 mle ReB.Ce x 20°
blood
F 13.2 60 7l 7.0 0.25
M 1.8 59 10.8 10,0 0,37
¥ 1547 58 749 7.7 0.33
F 16.4 60 9.4 8.5 0e32
F 16.9 62 8.9 8.7 0432
M 17.3 60 By 8.0 0.34
ot 18.1 65 "B.5 8.5 0429
F 19.8 63 8.2 Te3 0.23
F 20,0 62 749 743 0,26
. § 21.2 66 10.7- 9.0 O.43
M 21.3 66 11.0 11,0 0431
F 21.5 65 10,2 9.0 0435
M 21.5 66 10,2 11.L4 0,40
F : 2169 && 7 -9 717 0.29
M 22,0 . &l 10,7 10,3 0.5
F 22.1 62 Te7 6.3 0.26
M 22,8 69 12.3 12.5 0.42
M 2l 68 10.7 11,2 0.40
M 25 68 8.1 6.5 0.28
F 211'8 “ 907 905 0‘31
M 254 66 10.0 745 0.37
M 25.6 68 9.8 745 0.38
F 26,1 67 7okt 720 0425
M 28,5 68 113 1342 0.1i5
.| 29.7 72 10,1 10,8 0.43
b | 2947 72 10.7 11.0 0.36
M 30,5 70 9.9 10,0 0.43
M 31,2 73 11,0 10.7 0eli2
M 3.5 75 11,0 12,0 0.5
H 32.1 78 8.5 746 0.2
M 32.3 76 11,2 11,3 0039
H 32.5 75 99 9.3 0,15
M 35.2 76 9245 10,6 0.43
M 36,2 N 13.5 10.5 0.35
M 3649 (3 11.6 12.3 0.5
¥ 37.0 75 9.0 9,0 0.12
M 38,1 78 10.1 10.9 0.38
F 3942 7 1042 9.0 0.28
M h3.k 85 11.7 12,5 0s7
F Lih0 81 10.5 11,0 0.32
F Li646 81 11.h 10,8 OJi1



Table 1 (continued)

Rana pipiens
¥Wte In Lg. in Bs0sCe Hb. in
Sex Bne MMe (VOlc %) gm-/lOO ml, ReBeCe x 1&
blood
F 5041 85 11.6 1.5 0.15
F 5.8 86 12.8 12.5 0.L3
F 58.5 89 12,5 11.6 Ouli7
F 61.5 89 12,5 11.7 0.48
F 65.0 92 1.5 15.0 0.48
F 66.3 91 13.2 1.6 0.8
F 71.0 ok 1.6 10,5 0.0
F 78.7 1 12.1 11.0 0.2
Female
Mean 399 75.9 10,34 ' 9.8 0.358
S OD L g - - 2 .10 - -
SJEam - - 0,20 - -
Male
Mean 2748 70.2 10429 10,1 0395
S oDo - - 1.28 - -
S OEom - - 0.12 - -
AJJlam L4 - 0.05 - -
S.E.d - - 0,046 - -
(SeEed x 3) = - 0,138 - -
Total Sample
Mean 3301 T2 .7 1003 9 o9 00379
Hax. 7807 . 97 1)-105 15.0 O.h80
Min. 13.2 58 71 6.3 04230
S .Do - - 1.68 1.9l$ 0.075
S .E‘m - - 0016 - -




Wte in Ele
Lg' in rm.
B.0.C,
(Vol.%)

Hbe in gma/
100 mle blood

Max,

. SeEem
A.D.m

S’E'd

KEY TO ABBREVIATICNS
Table 2

= Yelight in grams

= Length from tip of snout to cloacal aperture
in millimeters

= Blood oxygen capacity in volumes per cent

= Hemoglobin concentraticn in grams per 100 mle
of blocd

= Maximum value in range
= Minimm value in range

= Standard deviaticn of the mean blood
oxygen capacity

= Standard error of the nean of the blood
oxygen capacity

= Arithmetle difference of the mean blood
oxygen capacity between males and females

= Standard error of the difference between
the mean blood oxygen capacities of males
and femnles



Table 2.
Rana clamitans

ib. 1n

Wt. In Ig. in B.0.Co
Sex M. M (vol. %) gm./100 mle
: blood
M 2 QO 28 .2 07 -
M 2 q? 30 2 .6 -
b4 3.0 31 246 -

