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Abstract
Adult Hyla cadaverina are found in the open in abundance along lower Trail Creek during spring and fall when
temperatures are moderate. During winter, the animals seek
shelter in crevices above the high water mark, thereby escaping flash floods. In summer, they inhabit cool, moist
crevices near the stream which provide protection from the
summer heat.
As in many other anurans, individual

~

cadaverina

tend to occupy limited overlapping home ranges, usually
less than 5 m long, aggregated near large pools created by
stream boulders. A small percentage emigrate relatively
long distances up to 250 m to new pools, usually also inhabited by several other H. cadaverina. Such movements may
serve to maintain genetic variation in the population.
When tested in the field for y-axis orientation, individual H. cadaverina clearly showed a preference for a familiar shoreline.
Animals displaced along the stream from 10 to 300 m
from their home ranges were later recaptured at their original capture sites in proportions equal to or greater than
non-displaced controls. Homing success decreased and time
taken to home increased at the greater displacement distances.
Olfaction appears to be of importance in H. cadaverina

vi

in orienting to their environment. In a y-maze, individuals
preferred the odor of their h0me stream over that of tap
water. In addition, anosmic animals displaced 100 m from
their home ranges failed to return.

vii

Introduction
Unlike its more common relatives, Hyla cadaverina has
not been extensively studied, perhaps because of an extended period of mistaken identity. First collected in 1854 by
Hallowell and again in 1875 by Henshaw (Yarrow, 1875), the
animal was erroneously described as Hyla arenicolor, a species which inhabits similar habitats east of the California
desert. This misnomer was perpetuated in several accounts
of the southern California herpetofauna (Richardson, 1912;
Storer, 1925; Slevin, 1928; Stebbins, 1951) until 1960,
when Gorman examined differences noted by Richardson in
1912 (who suggested at the time that the animal might be a
subspecies of

~

arenicolor). Gorman, who examined certain

morphological and meristic characters in both live and
prepared specimens, found the differences substantial
enough to warrant a new species, which he designated Hyla
californiae. This name persisted until 1966, when Jameson
pointed out the taxonomic synonymy between the species
names, californiae and regilla, and consequently assigned
the present name, Hyla cadaverina.
In the 106 years during which Hyla cadaverina remained
an unrecognized distinct species, only casual accounts of
its behavior were made, since studies

of~

arenicolor had

been underway in Arizona and Mexico (McKee and Bogert,
1934; Taylor, 1936; Little, 1940; Stebbins, 1951, and
others). Consequently, quantitative studies
1

of~

cadaveri-

2

na did not begin until 1960, when Bogert compared the
mating calls

of~

regilla,

~

cadaverina and

~

arenicolor

and suggested evolutionary relationships based upon call
characteristics. In 1964, Cunningham studied the thermal
ecology, diet and daytime activities of H. cadaverina. He
found a high correlation between substratum temperature and
body temperature, and pointed out that adults voluntarily
tolerate higher body temperatures than does adult H.
regilla, an ability that seems beneficial in light of its
occupancy of arid and semi-arid habitats. Gaudin (1964,
1965) studied the eggs, larvae and development of
verina and compared them with those of

~

~

cada-

regilla. In

addition, Gaudin discussed the evolutionary relationships
among~

cadaverina,

~

regilla and H. arenicolor based

upon larval structures. Dole (1974) performed the only
previous population study of H. cadaverina. He found that
these animals generally occupy relatively small portions
of the habitat available to them, their home ranges. Harris
(1975) reported on the seasonal activity and microhabitat
utilization of H. cadaverina. He also suggested that the
movements of these frogs in fall and winter into deep,
moist crevices on hillsides is an adaptation to avoid
dessication, predation and high water from heavy winter
rains. Also in 1975, Straughan evaluated the roles in behavior of several mating call components of
~

~

cadaverina and

regilla. He showed that pulse repetition rate was the

only necessary component for effective discrimination by
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females. Finally, Ferguson (1978) studied the role of the
pineal body

in~

cadaverina

and~

regilla, but found no

positive evidence for any particular orientational function.
Thus, although H. cadaverina is a common member of the
southern California herpetofauna, relatively little is
known of its ecology. For instance, the affinity of many
anuran amphibians for a small home range has been clearly
demonstrated in numerous studies (Bogert, 1947; Martof,
1953; Carpenter, 1954; Jameson, 1957; Kikuchi, 1958;
Awbrey, 1963; Bellis, 1965; Dole, 1965; McVey et al., 1981),
yet only a brief study involving 89 animals has been made
in this species (Dole, 1974). Similarly, many frogs and
toads displaced from their home ranges have been shown to
be capable of relocating them (Bogert, 1947; Brattstrom,
1952; Jameson, 1957; Awbrey, 1963; Dole, 1968; Tracy, 1968;
Dole, 1972; McVey et al., 1981), but no work on this aspect
of the biology of H. cadaverina has yet been published, nor
have the mechanisms upon which homing depends been investigated. The nature of such mechanisms as documented in studies of other species has proven to be quite varied.
Visual cues play an important role in the homing and
orientation mechanisms of several anurans. Eight species of
frogs and toads (Acris gryllus,

~

crepitans, Bufo boreas,

B. woodhouseii, Pseudacris triseriata, Rana catesbeiana,
R. pipiens, and Ascaphus trueii) are known to be capable of
using celestial cues (moon, stars or sun) for oriented
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movements on a compass course towards or away from a
familiar area or shoreline segment (Ferguson et al., 1965;
Ferguson and Landreth, 1966; Landreth and Ferguson, 1966;
Landreth and Ferguson, 1967; Ferguson et al., 1967; Ferguson et al.,1968; Tracy and Dole, 1969; Gorman, 1970; Taylor
and Ferguson, 1970; Tracy,1971; Dole, 1972). Such orientation requires the use of a timing mechanism, the position
of the celestial cue, and a land or water relationship for
determining direction.
Use of audition by anurans in orientation behavior has
also been demonstrated. Evidence for its role has been reported in Bufo americanus (Oldham, 1966), Hyla cinerea and
~

gratiosa (Feng, 1976). These cues, however, seem to be

more important in locating breeding sites than in homing
to a home range after displacement.
Olfactory cues have been linked to the homing responses of several toads including Bufo boreas (Tracy and Dole,
1969)

and~

valliceps (Grubb, 1973). Normally able to home,

these species cannot relocate their home ranges after olfactory ablation.
The purpose of this study was four-fold. First, the
extent and nature of normal movements was examined in the
canyon tree frog, Hyla cadaverina. The objectives of these
observations were to verify the existence of individual
home ranges, determine the size of these ranges, and note
their distributions with respect to the stream environment.
Secondly, quantitative measurements were made of nor-

