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'l'he crayfish frogs, Rana ar·eolata, represent two subspecies, 
R. a. areolata Baird and Girard and R. a. cir·c;,losa Rice and 
Davis of southern and northern distribution, relative to each 
other. Goin and Netting· (1940) separated the two subspecies 
on the basis of a larger size, more rounded snout, and greater 
rugosity of the back in R . a. circulosa, coupled with differences 
in proportions in adult specimens and a difference in the 
prominence of dermal folds. Within the "areolata" group as 
a whole they found certain ratios (calculated from measure
ments ) to be diagnostic between species; but they were not clear 
as .to whether these ratios were valid diagnostic characters within 
R. areolata. 

Oklahoma is included within the range of both subspecies. 
Rana a. ctreolata has been reported in southeastern Oklahoma 
from eastern Pontotoc to McCurtain County (Goin and Net
ting, 1940; Bragg and Smith, 1943) and R. a circulosa has 
been known for some years in the north eastern section, in Tulsa, 
Rogers, and Osage counties (Force, 1928, 1930; Blair and 
Chase, 1936 ; Moore and Rigney (1942). A doubtful call record 
from Creek Connt,v was also reported to me some years ago, 
but was not published. 
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Whereas these two populations have been recognized for 
some time, it has not been known whether the actual ranges of 
the two meet in Oklahoma, although this is the expectation. 
The ecological complexities of eastern Oklahoma have not al
lowed reasonable predictions as to where this may be, because 
both frogs seem to be essentially low-land forms, mostly, if 
not wholly, limited locally to areas inhabited by burrowing spe
cies of crayfishes whose burrows are their normal retreats. 
Rana a. m·eplata has formerly been r eported only to the south 
and southwest of the main ranges of the Ouachita uplift and 
R. a. circulosa to the west and northwest of the Oklahoma por
tion of the Ozarks. 'l'hese mountains could serve as absolute 
barriers to one or to both forms. Either or both could, however, 
skirt the mountains to the west, following islands of tall-grass 
prairie or invading the surrounding oak-hickory savannah, to 
meet between the Canadian and Arkansas r ivers and perhaps 
follow the valley of the latter eastward into Arkansas. The 
ranges might, therefore meet almost an;y-where in eastern Okla
homa or not at all, depending upon barriers to or highways for 
either or both forms. 'l'he situation is further complicated by 
a general lack of detailed knowledge concerning the ecological 
requirements of these frogs and a lack of adequate observation 
upon their life histories. 'l'he egg and tadpole of R . a. ci1·culosa 
have been given brief treatment (Smith, 1934 ; Smith, Nixon, 
a nd Smith, 1947) but not even this is available for R. a. a1·eo
lata (see Wright and Wrig·ht, 1949 ). Growth rates for neither 
have been studied and very little is known about how long· a 
period is required from egg to metamorphosis. This, as well 
as the type of breeding sites utilized, could be a limiting factor 
of some importance in a climate as dry as that of Oklahoma. 
Even the time of year in which the principal breeding period 
occurs could be a factor, since pools disappear more quickly on 
the average in late spring and summer· than earlier. lVfore rain
fall occurs in the Southeast than in the Northeast but the 
avel'age temperature is higher. All of these differences in en
vironment must be met by the habit pattern of any frogs occupy
ing a wide area in eastern Oklahoma. Details of their effects 
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on each subspecies must therefore be studied if one is thoroughly 
to understand any distribution found. 

Observations elsewhere on these frogs are summarized quite 
extensively by both Goin and Netting (1940) and Wright and 
Wright (1949 ) to which readers are referred. Practically all 
papers cited by these authors have been seen by me, but no 
new summary appears necessary. 

For each of the past four years (1945-1948 inclusive) I have 
spent two or more months in field study of amphibians in Okla
homa (about half of it in the East ) without once observing 
these frogs in nature, despite constantly being on the alert for 
them. Most of this was in June and Jul y. In 1949, trips to 
the east were started in F ebruary and continued weekly through 
late May. I found these frogs abundant in F ebruary, March and 
April but saw no adults later. Breeding of each was well ob
served twice, the eggs, embryos, and tadpoles in many pools 
were seen and periodic collections of larvae were secured from 
selected pools. Special effort was made to determine the ranges 
of the two forms and to find if (and if so where) an intergrad
ing zone might occur. In all, 115 collections of adults, eggs, 
embryos, or tadpoles were made to be studied later in the 
laboratory and r esults correlated with fi eld observations. 

This paper summarizes this 'vork. Life histories (especially 
of the lesser known R. a. aTeolata), behavior at various ag·es, 
types of breeding sites utilized, and ecological distribution ar e 
emphasized; but all facts noted about the lives of t hese f rogs 
are included, even a few miscellaneous observations not now 
known to have much significance but which may prove inter
esting later. I do this because I have learned from long· experi
ence t hat some seemingly insignificant observations may be the 
key to understanding an important phenomenon whose exist
ence may not even be suspected at first. 'l'his sort of thing 
is especially necessary in fi eld studies as opposed to experi
mental procedures, because of the necessary lack of control in 
the former which makes the field work less exact and precise. 

OBSERVATIONS 

QuESTION OF SuBSPECIFIC STATUS: The ratios found by Goin 
and Netting (1940) to be most useful (as well as most valid) 
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in the whole "m·eolata" group were snout-vent length divided 
by (1) head-length, (2) head-width, and (3) tibio-fibula length . 
.Accordingly, I tested the validity of these ratios as possible 
diagnostic characters in three groups of sexually mature speci
mens of R . aTeolata, utilizing as nearly as possible the methods 
of measurements r ecommended by Goin and Netting (head
length= posterior border of typanum to tip of snout; head 
width taken at angle of jaws) . There was one minor difference 
in method : instead of calipers, I utilized dividers opened by 
a strong spring and closed by a screw. Afte1· securing the ap
paratus with its two points just measuring the distance wanted, 
I measured the distance between the two points on a meter
stick, r eading to the nearest millimeter. Table I gives the 
results of both the measurements and calculated ratios to the 
nearest 0.1. 

The three grou ps of specimens u t ilized were as follows: 
group 1, 17 specimens-15 of them from Choctaw and McCur
tain counties, Oklahoma, and two from northwestern Louisiana, 
all males except one: group 2, 15 males from Tulsa, Osage, 
and Ottawa counties, Oklahoma ; group 3, 11 specimens-3 mal es 
secured by me in Sequoyah and southern Muskogee counties 
in the valley of the Arkansas River plus 7 males and 1 female 
taken f rom a. single breeding congress somewhere in Oklahoma 
but with exact locality data. unknown. 

If the ratios measure population differences, then group 1 
( Zl. a. areolata) should differ consistently f rom group 2 ( ll. a. 
ci1"cttlosa) ; and a comparison should show group 3 to be one 
or the other or intergrades between them. 

The r esults are completely negative. All the ratios are so 
close as to measure no difference in the groups. 

But Goin and Netting (1940) also found that R . a. ciTcttlosa 
was a longer-legged form than R. a. ar·eolata and that this was 
based principally upon a. longer absolute length of the t ibio
fibula region of the leg. In their key, the:v separate the two 
subspecies partially on "tibia length more [or less] than 40 
mm. in adults.'' 

The means of tibio-fibula lengths found (table I ) seem to 
bear this out, 38.6 mm. for ll. a. areolata, 46.7 for R . a. cir·culosa, 
and to make the unknown group R. a. a1"eolata. (mean, 36.5 mm. ) . 
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However, individual items show clearly that length of tibio-fibula 
is not a valid key character for Oklahoma specimens. Three 
specimens of areolata are on the borderline ( 40 mm. ) ; one meas
ures 41 mm., another 43 mm., and three 44 mm. Others are 
close to the 40 mm. limit (37-39) . Such differences are too 
great to be accounted for by inaccuracies of technique, since 
this is the easiest measurement to make of all reported in 
table I . In R. a. circulosa, on the other band, every measure
ment falls above the 40 mm. line, the shortest two being 42 and 
43. In group 3 (the unknown ) variation is so great that except 
by the mean value one cannot assign them either by the' means 
of the ratios or by absolute tibio-fibula lengths to either sub
species. 

It is to be noted that Goin and Netting applied this difference 
only "to adults." This raises the question as to what "adult" 
means when applied to f rogs. All specimens reported in table I 
were taken from breeding congresses. All males had large 
vocal sacs and the thumb pads well developed (universally 
recognized secondary sex characters of breeding males). One 
of the two females was clasped by a male when caught. This 
leaves only one (the female in group 3) to which the term 
"sexually mature" might not apply; but since its snout-vent 
length was 1 mm. more than that of the other female ( 88 as op
posed to 87) and above the mean for its group as well as for 
all of the specimens of R . a. a1·eolata, it certainly must have been 
an adult. All these frogs were therefore adult if by this is 
meant sexually mature. 

But one specimen of R. a. m·eolata (table I, number 14 ) was 
only 61 mm. snout-vent and another (number 2) only 70. Obvi
ously, the smaller the frog the less will be the actual length 
of any given measurement ; and the variations found in the 
larger specimens indicate that this is in no essential way af
fected by sexual maturity in the cases reported. 

That the difference in leg-length is real is best shown by 
comparison of individuals of comparable sizes. Rana a a·reolata 
number 12 (snout-vent = 71 mm.) has a tibio-fibula length= 36 
mm. Rana a circulosa number 9 (snout-vent=72 mm.) has a 
tibio-fibula length= 42 mm. The largest individual of R. a. 
m·eolata (snout-vent = 95 mm.) has tibio-fibula =44 mm. ; a com-
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TABLE I 

Measurements and ratios in three groups of R. areolata. ( 1) 17 R. a. 
areolata, (2) 15 R. a. circulosa, and ( 3) a group of 11 specimens; 3 from 
the Arkansas Valley and 8 from a single locality in Oklahoma, but exact 
site not known. S-V =snout-vent length; H-W =head-width; H-L = 
head-length; t-f =length of tibio-fibula region ot hind leg taken with 
both ankle and knee fully flexed. Al l measurements to nearest mm., 

ratios to nearest 0.1. 