. H 3 ‘S 33 h ¢8 -
H 6.0 3% 52 56
. { 12.5 55 5e3 L.0

. | 20,0 63 LY 4 643
M 20,2 6l 341 he7
. § 2042 61 345 562
M 20,8 65 he8 8.0
¥ 2146 62 Se3 5 «3
M 2340 _57, Le9 5.7
" 23 » 66 709 T nh
M 21,8 66 L9 ho?
M 2543 67 Se7 5e3
M 26.3 70 Se2 Selt
¥ 2647 67 ) Lre3
M 26 ¢8 70 5 13 h +0
. 2742 70 7.0 742
. ¢ 27.6 70 646 “Te2
X 291 13 6.1 6.7
H 29.7 T4 Le3. LS
| 31.7 75 5¢2 .
M 33.1 71 6.5 3«7
F 3347 73 el 9.7
F 35;0 76 Tel 9.5

M 35.5 80 Se7 -
F 3567 79 5¢2 SeT
F 304, 78 542 3.7
. 37 07 73 5 03 -
F 102 80 Se2 Se8
F L340 80 T+0 Taiy
F 1345 9 9.0 745
F Li3.8 81 742 8.0
F Wb 82 6B 5e7
F 6.5 80 8.8 842
F L9.6 83 93 .7
F L9.8 85 91 9.6
F 5Ly 85 945 1.8
F 52.5 89 642 4.0



Table 2 {continued)

Rana clamitans
Wte in Lge in Ba0sCe Hbe in
Sex ghle s 1Y (7010 %) gm./lOO mle
7 . bleod
F 5641 88 842 17
F 6545 92 10.6 10,5
Female
Hean LSl Bl.9 777 5
S'IDQ had - 1170 -
S QE oI - - 0.22 had
Male
Mean 21.6 61.3 5,03 55
Sela - - 1.27 -
SeEem - - 0.25 -
A oD.m - - 2'71.‘ -
SeE4d » e 0.%7 -
(SEdx 3) = - 0,201 -
Total Sample
Mean 30.!:. 68.9 : 6.0 6.5
Max,. 65.5 92 1046 11,8
Mine 240 28 2.6 3.7
SeDe - - 1,95 2.18
S‘Eﬁm X hond - 0c32 L




Hte in £Mle »
I-g- in .
Bo04Cy -
(VOI; %)

Hbe in gae/
100 ml. blood

Haxe

KEY TO ABBREVIATICNS
Table 3

= Weight in grams

= Lengthfron tip of snout to cleacal aperture
in millimeters

=» Blood oxygen capacity in volures per cent

= Hemoglobin ¢oncentration in grams per 100 ml,
of blood

a Maximum value in range

‘= Minimumm value in range

= Standard deviation of the mean blood
oxygen capacity

= Standard error of the mean of the blood
oxygen capacity

= Arithmetic difference of the mean blood
oxygen capacity betwsen males and females

= Standard error of the difference between
the mean blood axygen capacilies of males
and females



Wt. in 1g. in BelUaCe Eb, in
Sex e e vols 2) £R+/100 ml,
bloocd
R boo 36 309 -
F L1 3 L0 345
M 542 38 Eel 52
F 5.0 38 53 345
r 6.0 38 L0 L0
F 6.0 Lo L8 L6
F 6.0 i L9 2.8
F 6.2 hl 503 3'7
. 67 L2 5e3 keS
M 6.9 thi hels 57
F 743 Lo ) 72
M 82 Ls 2.6 5.0
M 8‘3 hO 2.8 -
M 13.0 53 L6 5e3
H 19.8 62 L3 5¢3
X /3 19 Teh 53
.| 10,0 80 562 6.0
H L3.5 76 19 -
B 53e5 86 2¢7 L7
. § 70.0 93 6.9 79
H 71‘6 98 502 703
F 76.0 97 5.6 77
F 7942 g5 72 640
F 8340 98 8.0 55
M 86o0 911 5-2 50’4
F 8642 97 63 L6
F 91.0 96 Te3 6.3
F 96.5 jos 8.1 643
. § 100.0 103 9.0 843
F 1045 115 7.8 7.0
B 126.0 111 841 79
M 133.7 1é 847 T+0
F 1368.9 1L L9 640
. § 139.0 119 9.0 702
M 12.9 128 6.1 7.0
. § 139.5 130 7.0 6.1
F 163.4 126 - 849 73
M 170.0 119 11.2 8.0
. § 176.5 133 543 55
) 1 200.,0 12, 9.0 6.5
H 228,0 126 10.8 746
F 251143 136 Toht 7.6
F 338.5 152 10.8 9.8
M 3hkel 159 10,9 11.5



