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EARLY DEVELOPMENT, EMBRYONIC TEMPERATURE
TOLERANCE AND RATE OF DEVELOPMENT IN

RANA PRETIOSA LUTEIVENTRIS THOMPSON

INTRODUCTION

Taxonomists had been describing the adult stage of anurans

before the time of adoption of the 10th edition of the Systema Naturae,

More often than not, rather arbitrary terminology was used in re-

ferring to the stage of development of the immature stages Such

terms as "mature, " "immature, " "half-grown" and "fully-developed"

as applied to tadpoles lack the precision needed for good taxonomic

descriptions. This failure to consider ontogenetic changes of

"diagnostic characters" of a species has resulted in considerable

taxonomic confusion

Moreover, most taxonomic investigations on anuran larvae

have lacked this precision and clarity required for critical, compara-

tive studies of tadpoles of different species. Published descriptions

of anuran tadpoles have been based principally on samples collected

in the field Larvae have only recently been reared through meta-

morphosis or obtained experimentally from known parents to insure

positive identification The verification of descriptions of tadpoles

of uncertain parentage has long been needed (13) Grace Orton has

repeatedly stressed (29, 30, 31) that, for comparative purposes,

studies of embryos and tadpoles of anuran species must be based on
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unambigously described, equivalent growth stages.

The most carefully studied species of frog, with respect to

development, is Xenopus laevis Weisz (53) presented a series of 23

identifiable periods in the early development of this species. A large

number of investigators have contributed additional information on

Xenopus laevis and their research has been carefully reviewed,

analyzed and presented in a monograph by P D Nieuwkoop and

J Faber (27)

The early developmental stagesl of several other anuran

species have been determined with greater or lesser precision than

that of Xenopis laevis PoUlster and Moore (32) illustrated and de-

fined 23 embryonic stages of Rana sylvatica, Eakin illustrated the

development of Hyla regilla from the neural fold stage to the first

appearance of the operculum (7), Gallien and How.llon (8) described the

early stages of Discoglossus pictus, Cambar and Marrot (4) de-

scribed a chronological table of development for Rana dalmatina,

Volpe (51) described several late pre-metamorphic stages for Rana

capito servosa, Volpe and Harvey (52) defined and illustrated pigment

"Early development""comprises both the embryonic and larval
periods An embryo is designated here as the prefeeding individual,
beginning its existence as a fertilized egg and continuing until it has
lost its external gills Larva and tadpole are considered synonymous
terms, each referring to the individual that feeds and passes through a
period of metamorphosis before assuming the adult shape (13, p 2)
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patterns and mouth parts for several stages of Rana palmipes, the

larval development for Bufo woodhousei fowleri and Scaphiopus h

holbrooki was described by Gosner and Black (10), Conte and Sirlin

(5) provided a photographic reference series of 25 embryonic stages

of Bufo arenarum and Limbaugh and Volpe (13) illustrated and defined

46 stages in the development of Bufo valliceps from fertilization to

metamorphosis, in detail The early development of Rana pipiens

has been described in three papers Miller (17) described 11 stages

for the normal development but it lacked the precision of that of

Shurnway (42) which described and illustrated 25 prefeeding stages,

and that of Taylor and Kollros (45), which completed the series with

a description of the larval changes from the first feeding stage

through metamorphosis.

These developmental series, among others, were prepared

especially for embryological research, in part, but can be utilized as

a framework upon which to erect a "taxonomic" developmental series

The descriptions by Taylor and Kollros (45), Volpe (51), Volpe and

Harvey (52), and Limbaugh and Volpe (13) can be used to excellent

advantage in comparative taxonomic studies of anuran tadpoles

In addition to morphological descriptions of early development,

studies have been made on some species of anura in connection with

temperature adaptation The embryos in these studies were tested

over a wide range of constant temperatures to reveal, under a set of
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known experimental conditions and specific criteria, the endurable

limits of tolerance of the embryos What has been realized experi-

mentally is the potential norm of reaction to temperature of the gene

complex characteristic of members of each species. The demonstra-

tion that the gene complex of each species responded differently to

experimental temperatures indicates that a given temperature range

has been established by selection (48, p 360) The implication is

that a particular response to temperature is of adaptive value (20, 25).

Moore (18, 20, 21, 22, 23, 24, 25) followed by his students

(46, 47, 49, 50, 39) and others (6, 12) have dealt with the effects of

temperature on the development of embryos of various species of

frogs and toads These studies have revealed that a number of em-

bryonic characteristics, such as rate of development and tempera-

ture tolerance, are closely correlated with the geographical distri-

bution and breeding habits of the species

In North America, the species of Rana that have had their

embryonic temperature tolerance and adaptation examined have been

Rana pipiens (25, 39, 50), Rana catesbiana (22), Rana clamitans (18),

Rana palustris (18) and Rana sylvatica (18) Except for cursory ob-

servations in connection with other aspects of anuran biology (12),

no detailed embryonic research has been presented for the five

species of Rana present in western North America (43)

In this study, a detailed analysis was made of the external
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development from fertilization through metamorphosis of the spotted

frog, Rana pretiosa luteiventris Thompson, The study was made

with several objectives in mind The first objective was to accurately

describe and illustrate the external morphology of each stage of

embryonic and larval development to establish taxonomic criteria.

The second objective was to establish the optimum and maximum and

minimum temperature range of development The third purpose of

this investigation was to establish the embryonic rate of development

at various constant temperatures The completion of the above ob-

jectives would provide additional data for the genus Rana so that a

more detailed, comparative study of its adaptation to the environ-

ment, morphologically and physiologically, could be made



METHODS AND MATERIALS

The experimental frogs, Rana pretiosa luteiventris Thompson,

were collected in Ochoco Creek 12 miles east of Prineville, Crook

County, Oregon Sexually mature males and females were secured in

the fall (September and October) of 1960, 1961, 1962 and 1963 The

mature males and females must be collected in the late fall or just

prior to breeding because the gonads have then reached the physiolog-

ical state necessary for induced breeding in the laboratory (1, 37)

The frogs were cleaned und.er running tap water and stored in

a cold room or refrigerator at or near 5° Cl until needed It has

been determined that frogs will survive for months in a relatively

healthy condition without deterioration of the ovarian eggs provided

that changes of their water were made regularly (38) The water in

their containers was changed every three to five days The changed

water was brought to the temperature of the cold room or refrigera-

tor so as to prevent any sudden temperature change of the stored

adults In the initial research it was observed that sudden changes of

temperature on the frogs caused violent spasms and eventual death

in most of them

For each experiment a mature female was removed from cold

6

'All temperatures mentioned in this thesis are in degrees
Centigrade



storage and induced to ovulate with pituitary implants from the

pituitary donor, Rana pipiens, males or females. The methods of

pituitary extraction from the donor and their injection into the re-

cipients paralleled those explained by Rugh (38, p 102-110).

