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CHAPTER I 

INTRODUCTION 

The family Pclobatldae (the spadcfoot toads), is widely distributed, 

ranging over most of Europe, northwestern Africa, southern Asia, and much 

of North America. In North America all of the spadefoot toads belong to 

the genus Scaphlopus, which is distributed from the eastern United States 

to northern Mexico. It is generally conceded that the genus is composed 

of two subgenera, Scaphlopus and Spea, each of which contains several 

species. 

This study was devoted to an investigation of the reproductive rela

tionships between two species cf the subgenus Spea, S. bomblfrons and 

S. haamondi. Scaphlopus bomblfrons is essentially a species of the 

grasslands east of the Rockies, overlapping S^ hammondl in southern Colo

rado, eastern Arizona, New Mexico, and northwestern Texas. The latter 

ranges, with some interruption and displacement, from western Texas to 

California. Morphologically the two species are very similar, demonstra

ting an overlap in most anatomical features. They are closely related, 

and possibly arose from a cor.n-.on stock as late us the Pleistocene. 

Bogert (1960) suggested tliat widespread interbreeding and resultant 

gene flow may be occur ing between ^ bomblfrons and ^ h.?.Trnondi, espe

cially in the eastern region of Ibeir sympatry. This contention was 

based on studies by Blair (1955) and Bogert (loc. cit.) of the mating 



call; each author identified hybrids on the basis of Intermediate call 

characters. In each of these studies only a few animals were analyzed. 

More recently, Hughes (1965) attempted to identify hybrids between Ŝ _ 

bomblfrons and S^ haamondi by utilizing depth of the frontoparietal hone. 

This bone is relatively thicker in S_̂  bombifrons because of the presence 

of a prominent dorsal boss. On the basis of this character he determined 

the frequency of natural hybridization between the two species at A.A%. 

Unfortunately he failed to relate frontoparietal depth to overall bc':y 

size, and did not consider other characters, thus leaving his results 

open to criticism. 

The purpose of this study was to determine whether Sj_ bomblfrons and 

S. haamondi are indeed undergoing hybridization, and to determine the 

degree, if any, of intregression. In addition, an attempt was made tj 

determine the reproductive isolating ncchanisms serving to maintain 

species integrity. 

Blair (1958) has pointed out that, although several isolating mech

anisms usually operate to restrict hybridization between any given pair 

of s>'n;patric anurans, differences in mating call may be of paramount 

Importance. Since the mating calls of Sĵ  bombifrons and Ŝ ^ hammondl are 

highly distinctive (Fiĵ ure 2), it vns felt that a detailed investigation 

of this character would provide an indication of the extent of natural 

hybridization bcLvecn tin sc species. This contention is ba.sed on the 

assumptior. that call is a polygenic character, and that hybrid calls are 

intermediate. Interniediate calls iiave been reported by Blair (1956) for 

Bufo v£̂  wood house i A B_. Lerrestris ancricanus hybrids, and by Bogert 

(1960) for Bufo woodhousei fowlcri X Bj_ terrestris amcricani's hybrids 
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(data of Z\mitel and Tavolga) and for a single hybrid between Hyla 

gratlosa and H^ cincrea. 



CHAPTER II 

MATERIALS AND METHODS 

Call Recording 

C^lls were recorded in the field using a battery operated portable 

tape recorder (Concord Model 350). A tape speed of 3.75 Inches per sec

ond (ips) was used In recording all calls. Alkaline batteries were used 

and periodically replaced to Insure a reliable standard recording speed. 

The microphone used in the field recordings was a professional 

dynamic carJiold model manufactured by Realistic. It was equipped with 

a ten foot cord and attached to a four foot wooden pole to enable the 

investigator to obtain closeup recordings with a minimum of disturbance 

to the aniioal. 

Since the males of both species under Investigation typically call 

while floating in temporary pools, recording them necessitated wading tc 

%d.thln several feet of the particular animal being recorded. The micro

phone was then extended to within four inches of the calling male to 

minimize background noise. Under normal copditions during the breeding 

peak, males were not disturbed by tlie nicrophone. Hov;evor, on moonlit 

nights following the breeding peak, rtcording succesp vas reduced. 

After tvcrty or more calls were recorded for any one animal, the 

specimeri uas captured and toe clipped for future identification. Water 

temperature and air temperacure v;ere recorded using a standard centigrade 



thermometer prior to, and at the conclusion, of each recording session. 

It had been originally planned to record the temperature of the individual 

animals using a small cloacal thermometer. Due to the small size of the 

animals and the fact that they had to be handled during the process, thus 

allowing heat transfer from the investigator to the subject, this proce

dure was abandoned. Since both species dlccut;sed here are relatively 

small, and since the males call while floating in the water, body temper

ature is assumed to closely approximate the temperature of the water. 

Recorded animals were preserved for future study. 

Call Analysis 

Calls were analyzed on a sound spectrograph in order to elucidate 

their components for detailed comparison. The particular sound specto-

graph used was the Sona-Graph 6061-A, manufactured by the Kay Electric 

Company, Pine Brook, New Jersey. Sound spectrograms produced k'ith this 

apparatus covered a frequency range to 8,000 cycles per second (cps) and 

a 2.A second Interval. 

Call Discrimination 

In order to test the importance of the mating call as a reproductive 

isolating mechanise, betwec-n Sj_ bombifrons and Sj_ hammondl, a series of 

disrrimination trials was conducted. Females used in these trials were 

of two types; those collected in the field during amplexus and those 

collected on the highways while fcraĵ ing for food. Females collected 

during amplexus had oviducal eggs, and v;ere transported with a minimum 

of delay to the discrirain:»ion set-up and tested. "Road females" 



containing eggs were kept In the laboratory and used in trials as needed. 

To Induce ovulation in this group of females, they were injected with 

macerated pituitary glands recovered from males and females of Rana 

pipiens, R. catesbeina, Bufo cognatus, and B^ speclonus. No response was 

observed during the discrimination trials using females stimulated with 

hormonal injections. 

Laboratory discrimination trials were conducted during the summer of 

1967 using an eight foot, circular, plastic, swimming pool. The pool was 

filled with three Inches of water and clumps of dirt and grass were 

scattered about the bottom. A four inch speaker (frequency range to 

10,000 cps) was mounted on each side, two inches above the water level. 

A red light was installed above the pool to provide illumination for the 

observer, %d.th a minimum of disturbance to the test animals. Unfortun

ately, trials conducted using this set-up failed to elicit response, 

probably due to sound reverberation. 