Table 3 (continued)
Rana categbelsna

m; in Lge in “B.0sCo Hbe in
Sex o TTMe (vol. %) &n./100 mle
M 35140 151 9.8 10.3
F 3690() 160 ?tl -
F 371.8 161 9,0 847
F 0043 165 10.5 8.5
F L132.0 172 Gel 8,2
F Lii6.0 171 946 945
F héghm 17k 949 842
Female
Mean 16841 10k Tell 6.l
SeDa - - 2408 -
S.E.a - - 0429 -
Hale
Hean ' 192 05 92 «8 : 6466 65?
S QD" L - - 2 '50 -

- SeEum - - 0.37 -
A QDQm - - 0.16 -
S.E.d - - 0.091 -

(SeEed x 3) = - 042 -
Total Sample

Mean 132.8 98,1 649 645
Hax. hé2. /13 11,2 11.5
Min. ) 3k 2.6 2.8
SeDe hond - 2 '31 1'9l$ .
S«Eantt - - 0.3k -




KOa

Whan
jﬁgﬂ.

B.OJL o
(Vol. %)
SeDa
SeEe

ADom

SelEed

KEY TO ABEREVIATIONS
Table L

= Nuuber of specimens
= Mean weight in grams

= Mean blood oxygen capacity in volumes per
cent (Total Sample)

» Standared deviation of the mean blood oxygen
capacity

= Standard error of the mean of the blood
oxygen capacity

o Apithmetic difference of the mean blood
oxygen capacity between the {wo species
cor‘pared

= Standard error of the difference between
the mean blood oxygen capacities of the

two species compared



Statistical Analysis of Data Showing Blood Oxygen Capacity Relations Between
Rana pipiens, Rana ¢lamitans, and Rana catesbeiana (Total Sample)

&ggiens VEBe E@ clamitana

Wtem BQO.E.m

Nos _in gme (vole®) &, SeEum |S.Fed {ADam | (3 x S.E.d)
R« pipiens 50 33,1 103 168 0.16 |
— - : . ] 0054 § L.28 0.162
Re clamitans 3 304 6.0 1,95 0.32
g;i ;:i__giens V8 gyc::tasbeimxa
WEem . B.0eCem
Ho, in gme (vols%) S.De S.E.m [SoE.d | A.Dum (3 x S.Eed)
‘ — 0s052 ] 3.6 04156
Be catesbeiana | 52 132.8 6.9  2.31 0434
Re clamitans vse R« catesbeiana
Ht.m «04Comm
Noe in gme (vol.%) SeDe S.E.m [SeEed | A.Dem X SJEed
Ra clamitans L3 30. 6.0 1.95 0.32
i 104067 10,82 0,201

R. catesbeiana

52 132.8 649  2.31 0.34




KEY TO ABBREVIATIONS

Table 5

No. = lumber of specimens

2(3.,040 .zsx = Mean bloud oxygen capacity in volumes per cent
VO].‘%



Tabld 5

Blood Oxygen Gapacity Values In Am‘-xibia From The Present Investigation
And From Available Literature

Species No. B.0usCan Method Authority
_ (vol.%)
Rana 0 1043 Syringe Leftwich
g:j.‘giena‘ ‘ .
Rana L3 6.0 Syringe Leftwich
clomitans
Rana’ 52 649 Syringe Leftwich
catesbeiana
Hana 2(tadpoles)  7.80 Van Slyke McCutcheon
catesbeiana 3(adults) 10.21 Van Slyke (1936)
Rana 9 7465 Barcroft Wclvekamp &
esculenta Microres=
pirometer (19%)
Rana 12,05 garcroﬁ Wolvekamp &
temporaria icrorese Lodewijks
piromcter - (193k)
7 Se3 Van Slyke Seott (1931)