5

mal daytime orientations of individual animals.,During past
studies of this species, only casual observations of this
sort were made. The purpose of these measurements was to
test hypotheses proposed earlier to explain observations of
breeding and escape behavior.
Third, since homing ability has been demonstrated in
other anuran species, the possibility of its existence in
~

cadaverina was investigated. In addition, the role of

olfaction in homing success was examined, since previous
studies on toads had suggested an olfactory mechanism for
homing.
Finally, the preference of these animals for various
stimuli was tested in the laboratory. Among these stimuli
was odor, which was suspected to be involved in the homing
mechanism of this species.

Study Site
Trail Creek lies within steep-walled Trail Canyon, a
tributary of Big Tujunga Canyon, located on the southern
slope of the San Gabriel Mountains, 8 km northeast of Sunland, Los Angeles County, California. A typical stream in
the San Gabriels, Trail Creek has dissected a deep, sinewy
gorge through predominately granitic bedrock which has
undergone rapid tectonic uplift since the middle Cenozoic
(Hall, 1981).
Winter rainfall and spring snowmelt at the upper elevations provide the creek with surface runoff early in the
year and spring water during the dry season, ensuring continuously flowing water all year. Granitic boulders up to

4 m across frequently dam the creek, creating abundant
pools of relatively still water. While a decrease of the
velocity and depth in free-flowing portions of the creek
occurs during dry months, the depth and area of most large
pools tend to remain constant. During dry months, Hyla
cadaverina is found in abundance within the crevices among
boulders and cliff faces surrounding such pools.
A semi-arid climate predominates the lower southern
slope of the San Gabriels. Scattered light to heavy rains
occur primarily during the winter months and occasionally
in late summer. Annual rainfall averages approximately 35
em, with a historical range between 12 to 63 em annually
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(U.S.F.S., pers. comm.). Isolated heavy downpours often
create flash floods in steep canyons like Trail Canyon.
Such floods may have applied the selective pressure which
resulted in the present patterns of seasonal microhabitat
utilization by Hyla cadaverina, as described by Harris

(1975).
New, burned coastal sage scrub, dominated by sage
(Salvia millifera and

~

apiana) and buckwheat (Eriogonum

fasciculatum), carpets the slopes of Trail Canyon. Streamside vegetation consists mostly of willow (Salix spp.),
oak (Quercus agrifolia) and various grasses.
Ground squirrels (Spermophilus beecheyi) and deer mice
(Peromyscus spp.) are among the mammals present in Trail
Canyon. An occasional coyote (Canis latrans) has been spotted in the canyon as well. Side-blotched lizards (Uta
stansburiana) and fence lizards (Sceloporus occidentalis)
dominate the herpetofauna of the canyon slopes, but along
the course of the stream Hyla cadaverina dominates and is
preyed upon by garter snakes (Thamnophis sirtalis). Minnows
(Gila orcutti) populate the stream waters within the study
site, but a small cascade restricts their range to the
lower portion of the canyon. Various aquatic, terrestrial
and flying insects are found along the entire lower portion
of Trail Creek.

Methods
Population Studies
Population studies were performed along a 500 m segment of lower Trail Creek. This segment was divided into 5D
ten-meter sections designated numerically by marking prominent boulders with ink. Numbers were occasionally re-marked
as they faded.
Censuses were made at intervals of roughly ten days
from January through May, 1981. None was made in June and
only one per month was made from August through December.
The entire 500 m segment of stream was walked during each
census and frogs were located by a careful visual search of
boulders in and adjacent to the stream. Suspect crevices
were probed with a stick to flush out any animals.
Once an animal was spotted, the following data were
routinely recorded prior to capture, whenever possible:
time of day; temperature of air (°C) at 15 em above the
water and at 15 em above the animal; temperature of water
at a depth of 10 em; wind speed and direction; sky cover;
location (meter mark) of animal; orientation of animal with
respect to shoreline; orientation with respect to sun;
behavior of animal. Wind direction was classified as either
up or down canyon and wind speed was estimated based on
previous experience. At no time did the wind speed exceed
8 kph. Orientations of the animals were recorded by visual-
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ly aligning the long axis of a mapping compass with the
longitudinal axis of the animal.
After the above data were obtained, the animal was
captured by hand, or with the aid of a small net. At capture, all unmarked animals were toe clipped using the system of Martof (1953). Animals were not toe clipped in October because of the large percentage of juveniles which
proved too difficult to clip. November and December censuses yielded so few frogs that toe clipping was not performed during those months as well. Sex and snout-vent
length were recorded; sex was determined by gravid appearance of females (due to the presence of eggs in the body
cavity) or by vocalization or extension of the vocal sac of
males. In cases where these features could not be used,
size alone served as the criterion; since all animals longer than 35 mm whose sex was verified were females, while
all those smaller whose sex was known were males, it was
assumed for purposes of analysis that others which fell
above or below this length were females or males, respectively (Dole, 1974). After all data had been recorded,
frogs were released at the point of capture.
Finally, counts were made of all stream boulders greater than