Item 
No. Sex SV 

1 Female 87 
2 Male 70 
3 Male 91 
4 Male 87 
5 Male 80 
6 Male 90 
7 Male 88 
8 Male 78 
9 Male 85 

10 Male 89 
11 Male 84 
12 Male 71 
13 Male 78 
14 Male 61 
15 Male 84 
16 Male 95 
17 Male 78 

H-W 

31 
26 
31 
32 
29 
32 
32 
29 
31 
33 
35 
25 
29 
22 
30 
38 
28 

GROUP 1 

H-L 

26 
24 
26 
27 
24 
28 
27 
27 
28 
28 
29 
23 
26 
20 
27 
30 
23 

t-f 

40 
33 
38 
40 
36 
41 
38 
37 
43 
44 
44 
36 
39 
30 
40 
44 
37 

HW 

2.8 
2.7 
2.9 
2.7 
2.8 
2.8 
2.8 
2.7 
2.7 
2.7 
3.0 
2.8 
2.7 
2.8 
2.8 
2.5 
2.6 

HL 

3.3 
2.9 
3.5 
3.2 
3.3 
3.2 
3.3 
2.9 
3.0 
3.2 
2.9 
3.1 
3.0 
3.1 
3.1 
3.2 
3.1 

SV 
tr 
2.2 
2.1 
2.4 
2.2 
2.2 
2.2 
2.3 
2.1 
2.0 
2.0 
1.9 
2.0 
2.0 
2.0 
2.1 
2.2 
1.9 

Mean 
Range 

81.8 30.2 26.1 38.6 2.8 3.1 2.1 
61- 95 22-35 20-30 30-44 2.5-3.0 2.9- 3.5 1.9- 2.4 

· 1 Male 84 
2 Male 108 
3 Male 82 
4 Male 96 
5 Male 97 
6 Male 103 
7 Male 94 
8 Male 90 
9 Male 72 

10 Male 90 
11 Male 94 
12 Male 97 
13 Male 90 
14 Male 93 

31 
37 
29 
32 
32 
33 
32 
32 
26 
31 
33 
32 
32 
30 

GROUP 2 

27 
34 
27 
31 
30 
29 
31 
27 
25 
30 
29 
31 
29 
28 

45 
52 
44 
49 
51 
51 
48 
47 
42 
43 
45 
50 
45 
44 

2.7 
2.9 
2.8 
3.0 
3.0 
3.1 
2.9 
2.8 
2.6 
2.9 
2.8 
3.0 
2.8 
3.1 

3.1 
3.1 
3.0 
3.1 
3.2 
3.6 
3.0 
3.3 
2.5 
3.0 
3.2 
3.1 
3.2 
3.3 

1.9 
2.0 
1.9 
1.9 
1.9 
2.0 
1.9 
1.9 
1.7 
2.1 
2.1 
1.9 
2.0 
2.1 
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Item sv 
No . Sex sv H-W H-L t-1 HW HL tf 

15 Male 95 33 30 46 2.9 3.2 2.1 

Mean 92.3 31.7 29.2 46.7 2.9 3.1 2.0 

Range 72-108 26-63 25-34 42-50 2.6- 3.1 2.5- 3.3 1.7-2.1 
GROUP 3 

1 Male 81 28 26 38 2.9 3.1 2.1 

2 Male 83 30 27 40 2.8 3.1 2.1 

3 Male 77 30 25 42 2.6 3.1 1.6 
4 Female 88 33 29 41 2.7 3.0 2.1 

5 Male 89 33 28 39 2.7 3.2 2.2 

6 Male 83 29 28 36 2.9 2.9 2.3 

7 Male 85 31 27 40 2.7 3.1 2.1 

8 Male 82 28 26 37 2.9 3.2 2.2 
9 Male 81 29 26 36 2.8 3.1 2.3 

10 Male 71 24 23 32 2.9 3.1 2.1 
11 Male 67 22 20 21 3.0 3.4 3.2 

Mean 80.6 28.8 26 .1 36.5 2.7 3.1 2.2 
Range 67-89 22-33 20- 29 21-42 2.6-3 .0 2.9-3.4 1.6- 3.2 

parable specimen of R . a .. cit·culosa (snout-vent= 95) has tibio
fibula=46 mm. 

On the whole, it seems probable that the difference in leg
length is a valid character in distinguishing these two frogs but 
it applies to means rather than to individuals. A large indi
vidual (80 mm. or above, snout-vent length ) with a tibio-fibula 
measurement above 40 mm. is more likely to belong to R. a. 
ci·rculosa than to R. a. at·eolata, but it is not certainly so. A 
similar-sized f rog with tibio-fibula well below 40 mm. almost cer
tainly belongs in R. a. aTeolata. A small individual (60-75 mm. ) 
with tibio-fibula above 40 mm. is placed in R . a. cit·culosa with 
little question, but if below 40 mm. it cannot be assigned to 
either subspecies by this character alone. 

In group 3, numbers 1, 2, and 3 (table I ) were collected in 
a region theoretically likely to be in the meeting of ranges. 
The first two were from a single pool in Sequoyah county, the 
third from another just north of Porum in southern Muskogee 
county. Note that the tibio-fibula values are on or near the 
40 mm. borderline. The remainder of this group are puzzling 
because the size and general appearance are as in R. a. cit·culosa, 
whereas the tibiq-fibula character of most is as in R . a. at·eolata. 
If it were not known that they represent a single population. 
one would suspect a mixture. As it is, they are best interpreted 
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as intergrades. It is unfortunate that the actual collecting site 
is unknown. 

In measuring these frogs, other less tangible characters 
emphasized by Goin and Netting were noted. None will con
sistently separate Oklahoma specimens of R. a. areolata from 
those of R. a. ci1·culosa. As these authors imply, the snout in 
the former group is usually less rounded than that of the latter. 
But I find all sorts of variations in this character; some, but 
not all, associated with size. On the average, but not without 
exception, the larger the size, the rounder the snout·; "'in both 
forms. Dorsal folds and rugosity of the dorsum also v~'ry but, 
again, on the average, I find Goin and Netting correct._) doubt, 
however, that either they or I have found any clear-cut charac
ters upon which a key may be constructed which will certainly 
separate all individuals. 

My conclusion is that these frogs differ in over-all size and 
in length of the tibio-fibula with some overlap but with varia
tions in other often used characters so great as not to have much 
value in identification of individuals. I think it useful to re
tain subspecific status for the two if only to express the in
tangible and inconsistent but real differences until such time 
as someone shall study a sufficiently large series to prove or dis
prove this. The study of tadpoles and eggs (see beyond) sub
stantiates subspecific status on the same type of intangibl e but 
seemingly' real differences. 

DrsTRmUTION IN OKLAHOMA 

The first known activity of these frogs in 1949 was observed 
by Mr. Harold A. Dundee, who, on his return from a field trip 
to southeastern Oklahoma, reported to me as follows : On Febru
ary 19, 20, and 21, R. a. areolata was seen in breeding congresses 
in Atoka, Choctaw, McCurtain, and Latimer counties, in some 
of these at several sites. Adults were collected and egg masses 
secured. Eggs were also seen in LeFlore county, north of Rich 
Mountain, near the Arkansas state line. 

From February 25 to 28 I visited much of the same region. 
confirming Mr. Dundee's observations in most of the specific 
sites reported and adding others. After learning to recognize 
the egg masses of this frog, I utilized their presence in pools to 
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STATE••OKLAHOI\'\A 

Figure 1. Known distribution of R. a1·eolata in Oklahoma as of 
August 1, 1950. 0 = R . a. a.1·eolata; l = R. a. ciTculosa: jZ) =sites of col
lections probably representing intergrades. (The jZ) in northem Mcin
tosh County is based upon collections of tadpoles of several ages in a 
single pool. They look more like specimens of R . a. ciTc1tZosa than of 
R . a. aTeolata, but since they are on the borderline, I mark them as 
intermediate. I classified them as belonging to R . a. ci1·culosa .. however, 
in giving county records.) Note that the supposed zone of intergrada
tion lies in the .tall grass prairie between the Canadian and Arkansas 
rivers. The approximate areas of upland ( Ozarks, north ; Ouachitas, 
south) are stippled. 

trace its range northward, both on this and on subsequent t rips, 
paying attention to different ecological zones. Since I traveled 
by automobile, my observations were mostly limited to the re
gion of highways. Later, by similar means, I traced the range 
of R. a. ci1·culosa southward, utilizing tadpol es' presence, after 
the eggs had hatched. Inasmuch as ecological relations were one 
of the questions to be answered, I think it wise to give spot r·ec
ords and ecological notes concerning the collecting sites. These 
fo llow. (See also fig. 1.) 2 

COLLECTION Sl'rES OF RA N A Al!EOI.ATA 

A . Rana areolata areolata. 

1. PITTSBURG CO UNTY 

(a) 4.8 miles west of McAlester, beside Highway 270. Eggs in 
a ditch in oak-hickory-pine woodland. 

2. Includes three cou nty recor~s sec ured in 1950 after this manuscript was prepared. 
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(b) 2.6 miles west of the Latimer county line beside Highway 
270. Eggs in a ditch in a cleared valley surrounded by 
oak-covered hills . 

. 2. HASKEI.L COUNTY 

(a) Just south of the bridge over Sans Bois Creek, Highway 
2, at foot of the Sans Bois Mountains; tadpoles in a long, 
clear-water ditch. In wooded country but here artificially 
cleared. 

(b) 2.1 miles east of Stigler; eggs in the overflow of a small 
clear stream crossing Highway 9. In a lightly wooded 
valley bisecting the prairie. 

(c) 4.0 miles east of Stigler ; tadpoles in a sedge-grown, shallow 
ditch beside Highway 9, water bluish with colloidal clay; 
in tall grass prairie. 

3. LATIMER CO UNTY 

(a) 4.9 miles south of junction of Highway 2 and Highway 63 
(on former); eggs seen, tadpoles later collected from a 
long, clear ditch. In oak-hickory-pine woodland covering 
hilly country. 

(b) 0.7 miles east of junction of Highways 2 and 63 (west of 
Talihina); eggs seen in ditch of clear water and tad
poles collected. In oak-hickory-pine woodland but here 
artificially cleared. 

4. SEQU OYAH CoUNTY 

(a) 12.5 miles north of Sallisaw in ditches along Highway 59 
as it passes through the southern part of the Ozark uplift 
(Brushy Mountains on some maps); eggs seen in several 
places in a mile and one-half in water collected in flat 
ditches from seeps and intermittent springs and streams. 
Later, collections of tadpoles were made. 

(b) 3.3 miles north of Sallisaw in a ditch (clear but often 
roiled by teams driving through) beside Highway 59; eggs 
seen, adults collected and young tadpoles later taken. The 
tadpoles were wholly unsuccessful here, however, for 
they disappeared totally from this water within a week 
after being very abundant and while still much too young 
to have metamorphosed. This was in prairie, about one 
mile south of the southern edge of the oak-covered hills 
of the Ozarks. 

(c) 2.8 miles south of Sallisaw in an area flooded from the 
Highway 59 embankment leading to the bridge over Little 
Sallisaw Creek, way into woods; water shallow (5-inch 
maximum), clear, and well vegetated. Many egg masses 
·seen and tadpoles later taken. In woodland. 
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(d) 1.9 miles north of the Arkansas River; eggs in a muddy 
ditch near trees beside Highway 59. 

(e) 15.5 miles north of Sallisaw, Sequoyah county, and within 
one·half mile of the Adair county line. A long ditch on a 
mountain side, fed by springs. Water shallow and clear. 
Tadpoles only, taken. 

5. ATOKA CouNTY 

(a) 1.1-2.0 miles northwest of Farris; adults collected by Mr. 
Dundee, eggs and tadpoles later by me in shallow, clear 
water ditches (fig. 4) beside Highway 3. In oak-hickory
pine woodland, but artificially partially cleared. 

(b) 1.6 miles southwest of junction of Highways 69 and 43; 
tadpoles in a clear·water ditch beside Highway 69, in a 
prairie island. 

