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 The Effects of Temperature on Salientian Breeding Calls
 EDWARD D. BELLIS

 D URING the summer of 1952 and the
 spring of 1953 a study was made of the

 effects of temperature on the breeding calls of
 some Oklahoma salientians. An attempt was
 made to determine the relationship of air and
 water temperature to the number of calls
 produced in a given time interval (frequency of
 call) and to the lengths of the individual calls.
 All of the data were taken in the field in order to
 obtain results which would reflect the unham-

 pered expression of the animals at the breeding
 sites.

 Four species were studied: Pseudacris
 nigrita triseriata Wied, Pseudacris clarki
 Baird, Pseudacris streckeri Wright and Wright,
 and Bufo terrestris charlesmithi Bragg. All of the
 work was done in Oklahoma, the majority of it
 in Cleveland County.

 METHODS

 The data on frequency were taken in the
 following manner. The calls produced by an
 individual over a ten second period were
 counted. Eight such counts were made for each
 individual calling at a particular temperature.
 Timing was done with a stopwatch. The mean
 number of calls produced per ten seconds was
 calculated for the set of eight. This mean is
 plotted against temperature in the figures that
 follow. Hereafter a "set" will refer to a group
 of eight counts in all cases.

 Length of call was determined by starting the
 stopwatch when a single call began and stopping
 it at the end of this single call. Eight call lengths
 were timed for an individual over a very short
 period of time. Again the mean was calculated
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 Neural spine well developed but its dorsal
 margin eroded.

 Transverse processes well developed and
 composed of two plate-like portions, of which
 the ventral is larger than the dorsal. The
 ventral portion is a wing-like structure extend-
 ing from close to the anterior margin of the
 side of the centrum for about S? of the length
 of the centrum. Its tip is broken so that its
 transverse extent is not determinable. The

 dorsal portion is a flat plate extending from the
 zygapophysial ridge, somewhat behind the
 posterior margin of the prezygapophysis, ven-
 trally and posteriorly to the posterior margin
 of the ventral portion to which it is fused. What
 is left of the posterior margin of the transverse
 process forms a concave curve. Laterally a fo-
 ramen is present in the angle between the
 dorsal and ventral portions of the transverse
 process and another lies somewhat ventral and
 posterior to the angle between the dorsal por-
 tion of the transverse process and the zygapo-
 physial ridge.

 VARIATION.-In addition to the type, two
 other vertebrae (Yale Peabody Museum 3874
 and 3875) are referred to this species. The first
 is from Dry Creek, Bridger Basin, Sweetwater
 County, Wyoming, collected by Lamothe and

 Chew, and the other is from the same locality as

 the type, collected by O. C. Marsh, Sept. 15,
 1871. Although somewhat broken, they do tell
 us a little about variation. In both of these

 specimens the angle between the aliform
 processes is about the same as in the type but
 in one the processes stand higher, perhaps
 because they are less eroded. In both of them
 the floor between the aliform processes is more
 extensive than in the type but even here the
 posterior margin of the floor is eroded so that its
 maximum development cannot be determined.
 In one specimen the zygapophysial ridges as
 seen from the side are slightly sinuous rather
 than nearly straight as in the type. The other
 is like the type. The lower plate of the trans-
 verse process is relatively longer than in the
 type and extends for nearly the entire length of
 the centrum. In other characters than can be

 determined these specimens are essentially the
 same as the type. The centra are 3.7 and 4.6 mm
 in length and the greatest diameters of the
 posterior glenoid cavities are 1.4 and 1.6 mm.

 We wish to thank Dr. Joseph T. Gregory for
 the privilege of borrowing and reporting on
 these specimens.

 DEPARTMENT OF BIOLOGY, UNIVERSITY OF
 FLORIDA, GAINESVILLE, FLORIDA.
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 for the set of eight and plotted against tempera-
 ture.

 An attempt was made to time as many
 individuals as possible and, so far as is known,
 no more than one set was taken for one indi-

 vidual at a particular temperature.
 Many of the data were procured with con-

 siderable difficulty, particularly those for B. t.
 charlesmithi and P. streckeri. These forms were

 usually represented by a paucity of individuals
 at the breeding ponds and frequently several
 minutes elapsed between stopping and starting
 of choruses. Imitation of these two species some-
 times resulted in the commencement of calling.
 Although there is no reason to believe that the
 presence of the investigator had any effect on
 either the frequency or length of call, care was
 taken in approaching the chorus and illumina-
 tion was kept at a minimum.

 Both air and water temperatures were taken.
 In order to assure both speed and accuracy in
 the recording of temperatures, two standard
 centigrade thermometers were set up, the bulb
 of one placed just above the water surface and
 the bulb of the other just below. Maintenance
 of these in a permanent position throughout
 the period of timing in a particular area re-
 sulted in quick and reliable readings without
 undue effort. Thermometers were set up in
 what was considered to be an average calling
 situation, that is, an area which approximated
 the calling sites with respect to vegetation,
 water depth, and distance from the pond edge.
 While this method gave only an approximation
 of the actual temperature of the animal, it is
 probably the best that could be done under
 field conditions.