~

m across and of all stream pools larger than

2
1 m in area in each 10 m section of the study area.
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Homing and Orientation Studies in the Field
Homing studies were performed along a section of lower
Trail Creek several hundred meters upstream from the population study site. In July through September, 54 animals
were displaced various distances, up to 300 m, either up or
downstream from their home ranges. Nineteen of these animals were displaced more than once. A control group of 39
animals was also marked, but not displaced, in order to
establish a recapture percentage for comparitive purposes.
In the weeks following displacements, numerous careful
searches were made of the stream bed between, and including, the release points and home ranges of displaced animals.
Thirteen animals surgically deprived of olfaction were
also tested for homing ability. These frogs were captured
at their home ranges, placed in clear Lucite containers,
and taken to the laboratory. During their stay in the laboratory, the animals were housed in a small aquarium and fed
mealworms and Drosophila, which they readily accepted.
Within 24 hours of capture, each animal was anesthesized by placing it in a covered petri dish which contained
a disc of filter paper saturated with 2% urethane solution.
Once immobilized, the frog was removed from the dish and
placed on a water-dampened napkin. Using a Strombecker
cordless electric drill equipped with a 1 mm bit sterilized
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with isopropanol, a hole was drilled through the animal's
skull directly above and into each olfactory nerve. A cauterizing needle was then inserted and pressure was applied
medially so as to pinch off any remaining nerve tissue between the hot needle and the bony nasal septum, thereby ensuring anosmia. Blood loss during this operation was minimal and invariably ceased following cauterization.
Following surgery, frogs were returned to the aquarium
and placed upon damp towels, where they remained until the
effects of the anesthesia had subsided. All animals
appeared fully recovered from the anesthesia after two or
three hours; their skull holes scabbed over within twentyfour hours. Forty-eight hours following surgery, the now
anosmic frogs were returned to lower Trail Creek in clear
containers and released 100 m downstream from their original point of capture. By releasing the animals downstream,
use of the stream current in homing was avoided.
Homing ability was also examined in 10 frogs subjected
to the same treatment as the anosmic animals except that
drilling was stopped short of the nasal cavities so the
olfactory nerves remained intact. These animals served as
controls to determine if surgical trauma affected homing
success. Shams were also released 100 m downstream from
their original capture sites.
Several careful searches were made for anosmic and
sham-operated animals in the days following their release.
The areas searched included 200 m of the creek both up-
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stream (homeward) and downstream from the release points.
Great scrutiny was exercised during these searches, with
most crevices near the stream being probed for animals. All
frogs spotted were captured. Those identified as anosmics
or shams were removed from the stream and taken to the
laboratory. These were later dissected to determine whether
the olfactory nerves were intaet. All other animals were
released where captured.
Forty animals were tested for y-axis orientation in
the stream. At capture, the shoreline nearest each animal
was noted. The animal was then taken in hand, able to see,
to the downstream end of the nearest pool. From a point
midstream, the animal was tossed upstream into the center
of the pool and the shoreline to which it swam was noted.
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Laboratory Studies
Four experiments associated with orientation behavior
were performed in the laboratory using variations of a Yrnaze apparatus (figure 1). The purpose of these experiments
was to test the preference of frogs for selected auditory,
visual, humidity or olfactory

stimuli~

The response of

each animal to each environmental cue was tested twice. In
the second test of each animal the stimuli in the two arms
was reversed. A different group was used for each of the
four experiments. All experiments, except the visual were
run in complete darkness.
In each instance, before a frog was placed in the release pen of the maze, any feces or urine deposited from a
previous run were removed, and the area was sponged with
distilled water. Five minutes were allowed to pass after
the end of a run before the next animal was placed in the
apparatus. Once an animal was in the release pen, the end
panel was closed, and five minutes more were allowed to
pass to allow the frog to adjust. Next, the release pen was
lifted and the maze was left undisturbed for five minutes,
after which the maze was opened, the animal was removed,
its choice noted, and preparations were made for the next
run. In the auditory experiment, the animals were required
to choose between either the sounds of their horne stream or
the background noise of the laboratory. This was accorn-
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plished by playing a tape recording of stream sounds
directly into the stimulus port of one arm of the apparatus. While the sound intensity was greatest in one arm, it
proved impossible to prevent sounds from passing into the
other arm to a small degree.
Preference for light or dark was examined by leaving
the window of one arm of the maze uncovered so that room
light would pass into the arm. The other arm was kept covered.
Preference for either humid or dry air was tested by
pumping air bubbled through distilled water into one arm of
the maze and dry air into the other. A Bendix bulb psychrometer was used to measure the relative humidity in each
arm, which was 48% and 24% for the humid and dry arms, respectively. Air flow into each arm was equalized by differential clamping of one of the tubes until discharge
rates were equivalent in both. Flow rates were measured
with a Manostat air flow meter.
Finally, an odor preference test was performed by
using the complete apparatus shown in figure 1. One odor
jar contained tap water, while the other held stream water
from within the home range of the animals tested. Air was
filtered and then bubbled through one or the other of the
two odor jars and into the arms of the apparatus. Air flow
was equalized as in the previous test.
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Results
Population Size
A total of 293 individuals (229 males, 64 females) was
captured and marked during the study. Sixty-four were recaptured, 47 only once (39 males, 8 females),

11 twice (9

males, 2 females), 5 three times (all male), and 1 four
times (a male).
The number of animals counted during each census is
shown in figure 2. January and early February census counts
were low, but the number of animals caught increased substantially in late February with the onset of warmer weather. A sudden drop in numbers was observed during the
first March census, which was made immediately following a
rainstorm. One day later, the number of animals captured
was three times as great as the day following the rain.
Numbers continued to increase thereafter with each successive census, to a peak of 72 animals on the final April
census. In May, the numbers of animals declined again, except for a slight increase near the end of the month, and
in July capture numbers fell lower still to only 5 animals
on the first census. Counts remained low through August and
then rapidly increased to 40 animals on the September census as newly metamorphosed juveniles emerged. During the
period from September through December about 75% of the
individuals spotted were juveniles. Since toe clipping of
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these small animals proved too difficult, the remaining
censuses were taken as simple tallies of all animals spotted.
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Population Estimates
Population size within the study area was estimated on
a census to census basis using the Lincoln Index method
(Dole, 1976). These estimates are presented in figure

3.