6. M cCURTAIN CouNTY 

(a) Just west of the junction of Highways 21 and 70, 1.1 mile 
east of Idabel in very shallow, clear-water ditch north of 
Highway 70 just outside a cemetery. Adults and eggs col
lected by Mr. Dundee ; adults, eggs and tadpoles taken 
later by me; breeding calls recorded. In grassland but 
may be artificially cleared•, although a limestone outcrop 
occurs nearby which has natural prairie on it. 

(b) 10 miles south of Idabel. Eggs seen in very wet, open, 
deciduous woods in shallow water. Mr. Dundee took adults 
and saw eggs near Harris (some miles southeast of this 
site) in a similar s ituation except for the occurrence of 
palmetto there. Both of these sites are on low land, es
sentially in the R ed River Valley (in the broad sense). 

(c) 7.8 miles north of Little River bridge by an. unmarked 
gravel road between Idabel and Broken Bow; several 
masses of eggs seen, hatching observed, and tadpoles col
lected from a clear, vegetated pool extending from the 
roadside into trees beyond the ditch. Water from one to 
ten inches deep . Adults were heard calling here and a 
male adult was taken from another similar pool about a 
mile away. Wooded and near Little River. 

(d) 2.8 miles east of the junction of Highways 21 and 70 
(about 4 miles east of Idabel); eggs a nd tadpoles col
lected from two ditches, adults heard. In prairie. 

(e) 1.1 mile east of junction of Highways 21 and 70, eggs taken 
from sedge-grown , clear-water , shallow and narrow ditch. 
In prairie. 
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7. P US I!MATAHA CO UNTY 

(a) At Snow, Oklahoma; eggs seen, tadpoles taken in two 
pools of slightly turbid water near a creek crossing High 
way 2. The larger pool is semipermanent, at least 3 feet 
deep maximum, but shallow and well vegetated at one 
end where the frogs bred. Hatching embryos were seen 
here and later tadpoles of several ages were collected 
In wooded hills approaching the Kiamichi Mountains 
(Eggs were seen also at Finley, near here.) 

(b) 5.7 miles north of the Kiamichi River between Antlers 
and Finley, Highway 2; many egg masses seen, tadpoles 
later collected from a clear, broad pool in ditch (fig. 3). 
Eggs produced only at ends of pool in shallows. In oak
hickory-pine woodland. 

(c) 2.8 miles southwest of Clayton. Tadpoles taken from 
clear pool in edge of woodland beside Highway 2. 

8. LE FLORE COUNTY 

(a) Page, Oklahoma, Highway 270 ; many masses of eggs seen 
and later tadpoles of several ages taken in clear, well 
vegetated pool near creek crossing. In deep wooded valley 
north of Rich Mountain. 

(b) 0.9 mile inside Oklahoma from Arkansas, Highway 270. 
Eggs taken from shallows in a deep ditch of clear water 
under Rich Mountain. Heavily wooded. 

(c) 2.9 miles from Arkansas in same valley (a, and b above); 
eggs in a similar ditch. 

(d) 3.0 miles east of Whiteboro, Highway 63, in the upper 
reaches of the valley of the Kiamichi River near the 
Arkansas line, south of Rich Mountain. Eggs taken in 
clear, shallow, extensive woodland pool. 

B. Rana areolata circulosa. 

1. OTTAWA CouNTY 

(a) At junction of Highways 10 and 66, 2.5 miles southwest 
of Miami. Adults collected and recordings of mating calls 
made on two occasions. Eggs and tadpoles of several ages 
taken from very extensively flooded areas both east and 
west of Highway 66. In tall grass prairie. 

(b) 2.5 miles south of point where Highway 10, running east 
from Miami, turns southward toward Wyandotte. Eggs 
and tadpoles occurred in two of three small, pasture pools 
of clear water in rough, wooded country in edge of Ozarks. 

2. CRAIG COUNTY 

(a) 2.3 miles west of the Ottawa county line on Highway 10. 
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Two similar pools occur within a mile of each other. 
Both are clear, semipermanent, shallow, and well vege· 
tated. In one, a very large number of egg masses occurred 
and later, tadpoles were collected. In the other,- none of 
these frogs could be found. In prairie .. 

(b) 11.1 miles east ·or junction o'f""Highways 60 and 88 (on the 
former). Several egg masse~ ' l!laced Close together in shal
lows (one collected) of an extensive clear pool. In prairie. 

3. MAYES COUNTY 

(~ h·'< 3.3 miles north of· Pryor, Highway 69; tadpoles collected 
in clear pools in a wooded creek valley bisecting prairie. 

(b) 4.8 miles north of Adair, Highway 69; tadpoles taken in a 
long, broad, shallow, clear ditch beside road. Behavior 
especially studied here at two different ages. In prairie. 

4. O sAGE CouNTY 

5'\6 miles south of Pawhuska. Eggs collected and later tadpoles 
taken from a clear (but stained) cattle tank in a clearing 
bordering oak-hickory woods (fig. 2). All eggs were pro
duced in shallows at one edge and all egg masses were 
close together. 

5. M c iNTOSH CO UNTY 

5 miles east of Checotah on Highway 266; tadpoles of several 
ages collected from a clear, shallow overflow from a small 
creek. In a lightly wooded valley, traversing prairie. 

C. Collection from the intermediate area (where it was judged wise not 
to designate which subspecies because of probable intergradation ). 

1. MUSKOGEE COUNTY 

(a) 3.2 miles north of Porum, Highway 2. One adult collected 
in a cattle tank. Several others heard nearby in ditches 
and pools. In prairie. 

(b) 0.5 mile south of Porum, Highway 2. One mass of eggs 
seen and left to develop in an extensive, flat , sedge-grown 
ditch between road and railroad. Later, tadpoles of several 
ages were collected. In prairie only a few miles north of 
the Arkansas River. 

2. H UGHES C OUNTY 

(a) Highway 75 in ditch near bridge over Wewoka Creek. 
Tadpoles of several ages taken from clear water in arti
ficially cleared region of wooded valley. 

(b) 1.1 mile east of Dustin , Highway 9. Eggs seen , tadpoles 
taken later in shallow, clear prairie pool (but with willows 
about it). 
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(c) · 6.7 miles east of Wetumka, Highway 9. Tadpoles col
lected in oak woodland (clear, shallow water) at edge of 
small prairie island. 

3. MciNTOSH CouNTY 

1.5 mile west of Vinson, Highway 9. Eggs seen, tadpoles later 
collected from shallows of clear temporary pool in prairie 
island surrounded by oak-covered hills. 

The above summary includes the following new county rec
ords: (1 ) for R. a. at·eolata, Pittsburg, Haskell, Latimer, Se
quoyah, Pushmataha, and Le Flore ; (2) for R. a. circulosa, Ot
tawa, Craig, Mcintosh, and Mayes; (3) for one or the other or 
intergrades, Muskogee, Hughes, and Mcintosh. From this and 
from figure 1, which summarizes the total known state distt·ibu
tion, it is seen that some form of R. areolata is now known in 
every county of eastern Oklahoma except Wagoner, Washington, 
Nowata, Okmulgee, Okfuskee, Adair, Cherokee, and Delaware. 
(I looked in these counties without results.) The collections also 
prove that the ranges of R. a. areolata and R. a. cit·culosa do 
meet in the state but in themselves they do not tell us where . 

. Ecologically they show that R. a. areolata occupies several radi
cally different habitats (open wet woodlands in the Red River 
Valley, wooded valleys in both the Ouachitas and Ozarks (south
ern part of the latter) whether covered by oak-hickory only or 
with p ine, and tall grass prairie) . They further show that R. a. 
cit·culosa is largely limited to prairie but often occupies wooded 
r egions along streams passing through grassland. Neither frog 
seems capable of extending its range westward into the drier 
portions of the oak-hickory savannah or to the mixed grass 
prairie of central Oklahoma (as defined earlier, Bragg and 
Smith, 1943a ) . At least, examination of hundreds of pools and 
ditches in these communities between F ebruary and July through 
several years has given no evidence of them. 

Of the two, R. a. ar·eolata is more adaptable as might be ex
pected on the theory of Goin and Netting (1940) whose figure 
2 makes R . a. cir·culosa a form derived from R. a. at·eolata. One 
would expect a species spreading northward f rom an area of 
higher r ainfall to change toward r estriction in habitat as it be
came adapted to the prairies. Observations on the strictly 
prairie-limited species in other genera (Bragg, 1950) give this 
added weight. 
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BREEDING SITES 

Rana a. areolata was found to have used the following types of 
breeding sites : (1) long, shallow ditches (fig. 4 shows a typical 
one) , (2) t emporary shallow pools in lower areas of very wet 
deciduous woodland, (3 ) flooded areas of shallow, clear water 
overflowing from small streams, ( 4) shallows at edges or ends 
of wide, deep ditches (2%-3 feet maximum) where water was 
clear and contained much protruding vegetation (fig. 3) , ( 5) 
shallow, clear , semipermanent, well-vegetated pools near creeks, 
and ( 6) muddy, shallow ditches (two places found, tadpoles 
unsuccessful in one, the other not followed up after one egg mass 
was seen ). In addition, Dr. C. C. Smith found a breeding con
gress at the edge of a clear-water cattle tank some years ago, 
but it is not certain whether eggs were produced. The most 
characteristic requirements seem to be the presence of: (a) shal
low ar eas, (b ) considerable vegetation in the water, (c) cray
fish burrows (in which the f rogs live when not active), and (d) 

Figure 2. Breeding s ite of R. a. circulosa, 51,(1 miles south of Paw
huska, Oklahoma, Osage County-oak-hickory woodland in the back
gt·ound, cleared pasture in the foreground. Eggs were found earlier at 
the edge of this tank at extreme left. To show relative size of pond the 
author got into the picture. Photo by Chas. C. Smith, May 20, 1949, just 
after tadpoles had been collected in the shallows in the foreground. 
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clear water (a few doubtful exceptions to the last) . It seems 
well to mention that after some experience, I was able to spot 
likely breeding sites with considerable accuracy. For example, 
when the first collection in Haskell county was made, · I thought 
as I stopped to investigate the pool that if this fr6{foccuhed in 
the region, I would almost certainly find its eggs here. · :Further
more, I found them easily through having learned to look in 
the shallows only. 

Rana a. cit·culosa uses some of the same types of places 
(ditches, small to large, clear, prairie p&ols, lind overflows from 
small streams) . It also seems to profer 'clear pools but often lays 
its eggs farther out than does R. a. m·eolata and in deeper water. 
It may also use the edges of tanks (fig. 2). This may be (in fact, 
probably is ) one of the evolutionary adjustments in habits in 
its evolution from R. a. a·reolata if Goin and Netting (1940) are 
right, because R . a. cit·ctllosa is now almost exclusively a prairie 
form ; prairie forms, in Oklahoma, at least, need either deep 
water or very fast development to succeed in the race with evap
oration in open pools. It does not have the one (see beyond) 
and therefore probably needs the other. 