Falling to obtain response in the laboratory, discrimination trials 

were moved to the field. The trials were run within 100 yards of the 

breeding chorus from which the male calls and clasped females had been 

collected. A pair of covered, four and one-half inch Lafayette speakers 

(frequency range to 10,000 cps) were placed in a flooded turn row, 12.5 

feet apart and six inches above tlie water level. They were connected to 

a toggle switch that was in turn connected to a pair of battery powered 

tape recorders (A Concord Model 350 and a Crowncorder). Females were 

allowed to escape from a small sack placed equidistant between the two 

speakers. The call of Sj_ bombifrons was transmitted through one speaker 

while the call of _S^ hammondl was simultaneously transmitted through the 



other. This testing procedure was based on the technique used by W. F. 

Martin, Department of Zoology, University of Texas, (personal communica

tion) during preliminary discrimination trials between S^ bombifrons and 

S. hammondl on May 31, 1967. 

Hybridization Experiments 

Crosses were made following the standard laboratory procedure of 

squeezing oviducal eggs from the female into a sperm suspension prepared 

by crushing the testes from a freshly Racrificed male in aged tap water. 

Females were injected with anuran pituitaries to induce ovulation. In 

each case, microscopic examination of the sperm suspension was made to 

confirm the presence of active sperm. Controls were run for each hetcro

speclf ic cross and each Fĵ  backcross. Embryos were staged according to 

Shumway (19A0). 

Tadpoles were kept in large porcelain pans and were fed canned spin

ach for the first three days after reaching stage 25. After this period, 

boiled lettuce was substituted until metamorphosis took place. Newly 

transformed juveniles were kept in large wooden boxes filled to a depth 

of four inches with sand. They were given Drosophila melanogaster until 

they attained a snout-vent length of 20 mm. The diet was then changed 

to tenebrionid larvae. 



CHAPTER III 

RESULTS 

Reproductive Isolating Mecitanisms 

According to Mecham (1961), isolating mechanisms can be classified 

as either premating, those which prevent interspecific breeding, or post-

mating, those which operate subsequent to the release of gametes. Both 

categories of reproductive isolating mechanisms were investigated during 

the course of this study. 

Predating Isolating Mechani .-̂n-.s 

During the period from April, 1967 to July, 1968, repeated field 

observatioris were cade for S^ bombifrons and S_̂  hammondi on the High 

Plains vithin a sixty mile radius of Lubbock, Texas. Breeding activity 

in both spcrles generally commenced after darl., following summer rains in 

excess of one inch. The males moved quickly to temporary pools, typically 

playa lakes, flooded fields, and roadside ditches. Once a chorus was 

estsblished the feu.ales began to appear, and post amplexus occurred dur

ing the first three hours of tlie first night of breeding activity. In a 

high percentage of the obs'-'rvations, both species were present at the 

breeding site, althoû ;'ri S_̂  bombifrons was usually more numerous. In iso

lated cases where only one species vas present, this species was alv;ays 

S. bombifrons, and the chorus was invariably small. This apparent 

8 



imbalance between the two species should not be construed as breeding 

site isolation since S^ bombifrons exhibits numerical superiority over 

S» hanroondi in West Texas. There was no apparent difference between the 

two species in ecology of the breeding site, nor was there evidence of 

temporal isolation similar to that reported for other anuran species by 

Blair (19A1) and Moore (19A9). Breeding activity was observed for both 

species as early as March 26 and as late as September 17. These two 

xeric-adapted species arc opportunistic breeders and apparently are capa-

e 

ble of breeding activity at water temperatures above 10 C., regardless 

of the season. 

Contrary to the observations of Bogert (1960), no distinct species 

segregation could be determined between calling males of S_̂  bombifrons 

and S. hammondl. In most cases, males of both species were found calling 

from the center as well as the periphery of the breeding pools. In one 

case, on the night of June 10, 1968, several males of both species were 

observed calling from a damp farm road running beside a flooded field 

near Lorenzo, Texas. While no consistent difference in calling position 

was observed, species clumping was noted on several occasions. Males of 

both ̂  bombifrons and S_._ hammondi may gather in groups of five to 25 

animals, forming isolated calling aggregations. When these occur they 

are distributed in random fashion. 

Scaphlopus bombifrons is slightly larg-.r than ̂  hammondi. An aver

age specimen of the forr.er has a snout-vcnt length of approximately 60 ram. 

while the latter has an average snout-vent length of approximately 55 mm. 

Females of both species tend to be larger than the males, although exten

sive size overlap occurs betx;eer. the sexes as well as between the species. 
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Tills fact raises the question of whether mechanical isolation, based on 

differences in physical size, may serve to maintain reproductive separa

tion between the two species. Since amplexed pairs were found, on occas

ion to consist of males less than 30 mm In length and females lar̂ jer than 

50 mm in length, it is reasonable to assume that physical size Is of 

little importance as an isolating mechanism between S^ bombifrons and S. 

haamond1. Sexually aroused males were observed to indiscriminately clasp 

any anuran «rithln reach. This frequently resulted in male-male amplexed 

pairs and provided the potentiality for gametic wastage. When this 

occurred, the clasped males emitted a rasping release call and vigorously 

struggled until clasping was terminated. 

The role of the mating call as a species isolating mechanism was 

demonstrated by Littlejohn and Michaud (1959) working with Pseudacri^ 

streckerl, Littlejohn (1960 A and B, 1961) working with P^ trlsericta, 

Hyla versicolor and _P̂  clarki, Martof (1961) working with HL. crucifer, 

and Michaud (1962) for P. clarki and P^ nlgrita. In each case, females 

were observed to discriminate between tape recorded calls of their own 

species and those of related species. 

As mentioned earlier, call discrimination trials conducted in the 

laboratory failed to elicit response, either negative or positive, from 

the test animals. This was attributed to failure to eliminate sound 

reverberation. Initial outdoor trials also failed to provide responses, 

but this may have been due to the inhibition of female activity at the 

relatively low environmental temperatures (11-13° C.) prevailing during 

these early trials, or to the fact that tape loops used in the trials 

were prepared from calls recordtd at warmer temperatures. During the 
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successful trials, recorded mating calls used for discrimination v/ere 

obtained fron the same population as the females being tested, and the 

temperature at which they were recorded corresponded to the temperature 

prevailing during the trials. 