Each estimate was based on two succesive censuses so as to
minimize the effects of immigration between censuses on the
estimates. For purposes of analysis, animals captured
during a census were counted as recaptures only if they had
been captured during the most recent previous census.
The high and low estimates shown in figure 3 roughly
match the peaks and valleys shown in the figure 2 census
counts. However, the peak in February is much higher,
whereas that in April through May is lower, than their corresponding peaks on the census counts. I believe that the
February estimate is inaccurately high, the result of the
small sample size of two animals taken in January upon
which the estimate was based. The April-May peak is probably more accurate, since the sample size used in that estimate is considerably larger.
As in figure 2, the estimates in figure 3 also declined markedly during the summer months and then began to
increase again in September. Estimates beyond September
were not possible because animals were not marked during
this period.
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Population-Temperature Relationships
In figure 4 both the number of animals taken at each
census and the daily high temperature at each census are
plotted. When the temperature was low in January, the census count typically was also low. As temperatures increased
in February, census counts also increased. In early March,
a storm brought cooler temperatures, and census counts at
that time declined somewhat. As temperatures increased
again through April and May, so did the census counts.
During July and August, when temperatures peaked with
daily highs well above 35°C, census counts were surprisingly low. As temperatures declined in September and October
the population count again increased although most were
newly metamorphosed animals. Through November and December,
when the temperatures fell to near the low point of the
year, the population count also dropped again to its low.
Only five and three animals, respectively, were counted
during the November and December censuses.
Figure 5 shows the number of animals counted during
each census plotted against the daily high temperature at
15 em above the water. All censuses were performed during
the day, beginning before and concluding after the high
temperature was reached. Numbers of animals counted in a
census were low when temperatures were below 20°C, but tended to increase with temperature to about 27°C, after which
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they declined gradually again as the temperature increased.
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Dispersion
An analysis of dispersion of individuals within the
study area using the Poisson distribution was made by dividing the 500 m study area into 10 m segments and counting
the number of animals resident in each. Since it is clear
that these animals tend to occupy limited home ranges, it
was assumed for purposes of analysis that all animals captured were within their home ranges. The numbers of 10 m
stream sections containing various numbers of animals upon
which the analysis was based are shown in figure 6. The
results indicated a strong tendency of the animals to ag-

2

gregate (X =21.8, pc.001, df=1). A similar analysis made by
dividing the study area into ten 50 m sections gave nearly

2

identical results (X =21.3, p<.001, df=1). Clearly, the observed distribution of these animals did not occur at random.
In·order to determine if the presence of boulders influenced the presence of frogs, a count was made of all
boulders greater than 0.5 m across in each 10 m section of
the stream. A linear regression analysis yielded a correlation coefficient of 0.514 (figure

7), indicating a signifi-

cant correlation between the abundance of animals and the
abundance of boulders (p<.001). Inspection of figure

7

shows, however, that although when boulders are scarce
animals are typically also scarce, when boulders are abun-

p '
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dant animal numbers are more variable. This suggests that
other environmental factors also are important influents on
the distribution of the frogs.
In order to determine if the number of pools influenced the presence of frogs, a count was made of all pools
in each 10 m section of the stream. Any portion of the
stream greater than 1 m2 which was slowed and deepend by
the presence of one or more boulders, was considered a
pool. A linear regression analysis yielded a correlation
coefficient of 0.341

(figure 8), not so strong a correla-

tion as that between boulders and animals, but nevertheless
significant at the .02 level.
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Figure 6. Number of 10 m stream sections
inhabited by various numbers of animals.
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Figure 7. Number of animals vs. number of
boulders larger than ! m across in each
10 m section of the stream.
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Figure 8. Number of animals vs. number of
po~ls larger than 1 m2 in each 10 m
section of the stream.
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Movements
Recapture data of individual animals (figure 9) suggest that most animals occupied relatively limited portions
of the stream. More than 83% of the distances between consecutive recapture sites were less than 25 m apart; 76%
were less than 10 m. The remainder of the movements between
captures were much more extensive, from 34 m to 245 m.
Figure 10 shows the individual movements of all 15
animals captured three or more times. Eight of the animals
were consistently recaptured within 10 m of the first capture site. Five others each showed at least one more extensive movement, but they were also recaptured twice near the
same location. It is therefore reasonable to assume that
two different types of movements exist, and each should be
treated separately. Since figure 9 revealed clumping of
movements below 25 m, that particular distance was chosen
as the cutoff point between the shorter home range movements and the longer migratory movements for purposes of
analysis. The term, migratory, is used herein only to differentiate between long and short movements and should not
be interpreted as implying movement both to and from a particular site.
Seventy-three (83%) of 88 movements between captures
were less than 25m in distance (figure 9). Of these, 35
were between 1 m and 5 m. Twenty-four recaptures were
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within 1 m of the previous site; often animals were recaptured sitting on top of the numbers written on a rock where
previously captured. One male was recaptured three times
within a few centimeters of his number on a rock. Another
male, recaptured three times on a small log, was never
recaptured again after the log was deliberately moved a few
meters downstream.
Considering only home range movements, the mean distance moved by all frogs together was 3.0 m. The difference
in means between males (2.6 m) and females (6.1 m) was
statistically significant (t=2.03, p<.05, N=64).
The mean distance for all 15 migratory movements was
158.7 m. The mean for males and females (127.7 m and 360.5
m, respectively) differed significantly (t=3.29, p<.01),
but this difference may be an artifact of the small sample
size of two female movements compared to 13 movements by
males.
Figure 11 shows all of the individual migratory movements observed plotted by time of year and distance up and
downstream. Although the exact time of a given movement was
not known, for purposes of analysis this is assumed to have
been the midpoint in time between the last capture prior to
the movement and the first recapture following the movement.
When plotted in this manner (figure 12) it is clear that
migratory movements of varying distances occurred throughout the first half of the year. Whether such movements continued throughout the fall was not ascertained.
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While migratory movements do not appear to be confined
to a particular time period, they do seem to be directed to
areas of high population density. Table 1 gives a detailed
record of each individual migratory movement together with
the number of other animals present within 5 or 10 m up or
downstream of the pre-movement and post-movement capture
sites. Six of the fifteen movements were to more densely
populated areas, while the remaining nine were to more
sparsely populated sites. The differences between the population densities of the former and latter capture points
were not statistically significant either when all animals
within 10 m (t=1.26, p

> .10)

or within 5 m of the point of

capture ( t=. 41, p ». 10) are considered. In addition, the
population density at nearly all of these areas was well
above the average for either a 10 (2.9 animals) or 20 m
(5.9 animals) section of stream. These data suggest that
migratory movements tend to be between two densely populated sites rather than towards less populated areas.