BREEDING PERIOD 

Factors initiating breeding behavior are not clear in either 
of these frogs. Smith, Nixon, and Smith (1947) believed R. a. 
ci·rculosa to be greatly influenced by rainfall and their comments 
suggest that this, unlike any known species of Rana in North 
America, may have the xeric pattern of breeding which I hav(' 
associated with restriction to a xeric habitat such as grassland 
(Bragg, 1946; 1950). If true, this would be in accord not only 
with my ideas of adaptation, but also with those of Goin and 
Netting, already cited, concerning the evolutionary history of 
this frog. The fundamental test as to breeding pattern of a 
salientian is not whether breeding occurs after rain, but whether 
(1) there is a breeding season after which no breeding occurs 
regardless of rainfall and (2) all breeding occurs after rainfall. 

I have maintained a continuous r ecord of observed breeding 
activities of Amphibia since 1935, based upon my own observa
tions and on those reliably reported to me by others. My records 
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of all known breeding congresses of these frogs in Oklahoma 
are as follows : 

1. R ana areolata areolata. 

(a) April 13, 1940. Eastern Choctaw, Coal, and Atoka counties. 
(Observer: Dr. C. C. Smith.) 

(b) February 19, 1949. Atoka and Choctaw cou nties (H. A. 
Dundee). 

(c) February 20, 1949. McCurtain County (H. A. Dundee). 

(d) February 21, 1949. Wister, Wilburton, and near Hartshorne, 
Latimer County (H. A. Dundee) . 

(e) February 26, 1949. McCurtain County (A. N. Bragg). 

(f) February 27, 1949. McCurtain County (A . N. Bragg). 

(g) March 11, 1949. McCurtain County (A. N. Bragg). 

(h) March 13, 1949. McCurtain County (A. N. Bragg). 

( i ) March 28, 1949. Wilburton, Latime r County (A. N. Bragg). 

2. Rana areolat a circulosa. 

(a) March 15, 194 4. 

(b) March 10, 1945. 

(c) March 14, 1945. 

(d) March 19, 1949. 

Tulsa County 

Tulsa County 

Tulsa County 

Ottawa County 

(H. A. Dundee). 

(H. A. Dundee). 

(H. A. Dundee). 

(A. N. Bragg). 

(e) A pril 16, 1949. Ottawa County (H. A. Dundee and A. N. 
Bragg). 

Comparison of these dates with weather records from the 
United States Weath er Bureau for the nearest station indicates 
that some rain had fa ll en in the vicinity in question in eaeh case. 
This i also true of breeding dates reported in Kansas (Smith , 
1934) . For example, at Farris, Oklahoma, r ainfall recorded on 
February 13, 14, and 15, 1949, was respectively 0.38 inch, 0.40 
inch, and 0.29 inch, a total of 1.07 inches. The frogs (R. a. area
lata) vverc breedino· 1.1 mile from the center of town on the 
afternoon of the 19th and eggs in the pool indicated other 
recent congresses. 

For R. a. circulosct, two congresses, a month apart, at a single 
breeding site, 2.5 miles f rom Miami, Oklahoma, had the follow
ing r elation to rainfall as recorded in Miami: (1 ) l\I:H·ch 10, LlO 
inches; l\Iarch 13, 0.0':1: inch; l\Iarch 18, 0.15 inch; total = 1.59 
inches. A large breeding· congress occurred on the evening of 
the 19th and eggs laid pr eviousl.v were abundant. (2) April 10, 
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1.10 inches ; April 11, trace ; April 14, 0.10 inch; total= 1.20 
inches. A fair-sized breeding congress occurred on the evening 
of April 16, but no eggs laid previously could be found in the 
afternoon preceding the congress. 

Such records show that both of these f rogs may be influenced 
by rainfall , but they do not prove a necessity for it. I leave the 
question open but with the following comment: at later times 
in the year (May, June, and July) I have often been in regions 
well within the range of one or the other subspecies, both during 
and after heavy rains, without finding them breeding. Since this 
is very unlikely if either or both have a xeric breeding pattern, I 
think the probabilities are that both f rogs exhibit either the mesic 
or mixed pattern and that a definite breeding season occurs in 
later winter and early spring (at least from F ebruary through 
April and possibly extending into May) . 

BREEDI NG B EHAVlOR AND BREEDING CALLS 

Both f rogs are shy in breeding congresses and I know of no 
amphibians that can hide more effectively when f rightened. Un
der a light in darkness R . a. circulosa is more easily alarmed than 
R. a. m·eolata, the former often backing quickly beneath the 
water to disappear . R ana a. a1·eolata, under the same conditions 
reminds me of the reactions of the savannah spadefoot , Scaphio
pus hu1"te1·ii, for it usually sits or lies perfectly still till touched. 
With both, water movements, such as caused by one wading 
toward them, alarm them much more quickly than an approach 
along the bank. Neither seems to react to the noise and flashing 
lights of heavy traffic along busy highways, even when large 
trucks pass within ten to twenty feet of calling males in di tches. 

In very shallow water , both call while sitting on the bottom 
with the forepart of the body above the surface. In deeper 
water they call spr awled on the surface, much like spadefoots 
(Scaphiopus) . I saw none of either calling f rom the bank, but 
Dr. C. C. Smith tells me that he has seen specimens of R. a. 
areolata do so in southeastern Oklahoma. 'fhe pectoral grip, com
mon to many well-known species of Rana, was used in all mated 
pairs observed. This confirms reports of others. 

The breeding call of the males of the two are closely simi
lar, so alike in fact that I detected no difference in the field. 
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Accordingly, I made recordings of their calls in order to com
pare them more closely.3 

The recording used principally for R. a. areolata was taken 
on the evening of February 26, 1949, near Idabel, McCurtain 
County, beginning at 9:00 P. M. and continuing about 13 
minutes. Both air and water temperatures were 11.5°C. A 
similar record for R. a. circulosa was secured on the evening of 
April 16, 1949, near Miami, Ottawa county, beginning at 8 :45 
P. l\1. Air and water temperatures were each 15.0°C. At these 
temperatures, it seems unlikely that the variations noted below 
could be due to so slight a difference as found (3.5°C). Simi
larly, if there be any difference between the two calls based on 
time of day (unlikely, but possible), 15 minutes should not be 
detectable in the differences in the two calls, each secured early 
in the evening, but after complete darkness when the chorus 
had just reached full strength. 

On first comparing these records, I got the distinct impres
sion that the call of R. a. areolata has a slightly longer duration 
than that of R. a. cit·culosa and that it is deeper. To check 
duration, I used a stop watch to time thirty individual calls 
of each, taken at random from the recordings. The results 
were as follows : (1) R. ct. m·eolata, mean=0.9+ ; mode =l.O ; 
range= 0.6-1.2 seconds ; (2) R. a. cir·culosa, mean = 0.7+; 
mode= 0. 7 ; range= 0.6 -1.0 seconds. Thus it was found that 
R. a. ar·eolata's call exceeds in duration by a mean difference of 
0.2 second and a modal difference of 0.3 second, but that the 
range is almost identical in the two forms. Because this difference 
is so slight, one might suspect it due onl y to human error, 
some of which is practically inevitable in handling a stop
watch. Had the figures not substantiated the general impres
sion I myself would suspect them. As it is, I accept them 
at face value for two reasons : (1) because of long experience 
with frog calls, I usually find my general impressions correct 
when tests are possible, and (2) any unconscious personal bias 
in the use of a stopwatch which I may have should have 

3. The apparatus used is a portable So und Scriber which records electronically at a con· 
stant rate on a plastic disc. It is powered by an auto battery working through a 
transformer. A JQQ.foot extension allows one to place the microphone very ncar 
calling males. Since control is possible from the car, the frogs need not be disturbed 
once the apparatus is in place . 
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caused errors in the same direction in both forms and there
fore produced no significant change in the relative durations 
being tested. 

Both of these recordings were secur-ed near busy highways 
and the machine picked up various extraneous sounds. When 
the recording· of R. a. areolata was first heard (the morning 
after it had been secured) a barking dog with a very deep 
voice seemed to have been recorded. I recalled no such dog 
and found mention of none in notes written whil e making 
the recording, and was puzzled. Later, at other breeding sites, 
I heard male: of R. ct. a1·eolata utter a series of short, deep
toned notes, quite different from the second-long call charac
teristic of them. A careful listening to the recording after 
this clearly proved the "dog" to be the frog·. Here and there 
in a chorus some male will chanae to this barking call for a 
few seconds and then return to the low, guttural, resonant 
snore of its typical call. 

In order not to disturb the animals, I did not watch them 
during the recording·. It may be that the barking call is the 
protesting note given by one male >vhen another attempts 
to clasp it. Such notes are common among the Salientia. I 
did not hear this note in the case of R. a. ci1·culosa, ma?be 
only because none happened to mol est another during the 
period of the recording·. 

The call of R . a. a'reolata, is deeper than that of R. a. cir
culosa and tends to have a rising inflection, or so it appears to 
my ear ,4 both in nature and in the recordings. In the latter 
some of the calls end in a low whistle which occasionally occurs 
also as an overtone in the lower, guttural note in a manner 
wholly impossible for me to describe. Neith er in nature nor 
in two r ecordings totaling approximately twenty-five minutes 
could I detect any suggestion of these extra notes in the ca 11 
of R. a. ci'rCt~losa. It does have a rising inflection, but th e 
range upward is not nearly so great as in R . a,. a,reolatn. 

My conclusions, therefore, are that these two frogs hnYc 
calls very much alike but that they diffel' slight!~' and in 

4. I should note that I recently have developed so me deafn ess and that a hearing aid 
was used both in the fi eld and in the laboratory . Actual tones, th erefore, may be 
sli ghtly differenl than thf'y appear to me, but differences no ted by use o f the same 
apparatus should be valid . 
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ways possible to measure. I believe that now, after analysis 
of the r ecordings, I can tell them apart in the field. I am 
certain I could do so if I heard both at once. 

I heard calls of these frogs in intermediate r egions, but 
did not succeed in securing a r ecording of them and there
fore have no basis of comparison at present with either· 
subspecies. 

EGGS AND EGG MASSES 

In all, about 40 to 50 clutches of eggs (or embryos) of each 
form were seen although some of them were not discovered till 
well along in development. In R. a. areolata these had been 
laid invariably in shallow water-often not more than two 
to three inches deep-where num erous deeper places were 
available in the same pool. The great majority were in water 
which was four to six inches deep, commonly, but not in
variably, near the edge of the pool. 'rhat this is not an inci
dental r esult of the presence in the shallow areas of supports 
for egg masses was evident from what follows. In most pools, 
vegetation was common in all regions of the breeding sites 
and, in some, present in several places where eggs were not 
produced and the water deeper than where eggs were fotmd. 
Furthermore, many clutches were studied which had no sup
port whatever, merely lying freely on the bottom. Others had 
supports so weak as to be wholly ineffective. Three were found 
in which only a single grass-blade penetrated the j elly and 
others were seen in which two or three sedO'e-leaves, grass
blades, or weak stems were all the supports utilized. A few were 
suppoi·ted in the characteristic manner of frogs laying eggs in 
plinths. Invariably these were in water deeper than is charac
teristic. On the whole, I got a very strong impression that 
whether eggs are supported or not depends primarily upon the 
depth of water in which they are laid and I believe the weak 
supports mentioned above to be more or less accidentally en
tangled with the gelatinous mass as the oviductal secretion 
swells about the eggs after fertilization. All of the above seems 
also to apply toR. a. circulosa, but this form often had produced 
eggs in six- to eight-inch water. One mass observed in water 
five inches deep was lying unsupported in a depression in the 
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bottom. However, as Smith (1934) noted, R. a. circulosa very 
commonly supports its eggs with vegetation. This seems not 
so common in R. a. m·eolata. 