The dosage of pituitaries, according to Rugh (37), required

to induce ovulation in Rana pipiens collected in September and

October was found to be either five female or ten male donor pitui-

taries. In order to induce ovulation in female Rana pretiosa

luteiventris, it was found that six females or eleven male Rana pipiens

donor pituitaries were needed to be effective

The injected female was placed in a quart Mason jar with a

small amount of water and kept at 200 for 48 hours before stripping

her of eggs The eggs were stripped into an inclined finger bowl con-

taining a pair of mature, adult, macerated testes dispersed in 20

milliliters of ten percent Holtfreter's solution The sperm suspen-

sion, after maceration, was permitted to stand for 10 to 15 minutes

to permit the spermatozoa to become active before adding the eggs

The eggs were stripped into the sperm suspension in such a manner

that all the eggs were exposed to the sperm After standing for some

five minutes the eggs were flooded with 200 milliliters of ten percent

Holtfreter's solution, which was discarded after 20 minutes and re-

placed by another 200 milliliters of ten percent Holtfreter's solution

The egg mass was then cut up into clusters of five to ten eggs

7
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each after their jelly membranes had finished imbibition of water

(about 60 minutes) Approximately 25 eggs per finger bowl of 200

milliliters of ten percent Holtfreter's solution at a particular ex-

perimental temperature were placed into a temperature controlled

refrigerator

The refrigerators were ordinary commercially available

model D7 Frigidaires which were altered to make them maintain a

more accurate temperature The thermostatic control supplied with

the refrigerator was removed and a Fenwall thermostat of greater

sensitivity was put in its place to regulate the cold cycle. The front

door and rear partition of the freezing compartment was removed to

permit a ready circulation of air The air was kept in a continuous

circulation by attaching a continuous-duty fan into the freezing

compartment A 250 watt "Calrod" heating element was also attached

inside the freezing compartment and activated through an Aminco
/

bimetallic thermoregulator (American Instrument Company, Silver

Spring, Maryland) and a heavy duty relay (Potter and Brumfield) for

the heating cycle Careful adjustment of the two thermoregulators,

in conjunction with the air circulating fan, would yield a regulated

temperature, measured in the finger bowls, to an accuracy of +0 3°,

when the temperature selected was at or below ambient temperature

and +0 2° when above ambient_

The finger bowls, containing fertile eggs, were checked at
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frequent intervals of about every hour or less if the development was

approaching the start of a new stage of development The developing

eggs were checked at ten power magnification and measured with an

eyepiece containing a calibrated reticule When the embryos reached

stage 25 (9, 13) they were removed from the finger bowls and placed,

five tadpoles each, in 12 inch x 6 inch x 2 inch enamel trays and

reared at a temperature of 25+0 20 to metamorphosis
.....

Pond water or charcoal filtered tap water was used to rear
°

the feeding stages with daily changes of water, which was allowed to

come to the desired temperature prior to the change A fresh supply

of boiled spinach was added with each change of water

The tadpoles were measured frequently to the nearest 0 01 mm

and records of the pigment pattern were kept Three measurements

were taken body length, measured from the tip of the snout to the

midpoint of the cloacal opening, tail length, measured from the mid-

point of the cloacal opening to the tip of the tail, and body width,

measured across the widest part of the body The total length was

computed by addition of body and tail length During the interval the

tadpoles were measured, they were narcotized with "M S 222"

(Sandoz Chemical Company, IV Y C ) In one series of experiments,

examples of the different developmental stages were preserved in ten

percent formalin for illustration

The mouth parts of a series of larvae were examined and at
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each observation period a larva was preserved in ten percent formalin

and studied This enabled observation on the changes in the mouth

parts throughout larval development

The illustrations were made to exact scale shown with the aid

of a camera lucida or photograph



STAGES OF DEVELOPMENT

Figures 1 through 5 illustrate the external features of Rana

pretiosa luteiventris from the fertilized egg through metamorphosis.

The age in hours represents the period of time required for 50 percent

or more of the individuals to reach a particular stage of development.

The dimensions given for each stage are an average value of the total

lengths of the individuals that exhibited the characteristics of the

stage at the hour listed

Stages 1 through 25 (Figures 1 and 2) comprise the embryonic

period and stages 26 through 46 (Figures 3 through 5) constitute the

larval period The larval stages are based primarily on the develop-

ment of the hind limb buds The variations of this species from pre-

viously published accounts in an.uran staging (vide supra) will be

amplified upon, otherwise only a brief account describing the stage

is listed below The mouthparts descriptions are not included in this

section but are placed in a separate section following

Stage 1. The egg at fertilization rotates ending when the ani-

mal hemisphere is uppermost The eggs are deposited as a double

row of two strings with the gelatinous egg coats being adherent The

egg and its coverings consists of the egg, the inner envelope and an

outer envelope Measurements of 53 eggs are as follows. diameter

of vitellus 1 89 mm + 0 08 (mean and standard deviation), diameter of

11



Stage 9. "Late cleavage" determined by the relative size of

the blastomeres and position of the pigment border

Stage 10 Beginning of gastrulation, involution at dorsal lip

of blastopore

Stage 11 Involution along the semicircular form of the dorsal

lip of the blastopore

Stage 12. A completed blastopore with circular yolk plug

Stage 13 The formation of a neural plate This stage differs

from that of Rana pipiens in that the plate appeared to form as a con-

stricted cap dorsad

12

outer envelope, 6 40 mm + 0 15, diameter of inner envelope, 2 92

mm + 0.20. The measurements compare favorably with those of

Livezey and Wright (14, p 190)

Stage 2. The second polar body released Gray crescent

Stage 3 First cleavage or two cell stage

Stage 4. Second cleavage or four cell stage

Stage 5- Third cleavage or eight cell stage

Stage 6 Fourth cleavage or 16 cell stage

Stage 7. Early cleavage is designated as 24 - 64 blastomeres

Cleavage irregular

Stage 8. "Mid cleavage" determined by the relative size of

the blastomeres and position of the pigment border The animal pole

pigment is more than in Rana pipiens



STAGE NUMBER

Figure 1 Embryonic stages 1 - 17

STAGE NUMBER

13
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Stage 14. Neural folds appear. This was a difficult stage to

determine in its early stages Here determined when folds first

began to form

Stage 15: Narrowing of neural groove and near approach of

neural folds Ciliary rotation not observed

Stage 16: Neural tube formed by closure of the neural folds

and gill plates became noticeable

Stage 17: The tail bud stage

Stage 18. Muscular movement or flexure in response to stim-

ulation Ventral U-shaped suckers conspicuous beneath the stomadeal

pit

Stage 19 Heart beat This stage was difficult to determine

and a strong light directed anterior to posterior so as to cast a

mouth shadow over a portion of the ventral neck area helped to

detect it This neck area pulsated during heart beat and the "moving

shadow" was easier to detect At higher temperatures, the hatching

process commenced in the latter portion of this stage but at colder

temperatures (e g 10° C) hatching started in stage 20.

Stage 20: Gill circulation Hatching continued and was

completed Gill size and shape variable depending upon temperature.

At low temperatures reduced in length and degree of branching, at

high temperatures elongated and more bifurcations

Stage 21: The cornea developed and became opaque at first



STAGE NUMBER

18

19

20

21

22

23

24

25

Figure 2 Embryonic stages 18 - 25

AGE IN HOURS AT 25°C
LENGTH IN MILLIMETERS

15
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and later, near stage 22, became transparent Mouth opened

Stage 22. Tail fin circulation. First detected in dorsal fin

area near body Unlike other published accounts, tail pigmentation

is not reduced until late in this stage

Stage 23. Formation of opercular fold

Stage 24: The operculum closes on the right The first sign

of melanophores on the head

Stage 25: The operculum closes on the left More melano-

phores developed

Stage 26: Appearance of limb bud whose length is less than

one-half of its diameter Transition stage embryonic to the larval

period A few scattered iridophores on head region

Stage 27. Limb bud length equal to or greater than one-half

its diameter. More iridophores on head region, melanophores more

numerous and developing in tail fin regions

Stage 28 Limb bud length equal to or greater than its,

diameter Venter suffused with silvery iridophores, a few hpophores

on dorsum, numerous melanocytes on tail, especially its musculature

Stage 29: Limb bud length equal to or greater than one and

one-half times its diameter Lipophore and iridophore areas ex-

tensive on head and body

Stage 30. The limb bud length is equal to two times its

diameter



STAGE NUMBER

Figure 3. Embryonic stages 26 - 32

AGE IN HOURS AT 25° C
!