In a preliminary study of call discrimination between Sj^ hammondi 

and S. bombifrons, Martin (personal communication) tested five S. bombi

frons and four S^ hammondi. He recorded a total of 12 positive responses 

from three S_j_ bombifrons feinales and six positive responses from two 

S. haiu-Tiond 1 females. No negative response was observed, although two 

females of each species failed to show any response during the observa

tion period. Water temperature during the trials was recorded as 17.6 C. 

During the current study a total of 18 animals, eight S. bombifrons 

and ten Sj_ hammondl, were tested using the field discrimination equipment 

described in Chapter II. Water temperature during the trials were 

recorded as 19.0 C. Six ̂  bombifrons showed positive response for a 

total of 23 successful trials; whereas nine S. hammondi showed positive 

responses for a total of 27 successful trials. These data were combined 

with those obtained by Martin, and the composite is presented in Table 6. 

In the current study, no negative responses were observed. On two 

occasions females initially started toward the heterospecific speaker 

only to stop, and, after a pause, moved to the correct or homospeclflc 

speaker. Three animals demonstrated behavior that v;as termed "no 

response." Females in this group failed to move to either speaker or 

attempt to leave the test area once they had escaped from the sack. 

Martin reported that one of his females appeared to leave the 
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discrimination area only to return after several minutes had elapsed. In 

this study females which left the test area made no attempt to return. 

The females which correctly responded to the calls of their own 

species can be placed in two groups on the basis of their response: 

(1) Those that moved to the speaker by swimming and (2) those that moved 

to the speaker by first crawling out on land and ttien hopping to the 

speaker. Animals that moved to the speaker through the v;ater were 

observed to frequently pause, as if to orient on the sound before moving 

on. Animals hopping to the speakers made uninterrupted beelines, and 

often crashed into the speaker pole with a final lunge. Once they 

reached the speaker, the females fell into three categories: (1) Those 

%fhich moved past the speaker about eight inches and sat facing its back, 

(2) those which moved to within 2-12 inches of the speaker's front, and 

(3) those which made physical contact with the speaker pole by circling 

it and continually jumping at the sound source. The field trials con

ducted by both ilartin and myself clearly demonstrate that females of the 

two species respond to the male mating call, and that they are capable of 

discriminating between the calls of their ovm species and those of their 

closely related counterpart. 

Postmating Isolating !!echanisms 

Repeated homospeciflc cro.'.ses conducted in the laboratory resulted 

in 5A-76% development to larva for Sj_ bombifrons and 50-80% development 

for S. hammondi (Table 1). These results agree with those presented for 

S. bombifrons by Wasserman (196A), but are considerably higher than the 

results obtained by Littlejohn (1C>59) for S_̂  hammondi. Littlejohn 

recorded 9% development to larva in control crosses of S. hammondi, 
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although he suggested high temperatures and water pollution were con

tributing factors to his lack of success. Water pollution was probably 

responsible for the low developmental rate in two crosses made in the 

current study. In this instance S^ hammond1 demonstrated 50% development 

and Sjĵ  bombifrons 5AX. The reason for reduced development in the other 

homospecific crosses is not clear. 

Heterospecific crosses In which S_̂  hammondi was the female parent 

demonstrated 63.5-70.OX development to larva and 78.5-83.0% development 

In terms of the controls. Crosses in which Ŝ ^ bombifrons was the female 

parent showed 63.7-70.0% development to larva or 8A-87% development in 

terms of the controls (Table 1). Wasserman (196A) obtained 60.A% 

development (86.3% development in terms of the control) in hybrid crosses 

in which S_̂  bomblfrons was the female parent. Littlejohn (1959) obtained 

A0% development in a cross involving a female S^ hammondi and a male 

S. bombifrons, but no comparison could be made in terms of a control. 

The results presented in this study indicate that there is a slight 

reduction in viability in reciprocal heterospecific crosses as compared 

with hoRiOspeclfic crosses. These data support the findings of Wasserman, 

but conflict with the substantially lower value presented by Littlejohn. 

The results of reciprocal male F^ backcrosses to both parental 

species ranged fron 0-100% development in terms of the controls (Table 2). 

This wide range of variation for backcross development is attributed to 

the fact that the males used in many of the crosses had been reared in 

the laboratory for 13 months, and during this time had failed to attain a 

snout-vent length greater than 30 mm. Consequently, sperm production may 



IA 

have been limited by small size. In the single case where no fertiliza

tion occurred, a large, apparently mature, male hybrid was crossed to 

females of both species. No sperm activity was noted under the micro

scope. Inasmuch as both controls showed development, the animal may have 

been genetically sterile. 

It had originally been planned to make backcrosses from F̂  labora

tory females, but due to an increasing mortality rate and the difficulty 

of sexlng the hybrids, it became necessary to terminate the experiments 

before any females developed mature eggs. Examination of sacrificed 

females indicated normal ovarian development. Immature eggs were found 

in several individuals. 

A comparison of the developmental rates between homospecific, 

heterospecific, and F. backcrosses gave no indication of differential 

developmental rates. All three combinations reached stage 25 by the 

seventy-second hour at 21.5" C. 

The first metamorphosis in both homospecific crosses was noted 36 

days after fertilization. This is 22 days longer than the time reported 

by Bragg (1967) for Ŝ ^ bomblfrons under natural conditions. The hetero-

speclfic crosses showed initial metamorphosis in 30 days, but this more 

rapid rote can probably be attributed to less crowded conditions. Fol

lowing the ninety-first day the crosses were terminated, although each 

pan still contained several large tadpoles. At the time of writing the 

Fl backcross individuals have not undergone initial metamorphosis, 

despite an elapse of 38 days from the time of fertilization. 

It is interesting to note that in all of the crosses conducted dur

ing the course of this investigation, two types of larvae were noted. 
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Each pan Invariably contained several individuals which reached a large 

site, %rhile the majority, by comparison, remained very small. It is not 

kno%m whether this size difference was the result of competition or 

whether It vas brought about by chemical inhibition as a result of crowd

ing. When several small individuals were removed from one of the pans 

and placed in separate containers with clean water and ample food, marked 

sise increase occurred over the period of one week. The large animals 

were, on occasion, observed to resort to cannibalism, a phenomenon first 

reported by Bragg (1957) for ̂  bomblfrons. This supplement to the nor

mal vegetarian diet may have been responsible for the increased size of 

certain individuals. 