In the production of eggs both of these frogs are quite 
gregarious. In the breeding congresses seen there was a 
marked tendency for males to approach each other during 
their calling, thus showing a social proclivity comparable to 
that of the prairie-limited species of Bufo as noted elsewhere 
(Bragg, 1940). This may explain, at least in part, the fact 
that wherever three or more clutches of eggs were found in a 
single pool or ditch, nearly invariably they were very close 

Figure 3. Breeding site of R . a. m·eolata in the edge of the Kiamichi 
Mountains in a ditch beside Highway 2 north of Antlers, Pushmataha 
County, Oklahoma. Note the excessive growth of vegetation protruding 
from the surface. Eggs were produced only in the foreground in 4 inches 
of water. Photo by W. Reinthal , May 9, 1949. 
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together, even in extensive pools where there were many other 
places comparable in all respects that I could discern to the 
egg-laying site. For one example, among many seen, in a ditch 
approximately 75 feet long and 20 feet wide, the whole well 
grown with vegetation and the shallows comparable at all edges 
(fig. 3), six frogs ( R. a. m·eolata) had laid eggs near one end 
in an area approximately 10 square feet. All except one clutch 
were in closer proximity even than this (about 4 square feet), 
one pair having laid their eggs off to the side from the others. 
No other eggs of this form were present in the pool. At an
other site (a flooded area of approximately one acre, all shallow 
and with vegetation protruding abundantly from all parts) 
two groups of egg masses occurred, one containing the eggs of 
ten individuals, the other of three. A systematic search by wad
ing back and forth through this whole area revealed no otlwr 
eggs. In R . a. circulosa the first eggs found were scattered in 
single masses or in groups of two or three. But in Craig 
county, I later came upon an extensive, well vegetated prairie
pool in which so many clutches of eggs lay in such close 
proximity that they formed a single mass of eggs, just under 
the surface of the water, roughly three feet square. No other 
egg masses were in the pool. The actual number of clutches 
could not be determined accurately because the jellies of some 
had already begun to soften as explained later and the eggs 
of one clutch could not accurately be distinguished :front those 
of other adjacent ones. But certainl y fifteen to twent:-· frogs 
(and very probably more) had laid eggs here in this very 
limited area. Some individual egg masses were supported 
by vegetation penetrating the jelly, but others seemed to be 
supported only by their proximity to other eggs. 

One interesting detail in this large mass was that not all 
of the embryos were in or near the same stage of development. 
The majority were well along, with well developed tail buds 
and the head structures clearly differentiated from the body. 
But those of some three or four clutches were in stages of gas
trulation, the jellies obviously less softened, and of lighter 
color. It was obvious that the large mass represented the re
sult of certainly two and perhaps more breeding congresses 
at least one or two days and likely more apart. Why had frogs 
in the second congress laid their eggs in the mass already de-
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vel oping ~ Can it be that the presence of egg masses is attrac
tive to mated females ready to lay eggs? This hardly seems 
likely; yet it is one possibility which only further observation 
can eliminate or prove. 

The phenomenon of several individuals laying eggs in close 
proximity is not new in the Salientia. Long ago, Miller (1909) 
noted it in the American Toad (Bufo ten·estr·is amwricanns Hol
brook ) in Massachusetts and I have seen the same thing many 
times in the commonest leopard frog in Oklahoma (Rana ber
landiet·i Baird) as well as elsewhere in other frogs of the 
"pipiens" group. Among the other forms in Oklahoma, it 
is a common phenomenon in Bufo w . woodhousii Girard (Bragg, 
1940 ) and B. cognatns Say, but in more than ten years' ex
perience in field studies of habits of Amphibia, I do not recall 
seeing it in genera other than Bufo and Rcma. The most strik
ing case which I personally have observed previously was in 
B. cognatns. In a buffalo wallow near Norman, Oklahoma, be
tween 11 :00 P. l\II . and midnight, I came upon twenty-one pairs 
of these toads all laying eggs together in an area not more 
than 15 by 16 feet in the shallowest region (four or five inches 
of water ) of an extensive pool. No other pairs were elsewhere 
in this pool (although there were others in adjacent pools) and 
no eggs were present except here. Less striking instances are 
common observations. l\!Iany times I have found evidence of 
from two to five pairs behaving in this way. 

In his brief description of the eggs of R. a. cir·culosa, Smith 
(1934) says, "Laid in plinth-like masses about 5-6 inches in 
diameter in shallow water about stems of grass, etc.'' For 
many observed by me this is a perfect description, not only 
for R. a cir·culosa but for R. a. ar·eolata also. It is well to add, 
however, that there is considerable variation in the shapes of 
the different masses. l\!Iost, in both forms, are large, flat, thick 
discs such as Smith described, but some (especially in R. a. 
ar·eolata but seen in both), are nearly perfect c.ylinders with 
slightly rounded ends. I never found a. cylindrical mass at
tached to vegetation, whereas the majority (but not all) of the 
discs were attached (some very lightly so, as stated already). 
The only differences in the general appearance of the egg 
masses of the two forms that I noted in the field were : (1) 
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that most masses of R. a. ci1·c1tlosa were larger than most of 
R. a. a1·eolata; (2) that the individual eggs in R. a. ci1·culosa 
appeared farther apart (implying thicker gelatinous enve
lopes); and (3) that the individual eggs seemed slightly larger 
than in R . a. areolata. Only the first of these is actually so, 
as the measurements (table II) indicate. 

TABLE II 

Mea&urements (mea.n, rnodes, and 1·anges to nea1·est 0.1) of "eggs" 

and jelly envelopes of R. a . areolata and R. a. circulosa. A ctual eggs 
were not av ailable and the measuTements m·e made 1tpon emb1·yos t1·om 

late blastulae to ea1·ly gastntla.e, closely com1JaTable stages being chosen 
in the two subspecies. Ed= egg diameteT; omd and imd = o1tt eT and 
inneT envelope diameteT; omw and imw =thi ckness of 01tteT and inner 
membTanes, 1·es1Jective ly. N = number, M = mean. Mo = mode; R 
=1·ange. 

R. A . AREOLATA 

Item ed omd imd omw imw N 

2.1 4.0 2.8 0.6 0.4 M 30 
1 2.0 4.0 2.9 1.0 0.4 Mo 30 

1.7 -2.4 3.3 -5.0 1.0 - 3.3 0.3 -1.0 0.2 - 0.6 R 30 

2.1 4.1- 2.8 0.6 0.4 M 25 
2 2.1 4.0 + 2.8 0.6 0.3 Mo 10 

1.0 -2.2 4.0 -4.1 2.5 - 3.0 0.6 - 0.7 0.3 -0.4 % 10 

R. A. ClRCU LOSA 

2.2 4.3 3.2- 0.6 0.5 M 30 
3 2.2+ 4.5 3.2- 0.6+ 0.6- Mo 30 

1.8 -3.8- 4.0 -4.5 2.9 -3.2+ 0.6- - 0.6+ 0.4 -0.6- R 30 

The reason for the apparent discrepancy is that the jellies 
of both species have a lens effect which makes the eggs often 
appear larger than they are. This is much more pronounced 
than in any other amphibian eo·g with which I am familiar . 
I believe it slightly more effective in R. a. ci·rculosa than in 
R. a. a1·eolata. It is probably this lens action which makes the 
"individual eggs ... quite distinct" (Smith, 1934) . 'fhis 
they certainly are in both frogs . .A ve1·y f ew small clutches of 
R. a. m·eolata were very much like those of leopard frogs in 
shape but the individual eggs wet·e larger. 
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The egg-jelly, when freshly produced, is firmer than in most 
other frogs. In formalin it tends to retain this quality but 
breaks rather easily. It is hyaline and not very sticky. Ex
amination with a binocular reveals two gelatinous envelopes, 
the outer slightly thicker than the inner and also of more uni
form thickness. 'fhe egg lies in a cavity inside the egg-mem
branes, so nearly fi lling it that the space is usually not ob
servable before cleavage. In U. a. circulosa (as implied by 
Smith, 1934) a small space occurs between the outer and in
ner jellies. I fai led to find this in R. a. a-reolctta where it must 
either be (a) variably present, (b) very small, or (c) non
existant. Adjacent eggs are joined by bridges of jelly between 
their outer envelopes. After preservation in weak formalin 
2-5 % ), eggs are easily separated by these bridges being pulled 
away from one of the envelopes. Under these conditions, the 
bridges do not break, the separation being between each bridge 
and an envelope to which it is attached. Such separation leaves 
a circular scar (often surrounded by a slight ridge) on the 
envelope. The diamater of these bridges varies widely in R. a.. 

Figure 4. Breeding site of R. a. a1·eolata beside highway 3, 2.0 miles 
no1·thwest of Farris, Atoka County, Oklahoma, near where Mr. Harold 
A. Dundee first found these frogs breeding in later afternoon of February 
19, 1949. Another similar ditch was also utilized about one-half mile 
farther to the southeast. Photo by W . Reinthal, May 9, 1949 . 
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areolata, much less so in R. a. circttlosa ; in the latter each 
is quite wide. This is the only consistent difference between 
these eggs (except numbers ) which I have been able to find. 

The number of eggs in one mass of R. a. ci·rcttlosa is stated 
by Smith ( 1934) to be "probably about 7 ,000." Smith, Nixon, 
and Smith (1947) r eport 3,192 to 6,807 eggs per mass. In R. a. 
a1·eolata the number had not been reported even approxi
mately. Accordingly, I chose a clutch which appeared to be of 
about average size for R. a. a1·eolatct and determined the num
ber of eggs by counting in groups of 100, r ecounting each as I 
went to avoid error. The number obtained was 3,801. 'rhen, 
wishing to find a less tedious procedure, I tested a volumetrie 
method on this same clutch. First I determined the amount 
of water displaced in a small cylinder by 100 eggs and then 
in a larger cylinder by the total 3,801 eggs (including the jellies 
in both instances). With these data I calculated the number of 
eggs as 3,500 in the mass as a whole. Taking the count as co t·
r ect, this indicates that this volumetric method is accurate when 
applied to these frogs to within approximately 300± eggs, A 
smaller mass was tested by this volumetric method, t he result 
being 2,000. Comparison of these two clutches with others by 
inspection indicates that there is considerabl e variation within 
the subspecies but that 3,000 to 4,500 eggs is the approximate 
number produced at one time, by the average individual. Simi
lar methods were not applied to R . a. circttlosct because Smith 's 
report of "about 7,000 eggs" is exa ctly what is indicated by 
comparison of the sizes of egg masses of the two subspecies. 
Ranct ct . circttlosa produces roughly from one-t hi rd more to twice 
as many eggs on the average as R. a. a1·eolctta, although it also 
varies among individuals m the actual number in given egg 
masses. 