41

Figure 9. Individual movements of recaptured
animals. Eight additional movements from
115 m to 245 m are not shown.
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Figure 10. Movements of all individuals
captured three or more times. Upstream
direction is to the right. Squares represent the first capture, dots represent
subsequent recaptures. Vertical separation
of dots is for clarification of close
recaptures and does not represent lateral
movement. All animals are males.
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Figure 11. All migratory movements of animals plotted by time of capture and distance
of travel. Capture site preceding a migratory movement is indicated by a point on the
horizontal line at 0; placement along x-axis
indicates time; distance up or downstream is
shown on y-axis.
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Figure 12. Individual migratory movements.
Each vertical line represents one movement.
The x-axis represents the estimated time
of occurrence of each movement (midpoint
of the time between two captures). Theyaxis represents the distance moved either
up or downstream.
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Table 1. Summary of individual migratory
movements. Distance moved is either upstream (+) or downstream (-). Number of
neighbors refers to the number of other
animals present on the stream within 10
(or 5) meters in either direction from
the capture point.
Animal

Sex

Distance
Moved
(m)

3

M

+245

16 ( 7)

7

M

-148

16

25

M

-74

16 ( 10)

4 (4)

29

M

+244

14 ( 10)

16 ( 6 )

30

M

+239

14 ( 10 )

16 ( 7)

30

M

-240

16 ( 7)

14 ( 10)

32

M

-50

17 (9)

14 ( 10 )

39

M

+86

13 (5)

17 ( 10)

80

M

+78

6 (4)

14 (8)

109

M

+115

19 ( 10)

10 ( 5 )

116

M

+34

6 (3)

10 ( 5)

122

M

-51

12 ( 4 )

8 ( 3)

254

M

+58

12 (4)

4 (2)

11

F

-506

14 ( 10)

21 ( 18)

232

F

-215

18 ( 14 )

15 ( 8)

#

Number of
Neighbors
Before Moving

(1)

Number of
Neighbors
After Moving
3 (0)
1 1 ( 3)
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Y-Axis Orientation
Animals exhibited significant y-axis orientation
during the shoreline preference test. Of 40 animals tested,
32 (80%) swam to the shoreline near which they had been
captured, 6 (15%) swam to the opposite shoreline and 2 (5%)
failed to swim to either shore (swam up or downstream). The
probabilities that the proportions of the 38 responders
differed from an expected 50:50 ratio is less than .001
2

(% =39.9,

df=1 based on 38 responders). All but 17 of the

40 animals tested were able to see the sun, and 71% of
those in the shade and not able to see the sun oriented
towards the shore on which they had been captured.
Most of the frogs tested, after being tossed in a pool,
remained motionless on the surface for a few moments with
limbs outstretched, then oriented towards a shore and swam
to it. Several swam in a complete circle before swimming
towards a shoreline. Animals released in pools with little
or no current appeared to be less successful in orienting
towards the shoreline of capture than those released in
areas of stronger currents. Of 7 animals released in calm
pools, 5 (71%) failed to swim to either shore and 2 (29%)
swam to the incorrect shoreline. Of 19 animals released
where current was moderate, 16 (84%) swam towards the expected shoreline, 2 (11%) swam to the opposite shore, and
1 (5%) swam downstream. These data were not tested statis-

51

tically because of the small sample size, and actual stream
current measurements were not made.
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Orientations While Sitting
Compass orientations of the animals' bodies with respect to the shoreline while sitting on boulders along the
stream are shown in figure 13. Animals found on the same
side of the stream (right or left when facing downstream)
were grouped together.
Animals found near the right shore did not exhibit a
tendency to orient towards a particular compass direction
when tested with the Rayleigh test (z=.259. P»-10), nor
did they orient towards the predicted midstreamward direction when tested with the modified Rayleigh (V) test (u=
.645. P>>·10). Animals found near the left shoreline, however, did show a preference for the predicted midstreamward
direction (z=5.47, p<.01; u=3.07, p<.001). When both groups
are combined, no significant choice is discernable (z=.246,
p

». 1 0 ;

u = . 0 0 3,

P>> • 1 0) •

Compass orientations of animals with respect to the
position of the sun are shown in figure 14. A Rayleigh test
of these data showed no significant choice of direction (z=
.184, P>> .10).
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Shoreline

Figure 13. Directions in which frogs sitting
on stream boulders were facing, plotted with
respect to the nearest shoreline .. Solid circles
represent animals captured on the right half
(facing downstream) of the stream. Open circles
represent animals captured on the left half of
the stream. Mean vectors of right and left
groups are represented with dashed and dotted
arrows, respectively. Solid arrow represents
the mean vector of both groups combined. The
expected midstreamward direction is shown by
the arrow outside the circle.
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Sun

Figure 14. Orientation of animals while
sitting on boulders with respect to the
position of the sun. Each dot indicates the
direction relative to the sun in which one
animal was facing. Sun was visible to all
animals at the time the measures were taken.
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Y-Maze Experiments
Results of the y-maze orientation experiments are summarized in table 2. A positive response for the auditory,
humidity, visual and olfactory tests was taken as movement
of an animal into the arm containing stream sounds, moist
air, light, and the odor of stream water, respectively.
Statistical tests of each experiment were based only on
animals which chose one or the other of the arms.
In the auditory test, nine animals were tested twice,
one only once. In nineteen test runs, animals responded
positively seven times, negatively five times, and made no
choice seven times. The probability that the proportions of
those which responded differed from those obtainable by

2

chance is much greater than .10 (X =0.33, df=1).
Ten animals were tested twice in the humidity test.
These animals moved into the humid arm seven times, into
the dry arm seven times, and did not respond six times.
These results did not differ significantly from random re2
sponses (X =0, p>>.10, df=1).

Nine animals were run through the maze only once each
in the visual experiment. Four of these moved into the
lighted arm, three moved into the dark arm, and two did not
respond. These results, while not tested statistically due
to the small sample size, did not appear to differ significantly from that expected from a random choice.
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Only the olfactory experiment, in which the responses
of frogs to the odor of their home stream and of tap water
were compared, yielded a statistically significant result.
All but one of the thirteen animals tested were run twice.
Of twenty-five responses, fourteen were toward the stream
odor, six were to the alternate maze arm, and five were to

2

neither (X =3.2, p<.05, df=1). These data suggest that the
animals tested preferred the odor of their home stream over
that of tap water.