Mating Call Analysis 

Mating calls were recorded from seven localities in West Texas, 

vithin a sixty mile radius of Lubbock (Figure 1). Data from the analysis 

of 323 calls of 111 animals, indicates that the mating calls of S^ bombl

frons and Sj^ haamondi are significantly different at the 0.05 level in 

the four characters investigated: (1) Mid-point of the dominant frequency, 

(2) call length in seconds, (3) pulses per call, and (A) pulses per 

second (Figures A-7). This level of significance was determined by 

absence of overlap as determined by graphical comparison of two standard 

errors of the respective means. The arithmetic means cf the four char

acters were calculated on the basis of three or more calls for ail but 

nine individuals analyzed. In these nine animals only one call was 

available for study. Those values were used to determine the mean, 

standard deviation, and standard 2rror of the mean for each locality and 
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for the spades as a whole. One locality. Spade, Texas, composed of 12 

animals, failed to conform to the standards of either specieu and was 

treated separately. Seven individuals from four localities were also 

found to demonstrate intermedlacy between Sj_ bomblfrons and S^ hammondi 

and are referred to as "natural hybrids" in this report. These seven 

animals showed little variation between one another, but were suffi

ciently different from the Spade population to warrant separate treat

ment. 

An attempt was also made to determine the variation existing for 

each component in individual animals of both species. The results of 

12-13 calls analyzed for each of four animals, two S^ bombifrons and two 

S. hammondi, are presented in Tables 3 and A. Variation in components of 

calls of any one Individual was found to be relatively low as compared 

with variation between two Individuals of a species. 

Mid-point Of The Dominant Frequency 

This call component (Figure A) was found to be highly variable, 

demonstrating a wide range overlap between the two parental species, the 

"natural hybrids," and the Spade population. Graphical comparison indi

cates that Sj_ bombifrons has a significantly higher mid-point of the 

dominant frequency than the other groups. Scaphlopus hammondi, the 

"natural hybrids," and the Spade population showed no significant differ

ence, having means within the range of 1390-1A20 cps. Temperature was 

found to have no effect on this call component. 

V/hen each species population is subdivided, and the various locali

ties compared; it becomes obvious that intraspecific divergence has 
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occurred. This is exemplified by the fact that S^ bombifrons from local

ities 1, 2, and A appear to be more closely related to S^ hammondi from 

locality 7 than to members of their own species from locality 7 (Figure 

8). 

Call Length In Seconds 

This call component (Figure 9) was discovered to be temperature 

dependent. By calculating a host fit line using the method of least 

squares it %ias discovered that for an increase in temperature a corres

ponding decrease in call length occurs (Table 5). For purposes of com

parison, all calls were corrected to 20* C. A reliable best fit line 

could not be calculated for the "natural hybrids" due to the small number 

of individuals involved; nor could one be calculated for the Spade popu

lation since it vas recorded at a single temperature. Due to its obvious 

relationship, the Spade population was lumped with S_̂  bombifrons fcr pur

poses of temperature correction, while the "natural hybrids" were assignrd 

correction factors Intermediate to those obtained for each parental 

species. 

Figure 6 demonstrates that the lengths of the calls in the two 

species under investigation are different, ranging from 0.39 to 0.72 

seccpds in Sj^ bombifrons and from 0.77 to 1.21 seconds in ̂  hammondi. 

The "natural hybrids" and the Spade population have only slightly differ

ent means and they are quite distinct from either parental species. On 

the basis of call length, they more closely resemble Sĵ  bombifrons than 

S. hammondi. 

Comparing the individual Ici-c.llties, it appears that genetic diver-

gcnc? has cccui-r>?d (Tigure 10). This divergence is most prominenu in 
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S« bombifrons. It is important to note that the Spade population shows 

no significant difference at the 0.05 level from the S^ bombifrons popu

lations 1, 4, and 8. The Spade population is significantly different 

from S^ hammondi, although it dees overlap the range of population 3 for 

this species. 

Pulses Per Call 

Pulses per call does not fluctuate with changes in temperature. 

This was determined by comparing data for this character obtained from 

population 6 at water temperatures of 15.5* C. and 21.0" C. At the lower 

temperature, S^ bombifrons demonstrated a range of 30-37 pulses per call, 

while at the lower temperature the same species had a range of 30-38 

pulses per call. 

It is apparent from a consideration of Figure 5 that S^ bombifrons 

and S^ hammondi are significantly different in pulses per call, and that 

the Spade population is virtually identical with the former in this 

character. The "natural hybrids" are distinctly separated from both par

ental species and the Spade population, but appear to be closer to 

S. hammondi than to ̂  bombifrons, despite the fact that their range over

laps the ranges of all three groups. 

Less intraspecific divergence is evident in this character than for 

any of the others examined (Figure 9). For S. bombifrons, only popula

tions 2 and 3 are significantly different from one another. This uni

formity is appreciated even more when it is noted that ̂  bombifrons has 

the surprisingly large range in pulses per call of 26-A9. In Sĵ  hammondi, 

population 1 is significantly different from populations 2 and 6. 
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Pulses Per Second 

Pulses per second was found to be positively correlated with 

increased temperature (Table 5). For purposes of comparison all calls 

were corrected to 20* C. This component of the mating call demonstrated 

the clearest separation between the four major segments of the population 

of any of the characters studied (Figure 7). There is only slight over

lap in range between ̂  bomblfrons and Spade, and none between Spade and 

the "natural hybrids." Once again, the Spade population appears geneti

cally closer to Jj_ bombifrons while the "natural hybrids" demonstrate 

closer affinities to S^ hammond1. Considerable divergence betveen popu

lations can be detected for both species (Figure 11), although it is more 

pronounced in S_^ bomblfrons. 



CHAPTER IV 

DISCUSSION 

Since the two species under consideration are morphologically simi

lar, it is entirely possible that hybrldlr.atlon and backcrossing may go 

unnoticed in nature, even if it occurs at a high frequency. This assump

tion is based on the studies of Anderson (19A9, 1953) in which he 

describes introgression as being cryptic in certain plant species, stat

ing that continual backcrossing will cause the hybrids to resemble the 

recurrent parent. The morphological criterion generally used to separate 

S. bocabifrons and S_̂  hammondl is the presence of a distinct interorbital 

boss In the former. Scaphlopus bomblfrons also possesses a pair of light 

dorsal stripes, a character that only occasionally appears in ̂  ham-Tiond 1. 