 A small percentage of the data was taken
 from recordings made by Dr. A. N. Bragg at
 the calling sites. These were recorded on a
 device known commercially as the "Sound
 Scriber".

 RESULTS

 Pseudacris n. triseriata

 One hundred and fifty-eight sets of frequency
 counts were taken for this species. The mean
 number of calls produced per ten seconds is
 plotted against water temperature in figure 1.
 A highly significant positive correlation exists
 between calling frequency and temperature as
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 Fig. 1. Relationship of calling frequency of P. n.
 triseriata and water temperature.
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 Fig. 2. Relationship of call length of P. n. triseri-
 ata and water temperature.

 determined through use of the F test for regres-
 sion. The relationship does not deviate signif-
 icantly from a straight line at these tempera-
 tures. The frequency of call at this temperature
 range may be calculated through use of the
 formula y = 0.41x - 2.77 where y is an
 estimate of the number of calls given per ten
 seconds and x the water temperature in degrees
 centigrade.

 When calling, this species is usually im-
 mersed in water to throat level, with only the
 head exposed to the air. It is for this reason that
 water temperature was plotted rather than air
 temperature. Air temperature, however, must
 not be disregarded as a factor affecting calling
 frequency. In order to test this, frequency of
 call was plotted against air temperature, but
 only at points where the corresponding water
 temperatures lay between 15.3 and 16.20 C. A
 slight increase in frequency was correlated with
 higher air temperature in this manner.

 The means for 154 sets of length timings are
 plotted against water temperature in figure 2.
 There is a highly significant negative correlation
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 between call length and water temperature for
 th's species at these temperatures.
 As in the case where frequency of call was

 considered, air temperature must not be dis-
 regarded. Consequently, length of call was
 plotted against air temperature at points where
 the corresponding water temperatures lay
 between 15.3 and 16.20 C. A slight decrease in
 call length was associated with increase in air
 temperature.
 The relationship between the total call time

 per ten seconds and the water temperature is
 shown in figure 3. Each point represents the
 product of a mean of a set of frequency counts
 and a mean of a set of eight length timings,
 both means having been calculated from data
 taken at the same temperature. It is apparent
 that the total call time remains constant at this

 temperature range, the increase in frequency
 being compensated for by the shortening of the
 calls.

 Pseudacris clarki

 This species calls from the same relative air-
 water position as the closely related P. n.
 triseriata, therefore water temperatures were
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 Fig. 3. Relationship of total call time per ten
 seconds of P. n. triseriata and water temperature.

 24- * *

 12

 9-U

 16 I s I 19 20 21 22 25 , 24 25

 TEMPERATURE - oC

 Fig. 4. Relationship of calling frequency of P.
 clarki and water temperature.
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 Fig. 5. Relationship of calling frequency of P.
 streckeri and air temperature.

 used in the plotting of figure 4. A highly
 significant positive correlation between fre-
 quency of call and water temperature exists.
 This relationship shows no significant deviation
 from a straight line at these temperatures. An
 approximation of the frequency of call at this
 temperature range may be obtained through
 use of the formula y = 1.55x - 13.24 where y
 is an estimate of the number of calls produced
 per ten seconds and x the water temperature in
 degrees centigrade.

 Pseudacris streckeri

 There is no reason to believe that water

 temperature appreciably affects the frequency
 of call of P. streckeri since this species char-
 acteristically calls from land positions at the
 pond margin.

 The mean frequency of call for 60 sets is
 plotted against air temperature in figure 5.
 Evaluation by means of the F test for regression
 shows no significant relationship between the
 variables. The extreme scattering is probably
 the result of great variability in frog tempera-
 tures at the study area at any one time. Thus
 the thermometer could have been an inadequate
 indicator of the temperature of the frog in
 question and this discrepancy would result in
 the large differences in the mean frequency of
 call at the recorded temperature.

 Bufo t. charlesmithi

 The mean length of call for 46 sets is plotted
 against air temperature in figure 6. Since this
 species calls from land positions at the pond
 margin, water temperature was not considered.
 There exists a highly significant negative cor-
 relation between call length and temperature.
 Again the plotted means show a wide scatter-
 ing which could very well be due to large
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 Fig. 6. Relationship of call length of B. t. charles-
 smithi and air temperature.

 differences between actual frog temperatures
 and thermometer readings.

 The call length of B. t. charlesmithi was
 quite variable within sets. Eight calls from an
 individual, timed over a period of a few minutes,
 frequently showed great variations in length.
 The mean difference in call length between the
 shortest and longest calls of a set was 6.6
 seconds. The maximum difference was 15.5

 seconds and the minimum 1.7 seconds.