LENGTH IN MILLIMETERS

26 227178

_,_

29 338 2711

30 384 306'

31 421 337

32 491 402

)
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1

2 7 251 197

28 1 275 219



Stage 31: The distal end of the limb bud becomes paddle-

shaped.

Stage 32. The margin of the foot paddle is indented between

fourth and fifth toes

Stage 33. The margin of the foot paddle is indented between

third and fourth and the fourth and fifth toes

Stage 34: The margin of the foot paddle is indented between

the second and third, the third and fourth, and the fourth and fifth

toes

Stage 35: The margin of the foot paddle slightly indented

between the first and second toes All toes now started

Stage 36: All toes are separated except the first and second

Stage 37. The five toes are separated

Stage 38: The metatarsal tubercle appears (prehallux).

Stage 39: The rudiments of subarticular tubercles on the

inner surfaces of the toes In species having heavy pigment on toes

this stage is easy to detect as pigment-free patches (13, p 12),

however in this species this stage is recognized with great difficulty

because of sparse pigmentation on the foot. In using the subarticular

rudiments as a stage, there is only a brief period between this stage

and the next one (stage 40)

Stage 40. Subarticular tubercles well developed

Stage 41. The skin area where the forelimb will protrude

18



STAGE NUMBER

AGE IN HOURS AT 25° C

Figure 4 Embryonic stages 33 - 40

6331

LENGTH IN MILLIMETERS

1

I

19

I

33 514

34 563

'35 579

I 36 611

37 680

38 710

39 804

40 '815

424

46

473

49

532

563

i

603



Figure 5 Embryonic stages 41 - 46

STAGE NUMBER

AGE IN HOURS AT 25°C

LENGTH IN MILLIMETERS

41 923 66.6

42 1043 635

43 1083 520

44 1115 389

45113
1

1

46

1

29 6

1116 21 0

20
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becomes thin and transparent and this area is called the "skin

window. " The cloacal tail piece (the extension through ventral tail

fin containing the cloacal opening) is lost The light colored dorso-

lateral ridge appears. An unusual pale colored band appears on the

back posterior to the eyes and anterior to the forelimb flexure The

adult pigment pattern on the dorsum of the hind limbs is established.

The adult dorsal blotches on back are just beginning to develop The

tail begins to shorten

Stage 42. The forelimbs are free The angle of mouth, as

viewed from the side, is anterior to the nostril The dorsal pattern

of blotches of the metamorphosed frog is developed The pale-

colored band on the back is gone

Stage 43. The angle of the mouth as viewed from the side, is

between the nostril and the midpoint of the eye Slightly raised warts

on the back of the hind limbs The dorso-lateral ridge developed.

Stage 44: The angle of the mouth, as viewed from the side,

is between the midpoint and the posterior margin of the eye. Tail

reduced

Stage 45: The angle of the mouth, as viewed from the side,

is at the posterior margin of the eye A slight stub of the tail re-

mains but is highly variable in length
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Stage 46 The tail is reabsorbed completely. Meta-

morphosis is completed The transformed frog has the conspicuous

features of the adult.



DEVELOPMENT OF THE MOUTH PARTS

Stages in the development of the larval mouth parts are illu-

strated in Figure 6 Complete mouth parts are present only between

stages 29 to 40 Stage 29 has a tooth row formula of two in the upper

labium and three in the lower By current practice this tooth row

formula is referred to as 2/3 (28, 55) The first upper tooth row is

continuous and the second is divided medially The length of either

lateral segment of the second upper tooth row is approximately one

half the median space or less The first lower row is divided

medially with its medial ends recurving towards the lower jaw The

second lower row is continuous and of equal to or slightly greater

length than that of the first row The third row is shorter than the

first two rows It is approximately two-thirds their length The

labial papillae are confined to the margins of the lower labium and

lateral flaps at the sides Each lateral fringe bearing the papillae is

folded inward between the upper and lower tooth rows in the normal

position

The mouth parts begin to differentiate at stage 24 The horny

beak appears and a small degree of pigmentation and cornification

occurs along the inner margins The number of papilla at the corners

of the mouth are reduced in size and number and do not reach their'

full development until stage 26 Between stage 26 and 29 the papillae

23
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increase in number and decrease in size The marginal papillae of

the lower labium are weakly developed at stage 25 and fully developed

at stage 26 The tooth ridges appear in stage 25 but are not chitinized

until stage 27 and 28 The sequence of tooth formation in stage 27 is:

(1) the first upper labial row, (2) second lower labial row, (3) third

lower labial row faintly An occasional larva has a poorly developed

first lower labial row Tooth formation is completed in stage 26 with

the first lower labial row formed first and then the lateral segments

of the second upper labial row

Resorption of the larval mouth parts starts at the end of stage

41 Remnants of the horny beaks are sloughed, as are the cornified

teeth at the end of stage 41 and early stage 42 The beaks are

pigmentless in stage 42 and are completely resorbed by early stage

43 The lateral papillary fringe-shape changes from an infolded

appearance in stage 41 to a flap-like arrangement, shown in Figure 6,
,

At early stage 43 the metamorphosed mouth appears, but a few

papillae remain at the inner margins of the upper jaw
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STAGE NUMBER

1 mm
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ANALYSIS OF LARVAL GROWTH AT 25° C

The growth curves of the total length, tail length, body length,

and body width of the tadpoles reared at 25° are shown in Figure 7

The mean dimensions, expressed in millimeters, are plotted against

time in hours that had elapsed since the last of the embryonic stages

(stage 25) The mean dimensions to plot the points in Figure 7 were

used from Table 1 which also gives the variations in body dimensions

Figure 7 shows that the total length and the tail length

reached their maximum dimensions at 744 hours, at which time the

majority of the larvae had attained stage 41 Body length and body

width, however, reached their maximum dimensions at 636 hours

when a majority of the tadpoles had reached stage 40 At 864 hours

after stage 25, when the forelimbs began to emerge from their

"skin windows, " which characterizes stage 42, the total length and

tail length measurements decreased very abruptly The dimensions

for body length slowly decreased from 636 hours (stage 40) to 997

hours (stage 46), whereas body width decreased gradually from 636

hours to 864 hours (stage 42) and then decreased more rapidly to 960

hours Body width also reached a maximum size at stage 45 (960

hours) The interval between stage 41 (744 hours) and stage 46 (997

hours) may be considered as the period of metamorphosis

Table 1 also provided data for a study of the percentage

26



Table 1. Measurements (in millimeters) of tadpoles of Rana pretiosa luteiventris reared at 250 C
(measurements are expressed as mean + standard deviation and range)

27

Hours Since
Sta e 25

State of 50 Percent
or More of the

Tad oles
Total
Lenth

Body

Length
Tail,

Length
Body
Width Tadpoles

48 26 17 8+ 0.73 7 7+ 0 43 10 1+ 0.47 4.6+ 0 18 50
16 6-20.9 7 1- 9 3 9.0-11.6 4.3- 5 1

72 27
19 7+ 0 81 8 7+ 0.40 11 1+ 0 60 5.0+ 0.23

50
18 2-22. 1 8 2- 9 8 10.0-12 4 5. 2- 5. 8

96 28
21 9-F 0 99 9. 5+ 0. 42 12. 3+ 0. 66 5. 7+ 0.24

50
19 7-23.6 8 6-10 4 10. 8-13. 3 5.4- 6.0
27.1+ 1.47 11 1+ O. 32 15 9+ 1 91 6 4+ 0 23

159 29 47
24 7-30 0 10 3-11 7 14.4-19.00 6.0- 6 8
30.6-4- 1 16 12 5+ 0.52 18 1+ 1.07 7 2+ 0.32

205 30 45
28. 1-33. 3 11 7-13 9 15 9-20 8 6.7- 7.8
33 7+ 1.75 13.4+ 0 72 20 2+ 1.21 7.8+ 0.41