The difference in pattern was regarded as consistent in earlier reports, 

but observations made during this study indicate chat the character is 

variable. It should be noted that F^ hybrids raised in the laboratory 

for use in backcrosses experiments were, for the most part, indistinguish

able from the species of their female parent. However, a large number of 

the hybrids that resembled the S^ bci..blfrons femnle parent did not 

exhibit a boss, and several hybrid offspring of a Sĵ  hammondi female 

possessed traces of light dorsal stripes. Vasserman (1964) found no evi

dence of an irterorbital boss in F^ hybrids resulting from a cross in 

which S. bcc-'bi irons vas the female parent. The dorsum in these animals 

20 
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closely resembled S^ hammondi. This apparent discrepancy in pattern 

inheritance betveen the two studies is difficult to explain. In any 

event, the absence of an interorbital boss in many of the laboratory 

hybrids indicates that thickness of the fronto-parietal bone, the char

acter used by Hughes (1965), is an unreliable character for the identi

fication of natural hybrids. 

As previously indicated, Blair (1955) and Bogert (1960) have 

attempted to use the mating call ao a criterion for identification of 

natural hybrids. It is of Interest, therefore, to compare the values 

obtained in this study, for the various call components of Sj^ bombifrons 

and S^ hamnondl, with those obtained by Blair and Bogert. 

In order to facilitate comparison, the call data of Blair and Bogert 

vas corrected to 20* C. It should also be noted that the data presented 

by both authors are based on a relatively small number of individuals. 

These small sample sizes undoubtedly contributed to the deviations 

between their data and those of the present study. 

Blair found the midpoint of the dominant frequency in Sĵ  bombifrons 

to range from 1350 to 1500 cps., while S. hammondi had a range of 1A50 

to 1525 cps. From the data presented in Figure A, it is evident that 

S. bombifrons i.as a higher r'tigc than S_. hammondi, despite the fact that 

members of both species exhibit considerable variation. Bogert failed to 

provide any data pertaining to dominant frequency in his report on call 

analysis. The apparent difference between Blair's values and those of 

thifi investigator could be the result of the method of measurement or, as 

previously ne.ntiontd, could be duo to the small sample sizes of Blair. 
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Concerning call length in seconds, both Blair and Bogert presented 

values for S^ hammondi that are very similar to those of the present 

study. The values presented by Blair ranged from 0.77 to 1.30 seconds, 

approximating the range presented In Figure 6. Bogert obtained a mean 

call length of 0.97 seconds; a mean value of 0.96 seconds was obtained in 

the present study. Blair presented values ranging from 0.A5 to 0.67 

seconds for call length in S^ bombifrons; these fall within the range of 

0.39 to 0.72 seconds recorded here. Bogert, however, gave a mean call 

length of only 0.12 seconds for this species, a value that is completely 

inconsistent with the results of this and Blair's study. 

Regarding pulses per call, both of the previous studies are in 

agreement %rith the values obtained in the current investigation for both 

species (Figure 5). Blair reported a range of 22 to AO pulses per call 

in S_̂  bombifrons and IA to 25 pulses per call in S^ hammondi. Bogert 

reported a mean of 30 pulses per call for his short calling Sj_ bombifrons. 

This value was obtained by slowing the recordings to one quarter speed 

during sound spectrograph analysis. At normal speed no individual pulses 

were discernible, and the validity of this technique is questionable. 

For ̂  hammondi, Bogert obtained a mean of 25 pulses per call. 

In the current study, pulses per second were found to range from 5A 

to 75 in Sj_ bombifrons and from 19 to 25 in Sĵ  hammondi. In Blair's 

study, S. bomblfrons ranged fron A3.8 to 58.5 pulses per second while 

S. hammondi ranged from 18.3 to 20.0 pulses per second. The lower limit 

in the range cf Blair's Sj^ bcmbi frons is totally unexpected on the basis 

of the data presented in rigure 7. This lower limit falls vithin the 

range of the Spade population and approaches closely the upper limit of 
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the range for the "natural hybrids." Bogert did not present values in 

pulses per second for S_ĵ  bombifrons and £^ hammond 1. Interpolation of 

his data, ho%rever, indicates that Sĵ  hammondi has a mean of 26 pulses per 

second %rhile S_̂  bombifrons has a mean of 2A0 pulses per second. The 

value for S^ bombifrons is far removed from the values obtained by Blair 

and this investigator. This apparent conflict is, in part, resolved by 

consideration of the data presented by Bogert for hybrids between Sj_ bon-

bifrons and S. haianondi collected at Rodeo, New Mexico. These so-celled 

"hybrids" possess calls of 0.A2 seconds in length, with 22 to 23 pulses 

per call, and a pulse repetition rate of 52.5 pulses per second. Values 

for all three of these call characters closely approximate those obtained 

by Blair and this author for S^ bombifrons. The animals Bogert refers to 

as ̂  bombifrons are probably an undescribed third species. This hypo

thesis gains weight when one studies the sonograms presented by Bogert 

for the short calling Sj_ bombifrons. The absence of a discernable trill 

structure at normal recording speed in these calls, and the presence of 

numerous, closely associated harmonics indicates a resemblance to the 

typical rasping calls of the subgenus Scaphlopus, rather than the typi

cally trilled call of the subgenus Spea, containing S^ bombifrons and 

S. haggnondi. 

Among the animals analyzed by Blair, a single specimen from Tulia, 

Texas, appeared to be Intenr.edia.ie between S^ bombifrons and Sj_ hamnonrii. 

Tills anijnal is of particular inter-ct since the values of its four call 

components appear very similar to tl:ose presented in this study for the 

Spade population as v;ell a^ for the "natural hybrids." Corrected to 20° 

C. , Blair's hybrid has a dominant frequency mid-poir-t of 2 675 to 1700 
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cps., a call length of 0.78 to 0.86 seconds, 35-38 pulses per call, and 

a pulse repetition rate of A3.7 to A8.A pulses per second. In mid-point 

of the dominant frequency the Tulia hybrid falls within the range of var

iation of both parental species (Figure A). On the basis of call length, 

it overlaps both hybrid groupt* detected in the current study, but also 

overlaps the range of S. hammondl. In pulses per call, the Tulia hybrid 

falls in the range of values obtained for S^ bombifrons and Spade. In 

the important character of pulses per second, the Tulia animal falls well 

below the range for ̂  bomblfrons and between the Spade population and 

the "natural hybrids" (Figure 7). Blair's Tulia animal, therefore, 

appears to be a valid natural hybrid between S^ hammondi and S^ bombi

frons. Some of the animals that Blair lumped as S^ bomblfrons n'.ay also 

be of hybrid origin, thus accounting for the substantially lower limit of 

pulses per second that he presented for that species. 