 Discussion
 The fact that the frequency of call increased

 at higher temperatures is not surprising in
 light of many studies on rates of biological
 processes at varying temperatures. Many
 supporting examples might be chosen, but
 this discussion will be restricted to work done

 by previous investigators of salientian calls.
 Harper (1937) found that the frequency of call
 of Pseudacris ornata increased at higher
 temperatures. Conversely, Harper (1939) could
 find no correlation between temperature and
 frequency of call of Hyla ocularis, but he timed
 only a few individuals. Bragg (1940) discovered
 that extremely low air temperatures were
 correlated with slower, lower pitched calls in
 Bufo cognatus. Bragg (1942) suggested that
 higher air or water temperatures might be
 responsible for a greater calling frequency in
 Pseudacris streckeri and the same author (1943)
 noted the call of Pseudacris clarki to be a slow

 grinding note at low temperatures, quite
 different from the rapidly produced, higher
 pitched note at 12' C. or above. Employing a
 stop watch in the field, Bragg (1948, 1950)
 made further studies on salientians. His data

 show a definite trend toward higher calling
 frequencies at higher temperatures. Additional
 support comes from Jackson (1952) who found

 the frequency of call of A cris crepitans to
 increase with temperature. His data suggest
 that the relationship is not a straight line one
 since the frequency of call increased at a much
 faster rate above approximately 850 F. (29.40
 C.), but he added that this cannot be definitely
 supported, due to an insufficient number of
 samples at higher temperatures.

 Since the frequency data for P. n. triseriata
 and P. clarki extend over the same temperature
 range, they may be compared with respect to
 Qio values. The Qio for P. N. triseriata is 2.21
 at the 15-25' C. range and that for P. clarki
 is 2.55. Characteristically, Qio values lie between
 2 and 3 for most biological processes.

 Aside from temperature, many more variables
 must be considered as factors influencing the
 frequency and length of call in salientians.
 Variations in humidity were not measured in
 this study but their effects should not be under-
 estimated, particularly in cases where animals
 are at a distance from freely evaporating water
 surfaces. Wind movements increase the evap-
 oration rate and thereby produce variations in
 body temperature, unmeasured as far as this
 study is concerned. A possible correction could
 be made by measuring the temperature of the
 animal directly by means of thermocouples, but
 this method does not seem feasable, since the
 apparatus would in all probability alter the
 psychological state of the animal.

 Other variables are even more difficult to

 analyze, such as the hormone level and the
 proximity of potential mates.

 Bragg (1950) observed that there exists "a
 considerable influence of one individual on the

 other" in the induction of vocalization. Ob-

 servations by the writer support this state-
 ment. Apparently, a primitive social structure
 is an attribute of the choruses, with the result
 that certain leaders call forth the breeding calls
 of their colleagues by their own breeding calls.
 This phenomenon is especially pronounced in
 Hyla v. versicolor, Pseudacris streckeri, and
 Microhyla carolinensis olivacea; but it has been
 observed to some extent in several species.
 The leader effect has been studied by Goin
 (1949) who found that choruses of Hyla
 crucifer bartramiana consist of trios, the mem-
 bers of which incite the calls of their fellows

 with a trill which is unlike the regular breeding
 call.



 L. C. STUART-HERPETOFAUNAL ROUTES

 Herpetofaunal Dispersal Routes Through Northern Central
 America

 L. C. STUART

 IN 1931 E. R. Dunn presented his classic
 analysis of the herpetofauna of the Americas

 and demonstrated that the origins and subse-

 quent dispersals of New World amphibians and
 reptiles could be interpreted on the basis of
 conservative geological principles in accord
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 Many of the data in this study were col-
 lected near highways. Thus, an opportunity
 was presented for the observation of the effects
 of traffic noises on breeding congresses. A
 passing motor vehicle frequently initiated the
 commencement of call of P. streckeri. The

 causative factor is unknown. Conversely, a
 cessation of calling in P. n. triseriata was
 associated with traffic on several occasions, but
 only late in the breeding season, when the
 size of the congregation was small. Perhaps the
 animals could hear the automobile or truck

 noises only when their own sound production
 was at a minimum. Twice in one evening a
 passing airplane was associated with complete
 cessation of choruses of P. n. triseriata. This

 happened at the height of the breeding season,
 at a time when automobile noises had no ap-
 parent effect on the performers. One by one,
 the individuals again took up the song, after
 the sound of the airplane had faded in the
 distance.

 SUMMARY

 The breeding calls of four species of
 salientians were timed with a stop watch under
 natural conditions in an attempt to determine
 the effects of temperature on the frequency and
 length of call.

 A highly significant positive correlation
 between frequency and water temperature was
 found in Pseudacris n. triseriata and Pseudacris

 clarki. No significant correlation between
 frequency and air temperature was found in
 Pseudacris streckeri, probably due to discrepan-
 cies between thermometer readings and frog
 temperatures.

 A highly significant negative correlation
 between call length and temperature was found
 in P. n. triseriata and Bufo t. charlesmithi.

 The total call time per ten seconds for P. n.
 triseriata was essentially constant between 13
 and 230 C.

 Among other variables which might influence
 the frequency and length of call are humidity,
 wind, hormone level, and social factors.
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