Table 2. Responses of frogs in a y-maze to various stimuli. Some
animals were tested more than once (see text for details).
Positive Stimulus

Stream Sounds

Humid Air

Light

Stream Odor

Negative Stimulus

No Sound

Dry Air

Dark

Tap Water
Odor

Number of Animals
Tested

10

10

9

13

Number of Positive
Responses

7

7

4

14

Number of Negative
Responses

5

7

3

6

Number of NonResponses

7

6

2

5

x2

0.33

p

». 10

0

>>. 10

0. 14

3.2

>>. 10

<.05
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Homing
Data on the homing success of displaced normal animals
are summarized in table 3 along with those of 39 non-displaced controls. Similar data for anosmic and sham-anosmic
animals are given in table 4. In none of the groups of normal animals was there an obvious difference in homing suecess between the frogs displaced upstream and downstream;
consequently, for statistical analysis of homing success,
both were lumped together. Animals displaced 300 m all were
released downstream, as were anosmic and sham-operated animals. Homing success between males and females was not compared.
Of the 39 control frogs, 9 (23%) were recaptured again
within 5 m of the original capture site, and 30 (77%) were
not. Recaptures of controls occurred over a six-week period.
Among normal animals displaced between 10 and 20 m and recaptured at their original site, a significantly larger
proportion (50%) was recaptured than among the controls.
The probability that this proportion is similar to that of
the controls is less than .05

(~ 2 =4.99, df=1). Those dis-

placed 50 and 100 m also were recaptured in greater numbers
at their original sites than were the controls, with proportions of 67% and 61%, respectively. These proportions
also differed significantly from that of the controls (X 2 =
5.00 and 8.97; p<.05 and<.01 for the 50 and 100m groups,

~

'
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respectively, df=1 for both groups). Homing success in animals displaced 200 (27%) and 300 (22%) m did not differ
2
significantly from the controls (X :0.08 and 0.11; p).10
and ».10, respectively).
None of 13 anosmic animals displaced 100 m downstream
was ever recaptured. Both the non-displaced controls and
the sham-operated animals showed a higher percentage of
return, but in each case, the difference was insignificant
2
(p>.10, X =3.50; p).10, X 2 =2.20, respectively). Homing suecess in shams (20%), however, did not differ significantly
from the non-displaced controls (p)).10,

x 2 =0.23,

df=1) but

did differ significantly from the normals displaced 100 m
2

(p<.05, X =4.46, df=1). One of the two recaptured shams was
found at the exact spot of original capture; the other,
within 15 m.
Three of the normal animals displaced 200 meters were
found a few weeks later residing within 10 m of their
release sites, seemingly having found new homes near favorable pools. None of the normal animals displaced 100 m or
less was recaptured away from home, despite careful searches. Three anosmic animals, however, were found to have
moved from their release point in the opposite direction of
home, one approximately 100 m.
Displacement of animals was conducted in September and
October, mostly during relatively warm temperatures. However, the last group of animals displaced, the shams, was
released just two days prior to the first winter storm of
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the season. After a week of cool temperatures, a warming
trend occurred, and during this period many more animals
were spotted than during the immediate post-storm period.
Nevertheless, no additional shams were recaptured.
Although the variable time interval between searches
for displaced animals prevented accurate determination of
homing rates, rough estimations of those rates based on
average times elapsed between the release and recapture
dates for all of the returning animals in each group of
normals, are presented in table 5. Animals displaced between 10 and 100 m and which were known to have returned
traveled the distance back home in from 5.5 to 8.8 days.
The four animals displaced 200m took an average of 11.3
days to return, while the two animals displaced 300 m took
an average of 20.5 days to return home. These results suggest that the time required to home increases with distance
displaced.

Table 3. Re~ults of homing experiments of normal animals.
Values of X and p are based upon comparison with nondisplaced controls.
Displacement
Distance
(meters)

Total Number
Displaced or
Released
(Controls)

Number (&%)
Recaptured
at Original
Site

39

9 (23%)

26

13 (50%)

4.99

50

6

4 (67%)

100

23

200
300

0
(Control)
10-20

x2

Probability
of
Similarity
to Controls

Number
Displaced

Number (&%)
Recaptured
Up

Up

Down

<. 05

14

12

7 (50%) 6(50%)

5.00

<.05

3

3

2 (67%) 2(67%)

14 (61%)

8.97

<.01

8

15

5 (63%) 9(60%)

15

4 (27%)

0.08

>. 10

3

12

0 (0%)

9

2 (22%)

0. 11

>.10

9

Down

4(33%)
2(22%)
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Table 4. Results of homing experiments with
anosmic and sham-operated animals. Normal
animals and non-displaced controls are
presented for comparison. All groups (except
controls) were displaced 100 m. Values of x2
and p are with respect to controls or shams
(in parentheses).

Group
of
Animals

Total Number
Displaced
or Released
(Controls)

Number (&%)
Recaptured
at Original
Site

Controls

39

9 (23%)

Normals

23

14 (61%)

An osmics

13

0

10

2 (20%)

Shams

-x,2

Probability
of
Similarity
to Controls

8.97
(4.46)

<.01
(<.05)

3.50
(2.20)

<.10
(<.10)

0.23

>>· 10
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Table 5. Estimated homing rates for normal
animals based upon time between displacement
and recapture at home. Interval between
censuses was approximately one week for all
groups.

Distance of
Displacement
(meters)
Number of Animals
Recaptured
Days Elapsed
Before Recapture
(Range)

10-20

13

8.8
(4-21)

50

100

200

300

4

14

4

2

11.3
(10-17)

20.5
(5-36)

5.5
(4-17)

8.0
(4-21)