242 31 45
30. 8-38.0 12.5-14.8 17.9-23.2 7.0- 8.8

3/2 32
40.2+ 1.21 15 9+ 0. 55 24 2+ I 15 9. I+ 0 43

45
38.2-42.4 15. 0-17. 0 22. 1-26. 7 8 3-10. 0

335 33
42.4+ 2.00 16.9+ 0.72 25.6+ 1.61 9.4-4- 0.53

45
38 0-45.2 16.0-18 0 22 0-29 0 9. 0-11. 0
46.0 0 95 18.5+ 0.93 27.5+ 1.52 10.01- 0 35

384 34 45
41.0-48. 5 16.5-20 0 24. 0-29. 5 9. 5-11. 0

400 35
47 3+ 2 67 18 9+ I. 11 28 4+ 1 78 10 2+ 0 61

45
44. 0-52. 8 17.5-21 0 26 0-33.0 9 5-12.0

432 36
49.04- 2 79 19 3+ I 44 29 7+ 1 77 10. 3+ O. 54

45
44 0-57 2 18. 0-25. 0 26. 0-33. 0 9. 7-12. 0

501 37
53.2+ 2.11 20 9+ 0 84 32.3+ 1 74 11.04- 0.39

45
49. 8-57. 5 19. 5-25. 0 . 29. 0-36. 0 10. 0-12. 0

531 38
56.3+ 1 78 22 3+0 89 34.0-i- 1 75 11.6-i- 0.61

45
53. 0-61. 0 21 0-25.0 30 0-37.0, 10. 5-13. 0

625 39
60.3-4- 2.38 23.5-i- 0.95 36. 8+ 1.50 12.4+ 0.63

45
56. 0-65. 5 22. 0-25. 0 34.0-40 5 11. 1-13.0

636 40
63.3-i- 1.93 24.4-i- 0 85 38.9+ 1.83 13.1+ 0 55

45
60. 0-67 0 23. 0-26. 0 36 0-43 0 12. 2-14. 3

744 41
66 6+ 1.80 23.5+ 0.92 43. 1+ 1.86 14. 1+ 0.41

45
62. 5-70.5 22.0-25 0 39. 5-47. 5 13.3-15 0
63.5+ 3.65 22 1+ 0 78 41 4+ 3 20 12 9+ 0 92

864 42 43
56. 0-70. 0 21. 0-24. 0 34.0-46 0 12. 0-15. 5

904 43
51.9+ 5.14 21 8+ 0.66 30. 1+ 4.99 11 3+ 0 82

4341 -61.0 21.0-23 0 19 5-37.0 10. 0-13. 0

936 44
38.9± 6.51 21.6-4- 1.06 17. 3+12. 89 10.1+ 0.59

43
22. 0-50 0 19.5-23 0 2. 0-28. 0 9.2-11 0

960 45
29.6+ 5.12 21 5+ 1.04 8. 1+ 4.80 9.5-4- 0 43

41
22 0-39 0 19. 5-23 0 2 0-18 0 9 0-10.0

997 46
2 t. 0+ 0.68 21 0+ 0.68 9 4+ 0.54

41
20 0-22 0 20 0-22 0 9 0-10 5



Figure 7 Mean body dimensions at 25° C The average dimensions
in millimeters of the total length (crosses), tail length
(circles), body length (triangles), and body width
(squares) of larvae of Rana pretiosa luteiventris at
various hours of development at 25° C The stages of
development are indicated at the points of the growth
curve for total length and each represents the stage
attained by 50 percent or more of the larvae
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increments of growth for the four body variates which is shown in

Figure 8 The value of each body dimension at stage 26 was used

as the standard of initial growth The percentage increments of

growth for each of the four variates was determined at each stage of

development by dividing the mean dimension of that particular

variate by its mean dimension at stage 26

The four variates (total length, tail length, body length and

body width), as shown in Figure 8, grew at the same rate from stage

26 to stage 28 and after stage 28 (96 hours) they began to grow at

different rates The tail length showed the greatest increase in

growth followed by total length, body length and body width in that

order The largest percent increment of growth for tail length, total

length and body width occurred at stage 41, or 744 hours after stage

25, whereas that of body length was attained at stage 40 (636 hours)

Body length decreased in growth increments gradually after 636

hours whereas tail length and total length decreased abruptly. Total

length, being a function of body length and tail length, did not, of

course, decrease to zero as the tail length did Body width de-

creased from its maximum at 744 hours to stage 45 (960 hours) where

it reached a temporary equilibrium to completed metamorphosis at

997 hours (i e the body width grew at a constant rate) Body length

grew at a faster rate than body width throughout the period after

stage 25 except at stage 41 (744 hours) at which time it was equivalent.



Figure 8 Percent increment of growth Curves expressing incre-
ments in percent of initial growth of total length (crosses),
tail length (circles), body length (triangles), and body
width of larvae of Rana pretiosa luteiventris reared at
25° C
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Another means of expressing growth, in terms of one

variate in relation to each of the other three, is the use of ratios in

which a ratio of four values in all possible combinations (where the

same item isn't duplicated twice) would present six possible combina-

tions These combinations are shown in Table 2 and are computed

from the same data that were used for Table 1 The plots of the

mean ratios for the six combinations at each stage of development

since stage 25 are shown in Figure 9

Between 159 hours (stage 29), after stage 25, and 625 hours

(stage 39) there is relatively little change in the mean ratios as shown

in Figure 9 It may be seen also that at 864 hours (stage 42) the

ratios were quite variable in degree and direction of change during

the period of metamorphosis, which would be expected In the inter-

val from 96 to 159 hours (stages 28 to 29) the ratios decreased some-

what except for the tail length/total length ratio which increased

slightly This slight decrease is due to the faster growth rate of,the

tail relative to the other body dimensions measured This relation-

sin', of faster tail growth is also seen between stage 28 to 29 in the

ratio tail length/total length where the mean ratio value increased

instead of decreased

Figure 10 illustrates the variation in stages of development of

larvae at different hours after stage 25 All of the larvae did not

reach the same stage of development at the same time After 120



Table 2 Mean ratios of body parts of Rana pretiosa luteiventris tadpoles (values are expressed as
mean + standard deviation and range)

26

32

36

B. L = body length, B W = body width, To. L = total length, Ta.L = tail length

No of
Stage B. L/ To L Ta L /To L B W /To L B W /B L B L /Ta L B W /Ta L Tadpoles

43+0 02 0 57+0 02 0 25+0 01 0 59+0 03 0 76+0 01 0 45+0 03
0.41-0 47 0 53-0 59 0 23-0 28 0 50-0 66 0 68-0 88 0 41-0 51

27
0.43+0 02 0.57+0 01 0.26+0.01 0 59+0 02 0 76+0 01 0 45+0 02
0.41-0 46 0 53-0 59 0 24-0 27 0 56-0 65 0 69-0 85 0 42-0 50

28
0.44+0.01 0.56+0.01 0 26+0 00 0 59+0 02 0 77+0 01 0 46+0 02

42-0 46 0 54-0 58 0 24-0 28 0 55-0 63 0 72-0 84 0.42-0 49
41+0 02 0 59+0 02 0 23+0 01 0 57+0 02 0 69+0 02 0.40+0 03

0.37-0 47 0 53-0 64 0.22-0 25 0 54-0 61 0 58-0 87 0 35-0 48
41+0 02 0 59+0 02 0 24+0.01 0.58+0.03 0.69+0 OS 0 404-0 02

0 37-0.44 0 56-0 63 0.21-0 25 0.51-0.63 0.60-0.79 0 35-0 43

31
0.40+0.01 0.60+0.01 0 23+0.01 0.58+0.02 0 67+0.02 0.38+0.02
0.38-0 42 0.57-0.62 0 21-0 24 0 52-0 61 0.63-0 73 0.36-0 41
0.39+0.02 0.60+0.02 0 23+0.01 0.57+0 03 0 66+0.04 0 37+0 02