DISCUSSION OF RESULTS

Reference to Graphs 1, 2, and 3 shows that as the body weight of the
frogs increases, the blood cﬁ:ygen capaciiy per gram of body weight decreases.
This relation was also found in marmals (Burke, 1957), in fish (Burke and
Woolcott, 1957), and in turtles (Payne, 1957)s Burke (1957) states that
this characteristic in white rats,coupled with a decrease in blood volume
per gram of bedy weight as body weight increases, may refléct a lowez_'iz_zg of
metabolism in larger ratse. Bé based this assumption on a coﬁe]ation‘ of the
métabolic study on shrews and mice by Pearson (1948) with bldod volume studies
en animals such as moss\ms and pigs (Burke, 1954)« Burke and Wooleott (1957)
suggest that this relation also exists in fish, since their study can be
correlated with blood volume studies in fish by Martin (1950).

The present investigation indss;tes that this may very well be the
situation in frogs also. Hoble (195L) states that metabolism in frogs de-
creases with age and Conklin (1930) presents data which indicate that there
18 a tendency in frogs for blood volume per gram of body weight to decrease
as body weight incresses.

As shown in Tables 1, 2, and 3, there is a tendency for blood oxygen
capacity to increase as body weight :mcreasés in each species. This charage
teristic has also been shown in white rats (Burke, 1957), in f£ish (Burke and
Woolcott, 1957), and in tortles (Payne, 1957). There may be several factors
responsible for this relation. First there is a tendency for the mmber of
erythrocytes to increase as body weight increases. In relation to this, Burke
(1957) presents & correlation of work of Reich and Dunning (1943) and Gardner
(1947) which indicates an increase of more than 6,000,000 red blood cells per



omme of blood from young to adult albino rats, Secondly, there is a tendency
for hemoglobin concentration to increase as body weight increases, A thixd
factor may be the oxygen affinity of the hemoglobin since Foreman (1954) has
indicated a roush correlation between body weisht and hemoglobineo:xygen affinity
in different species of mammals, McCutcheon (1936) found 4n a study of R.
catesbeiana, using three adult frogs, that the highest blood oxygen capaéity
value occurred in the medium-sized rather than the largest froge He suggests
that the maximum blood oxygen capacity occurs at the peak of sexual devlep-
ment where the greatest demands on the respiratory pi@ent exist, It might
be pointed out that the three blood oxygen capacity determinations by McCutcheon
do not have population significance since Simpson and Boe (1939) state that at
least ’savan arﬂ.malsl are necessary for such a studys In 52 specimens of R. |
catesbeiana there was a tendency for blood oxygen capacity to increase as body
weight incréased.' | |

Each individual blood o;wgen capacity value shown in the tables was found
to fall within its reapective statistical range for a given population with the
exception of values of 145 vol. % in R. pipiens and 10,6 vole % in Re clamitans,
Simpson and Roe (1939) state that this range is established when adding or sube
tracting two standard deviations to or from the mean of the population. The
range will therefore include 95,5 per cent of the individuals, The limits of
this range are as follows: Re pipiens (6,94 = 13,66 vol, %)5 R. clamitans
(2.10 = 9.90 vols %)3 R. catesbeiana (2,28 = 11,52 vole %), Thus a valid sample
of the populations was investigated since more than 95,5 per cent of the speci-
mens f2ll within the given ranges.

As shoun in the results, the semi-terrestrial R. pipiens had a mean blood

oxygen capacity of 10,3 vol. % as compared with 6,0 and 6.9 vol. % in the

gquatic Re clamitans and R. catesbeiana, There are several factors that may be
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responsible for the higher blood oxygen capacity in R. pipiens. First, Re
pipiens had a mean hemoglobin concentration of 9,9 gme per 100 ml. of blood

as campared with 6,5 gme found in both Re clamitans and R. catesbeiana.
Secondly an erythrocyte count of 0,379 x 106 per cmms of blood was found for
R. pipiens as compared with 0,320 x 106 and 0,280 x 106 per cum, of blood

for Re clamitans and Re catesbeiana, respectivelye This is in keeping with

the blood study of amphibians by Heesen (1924), who found that aquatic forma
tend te have a lower red blood cell count than terrestrial forms. The greater
amcunt of hemoglobin coupled with the 1arger number of exvthrccytes would allow
an inherent mechanism to function so that Rs pipiens could have a higher oxygen
carrying capacity than the other two speciess