In this study, animals termed "natural hybrids" were separable from 

both parental species on the basis of intermedlacy of the call components 

mentioned earlier. They were found to be significantly different from 

both parental species at the 0.05 level in all call characters studied, 

except mid-point of the dominant frequency. They did demonstrate range 

overlap with both species in call Jength and pulses per call (Figures A, 

5), but were completely separable from both species on the basis of pul

ses per second. Tr is my conteriiion that these animals are F, hybrids. 

Although they fail somev/hat closer to S_̂  bombifrons on the basis of call 

length (Figure 6), they approach S. hammondi more closely on the basis of 

pulses per call and pulses per second (Figures 5 and 7). 
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The animals designated as "Spade" in this study were originally 

thought to fall in the same intermediate group as the "natural hybrids." 

Temperature correction indicated, however, that these animals are more 

closely related to S. bombifrons than are the "natural hybrids." This 

affinity to S_̂  bombifrons is especially clear in call length, pulses per 

call and pulses per second (Figures 5, 6, and 7). 

In view of their close association, one might question the validity 

of separating the Spade population from S^ bombifrons; the divergence of 

this population alght be attributed to normal species variation. This 

separation is justified, however, by the data presented in Figures 10 and 

11 in which the Spade population demonstrates marked divergence from the 

various populations of S^ bcmblfrons in call length and pulses per second. 

Apparently at some time in the past, conditions arose which favored 

extensive hybridization between the two parental species at Spade. 

Repeated backcrossing to ̂  bomblfrons resulted in an approach to the 

call components of this species. Gene flow from ̂  hammondi has intro

duced enough variation to prevent the Introgressed hybrids from becoming 

entirely cryptic. Given enough time, and providing fresh gene flow from 

S. haronond1 is restricted, tne Spade y)opulatlon may gradually merge with 

S. bombifrons, thereby increasing the local variability of that species. 

It is probably inrrogrc sa: or. taat has can'cd the variation observed 

between the various localities of each species for the call characters 

(Figures 8-11). The greater variation v/lthin and between populations of 

S. bombifrons in pulses per call and pulses per second indicates that 

backcrossing may take place with greater frequency in the direction of 

S. bomblfrons. 
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To this point, the discussion has dealt largely with alleged hybrid

isation betveen S^ bombifrons and ^ hammondi based on a study of the 

mating call. It should be emphasized that while hybridization between 

these tvK> species does, without a doubt, occur, it is the exception and 

not the rule. Gene flow does occasionally occur on a large scale, as 

indicated by the Spade population, but this is apparently a local phenom

enon. Under normal conditions these two species are reproductlvcly iso

lated. This statement is supported by the fact that out of 109 clasped 

pairs observed during two breeding seasons, only four were heterospecif ic 

in nature. 

Hybridization and Introgression occuring at the level Indicated by 

this study, could, over a period of many generations, lead to the fusion 

of these twc species. However, although Scaphlopus bonbifrons and S. 

hammondi hive probably been in contact on the Texas High Plains for thou

sands of years, they have remained distinct. The breakdown of reproduc

tive isolating mechanisms between two species is frequently brought about 

by a major ecological disturbance as suggested by Cory and Manison (1955) 

for uufo fovleri and Bj_ amerlcanus. Such a disturbance has occurred on 

the Texas High Plains during the last fifty years in the form of wide

spread cultivation. This disturbance does not, however, appear to be 

responsible for the breakdown of reproductive barriers between the two 

species. In the opinion of this investigator, these tv70 species have 

existed in a state of balanced lntro,?resslon since the time of their 

initial contact. Under this syst. m, iiybridi.tation and backcrossing occur, 

but the backcross hybrids aiG at a selective disadvantage. 
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It has been demonstrated in this study that the postmating isolating 

mechanisms between ^ bomblfrons and S^ hammondl are Incomplete. These 

two species are fairly compatible when crossed, and hybrid males, at 

least, are fertile in backcrosses. The identification of natural F, 

hybrids and backcross hybrids on the basis of mating call analysis adds 

support to this conclusion. As mentioned earlier, there appears to be no 

ecological, mechanical, or temporal Isolation between the two species. 

What then, serves to maintain reproductive isolation between S. bombifrons 

and ^ hanMK>ndl under natural conditions? 

It appears that the major mechanism functioning to maintain species 

distinctness between S^ bombifrons and S^ hamnondl is the ability of the 

female to discriminate between the calls of males of her own species and 

those of the sympatric species. It is highly significant that of the 

twenty females exhibiting positive response to call discrlminaticn tests 

(Table 6), not a single animal made an incorrect choice. This demon

strates that the call is a major Isolating mechani'jn between these two 

closely related species. 

Breakdown in the isolating mechanisms between ^ bombifrons and 

S. hammondl most probably occurs in crowded breeding ponds where females 

of one species are accidentaliy clasped by non-discriminating males of 

the other species. Certainly t!i3 potentiality for this misraating is 

present, particularly in large breeding aggregations; although in small 

choruses it is greatly reduced, since a female responding to the call of 

her own species stands less chance of coming in contact with congeneric 

males. 



CHAPTER V 

SUMMARY 

1. Scaphlopus bombifrons and ^ hammondl are distinct but closely 

related species displaying widespread sympatry in West Texas. 

2. Laboratory crosses indicate that the two species are genetically 

capable of hybridization and backcrossing under proper conditions, 

although there is a slight reduction in viability in the F. crosses in 

terms of the control. 

3. Sound spectograph analysis of the mating calls of Sj_ bombifrons 

and S. haianondi from eight localities centered near Lubbock, Texas, indi

cates that individuals possess remarkably stable calls in the four com

ponents studied, while the different populations exhibit inter- and 

intrapopulation variability. 

A. Two components of the mating call, call length and pulses per 

second, were found to be influenced by change in temperature. Dominant 

frequency and pulses per call were not influenced by temperature. 

5. Seven anir.als were found to be internediatc betv;een the parenLal 

species in call length, pulses per rocond ;:nd pulses per call; these wert 

designated as F. hybrids. 

6. Twelve animals resembling ^ bombifrons from Spade, Texas, were 

found to be so divergent as to warrant separation from the species popu

lation; these were designated as backcross hybrids. 