37-0 42 0 57-0.63 0.21-0 24 0.52-0 64 0 58-0 73 0.35-0 41
0.39+0 01 0.60+0 01 0 22+0.01 0.55+0.02 0 66+0 04 0 37+0 02

33
0.37-0.42 0 58-0.63 0 21-0 24 0.51-0 61 0.60-0 73 0 34-0 41
0.40+0.01 0 59+0.02 0.22+0 01 0 54+0.02 0 67+0.04 0.37+0 02

34
0.37-0.42 0.53-0.63 0.21-0.23 0 52-0.58 0.58-0.79 0 33-0 39
0.39+0.01 0.60H-0 01 0 21+0.01 0.54+0.02 0 66+0 03 0.35+0 02

35
0.38-0 42 0.58-0.62 0.20-0.23 0.49-0 58 0.61-0.72 0.33-0.39

39+0 02 0.61+0.02 0.21+0.01 0 53+0.02 0.65+0.04 0.35+0.02
0.37-0.44 0 56-0.63 0 19-0.23 0.48-0. 57 0.60-0 77 0 31-0 37

39+0 01 0.61+0.01 0.21+0 01 0 53+0.02 0 65+0.04 0 34+0 02
37

0 37-0 42 0.58-0.63 0.19-0 22 0 49-0.56 0 58-0 72 0.32-0 37

38
0 40+0.02 0 60+0.02 0 21+0.01 0.52+0.03 0 66+0. OS 0.34+0.02
0.37-0.43 0.57-0.63 0.19-0.24 0.47-0.58 0.58-0.77 0.31-0.42
0.39+0.01 0.61+0.01 0.20+0.01 0.53+0.03 0 64+0.03 0.34+0 02

39
0.37-0.42 0.58-0.62 0.18-0.22 0.48-0.57 0.61-0.71 0.30-0.37

40
0.38+0.02 0.61+0.02 0.21+0.01 0.54+0.02 0.63+0.04 0.34+0.02
0.36-0.41 0.59-0.64 0.19-0.23 0.50-0.58 0.56-0 71 0.31-0.37

41
0.35+0.02 0.65+0.02 0.21+0.01 0.59+0.02 0.55+0.04 0.33+0.02
0.33-0.37 0.63-0.67 0.20-0.23 0 55-0.64 0.48-0.62 0.30-0.37

42
0.35+0.02 0.65+0.02 0.20+0.02 0.59+0.04 0.54+0.04 0 31+0.03
0.32-0.39 0.61-0.68 0,18-0.27 0.55-0.67 0.47-0.65 0.28-0.44
0.42+0.05 0.57+0.04 0.22+0.02 0.51+0.04 0.75+0.15 0.38+0.07

43
0,37-0.52 0.48-0.62 0.19-0,27 0.44-0.58 0.60-1.10 0.32-0.57
0.58+0.14 0.42+0.13 0.27+0.06 0.47+0.02 2.50+4.68 1.15+2.11

44
0.44-0,95 0.05-0.56 0.18-0.43 0.41-0.50 0.79-21.00 0.39-1.84
0.74+0.11 0.25+0.11 0.33+0.06 0.44+0 03 3.74+2 35 1.83+1.69

45
0.54-0.91 0.12-0.46 0.24-0.45 0 39-0 50 1.16-10.00 0.56-8 00

46 1.00+0.00 0.45+0.03 0.45+0.03
1.00-1.00 0.41-0.49 0.41-0.49

34

29

30

50

SO

50

47

45

45

45

45

45

45

45

45

45

45

45

45

42

42

42

40
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Figure 9. Mean ratios of growth Mean ratios of body parts of
larvae of Rana pretiosa luteiventris at different hours
of development at 25° C Body length/total length
values are represented by crosses, tail length/total
length, empty circles, body width/total length, empty
squares, body width/body length, triangles, body
length/tail length, solid circles, and body width/tail
length, solid squares
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Figure 10 Bar graph expressing the variations in stages of
development of larvae of Rana pretiosa luteiventris
at different hours of development at 25° C The
number beneath each bar represents the percentage
of larvae that exhibit the characteristics of the stages
at the hour indicated
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hours more than one stage of development was found to be present

in the population at a particular time The greatest number of stages

found to be present at a certain hour of development was at 960 hours

after stage 25 where stages 41 to 46 were present

Since several stages were found at the same time of develop-

ment any comparative study between this species and other species

using equivalent growth stages, the mean ratio data would be invalu-

able in comparing the relative rates of growth as opposed to absolute

growth. The reason for this is that a small species would register

smaller growth curves than another but actually show faster rate of

development of its tail length for example, which could be detected

by the use of ratios

Stage 41 took the longest time for all of the larvae to attain or

exceed (from 648 to 960 hours), some 312 hours, as shown in Fig-

ure 10

This may be involved in some way with the initiation of meta-

morphosis which begins at stage 41, as pointed out above. The total

elapsed tune after stage 25 for 50 percent of the tadpoles to reach

stage 46 at 25° C involved 997 hours or 41 days and 13 hours



ANALYSIS OF GROWTH RATE

Embryonic Temperature Tolerance

The percentage of the embryos that developed normally at

each of the experimental temperatures is indicated in Figure 11. The

points shown in Figure 11 are adjusted values after the method of

Moore (25, p 3) This method consists of using the highest per-

centage normal development observed as 100 percent The data of the

remaining temperatures were then adjusted to this base. The highest

percentage of non-adjusted normal development in these experiments

was 97 3 percent at 100 It should be stressed here, as Moore

pointed out (25, p 3), that the embryos not developing normally

might be doing so for reasons not connected with temperature, such

as failure of fertilization or having abnormal genotypes The mini-

mum and maximum limiting temperatures for normal development

of Rana pretiosa luteiventris embryos were found to be 6° and 28°

At 30 the eggs developed to stage 9 and remained arrested at

that stage without forming the dorsal lip of the blastopore Even-

tually, after four weeks, the 30 eggs developed a depigmentation and

passed into a fatty degeneration state The 4° eggs were arrested at

stage 9 in one experiment and in another developed as far as stage 14

superficially The gastrular movements were impeded in the 40 eggs,

40



Figure 11 The percentages of normal development at various temperatures,
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however, and yielded a peculiar exogastrular form with abbreviated

neural folds and extruded yolk plugs The eggs reared at 50 had some

exogastrular forms with extruded yolk plugs but most of the eggs

developed to stage 17 In external appearance, the 5° eggs had the

size of stage 18 but failed to produce the muscular twitch response

after stimulation and were edematous The 6° eggs showed various

abnormalities including distorted tails, enlarged heads, unusual gill

development and open blastopore after stage 13 Figure 11 shows

only 40 percent reached stage 20 at 6° and, based on the data of other

research on the genus Rana, primarily by Moore (18, 25), 6° is prob-

ably the lower limiting temperature.

The optimal temperature range for development is between

8° and 25° There were no detectable temperature aberrations in the

eggs reared at 15°, 18°, and 20° Occasional heat injuries appeared

at 25°, being primarily edema abnormalities At 28°, however,

edematous tail bud stage (stage 17) was most prevalent with some

individuals having extruded yolk plugs Generally, at 28°, the

embryos would undergo degeneration of the epidermis after remaining

in the tail bud stage for more than 24 hours The epidermal cells

would peel away from the body in clusters and strings of cells re-

vealing the cream-colored yolk cells beneath At 29° the majority of

the eggs developed as far as stage 16 (neural tube) with extruded yolk

plugs At 29 5° some of the eggs developed similarly to 29° eggs but
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some were also arrested at the start of gastrulation and developed

extensive cytolysis At 300 the eggs developed cytolysis in the early

cleavage stages (between stages 7 and 8)

Embryonic Rate of Development

The observed embryonic rates of development, in hours, and

by stages, at 100, 15°, 18°, and 25° are shown in Tables 3 to 7.