¥ach of the individual hemoglobin and erythrocyte values included within
the neans discussed in the previous paragraph were found to fall within their
respective statistical ranges with the exception of hemoglobin values of 15.0
in R. pipiens, 117 and 11.8 in B. clamitans, and 11.5 in R. catesbeiana, and
gmaerythrocyte value of O.42 in R. catesbeianae The limits of these ranges
are as follows:. Fof' hemoglobin concentrationj R. piplens (6.02 ~ 13,78 m./lOO
mls of blood);Re clamitans (2.14 = 10486 gme/100 ml. of blood); Re catesbeiana
(2462 = 0.38 gm./100 ml, of blood)-For erythrocyte countss R. pipiens (0.229 x
10 - 0.529 x 105 per am.), B. clamitans (0,200 x 125 ~ 0440 x 20° per cmm.),
Re catesbeiana (0,180 x 10° - 0,380 x 10° per cmm.).

The mean blood oxygen capacity of R. piplens was L.28 and 3.46 vol. §
higher than the mean blood oxygen capacities of R. clamitans and R. catesbeiana,
respectively. When these differences were treated atatistiéal],y as shown in |
Table L, it was found that each was greater than three standard errors of the
difference between the means. Arkin and Colton (1950) state that such
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differences are significant and not due to chance. Both Baldwin (1949) end
Redfield (19 33) suggest that a terrestrial habitat is consistently associated
with a higher blood oxygen capacity. Evidence is presented in the work of
Wolvekamp and Lodewljks (1934), who found a mean blood oxygen capacity of
12,05 vole % in three Re tempraria, the European grass trog,as compared with
a mean blood oxygen capacity of 7.65 vole % for nine R. esculenta, which ars
strictly aquatic frogs. It might be added however, that the mean value found
in Re temporaria does not have ',popnléticn significance since only three frogs |
were S:sed.» Blood oxygen capacities, in the study of Wolvekamp and Lodewijks
were determined by the Barcroft microrespirameter. These findings may be
correlated with the present investigation since Burks (1953) presents a Litera-
ture survey which indicates that a difference cf less than one volume per cent
exists between the Barcroft and Van Slyke methods and between the Van Slyke and
aaughton-smolandeé methodse

It i3 suggested that the higher blood axygen capacity in R. pipiens may be
related to a higher metsbalic activity associsted with its tervestrisl existance
gince Crorhein (1927) has shown in a metabolic study that the semi-terrestrial
Re temporaria absorbed more oz;ygen than certain aquatic Eurcpean frogs: Re
éscﬁienta, R. fusca, and R. mugiens. Also Helff (1927) showed that marked dife .
ferences in oxygen cmsmnprtion exist in several speéies of Ambystama. Those
species that consistently remained in am aquatic environment had a lower .
metabolism than those fdund more often on land. Also, as shown by HcCutcheon
and Hall (1937), that as amphibians move fram an aqustic to a terrestrial
hgbitat there is & marked shift to the right of the oxygen dissociati@ curve
as the aiailabiliw of oxygen becomes grehtere Redfield, ‘Goolidge, and Hurd
(1926) point out that active species are likely to have hemoglobin which loads
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at high oxygen tensions, while siqggish species are likely to have hemoglobin
which loads at low oxygen temsions. It is suggested, therefore, that R. piplens
is more active than R. clamitens and R. catesbeisna. |

Noble (1931) states that R. pipiens has the widest disbribution of any
~ American Bana. Tt would thus appear that the higher blood oxygen capacity
in this frog, which would support a higher metabolism, is'an important factor
in the biological success of this species.