28 



29 

7. Much of the variation between populations of each parental 

•pedes may be the result of introgression. 

8. The results of call analysis were compared to the data obtained 

by Blair (1955) and Bogert (1960) for similar, but less detailed, studies 

in northwestern Texas and southwestern New Mexico. The results of this 

study support the conclusions of Blair, but Indicate that those animals 

designated by Bogert as hybrids were, in reality, £̂ . bombifrons, and the 

animals he referred to as Ŝĵ  bomblfrons belong to a third unidentified 

species. 

9. An attempt was made to determine the reproductive Isolating 

mechanisms functioning between S^ bombifrons and Sj^ hammondi. Postmat

ing isolation is incomplete and no evidence could be found to indicate 

effective premating isolation based on ecological, mechanical, or tempo

ral factors. 

10. The mating call was determined to be the major isolating mech

anism between $,_ bonbifrons and fjj_ hammondi. Data presented demonstrates 

the ability of the females of both species to discriminate between cp.lis 

of their own males and those of the sympatric males. 
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TABLE 1 

RESULTS OF HOMOSPECIFIC AND HETEROSPECTFIC CROSSES BETWEEN Sj^PJlIOPUS 
BOMBIFRONS AND SCAPHIOPUS HAhtMONDI. 

Homospecific 
Crosses 

Num
ber 
Of 

Eggs 

Cleav-
age 

Hatch
ed 

% Develop-
Trllfln % ment In 
Circula- Develop- Terms Of 
tion ment Control 

(A) S^ bonbifrons 
X 

S. bomblfrons 

(B) S^ bomblfrons 
X 

S. bombifrons 

(C) S^ bomblfrons 
X 

S. bomblfrons 

(D) S^ bombifrons 
X 

S. bomblfrons 

(E) S^ haamondi (M 
X 

S. hacsBondi (r 

(F) ̂  hacTOondi (!'. 
X 

S. hammondi (F 

(G) 

(H) 

S. hac ' c -^c i (M 

S. hamsiond i (F 

S.. hanuT-ondi (!! 
X 

S. harjnonJi (F 

(I) Sĵ  bonbi f rons 
X 

S. hapzacpoi (F 

(J) S_̂  boinblfrcnj^ 
X 

S. hammondi (T 

M) 

F) 

M) 

F) 

85 

lOA 

M) 57 

F) 

M) 187 

F) 

102 

89 

100 

315 

M) 113 

>:) 93 

77 

87 

A8 

180 

89 

81 

92 

301 

102 

6A 

73 

87 

A8 

139 

87 

72 

86 

158 

96 

62 

63 

79 

A2 

100 

81 

71 

77 

157 

80 

59 

75% No Control 

76% No Control 

7A% No Control 

5A% No Control 

80% No Control 

80% No Control 

77% No Control 

30': Mo Control 

70.0% 83. 

63.5% 79.5% 
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TABLE 1—Continued 

Homospecific 
Crosses 

Num
ber Trilfin % 
Of Cleav- Hatch- Circula- Develop-
Eggs age ed tion ment 

% Develop
ment In 
Terms Of 
Control 

(K) 

(L) 

(M) 

(N) 

(0) 

(P) 

I i . 

I i . 

Ii. 

IL 

I i . 

I i . 

I i . 

I i . 

bombifrons 
X 

hamnondl (F 

bombifrons 
X 

hamnond1 (f 

hamnondl (M 
X 

bombifrons 

hacDiondl (M 
X 

bcxBbifrons 

hanDondl (M 
X 

bombifrons 

haicisondl (M 
X 

bomblfrons 

M) 72 

M) 101 

F) 

F) 

F) 

F) 

99 

52 

111 

86 

52 

80 

79 

A4 

92 

70 

50 

7A 

70 

37 

89 

62 

A5 

66 

63 

3A 

78 

56 

63.0% 

66.0% 

63.7% 

65.5% 

70.0% 

65.0% 

78.5% 

82.0% 

8A.0% 

8A.0% 

87.0% 

85.0% 
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TABLE 2 

RESULTS OF Fl MALE BACKCROSSES TO FEMALES OF SCAPHIOPUS BOMBIFRONS AND 
SCAPHIOPUS HAMMONDI 

Parental 
Ckmbina tions 

Num
ber 
Of 
Eggs 

Cleav
age 

Hatch
ed 

Trilfin 
Circula
tion 

% 

Develop
ment 

% Develop
ment in 
Terms In 
Control 

Cross 15 (M) 
[ham. (M) x bomb. (F)) 

X 90 76 60 58 65.0% 81.5% 
S. bonbifrons (F) 

Cross 15 (N) 
X 86 A6 26 10 11.6% 15.5% 

S. bonbifrons (F) 

Cross 15 (M) 
X 119 7 7 3 2.5% 3.2% 

S. haanondi (F) 

Cross #5 (M) 
X 99 17 17 10 10.0% 12.6% 

S. haamondi (F) 

Cross #6 (M) 
[ham. (M) x bomb. (F) ] 

X 55 17 15 15 27.0% 67.5% 
S. bomblfrons (F) 

Cross #6 (M) 
X 106 56 27 22 20.7% 25.1% 

S. haamondi (F) 

Cross ^1 (H) 
[bomb. (Jf) X Viam. (F) ] 

X 57 A A 2 3.5% 72.0% 
S. bombifrons (F) 

Cross #1 (M) 
X 

S._ bombifrons (F) 

Cross #1 (M) 
X 

S. bomblfrons (F) 

93 80 70 70 75.0% 76.5% 

91 88 71 71 78.0% 77.0% 
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TABLE 2~Contlnued 

Parental 
Combinations 

Cross n (M) 
X 

S. bombifrons (F) 

Num- % Develop-
ber Trilfin % ment in 
Of Cleav- Hatch- Circula- Develop- Terms Of 
Eggs age ed tion ment Control 

7A 72 72 71 96.0% 98.0% 

Cross #1 (K) 
X 

S. haamondi (F) 
100 89 81 81 81.0% 100% 

Cross #1 (M) 
X 

S. hammondl (F) 
115 Al Al 33 28.7% 37.2% 

Cross #1 (M) 
X 

S. hammondi (F) 
120 112 111 111 92.5% 100% 

Cross #1 (M) 
X 

S. hammondi (F) 
80 75 75 68 85.0% 100% 
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ANALYSIS OF INDIVIDUAL 

No. 
Locality Calls 

(̂ lirt Ave. 12 

TABLE 3 

CALL VARIATION 

Character 

Mid-point 
Dominant 
Frequency 
In CPS. 