The measurements of eggs and egg envelopes (table II ) 
are self-explanatory. It should be noted, however, that my 
measurements differ slightly from Smith ': r eport for R. a. 

ci·rcttlosa in Kansas. H e found, " the outer membrane measures 
about 4.5-5.0 mm. in diameter , the inner about 3.15, and the 
vitellus about 2.46-2.50." Both may be correct for the :tages 
or populations represented. 

In color the egg is black and white, the pigment fad ing 
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slightly below the equator. After preservation in formalin the 
eggs may retain their color or fade to a chocolate brown. The 
latter is more common in late gastrulae than in earlier stages, 
probably because some of the pigment gets spread by cellular 
movements during gastrulation. 

CHANGES IN THE JELLY AND BEHAVIOR OF YOUNG TADPOLES 

Little attention has been given to the gelatinous envelopes 
of amphibians' eggs during development or after the tadpoles 
have hatched because they typically have little significance 
in the life of the hatched animals and distinegrate shortly after 
hatching of larvae. In R. a. a1·eolata I noted some peculiarities, 
unknown (at least to me) in other species of frogs . 

As stated earlier , the jelly is hyaline when first produced, 
tough and not very elastic. It remains this way for some days 
(or even two weeks in cold water) during the early phases of 
development. Some time before hatching (time relationship 
could not be obtained accurately because of the method used ) 
the jelly thins and swells and tends to float. By the time of 
hatching, masses originally unattached rise and sprawl out on 
the surface or just below it. Attached ones often become de
tached and do the same thing. Even those remaining attached 
approach this condition because commonly left not more than a 
few inches from the surface. In the meantime, the color usually 
gradually changes through various stages of amber or light 
browns. Commonly, but not invariably, algae invade the jel
lies which thus gradually change to a mottled green. At hatch
ing, the mass has come to resemble very closely a raggedly 
branched algal mat (which in some respects it commonly is ) . 
Even without actual invasion by algae, the ragged tongues of 
jelly commonly spread among algae in such a way as to make 
with them a common greenish-amber mass so that very close 
observation is required to distinguish between the animal and 
plant components in such an intimate mixture. At the proper 
stages when one stands by a pool, it is often impossible with 
the eye alone to tell which is algal mat only, frog jellies mixed 
with algae, or frog jellies invaded by algae, except as one may 
see the black embryos. Even those are easily overlooked in 
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the mottling effect of sunlight and shadow among vegetation 
in a pool. 

When the larvae hatch they tend to remain on top of this 
mass for some time, althoug·h some may attach to nearby plants 
or other objects. After at least three or four days on or about 
the j elly the behavior of the young of the two forms differ. 

In R. a. areolata, a mass migration then at least sometimes 
occurs toward the shallowest water available. I saw evidence 
of this in several pools, but the most striking· observations 
were at Snow, Oklahoma, in the edge of the Kiarnichi Moun
tains, Pushmataha county (see 7a of the geographic distribu
tion section for a description of the largest pool there in which 
the phenomena about to be described occurred). On April 
11, 1949, I approached this large pool near the middle of the 
east side and followed the shore line northward. Some fifty 
to sixty feet from its north end, I began to see small, black 
long-tailed tadpoles each swimming in a straight line near 
the surface of the turbid water . F arther along, these became 
more and more numerous and, as I approached shallower and 
clearer water, I noted that all these seemed to be radiating 
outward in all directions from a common source. This was 
found in a single mass of sprawled, ragged, green jelly among 
plants in the shallows near the end of the pool. I continue 
by quoting fi eld notes written on the spot : "Many were still 
on the j elly and others were radiating out, swimming at the 
surface in all directions toward shore. Slightly larger ones 
were massed in a nearby solid black line along the shore
those radiating from the jelly joining them continually. The 
r eactions of the swimming larvae appeared purposeful, as if 
they 'wanted' to reach the shallows. Once there, 11one r e
turned or tended to do so, more than a few inches. Those in 
the aggregations were active continuously and apparently al
ready beginning to feed . In a few cases, some were congregat
ing in algal mats (in shallows) rather than at the shoreline. My 
judgment is that the aggregation is not social (or not pri
marily so) . Apparently each tadpole reacts to the depth of 
the water or to temperature which tends, thus, to bring all or 
many to the same area. Do these tadpoles r eact to tempera
ture differences. to th e presence of shallows, to some other 
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influence, or to an internal drive (at this early age) 1 In any 
case, their positions [i.e. of the aggregations] are exactly 
suited to life in shallow water where the animals (1) are pro
tected from possible larger predators, (2) are in regions of 
maximum temperatures that may speed the developmental 
rate, and (3) can secure abundant food." 

In an attempt to determine any possible effect of differen
tial temperatures in the pool, I took readings as follows : ( 1) 
in shallows to the north of the principal aggregation (22°0.) ; 
(2) within the densest aggregation (22°0.); (3) at surface, 
an arm's length out from shore opposite the densest aggrega
tion (15°0.); and (4) at the surface of mass of the jelly 
from which they were swimming (15°0.). The air tempera
ture was 18°0. at this time and full sunshine was on all per
tinent parts of the pool. These results show that different 
temperatures are not the stimulation sought. Obviously, tiny 
tadpoles in water at 15°0 could not sense a temperature in 
the shallows of 22°0., five to fifty feet away, through water 
also at 15°0 . The fact that all these tadpoles were in full 
sunshine and that abundant vegetation occurred near the mass 
of jelly shows clearly that the presence of shade also was not 
the deciding factor. This needs to be ruled out because of 
the behavior of tadpoles described below. 

Through the spring I saw dozens of masses of jelly from 
which all tadpoles had gone and could find no evidence in any 
of these places that tadpoles ever return to the j elly or re
main about it more than a few days after hatching. This is, 
of course, the usual thing among Amphibia, and I mention 
it only to emphasize a difference between R. ct. at·eolata and R. a .. 
cir·culosa (see below) . 

After migrating to the shallows, tadpoles of R . a. ar·eolata 
remain there during daylight hours always hidden beneath or 
among plant growth (both spermatophytes and algae, as avail
able) . I soon learned to collect them by sweeping a strainer 
through such vegetation, close in near the bank. Within a few 
days they change radically in color, taking on a mottled ap
pearance exactly suited to their protection on the theory of 
protective coloration. The exact color pattern varies with con
ditions. In very clear water they tend to be dark, mottled with 
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browns of various shades. In slightly turbid water, they are 
lighter. Among algae most individuals have ragged patches on 
the dorsolateral surfaces of bright chlorophyl green and there 
are occasionally sheens of reddish, yellowish, yellowish green, 
or even violet. All such colors are, of course, lost in preservation. 

In two different places near Idabel, McCurtain County, I 
made observations on tadpoles at night and was surprised to find 
their location and behavior different than in daylight. In a 
long and shallow ditch in which I had taken samples of tad
poles in the afternoon, hidden as usual in vegetation, I found 
at 9 :15 P. M. that all except a few were now swimming near 
the bottom, completely in the open. Their movements were 
languid and there were frequent long intervals without move
ment. In a wider ditch, well grown in its shallower areas with 
sedges and algae among which I had always found the tad
poles hiding during daylight (including the afternoon of the 
same day) I found them similarly in the open water, but here 
near the surface in the deepest part of the pool. This was at 
about 10 :00 P. M. on a dark night. On my return to Idabel at 
about midnight, I stopped at the first site briefly and found 
the tadpoles behaving as they had earlier . Apparently, there
fore, this is typical nocturnal behavior, at least at this age. 
This was on April 23 and the tadpoles were about half grown 
and approximately one and one-half months from egg laying. 
Except for the lack of constant movement and for darker color 
they superficially resembled tadpoles of the plains spadefoot, 
Scaphiopus bombij1·ons, when seen through the water. 

When about one-fourth grown and thereafter these tad
poles behave more like other ranids although they still remain 
hidden during daylig·ht. On disturbance they rush madly out
ward toward deeper water to hide. Younger ones usually move 
fast along the bottom and stop suddenly in cover. Older ones 
swim rapidly near the surface for several feet then duck sud
denly downward to hide. These movements in both cases are 
very effective in preventing captur-e (at least by me ). These 
tadpoles are very quick and very good dodgers. 

In R. a. ci1·culosa1 behavior of the tadpoles and changes in 
the jellies are usually similar to those of R. a. aTeolata but the 
following should be noted. At two widely separated sites, I 
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found jellies which had failed to float ; and in and under both 
of these, half-grown tadpoles were abundant. Whether these 
had utilized the jelly for cover consistently since hatching or 
had r eturned to it was not determined. Also, I had no op
portunity to learn whether or not this foem has a mass migra
tion from the jelly. Similarly, I am not certain about a differ
ence in diurnal and nocturnal positions of these tadpoles. In 
the one observation of them made at night, however, they were 
in cover in the shallows essen tially as in daylight. 

As is well known, tadpoles of many species are often killed 
by too quick evaporation of water in pools. Often in such 
places, a single pool will become broken up into two or more 
smaller pools, the tadpoles in the shallower of them being killed 
by evaporation of the water before the others. Sometimes only 
those so isolated in very shallow water are kill ed. In one place 
near Idabel, Oklahoma, a long shallow ditch lost water gradu
ally and fin ally becam e divided into three pools, two with small 
amounts of water , the other with much more. None of the 
thousands of tadpoles of R. ct. a1·eola.ta (from at least three 
egg masses) here were isolated by this. Instead, all had found 
their way into the deeper and larger pool. This is not what one 
would expect in view of (1 ) their marked proclivity to seek 
shallow water, as already emphasized, and (2) the common iso
lation of other types of tadpoles. I had no opportunity to 
observe R. a. ci1·culosa. from this viewpoint. It is perhaps in
teresting to note that I have seen small fishes ( Gcmtbusia. affin·is 
aff'inis ) r etreat just in time from areas being cut off but I have 
.never seen tadpoles do it. 

One more rather surprising thing about these tadpoles 
needs mention. I had learned to r ecognize them in the field 
and was making collections at f rom one- to three-week intervals 
at selected pools. On a routine visit to one place in early May, 
I collected many ranid tadpol es of about the size expected; 
but alJ seemed to be of Ra.na be1·lcmclie1·i, our commonest leopard 
frog, with whose tadpoles I am very familiar. I knew tadpoles 
of this species to be present, but on other trips they had not 
seemed nearly so abundant . Furthermore, I could find no tad
poles which I recognized as B. a. areolctta although a week be
fore t hey had dominated the pool. 'l'hroughout this and the 
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next day, I had the same experience at other regular coll-ecting 
stations, widely separated and including some in the inter
mediate area between the ranges of the two subspecies. Because 
of this, on the third day, I went to a pool known to contain no 
tadpoles of the leopard frogs. Here, I found the same thing. 
Obviously, therefore, within a week these tadpoles had changed 
in appearance so closely to resemble those of leopard frogs that 
I could not distinguish them on superficial examination in the 
field. 'l'his was easily substantiated later from collections for 
both subspecies studied in the laboratory. Members of Rana a. 
ci1·culosa nearing metamorphosis are easily distinguished f rom 
leopard frogs. Under a microscope, no one need confuse speci
mens of R . a. m·eola.ta with leopard frogs at any age. 