As shown in Table L, an aritmetic difference of 042 vol. § exists bee
tween the mean blood oxygen capaeities; of Re clamitans and R. catesbeinna.
Statistically, however, this difference was also found to be gignificant and
not due to chance even though these frogs oceupy approximately the same
habitate | |

No sexusl dimorphism in regard to blood exygen capacity was found in Re
pipiense This is in keeping with what has been found in other vertebrate
groups: mammals, {(Burke, 1957); fish, (Burke and Hoolcétt, 1957); and turtles,
{Payne, 1957)s

In R« clemitans and Re catesbeiana an apparent sexual dimorphism seemingly
occurs in relation to thelr blood oxygen capacities. Eowevar, closer examiw
nation of the weight distributions of male and female frogs within these two
species rewals an interesting differences The mean weight of female He
clanitans exceeds the mean weight of males by 23.8 gm. Sinilarly, female He
catesbeiana outweigh males by 65.6 gn. Although the mern weight of females is
enly 12.1 gme greater than the mean weight of male R. pipiens, this value was
found to be significant with 95 per cent confidence, since a "t" value of 2.8
was found using the Studentet distribution test., However, for significant
comparisons between males and females, it is necessary for mean weighta to be
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approximately the same, Female Re clamitsng and R. catesbeisna have also
been found 1o have higher mean blood oxygen capacities than males as followss

« clamitans = female (747 vole. %), male- (540 val %)3 R. catesbeiana =
female (7.1 vols %), nale (6.7 vole %). It has already been shown that
there is a tendency for blood oxygen capacity to increase as body weight
increasess

Tt may be concluded, therefore, that shile sexval dimorphism in regard
to blood oxygen capacity does not exist in Re piplens, rio definite statement
can be made as to the presence or absenca of this feature in R. clamitans
and Ii. catesbelana becanse of the uider var:iatien in body weights of ma.ls and
female frogs. In the mommalian and fish studies referred to previausly,
parsmeter was controlled by the use of male snd female snimals hév'ing: approx-
inately the same body weight.

It was found that a maan of 1.0L. 0.98. and 1.07 ce. of axygen combine
with 1.0 gne. of hemoglobin in R+ pipiens, Re clamitans, and Re. catesbeiana,
respectively. From these data a mean value of 1,03 was determined. With
confirmation, this figuremagbé'usedaéaconstahfinmeamxringbloodmgen
capacity in Rana species when hemoglobin concentration is knowne In humans,
Bernhart and Skeggs (1543) report that 1.36 cce of oxygen cambine with 1.0
gts of hemoglobine
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SUMMARY

The blood oxygen capacity of 145 frogs, including 50 Re pipiens, 43 R.
clam:ttans, and 52 R+ catesbeisna, was determined by the microgasometric

mmge methode

Hemoglobin concentrations were determined by the acid-hematin method,
employing the Fisher Electro-Hemometer.

Erythrocyte counts were made in all of the Ra mie 3 in 15 R« clamitang,

"~ and in 9 R. catesbeiana.

Se

[

Te

Re pipiens, Re clamitans, and Re. catesbelisna were found to have a mean
body weight of 33.1‘, 30.4, and 132.8 gnej & mean standard length of 7247y
68,9, and 98@ m.s a inea.n blood oxygen capacity of 10s3, 6.0, and 6.9
vols 3 a mean hemoglobin concentration of 9;9,' 645, and 645 gme per 100

ml, of bloodj and a mean erythrocyte count of 0,379 x 106, 0,320 x 106-,

and 0,280 x 106 per cm. of blood, respectively,

The data indicate that as the body weight of the frogs increase, the blood
oxygen capacity per gram of body weight decreases. This fact guggests a
lwer:lxig of metabolism in larger frogss

Results indicate that there is & tendency for blood oxygen capacity, hemo=
globin concentration, as well as the mumber of erythrocyteé‘ to inérease as
body weight increases. | '

Statistically, it was shown that significant differences exist when the
‘mean blood oxygen capacities of the strictly #quatie Re clamitans and R.
calesbeians were coampared with the mean blood oxygen capacity of the sémiw-
terrestrial Rs pipiens. The higher blo';)d oxygen capacity in Re gg‘ iens
,may be an important factor in the biological success of this speciese



8. A sigrﬁﬁcant difference was also found between Re clamitans and R.

catesbeiana in regard to their blood oxygen capacities.

9¢ Sexual dimorphism in regard to blood oxygen capacity was not found in

10.

Re piplens. Wide differences in the body weight of male and femsle
frogs in the other two species made the determination of this feature
imposaibles

In the Rana species studied, it was found that a mean of 1.03 cce of
oxygen canbines with 1.0 gm. of hemoglobin.
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