The number of observations made for a particular stage of develop-

ment is given as well as the range and mean elapsed time in hours

since fertilization The hours were listed when 50 percent of the

embryos reached the stage listed Stage 2 at 10°, 15°, and 18° were

not noted because of the method of fertilizing the eggs (that is, they

were kept at 20° for 85 minutes after fertilization before dividing

the egg mass and distributing portions to various temperature

cabinets) Stage 19 at 100 was observed several times but not during

the "50 percent period" and therefore no hours are recorded for the

stage in Table 3 The elapsed time to stage 16 at 15° is not

listed for the same reason Attention should be called to the

discrepancy between the mean elapsed time for the stages of develop-

ment at 250 in Table 7 and those shown in Figures 1 to 5 The

elapsed time since fertilization, or age in hours, differ because the

hours in Figures 1 to 5 were based on the fertilization techniques

performed entirely at 25°
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Table 3 Embryonic rate of development at 10° C.

Stage
Number of

Observations
Elapsed Time in Hours
Range Mean

1

2

6

0

0 0

3 6 3-35 3. 1

4 4 6 - 7 6 2

5 5 9-13 11 5

6 6 13 - 15 145

7 3 18 - 24 200

8 6 21 - 38 25.2

9 6 43 - 55 439
10 6 77 - 92 876
11 5 87- 100 94.6

12 3 106 - 119 110 1

13 6 140 - 156 146 8

14 5 168 - 207 182 2

15 3 201 - 220 214 3

16 3 248 - 264 254 0

17 4 254 - 284 270 0

18 4 340 - 389 367 1

19 0

20 6 448 - 500 476 5
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Table 4 Embryonic rate of development at 15° C

Stage
Number of

Observations
Elapsed Time in Hours
Range Mean

1

2

8

0

0 0

3 7 3 0 - 40 31

4 5 5 0 - 60 57

5 5 6 0 - 90 70

6 4 7 9 - 90 89

7 6 10 5 - 12 0 11 3

8 7 12 0 - 15 0 13 5

9 8 19 0 - 24 0 21 0

10 7 36 0 - 47 0 41 1

11 7 420- 600 496

12 8 57 0 - 76 0 64 3

13 5 73 0 - 84 0 78 2

14 7 83 0 - 104 0 93 4

15 5 96 0 - 114 0 103 6

16 0

17 7 118 0 - 144 0 120 8

18 6 140 0 - 165 0 152, 1

19 6 179 0 - 196 0 178 0

20 6 180 0 - 206 0 197 2
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Table 5. Embryonic rate of development at 18° C.

Stage
Number of

Observations
Elapsed Time in Hours
Range Mean

1

2

10

0

0 0

3 9 2 3 - 30 28

4 8 4 0 - 55 50

5 6 5 0 - 70 60

6 6 7 0 - 90 80

7 5 8 5 - 90 88

8 7 100- 12 0 113

9 9 16 0 - 22 0 18 0

10 6 30 0 - 37 0 33 6

11 8 320- 440 350

12 4 390- 490 426

13 7 52 0 - 60 0 55 7

14 6 580- 700 644

15 5 67 0 - 87 0 75 3

16 5 72 0 - 91 0 79 3

17 5 80 0 - 96 0 84 0

18 7 112 0 - 131 0 121 8

19 6 128 0 - 142 0 129 7

20 8 139 0 - 170 0 142 3
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Table 6. Embryonic rate of development at 20° C.

Stage
Number of

Observations
Elapsed Time in Hours
Range Mean

1

2

12

3

0

05

0

05

3 11 2 6 - 32 30

4 10 4 0 - 50 45

5 8 5. 5 - 6.0 60

6 7 6 0 - 75 7.0

7 9 7 0 - 90 8.5

8 10 10 0 - 12 0 11 0

9 10 11 0 - 16 0 14 5

10 10 24 0 - 27 0 26 0

11 10 27 0 - 33 0 30 0

12 9 310- 400 36.0

13 11 40 0 - 50 0 46 0

14 11 49 0 - 60 0 51 5

15 8 52 0 - 62 0 56 8

16 5 58 0 - 67 0 61 0

17 9 62 0 - 72 0 69 5

18 11 79 0 - 96 0 86 3

19 10 87 0 - 110 0 94 9

20 9 100 0 - 121 0 110 8



Table 7 Embryonic rate of development at 25° C

Number of Elapsed Time in Hours
Stage Observations 0 Range Mean

48

1

2

12

4

0

05

0

05

3 11 2 5 - 3 0 2.6

4 9 3 0 - 4 0 3.5

5 10 4 5 - 5 0 4.6

6 8 5 2 - 5 7 55

7 7 6 0 - 7 0 6.3

8 9 7 0 - 0 0 80

9 8 10 0 - 12 0 11 0

10 7 17 0 - 20 0 17 2

11 8 19 0 - 22 0 19 9

12 5 23 0 - 26 0 240

13 9 26 0 - 31 0 29 0

14 8 34 0 - 36 0 35,8

15 7 36 0 - 47 0 40 2

16 4 40 0 - 48 5 43.5

17 10 45 0 - 49 0 47 1

18 9 52 0 - 69 0 59 3

19 6 69, 0 - 86 0 72 1

20 10 74 0 - 90 0 82 5
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In order to analyze the relationship between temperature and

the time interval to different stages of development, a semi-logarith-

mic plot was chosen. In Figure 12 the logarithm of time in hours was

placed along the ordinate, and the abscissa represented the tempera-

ture. The curves, then, are for different developmental intervals

By this method it is possible to compare stage intervals at different

temperatures as a function of time. Spacing of temperatures along

the abscissa was obtained by plotting data for the time interval be-

tween stages 6 to 10 as a straight line This arbitrary abscissa was

then used as a base for the times to other stages The broken lines

were drawn parallel to the curve for stages 6 to 10. The broken lines

emphasize the real nature of the slope differences among the curves

for different intervals of development This method is preferred to

the comparison of temperature coefficients, as Ryan (41, p 433)

pointed out, because (1) it does not involve a selection of points but

involves all of the data, (2) it avoids attributing one of the several

controversial numerical constants to the temperature relation, and

(3) the linear arrangement of points obtained by a distortion of one

axis permits immediate visual comparison of the time-temperature

relation

It is readily apparent, after examining Figure 12, that the

time-temperature relations for the cleavage stages to the start of

gastrulation (stages 3 to 10) are linear functions However, the slope
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of the curve for the stage interval 3 to 6 is lower than that for the

stage interval 6 to 10, particularly at the lower temperatures, indi-

cating a differential response to temperature This differential re-

sponse is masked in the curve for stage interval 3 to 10 since it

closely parallels the 6 to 10 curve The most marked difference

from the curve of stage 6 to 10 (used as a standard here) are the

post-gastrular stages (10 to 16, 10 to 20, 17 to 20), In the tempera-

ture interval 18° to 100, the curves representing developmental

rates between stages 10 to 20, 17 to 20 and 10 to 16 are nearly

parallel with each other indicating equivalent growth velocities

When the curves for post-gastrular stages are compared to the

arbitrary standard curve for stages 6 to 10 in the temperature inter-

val of 18° to 100 however, it is seen that they grow at a faster rate

at the lower temperatures From 18° to 26°, on the other hand, the

post-gastrular stages grow at correspondingly slower rates If the

points between 10° and 25° were connected directly the slope of the

curves for stages 10 to 20, 17 to 20, and 10 to 16 would not only be

parallel with themselves but also with the standard (stages 6 to 10

curve) Therefore, the median temperatures (15° to 20°) depress

the curves in the middle Conversely, if the points at 20°, 18° and

15° are drawn in a straight curve, that portion of the curve would

parallel the one for stages 6 to 10 also which indicates that points

plotted for 25 and 10° are "warping" the curve upward
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A plot of the average developmental rate values (reciprocal of

time in hours between first cleavage and gill circulation X103)

against temperature is shown in Figure 13 The rate-temperature

curve assumes a slight sigmoid shape when each point is connected.