GROWTH RATES OF T ADPOLES-AGE A'I' TRANSFORMATJON 

At one site in McCurtain county (chosen for careful study 
partly because it was the southernmost region in which R. a. 
cweolata was taken and, therefore, th er e was no possibility of 
confusing the two subspecies ) breeding congresses were seen 
on February 21 and 26 and one mass of well developed embryos 
seen on April 1 here indicates that there had been at least one 
other congress. 'l'he eggs of one mass (seen on F ebruar? 26 in 
two- to sixteen-cell stages) were hatching on March 11. Ob
servations elsewhere indicated that larvae r emain on the jelly 
three to five days after hatching. If we assume this period to 
have been four clays in this instance, then mean growth rates 
from the time active feeding began to midmetamorphosis can 
be determined by measurements of sample tadpoles colleeted at 
various times. In the collections there were, of course, at least 
two age groups but these could be distinguished with consid
erable accuracy because each collection had two very different 
size ranges. Only the tadpoles f rom the larger size group from 
each collection were used. 

Twenty-one days after hatching and approximately seventeen 
since active feeding was begun 15 tadpoles had increased be
tween collection dates as follows (mean values) : head-body 
length= 7.4; tail length= 8.5; and total length= 15.9 mm . 
Similar values at 41 days of age (37 days after feeding began) 
were 8.8, 10.7, and 19.5, respectively. At 63 (59 ) days the re-
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suits were 3.5, 8.8, and 12.3. These figures measure the increase 
between successive collections, not the total increase since the 
beginning. The total increases for the 63 days (59 since feeding 
was begun) were 19.7, 28.2, and 47.9 mm. , respectively. Lat·ger 
numbers were not used because the range of each type of meas
urement indicated very little variation in either actual or pro
portional growth; greatest, as might be expected, in the tail. 

During the first 15 days after active feeding was begun, 
these tadpoles grew at a mean rate of 1.06 mm. increase in total 
length per day. During the next 22 days they averaged 0.895+ 
mm. increase per day. During the next 22-day period, the rate 
of increase was 0.567+ mm. per day. These figures substantiate 
the general impression in the field that they grow rapidly at 
first and gradually slow down as they become older. The mean 
rate for the whole developmental period of 59 days since first 
active feeding was 0.760+ mm. Since an increase in temperature 
tends to stimulate growth, it is interesting to note that the 
greatest rate of growth in these tadpoles came when the water 
was coolest (early spring). This seems to indicate that fast 
growth is inherent in the young tadpoles unless the effect of 
temperature on the development of these frogs differs funda
mentally from expectations from physiological determination 
on many different species of organisms in practically all ma
jor groups. 

At this site, many of the older group of tadpoles were in 
metamorphosis on the 63rd day from the earliest hatching here. 
All had hind legs well developed, though some individuals were 
slightly ahead of the others. A few also had one or both fore 
legs and in two or three the tail had begun to shrivel. At this 
time, the largest without fore legs had the proportional measure
ments given in table III. 

DESCRIPTION OF THE TADPOLE OF R. A. AREOLATA 

(Figures 5, 6, and 7. ) 

Shape, ovoid with a tendency for the abdomen to be widest 
posterior to the middle ; snout bluntly and evenly rounded ; 
whole appearance chunky; tail rather short (appears long in 
the very young but proportionally much shorter at full develop
ment). Color, variable but generally dark rather than light 
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dorsally, white ventrally; dorsal mottling in life in shades of 
brown, green, greenish yellow, and purple, commonly details 
of difference depending on environment. As metamorphosis 
begins, some of the fullness of the abdomen may disappear, 

TABLE III 

Measurements in mm. of 10 tadpoles at metanw1·phosis of R. a. 
areolata front M cCurtain County, Okla.homa. Mea.ns, modes, and Tanges 
(M, Mo, and R, Tespecti vely) ot head-body length (HB) , tail (T) , total 
length (Tot), snout to spimcle (Sn-Sp) , spiracle to anus ( Sp-An), in
te7'07'bital distance taken between the distal edges ot the eyelids (IO) and 
internarial distance (In). Indiv idual measurements tor five others m·e 
presented: in table IV. 

HB T Tot Sn-Sp Sp-An 10 In 

M 23 .8 32.9 56.7 14.1 7.3 7.3 1.98 
Mo 23.0 35.0 55.0 15.1 7.0 7.0 2.00 
R 23.0-28.0 28.0- 36.5 51.0-63.0 12.0-15.0 6.5-8.0 7.0- 12.0 1.80-2.00 

thus giving a longer and leaner-appearing animal. Eyes, mod
erate in size, only slightly protuberant, and set about midway 
between the middle and sides (essentially as in other common 
ranids). Nostrils nearer to snout than eye, set close together 
(1.8-2.0 mm. measured) and varying only slightly in rela
tive position even in tadpoles of different sizes at metamor
phosis. Each nostril opens at young stages through a papilla 
which increases in size gradually till just beyond the half-way 
mark in the developmental period and then rapidly becomes less 
noticeable, not so protuberant, flatter and broader. The presence 
of these two relatively large papillae on the snout is, before 
they flatten, a very useful character for field identification. 
At full development the nostrils open ventrolaterally from the 
sides of the papillae and each has a slightly depressed region 
immediately ventrolateral to its lower rim. 

Spiracle sinistral, its tube short and directed diagonally 
downward. In half-grown individuals the spiracular tube is 
much wider than its opening but at full development only 
slightly so. Dorsal surface of the body and head essentially 
smooth except for rows of pit-like organs. These pits are very 
small, numerous, and arranged in two single, symmetrically 
placed rows over the top of the head, the right and left rows 
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uniting on the front of the snout. Posteriorly they pass be
tween the nostrils, just skirt the eyes, and bend downward along 
the neck. Here their positions became variable. In most indi
viduals a long rmv passes along the lateral line, sometimes end
ing in a whitish streak containing few or no pits. Br·anched 
rows of pits sometimes occur on the neck region and some 
individuals even have a few in small patches on the white areas 
of the anterior part of the ventral surface. 

I did not determine the morphological or functional sig
nificance of these organs. 'l'heir position suggests chemical sense 
organs, probably derived from the lateral line system, common 
in aquatic vertebrates. 

Figure 5. La teral view of tadpole of R. a. m·eolata. Note especially 
t h e roughly triangular dorsal fin which is characteris ti c of this tadpol e 
from mid-development to near metamorphosis (compare fig. 8 (C-E ) 

for changes in early metamorphosis) . 

'l'he tail fin in mid-developmental stages runs onto the body 
dorsally for some distance ( 0.5 mm. or so) and ends in a broad 
fleshy ridge which cont inues anteriorly, flattening out before 
it reaches the cervical region. At full development, only a sug
gestion remains of this ridge but the tail fin still originates on 
the back (fig. 5). Tail fin s mostly clear but with various mot
t ling in some individuals and environments. A few were found 
in which a suggestion of pigment concentration occurred along 
the edge of the tail fin posteriorly, more prominent dorsally 
than ventrally. 

L.ips prominent and of lighter color (in formalin ) than 
ad jacent regions of the head. Labial fringe of large papillae, 
typically arranged in a single row but wanting dorsally except 
at tllC sides. At sides, a few extra papillae often occur on the 
ventral labium and some have one or two short extra rows here. 
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Labial formula typically %, the first upper row complete, the 
second widely divided in the middle; first ventral row just 
barely divided at the mid-line; the second shorter and complete ; 
the third still shorter and complete. Variations noted include 
(1) single individual with a formula, %, the extra dorsal row 

Figure 6. Dorsal view of tadpole of R. a. ctr·eolata. Note especiall y 
curved lighter areas from nostrils to eyes. 

TABLE IV 

Com1Jar·ison of 5 tadpoles of each of the two S1tbS1Jecies of R. area
lata. M easur-ements i n mm. of some of the lar·gest collect ed at n ear- ex
tr-em es in the state r·ange (Ottawa County a.n d M cCur·tain Co~mty). 

HB =head-body ; T =tail ; Tot= total l ength; Sn-S1J =distance, snout 
to S1Jir-ac le (measur-ed as a str-aight line) Sn-An = Spir-acle to anus: IO 
= inter·or-bital distan ce (fr-om ey elid to ey elid, ey es of all appar·ently 
open the same amount) ; In= intenwr-ial distance; M=mean ; R= 
mnge. 

R. A. AREOLATA 

HB T Tot Sn-Sp Sp-An IO In Item 

23.0 36.0 59.0 15.0 9.0 7.0 2.0 1 
28 .0 35.0 63 .0 15.0 13.0 7.5 2.0 2 
23.0 28.0 51.0 12.0 10.0 6.5 1.8 3 
23.5 36.5 60 .0 15.0 9.0 7.0 2.0 4 
23 .0 35.0 58.0 15.0 9.0 8.0 2.0 5 
24.1 34.1 58.2 14.4 10.0 7.2 2.0- M 
23.0-28.0 28.0- 36.5 51.0-63.0 12.0-15.0 9.0-13.0 6.5-8.0 1.8- 2.0 R 

R. A. CIRCULOSA 

33.0 42.0 75.0 15.0 16.0 8.0 3.0 1 
31.0 40.0 71 .0 17.0 17.0 8.0 3.0 2 
35.0 38.0 73.0 19.0 17.0 8.0 2.5 3 
33.0 42.0 75.0 18.0 17.0 8.0 2.5 4 
35.0 41.0 76.0 21.0 18.5 8.0 3.0 5 
33.4 40.6 74.0 18.0 17.5 8.0 2.8 M 
31.0-35.0 38.0-42.0 71.0-76.0 15.0- 21.0 16.0-18.5 8.0-8.0 2.5-3.0 R 
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represented by a small patch of denticles far on each side (fig. 
7, C) and (2) a variation in the spacing of the second upper 
row (fig. 7). Measurements are given in table IV. 

The most distinctive features of this tadpole appear to be 
(1) the light colored lips, (2) shape of tail fin, (3) details of 
mouth parts, (4) details of nostril mechanism, and (5) pro
portions of the external parts. 

COMPARISON \VITH TADPOLE OF RANA A. CIRCULOSA 

Smith, Nixon, and Smith (1947) mention as distinctive fea
tures of the tadpole of R. a. ciTculosa., ''very short space between 
the halves of the second row of labial teeth, and the longer outer 
row in the lower labium.'' 