Discussion
Population Studies
The numbers of animals counted at each census (mean=
27.9, range 1-72) were appreciably greater than those reported by Dole (mean=5.4, range 0-15) in the years 1964-66.
However, since the portion of the creek studied by Dole was
farther upstream than the section censused by me (Dole,
pers. comm.), the comparisons may not be valid. Unlike the
upper portion of the stream, running water persists all year
in the lower portion. This difference could account for the
greater numbers of frogs observed by me.
Seasonally, the.census-to-census counts exhibit the
same pattern as in 1964-66 (Dole, 1974), with numbers peaking during spring and fall months and waning during summer
and winter months. The summer low censuses encountered
during this study are related to periods of very high temperatures (figures 4 and 5). The few animals found in Trail
Canyon during heat waves were invariably found crowded together in small holes or crevices near the stream, which
provided cool, moist environments; few were in the open on
boulders as they typically were in cooler weather. In the
evenings during heat waves, the degree of chorusing heard
along the stream was much greater than the daytime censuses
would lead one to expect, suggesting the animals were indeed
present but hiding during daytime. In addition, the propor-
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tion of fresh droppings found on rocks suggested the presence of a far greater number of animals than was counted.
Thus, the low counts of animals in late summer may not be
an accurate indication of the true population size.
The findings of Harris (1975) on the seasonal habitat
utilization of H. cadaverina would certainly predict low
censuses along the stream during winter months, but not
during summer months, as was observed. Summer temperature
extremes such as those normally encountered in Trail Canyon
far exceed those of the coastal mountain canyons in which
Harris' work was performed. Thus, the daytime reclusiveness
of H. cadaverina in Trail Canyon, apparently not exhibited
by coastal populations (Harris, 1975), may reflect adaptation by inland populations to very different seasonal temperature patterns.
As temperatures declined in the fall and census counts
increased, the majority of the animals present were juveniles, a complete reversal of the spring situation. However,
the abundance of juveniles may have been more apparent than
real, the result of both the reclusiveness of adults and the
greater affinity for water of young due to their higher surface to volume ratio and tendency for rapid dessication.
Stebbins (1951) also noted the hydrophobic nature of adult
~

cadaverina, even during hot, dry periods, whereas juve-

niles congregated near the water.
Two low censuses in early March were made 24 and 48
hours after a rainstorm. Stebbins (1951) also described an
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absence of

~

cadaverina along a southern California stream

immediately following a rainstorm, as did Harris (1975) in
coastal streams during winter. Possibly the paucity of animals is the result of low temperature accompanying the
storm, causing frogs to seek refuge in cracks and crevices
as they do in winter. Alternatively, low post-rain censuses
may reflect larger scale movements of animals away from the
stream during the

~torm,

when the soil is wet and humidity

high. This latter explanation is supported by the fact that
employees of the U.S. Forest Service station in nearby Big
Tujunga Canyon reported the presence of large numbers of
Hyla (species unknown) around Forest Service buildings
during and immediately following some spring rainstorms.
Similar accounts were also related by residents of Trail
Canyon, although I was not able to personally verify this
during two spring rainstorms in 1981. This hypothesis is
also consistent with observations in other anuran studies,
notably Dole (1965), who observed Rana pipiens making extensive migrations during rains. In any case, movement
above or away from the stream course during rains would be
advantageous to the population by minimizing mortality due
to flash flooding which frequently occurs in steep-walled
canyons throughout the southwest.
During the winter months,

~

cadaverina in Trail Can-

yon exhibit the same microhabitat utilization as described
incoastal populations by Harris (1975). Animals found in
November through January were usually hidden in crevices,
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well above the high water mark and often several meters
away from the stream course. Hyla arenicolor, which inhabits
environments similar to those of

~

cadaverina, might be

expected to exhibit similar behavior, although there are no
detailed descriptions as such in the literature.
As in many other anuran species (Bufo fowleri, Bogert,
1947; Rana clamitans, Martof, 1953; Bufo boreas, Carpenter,
1954; Hyla regilla, Jameson, 1957; Rana nigromaculata,
Kikuchi, 1958; Bufo valliceps, Awbrey,

1963; Rana pipiens,

Dole, 1965; Dendrobates pumilio, McVey et al., 1981), individual

~

cadaverina tended to occupy relatively limited

portions of the stream, exhibiting a strong affinity for a
small home range. The home ranges of H. cadaverina were
comparable in size to those of other stream and pond dwelling species, such as Rana clamitans, Bufo boreas and Hyla
regilla, all of which occupied areas a few meters in size
near water. Conversely, adult Rana pipiens found in open
pastures occupied home ranges several hundred meters square,
but this size was appreciably reduced near abundant water
(Dole, 1965).
A small percentage of the H. cadaverina population
moved well beyond it home range on occasion. Migratory movements were significantly larger for females than for males,
but this difference may be an artifact resulting from the
small sample size among females. Of the two migratory movements of females detected, only one exceeded the range of
male migratory movements. Therefore, it is reasonable to
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assume that this particularly extensive movement represents
the exception rather than the rule. It should be noted,
however, that Schiotz (1973), in commenting on the welldocumented fact that the females of many anuran species
(including

~

cadaverina) move in response to male vocali-

zations, pointed out evidence that the females of some species exhibit migratory tendencies before and after mating.
Such tendencies were not observed during this study.
Migratory movements did not occur in any particular
directional pattern, but rather occurred in both up and
downstream directions throughout the spring and summer.
Whether migratory movements occurred with the same frequency during fall and winter was not determined, but I suspect
not, considering Harris' observations along coastal streams
(1975) which revealed a decrease in activity
~

of~

cadaveri-

during fall and winter. Other studies on Rana clamitans

(Martof, 1953), Hyla regilla (Jameson, 1957) and Rana

~

vatica (Bellis,1965) have documented a similar decrease in
anuran activity during fall and winter, but each of these
studies also showed that spring and summer movements were
directed towards and away from the breeding sites, respectively.
The tendency of this species to aggregate in small
areas along the stream is clear from both the distributional analysis and casual observations. Clumping tends to occur in the presence of stream boulders and the large, slow
pools which the boulders create. These large pools are un-
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doubtedly preferred in part because they provide
verina with favorable breeding sites. Unlike

~

~

cada-

regilla,

which also inhabits ponds, this species deposits its eggs
singly, rather than in clumps (Gaudin, 1965). Consequently,
~

cadaverina must rely on calmer pool waters for attatch-

ment of its eggs to bottom debris. In addition, large pools
supply an avenue of escape from predators. Cunningham (1964)
described the strong tendency of