If, however, the curve is fitted to the median values of the points, as

shown by the dashed line, the rate becomes a linear function of tem-

perature in the range (between 10° and 25°) in which the embryos

exhibit no injurious thermal effects Amphibian development pre-

sumably approaches a linear function within its tolerance range of

development (40, 54)

The Q110 values shown at the bottom of Figure 13 show the

usual inverse relationship with temperature change The Q10 is

high at the lower temperature interval (10° to 15°) where the develop-

mental processes are inhibited, and low at higher temperature inter-

val (20° -25°) studied where the development process is at its maxi-

mum before noticeable heat defects occur

1

010 is the factor by which a reaction velocity is increased for a
rise in temperature of 10° C.



Figure 13 Developmental rate between first cleavage and gill
circulation plotted against temperature
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DISCUSSION

When traits that may be employed as criteria for the identifi-

cation of species are determined, the choice must be limited to those

characters that do not vary, or vary little, during the entire or

greater part of larval development In the past, investigators have

utilized measurements of various parts of the tadpole, the pigment

pattern, and the structure of the mouthparts

A large number of data on absolute and relative body measure-

ments of Rana tadpoles may be found in the literature It is difficult

to determine if absolute or relative body measurements are of any

real value in taxonomic work with this group It has been demon-

strated in this work that the larvae at the same level of development

vary in absolute body dimensions and that the dimensions undergo

continuous change throughout development Different growth condi-

tions than those employed would undoubtedly result in different abso-

lute body dimensions (2, 3, 11, 16, 33, 34, 35, 36) Absolute body

measurements are too variable to be used as species criteria

The use of ratios, as first pointed out by Limbaugh and Volpe

(13), shows greater promise than absolute dimensions Limbaugh

and Volpe (13, p 25) report that the relative body proportions are

constant during the greater part of larval development (stages 26 to

41) for the Gulf Coast toad, Bufo valliceps In Rana pretiosa

54
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luteiventris, as mentioned previously, all of the ratios of develop-

ment are not constant and, therefore, serve as a point of difference.

Unfortunately, the reliability of relative measurements as taxonomic

criteria awaits accumulation of data derived from comprehensive

studies of ontogenetic changes in tadpoles of other species of Ranid

frogs

With respect to the development of the mouthparts it is dif-

ficult to assess any deviations or agreements to other ranid species

because, to the writer's knowledge, careful developmental studies

have not been made An excellent study of the development of the

mouth parts of Bufo valliceps exists and does allow comparison of a

frog with a toad The major points of difference between the species

studied here and B valliceps is that in the toad the tooth rows

cornify at stage 25 whereas R p luteiventris does not cornify until

late stage 27 and early stage 28 Also R p luteiventris differs

from the toad by losing its beak at stage 42 whereas it is still

present in the toad The Gulf Coast toad, Bufo valliceps, and the

spotted frog R p luteiventris are similar in mouth part formation

in having the tooth row formation completed by stage 28 and the

resorption of the mouth parts starting at stage 41 The above may

be only minor differences between these two species or possibly real

differences between the genera Bufo and Rana but more studies must

be completed before it will be known
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Certain characteristics are common to tadpoles of the genus

Rana in North America The generic features are dorsally placed

eyes, head relatively narrow and tapered, submarginal row of

papillae on the lower labium adjacent to the ends of the tooth rows,

laterally-infolded lips, at least three rows of teeth on the lower

labium, sinistral spiracle, and dextral anus (28, p 389). Several

species groups based on the adult stage are also evident in the larval

stages according to Orton (28, p 389) Rana pretiosa luteiventris

belongs to the woodfrog group which includes R sylvatica, R

cascade, and R, aurora and this group is characterized by having

pond-type larvae with a short larval period (single season), eastern

forms having smaller size and higher tooth row count (50 mm length

and 3/4 or 4/4 tooth rows), western forms having tooth row counts

of 2/3 to 3/4 and total lengths up to 85 mm These characteristics

obviously are of little value in the taxonomic differentiation of

species within the genus or species group

Rana pretiosa luteiventris was found to have the woodfrog

group's characteristics mentioned above but it also needs defini-

tion characters to separate it from the other species of this group

It differs from Rana sylvatica characters (55, p 6) by not having

a high dorsal fin crest but is similar to R sylvatica in having re-

duced pigment patches or none in the tail fin and tail musculature,

and in having a tooth row count of 2/3 instead of 3/4 or 4/4 found in
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eastern species of this group The nearest species, geographically,

that R pretiosa luteiventris could be confused with in the woodfrog

group would be R cascade and R aurora R pretiosa luteiventris

differs from R aurora by not possessing a pronounced supralabial

ridge, the numerous melanophore mottlings on the tail, nor the

tendency towards acuminate tail tips 1R pretiosa luteiventris

differs from R cascade in having a larger size per stage and reduced

overall body pigment, while R cascade has a darker coloration in

life R pretiosa luteiventris differs also from R aurora and R
......

2cascade qualitatively in the shape of the mouthparts

The mouth parts of R pretiosa luteiventris may be distin-

guished from other western species of Ranids by tooth row counts,

lack of melanophores in and on the oral cavity and relative lengths

of the tooth rows However, the importance of a comparison of

species at equivalent growth stages cannot be overemphasized

It is customary in published accounts on embryonic tempera-

ture adaptations of anurans to compare the elapsed time between

first cleavage and gill circulation (stage 3 and 20) Accordingly, in

Figure 14 are plotted the results of the time required by the embryos

of each of the experimental temperatures to initiate gill circulation

1 Unpublished material of Dr Robert M Storm, Department
of Zoology, Oregon State University

2Same as footnote 1
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Figure 14 A comparison of rate of development between five species
of frogs
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The abscissa represents the temperature in degrees centigrade, the

ordinate represents time, in hours, from first cleavage (stage 3) to

gill circulation (stage 20) Each point represents the time necessary

for 50 percent of a group of embryos to attain stage 20 The curve

for Rana pretiosa luteiventris is compared to the curves constructed

from the data of R pipiens from Vermont (25, p 9), R sylvatica

(18, p 462), R palustris (18, p 465), and R clamitans (18,

p 466)

Figure 14 shows that Rana pretiosa luteiventris has a much

slower rate of development in the embryonic period than R sylvatica,

and R pipiens from Vermont, but it has an almost equivalent growth

rate with R palustris in the temperature interval of 15° to 20° At

temperatures above 20° however R pretiosa luteiventris would

categorize this species as a more southern species following the

criteria of Moore (20, p 190)

In order to determine whether R a luteiventris differs in its

embryonic development by stages with the published data on other

Ranid species, Figures 15 and 16 were constructed Figure 15 is a

comparison of the rate of development of the pre-gastrular stages

(stage 3 to 10) at various temperatures using the data of Moore (18,

23) for Rana clamitans, R palustris, R pipiens, R sylvatica

The data for R p luteiventris is from Tables 3 to 7 (supra vide)

Figure 16 is a comparison of the postgastrular stages (stage 10 to 20)