IN SCAPHIOPUS BOMBI 

Range Mean 

1300-lAOO 13A1.8 

FRONS 

Standard 
Deviation 

AA.850 

Call Length 
In Seconds .56-.58 .57 0.0132 

Pulses Per 
Call 35-37 36.0 0.7073 

Pulses Per 
Second 62-66 63.0 1.1180 

Floydada 13 Mid-point 
Dominant 
Frequency 
In CPS. 

1A25-1550 1A81.0 32.660 

Call Length 
In Seconds .A8-.51 .50 0.0083 

Pulses Per 
Call 32-33 32.0 0.5553 

Pulses Per 
Second 62-68 6A 2.35A0 
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ANALYSIS OF INDIVIDUAL 

No. 
Locality Calls 

Floydada 12 

TABLE A 

C.\LL VARIATION 

Character 

Mid-point 
Dominant 
Frequency 
In CPS. 

Call Length 
In Seconds 

IN SCAPHIOPUS HAMMONDI 

Standard 
Range Mean Deviation 

1300-1A25 139A.0 37.0000 

.82-.90 .83 0.0292 

Pulses Per 
Call 17-18 17.3 0.6126 

Pulses Per 
Second 20-22 21.0 0.5003 

Floydada 12 Mid-point 
Dominant 
Frequency 
In CPS. 

1450-1A75 1A62.5 13.0000 

Call Length 
In Seconds .77-.88 .83 0.0900 

Pulses Per 
Call 19-20 19.7 0.77A8 

Pulses Per 
Second 23-26 2A.0 1.0950 
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TABLE 5 

EFFECT OF TEMPERATURE ON CALL LENGTH 
AND PULSES PER SECONT) 

Species 

Formula For 
Best Fit 
Line 

Change In Call 
Length For 
1* C Increase 

Change In Pulses 
Per Second 
1* C Increase 

S. bombifrons Y-58.A + 2.IX - .0175 seconds +1.5 pps 

r-.86 

S. hammondi Y-20.3 ••- .8X - .0060 seconds + .5 pps 

r».86 
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RESULTS OF MATING 

Specimen No 
Number Response 

1. S. bombifrons 0 
2. 
3. 
A. • 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 

1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
1 
A 

1. S. hamrondi 0 
2. 
3. 
A. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
IA. 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
3 

TABLE 

CALL 1 

Niunber 

6 

DISCRIMINATION 

of Negative 
Responses 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TRIALS 

Number of Positive 
Responses 

A 
0 
A 
3 
A 
5 
0 
3 
3 
0 
3 
6 
0 
35 

A 
A 
1 
3 
1 
A 
A 
2 
0 
A 
5 
1 
0 
0 
33 
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Figure 1. Map depicting the populations investigated. Localities are 

as follows: (1) Intersection of U. S. 8A and Quirt Avenue, Lubbock, 

Texas, (2) Rodeo Grounds at Floydada, Texas, (3) 2.2 miles southwest of 

Shallowater, Texas, on FM 2130, (A) 3.2 miles west of Petersburg, Texas, 

on FM 5A, (5) 1.2 miles west of Spade, Texas, on FM 5A, (6) Intersection 

cf Ath Street and Quaker Avenue, Lubbock, Texas, (7) City limits of 

Slaton, Texas, (8) A miles south of Wilson, Texas, on FM 211. 
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Figure 2. Sound spectrograms depicting the mating calls of 

(A) Scaphlopus bombifrons (water temperature 19.5° C.) and (B) ̂ ham

mondi (water temperature 17.5° C ) . 
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Figure 3. Sound spectrograms depicting the mating calls of (A) a sus

pected F, hybrid from Shallowater, Texas (water temperature 18.9** C ) , 

and (B) a suspected backcross hybrid from Spade, Texas (water temperature 

16.0° C ) . 
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Figure 4. Comparison of the means, two standard errors on either side of 

the moan, and the ranges for mid-point of the dominant frequency in (II) 

ScaEhioEUS hasunondi, S. bombifrons. (NH) "natural hybrids," and (S) the 

Spade population. 
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Figure 5. Comparison of the means, two standard errors on either side of 

the mean, and the ranges for the number of pulses per call in (H) 

Scaphlopus ha.m.ondi, (B) S^ bombifrons. (NH) "natural hybrids," and (S) 

the Spade population. 
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Figure 6. Comparison of the means, two standard errors on either side 

of the mean, and the ranges for call length in (H) ScaEhioE.û  hammond_l. 

(B) S. bombifrons, (MI) "natural hybrids," and (S) the Spade population. 
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Figure 7. Comparison of the means, two standard errors on either side 

of the mean, and the ranges for pulses per second in (H) Scaphlopus 

haminondi, (B) S. bombifrons, (NH) "natural hybrids," and (S) the Spade 

Population 
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Figure 8. A comparison of the means, two standard errors on either side 

of the mean, and the ranges for the mid-point of the dominant frequency 

in the individual populations of (H) Scaphlopus harmnondi, (B) ̂  bombi

frons, (NH) "natural hybrids," and (S) the Spade population. 



53 

8 

7-

£5 
CQ 
2 

6 

5^ 

O 
!< 4 + 

3--

2-

1-

B 

H 
I ' I 

B 

H I 
I I I 

NH -̂
B 
1 

H 

r-n 

JL >-CJn , 
NH, B 

H 
3 

NHp 
B 

H 
.an... 

B 
cn. 

H 
. I 1 , 1 

H 

H 

B 

NH 
+ 1 ^ 1 

1200 1400 1600 1800 

CYCLES PER SECOND 



5A 



7 ^ 

Figure 9. Comparison of the means, two standard errors on either side 

of the mean, and the ranges for pulses per call in the individual 

populations of (H) Scaphlopus hammondi, (B) Sj. bombifrons, (NH) "natural 

hybrids," and (S) the Spade population. 
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Figure 10. Comparison of the means, two standard errors on either side 

of the mean, and the ranges for call length in the individual populations 

of (H) Scaphlopus hammondi, ( B V S . bombifrons, (M) "natural hybrids," 

and (S) the Spade population. 
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Figure 11. Comparison of the means, two standard errors either side of 

the mean, and the ranges for pulses per second in the individual popula

tions of (H) Scaphlopus hammondi, (B) S. bombifrons, (NH) "natural 

hybrids," and (S) the Spade population. 
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