~

cadaverina to escape

towards water, and I too observed that frogs induced to
jump invariably dive to the bottom of the nearest pool,
where they remain for a few minutes before resurfacing. One
individual, during the early spring when water was cold,
rested on the bottom of a pool for 32 minutes before resurfacing. Such behavior is not possible in a shallow, free
flowing portion of the stream, where frogs are easily swept
along by currents.
Migratory movements tended to occur from one densely
populated site to another. Thus, they do not reflect dispersal from crowded areas. Since H. cadaverina has a strong
affinity for a limited home range, selected pools would
continue to be sites of aggregation and breeding for consecutive generations of animals, thereby promoting inbreeding. In a study of juvenile dispersal in H. regilla, Jameson 1957) noted that there was a low rate of distribution
of genes from one pond to another, thus increasing the
amount of isolation between breeding populations. Similar
isolation among

~

cadaverina in Trail Canyon would occur
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without movement to new breeding sites by a small percentage of the population. Such movement would ensure that
some variation is maintained within the population. Thus,
the migratory behavior may serve as a mechanism to promote
outbreeding. The observed directedness of such movements
among

~

cadaverina supports this possibility; since these

movements were always towards areas densely populated by
other animals, they would facilitate the distribution of
genes from one breeding pool to another. It is doubtful
that the observed directedness of movements resulted simply
from habitat suitability, since many of these migrators bypassed favorable sites that were not densely populated. In
addition, the observed behavior of movement between two
sites of aggregation would not have persisted unless it
conferred an advantage upon the species.
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Orientation Studies
The results of the shoreline preference test clearly
demonstrated y-axis orientation in

~

cadaverina through

their affinity for a particular side of the stream. The
mechanism by which this orientation was achieved was not
investigated. Sun compass orientation, as has been demonstrated in other species (Acris gryllus, Ferguson et al.,
1965;

~

crepitans, Ferguson et al., 1967; Rana catesbeiana,

Ferguson et al., 1968), may be involved. However, since the
animals in this study were tested in familiar surroundings,
no evidence for the use of the sun is available. Another
possible cue may be stream current since animals released
in pools with little or no current were not as successful
in orienting towards the expected shoreline as were those
released where there was a mild current. Visual landmark
cues may also be involved. Animals would have to be tested
in unfamiliar environments, both natural and artificial,
before conclusions as to the nature of the cue used in orienting can be made with certainty.
Although Stebbins (1951) described a pattern of midstream orientation in

~

cadaverina, my measurements of the

orientations of the bodies of frogs while sitting undis- ·
turbed on their boulders yielded ambiguous results. Orientation towards midstream was expected in H. cadaverina considering the importance of the stream as an avenue of es-
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cape. Such an orientation would ensure contact with the
water on the first jump. Although a jump up or downstream
would probably be equally successful, a shoreward jump
would not. Yet only those animals captured on the left half
of the stream showed a significant tendency to orient
towards midstream, whereas many of the frogs from the right
side of the stream oriented towards the shore, regardless
of the consequences. Why the two groups differed is unclear.

I

•
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Laboratory Studies
Of the four laboratory experiments using a y-maze,
only the olfactory test yielded statistically significant
results. In more than two-thirds of the test runs, animals
chose the arm containing the odor of their home stream.
Although the sample size is small, the results suggest a
role for olfactory cues in the orientation behavior of H.
cadaverina. Evidence for the use of olfactory cues in other
anurans has been obtained by others. Grubb (1976), for instance, was able to show that Bufo valliceps oriented
towards artificial olfactory cues in a maze. Field studies
by Tracy and Dole (1969) on Bufo boreas have also supported
the hypothesis. However, an experiment similar to mine performed by Alvey (1978) on H. regilla failed to produce any
significant results.
The results of the other y-maze tests did not differ
from random. Whether the differences in sound intensity and
humidity between the two maze arms were distinct enough for
the frogs to discriminate is unclear. Separation of the two
stimuli was distinct in the light/dark test, but as in the
previous two tests, the results did not differ significantly from those obtainable by chance. In every case the sample size was small, which may account for the lack of significance. It is also possible, however, that these cues as
presented are of little importance in orientation.
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Horning Studies
Data presented in table 3 clearly document the ability
of H. cadaverina to horne successfully, at least from moderate distances. Except for animals displaced 200 and 300 rn,
the percentage of animals later retaken at their original
capture sites was greater than that among the non-displaced
controls. Although relative homing success was not so great
after 200 and 300 rn of displacement, recapture frequencies
were nevertheless comparable to that of the controls.
Even though laboratory studies suggest a role for olfaction in the homing ability of this species, data from
the field is.lless clear. While the recapture percentage of
sham-operated animals was comparable to that of the undisplaced controls, it was not as high as the normal animals
displaced the same distance, suggesting that surgical
trauma as a cause for the total homing failure of anosmic
frogs must be seriously considered. However, the fact that
three of the anosmic animals were found moving in the
wrong direction while no normal animals or shams ever were
suggests that the anosrnics were disoriented.
Another possible explanation for the poor homing success among sham-operated animals may be the fact that their
release immediately preceded the first winter storm of the
season, which initiated a week of considerably cooler temperatures. Anosmic animals, on the other hand, were released
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several weeks prior, while temperatures were still warm.
Hence, in terms of the environmental conditions they were
subjected to, the sham-operated animals are not totally
comparable as controls. Many of the shams may have responded to this low temperature by moving to higher ground
above the stream course and becoming reclusive, thereby
avoiding recapture.
Assuming that olfactory cues are important to
verina in Trail Canyon, the source of those cues is

~

cada-

unclea~

Although streamside vegetation is quite homogeneous
throughout the study area, it remains a possibility that
important odors arise from floral complexes. Such odors are,
at least to the biologist, more easily perceptible than
are aquatic odors

which may be equally important to the

frogs. Whether terrestrial or aquatic in origin, olfactory
cues could be easily transported to displaced animals by
winds, which invariably move both up and down Trail Canyon
on a daily basis. Since homing success of animals decreased
at the greater displacement distances, it is reasonable to
assume that such odors may be effective for only short distances.
While the estimated homing rates presented in table 5
suggest that time taken to home increases with distance
displaced, the intervals between searches severely limited
the accuracies of these estimates. One of the two animals
displaced 300 m was recaptured at home 5 days later, a
period of time well within the range for animals displaced
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much shorter distances. In addition, Alvey (1978) reported
much more rapid rates for

~

regilla displaced comparable

distances, and reported one individual which covered 1000 m
in four hours. Whether H. cadaverina home as rapidly as H.
regilla is unknown, but I believe that they are capable of
doing so, regardless of the estimates presented in table 5.
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