'rhe first of these is just as characteristic of R. a. cweolatn, 
as already noted, and the second will not separate the two. Just 
as with the adults, I find these two tadpoles to be very much 
alike. Nevertheless, there are a few distinctive features : ( 1) 
R. a. ci1·culosa grows to a considerably larger size before meta· 
morphosis (table IV); (2) the labial teeth vary more in R. a. 
ci1·culosa--for example, only one of many specimens of R. a. 
a?"eolata examined had the extra upper row described as com
pared with R. a. ciTculosa at the same stage, in which 10 of 15 
selected at random from a collection had it; (3) labial papillae 
are also more variable in R. a. ci1·culosa. Typically, the lower 
labium has two extra rows of papillae laterally and a few were 
seen with other extra papillae in various places including one 
with a single large papilla hanging as though stranded in the 
otherwise blank midsection of the upper labium ; ( 4) the great
est distinction is in the shapes of the tail fins (figs. 5 and 8) 
althoug·h, here, too, variations occur among individuals of both 
forms. Typically the outline of the dorsal fin in R. a. aTeolata 
suggests roughly a nearly isosceles triangle with its apex slightly 
nearer the anterior than the posterior as shown in fifrure 5. That 
of R. a. cin;ulosa is more evenly rounded f rom one end to the 
other as shown in figure 8 (A and B), and usually does not sug
gest a triangle. The tail fins are more mottl ed in R. a. ciTcttlosa 
also. 
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These facts are in perfect accord with the theory of Goin 
and Netting (1940) that R . a. a·reolata is the more primitive 
form and that R. a. ci1·culosa has been derived from it during 
its evolution. One might expect a primitive form to be the more 
stable and several genetic variants to develop in a derivative, 

8 c 
Figure 7. Mouth pa rts of R . a. wr eo lata: (A) t ypical condition , (B) 

variations in papillae and s pacing of the labial teeth (the la tter shown 
by lines), (C) labia l teeth patern of a typical % tadpole. 
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some of which might lead to restriction of extension in eco
logical range. The nearly but not quite perfect , ecological re
striction to a prairie habitat in H. a. ci·rculosa, as opposed to the 
less ecologically restricted R. a. areolata (at least, in Oklahoma) 
further bears this out. On the theory of Goin and Netting, 
therefore, we can interpret these animals as follows : the origi
nal R. a. m·eolata spreading northward increased in size both 
as adults and as larvae, increased in proportional leg length, 
became slightly more shy and tended to become r estricted to a 
prairie habitat. The tadpol es became variable in several charac
teristics including the tendency to add one row of denticles on 
the upper labium, an increase in papillary f ringe on the lower 
labium, and a different outline to the tail fin. 'l'he variants were 
then R . a. c·irculosa. 

SuMMARY AND CoNCLUSJONS 

A study of Rana a.1·eolata in Oklahoma shows some fo rm of 
this species to be present in all counties of eastern Oklahoma 
except the following: Wagoner, Washington, Nowata, Okmulgee, 
Okfuskee, Adair, Cherokee, and Delaware : Rana a. areolata 
has spread northward in valleys of the Ouachita Mountain 
ranges as well as skirted the mountains to the west. It inhabits 
the valley of the Arkansas River and has moved up vall e~·s 

in the southern part of the Ozarks north of the river, at least 
in Sequoyah county. It occupies several different ecological habi
tats though restricted to the lower r egions in each. Rana a. cir
culosa occurs in the prairie areas of northeastern Oklahoma, 
south at least to northern Mcintosh county. It does not enter 
the valleys of the Ozarks, except at the very edge where it may 
penetrate a few miles into the hills in locally suitable places. 
The ranges of the two fo rms meet in the valley of the Arkansas 
and in the prairie to the west of this (northern Mcintosh, east
ern Hughes, and southern Muskogee counties) where there is 
some evidence of intergradation. Many more adult specimens are 
needed before the details of the intergrading zone can be 
determined. 

Ecologically, R. a. areolata is more versatile than R. a. ci1·
culosa, the latter almost restricted to prairie, the former also 
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present in mountain valleys in the oak-hickory-pine country as 
well as in the extension of the Gulf Coastal Plain along the Red 
River. 

Breeding sites are nearly identical in the two forms: clear
water, shallow, well-vegetated pools; overflows from small streams 
and ditches, are characteristic. Th e breeding calls are very 
similar but measurable differences occur which show that R. a. 
at·eolata has a slightly shorter, somewhat deeper , and more 
variable call. Sizes of eggs and of the gelatinous envelopes are 

A 8 c D E 
Figure 8. Comparison of tail fin outlines in tadpoles of R . a. ci?·

culosa (A and B) and R. a. a1·eolata (C-E) at mid-metamorphosis. 
These figures were prepared by tracing the removed tails of selected 
individuals to get the outline, the tail myotomes and mottling then 
done in freehand within each outline. This early change in the tails 
of R. a. areolata may be due to environmental influence, since the water 
was very low and the tadpoles struggling in the "race" to metamorphose 
before desiccation killed them. There was still much water where the 
specimens of R. a. circ1£losa were secured. For the greatest difference 
found between the tadpoles of these two frogs , compare tail outline in 
R. a. ciTcu losa (A and B) with R. a. a1·eolata (fig. 5). 

essentially similar in the two, but numbers of eggs in a single 
clutch, while variable in both, average larger in the case of 
R. a. circulosa. One clutch of eggs in R . a. at·eolata, number ed 
3,801 by count; another 2,000 ± 300 by a tested volumetric 
method. The only consistent difference found in the gelatinou,; 
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envelopes was more constantly wide bridges between the outer 
envelopes in R. a. ·ci1·cttlosa. Size of egg masses varies in both 
as expected by the variation in numbers, that of R. a. ci1·culosa 
being larger on the whole. Shapes of egg masses vary in both 
from a leopard-frog-like plinth, through a fiat, thick disc, to 
an almost perfect cylinder wit h bulging ends. All are pro
duced in shallow water only (3-10 inches in depth observed in 
R. a. areolata, 6-12 inches in R. a. circulosa) . The majority of 
50 to 60 clutches of each subspecies were found with several 
masses close together except, of course, when only one f rog had 
laid in a given place. In deeper water , egg masses are attached 
to vegetation; in shallow water, they often lie f reely on the 
bottom. In R. a. m·eolata the jelly spreads, expands, and floats 
by the time of hatching; algae commonly invade it by this time 
and its color frequently changes to a light amber. At hatch
ing, the tadpoles tend to r emain on top of this fiat mass for a 
short period, probably about four to five days. They then make 
a mass miO'r ation in all directions toward the shallows, change 
color to correspond to their surroundings, and tend to remain 
in the shallows t ill nearly full grown, although at night they 
frequent the surface in deeper parts of pools or lie on the bot
tom in shall ow ditches. Tadpol es of Rana a. ci1·ctt.losa behave 
essentially simil arly except as follows: (1) th ey were found 
hidden in shall ows at night in my single opportunity for ob
servation, and (2) t hey sometimes r emain about the jelly (or 
return to it ) till nearly half grown (seen in two different 
places). No opportunity to observe wheth er or not a mass 
migration ever occurs was afforded. 

When half to two-thirds developed, tadpol es of N .. a. ctTeolata 
and R. a. ci1·culosa (as well as some in pools thoug·ht to be in 
the intergrading area) change within a week to resemble super
ficially tadpoles of leopard f rogs, although always easily dis
tinguished by use of a microscope. Their behavior changes ac
cordin gly. F rom this t ime onward t hey rush out en masse for 
deeper water when disturbed to hide on the bottom. 

Tadpoles of R . a. aTeolctta from one site near Idabel, Okla
homa, were collected at intervals t hl'ough the spring· to get 
some idea of time relations and growth rates. Embryos seen in 
4-16 cell stages on February 26 were hatching on l\1arch 11. 



A STUDY OF RANA AREOLATA IN OKLAHOMA-BRAGG 315 

The tadpoles grew rapidly (1.06 mm. increase in length per day 
for the first 15 days after leaving j elly, 0.895 + mm. per day for 
the next 22 days). They were in metamorphosis on the 63rd day 
from hatching, having averaged 0.760 mm. mean increase in 
total length per day for the period of feeding (59 days). 

No strictly comparable data for R. a. ci1·culosa could be se
cured, but embryos in young stages on March 18 were in early 
stages of metamorphosis on one pool on May 21. I wish to 
emphasis that the approximately one-month difference in age in 
these two lots of tadpoles at metamorphosis may be wholly ot· 
in some part due to differences in environment. The pools are 
about 200 miles apart (north-south ) geographically and the 
northern one was very extensive, the southern one a very 
shallow ditch. 

The fully developed tadpole of R . a. areolata was found to 
r esemble very closely that of R . a. circulosa. 'l'he principal aver
age differences between them appear to be these: 

Rana a. areolata 
1. smaller. 
2. labial formula % with a 

rare % present. 
3. labial papillae approximately 

constant in arrangement and 
positions. 

4. tail fin less mottled. 
5. tail fin dorsally often a 

broad, nearly isosceles tri
angle, the apex about 1;2 the 
distance or a little less pos
terior to union with body. 

Rana a . circulosa 
1. larger. 
2. labial formula % or % in 

ratio of about 1 : 2. 
3. labial papillae more 

variable. 

4. ta il fin more mottled . 
5. tail fin dorsally not usually 

approaching tria ngular but 
gently rounded from body 
attachment to t ip of tail. 

A prominent featu re of both tadpoles by which they can 
be distinguished from many other common species (but not 
all ) is a series of dermal pits beginning on the snou t and 
passing as two symmetrical lines over the head and often ex
tending far posteriorly alon()' the lateral line and usuall y with 
branches of these lines and/ or isolated patches of p its laterall? 
and ventrally, posterior to the eyes. 

Adults are also difficult to distin()'u ish with certain ty. l\Ieas
urements on 15 specimens of R. a. a1·colata, 17 of R. a. ci?·
culosa, and 11 unknown specimens as to subspecies were made 
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and ratios of snout-vent lengths calculated. These ratios (as 
means) were so closely similar as to indicate no proved differ
ences in the three groups. Modal and range differences were 
also so slight as to constitute a negative result and it was there
fore concluded that these ratios are not so important for these 
Oklahoma specimens as Goin and Netting (1940 ) found in the 
"a1·eolata" group as a whole. These ratios may distinguish or 
help to distinguish species: they will not distinguish subspecies 
within R. areolata, at least as found in Oklahoma. 

On the other hand, actual tibio-fibula length does help to 
distinguish these subspecies but there is no sharp dividing line 
at 40 mm. in these from Oklahoma such as Goin and Netting 
found in their specimens. Some of my specimens of R. a. area
lata had a 44-mm. tibio-fibula and others were on the border
line at 40 mm. On the other hand, the only members of R. a. 
ci·rculosa having this measurement less than 40 mm. were small 
(but sexually mature) males. 

These findings when compared with those of Goin and Net
t ing may mean that the intergrading zone of these two sub
species is broader than now supposed, taking in most of the 
range in Oklahoma. Many more such measurements from 
specimens in all parts of the range are necessary before we 
can know. 

On the whole, the slight differences in eggs, tadpoles, and 
adults reported herein together with the larger size, gTeater 
shyness, and tendency to ecological restriction to prairie in R. a. 
ci1·culosa tend to support Goin and Netting in two special par
ticulars: (1 ) subspecific designation for the two forms is jus
tified and (2) R. a. circulosa was probably derived from R. a. 
m·eolata instead of vice versa. 
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