Figure 15. A comparison of rate of development of the pre-
gastrular stages between five species of frogs.
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Figure 16 A comparison of rate of development of the post-
gastrular stages between five species of frogs
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of the same five species and the data was obtained from the same

sources as that used for Figure 15

Figure 15 shows that R p luteiventris has an overall slower

rate of development in the early cleavage to the start of gastrulation

phase of differentiation R pipiens, R palustris and R clamitans

are remarkably close in their pre-gastrular developmental rates

while R sylvatica, a northern cold-adapted species, develops more

rapidly at the temperatures tested

The relationship of R p luteiventris to the other four Ranids

is not so clear cut in Figure 16 In the temperature interval of 100

to 200 it develops more slowly than R sylvatica and the Vermont

race of R pipiens and faster than R clamitans and R palustris At

temperatures above 20°, however, R a luteiventris develops at a

slower rate than any of the other four species

An interpretation of the data in Figures 14, 15 and Table 8 in

terms of physiological and ecological adaptation is not clear The

temperature tolerance range for R a luteiventris, as mentioned

above, is from 6° to 28°, a span of 22° which agrees well with the

ranges of other Ranid species (see Table 8) Indeed, this range of

temperature tolerance agrees exactly with that of R pipiens but the

rate of development of R a luteiventris is much slower than R
_...

pipiens Rana pipiens is however a wide-ranging species (56), ranging

from Central America to nearly 60° North Latitude and has been shown to
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be a polytypic species in its temperature adaptation (25, 29, 50),

geographically and al titudinally That is to say, its plasticity in

temperature adaptation of its embryonic stages, presumably the

least resistant period of the life cycle, probably explains its ability

to spread through such extensive and diverse climatic regimes Rana

a luteiventris was found to have an equivalent temperature tolerance

span but has a relatively restricted distribution pattern. Obviously,

its developmental rate is adaptive or it would not have survived but

exactly how its growth patterns adapts it to its distributional pattern

is not clear

If a serial arrangement had to be made of the five species

discussed above, from cold-adapted to warm-adapted species based

on embryonic temperature rates of growth it would be. R sylvatica,

R pipiens (Vermont race), R palustris or R a luteiventris and

R clamitans

Moore made a series of tests on five of the eastern species of

Rana (22,p.191) on the basis of breeding time, breeding temperatures,

northern limits, embryonic temperature tolerance, hours to stage

20 and egg diameter which is reproduced in Table 8 with the

available data for R pretiosa luteiventris

The breeding time for the subspecies luteiventris has not been

determined carefully (14, p 195) and represents an approximation,

and breeding water temperatures have not been recorded It would



Table 8 The relation between breeding habits, geographic distribution and certain embryological
characters in six species of Rana

Species
Breeding
Time

Water
Temp

Northern
Limit

Embryonic
Temperature

Tolerance
Hours to
Stage 201

Egg
Diameter

sylvatica mid

pipiens

March

early

100 67°30' 2 5-24° 72 1 9 mm

palustris

April

mid

12° 60° 6-28° 96 1 7 mm

April 14-15° 51-55° 7-30° 105 1 8 mm

p luteiventris April 46°17' 6-28° 108 1 9 mm

clamitans May 24° 50° 12-32° 114 1 4 mm

catesbeiana June 210 47° 15-32° 134 1 3 mm

'At 20° C
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be interesting if more of the breeding biology of R p luteiventris

were known because, on the basis of other Ranids studied, it appears

that a water temperature of 15 to 16° would be required, The

sequence of species in Table 8 is intended to be in order from cold-

adapted more northern species to warm-adapted southern species.

The subspecies luteiventris is inserted into Moore's figure on the

basis of its developmental rate at 20° C Rana a luteiventris differs

from the orderly arrangement of Moore's in that it presumably is an

early breeder, has its northward distribution below that of R_
catesbeiana, an egg diameter equivalent to R sylvatica and a temper-

ature tolerance equivalent to R pipiens

The subspecies luteiventris is the southernmost form of R.

pretiosa, ranging from northern Nevada north to Pullman,

Washington, through eastern Oregon, and eastward to southwestern

Idaho (43, p 507) This distribution pattern lies within the northern

terminus of the Great Basin which characteristically has very warm

to hot summers The other subspecies, R p pretiosa, has a

northward distribution to northern British Columbia, but probably

breeds in the early summer (June and July) according to Loper

(15, p 323) The subspecies luteiventris, then, actually occupies a

peripheral position in the total distribution of the species (43) and

like some of the species of Bufo, may not have developed a rapid rate

of development (49, p 173) To resolve this question, of course, it
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is necessary to do a thorough study of Rana a pretiosa, and

careful studies of their breeding biologies would need to be known,

especially times of breeding and environmental temperatures re-

quired for breeding Breeding temperatures are particularly im-

portant since the embryonic temperature tolerances are more re-

stricted than the later tadpole stages and adults (20, p 192). Moore

(20, p 191) presents a strong case for the correlation of northward

distribution, breeding time, temperature tolerance of embryos, and

egg diameter for eastern species of Rana, but R a luteiventris

does not fit his scheme of adaptedness It is argued here that egg

size probably does not have any real relationship to distribution or

breeding times, because R pretiosa has eggs as large as R sylvatica

and yet develops much more slowly Egg size is more than likely a

relatively stable character for a phylogenetic group since R sylvatica

R pretiosa, R cascade, and R aurora have relatively large eggs

as a group (1 9 to 3 0 mm) The distributional adaptiveness of these

frogs would, then, seem to be more of a physiological nature than a

morphological one

An attempt to resolve the place of R pretiosa luteiventris

into a scheme of distribution, breeding times, embryonic develop-

mental rates, and temperature tolerance awaits a careful analysis of

other western species of Ramds It will be possible then to study

distribution, both temporally and spatially, in relation to embryonic
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temperature responses by phylogenetic groups. This should present

a more meaningful picture of embryonic temperature responses and

their adaptiveness from the standpoint of physiological and ecological

evolution of these species.
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SUMMARY AND CONCLUSIONS

The external form of the embryonic stages of the western

spotted frog, Rana pretiosa luteiventris, are described from fertili-

zation to metamorphosis The descriptions are based on a series of

eggs and larvae which was reared at a constant temperature of 25°

C The diagnostic features of the feeding stages were determined

and are described for the external body form and the mouthparts

The absolute body measurements are found to be variable and

change through time The use of absolute body measurements as tax-

onomic characters is of doubtful value, and the ratios of the body

dimensions are a more diagnostic feature for taxonomic purposes

The use of mouthparts as a diagnostic taxonomic feature is

valid if the stage of development in the feeding stages of the larva is

known

The temperature tolerance of the pre-feeding stages is from

6° C to 28° C for 50 percent normal development The major

embryonic defects of development below 6° C are edema, exogastru-

lation, and fatty degeneration in order of decreased temperatures

The major embryonic defects above 28° C are edema, exogastrula-

tion, and cytolysis in order of increasing temperatures

The embryonic rates of development were studied at 25°, 200 ,

18°, 15°, and 10° C The pre-gastrular period develops at a
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slower rate than the post-gastrular period at 100 to 20° C but at

25° C it develops at a faster rate. From the first cleavage to gill

circulation the larvae have different Q10 rates of development

according to temperature, which ranged from 5 76 in the 10° to 15°

C interval to 1 72 at the 20° to 25° C interval

The comparison of embryonic rates of development at dif-

ferent temperatures with other species of Rana shows that Rana

pretiosa luteiventris develops more slowly than cold-adapted species

but faster than warm-adapted species The correlation of embryonic

rates of development to geographic distribution, egg size, breeding

time and environmental temperatures is not feasible until knowledge

of other western species of the same species group is available.
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